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Shoreline is a dynamic system where erosion/accretion patterns and sea-level rise takes place due to the
natural marine processes and anthropogenic activities. The movement of suspended sediment along the
coastal water is an indicator of erosion and deposition of the coastal landforms. This study aims to analyse
the shoreline changes and the corresponding spatio-temporal pattern of suspended sediment concentration of the southern Kerala coast using Sentinel 2 MSI satellite images for the period from December 2018
to November 2019. Single band at 645 nm shows good correlation with better regression co-efBcient in a
closed or semi-enclosed lake that shows less complexity of water quality. Hence red band of Sentinel 2 MSI
has been used to estimate the suspended sediments in this study. Total suspended sediment along the
south Kerala coast ranging from 0–10 mg/l has been estimated from the satellite images. The seasonal
pattern of suspended sediment concentration has been estimated from the satellite images (SENTINEL 2
MSI) for the period from December 2018 to November 2019. The suspended sediments derived from the
satellite image have been compared with the corresponding Beld data. The suspended sediment concentration derived from the satellite images shows a correlation coefBcient R2 = 0.85 with the Beld data.
Similarly, the shoreline erosion and accretion have been analysed from the shoreline change analysis
methods. In this study, monthly and seasonal shoreline changes have been estimated along the southern
Kerala coast using multi-spectral and multi-temporal satellite imagery (SENTINEL 2 MSI) for the
corresponding available dates of the period from December 2018 to November 2019. The shoreline from
the satellite image has been validated with the shoreline derived from the Beld collected beach proBle
data. The shoreline erosion and accretion have been compared with the sediment concentration map
derived from the satellite images along the south Kerala coast. It is inferred that, with the use of satellite
images, the relation between the erosion/accretion pattern and the suspended sediment pattern along the
coast can be visualised and qualitatively studied.
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1. Introduction
Shoreline is a dynamic system where erosion/
accretion patterns and sea-level rise take place due
to the natural marine processes and anthropogenic
activities. Shoreline change analysis is concerned as
important task for identiBcation of hazard zone
caused due to coastal process which helps in
securing the ecosystem and future development.
The movement of suspended sediment along the
coastal water is an indicator of erosion and deposition of the coastal landforms. The particles eroded from one place get deposited in another place.
During this process, the sediments get suspended in
the coastal waters. To study the impact of shoreline erosion and accretion, study of total suspended
sediments is mandatory.
Total suspended sediment (TSS) is one of the
important water quality parameters that provide
the information of the highly dynamic seabed features. Suspended sediment is composed of algae
(pigments and cell material), dead organic matter
and mineral matter. It is often difBcult to get the
synoptic information on water quality at a regular
frequency from the routine in-situ monitoring
network where limitations on spatial and temporal
sampling exist.
The total suspended sediment derived from the
satellite images provides information on that
instance and also provides information on the
supposed spatial movement of the suspended sediments. The visible red channel is used often to
map suspended sediments, since it has the capability to differentiate the green pigment (Chlorophyll a), turbid water and TSS. Single band at 645
nm shows good correlation with better regression
co-efBcient in a closed or semi-enclosed lake that
shows less complexity of water quality. Numerous
models (Tassan 1994; Miller and McKee 2004;
Chen et al. 2015) have been derived from the
remotely sensed data (ocean colour imageries) from
polar-orbiting satellites for estimation of TSS.
Though the existing models have been developed
based on the remote sensing reCectance at different
wavelengths, other factors such as high temporal
and spatial resolution of the sensor play a vital role
in extracting the information on TSS. Water
quality conditions differ depending on the estuarine, coastal or riverine origin. Many studies have
been made using MODIS images for TSS estimation from 250 m resolution to 1000 m resolution
images (Miller and McKee 2004; Long and Pavelsky 2013).
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In this paper, to study the monthly pattern of
the suspended sediments along the coast and its
impact on shoreline dynamics, 10 m resolution
Sentinel images have been used. To study the
impact of spatial pattern of suspended sediment
concentration, satellite images (10 m sentinel
images) with the shoreline dynamics have been
used.
2. Study area
The present study area is a stretch of 50 km from
southern Kerala coast where the major portion
is covered by Thiruvananthapuram district of
Kerala. The area is bounded by Kollam District,
Kerala in North, Kanyakumari District in South,
Tamilnadu and Arabian Sea in West and has Killi
river and Neyyar river (Poovar estuary) (Bgure 1).
The annual variation of mean air temperature is
from 21° to 34°C. Humidity is high and rises about
90% during the monsoon season. The average
annual rainfall is 2035 mm and experiences both
the monsoon period of India – southwest monsoon
and northeast monsoon. The turbidity of the study
region falls within 5 NTU and suspended sediments
range from 0 to 10 mg/l. The coast of south Kerala
has the geomorphology of coastal origin with
younger coastal plains and denudational origin
with pediment pediplain complex. It has rocky
outcrops south of Kovalam. The primary sediment
cell of the study area falls under Kollam to
Kanyakumari (PC10) and the sub-cells have been
classiBed into Kollam to Kovalam (10a), Kovalam
to Muttom (10b) and Muttom to Kanyakumari
(10c) (Bgure 1b).
3. Data and methods
The visible red channel is used often to map
suspended sediments, since it has the capability to
differentiate the green pigment (Chlorophyll a),
turbid water and TSS (Mobley 1999; Miller and
McKee 2004). Single band at 645 nm shows good
correlation with better regression co-efBcient
(Miller and McKee 2004; Wang et al. 2008). Hence
red bands of Sentinel 2 MSI have been used in this
study (table 1). Total has been estimated (equation
1) based on the model developed by Miller and
Mckee (2004). Authors like Misra et al. (2014);
Gupta (2015); and Pitchaikani et al. (2019) used
Miller and McKee (2004) algorithm for estimating
the sediment concentration for Indian waters and
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Figure 1. (a) Location map showing the study area with (b) sediment cell extent and (c) geomorphology.

achieved high correlation for coastal waters. Balasubramanian et al. (2020) have attempted statistical analysis of the existing TSS models for
different types of waters and for 665 nm. It can be
inferred that Miller outperformed for global, Type
I, II and III waters. Hence, in this study, Miller
model for 665 nm has been preferred. The suspended sediments ranging from 0 to 200 mg/l can
be eAectively derived. However, the suspended
sediments have been extracted to the range 0–10
mg/l pertaining the study area from the satellite
images. Monthly shoreline change analysis for the
period from December 2018 to November 2019 has

been carried out using DSAS (Digital Shoreline
change Analysis System) tool in the Geographic
Information System (ArcGIS) software. DSAS
computes rate-of-change statistics for a time series
of shoreline vector data. It is also useful for computing rates of change for other boundary change
conditions that incorporate a clearly identiBed
feature position at discrete times.
TSS ¼ 1:91 þ 1140:25  R;

ð1Þ

where R is reCectance at 645 nm.
The satellite images from SENTINEL for 2019
have been used for the analysis on the pattern of
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Table 1. Sensor speciBcations and Beld data used.
Parameters

Sentinel 2 MSI

Spatial resolution (m)
Spectral resolution (nm)
Spectral range (nm)
No. of bands
Swath (km)
Revisit period
Date of images

Field data for validation

Satellite images

Shorelines

10–60
15–180
440–2190
13
290
5 days with 2 satellites under cloud-free conditions
which results in 2–3 days at mid-latitudes
10-11-2018; 20-12-2018; 09-01-2019;
03-02-2019; 05-03-2019; 01-04-2019;
14-05-2019; 28-06-2019; 06-07-2019;
02-08-2019; 21-09-2019; 01-10-2019;
05-11-2019
Daily data collected for the months
of December 2018 and February 2019.
Mulloor: 08°21.9230 N; 76°58.8600 E
Vizhinjam: 08°21.7050 N; 76°59.5650 E
Pachaloor: 08°24.1430 N; 76°56.2680 E
Poovar: 08°17.5970 N; 77°04.0580 E

Field data

Exisng TSS Model

Validaon using beach proﬁles

Shoreline Change Map

nm (Bowers et al. 1998; Qu et al. 2014). Also,
Nexhad et al. (2010) and Liu et al. (2017) have used
the model of 645 nm for extraction of water quality
parameter from 665 nm.
4. Results and discussions

TSS Map

Validaon

Figure 2. Flowchart showing methodology of the study.

suspended sediments along the Vizhinjam coast.
SENTINEL-2 mission has high revisit period of 10
days at equator with one satellite and 5 days with 2
satellites under cloud-free conditions which result
in 2–3 days at mid-latitudes. For this study area,
the revisit period is 5 days with lesser cloud cover.
The satellite image data of less than 10% cloud
cover has been considered. The data on suspended
sediments collected (compliance report of Vizhinjam Port, 2019) for the months February 2019 and
December 2018 have been used for validation of the
results (Bgure 2). The same location and time of
the sample collection have been extracted from the
satellite image for comparison and validation.
Though the model used to derive TSS is at reCectance of 645 nm and the Sentinel MSI Band 4 has
the central wavelength of 665 nm, the spectral
signature of different suspended sediment concentration shows no difference between 645 and 665

Monthly suspended sediment pattern has been
estimated and visualized (Bgure 3). Suspended
sediment concentration has been validated with
the Beld data (Bgure 4). TSS has been estimated
based on the model developed by Miller and McKee
(2004). Suspended sediments ranging from 1 to 10
mg/l have been shown in the maps for the months
of February, March and April 2019. Suspended
sediments can be estimated for the different
seasons to study the pattern along the coast.
The shoreline from the sentinel image has been
compared and validated with the higher resolution
satellite image and the Beld-collected shorelines.
Regression co-efBcient (R2 value) with the Beld
data is 0.85 for TSS, respectively, for the samples
(N = 24).
The shoreline derived from the sentinel satellite
images for shoreline change analysis has been
shown in Bgure 5. Corresponding change in shoreline and the beach volume has been analysed and
validated with the Beld shoreline data (Bgure 6).
The graph shown in Bgure 6 compares the shoreline
derived from 5 m (LISS4 for validation) and 10 m
satellite images, beach proBle data with the Beld
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Figure 3. Monthly spatial pattern of suspended sediments along south Kerala coast from December 2018 to November 2019.
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Figure 4. Validation of estimated TSS with Beld values.
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Figure 5. Monthly shorelines extracted from Sentinel images from December 2018 to November 2019 and bottom panel shows
enlarged plot of red boxed location.

collected shoreline data speciBc to the stretch from
Shangumugham to Punthura. The comparison
shows that the error in extraction of shoreline from

10 m Sentinel images is 4.65 m, while the error
from 5 m satellite image is 2.75 m when compared
with the shoreline from the Beld.
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Figure 6. Comparison of shoreline derived from 5 and 10 m satellite images, beach proBle data with the Beld collected shoreline
data.

Figure 7. Monthly shoreline changes and beach volume changes comparison with monthly suspended sediment changes at
erosion spot (Valliyathura).

With the shoreline change analysis and suspended sediment pattern along the coast, a spot
from each erosion and accretion has been compared
and analysed for the study of impact on the coast
(Bgures 7 and 8). Total suspended sediment varies
based on the bottom topography, the steepness of
slope and the breaker wave action that allows the
sediment to suspend and tends to move longshore,
onshore or oAshore. This pattern of movement of
sediments towards north or south results in
changing the shoreline conBguration. The net
annual longshore sediment transport is predominantly towards north along the Kerala coast,
whereas during the monsoon months of June–July,

the sediment transport is towards the south (Nair
et al. 2015). The study region consists of two subsediment cells 10a and 10b from Kollam to Kovalam and Kovalam to Muttom, respectively. The
erosion spot, Valliyathura falls within the subsediment cell 10a and the accretion spot, Adimalathura falls within the sub-sediment cell 10b.
The spot of erosion, Valiyathura and accretion,
Adimalathura have been mentioned in the previous
studies carried out by Thomas (1988), SAC-ISRO
(2014), Noujas and Thomas (2015), Neelima et al.
(2017) and Kankara et al. (2018).
The suspended sediment concentration at the spot
of erosion is high during the month of July–August
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Figure 8. Monthly shoreline changes and beach volume changes comparison with monthly suspended sediment changes at
accretion spot (Adimalathura).

2019, whereas the erosion is noticed during the month
of July 2019. The suspended sediment concentration
at the spot of accretion is high during the month of
July 2019 where the erosion is noticed during the
month of July 2019 at Adimalathura while during the
month of August 2019, the deposition is noticed.
From the graphs, it can be inferred that both in the
accretion spot and erosion spot, the suspended sediment is high during the month of July 2019. However,
the spot is decided to be erosion or accretion based on
how the site recover its sediments in the coming
months. Hence, the accretion spot gets back the
sediments eroded in July, while the erosion spot
indicates further erosion after July.
5. Conclusions
The total suspended sediment derived from the
satellite images provides information on that instance
and also on the supposed spatial movement of the
suspended sediments. This study demonstrates that
with improved spatial resolution and temporal revisit
or the combination of the satellite sensors, the pattern
of movement can be eAectively monitored. The seasonal and monthly pattern for the year 2019 has been
estimated and visualized in this study to bring out the
correlation using Beld datasets and eAective utility of
satellite image for such study. As the Beld data collection is a tedious and time-consuming process, the
suspended sediments derived from the satellite images help to study the impact on shoreline change, its

erosion and accretion pattern. The derived TSS from
the satellite images shows the correlation of 0.85
compared with the Beld data. With further Beld
information, the results can be improved to derive a
relationship between the sediment concentration and
the erosion/accretion pattern with better accuracy.
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