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To evaluate the annual sediment dispersal pattern, a year-long beach proBle monitoring and granulometric
analysis were adopted along the Kundapura estuarine beaches of coastal Karnataka. The river mouth is
bounded by breakwaters and the coast is armoured by seawalls and groins. Beaches adjacent to the
breakwater showed progradation as a result of the shadow zone created due to the sheltering eAect from
incident waves. Evidence also comes from the replacement of coarser mode sediments by Bner. Those away
from the shadow zone, however, experienced extensive erosion. They are subjected to along-shore drift and
minimal replacement from the same. It was also observed that despite being tropical estuarine beaches,
sediments did not show any aDnity towards a Cuvial-derived character. These points towards transport of
Bne sediments further oAshore and retention of coarser fraction in the surf zone that is to be carried
shoreward. Breakwaters in turn facilitate this by channelising the river discharge farther in the sea. Evidence towards the same is also provided by the well-sorted to moderately well-sorted nature of the sediments. Breakwaters were thus observed to highly inCuence the sediment dispersion and distribution along
an estuarine coast. This study will provide knowledge on the role of coastal structures in sediment dispersion
while framing future coastal protection strategies for the conservation of the coast.
Keywords. Tropical coast; coastal structures; sediment dispersion; beach morphodynamics; beach
sediments.

1. Introduction
The abundant productivity and strategic trade
culture associated with tropical estuaries and
coasts make them extremely important for the
economic growth of the dependent community
and the nation as a whole. Tropical estuarine
coasts experience varying natural forces such as
waves, tides, storm surges, Cood water drainage
and monsoonal discharge (Daniel and Abkowitz

2005). Along with the economic and social
attention, these environments also attract vulnerabilities and pose challenges to their protection measures and management actions. In
addition to this, anthropogenic activities like the
building of coastal revetment structures, nearshore and estuarine dredging, beach nourishments
and related bathymetry manipulations interfere
with the natural processes and make the coast
highly dynamic. The nature and magnitude of

Supplementary material pertaining to this article is available on the Journal of Earth System Science website (http://www.ias.
ac.in/Journals/Journal˙of˙Earth˙System˙Science).
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these changes are prerequisites for the eDcient
management of these beaches.
Pervasive problems like excessive erosion of beaches and siltation of estuaries and navigable channels
are due to redistribution and circulation patterns of
the eroded sediments owing to natural processes as
well as human-made obstructions locally (Wright
and Short 1984; Hegde et al. 2004; Van Rijn 2011;
Kim et al. 2020). Among the natural processes, waves
are the dominant force driving along-shore currents
(Shanas and Kumar 2014). The changes exhibited by
beaches due to the same are suggestive of the sediment dispersal pattern (Gujar et al. 2011). Transport
of sediments from one place to the other by littoral
currents largely depends on the geomorphology and
orientation of the coast, relative inCuence from tidal
climate, wave parameters and the material making
up the beach face (Hanamgond and Chavadi 1997;
Komar and McDougal 1994; Komar 1998; Dora et al.
2012; Sowmya et al. 2019). Sediment textural distribution in beach environment is a response to the
energy of the medium, duration of the reworking
processes, degree of beach reCectivity and the initial
texture of the sediment parcel itself (Friedman
1961, 1962; Moiola and Weiser 1968; Visher Glenn
1969; Friedman 1979; Komar 1988; Blott and Pye
2001; Edward and Julian 2002). While morphodynamics of a beach critically reCects the imprints of
tidal and wave process signatures over the micro(lunar cycles) and meso- (seasonal) scales, respectively (Edward and Julian 2002; Dora et al.
2012, 2014), knowledge of spatio-temporal variations
in morphology and beach sedimentology enables the
determination of transport direction, mode of transport and sediment quantum (McLaren and Bowles
1985; Gao et al. 1991; Gao and Collins 1994; Pedreros
et al. 1996; Yamashita et al. 2018; Sinha et al. 2021).
IdentiBcation of erosional hotspots in this regard
helps in the eDcient management of the coast.
Among the tropical coasts of the world, the central
west coast of India is unique as it is subjected to
southwest monsoon as well as northeast monsoon.
Hence, a cyclic wind-wave and tidal climate are
experienced, which brings about cyclic variations in
their direction of approach, complex sediment distribution and shoreline change (Gupta and Dash
2015). This interaction makes the shorelines
undergo large spatio-temporal changes in terms of
their morphology and sedimentation, primarily
controlled by the along-shore drift intensity and
direction. Uninterrupted along-shore currents are
responsible for the simultaneous removal and
replacement of beach material, owing to which, the
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beach also exhibits cyclic dynamic equilibrium
(Chauhan 1990; Komar 1998). However, due to the
relative dominance of northerly along-shore currents during southwest monsoon season over that of
southerly along-shore currents during fair weather
season (Shanas and Kumar 2014; Deepika and
Jayappa 2017), the material removed during the
former is not replenished by the latter. In addition to
these, along-shore sediment budgets are also aAected by man-made structures (Komar and McDougal
1988; Jayappa et al. 2003; Shetty et al. 2019). Hence,
dynamic equilibrium is disturbed. Seasonally monitored foreshore changes and their textural characteristics provide an insight into the sediment budget
and its dispersion. Therefore, in this study sediment
dispersal pattern and inCuence of coastal structures
on the same is discussed based on the seasonally
monitored foreshore changes and granulometric
analysis at 11 stations. These stations are selected
along an extensively engineered coast of Kundapura
along the central west coast of India.
Regional studies on beach morphology and
sedimentological changes are carried out by several
researchers (Medina et al. 1994; Hegde et al. 2009;
Dora et al. 2012, 2014; Kulkarni et al. 2015; Deepika
and Jayappa 2017; Shetty and Jayappa 2021).
Although these studies provide an overall summarised scenario of a speciBc coast, local conditions
may vary depending on various factors discussed.
Extensive coastal conservation projects and geomorphology being the most conspicuous among
these, there arises a necessity to understand their role
in sediment dispersion. However, the sediment dispersal pattern and mode of transport along an engineered coast of tropical estuarine climate are not well
understood. Detailed studies on local scales that are
extensively engineered in similar wind–wave climates
are rare. Therefore, to understand the inCuence of
wave climate and coastal structures on sediment
dispersal pattern, along-shore drift and mode of their
transport along modern coasts, this study is
undertaken.

2. Study area
The central west coast of India is characterised by
irregular to straight coastlines, multichannel river
systems, spits, submerged bars, severely eroding
beaches, several man-made revetment structures,
estuarine islands and near-shore islands. This
makes the central west coast of India a geomorphologically diverse and sedimentologically
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Principle tributaries of the river Gangolli are rivers
Haladi, Kollur, Chakra and Kubja. These rivers
form a conCuence point at Trassi to Cow together
forming a narrow mouth and wide estuary with
estuarine braided islands. The near-shore region is
characterised by near parallel alignment of depth
contours to the shoreline (Shanas and Kumar
2014). The tidal range for the area ranged between
0.6 and 1.8 m during the study period and thus
classiBed as a micro-tidal region following Short
(1991).
The coastal region under study can be subdivided into:

Figure 1. Location map of the study area with the demarcation of the southern, northern and Maravanthe sectors. It is
located along the Kundapur coast of Udupi district, Karnataka, west coast of India. Beach proBle stations discussed in
the text are located using line features with their orientation
corresponding to that of the beach proBle surveyed. The green
features within the river body represent estuarine islands.

dynamic shoreline. The coastal stretch under
study is located along the central western coast of
India, in the northern part of the Udupi District
of Karnataka (Bgure 1) (latitude 13°360 –13°420 E
and longitude 74°300 –74°400 E). The area comprises of hot and humid climate with an average
annual rainfall of 3550 mm and an average temperature of 29°C. The study area represents a
gradational coastline between extremely irregular
cliAy coasts of Uttar Kannada District in the
north and the vast sandy beaches of Kerala
towards the south. This makes it an ideal location
for exploring averaged response of the extraneous
factors operating between the two extremities of
geomorphology.
Gangolli river joins the Arabian Sea at Kundapur. The beaches under the concerned study are
located on either side of the river mouth. River
Gangolli forms a multichannel river system. It
drains Archean Tonalite Trondhjemite Granodioritic (TTGs) and Gneissic rocks in the hinterland.

(1) Southern sector: Long straight open Kodi
beaches extending from south to 2 km north
at the southern bank of river Gangolli
(13°390 N; 74°390 E) and inclined at 8°N. This
sector forms the southernmost extension of
the study area represented by Kodi beach
that lies adjacent to the southern bank of
the river Gangolli. The stretch under the
study forms a narrow steep beach at its
southern end which gradually widens close
to the river mouth where the river is
isolated from it by a breakwater of 858 m
in length. The beach proBle stations (stations 1–5) are located on this coastal region
in a south to north direction, with station 1
being the southernmost to station 5 being
the northernmost.
(2) Northern sector: The 5.25 km of Gangolli
shoreline extending from the north of the river
mouth to Trassi beach (13°410 N and 74°380 E)
convex seawards due to the presence of numerous rock outcrops in the near-shore region.
Thus, the along-shore drift is expected to be
terminated and the northern extent is deprived
of any Cuvial input. The beach is represented
by a narrow sandy strip that widens towards
the river mouth where the northern breakwater structure channelises the river into the
near-shore region. This structure too is similar
in dimensions to that of the southern one (620
m length). Beach proBle stations (stations 6–9)
are located in this sector with station 6 being
adjacent to the river mouth and station 9
distant from it.
(3) Maravanthe sector: It is represented by Maravanthe beach with a straight coastline
towards the north, inclined at 9°N and is
deprived of any Cuvial inCuence. This sector
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forms the northernmost extension of the
coastal stretch under study.

Proximity to the crustal bulge along the MulkiPulicat lake axis (Subrahmanya 1996) has resulted
in the progradation of beaches in this area owing to
a relative sea-level fall and the presence of barrier
beaches. Numerous paleo beach ridges made up
of silica sand are reported along the Mangalore–Kundapur coast (Ravindra and Krishna Rao
1987; Bhat and Subrahmanya 1993). These observations complement higher sea-level around 125 ka
(Nair 1974; Alappat et al. 2015). However, based on
beach volume changes in association with coastal
structures, Jayappa et al. (2003) reported active
erosion in the concerned area. Unlike the east coast
of India, the absence of submarine canyons on the
west coast of India, loss of beach sediments under
the inCuence of gravity to the deep ocean Coor is
prevented as suggested by the development of spits
(Kunte 1994; Jayappa et al. 2003).
Among the recent long-shore sediment transport studies in the study areas include those by
Shanas and Kumar (2014). They studied nearshore wave characteristics oA Kundapura at 12 m
water depth. The dominant wave direction was
southwest during the non-monsoon period with
northerly along-shore drift and comprised 47% of
the total long-shore transport rate. During the
monsoon period, the dominant wave direction
was predominantly west that drew a southerly
along-shore drift owing to the westerly inclined
shoreline and comprised 53% of the total longshore transport rate.
A considerable part of the coastal stretch
under this study is undergoing active erosion
(Deepika and Jayappa 2017), and seawalls are
being constructed repeatedly upon failure to
tackle these issues. Breakwaters are constructed
on either side of the river mouth during
September 2018 to channel river discharge as
silting up of the estuary and river mouth
migration was a major problem faced by the local
Bsherman community. However, adjacent to the
river mouth, no seawalls are laid suggesting the
low vulnerability of the beaches. Long-shore
current is therefore expected to be obstructed by
these breakwaters on either side of the river
mouth. Spatio-temporal textural characters of the
beach sands and beach proBle monitoring will
provide knowledge on sediment dispersal patterns
along a modern engineered tropical coast and the
role of coastal processes in the same.
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3. Methodology
Total 11 locations (stations 1–11) (Bve at the
southern sector, south of the Gangolli river; four at
the northern sector, north of the Gangolli river;
and two at the Maravanthe sector) were selected
for monitoring beach morphological changes. The
beach proBle survey was carried out at an interval
of two lunar cycles (56–64 days) following the
‘Stake and Horizon’ method (Emery 1961). Tidal
conditions and time during the survey were noted
(Bgure 2). The locations were established as a reference point using a global positioning system
(GPS), Garmin Etrex 10. Reference points
selected, ensure that they are not aAected by
wind–wave action, therefore, maintaining a Bxed
reduced level (RL) well beyond the back-shore
region. The reference points were ranged to
established features such as electric poles, compound walls, houses, etc., to ensure a stable orientation of the proBle line with the shoreline. Beach
proBle surveys were extended well beyond the low
water line to cover all morphologic features along
the transect in the swash zone. Beach width at each
station during the survey was measured from the
permanent vegetation line until the low water line
using a measuring tape. Wave parameters like
significant wave height (Hs), mean wave period
(Tz), peak wave period (Tp) and wave direction are
adopted from a Datawell directional wave rider
buoy oA Kundapur coast (13.61746°N; 74.62234°E)
from January 2011 to December 2011 (Shanas and
Kumar 2014). Beach volume change is computed

Figure 2. The graph represents tidal conditions during the
beach proBling surveys. Surveys were undertaken from 09:00
AM to 04:00 PM and are represented as a grey-shaded region
in the graph. Every survey was initiated from station 1 and
proceeded northerly towards station 11.
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Table 1. Total beach volume (in m3) stored at the stations during each survey.
Station no.

Nov-17

Jan-18

Mar-18

May-18

Jun-18

Sep-18

Nov-18

1
2
3
4
5
6
7
8
9
10
11

76.72
44.42
30.41
31.06
58.92
77.7
48.11
41.16
63.23
87.48
140.43

116.61
34.4
58.51
50.3
105.59
98.11
47.46
29.59
52.02
41.51
110.01

91.02
52.93
81.21
61.87
127.34
143.27
88.92
68.16
89.16
44.75
124.27

90.96
65.96
96.05
40.36
86.39
77.36
31.83
23.95
84.81
41.43
138.18

29.49
37.12
50.02
27.85
67.44
134.34
56.79
43.96
54.95
43.64
82.18

32
48.08
60.3
34.23
132.81
258.96
121.6
86.38
138.9
72.64
86.26

37.83
83.52
81.92
58.69
101.5
185.42
99.27
82.54
99.26
55.5
92.76

following the ‘area under the curve’ method using
beach proBles generated over the study period.
Beaches in the study area are classiBed as dissipative, reCective or intermediate following Wright
et al. (1979). He distinguished them based on
reCectivity or surf scaling parameters (e):

ð1Þ
e ¼ ai x2t =ðg tan2 bÞ;
where ai is the incident wave amplitude near the
point of the wave breaking ai = Hb/2, Hb is the
breaking wave height, xt = 2p/T; T is the wave
period; g is the acceleration due to gravity and b is
the inshore/foreshore slope. The inshore/foreshore
slopes were obtained from measured beach proBles.
After beach proBle surveys, three sediment
samples were collected across each beach proBle
(upper foreshore, middle foreshore and lower
shore) to derive textural characters and sediment
movement path (together with beach proBle
changes). Sediments were collected using a PVC
pipe of diameter 5 cm (inner) by forcing it up to 5
cm below the beach surface. Thus, the sediment
collected represents upper 5 cm deposition during
two lunar cycles.
All together 264 sediment samples (120 from
Kodi beach, 96 from Gangolli beach and 48 from
Maravanthe beach) were collected during the study
period (November 2017 to November 2018). These
samples were thoroughly washed for desalting,
oven-dried (70°C) and were subjected to coning
and quartering to obtain a representative sample
(weight 50–70 g). These were then warmed with
hydrochloric acid (30% pure) to dissolve carbonaceous shells and hydrogen peroxide (30% pure)
solution to remove organic content. It was then
washed with acetone, and oven-dried (Ingram
1971). They were then sieved using American
Standard Test Material (ASTM) sieves at a

quarter phi interval (2000 to 63 lm) on a Ro-Tap
sieve shaker for 15 min. The weight of sediment
retained on each sieve plate was converted to
weight percent and processed in the GRADISTAT
program developed by Blott and Pye (2001). This
program enables quantiBcation of grain-size
parameters in terms of graphical Folk and Ward
(1957) method as well as moment method. Various
textural bivariant plots (Friedman 1961; Moiola
and Weiser 1968), and linear discriminant analysis
functions (LDAF) (Sahu 1964) are used to discriminate and differentiate between environments
of their derivation. Cumulative frequency plots are
used to quantify and delineate the fractions of
sediments transported under various modes of
transport (Visher Glenn 1969). Sediment transport
paths are formulated following the sedimentology
of the beach sediments (McLaren 1981; McLaren
and Bowles 1985; Gao et al. 1991) and beach
morphology.
4. Results
4.1 Beach morphodynamic analysis
On comparing morphological features such as
beach slope and width with its volume, it is
observed that widened beach faces with gentling of
beach angle were often associated with deposition
(22 times out of 66). The primary mechanism of
widening of the beach face and lowering of the
beach angle was observed upon erosion of the beach
berm and subsequent deposition in the lower shore
as indicated by beach proBle changes. It is also seen
that these situations were characterised by an
increase in the dissipative character of the beach
section with a conBdence level of 95%. This was
followed by narrowed beach width with the
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Table 2. Beach volume change (in m3) at upper-shore and lower-shore zones of beach proBles during the period between two
surveys.
Station
no.
1
2
3
4
5
6
7
8
9
10
11

Shore zone

05/11/2017
to
07/01/2018

07/01/2018
to
09/03/2018

09/03/2018
to
05/05/2018

05/05/2018
to
26/06/2018

26/06/2018
to
08/09/2018

08/09/2018
to
04/11/2018

Annual

Upper shore
Lower shore
Uppershore
Lower shore
Upper shore
Lower shore
Upper shore
Lower shore
Upper shore
Lower shore
Upper shore
Lower shore
Upper shore
Lower shore
Upper shore
Lower shore
Upper shore
Lower shore
Upper shore
Lower shore
Upper shore
Lower shore

5.81
8.51
9.11
6.75
1.6
6.51
9.73
4.09
9.67
1.65
5.29
1.39
9.37
13.04
0.72
5.91
6.84
2.07
4.23
5.52
3.06
1.13

5.72
9.43
0.08
6.52
0.4
9.5
4.04
6.19
0.43
2.84
2.53
4.5
5.83
4.45
8.32
4.1
1.5
5.6
0.54
1.37
0.95
4.24

0.13
16.13
40.78
19.98
10.38
0.86
2.88
7.86
2.65
7.91
8.24
13.24
7.05
7.6
4.31
4.82
5.13
5
1.25
3.69
4.29
1.93

2.4
15.39
29.27
19.47
0.3
1.42
1.86
5.29
2.5
6.17
6.96
17.84
1.39
2.91
3.26
3.95
6.53
7.25
3.07
3.72
1.37
31.77

2.95
2.03
3.35
14.26
5.06
0.84
6.39
1.65
3.4
14.6
43.51
29.9
2.69
11.26
5.27
28.64
2.29
5.11
1.61
1.26
2.5
15.81

0.78
28.12
1.97
7.67
1.07
23.46
3.67
12.43
9.69
0.46
56.73
43.69
2.01
2.75
4.95
13.41
0.87
0
1.61
3.2
3.4
12.68

5.91
6.35
7.8
22.21
18.21
36.35
3.99
13.61
15.68
2.17
14.7
15.28
9.88
10.59
18.21
4.65
8.16
3.83
0.45
2.46
1.99
6.72

steepened slope being associated with reduced
beach volume (29% of the total observations) and
was characterised by those grading towards a relatively reCective nature. Beach proBles suggested
deposition in the upper foreshore region and formation of beach berm was followed by narrowing of
the beach and steepening of the beach face. A
considerable amount of observations (21%) also
indicated that steepened beach angle with widened
beach face exhibited increment in beach sediment
volume. These observations were primarily
obtained at beach sections which grew reCective
with a conBdence level of 93%. Whereas, significantly lower observations (9%) suggested that
when the beach angle became gentler but the beach
face widened, the beach section underwent a
reduction in beach volume.
The west coast of India was intercepted by
cyclone Ockhi from 26th November 2017 to 6th
December 2017. On comparing the November 2017
and January 2018 beach proBles it was observed
that the southern sector beaches exhibited deposition despite the severe erosive impacts of the
cyclone. The northern sector beaches experienced a

moderately erosive phase whereas the Maravanthe
sector was the most extremely eroded. By March,
however, the northern sector beaches and Maravanthe sector beaches attained depositional phases.
4.1.1 Southern sector
During post-monsoon (November 2017–February
2018), a general increasing trend was observed in
beach volume (table 1). Beach sections primarily
exhibited a decrease in slope and widening of beach
face (70% of the total observations). Thus, an
accretionary phase is identiBed. The transition
period from post- to pre-monsoon (January
2018–March 2018) observed deposition primarily
in the lower shore region (table 2) with further
widening of the beach (Bgure 3) and lowering of the
beach angle (stations 2–5). On the contrary, station 1 showed erosion at the lower shore and
steepening of the beach proBle.
The pre-monsoon period (February 2018–May
2018) exhibited an erosive phase as depicted by the
decrease in beach volume. With progressing erosion,
the beach proBle became steeper (Bgure 4A) along
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Figure 3. Beach morphological changes observed along the various proBling stations selected in the study area are shown in the
form of line graphs. The inclination of the line is due west, representing the west coast of India. Seawalls are presented at the
landward extent of the beach width as triangular to trapezoidal features whenever present and are as per the scale of
the corresponding graph.

with a decrease in width (Bgure 4B) and erosion in the
lower shore. However, during May 2018 a decrease in
the beach angle was observed at the stations closer to
the river mouth with continued erosion. With the
onset of monsoon (May 2018–June 2018), the beaches
marked an extensive phase of erosion throughout the
southern sector. The beach sections progressively
grew reCective throughout the season (Bgure 4C).
The monsoon period (June 2018–September 2018)
showed a depositional trend in the lower reaches of
stations close to the river mouth and upper foreshore
of those away upon steepening and narrowing of the
beach. The concluding transition from monsoon to
post-monsoon (September 2018–November 2018)
once again showed deposition in the lower foreshore
regions of stations away from the river mouth (stations 1–4) whereas station 5 exhibited significant
erosion.
4.1.2 Northern sector
During the onset of the post-monsoon season, erosion
was primarily observed in the lower shore region and
deposition in the upper foreshore region with subsequent interchange as the season prograded. Three
stations away from the breakwater (stations 7–9)

exhibited a steepening, narrowing and erosive trend
(37.5% of the total observations), which later showed
beach widening, depositing and reducing beach slope
trend (37.5%). Station 7 maintained dissipative
character, whereas the other two remained moderately reCective. However, the station closest to the
breakwater (station 6) exhibited a dissipative character (table 3), deposition on beach widening, and an
insignificant increase in beach angle.
Pre-monsoon season observed an erosional phase
throughout the northern sector with erosion mainly
identiBed in the lower shore. Beach sections
underwent beach narrowing, and an increase in
beach slope (50%). This was followed by deposition
observed upon beach steepening and subsequent
widening (37.5%). Beaches closest to the river
mouth (stations 6 and 7), during this season, were
dissipative and those away from it (stations 8 and
9) were moderately reCective.
Unlike the southern sector, the onset of monsoon
season marked a depositional phase in the northern
sector with station 9 being the only exception that
observed erosion initially (until June 2018) and
then underwent deposition. Beach sections grew
wider and gentler ranging from moderately reCective to moderately dissipative.
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this sector (stations 10 and 11). Beaches here were
highly reCective throughout the study period
(November 2017–November 2018).
Initial erosion was observed during the postmonsoon season which was then replaced by the
depositional phase. Station 10 then marked continuous deposition until September 2018 and
Bnally eroded by November 2018. However, station
11 exhibited a very dynamic oscillatory nature in
terms of alternate erosional and depositional phases. The beach slope in this sector varied from 1.4°
to 2.8° and beach width from 24 to 50 m.

4.2 Granulometric analysis

Figure 4. (A) Beach slope exhibited alternate widening and
narrowing trends in its spatial distribution. Temporally, the
northern sector stations away from the river mouth showed
the most dynamic slope whereas those in its proximity
(stations 5–7) exhibited a narrow range of variation.
(B) Beach width showed a wide range of variations during
the observation period. The widest beaches were observed at
the stations closest to the river mouth and a general widening
during the post-monsoon season. (C) Surf scaling parameter
exhibited a narrow range of variation among the majority of
the station surveys, classifying them into strongly reCective to
the moderately reCective character. Stations 6 and 7 lie closest
to the river mouth, however, showed moderately dissipative to
a dissipative character.

4.1.3 Maravanthe sector
This forms the northernmost extent of the study
area and is physiographically deBned as being farthest from any riverine input with a straight narrow coast. Two beach transects were selected in

Granulometric analysis of sediments across a
micro-tidal shore can provide essential insights
into wave processes and the resulting sediment
transport. Through our study of cross-shore sedimentology, it was observed that the mean grain
size became coarser in the seaward direction. This
can be attributed to continuous wave-reworking
at the lower shore region than that compared to
the upper foreshore extents, which are exposed to
wave processes only during the high-tide periods.
It was also identiBed that with an increase in
beach slope, the mean size of the sediments as
well increased.
The sediments along with the Maravanthe sector
medium-to-coarse sand throughout the study period and that of the other two sectors are dominated
by Bne-to-medium sand except during the monsoon
season when medium-to-coarse sand is dominated
(table 4). Over 90% of the sediments in the Maravanthe sector were medium sand during post- and
pre-monsoon with a considerable rise in coarse
sand during the monsoon (Bgure 5A). An annual
comparison of the sediments showed a general shift
of mean size to Bner sand. Southern and Maravanthe sectors exhibited a progressive increment in
Bne sand mean size from post- to pre-monsoon.
However, that during the monsoon season the
mean grain size ranged from medium to coarse
grained.
Sorting progressively improved in the southern
sector from post-monsoon to pre-monsoon achieving well-sorted nature by the monsoon (Bgure 5B).
In the northern sector, however, sediments exhibited a gradual reduction in sorting. The Maravanthe sector showed a varying range of sorting from
well-sorted to moderately sorted nature and moderately well sorted being the dominant class. A
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Table 3. Variations in surf scaling parameters at beach proBling stations during the survey period
after Wright and Short (1984).
Station no.

Nov-17

Jan-18

Mar-18

May-18

Jun-18

Sep-18

Nov-18

1
2
3
4
5
6
7
8
9
10
11

2.41
2.15
2.92
3.13
13.20
116.19
57.72
6.85
9.28
2.27
2.75

4.16
2.44
3.84
2.78
7.22
87.39
23.46
5.57
8.94
1.54
2.65

2.62
3.44
6.86
3.01
9.07
53.85
25.36
8.79
11.45
1.46
2.38

1.71
9.48
5.83
1.70
5.67
60.79
24.57
5.96
10.88
1.78
2.54

0.64
2.76
6.24
2.84
5.70
55.76
13.40
2.78
10.11
2.17
1.40

0.59
7.01
5.38
3.20
6.50
11.66
29.94
16.25
6.67
2.11
1.90

2.80
8.15
12.72
4.93
7.19
59.15
18.71
8.73
4.48
2.14
2.55

wide range of the sorting character of sediments
observed throughout the area during the study
period thus exhibits varying energy conditions of
the depositional medium. Throughout the study
period, sediments were dominantly well sorted to
moderately well sorted. The only exception being
southern sector sediments which were very well to
well-sorted during monsoon. Sediments in the
northern sector experienced a reduction in sorting
from well-sorted to moderately well sorted by the
end of the annual cycle (November 2018). The
Maravanthe sector observed a shift in the dominant class of sorting from moderately well sorted to
well sorted.
The skewness of the beach sediments ranged
from very Bne to very coarse skewed during the
study period (Bgure 5C). The sediments were
dominantly Bne skewed to symmetrical. Maravanthe sector sediments exhibited a wider range from
very Bne skewed to very coarse skewed during
monsoon, Bne-to-coarse skewed during post- to
pre-monsoon which by the year-end (November
2018) ranged from very Bne skewed to symmetrical. The northern sector sediments progressively
shifted towards a narrow range between very Bne
skewed to symmetrical from an initial wider range
of very Bne skewed to very coarse skewed. The
southern sector sediments oscillated by far from
very Bne to very coarse skewed to Bne to very
coarse skewed. Extreme values of kurtosis suggest
that part of sediments achieved their sorting in
some other region from where they were transported and deposited in the location they were
collected from Friedman (1962). Kurtosis ranged
from very leptokurtic to platykurtic during monsoon and leptokurtic to platykurtic during post- to
pre-monsoon (Bgure 5D).

4.2.1 Modal distribution
Among the total sediment samples studied, 59%
were polymodal, followed by bimodal (36%) and
unimodal (5%) (Bgure 6). The northern sector had
a total of 24% polymodal sediment samples followed by the southern sector (21%). The southern
sector was dominant with bimodal samples (18%)
followed by the northern sector (11%). Unimodal
samples were dominantly found in the southern
sector (4.7%) and were restricted during the monsoon season. The northern sector primarily composes of polymodal samples followed by a bimodal
and insignificant amount of unimodal samples
during the late monsoon season (September 2018).
During the onset of the pre-monsoon season, the
sediments were entirely polymodal. Maravanthe
sector is primarily composed of bimodal and polymodal samples.
Along with the southern sector, through postmonsoon until the early pre-monsoon (March
2018) sediments were dominated by Bner modes
(Bgure 7). Fine sand tertiary modes were maintained throughout this period and by March 2018
the secondary mode as well became Bner sand
size. During later pre-monsoon, the Bner secondary mode was replaced by medium sand size.
On onset of monsoon, a mild tertiary mode of
coarse sand was introduced which indicated either
deposition of coarser sand sediments or removal of
Bne sand from the population. With late monsoon
(September 2018) the tertiary mode disappeared
significantly with medium sand being the dominant mode size. The annual comparison showed
that the secondary modes were significantly
replaced by Bner sands. This suggests the introduction of Bne sand sediments to the sector.

Very Bne
sand

Post-monsoon (November–January)
Southern sector
5.26
Northern sector
5.56
Maravanthe sector
0.00
Pre-monsoon (February–May)
Southern sector
4.17
Northern sector
0.00
Maravanthe sector
0.00
Monsoon (June–September)
Southern sector
7.14
Northern sector
10.53
Maravanthe sector
8.33
November 2018 (year end)
Southern sector
7.69
Northern sector
0.00
Maravanthe sector
33.33

Very Bne
skewed

100.00
78.95
83.33
84.62
54.55
83.33

0.00
5.26
0.00
15.38
36.36
16.67

31.58
38.89
45.45
50.00
43.75
40.00
39.29
47.37
25.00
53.85
36.36
50.00

41.67
6.25
50.00
50.00
26.32
16.67
38.46
36.36
16.67

Symmetrical

47.37
33.33
27.27

Fine
skewed

75.00
62.50
100.00

25.00
31.25
0.00

Skewness (%)

89.47
72.22
90.91

0.00
9.09
0.00

3.57
10.53
25.00

4.17
37.50
10.00

10.53
16.67
27.27

Coarse
skewed

Medium
sand

10.53
27.78
0.00

Fine
sand

0.00
18.18
0.00

0.00
5.26
25.00

0.00
12.50
0.00

5.26
5.56
0.00

Very coarse
skewed

0.00
0.00
0.00

0.00
15.79
16.67

0.00
0.00
0.00

0.00
0.00
9.09

Coarse
sand

7.69
0.00
16.67

7.14
10.53
50.00

0.00
0.00
0.00

0.00
0.00
0.00

Very
leptokurtic

7.69
0.00
0.00

42.86
10.53
16.67

8.33
0.00
0.00

5.26
0.00
0.00

Very well
sorted

30.77
36.36
16.67

46.43
47.37
33.33

25.00
56.25
20.00

15.79
38.89
36.36

Leptokurtic

61.54
18.18
50.00

53.57
36.84
33.33

50.00
12.50
20.00

68.42
61.11
27.27

Well
sorted

38.46
54.55
50.00

21.43
31.58
16.67

29.17
37.50
60.00

57.89
44.44
54.55

Mesokurtic

Kurtosis (%)

23.08
54.55
33.33

3.57
31.58
41.67

29.17
68.75
60.00

21.05
27.78
36.36

Moderately
well sorted

Sorting (%)

23.08
9.09
16.67

25.00
10.53
0.00

45.83
6.25
20.00

26.32
5.56
9.09

Platykurtic

7.69
18.18
16.67

0.00
5.26
8.33

12.50
12.50
10.00

0.00
11.11
27.27

Moderately
sorted

0.00
0.00
0.00

0.00
0.00
0.00

0.00
0.00
0.00

0.00
11.11
0.00

Very
platykurtic

0.00
9.09
0.00

0.00
15.79
0.00

0.00
6.25
10.00

5.26
0.00
9.09

Poorly
sorted
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Sector name

Post-monsoon (November–January)
Southern sector
0.00
Northern sector
0.00
Maravanthe sector
0.00
Pre-monsoon (February–May)
Southern sector
0.00
Northern sector
6.25
Maravanthe sector
0.00
Monsoon (June–September)
Southern sector
0.00
Northern sector
0.00
Maravanthe sector
0.00
November 2018 (year end)
Southern sector
0.00
Northern sector
9.09
Maravanthe sector
0.00

Sector name

Mean (%)

Table 4. Variations in statistics of textural parameters of beach sand samples through varying seasons.
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Figure 5. (A) Mean size shows the dominance of medium sand throughout the study area during the observation period. (B) The
sediments showed dominantly well sorted to a moderately sorted character, which represents a narrow variation in the energy
condition of the environment. The elevated well-sorted character in monsoon sediments is attributable to the high energy
condition that is partially capable of selectively retaining medium sand and eliminating the Bner sand through erosion.
(C) Skewness showed the presence of varying grain sizes in the study area ranging mainly from Bne sand to coarse sand. The
increased very Bne skewed sediment population of the Maravanthe sector at the end of the observation period (November 2018)
represents erosion. (D) Kurtosis primarily varied from leptokurtic to platykurtic nature, pointing towards varying energy
conditions of the environment. Alike sorting, the very leptokurtic values of sediments in the monsoon season represent wide
variation in energy conditions, especially in the Maravanthe sector.

Finer sediments dominated significantly in the
post-monsoon and pre-monsoon sediments of the
northern sector. During March 2018 very Bne sand
size contributed significantly to all three modes.
This suggests a continuous addition of Bne to very
Bne sand to the sediments. During the onset of
monsoon (June 2018), however, the quantity of Bne
sand mode reduced and medium sand modes
became more conspicuous. By the end of the
monsoon season, coarse sand formed the tertiary
mode wherein more than 80% of sediment samples
were bimodal. Annual comparison between the
sediments showed that the secondary and tertiary
modes were of Bne sand whereas that of primary
mode was of medium sand size.
Coarser modes were identiBed in the sediments
along the Maravanthe sector during the postmonsoon season where coarse sand size contributed

to the secondary modes. Finer modes were introduced during the later pre-monsoon (May 2018).
On onset of monsoon coarse sand secondary mode
replaced those of Bne sand and very course sand
tertiary mode during the later monsoon period
(September 2018). An annual comparison between
the sediments from this sector indicated insignificant changes in their modal distribution. This is
thus suggestive of Bner sediments being introduced
during the post-monsoon and pre-monsoon whereas
their removal and enrichment of sediments in
coarse sand size during the monsoon season.

4.3 Mode of sediment transport history
Mechanisms of sediment transport primarily
depend upon the prevalent energy condition and
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Figure 6. The graph shows the dominance of polymodal
sediments in the study area throughout the observational
period, followed by bimodal sediments. This is attributed to
multiple coastal processes operating in the region, leading to
better sorting of the corresponding grain sizes in their
population distribution. Appearance and gradual increase of
the unimodal sediments in the southern sector from May 2018
to September 2018 represents a relatively progressive dominance of increased wave energy due to the southwest monsoon.

size of sediments. Cumulative frequency plots
provide important information on the mode of
transportation (Visher Glenn 1969). Truncations
in the cumulative frequency curve provide demarcations between the modes of transport. Coarser
grain size is subjected to traction, and Bner grain
size is transported by suspension whereas that of
the in-between sizes is carried by saltation. During
the study period 1 phi, 2 phi and 3 phi breaks were
conspicuously identiBed in the sediments studied
(Bgure 8). The majority of the medium sand size
sediments were transported by saltation (60–70%).
This was followed by Bne to very Bne sand size
sediments transported by a combination of saltation and suspension (15–30%). The coarse sand size
was transported by traction mode (0–15%). During
the monsoon season, the sediment load transported
by mode of traction in the northern sector showed
an exponential growth from 15 to 35%. This can be
attributed to the increase in coarse sand size in this
sector. This case was however restricted to the
sediments obtained from stations away from the
breakwater.
A textural inspection following Linear Discriminate Function Analysis (LDFA) (Sahu 1964)
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showed that the majority of the sediments during
the study period ranged from shallow marine to
littoral beach environments (Bgure 9). The monsoon sediments showed a narrow range of linear
discriminate function values whereas those of
post- to pre-monsoon exhibited a wider range.
The virtual absence of Cuvial (deltaic) sediments
from the sectors adjacent to the estuary during
monsoon season suggests that contribution from
the inland-derived sediments is insignificant.
Textural bivariant plots enable a graphical representation of the correlation between parameters
derived from granulometric analysis. Several
researchers have attempted delineating different
Belds after comparing sand samples from various
known environments. The sediments majorly
exhibited a beach environment throughout the
study period (Bgure 10). This suggests that the
sediment contribution coming from the Cuvial
inland source was minimal as also indicated by
linear discriminant function (LDF) analysis.

4.4 Status of the engineered coast
The newly constructed seawall collapsed at places
during the early monsoon season (June 2018).
Here, the high-energy waves of monsoon were
observed breaking at the foot of the seawall which
eroded the sand lying underneath subsequently
dragging the rock boulder seaward (Bgure 11A). A
similar mechanism of seawall failure was also
observed by Jayappa et al. (2003). As against
this, when the seawall was laid beyond the dunes
landward, beaches grew wider (Bgure 11B and D).
The beach adjacent to the breakwaters grew wider
and gentler at expense of the sediments brought
in by the long-shore drift and arrested by these
structures on their updrift sides (Bgure 11C and
D). At stations 4 and 8, the sand extracted from
beach dunes for laying down seawall was dumped
in front of the structure which provided temporary protection to it until the dumped material
was eroded back by the monsoon high-energy
waves (Bgure 11E). At the Maravanthe sector, a
combination of seawalls and groins has left the
natural beach narrowed and steepened and hence
a reCective character of the beach is evident
(Bgure 11F). Although these practices seem to
have protected the national highway (NH 66) that
runs along the shoreline, it is actively eroding the
beach as suggested by the yearly beach volume
change.
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Figure 7. Frequency distribution curves of the sediment samples showing occurrence, relative abundance and shifting
of the modes observed in different sectors through varying seasons. A shift in grain-size mode from Bner to coarser is
observed in the southern and the northern sectors during post-monsoon. On the contrary, during the pre-monsoon
season, the shift was from coarser to Bner grain-size mode.

5. Discussion
In this study, beach morphological characters and
beach material sedimentology are investigated over
an annual cycle (November 2017–November 2018)
to determine the sediment transport direction and
their dispersal over varying seasonal wave climates. Three geomorphologically varying environments were selected for this study. These are
subjected to similar wave and climatic parameters,
given that the coast is open and straight. Through
this study, we observed that along with the role of
natural processes operating in a tropical microtidal estuarine coast, the coastal engineering
structures as well contribute significantly to the
magnitude and direction of sediment transport
and their dispersion (Jayappa et al. 2003). However, they could be either positively or negatively
correlated with coastal protection and/or

management practices. This is mainly attributed
to the geomorphic setting of the concerned coast,
proximity to the inland drainage, type of revetment structures, wave characteristics and availability of sediments (Jayappa et al. 2003;
Dwarakish et al. 2009; Shanas and Kumar 2014;
Deepika et al. 2015). It was also identiBed that
these coastal structures inCuence the normal alongshore transport direction based on their location
and orientation to the sediment transport direction
and sediment sink region. Sedimentology of beach
material and beach proBle surveys suggests the
relevance of the textural parameters in the determination of along-shore drift direction, the environment of their derivation, and the transportation
path over the annual span through varying seasons
and wave climates.
The stations adjacent to the river mouth experienced major accretion in the study area. This
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Figure 8. Cumulative frequency distribution plots (Visher Glenn 1969) of the sediment samples showing prominent
breaks at 1/, 2/ and 3/ intervals of grain-size distribution. These breaks represent a transition in the mode of
transport of sediments wherein size below 1/ is transported by suspension and size above 3/ is transported by traction.
The in-between sizes are transported by saltation and this process accounts for the transport of 60–70% sediment load.

accretion can be attributed primarily to the
breakwaters which arrest and restrict the alongshore drift on its updrift direction as well as protect
the deposited sediments partially by creating a
‘shelter eAect’ or ‘groin eAect’ and protecting it
from direct attack of incident waves. As a result of
this, beach sections on either side of the estuarine
mouth have widened and grown dissipative with
increased beach storage. This also shows a high
vulnerability of the beaches away from breakwaters to along-shore currents and erosion during
monsoon periods of high wave activity. The alongshore current converged towards the river mouth
during the post-monsoon and monsoon season
(Bgure 12). During pre-monsoon, southerly alongshore drift prevailed throughout the study area.
Maravanthe sector exhibited southerly drift during
post-monsoon and pre-monsoon whereas northerly
drift during monsoon (Shanas and Kumar 2014;
Shetty and Jayappa 2020). Furthermore, the seawalls are built specifically at these beaches which
lie farther from the breakwaters for the protection
of private properties and adjacent roads. To evaluate the eAectiveness oAered by these seawalls,
yearly beach surveys are proved to be important.
The beach survey suggested lowering of beach
width and increase in their reCective nature along
with a lowered beach storage and hence intensiBcation of erosive processes at these stretches of
shoreline. These beaches are primarily deprived of

sediment replaced from the along-shore currents
due to their obstruction by the breakwater. This is
further accelerated by the excavation of back-shore
dunes for lying down of the seawall. These dunes
otherwise served as a natural barrier against
impounding wave action. Its excavation resulted in
steepening and narrowing of the beach slope.
Deposition in the study area was experienced
primarily during the post-monsoon season when
wave energy lowered. It was accompanied by Bner
mean size and moderately sorted sediments; with
platykurtic nature and positive skewness. Widened
beach width with gentler slope promoted energy
dissipation followed by deposition of sediments
(mainly Bne-grained) with reduced sorting. Similar
observations and suggestions also come from Dora
and Kumar (2018).
Tropical rivers transport and debauch large
quantities of sediments to the coastal environment
(Gibbs 1981; Schubel and Kennedy 1984; Eisma
1988; Milliman 1991; Deepika et al. 2015). However,
bivariant plots (Friedman 1961; Moiola and Weiser
1968) and LDF analysis (Sahu 1964) plots adapted
for determining the environment of derivation for
the beach material of the study area showed an
aDnity towards the littoral/beach environment.
This could be due to high energy wave conditions
and elevated discharge through the catchment,
wherein sediments are carried farther into the sea.
As the river mouth in the concerned area is

Figure 9. Linear discriminant analysis plots of sediments (Sahu 1964) showing aDnity towards derivation from the littoral beach to the shallow marine environment. Monsoon
sediments were restricted to a narrow Beld whereas post-monsoon and pre-monsoon sediments were dispersed having a wide range of variations.
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Figure 10. Textural bivariant plots for beach sediments following Friedman (1961) and Moiola and Weiser (1968) show their
aDnity towards beach environment.

channeled by breakwaters that extend 620–858 m
well into the oAshore, the sediment–water outCux is
directed farther away in the near-shore zone. This
can be a potential reason for losing considerable
amounts of Bner silt and clay fractions to the deeper
oAshore waters while the Bner sand fractions were
trapped within the surf zone and thus available for
wave reworking. These may then be transported
back to the shore by saltation primarily, as fair
weather conditions establish. As a result, the sediments are overprinted with shallow marine to beach
signatures and their Cuvial characters are lost.
Polymodality of a grain-size frequency distribution may depend on the availability of grain sizes in
the source region, the energy of the transport medium and operational duration of the processes and
interaction of varying forces operating at the site of
deposition (Folk 2006). Sediments of different mean
grain sizes are mixed in varying proportions results
in a polymodal frequency distribution (Curray 1960;
Brezina 1963). Overall dominance of polymodal
sediment samples followed by bimodal indicates
multiple coastal processes operating in the study
area responsible for accretion and erosion.

5.1 Along-shore drift
During post-monsoon, the southwesterly approaching waves drive a northerly current in the

southern sector on interacting with the coastline.
In the northern sector, however, the waves are
expected to be diAracted by the breakwaters, creating a shadow zone and direct waves attacking the
shore at a distance farther from the breakwaters.
These waves collect sediments that were taken to
the near-shore during the Cood discharge phase of
the monsoon. The low wave energy condition in the
shadow zone facilitates their deposition; however,
erosion is away from it due to direct attack by
waves. A similar eAect can also be noticed in the
Maravanthe sector wherein the rocky outcrops
work similarly as a breakwater to diAract the
waves.
Since the wave direction is similar during the postmonsoon as well the same littoral drift direction is
maintained in the northern and the Maravanthe
sectors. However, the southern sector exhibited
southerly drift. This could be due to the unavailability of sediments in the near-shore region and
hence their deprivation from sediments that were
otherwise transported towards the breakwater. It
leads to sediment-starved waves attacking the shore
hence picking up sediments from the foreshore.
These waves upon interacting with the breakwater
are set in a circular loop. The sediments are then
transported away from the breakwater and deposited. Hence, a southerly drift results.
During the monsoon, the waves approach the
coast from the westerly direction. The coast’s
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Figure 11. (A) Seawall laid down south of station 1 during November 2017 collapsed during the subsequent monsoon of 2018.
Initially, the beach was narrowed down and steepened in front of the seawall due to the impounding waves. (B) At station 3, the
seawall was constructed during January 2018 and was placed over the coastal dune. (C) The photograph was taken from the 32 m
high lighthouse located on the Kodi beach at station 5. The beach can be seen widening gradually towards the southern
breakwater. This section of the beach is devoid of any seawall and the darker landward extent of the beach forms the stabilised
sand-dune Beld. (D) The photograph was taken from the seawall at station 7 looking towards the northern breakwater during
September 2020. Here the beach is the widest of the entire study area. Excavated material can be seen dumped along the beach in
the farthest extent of the photograph. The seawall is laid over the sand dunes and a wider beach is developed in front of the
structure. The driftwood seen here was brought by the monsoon waves of 2017 indicating wave activity operating at this extent of
the beach. Sand creepers can be seen growing over this driftwood in front of the seawall. (E) The seawall at station 8 was laid
behind the excavated beach material that is seen as a hip of sand. (F) A combination of ‘T-shaped groins’ and seawall
constructed to protect NH 66 running along the shoreline at Maravanthe sector has left the natural beach steepened and
narrowed. This has resulted in the narrowing of surf-zone width and the beach becoming reCective.

typical orientation drives a weak southerly alongshore current in the northern sector, whereas that in
the Maravanthe sector northerly drift is evident.
This is again due to the wave diAraction by the rock
outcrops that divide the two sectors. The southern
sector however experienced northerly drift. This
could be due to surplus sediments transported from a

source region further south. Moreover, the low period waves are known to carry sediments shoreward.
Low-energy condition in the shadow zone further
facilitates their deposition adjacent to the breakwater. However, a direct attack of waves away from
the shadow zone facilitates erosion. Hence, an
apparent northerly drift.
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(2)

(3)

(4)

Figure 12. An illustration of sediment dispersion paths as
studied from beach morphology and sedimentology for different seasons shows that the along-shore drift was dominantly
northward except during pre-monsoon wherein it was southerly. The northern sector experienced southerly along-shore
drift throughout the observation period. Maravanthe sector as
well recorded southerly drift except during the monsoon
season when the northerly along-shore drift was observed.
Southerly drift was persistent throughout the study area
during the pre-monsoon season. The along-shore drift exhibits
convergence towards the river mouth. This explains the
presence of wider beaches adjacent to the river mouth where
sediments were arrested by the breakwater on their updrift
sides.

6. Conclusions
(1) Through these studies of year-long beach proBle monitoring and sedimentological investigations, we observed active progradation of

(5)

(6)

beaches in the vicinity of river mouth bounded
by breakwaters and sedimentary advancements into Bner-grained reduced sorting
nature.
Beaches away from the breakwater experienced erosion on an annual scale and thus
indicate their exposure to incident waves and
depletion by along-shore. This is suggestive
of obstructed along-shore current and sheltering of beach material from the direct
impact of waves.
Omission of sediment participation in the
along-shore drift in the vicinity of breakwaters
is developed away from the inCuenced shelter
zone of breakwaters, which then picks sediments and transports them to the distant
stretch, depriving them of sediment replacements. They grew coarse-grained and better
sorted at the end of the observation period
suggesting removal of Bne-grained sediments
selectively.
The beach section away from the inland
drainage as in the case of the Maravanthe
sector in the study area experienced a net
erosion on the annual scale. Moreover, owing
to the extensive developmental activities and
beach protection measures in the form of
seawalls and groin constructions, the beach
sand excavations for laying down the same has
resulted in narrowing down of the beach width
making the stretch reCective with high energy
environment which further accelerated erosion. Due to this, the beach has lost its
recreational value.
The sediment mode provides important information on the accretion of grain-size fractions
to a population when monitored over a temporal scale. If Bner modes are added to the
sediments it implies that Bne-grained proportions were added. Similarly, when coarsegrained modes appear it implied either selective erosion of Bner grains from a population or
addition of coarser fraction.
The along-shore drift directions derived considering beach morphology, beach volume
change and beach sedimentology, along with
the mode of transport and environmental
aDnity of sediments provide a comprehensive
understanding of sediment dispersal pattern
along an engineered coast.

This study will enable future researchers to peep
into the scenario of beach dynamism in the
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response to the construction of beach protection
structures, such that their prolonged eAectiveness
can be assessed and more eDcient policies can be
designed for coastal management against hazards.
Similarly, the study will also serve as a baseline
for adaptation of similar strategies along the
tropical estuarine shorelines world over provided
the geomorphological settings are similar and
comparable. Since this study area forms a more
or less straight coastline, ideally in nature it is
not necessarily straight everywhere and a more
thorough understanding of the oAshore bathymetry will be required for the consideration of
wave transformation Beld during varying seasons
of wave climate. SpeciBcations for designing
coastal revetment structure and their response to
the site-speciBc coastal processes will also contribute to advancements in coastal protection
measures and can be studied for the development
of coastal conservation policies.
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