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Erosion along Kavaratti Island has intensiBed in recent times due to infrastructure development and
natural phenomenon. Numerical models were used to identify suitable foreshore protection structures,
considering the near-shore coastal processes. For this purpose, shoreline change around the island was
obtained from Beld surveys and results of the DSAS model. Subsequently, model simulations were conducted for the most appropriate use of structural protection measure to understand the change in
hydrodynamics and sediment transport, which would ultimately result in stabilization of the Kavaratti
Island coast. Based on the prevailing conditions, suitable site-speciBc coastal protection structures (e.g.,
groynes, revetment, breakwater, submerged geo-tubes structures and submerged breakwater) were
assessed to determine the most feasible and suitable shore protection measure and observed the following:
(a) Revetment and submerged geo-tube structure to be the most eAective protection measures on the
eastern part of the Kavaratti Island, (b) significant decrease in current speed from 0.48 to 0.05 m/s, and
(c) significant decrease in wave height (from 2.5 to 0.3 m) and wave energy reduction about 50% from the
prevailing conditions were observed. With this intervention, the existing shoreline of the island would at
least be maintained, possibly preventing any further loss of land.
Keywords. Shoreline change; hydrodynamics; hard and soft structures; coastal protection; Islands.

1. Introduction
Protection of the island coast is a challenging task
in terms of erosion and accretion due to the coastal
processes and developmental activities along the
coast (Copper and Mckenna 2008). The shoreline
changes due to erosion and accretion also aAect the
biodiversity of the region. However, in recent

times, coastal protection structures such as soft,
hard and hybrid measures are playing a crucial role
to protect the coast of the island (Pilarczyk and
Zeidler 1996; Roger et al. 2005). Beach nourishment and geo-tube structures are examples of soft
protection techniques, whereas the oAshore or
submerged breakwater, seawall, revetments and
groynes are hard techniques to protect the coast
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from severe erosion. These hard and soft structures
act as coastal armouring in preventing the movement of sediments along the shore. The installation
of these structures requires an understanding of the
hydrodynamic environment, sediment transportation, erosion/accretion patterns, type and the
design conBguration of various structures. IdentiBcation of feasible structures and their installation
are depending on the various geophysical parameters such as type of coast, the orientation of the
coast, beach proBle, wave approaching angle, significant wave height, mean wave period, grain size
distribution and littoral drift along the coast.
The evaluation of the mitigation structures is
essential to control erosion by shoreline armour
structure against sedimentation and sediment
deposition (Frey et al. 2012a, b). Innovative coastal
protection methods using hard, soft and combined
were adapted around the world for different
application (Kench et al. 2003; Frey et al. 2012a, b;
Lee and Lin 2014; Sivakholundu et al. 2014; Masria
et al. 2015; Mohanty et al. 2015; Pradjoko et al.
2015; Choi et al. 2016). Recently, the coastal and
marine foreshore protection structures are made of
geotextiles or geosynthetics applications depending
on the type of beaches (Lee and Lin 2014; Elliot
2018). Shin et al. (2016) explored the use of biostructural approach for erosion control using vegetation along the coast. However, it primarily
depends on the elevation and slope of the beach.
Sundar and Sannasiraj (2016) suggested an
adaptable scientiBc investigation for shore protection is necessary for the islands. Globally, limited
studies are available on the shore protection measures to control the erosion of oceanic islands. The
application of hard and soft engineering structures
for the coast of the islands such as the coast of
Taiwan (Yang et al. 2012), south-east coast of
Barbados (Banton et al. 2015), reef islands of
Tuvalu (Masselink et al. 2020), Kulon Progo coast
of Indonesia (Chrysanti et al. 2019), islands of
Maldives (Borgudd 2014; Ministry of Housing and
Environment Report 2011) have been widely used
for beach nourishment, prevention of shore erosion,
climate change mitigations (including natural
hazard), reef protection and ecosystem restoration.
In the context of Indian coast, research studies
about the coastal process, the design and implementation of foreshore protective structures especially for islands are very limited. Mohanty et al.
(2015) assessed the impacts of port structures on
shorelines along the Odisha coast with three types
of coastal structures such as breakwater, sea wall,
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and groyne in different parts of the coast from the
Beld observation between 2008 and 2014. Kudale
(2010) explored the feasibility of sand-Blled geotextile tubes as coastal protection measures for
eroding Indian coastlines under different case
studies. They suggested that the installation of
sand-Blled geotextile tubes along the beach nourishment enhance the beach protection along the
Indian coast. Kiran et al. (2014) designed an
environmental friendly shore protection measure
such as using geosynthetic tubes for submerged
reef, Kadalur Periyakuppam, Tamil Nadu through
hydrodynamic model studies. They carried out
modelling studies with various combinations of the
dyke conBguration and found that the submerged
reef is the best alternative in the accretion of land
side of the segments and also preventing erosion
along the shoreline of Kadalur Periyakuppam.
Ramana Murthy et al. (2020) arrived at a sitespeciBc design and solution such as submerged
breakwaters and submerged reef with beach nourishment for Kadalur village and Puducherry,
respectively, based on the detailed Beld observations and modelling studies. The innovative hybrid
solutions for coastal protection and stabilization at
both sites are lead to form a wide beach of varying
widths. Prakash et al. (2014) highlighted the
importance of shore protection measures along the
coast of Lakshadweep Islands and also indicated
that the majority of them are sheltered by shore
protection measures to control coastal erosion.
Prakash et al. (2015) briefed the installed protection measures using hard structures such as hollow
concrete blocks, layers of tetrapods and coir bag
Blled with pebbles around the coast of the Lakshadweep Islands. Hence, it is necessary to analyze
the feasibility of soft and hard structures to mitigate coastal erosion, especially for islands. Jinoj
et al. (2020) reported that the coastal erosion of
about 83.43% and accretion of about 16.55% along
the Kavaratti Island coast using shoreline change
studies. They also studied the nearshore sediment
dynamics of Kavaratti Island through the integrated modelling approach. They highlighted the
real-time monitoring of hydrodynamic parameters,
and sediment transport is very useful for the
Kavaratti Island administration for the implementation of suitable shore protection measures at
highly eroding site of the island. In this context,
the present research work focuses on the analysis of
suitable preventive coastal structures which help to
prevent island coastal erosion and to reduce the
impact of existing infrastructure such as jetties,
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desalination plants, and other developmental
activities.
In this research work, the GenCade and MIKE21
Integrated Numerical Modelling System (hydrodynamic + spectral wave + sediment transport
models) were used to identify the suitable shore
protection measures at the erosion hotspots of
Kavaratti Island. The GenCade model was used to
simulate the shoreline changes against the implementation of different shore protection measures,
whereas an integrated numerical modelling system
was used to predict the eAective circulation pattern
and sediment transport due to various shore protective measures. The present work highlighted the
feasibility and location-based suitability of shore
protection measures from the various soft, hard
and hybrid structures at the highly eroding hotspots of the Kavaratti Island coast.
2. Study region, data and methods
2.1 Study area
Lakshadweep Islands exhibit high coastal erosion
and shoreline changes due to the high monsoonal
wave activity and coastal structures (Prakash et al.
2014). The major islands of Lakshadweep are surrounded by reefs on the western part which break
the high energy waves during the monsoon without
entering into the coast. The reef heights of many
islands are reduced due to anthropogenic activities
and natural phenomena. During the development
of navigational channels, most of the Island’s reef
edges are disturbed and lead to enter the strong
currents into the lagoon and cause erosion along
the coast. In this study, Kavaratti Island
(Bgure 1a) has been considered as a case study to
identify the suitable shore protection measures at
the high eroding sites along the coast using
numerical modelling studies.
The morphology of the Kavaratti Island showed
serious problems of coastal erosion from 1967 to
1999 which indirectly aAected the local population’s livelihood, particularly during monsoons.
The total area of the Kavaratti lagoon is 4.96 km2
and the population is around 11,210. The island
orientation is north–south, connected with four
neighbouring islands such as Amini, Suheli,
Andrott and Kalpeni. The southern part of the
island is narrow and called ’chicken neck area’,
while the northern part is wide. Three major jetties
on the east and west coast of the island play a

major role in inducing erosion and accretion process. The settlement cluster of the island is more
at the northern part of the island, where the
groundwater is available compared to the southern
part of the island. The island is fully planted with
coconut trees which shields the settlement area
from high winds. The topography of the southeastern part of the island is very steep compared to
the north side (Bgure 1b). The beach proBle shows
that the southern and central parts of the island on
the east coast is more eroding due to anthropogenic
stresses. The total shore length of Kavaratti Island
is 14.72 km and the elevation above the MSL
(mean sea level) varies between 0.5 and 6.0 m. The
short term and long term variation in the shoreline
of Kavaratti Island are fully exposed to hydrodynamic conditions and anthropogenic factors. NASA
(National Aeronautics and Space Administration)
predicted that the sea level rise is around 3.41 mm/
yr and hence every 1 m increase in water level
causes Cooding, land erosion and submergence of
the low lying islands of Lakshadweep. The erosion
and accretion process along the coast of the island
is cyclic due to the tides, alongshore current, wave
action, and other processes. During extreme events
such as storm/cyclone, tsunami, significant morphological changes occur along the coast and cause
coastal erosion.
2.2 Data and methodology
Bathymetry of the Kavaratti Lagoon was extracted
from various datasets such as the General Bathymetric Chart of the Oceans (GEBCO) and CMAP.
Additionally, satellite-derived EOMAP bathymetry data with a high horizontal resolution of
about 15 m was also used around Kavaratti Island.
The bathymetry of the model domain was prepared
more accurately using optimum interpolated
methods with a negligible noise level (Bgure 1b).
The oceanographic parameters were collected at
different locations of Kavaratti Island during 2015.
The 5-MHz Acoustic Doppler Velocimeter (ADV),
a versatile, high-precision instrument in the marine
environment for measuring the water Cow velocity
by using the volume sampling method was used to
measure 3D velocity Belds with an approximate
distance of 5–18 cm. It was deployed at 3–4 m
depth at different locations of Kavaratti Island to
measure the water currents from 21st to 30th
September 2015. Similarly, the wave tide recorder
(WTR) and recording current meter (RCM) were
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Figure 1. (a) Map of the study area: Kavaratti Island, Lakshadweep archipelago. (b) Bathymetry contour around Kavaratti
Island, Lakshadweep.

deployed from 8th March to 21st March 2020, at
the location (10.835781°, 72.172884°) at 5 m depth
in Kavaratti Island lagoon to measure the tides and
water currents, respectively. The ADV, WTR and
RCM measured datasets were used for validation
of the model predictions at the stipulated period.
The meteorological variables such as wind speed,
direction, humidity, temperature, rainfall, barometric pressure and solar radiation were obtained
from the Automatic Weather Station (AWS) at
every 2 min interval. This AWS is installed by
the National Centre for Sustainable Coastal

Management (NCSCM), Chennai at the Science
and Technology building of Kavaratti Island. The
significant wave height, wave direction and wave
period were obtained at 6-hr intervals from the
wave rider buoy, deployed by the Indian National
Centre for Ocean Information System (INCOIS),
Hyderabad. The measured physical parameters
such as wave, current and wind Belds during
monsoon and post-monsoon seasons of 2015 were
presented in table 1. The current and wave datasets were provided by INCOIS for different years
and were used for performing model simulations for
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Table 1. Met-oceanic parameters at Kavaratti Island during monsoon and post-monsoon seasons of 2015.
Parameters
Wave height (m)

Wave direction (degree)

Current speed (m/s)

Current direction (degree)

Wind speed (m/s)

Wind direction (degree)

Minimum
Maximum
Mean
Standard deviation
Minimum
Maximum
Mean
Standard deviation
Minimum
Maximum
Mean
Standard deviation
Minimum
Maximum
Mean
Standard deviation
Minimum
Maximum
Mean
Standard deviation
Minimum
Maximum
Mean
Standard deviation

10 yrs. Sediment samples were collected from the
Bve locations (KV-1, KV-2, KV-3, KV-4 and KV5) around the island during September 2015 and it
was analyzed using a Microtrac particle size analyzer. The sediment grain size varied between 0.3
and 0.6 mm at Bve locations around the Kavaratti
Island. The analyzed sediment characteristics were
used to prepare initial conditions and optimum bed
resistance. This information was fed to the sediment transport model as input parameters to predict the sediment transport, suspended sediment
and total sediment load.
Integrated modelling system (hydrodynamics +
spectral wave + sediment transport models) was
used for the assessment of shore protection measures at the high eroding sites of Kavaratti Island
coast (Bgure 2). Mike 21 FM numerical model was
used to simulate the circulation features in the
vicinity of Kavaratti Island by introducing existing
and proposed coastal structures. Hendriyono et al.
(2015) and Guill
en et al. (2007) provided details of
the integration of hydrodynamic, spectral wave
and sediment transport model of Mike 21 software
suite and the model conBguration along the
Kavaratti Island has been adapted from Jinoj et al.
(2020).

Monsoon
(June–September)

Post-monsoon
(October–December)

0.61
3.70
1.91
0.76
195.54
307.73
243.49
21.99
0.20
0.78
0.50
0.11
102.30
242.47
178.25
22.07
0.88
11.59
5.60
2.35
41.79
294.28
133.37
52.07

0.39
1.82
0.67
0.34
187.65
291.08
251.16
18.65
0.18
0.55
0.35
0.08
103.35
278.03
193.27
34.53
0.20
8.11
3.52
1.62
35.57
326.62
166.93
68.81

GenCade (GENESIS + Cascade), developed by
the Coastal Inlets Research Program (CIRP), is a
1D shoreline change, sand transport, and inlet
sand-sharing model (Frey et al. 2012a, b). It combines Cascade for the regional-scale, planning-level
design calculations with the project-scale (Larson
et al. 2003) and GENESIS for engineering designlevel calculations (Hanson and Kraus 1989). The
GenCade model developed using the algorithms of
Cascade and GENESIS (Larson et al. 2003, 2006).
The GenCade model has wide applications and has
been successfully used for environments having
fringing reef and coral islands (Frey et al. 2012a, b;
Palalane 2016; Tomasicchio et al. 2020). This
model has certain assumptions such as beach proBle shape remains constant, shoreward and seaward depth limits of the proBle are constant,
sediment transport by the action of breaking waves
and longshore currents. However, it also has certain limitations to consider the structure of nearshore circulations, cohesive sediments, and regions
of the rocky shorelines with the pocket beaches
along the landward edges of the bays. It simulates
shoreline changes by spatial and temporal differences in longshore sand transport relative to the
regional morphology over multiple decades. The
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Figure 2. Schematic diagram of an integrated modelling system to identify feasible foreshore protection measures along the coast
of Kavaratti Island.

different grid spacing is performed to reduce the
computational time on a regional scale. The GenCade responds to coastal structures such as seawalls, breakwaters and groynes, wave conditions,
beach nourishment, breakwaters and jetty.
The integrated numerical modelling system and
GenCade model were used for the identiBcation of
site-speciBc shore protection measures of Kavaratti
Island (Bgure 2). The hydrodynamic, spectral wave,
sediment transport, and shoreline change models
were integrated and simulated for Kavaratti Island
with the nested domains. The temporal surface wind
Belds for the Kavaratti region were obtained from the
global atmospheric reanalysis product (ERA-Interim) by the European Centre for Medium-Range
Weather Forecasts (ECMWF). The tide amplitude
was extracted from the global tidal data for 2015.
The tidal range around Kavaratti Island is observed
at about 0.3 and 1.2 m during neap and spring tides,
respectively. The triangular mesh horizontal resolution varied from 5 to 10 m in the lagoon and
increased up to 500 m for the oAshore region.
The GenCade model simulations required the initial shoreline, regional contour and oceanographic
parameters. The initial shoreline of 2018 was
obtained from the Google Earth Images and carried
out substantial pre-processing to combine various
segments and removed the unwanted peeks in the
shoreline. The regional contour has been created
using different periods of shoreline (2010, 2015, and
2018) from the Google Earth and Satellite Imageries.
The model gridline with a regional scale has been

generated with 200 grids with a resolution of 15 m
from south to north along the west and east coast of
Kavaratti Island. The reliability of the model has
been investigated by assessing the shoreline change
from model predictions and open-source Google
Earth images which is a merged product of 0.65 PAN
and 2.5 m multi-spectral data along the Kavaratti
Island during 2018–2020. Assessed shoreline change
from the model prediction has shown a better agreement with the digitized Google Earth images with a
bias of 1.4, standard deviation of 0.99, and an R2 value
of 0.78. After completion of model calibration, model
simulations were performed using proposed shore
protection measures at the corresponding grid of the
eroding hotspots for a period of 10 yrs (2018–2028) by
forcing input parameters of wave, currents, and water
levels. The present study assessed the performance of
proposed shore protection measures using both the
models in response to Cow environment, wave
dynamics, and sediment dynamics to identify the
suitable shore protection measures at the eroding
hotspots of Kavaratti Island.
3. Results and discussion
3.1 Shoreline change analysis with existing
structures
The natural and anthropogenic stresses on the
island cause major erosion and accretion on the
coast of the island. Therefore, the erosion and
accretion rates along the east and west coast of the
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Table 2. Shoreline change statistics of Kavaratti Island using
the DSAS model (IIMP Report, NCSCM, 2015).
Status
Erosion
High erosion
Medium erosion
Low erosion
ArtiBcial coast (seawalls)
Total erosion
Accretion
High accretion
Medium accretion
Low accretion
Total accretion
Other
Stable coast
The total length of the coast

Length of
coast (km)

Coast
(in %)

0.41
0.14
0.00
9.67

3.33
1.14
0.00
78.98
83.45

1.65
0.38
0.00

13.48
3.07
0.00
16.55

0.00
12.25

island were investigated using the DSAS model
(Suganya et al. 2019). The shoreline change rates
are classiBed into eight categories as erosion (high,
medium and low erosion) and accretion (high,
medium and low accretion), stable and artiBcial
coast. The trend of erosion and accretion were
presented as negative and positive values,
respectively.
The shorelines are considered along with the
shore parallel structures and the shoreline position
was taken at low water level. Suganya et al. (2019)
study reported that the orthogonal transects to the
baseline at 30-m spacing interval along the entire
island were generated using DSAS. The DSAS
model predicted the shoreline change rate along the
Kavaratti Island and the shoreline change details
were presented in table 2 and Bgure 3(a). The
average net rate of shoreline change for Kavaratti
Island was 0.63 m/yr and indicated as accretion.
Kavaratti Island is protected by artiBcial structures along the coast; however, artiBcially protected coast at the lagoon side of the island is found
to be erosional with a net rate of 3.7 m/yr. The
eastern (sea) side of the island exhibits a maximum
shoreline change rate of 10.12 m/yr due to the
coastal processes and existing structures. The
assessment indicated that approximately 5% of the
coast exhibits erosion, 17% of the coast has accretion and the remaining 79% of the coast has artiBcial structures. The average net erosion rate of the
island was 1.2 m/yr and showed 1.36 m/yr in
the lagoon side and 2.35 m/yr in the eastern side.
The highest erosion rate of
4.23 m/yr was
estimated in the eastern side of the island and on

the southwest side of the chicken neck area ( 2.94
m/yr).
On the lagoon side of the island, high erosion
areas are identiBed from the harbour workshop to
the Bsheries oDce at a stretch of about 0.3 km in
the extreme northwest island. High erosion rates of
0.23 and 0.85 m/yr are observed on the northern and southern sides of Harbour Jetty. High
erosion at the Harbour Jetty is balanced by high
accretion at the western jetty for a continuous
stretch of about 0.83 km. The southwest and east
sides of the island have a maximum net shoreline
movement of 56 m towards the landward side of
the island. The average net accretion rate of the
island showed 1.40 m/yr with a rate of 1.24 m/yr
on the lagoon side and 1.50 m/yr on the eastern
side of the island. The highest accretion rate of
10.09 m/yr has observed on the northeast side. The
DSAS model indicated the high eroding locations
such as the Bshing jetty, the southern tip of the
island, navigational channel and the chicken neck
area of the east coast of the Kavaratti Island.

3.2 Effect of existing foreshore protection
structures on circulation features
The Kavaratti Island exhibits man-made structures along the west and east coast. Three major
jetties, namely, Eastern Jetty, Western Jetty,
Fishing Jetty, and the desalination plant are the
major structures considered in this study. A few
stretches along the east coast of the island is protected by concrete armour units, tetrapods, and
seawall to prevent erosion (Bgure 3b–e). The
southern part of the island has been covered by
seawall and other protective structures.
The hydrodynamics, sediment transport and
spectral wave models were simulated for the coastal
processes of Kavaratti Island with existing structures during winter, pre-monsoon, monsoon and
post-monsoon for the year 2015 to understand the
seasonal circulation features, wave characteristics
and sediment transport in the vicinity of Kavaratti
Island (Jinoj et al. 2020). However, monsoon and
post-monsoon seasonal circulation features, wave
characters, and sediment transport are highlighted
in the present study. The model predicted circulation features, significant wave height, total sediment load and bed level change during 9th August
2015 have shown in Bgure 4. Strong circulation
features, high wave action and more sedimentation
observed during the southwest monsoon season
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Figure 3. (a) Assessment of shoreline change of Kavaratti Island coast using DSAS model (source: IIMP Report, NCSCM, 2015).
(b–e) Existing foreshore protection measures along the east coast of Kavaratti Island.

compared to the northeast monsoon season. The
current magnitude varied between 0.2 and 0.6 m/s
in the southwest monsoon and 0.1–0.15 m/s in the
northwest monsoon. The current direction varied
between 210° and 250° during monsoon and about
45° in post-monsoon. A high magnitude of 0.48 m/s
current was observed on the south side of the lagoon.
The magnitude of currents inside the lagoon and the
open sea are very diverse and predicted high Cow at
the channel mouth in the northwest part of the
island and an adjoining of the lagoon area. Time
series of current magnitude at KV-1, KV-2, KV-3,
KV-4 and KV-5 locations in the vicinity of Kavaratti Island during monsoon and post-monsoon seasons are shown in Bgure 5(a and b). In the monsoon
season, the high magnitude of current varies in
between 0.4 and 0.42 m/s at northwest, south, and

northeast (KV-1, KV-4 and KV-5) regions and
varies in between 0.1 and 0.2 m/s at south and north
lagoon areas (KV-2 and KV-3) of Kavaratti Island
(Bgure 5a). Similarly, in post-monsoon season, a
high magnitude of current varies between 0.26 and
0.35 m/s at northwest, south, and northeast (KV-1,
KV-4 and KV-5) regions and low magnitude of
currents about 0.12 m/s in the lagoon region of
Kavaratti Island (Bgure 5b). The integrated model
predictions showed a high current at the southern
tip of the island compared to other locations of the
island. The predicted significant wave height was
within the range of 1.5–2.4 m during monsoon season. The wave direction varied from 200° to 250° in
the oAshore region. Due to the wind speed and the
steep slope from the lagoon reef crest, wave height is
significantly increasing at the reef and gradually
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Figure 4. Predictions of (a) current speed (m/s), (b) significant wave height (m), (c) total sediment load (m3/s/m), and (d) bed
level change (m) on 9th August 2015 around the Kavaratti Island using integrated modelling system during monsoon season.

decreasing in the lagoon area. The maximum longshore current along the east of Kavaratti Island was
predicted about 0.54 m/s. The average longshore
current of 0.42 m/s induces major erosion on the
east coast of the island. It was observed that the
longshore current drags the sediment from Bshing
jetty and deposited near the western jetty due to the
northern channel mouth. The model predicted that
the average sediment trapped by the fringing reefs
and the other structures in the Kavaratti region was
about 30 mg/cm2/d during monsoon. Model predictions indicate that the longshore drift is highly
trapped by the fringing reefs and the existing protective structures such as seawall, tetrapods, and
boulders in and around the Kavaratti Island coast.
The parameters such as water level elevation, wave
height, wave period and wave direction for the
monsoon period predicted by the model were
entirely compatible (not shown) with the results of
Jinoj et al. (2020).
The collected sediment samples at Bve locations
(KV-1, KV-2, KV-3, KV-4 and KV-5) around the
Kavaratti Island during the Beld survey of 2015
were represented over the study area map (Bgure 1;
with red colour Blled marks). The percentages of
medium sand were observed about 52.4%, 46.5%,

65.7%, 63.4% and 55.6% at the Bve sampling sites.
The sediment size varied between 0.3 and 0.6 mm at
Bve locations. This sediment grain size data were
used to generate the sediment table for the sediment
transport model to predict the total sediment load
and bed level change in the vicinity of Kavaratti
Island. Simulation of the sediment load and bed
level changes showed that the sediment load was
very high inside the lagoon compared to the other
regions. The total sediment load varied from
16 (10 4 m3/s/m) to 40 (10 4 m3/s/m) and the
bed level changes are observed from 5.6 to 5.6 cm
around the island. In the southern tip of the island,
sediment load is high and the rate of bed level
change is around *0.25 m/day. The sediment load
is high in the southwest of the lagoon due to the high
magnitude of longshore current (0.5 m/s) and significant wave height (&2.4 m). The magnitude of
longshore drift and wave activity along the east
coast of the island is high which further leads to
erosion and accretion. The southern tip of the island
(near to helipad area) exhibits boulders along with a
rocky shore. However, major parts are installed with
tetrapod and minor parts with concrete blocks
around the islands. Jinoj et al. (2020) analyzed the
impact of tetrapod using scouring analysis around
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Figure 5. Time series of model predicted current speed at the location KV-1, KV-2, KV-3, KV-4 and KV-5 around the Kavaratti
Island during (a) monsoon (August 2015) and (b) post-monsoon (December 2015) seasons.

Kavaratti Island. The scouring depth varied
between 0.084 and 0.187 m/yr at the west coast of
the island and varied between 0.022 and 0.117 m/yr
near the south and the east coast of the island. A
large quantity of sediments was lost by the scouring
eAect along with the existing hard structures on the
east coast of the island.
The wave action towards the shore is reduced by
the installed interlocked tetrapod through the dissipation of wave energy by passing through them.
Highly eroding hotspots were identiBed along the

coast of the island during the Beld investigation and
by model predictions. The DSAS and process-based
model predictions with the existing coastal structures showed a high erosion process at the Bshing
jetty, the southern tip of the island, navigational
channel and the chicken neck area of the east coast.
3.3 Model validation
Model validation was performed using the collected
data from ADV, WTR and RCM measurements
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(table 3 and Bgure 6) in the vicinity of Kavaratti
Island. The measurement of ADV at Bve locations
showed the magnitude of current varies from 0.19
to 0.34 m/s along the coast of Kavaratti Island.
High magnitude of current observed on the north
and south side of island, whereas low magnitude of
currents was observed in the lagoon region of the
island. The model predicted currents are in association with the measured currents (ADV) in the
region around Kavaratti Island (table 3). Besides,
the WTR-measured water level varied from 0.68
to 0.63 m in the lagoon of the Kavaratti region and
is in good agreement with the model-predicted
water level (range from 0.68 to 0.63 m) with an
R2 value of 0.85 (Bgure 6a and c). Similarly, the
RCM measured currents in the lagoon region of
Kavaratti Island (ranged from 0.02 to 0.16 m/s)
are also in better agreement with the modelpredicted currents (ranged between 0.01 and
0.14 m/s) with an R2 value of 0.75 (Bgure 6b
and d).
The sediment transport model was validated
using Beld measured suspended sediment concentrations (using the optical backscatter sensor with
the infrared wavelength of 850 nm ± 5 nm) at Bve
locations (KV-1, KV-2, KV-3, KV-4 and KV-5)
around the island during the year 2015. The suspended sediment load varied from 1.6 to 2.8 9 10 4
m3/s/m around Kavaratti Island with maximum
sediment concentrations (2.8 9 10 4) at the northwestern part of the island. The model predictions
also provided a high suspended load of about 6.8 9
10 4 m3/s/m in the same region. The measured
and model-predicted suspended load indicated
the occurrence of high loads at the north-western
part of the island (table 4). However, the predicted values are overestimated than the Beld
measurements.

Table 3. Comparison of measured and model predicted currents (m/s) in the vicinity of Kavaratti Island during 21st to
30th September 2015.
ADV
deployed
Locations
KV-1
KV-2
KV-3
KV-4
KV-5

ADV
measured
current speed
(m/s)

Model
predicted
current speed
(m/s)

Absolute
BIAS

0.34
0.23
0.19
0.29
0.32

0.20
0.27
0.24
0.34
0.35

0.14
0.04
0.05
0.05
0.03

3.4 Suitable conceptual mitigation measures
at eroding hotspots
The state-of-the-art numerical GenCade model is
used to assess the shoreline changes along the east
and west coast of the island with the existing and
proposed structures for 10 yrs. The model predicted the highest shoreline change on the east
coast of the island compared to the west coast and
is shown in Bgure 7(a–d). There are a few locations
such as the northeast part, chicken neck area and
the south tip of the east coast of the island which
showed more change in shoreline about 15 m
compared to other locations along the east coast.
Conceptual shore protection measures such as
groynes, revetment, breakwater, detached breakwater, and submerged breakwater were performed
to protect the eroding areas such as the chicken
neck area, northeast part, and the south tip of the
island on the east coast of the island. The natural
physical processes which cause erosion at the erosion hotspots were presented in table 5. The model
simulations investigated the suitability and feasibility of shore protection measures to combat the
erosion of the shore of the island for 10 yrs. The
performance of each shore protection measure has
been discussed in the subsequent sections.
3.4.1 Case 1: Groynes
GenCade model simulations have been carried out
using two groynes near the chicken neck area on the
east coast of Kavaratti Island. The two groynes are
normal to the coast and have a length of about 200 m,
and were performed with the permeability 0.3 at the
chicken neck area to assess the controlling of erosion
(Bgure 8a and b). The parallel groyne reduced wave
forces and currents at the chicken neck area. They
retarded the longshore movement of sediments along
the east coast of the island. Sediment accumulation is
observed near the groynes due to the updrift and
downdrift movement. The downdrift movement of
sediments in the chicken neck area controlled the
erosion. In this experiment, the two groynes controlled erosion at one side of the groyne and eroding
on the other side of the groyne. The initial and predicted shoreline changes for 10 yrs using groynes at
the chicken neck area are shown in Bgure 8(c). It is
observed that the maximum accretion is around +3 m
at the chicken neck area and erosion of around 6 m
occurs in the other adjacent regions. These measures
cause an imbalance in sediment load on the adjacent
areas of the chicken neck area.
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Figure 6. (a and b) Validation of model predicted water levels and currents with WTR and RCM measurements; (c and d) R2
analysis of model predicted water levels and currents with WTR and RCM measurements, respectively, in the lagoon of
Kavaratti Island during 8–21 March 2020.
Table 4. Comparison of measured and model predicted
suspended load (m3/s/m) in the vicinity of Kavaratti Island
during September 2015.

Locations
KV-1
KV-2
KV-3
KV-4
KV-5

Field-measured
suspended sediment
load
1.6
2.8
1.9
2.3
2.2

9
9
9
9
9

10
10
10
10
10

4
4
4
4
4

Model-predicted
suspended load
4.9
6.8
4.2
5.8
5.3

9
9
9
9
9

10
10
10
10
10

4
4
4
4
4

3.4.2 Case 2: Revetment
The second experiment was performed with the
revetment structure in the three regions along the
east coast of the island (Bgure 8d and e). The three
revetments having a length of 400, 611 and 464 m
and height 6 m, respectively, are incorporated in
the model domain at the highly eroding sites. The
predicted shoreline changes with three revetment
structures in three erosion spots on the east coast
of the island showed a more stable shoreline and
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Figure 7. Prediction of shoreline changes for 10 yrs (2018–2028) along the east and west coast of Kavaratti Island with existing
structures using GenCade model.

Table 5. Causes for erosion at erosion hotspots and recommended actions to control erosion.
Sl.
no.

Erosion hotspot location

Length of the
coast (m)

1

Chicken neck area–East coast

900

2

Adjacent to navigational channel
area–East Coast
The southern tip of the island
(Helipad area)–East coast
Fishing Jetty–West coast

3
4

Causes for erosion

Recommended actions
against erosion

800

Low littoral drift and high
wave action
Tidal induced currents

Revetments, Detached
breakwater, Groynes
Revetments

450

High wave action

450

Low littoral drift and diversion
of coastal currents

Revetments, Submerged
breakwater
Revetments

less erosion of around 2.0 m and accretion of
around +1.2 m for 10 yrs. The model results
expounded that the conceptual revetment structures performed well for protecting the eroding
coast in the three regions.

3.4.3 Case 3: Detached breakwater
Model simulations were conducted with a detached
breakwater at a depth of 5 m in the oAshore region
of the chicken neck area along the east coast of the
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island (Bgure 8f and g). The detached breakwater
of a length of about 200 m with a gap width of 100
m is incorporated in the model and carried out
simulations for 10 yrs with the forcing parameters
of waves and currents. The cross-shore sediment
transport and wave heights reduced significantly at
the breakwater and controlled the erosion in these
regions. However, it impacts the adjacent regions
due to the diAraction of the waves and leads to
erosion at the adjacent areas. The assessment of
shoreline changes with detached breakwater indicated that the accretion and erosion are parallel to
the breakwater for 10 yrs. Model predictions
showed accretion around +2 m and erosion around
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8.1 m due to the detached breakwaters along the
east coast of the island.

3.4.4 Case 4: Geotube breakwaters
In this experiment, the breakwaters with geotube
material act as a soft structure to protect the coast
from high waves along the east coast of the island.
The geotube breakwater consisted of 3 layers of
base with a ‘2+1’ layers of geo-tubes with a width
of 14.5 m was considered about 500 m away in the
oAshore region at 5 m depth from the coast parallel
to a chicken neck area. The geotube breakwater of
length 600 m was provided parallel to the chicken
neck and performed model simulations with existing wind Belds, wave, and tidal conditions. It
reduced the wave forcing along the coast of the
eroding region. The significant reduction in current
speed (0.05 m/s), and significant wave height (0.3
m/s) were observed due to the geotube structure
which helped to reduce the wave loads and the
magnitude of horizontal forces from the wave
components. This type of shore protection controlled the coastal erosion at the chicken neck area
of the island.
3.4.5 Case 5: Submerged breakwater

Figure 8. (a and b) Location of Groyne, (c) prediction of
shoreline changes using Groyne structures for 10 yrs; (d and
e) location of revetment structures, (f and g) location of
breakwater structure along the cost of Kavaratti Island.

The Bnal experiment was conducted with the
submerged breakwater at the southern tip of the
island (Bgure 9a and b). Submerged breakwater has
a length of 600 m and is conBgured at a depth of 5
m by changing the bathymetry proBle and changes
in the inbuilt structure broad crested weir function
with existing wind Belds, wave, and tidal conditions. The heights above the structure’s crest are
0.5, 0.76, and 1.4 m with respect to the CD,
MSL and HWL, respectively. Model simulations
were performed with the submerged breakwater at
the southern tip of the island is shown in
Bgure 9(c–f). During the monsoon, the southern tip
of the island which is in proximity to the helipad
area is exposed to strong currents and high wave
action. The submerged structures dissipate the
energy of high waves without allowing them into
the coast. The magnitude of current and significant
wave height reduced to 0.05 m/s and 0.3 m,
respectively with a submerged breakwater.
The performance of conceptual mitigation
structures such as groyne, detached breakwater
and revetment for 10 yrs is shown in Bgure 9(a–f)
and the details are provided in table 6. The
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Figure 9. Location of submerged breakwater (a and b) along the Kavaratti Island coast, and prediction of oceanic parameters
with submerged breakwater, (c) current speed (m/s), (d) significant wave height (m), (e) total load (m3/s/m), and (f) bed level
change (m).
Table 6. Shoreline changes along the coast of erosion hotspots with the proposed shore protection measures for 10 yrs.

Sl.
no.

Location of erosion hotspot

1

Chicken neck area–East coast

2

Adjacent to navigational channel
area–East coast
The southern tip of the island
(Helipad area)–East coast

3

Proposed shore
protection measures

Shoreline changes with proposed
mitigation structures
Erosion

Accretion

Revetments
Detached breakwater
Groynes
Revetments

No significant changes observed
8.1 m
+2.0 m
6.0 m
+3.0 m
No significant changes observed

Revetments
Submerged breakwater

No significant changes observed
No significant changes observed

It considered a length of 600 m at the
depth 5 m at the southern tip of the
island. The heights above the
structure’s crest are 0.5, 0.76, and
1.4 m with respect to the CD, MSL
and HWL, respectively

Two parallel groynes at chicken neck
area. Length of each groyne about 200
m from the coast with the permeability
of 0.3
The length of revetments about 400, 611
and 464 m, respectively, at three
eroding locations along the east coast
of the island
The detached breakwaters of length
about 200 m each with 100 m gap at 5
m depth is implemented in the chicken
neck area
A 3 layers of base with a ‘2 + 1’ layers of
geo-tubes installed at 5m depth with a
width of 14.5 m from about 500 m
away in the oAshore region of the coast

Dimension

It causes scouring eAect

Erosion occurred at adjacent areas due
to the diAraction of waves
The accretion and erosion observed are
+2 and 8.1 m, respectively
It impacted the adjacent regions of the
coast

It controlled the erosion at three
locations
It provided stable coastline
It reduces wave heights and controlled
erosion
It minimized the cross-shore sediment
transport
It is more eAective in controlling the
wave action and erosion
Current speed reduced to 0.05 m/s and
significant wave height reduced to
0.3 m
It controlled the erosion by reducing the
wave action on the coast

No significant eAect observed due to this
structure

Erosion and accretion occur in adjacent
sides of both the Groynes around 6 m
and +3m, respectively

Demerits

They controlled the erosion at the
downdrift region

Merits
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Submerged breakwater

Geo-tube breakwater

Detached breakwater

Revetment

Groyne

Type of structures

Table 7. Merits and demerits of proposed shore protection measures at erosion hotspots.
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cross-shore sediment transport and rate of the bed
level changes.
The proposed shore protection measures such as
groyne, revetments, and breakwater at eroding
hotspots and their cumulative eAect on shoreline
changes for 10 yrs are shown in Bgure 10(a and b).
Similarly, in the presence and absence of shore
protection measures, changes in the shoreline projected is shown in Bgure 10(c). The revetment
structure showed insignificant variation in shoreline change between +2 and 3 m for 10 yrs and is
a more feasible structure compared to the groyne
and breakwater. The merits and demerits of the
proposed shore protection measures are provided in
table 7. The revetment and geotube-based breakwaters are more feasible and suitable for the longterm shore protection features along the island
coast compared to other shore protection
measures.

3.5 Comparative perspective with other global
studies

Figure 10. (a) Map of proposed structures at eroding hotspots. (b) Initial shoreline and predicted shoreline changes
with groyne, detached breakwater and revetment structures
for 10 yrs. (c) Prediction of shoreline changes in the presence
and absence of foreshore protection measures such as groyne,
revetments and breakwater along the east coast of Kavaratti
Island for the period of 10 yrs (2018–2028).

performance of the conceptual shore protection
measures such as breakwater and submerged
breakwater in case 4 and case 5 was indicated that
the reduction of wave height from 2 to 1 m and
magnitude of current from 0.65 to 0.3 m/s while
reaching the coast of the island. It also reduced the

The archipelago of low lying areas of the Lakshadweep Islands is threatened by coastal processes and anthropogenic activities. Studies of
shoreline change analysis along the coast of Lakshadweep Islands highlighted high erosional rates
during the long-term (1972–2015) and stable platform during the short-term (2000–2015) (Suganya
et al. 2019). Shoreline change analysis indicated
that the islands are shrinking more than 50% of
their original size, both in the ocean and lagoon
side of the islands. The artiBcial structures along
the coast helped to reduce erosion in few locations
of the coast and showed adverse eAects on the
beaches, valuable coastal resources and marine
habitats.
In particular, the Kavaratti Island coast of
Lakshadweep archipelago showed high coastal
erosion and shoreline changes due to the dominated
physical mechanisms such as the tidal currents,
high wave action and changes in littoral drift (Jinoj
et al. 2020). The coast of Kavaratti Island was
eroded about 83.43% and accreted about 16.55%
and also observed that the significant erosion
around the Bshing jetty and accretion at the
western jetty due to the tidal currents and waveinduced currents in the northwestern side of the
island. Based on the shoreline change analysis and
process-based modelling studies, eroding hotspots
such as chicken neck area, northeast part, and the
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southern tip of the island on the east coast of the
island are identiBed along the coast of Kavaratti
Island. Several researchers (Kench et al. 2003; Frey
et al. 2012a, b; Lee and Lin 2014; Sivakholundu
et al. 2014; Pradjoko et al. 2015; Masria et al. 2015;
Mohanty et al. 2015; Ramana Murthy et al. 2020)
examined various shore protection measures along
the different coasts in the world based on the type
of the coast, beach proBle, orientation of the coast,
wave parameters, and sediment characteristics. To
reduce erosion along the coast of erosion hotspots
and minimal impact on the adjacent coastal
regions, conceptual shore protection measures such
as groynes, revetment, breakwater, detached
breakwater, and submerged breakwater have been
selected for the coast of Kavaratti Island. The
model simulations were conducted, and performed
the feasibility and suitability of the selected shore
protection measure along the coast of erosion hotspots of Kavaratti Island. Model predictions indicated that the revetments and submerged geotubebased breakwaters performed well along with the
erosion hotspots. These types of interventions were
installed at various coasts of islands such as Maldives, Gili Trawangan, North Lombok Indonesia,
Isla del Carmen Barrier Island, and Mexico are
performed well to reduce the erosion at the coast of
islands (Kench et al. 2003; Escudero et al. 2014;
Pradjoko et al. 2015). The design conBguration of
mentioned structures and their cost–beneBt analysis and their impact on coastal habitat will be
considered as extended scope of the study.
4. Conclusions
A detailed scientiBc investigation was carried out
for various foreshore protection structures at
highly eroding hotspots of the Kavaratti Island
coast. The GenCade model calibration was processed between predicted shorelines and on-screen
digitized shorelines from Google Earth images
along Kavaratti Island and showed a better
agreement with Google Earth images with R2 values of 0.78. The impact of existing shore protection
measures along the coast of the island was simulated using GenCade and an integrated modelling
system. The model predictions indicated a high
erosion along the east coast of the island compared
to the west coast of the island lagoon. Model predictions highlighted the following key points with
the prevailing met-oceanic conditions and existing
shore protection measures:
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(a) The eastern part of the island (open sea coast)
has strong currents with an average magnitude
of 0.48 m/s and the minimum and maximum
current magnitudes are about 0.10 and 0.60
m/s, respectively in the vicinity of Kavaratti
Island.
(b) Significant wave height of *2.5 m at the
southern tip of the island.
(c) Sediment load and bed level change along the
eastern part of the island is high, compared to
other parts of the island due to the bathymetry
gradients and wave-induced currents.
(d) Shoreline change prediction for 10 yrs using
the GenCade model indicated that the eastern
part of the island has the maximum shore
erosion (*50 m on the landward side) compared to the western part of the island (lagoon
side).
The process-based numerical models were simulated to control the coastal erosion at hotspots
along the Kavaratti Island coast using the Bve
conceptual shore protection structures comprising
hard and soft measures. The GenCade model was
performed with Bve shore protection measures
using waves and currents for 10 yrs. The shoreline
changes were analyzed using hard structures such
as groynes, revetments, and breakwater. The
model predictions revealed that revetment structure is highly feasible to control the erosion for a
long period compared to other structures. The
wave dynamics and circulation features using
breakwater with geotube and submerged breakwater were analysed at the high eroding area of the
Kavaratti coast. With the suitable site-speciBc
coastal protection structures, we observed the
following:
(a) Revetment and submerged geotube breakwaters were observed to be the most eAective
foreshore protection measures on the eastern
part of the Kavaratti Island,
(b) Significant decrease in current speed from 0.48
to 0.05 m/s was observed, and
(c) Significant decrease in wave height (from 2.5 to
0.3 m) and wave energy reduction of about
50% from prevailing conditions were observed.
Being highly vulnerable to storm surges and
gradual rise in sea levels, long-term solution for the
protection of these small islands must be taken on
priority to safeguard ecosystem health, life and
property of the islanders. As for future work, the
present study can be further extended to resolve
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the limitations of nearshore circulation features by
coupling the nearshore wave models such as CMS
wave and MIKE SW to the GenCade model.
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