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Abstract The present study investigates the impact of
wave energy and littoral current on shorelines along the
south-west coast of Kanyakumari, Tamil Nadu, India. The
multi-temporal Landsat TM, ETM+ images acquired from
1999 to 2011 were used to demarcate the rate of shoreline
shift using GIS-based Digital Shoreline Analysis System.
The statistical analysis such as net shoreline movement and
end point rate were determined from the multi-temporal
shoreline layers. Moreover, the wave energy and seasonal
littoral current velocity were calculated for each coastal
zone using mathematical equations. The results reveal that
the coastal zones, which include Kanyakumari, Kovalam,
Manavalakurichi and Thengapattinam coasts, consisting of
maximum wave energy along with high velocity of littoral
current, have faced continuous erosion processes. The
estimated wave energy along these zones ranges from 6.5
to 8.5 kJ/km? and the observed current velocity varies from
0.22 to 0.32 m/s during south-west and north-east mon-
soons. The cumulative effect of these coastal processes in
the study area leads to severe erosion that is estimated as
300.63, 69.92, 54.12 and 66.11 m, respectively. However,
the coastal zones, namely Rajakkamangalam, Ganapa-
thipuram, Muttam and Colachel, have experienced
sediment deposits due to current movement during the
north-east monsoon. However, the trend changes during the
south-west monsoon as a result of sediment drift through
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backwash. The spatial variation of shoreline and its impact
on wave energy and the littoral current have been mapped
using the geo-spatial technology. This study envisages the
impact of coastal processes on site-specific shorelines.
Hence, the study will be effective for sustainable coastal
zone management.
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Introduction

The coastal landforms are complex, dynamic and delicate
environment which interface both terrestrial and marine
forces. Coastal hazards such as erosion, storm surge, sea
water inundation and environment instability are the major
problems concerned with this environment. According to
UK Environment Agency (2009), the coastal landforms are
dynamic systems that function over a range of temporal
and spatial scales. Dominant physical factors such as wave
height, wave energy, tidal range and littoral drift are
responsible for shaping coastal landforms (Kaliraj and
Chandrasekar 2012a). Multi-dated satellite images can be
used to monitor shoreline changes by measuring sedi-
mentation, erosion and accretion (White and El Asmar
1999). Smith and Zarillo (1990) have used Landsat images
for multi-temporal shoreline mapping based on the spectral
signature of land and water. The analyses of remote-sens-
ing images include Landsat MSS, TM, ETM+ and Spot
imagery have provided reliable results in the shoreline
change assessment (El Asmar and Hereher 2011). The
accurate demarcations of shoreline, littoral drift direction
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and erosion and accretion zones were estimated using
remote-sensing and GIS techniques (Marfai et al. 2008;
El-Banna and Hereher 2009; Sheikh Mujabar and
Chandrasekar 2013). Many authors have used multi-temporal
satellite images for the purpose of shoreline extraction,
assessment of erosion and accretion, and coastal morphology
change detection at local and regional scale (Dewidar and
Frihy 2010; Hereher 2011). Moreover, (Kawakubo et al.
2011) have used a spectral linear mixing analysis to estimate
the erosive and depositional features along the open coast.
Also, the movement of suspended sediment particles along the
offshore or near shore can be effectively demarcated from the
false color composite image using principal component ana-
lysis (Short and Trembanis 2004; Kaliraj and Chandrasekar
2012b).

The shoreline layer, extracted from images acquired on
different dates, is used to show the status of its changes. The
statistical measurement of shoreline changes can be carried
out using a predefined software. The Digital Shoreline
Analysis System (DSAS) is a statistical software applica-
tion used to compute the rate of change in multi-temporal
shoreline data (Thieler et al. 2009). The shorelines extracted
from the multi-temporal Landsat TM and ETM+ images
were analyzed using DSAS software for measurement of
erosion rate and retreating along the coastal area (Ryabchuk
et al. 2012). The DSAS modules such as End point Rate,
Linear Regression and Least Median Square were used to
estimate the shoreline shift along the south-east coast of
Tamil Nadu (Sheikh Mujabar and Chandrasekar 2011). The
formation and dynamics of coastal landforms are mainly
influenced by hydrodynamic forces of the marine environ-
ment (Vinayaraj et al. 2011). The nearshore zone is a highly
energetic region characterized by a complex interaction of
physical processes and seasonal variations of morphody-
namic conditions, whereas the zone has influenced long-
shore immersed weight sediment transport rate (Kraus et al.
1988). The coastal dynamic change of an area is mainly
influenced by the action of wave energy of the natural coast
and amount of retreat along the coast. (Nafaa et al. 1991;
Anil Cherian et al. 2012). Maktav et al. (2002) stated that
the width of the natural land barrier such as sand dune,
beach ridge and cliff decreased over time due to natural
forces like wave energy, littoral current, longshore drift and
anthropogenic activities including removal of coastal veg-
etation and unregulated mining activities. Seasonal varia-
tions in wave energy, wave height and wave direction have
produced asymmetric shoreline erosion by changing the
trends of sediment movement in the near shore area
(Chauhan et al. 1996; Benumof et al. 2000; Georgiou and
Schindler 2009; Saravanan et al. 2011).

The frequent erosion and accretion process along the
coastal area within short-term periods is mainly due to
unregulated coastal mining and natural hazards such as

@ Springer

storm surge, tsunami and cyclone (Chandrasekar et al.
2000). The headland features of the wider pattern coast
have been affected by erosion in the downslope area by the
waves and currents coming perpendicular to the shore
(Frihy and Lotfy 1997). Artificial structures such as groins,
seawalls, revetments and breakwaters along the coast dis-
turb coastal natural processes such as wave direction and
littoral current, causing shoreline changes by removing the
sediment material from the coast (Masselink and Short
1993). The suspended sediment transport along the off-
shore or in the shallow water area (surf zone) is mainly
controlled by wave action because the suspended materials
reduce the force of the waves (Bassoullet et al. 2000; Lee
et al. 2004). Besides, the offshore slope and bathymetry are
important factors influencing the efficiency of deposition or
detachment of sediments (Ridderinkhof et al. 2000).
However, the sediment recharging processes are more
effective in shallow water than in deep water (Trenhaile
1997). The mean suspended sediment concentration is
inversely correlated with the depth of the wave propagation
zone (Christie and Dyer 1998). Frihy et al. (2004) have
reported that coastal erosion and accretion are highly
influenced by the reversibility of longshore currents along
the coast, which causes the formation of shoreline orien-
tation and headland morphological structures. The wave
propagation over a narrow shelf results in low frictional
loss of energy, but expends much energy on the coastline
and causes greater coastal erosion (Sunamura 1977; Lacey
and Peck 1998; Manson et al. 2005). Also, man-made
constructions such as groins, revetments and breakwaters
divert the longshore current and cause removal of beach
material from the downdrift side of the coast (Marghany
et al. 2010; Mishra et al. 2011).

In this study, the shoreline changes in spatial and tem-
poral aspect were analyzed in the study area using remote-
sensing and DSAS-GIS techniques. Further, the impact of
wave energy and seasonal littoral current on the erosion
and accretion processes was also evaluated for better
understanding of the coastal processes. Moreover, different
geo-processing tool sets were used to analyze the multi-
temporal images for accurate assessment of erosion and
accretion rate.

Study area

The study area was located along the south-west coast
of Kanyakumari District, Tamil Nadu, India. The geo-
graphical coordinates extend from 77°949.23"E to
77°34'14.99"E longitude and 8°6'32.63"N to 8°14'15.30"N
latitude covering a total length of 58 km along the coastline
(Fig. 1). The long narrow coastal stretch is characterized
by numerous sandy pocket beaches, beach plains, shoreline
terraces, sand dunes, rocky shore and estuaries. The rocky
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Fig. 1 Location of the study area

shoreline along with rocky outcrops in the offshore are
located in the Kanyakumari and Muttam coastal stretches.
The young formation of sandy beaches and beach ridges
are found on the coasts of Ganapathipuram, Rajakkaman-
galam, Colachel and the eastern part of Inayamputhandu-
rai. The landward margin of the coast (onshore) generally
slopes toward the offshore and can be identified as thick
Laterite rocky uplands, covered with settlements, habitats
and vegetation, coconut plantation and shallow water
bodies. Along the near shore area, the sand dunes are
roughly parallel to the shore, although it is not continu-
ously distributed along the coast. The coastline in the
Kanyakumari coast is littered with evidence of erosion due
to high-energy wave action. Moreover, irregular-shaped
cliffs are formed between the Kovalam and Kanyakumari
coastal stretch by direct wave action on the Terisand rocky
shore. The major drainage networks of this area are R.
Thamirabarani and R. Pazhayar and their tributaries flow in
a south-westerly direction from the Western Ghats. These
rivers flow through a gentle sloppy terrain and a large
amount of sediment materials are carried to its estuary
during both south-west and north-east monsoons. Sub-
tropical climatic conditions prevail over the study area; the
normal annual rainfall varies from 826 to 1456 mm and the
annual mean minimum and maximum temperatures range
from 23.78 to 33.95 °C. The coastal landform features

experience frequent erosion and accretion from Kanyaku-
mari to Thengapattinam due to the prevailing marine and
terrestrial factors. The intensity of wave energy is varied in
different parts of the coast and the movement of littoral
current also changes seasonally. From the last decade
onward, the different parts of the coast have groins and
revetments to divert the diffracted waves and decrease
littoral drift. These structures intervene with natural coastal
processes and induce shoreline changes and erosion and
accretion. The study area consists of four administrative
blocks with 15 coastal villages and one-third of the total
population of the district. For systematic measurement of
shoreline changes, the study area has been divided into four
major grids of administrative block boundary (Agastiswa-
ram, Rajakkamangalam, Kuruthancode and Killiyur) and
further 15 smaller grids of coastal villages.

Geological structures

The study area is located in the southern tip of the Indian
sub-continent which is composed of crystalline rocks of
Late Quaternary deposits and sandy materials. The crys-
talline rock types such as Quaternary rocks, clay sand and
sandy materials are predominantly found along the coast.
Moreover, the coast stretching between Kanyakumari and
Kovalam is mainly covered by thick laterite soil dotted
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with a few rocky outcrops. The Teri sand dunes (reddish
brown) are located along the coastal stretch from Kovalam
to Manakudi; the thickness increases from 1.5 m in the
coastal headlands to a maximum of 7.0 m in the interior
terrestrial area. Rocky boulders and sea cliffs are found in
the Muttam, Kanyakumari and Cape Comorin coasts.
Sandstones found along the study area are made up of
igneous rock and silt clay materials. Alluvium with inter-
vening crystalline outcrops are noticed as patches in the
west of Manakudi, Puththalam and Inayamputhandurai
areas. Accumulations of charnockite, garnet and garnet—
biotite gneiss are noticed between the coast of Manav-
alakurichi and Mandaikadu. Alluvial mixed clay is found at
the mouth of the Thamirabarani estuary in Thengapattinam
and Pazhayar estuary in Manakudi. Moreover, sandstone
with clay intercalation structures is present along the
eastern part of Thengapattinam coast (Fig. 2).

Coastal geomorphology

In the coastal area, morphological landforms have high
erosion and accretion processes due to hydrodynamic
fluctuation and anthropogenic activities. Morphologically,
this coastal area has a combination of various types of land
structures such as beach ridges, beach bar, sea cliffs, sand
dunes, shallow weathered pediplain, meander scar, pedi-
ment inselberg, eolian plain, brackish water creek, deltaic
plain, estuarine channel, alluvial plain and steep slope
landforms. Among them, beach bars and beach ridges are

77°10'0"E 77°15'0"E

Fig. 2 Geological structures

present in the coastal zones, namely Ganapathipuram,
Colachel and the eastern part of Manakudi, Midalam and
Simonkudiyiruppu. These linear features change in rhyth-
mic beach forms and crescentric low water bar as the wave
energy levels increase toward the south. The sand dunes are
located between the coastal stretches of Pallam, Puththa-
lam and Midalam with a height of up to 0.5-1.5 m and they
are well protected by the vegetative covers. The coast of
Thengapattinam has been well established with estuarine,
deltaic plain and meander scar due to the course of the
western Thamirabarani River. The fluvial depositional
landforms such as flood basin, channel bars and terraces are
laid along the east side of the Manakudi coast. Brackish
water creek and eroded cliff landforms are dominant in
Kanyakumari, Cape Comorin, Kovalam and Muttam. Flu-
vio-marine sediments are distributed parallel to the head-
lands and marine-barrier dunes are predominantly present
in the middle part of the study area. The western part of the
Manavalakurichi coast is replenished by large amounts of
sediment deposits with valuable heavy minerals, which
leads to intensive sand mining activity along the coastal
stretches (Fig. 3).

Materials and methods

In the present study, the integrated remote-sensing, GIS
and DSAS technology was used as an effective platform to
evaluate the shoreline changes from 1999 to 2011. The
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erosion and accretion rate and per year rate of shoreline
change are estimated using the Net Shoreline Movement
(NSM) and End Point Rate (EPR) statistical algorithms.
Moreover, the wave energy and seasonal current velocity
for the entire study area were analyzed to explore the
influence of the shoreline change process.

Shoreline change analysis

The multi-temporal Landsat TM and ETM+ images
acquired from 1999 to 2011 were used as the primary data
source for shoreline extraction. To eliminate the influence
of tidal variations, the images corresponding to low water
level were used for clear demarcation of shorelines along
the coast. Further, the images were processed by means of
geometric correction using UTM-WGS 84 projection and
coordinate system using ERDAS Imagine 9.2 software.
Then the images were subjected to remove error and noise
from pixels using non-linear edge enhancement techniques
(Kawakubo et al. 2011). The image analysis techniques
based on pixel values are used for shoreline extraction and
erosion and accretion measurement (Mazian et al. 1989).
The spatial and spectral properties of an image were
enhanced using histogram equalization and convolution
methods to improve the discrete line lying between the land
and sea surface. The extraction of the discrete line between
land and water surface was based on the spectral signature
of the satellite image. The discrete shoreline was extracted

automatically by using binary classification techniques and
exported into a personal geo-database file using Arc GIS
software.

The extracted shoreline was divided into 526 transects
with 100 m interval using DSAS 4.2 software. To measure
the amount of shoreline shift along each transect, a buffer
line (1 km) was created along the onshore side by assum-
ing the 1999 shoreline as a baseline. Based on the position
with reference to the baseline at each transect, the seaward
shift of the shoreline along the transect is considered as a
positive value (accretion), while landward shift is consid-
ered as negative (erosion). Among the various computa-
tional functions, two main statistical modules such as NSM
and EPR are used to measure the rate of changes for a time
series of shoreline layers. The NSM is used to calculate the
rate of change between the shorelines of 1999 and 2011 at
the intersecting point of each transect and the EPR is used
to estimate the per year rate of change between the same
periods. This is carried out by dividing the distance of
NSM at particular transects by the time elapsed between
the past and recent shorelines. The rate of change statistics
of each transects is expressed in meters.

Mean wave energy calculation

The potential shoreline change varies from one site to
another along the coast due to site-specific hydrodynamic
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actions such as wave height, wave direction and gravity
acceleration. The wave energy along the study area was
calculated using the equation proposed by Dyer (1986)
which is represented as,

E= g pgH’ (1)
where E is the wave energy (kJ/km?), H is the mean
significant wave height (m), p is the sea water density
(g/m?) and g is the acceleration due to gravity (m/s%). In
this equation, the mean significant wave height is used as
a proxy for wave energy which drives the coastal sediment
budget. The historical wave height and wave direction
data sets have been derived from the Buoy Observation
Center—Indian Ocean Forecast System (INDOFOS) and
the sea water density data were derived from the National
Institute of Ocean Technology (NIOT), India. The gravity
due to acceleration data was extracted from the gravity
anomaly map of India published by National Geophysical
Research Institute (NGRI), India. These parameters were
converted into raster layers and substituted into this
equation using a raster calculator module in GIS
environment.

Littoral current movements and velocity measurement

The seasonal littoral current movements were measured
during the south-west monsoon (June—September), north-
east monsoon (October-December) and summer (March—
May) from wave (swell) atlas published by National
Institute of Oceanography (NIO), India. The thematic layer
of the current movement was extracted from the geo-ref-
erenced atlas map and exported into shape file using GIS
software along with the attribute database information such
as current velocity, direction of seasonal movement,
bathymetry and the rip current point for each coast zone.
Moreover, the bathymetry contours within 10 km of the
offshore area were delineated from the bathymetry chart
(2001) published by National Hydrographic Office (NHO),
India. Finally, the shape file of the littoral current was
overlaid on the offshore bathymetric layer for mapping
spatial variation of depth and current movement along the
study area.

The measurement of littoral current velocity along 15
coastal zones is performed by using the equation proposed
by (Galvin 1963). Moreover, this has been also used by
Higgins in 1970. The equation is represented as

Vin = 20.7m(gH,)""* sin 20b (2)

where Viy is the littoral current velocity in the offshore
(m/s), 20.7 is a constant value which represents the geometry
of the breaking wave (Sanil Kumar et al. 2002), g is the
acceleration due to gravity (m/s%), m is the offshore slope, Hj,
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is the breaker height in m and ab is the breaker angle (angle
between the breaking wave crest and the shoreline).

Field verification and data validation

The identified erosion zones along the study area were
checked out to confirm its present status. Besides, the rate
of erosion and accretion for the year 2011 obtained through
DSAS analysis was verified with the field measurement
using GPS (Garmin GPSMAP 76Cx) instrument. The static
method of GPS survey was performed to assess the erosion
rate by measuring the distance between high water line and
selected landmarks. The net rate of erosion and accretion
values obtained by both field measurement and DSAS
analysis were compared together to verify the rate of var-
iation in erosion and accretion.

Results and discussion

Investigation of the shoreline status from 1999 to 2011
reveals that severe erosion is noticed along the high wave
energy zones which drive the coastal sediment budget. The
significant shoreline change in different parts of the coastal
area is driven by the process of swash and backwash of
sediments due to seasonal current movements.

Rate of shoreline change: erosion and accretion

The variation of the net shoreline change rate is identical
in different parts of the coastal zones. The measurements
of NSM and the EPR at each coastal zone reflect the rate
of erosion and accretion in the corresponding area. In this
analysis, the shoreline change per year and the net rate of
shoreline change are estimated zone-wise for the periods
1999-2011. The DSAS-processed shoreline status for
different years of 15 coastal zones located within four
administrative blocks are shown in Figs. 4, 5, 6 and 7.
The Kanyakumari coast has faced severe erosion which is
estimated as —300.63 m, whereas the net rate of shore-
line change is —157.92 m. This is due to the impact of
high-energy wave action on the coast that caused back-
wash of sediments from the downslope of the coastal
headlands (Fig. 4a). The coastal landforms of this area
such as sand dunes, sea cliffs and beach ridges are
affected by severe erosion. Moreover, the north-east and
western parts of the same coast have noted accretion rate
up to 142.71 m. The sediment transportation induced by
wave direction and seasonal change of littoral current has
disclosed the processes of erosion and accretion in the
narrow coast (Yang et al. 2007). As per their conclusion,
the rates of erosion along the narrow coastal stretches
between Kovalam and Manakudi are recorded as 69. 92
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Fig. 4 a-d Shoreline change rates from Kanyakumari to Pallam (Agastiswaram block) during 1999-2011

and 60.61 m during 12 years, and the rate of change and
per year change along these areas are 5.83 and 5.05 m,
respectively (Fig. 4b). The coastal areas have man-made
structures such as groins and revetments that intervened
with the littoral sediments drift direction (Greenwood and

Orford 2007; Mwakumanya et al. 2009). In the

coast, the Teri sand dunes are eroded at high rates due to

Kovalam

direct wave action on it. Wilcock et al. (1998) have
pointed out that the wave propagation over the narrow
coastal shelf results in low frictional loss of energy, but
disburses much energy on the coastline which causes
greater coastal erosion. However, the amount of sediment
deposit is varied along the Manakudi estuary due to
the addition of runoff materials that discharged from
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Fig. 5 a-d Shoreline change rates between Putthandurai and Muttam coastal stretch in Rajakkamangalam block

R. Pazhayar during SW and NE monsoons. During these
periods, the Putthandurai and Rajakkamangalam coasts
have high fluctuation in both erosion and accretion pro-
cesses due to the dynamics of wave energy and littoral
currents. Moreover, there is a simple pattern of beach
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formation due to the effect of current flows along the
offshore, parallel to coastal configuration structures. The
rate of erosion along this area is measured as 34.1 and
34.56 m and the accretion rate is 53.85 and 25.66 m,
respectively (Fig. 5a, b).



Environ Earth Sci (2014) 71:4523-4542 4531
Manavalakurichi ) o !
A - A Net Shoreline Movement (m) End Point Rate (mfyr)
§0.00 600
§0.00 / \ 200 AN
a0 I\ I\/ |\
/ \/ \ 200
Legend 4 20.00 l \
TS I \ 000 PR
== e 000 Nft————— \
e 42000 \ e \ /\/\’
——— 04092001 \ /\ ﬂ
—— osoz2008 -40.00 \ 400 v
— conzzons \/
14722002 -60.00 -6.00
N 300 332 334 336 338 340 342 344 346 300 332 334 36 338 M0 M2 34 346
e
—— zow2010 Transect order Transect order
2071908
OoEEeNNS
CeEC S —
S
B Mandalkadu A Net Shoreline Movement (m) End Point Rate (mfyr)
5000 600
5000 ’!\\ /ﬂ\ 500 N
2000 YY) A
30.00 3.00
2000 200 |
1000 SNV 100 /\V/\V
000 T ——— 000 e
r d
-1000 -100
42000 -200
=iy Mg 353 38 363 368 33 3 383 388 Mg 353 38 363 368 W3 8 383 388
J——— 2 Transect order Transect order
g ) &
N
C o ‘ A Net Shoreline Movement (m) End Point Rate (mfyr)
160.00 1400
Legend
e | 19000 N 1200 A
—— smeine 12000 WA 1000 /\
- Y
e oasos | 100.00 A o0 A . A
B oo ﬂ—/—hvi\—/—k VAN EAWVAL /\
e
e o0y V1T N/ wl NN LA S
] 4000 \WAWA
= n 200
EEmiEaas 20.00 \AV 1/ v
0.00 t t t —N— \/ - i 0.00 t t t +—N\— \/ t |
-2000 200
391 39 401 406 41l 416 421 4% 431 391 3% 401 406 411 416 421 426 431
Transect order Transect order
=
D Net Shoreline Movement (m) End Point Rate (mfyr)
90.00 800
§0.00 A 700 A
70.00 /| 600 / |\
§0.00 ‘ﬂ—F‘—/% s~ [ | P
. 000 o/ EAVARY ao N\ LA\
e 1000 : \] 1/ ¥ \
Base line 3000 \\]l “]I \\ 3.00 \/ 1/ \
: : 200
e 2000 v < 7~ 100 ’ v \ ~
e 10.00 \—/ ' "
—— os0212008 0.00 - - - - - - - + + + 1 0.00 t t t t t t t t ‘\ / t i
—— 081272004 -10.00 \ / -1.00
+an22002 42000 v -200 ke
e 431 433 435 437 439 441 443 445 447 449 451 453 455 431 433 435 437 439 441 443 445 447 M9 451 4S3 45
JE—————
] Transect order Transect order
o 3o am = P

Fig. 6 a-d Shoreline change rates along the coastal area from Manavalakurichi to Simonkudiyiruppu in Kuruththancode block

In the Rajakkamangalam coast, a significant amount of
sediments is deposited on the up-drift side of the groins;
however a high amount of erosion was noted on the down-
drift side due to the formation of rip current which induces
backwash of sediments from the area continuously. The
coastal zones, namely Ganapathipuram, Muttam and

Colachel, observed a high rate of accretion estimated as
145.48, 188.07 and 141.64 m, respectively (Figs. 5c, d and
6¢). The sandy beaches are extensively developed along
these coasts by the processes of constructive wave action,
caused by continuous deposition of littoral sediment
materials from the adjacent areas. According to Taaouati
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Fig. 7 a—c Shoreline change rates in the coasts between Midalam and Thengapattinam (Killiyur block) during 1999-2011

et al. (2011), frequent erosion and accretion processes
along the coastal area within short-term periods are mainly
due to unregulated coastal sand mining and natural hazards
such as storm surge, tsunami and cyclone. The coastal area
between Manavalakurichi and Mandaikadu is seriously
depleted by high rates of erosion with an estimated value
ranging from 44.75 to 54.12 m, whereas the per year rate of
erosion is 3.73 and 4.51 m, respectively. This anomaly is
also mainly due to unregulated mechanized mining activ-
ities in these areas (Fig. 6a, b). The estuary environment of
the Thengapattinam coast has a morphologically different
landscape such as estuarine, spit, sand beaches and mud
flat. This coastal zone receives a large amount of runoff
sediments released by R. Thamirabarani during SW and
NE monsoons; however they are backwashed and

@ Springer

transported toward east by high wave energy action and
littoral current (Jena et al. 2001). The erosion rate of this
estuary is estimated as 66.11 m and per year rate of erosion
is 5.51 m (Fig. 7c). Seasonal fluctuation of erosion and
accretion processes is observed along the entire study area
except for the coastal zones, namely Pallam Midalam and
Inayamputhandurai where the hydrodynamic activities are
intervened by revetments, sea walls and groins (Figs. 4d
and 7a, b). The result of this process makes erosion in the
down-drift side and accretion in the up-drift of the coast by
disturbing shoaling action and wave refraction processes.
The coastal configuration and the offshore bathymetry face
direct interaction with littoral currents and waves which act
as major controlling factors of seasonal longshore drift and
formation of coastal landscapes at the local scale (Carter
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et al. 1990). Here, the different coastal zones of this study
area are also found as erosional landforms due to the
influence of waves and currents on the coast which produce
spatial variation in wave height and wave energy intensity.
The rate of erosion and accretion and the characteristics of
its influencing factors are given in Table 1.

Impact of wave energy on shoreline changes

The wave energy prevailing over the study area influences
sediment budget according to wave height and wave
direction, which determine accretion or erosion of the
headland features. The intensity of wave energy depends
on acceleration due to gravity which is one of Earth’s
forces that are influenced by wave height and propagation
time. Figure 8 shows the spatial variation of wave energy
and the erosion rate along the coastal area. For the entire
coast, the calculated mean annual wave energy ranges from
0.5 to 8.5 kJ/km>. Among them, the Kanyakumari coast is
notified with very high wave energy (6.5-8.5 kJ/km?)
because of the geographical location and its coastal con-
figuration. The coast is located at the southernmost tip of
the Indian sub-continent and with forces acting on the
landforms from various directions. Moreover, the steep
slopes of seabed along the offshore can decrease the dis-
charges of littoral sediment by diverting the waves (Wang
1998). Due to these factors, the coastal landforms such as
sea cliff, older sand dune, beach ridge and Teri sand
deposits between Kanyakumari and Kovalam have faced a
series of erosion throughout all seasons. Less wave energy
prevails over the open coast, such as Ganapathipuram and
Pallam, with the values varying between 0.5-2.5 kJ/km?
and 1.5-3.5 kJ/km?, respectively. This leads to deposition
of littoral sediments which eventually form young beaches
and other depositional landforms along these areas. The
coastal zones, namely Manakudi, Rajakkamangalam,
Colachel, Simonkudiyiruppu and Midalam, have found sim-
ilar annual wave energy within the range of 2.5-3.5 kJ/km®.
Among them, the Manakudi coast has faced erosion
(60.61 m) along the western side of the estuary and the net
rate of change is —17.32 m. This is due to the impact of
higher wave height acting on the gentle slope of this coast
(Table 1). The waves are reduced in energy by hitting on
the rocky outcrops present in the offshore and release
sediments into adjacent areas (Sunamura 1977). Along the
eastern part of Muttam coast, the young sandy beaches and
beach bar landforms are formed by deposition of sediments
due to waves and rocky outcrops interaction. The sub-
sequent longshore drift is induced by littoral currents dur-
ing SW and NE monsoons affecting the Simonkudiyiruppu
coast with low intensity of wave energy, which eventually
transports the sediments toward the east and get trapped
down along the up-drift side of groins in the Colachel

coast. However, the rest of the above coastal zones are
noted by a significant amount of accretion rate. At the
location of the coast where direct to wave action is faced,
more littoral sediment transportation leads to erosion.
However, the adjacent zones are deposited with them by
longshore drift and the headlands are formed as beaches or
dunes (Van Wellen et al. 2000). In this study area, Then-
gapattinam coast experiences the same condition and the
transported littoral sediments are deposited along the
coastal stretches of Simonkudiyiruppu, Midalam and
Colachel. Further, the overwash of sediments occurs along
the Thengapattinam estuary and Inayamputhandurai coast
due to high energy waves which force the ocean water flow
to the onshore. The overwashing of sediments transport
large volumes of sand onshore where it is deposited as
young beaches and beach bars.

The Muttam coast is protected naturally from the wave
action and other hydraulic forces due to the presence of
rocky outcrops in the offshore that have reduced the
intensity of wave energy. This phenomenon diverts the
low-intensity waves toward east causing deposition of lit-
toral sediment along the Ganapathipuram coast. The
moderate wave energy condition (2.5-4.5 kJ/km?) endured
along the coastal stretch of Manavalakurichi and Man-
daikadu has produced large deposition of littoral sediments
enriched with placer minerals. However, large amounts of
sand have been evacuated from the coastal headlands due
to unregulated mining activities, which have caused severe
erosion, and the rate of erosion of these zones is estimated
to be 54.12 and 44.75 m, respectively. Here, the groins are
not completely effective in controlling the longshore sed-
iment transport issue on the Manavalakurichi coast. The
coast stretches between Manavalakurichi and Manadaikadu
are noticed by permanent erosion due to man-made struc-
tures. The numerous coastal placer mineral mining events
in the region have an effect on the wave regime. Further, in
the open coast the revetment and groin intervene with the
waves and act as breakers, causing long shore sediment
transport and erosion (Robinson 1980). Moreover, the
groins collect the down-drift sediment from the western
part of Inayamputhandurai coast which results in continu-
ous erosion between the Thengapattinam and Inayamput-
handurai coastal stretch. Artificial structures like
breakwaters, groins and seawalls divert the concentrating
wave energy which results in erosion as well as accretion
adjacent to these structures. A tremendous change in
coastal landforms has been observed along the Thengap-
attinam estuary during summer due to the high intensity of
wave energy (3.5-4.5 kJ/km?). The result reveals that the
erosion and the accretion pattern along the coastal land-
forms is mainly controlled by the wave energy behavior
which determines the sediment movement in the study
area.
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Fig. 8 Spatial distribution of 77°100°E 77°150'E
annual mean wave energy

density in the study area
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Impact of seasonal littoral current on shoreline changes

The movement of seasonal current varies in different parts
of the study area causing shoreline changes by a deposit or
withdrawal of littoral sediments. The study area experi-
ences three types of littoral current system, such as south-
west monsoon current (June—September), north-east
monsoon current (October—-December) and summer current
(March—May) based on the wave direction and wind blow.
The spatially interpolated current velocity, speed and angle
of movement along with bathymetry of each coastal zone
reflect the characteristics and its influence on erosion and
accretion processes (Fig. 9). Besides, the littoral current
flows from southeast to north-west during the NE monsoon
and this phenomenon reverses during the SW monsoon and
summer, and the reverse movement of current leads to
dropping the sediments in different places of the study area
(Table 1). Mohanty et al. (2011) have concluded that the
shoaling wave effect propagates the concentration and
direction of suspended sediments in the shallow region of
the coast, whereas the suspended sediments are swashed by
low current velocity along the low tide zones. In this study,
it is noticed along the Pallam and Putthandurai coasts
where the sandy pocket beaches have been identified.
Moreover, the average current velocity along the coast is
measured as 0.14 m/s, in which the fastest flow of its
velocity is observed as 0.32 and 0.28 m/s in the Kan-
yakumari and Kovalam coasts during both SW and NE

77°20'0"E 77°25'0"E 77°30'0"E

monsoons. This coastal stretch has faced erosion due to the
process of littoral sediment movement toward north during
the NE monsoon, while it is reversed toward the southern
direction during SW monsoon. The coast between Raja-
kkamangalam and Manakudi has been notified as low
current velocity zones (0.14-0.22 m/s) and these areas
have experienced accretion due to the presence of sea
cliffs, eroded Teri sand dunes and very narrow patches of
sandy beaches. The Manakudi and Ganapathipuram coasts
have experienced accretion by SW current. Zhang (2011)
has concluded that young formation of sandy beaches has
the finest materials and is influenced by seasonal changes
of hydrodynamic processes. The same phenomenon is
applicable to the middle-west of Colachel coast, east part
of Inayamputhandurai and Midalam coast. In these areas,
the changes in littoral current movement produce accretion
where the waves lead swash of sediments. But erosion is
noticed in the backwash zones.

The rocky outcrops in the Muttam offshore restrict
current velocity (0.14 m/s) and swash the sediments along
these coasts, producing depositional landforms such as
sandy beaches, beach ridges, beach berms, beach bars and
dunes. However, a significant amount of beach materials
was backwashed by the NE monsoon current from these
areas during NE monsoon. The coastal configuration
from Manavalakurichi to Thengapattinam extends toward
south-east and north-west, where the summer and SW
monsoon currents act on the headlands with high velocity
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77°15'0"E

Fig. 9 Offshore bathymetry
depth and seasonal movement
of littoral currents in the study
area
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(0.28-0.30 m/s) from the north to south direction. This
results in severe erosion along the coast by backwashing of
the sediments. However, no significant changes occurred
on the coast due to the effect of the NE monsoon current.
Moreover, the coastal zones namely Cape Comorin in
Kanyakumari and Muttam face rip current effect
(0.3-0.5 m/s) in all seasons due to the presence of rocky
outcrops and groins. These are often around the coastal
structures because of narrow channels which allow the
passage for water easily out to sea. The down-drift side has
an obvious lack of supply of sediments. The beaches are
depleted of habitat for plants and animals due to the loss of
beach front or sediments (Walker et al. 2008). Manakudi,
Putthandurai and Midalam also experienced the same
condition due to the construction of groins and revetment,
leading to backwashing of sediments on the down-drift side
and then swashing on the up-drift side in the form of sandy
beaches up to a length of 0.5-1.0 km. According to Dyer
et al. (2000) the quantity of suspended sediment is more in
turbulent waves along the surf zones that has discharged by
surface runoff of the river system and significantly
involved in changes of sediment regime in the estuary. This
condition prevails in the Manakudi coast with high rates of
sediments controlling the rate of coastal erosion. As the
sediment supply is increased, the coastal zone is exposed to
accretion in some parts, and the sediment supply is
decreased in the eroded areas. Further, this analysis reveals
that the current directs the longshore drift from north to

@ Springer
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south during SW monsoon and summer periods. This
produces a large amount of sediments along the coastal
stretches in the western side of Muttam to Thengapattinam
coast due to the process of constructive wave action,
whereas during NE monsoon, this event occurs along the
eastern side from Ganapathipuram to Kanyakumari coast.

Impacts of artificial coastal structures on shoreline
changes

Man-made artificial structures such as groins, revetments
and sea walls are built to protect shorelines and coastal
landforms. This has modified the wave regime and depo-
sitional processes in the coastal zone. Groins are man-made
structures designed to trap sand as it moves down the beach
due to the longshore drift. The change in velocity of the
longshore drift current causes deposition of suspended sand
materials in the up-drift side of the groin. As the current
continues around the groin, it becomes turbulent and
actually contributes to erosion on the down-drift side
(Daniel Martin et al. 2005). The eastern parts of Manakudi
estuary, Simonkudiyiruppu and Colachel have experienced
accretion on down-drift side. These structures have induced
backwashing of sand materials from the down-drift side
and caused beach erosion along the coast, namely Kova-
lam, Putthandurai, Mandaikadu and Inayamputhandurai
coast. Butman (1987) has pointed out the effect of these
artificial structures in intervening with coastal processes
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such as wave direction and littoral current movement in
offshore or surf zone and making changes in coastal
landforms. In the Inayamputhandurai coast, erosion is
induced due to high-energy wave action. The adjacent
areas have large amount of accretion because of the groins
that reduce the intensity of wave energy and increase
retreat rates of sediments along the adjacent area
(Fig. 10a—). The both sides of R. Pazhayar mouth in
Manakudi coast had linear-shaped groins perpendicular to
the shoreline in 2007. After construction of these struc-
tures, severe erosion occurred on the long sandy beach on
the down-drift side of the groins, but the beach width
increased in the up-drift side (Fig. 10d—f). Moreover, the

D Deceruber 29, 2013

3) Impacts of muliple Groins in the Colachel coast

G Ducentlzer &, 2uh

4) Estuary morphodynamics in ‘I'hengapattinam coast

J Macch 252002

1) Impacts of Revetments and Groins in Inavampurthandurai coast

E Mav 17,2007

H Decewaber 1, 2008

K May 3, 207

Thengapattinam coast also has young beach formation in
the eastern part of R. Thamirabharani estuarine (Fig. 10j—
). Unfortunately, the Colachel coast has normal erosion
after the placement of four groins across the shoreline at a
close distance (Fig. 10g—i). Coastal features such as beach,
beach bar and sand dune have been stable or disappeared
due to the structures.

Field verification and documentation
The shorelines of different years were extracted from

multi-temporal satellite images to estimate the variation in
distance at particular transects using a GIS platform. An

L Jung 17,2011

Fig. 10 Impacts of coastal artificial structures in different coastal zones (source: Google earth historical image data)
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A Field measurement of shoreline changes from selected landmarks using GPS

B Erosion of sandy beach bar in Putthandurai coast

C Beach width increase due to sediment deposition in Midalam coast

Fig. 11 Field measurement of shoreline changes using GPS and the erosion and accretion of coastal landforms

advantage of this technique is that it provides relatively
accurate measurement of coastal erosion and accretion,
though the area may be inaccessible or critical to manual
survey. However, it is necessary to check the results of
computerized assessment. For that purpose, the run-up
measurement of erosion and accretion was carried out
using a GPS (Garmin GPSMAP 76Cx) instrument. In this
field verification, the GPS instrument is used to measure
the linear distance between high water line and landmarks
along the 15 coastal zones (Fig. 11). The field observed
values are considered as the net rate of erosion and
accretion (A) during 2011 and have been compared with
the results (B) produced by the DSAS software system. The
variations between these measurements clearly depict the
shift of shoreline either landward or seaward that helps in
understanding of the coast, either facing erosion or accre-
tion. From this study, it is proved that the rates of erosion
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and accretion are relatively accurate. Overall accuracy
assessment reveals that the net rate of erosion and accretion
obtained from both field survey and DSAS has relatively
the same values and more reliability. However, some
coastal zones namely Kanyakumari and Muttam have been
identified with 0.8 % of the variations in measurement due
to the presence of rocky outcrops along the surf zone,
which makes it inaccessible during the survey. On the other
hand, these areas have been highly influenced by the
fluctuation of hydrodynamic processes. The rate of varia-
tion in erosion and accretion is about 0.29, 0.46 and 0.71 %
in the Kovalam, Colachel and Simonkudiyiruppu coasts,
respectively. It is due to the placement of artificial struc-
tures like groins, revetments and sea wall in the coastal
headlands. The structures disturb the wave direction and
littoral current movement and cause seasonal variation in
shoreline shift throughout the year (Table 2).
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Table 2 The accuracy assessment of coastal erosion and accretion using field-observed values

SI.  Coastal zone Net rate of erosion/

DSAS estimated net

% of variation  Factors influencing rate of erosion and accretion

no. accretion (A) in meters rate of erosion/ P=(B—-A/
(based on field accretion (B) in total
estimation) meters area x 100)

1 Kanyakumari —1555 —157.92 —0.81 Influences of high-energy waves from different
directions induce severe erosion of Teri sand
dunes

2 Kovalam —28.0 —27.14 0.29 Wave diffraction and movement of seasonal
littoral current cause erosion

3 Manakudi —16.8 —17.32 —0.17 Diverting sediment supply to up-drift by groins
causes erosion on the down-drift side

Pallam 90.5 91.4 0.30 Sediment deposition occurs by littoral drift

5 Putthandurai —09.5 —8.44 0.35 Seaward flowing rip current induces seasonal
erosion due to overwash of sediments from
beaches

6 Rajakkamangalam 19.0 19.29 0.10 High wave action causes retreat of sediments,
but is replaced during monsoon by littoral
currents

7 Ganapathipuram 131.0 130.92 —0.03 Less energy waves produce swash of sand into
the coast leading to formation of stable beach
landforms

8 Muttam 175.5 173.01 —0.83 The recently constructed jetty causes accretion
in the east and induces erosion in the western
part.

9 Manavalakurichi -35.6 —35.34 0.09 Erosion due to unregulated mining which
induced removal of sand deposits

10 Mandaikadu -27.0 —27.18 —0.06 Encroachment of coast for habitat and removal
of coastal vegetation lead to older sand dune
erosion

11 Colachel 130.0 128.63 —0.46 The presence of rocky outcrops acts as natural
barrier to reduce wave intensity and cause
sediment deposition along the east part of the
zone

12 Simonkudiyiruppu 68.5 70.64 0.71 Trapping the littoral sediments transport from
Thengapattinam estuary produces wide
beaches

13 Midalam 28.5 28.46 —0.01 Accretion of transported sediments released by
R. Thamirabarani

14 Inayamputthandurai  —20.0 —19.45 0.18 Placement of coastal configuration which
directly faces high wave energy causes severe
erosion. The revetments in the surf zone
protects this zone

15  Thengapattinam —48.2 —49.23 —-0.34 The high wave energy action causes sediment

transport in large quantities leading to erosion

Environmental impact assessment

The coastal environment is highly influenced by natural
and anthropogenic activities which control the stability of
coastal landforms and sedimentation. The coastal zone
between Kanyakumari and Kovalam has severe erosion due
to angle of wave approach and littoral current which divert
the suspended sediments into the adjacent area. For the last
decade, the study area has experienced up-normal changes
due to the placement of artificial structures such as groins,

revetments and seawalls; they have disturbed the sediment
movement by diverting the littoral current direction and
wave and led to beach morphology changes in the Man-
akudi estuary in the eastern side as well as in Thengapat-
tinam coast in the western part. These structures have
produced erosion in the down-drift side and accretion in the
up-drift side because some erosion of the beach front is still
occurring. Shallow sand bar is noticed in the Thengapat-
tinam estuary mouth. This is controlled by the angle of
waves approaching the shoreline. The anthropogenic
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impacts such as removal of vegetation and unregulated
placer mining in the Manavalakurichi coast have caused
loss of coastal headlands of sand dunes. Mining activities
on this coast result in changes of beach morphology which
affects the coastal aquifer, sea water intrusion and turbidity
in the near shore regions. Further, the massive removal of
sand dune complex has created a landscape with deep pits
and steep slopes in the Mandaikadu coastal stretch. The
inundation of sea water in the mined area is prominent.
Also, it seems obvious that these areas are at risk and
vulnerable to erosion, sea water intrusion, instability of
settlements and changes of coastal landforms. Finally, the
physical impact assessment of this study reveals that the
SW coast has relatively increased vulnerability to natural
and anthropogenic hazards that produce problems to
coastal dune ecosystems.

Conclusions

The analysis of shoreline change assessment using Land-
sat images reveals that the study area has experienced
high rates of erosion and accretion along the different
coastal zones during 1999-2011. The net rate of shoreline
change values of each coastal zone reflects its coastal
dynamic characteristics. According to this study, the
Kanyakumari, Kovalam, Manakudi, Mandaikadu, Ina-
yamputhandurai and Thengapattinam coast fall under
threatening condition due to erosion. In these areas, the
morphology of the headland features such as young bea-
ches, beach ridges, beach berms, sand dunes and sea cliffs
are disturbed throughout the year due to the high intensity
of wave energy and littoral currents. The rates of erosion
and accretion of this coast have resulted from wave-
induced longshore currents and other coastal dynamic
processes. However, the hydrodynamic forces pose a
favorable condition for significant amounts of littoral
sediment deposited along the coastal zones, namely
Rajakkamangalam, Ganapathipuram, Colachel and Midalam.
This is due to the coastal configuration structure and less
wave energy action prevailing in these areas. The sandy
beaches along these zones are extensively developed by the
processes of constructive wave action, which causes dis-
tribution of littoral sediment materials parallel to the
shoreline. The R. Thamirabharani releases large amounts
of runoff materials into the Thengapattinam estuary during
the SW and NW monsoon periods. However, these sedi-
ments are shifted toward the southern side by the SW
monsoon current and northward by the current movement
during NE monsoon and summer and observed with ero-
sion activities. The coastal defense structures are normally
established to divert the diffracted waves and decrease
littoral drift. In this coast, different coastal zones including
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Kovalam, Rajakkamangalam, Muttam, Colachel and Ina-
yamputhandurai are constructed with groins to reduce
wave impacts on the area, but the long-term observation of
these areas noted severe erosion on the down-drift side.
The Manakudi estuary has deposited large amounts of
sediments that is released by R. Pazhayar. However, the
groins on either side of the river mouth induced back-
washing of sediments and threatening loss of land forms.
The nature of shoreline change in this area is mainly
controlled by longshore drifting of sediments, convergence
of wave refraction, unregulated coastal mining and other
man-made activities. Moreover, the processes of beach,
beach ridge, beach berms and sand dune formation,
migration and relocation along this coastal area are mainly
influenced by wave energy and reversing direction of lit-
toral currents. The revetments are located in Manakudi,
Putthandurai and Midalam coasts and produce rip current
by disturbing the wave direction. The movement of rip
currents seaward has eroded beach materials and caused
loss of coastal landforms. These structures mainly disturb
the shoaling, refraction and diffraction of wave processes
and cause accretion on up-drift side and erosion on the
down-drift side of the coast. For better management of the
coastal environment, it is vital to monitor the coast con-
tinuously to understand the changes and its influencing
factors. Hence, this study will be more useful to planners
and decision makers for sustainable coastal management.

Acknowledgments The corresponding author S. Kaliraj is thankful
to DST-INSPIRE Division, Department of Science and Technology
(DST), Government of India for the award of INSPIRE Fellowship
(DST/INSPIRE/2011/IF110366) for pursuing his Ph.D degree pro-
gram. He also extends his gratitude to INCOIS, NIO, NIOT and
Survey of India (SOI) for providing the necessary data source to carry
out this research work.

References

Bassoullet P, Hir PL, Gouleau D, Robert S (2000) Sediment transport
over an intertidal mudflat: field investigations and estimation of
fluxes within the “Baie de Marennes-Oleron” (France). Cont
Shelf Res 20:1635-1653

Benumof BT, Storlazzi CD, Seymour RJ, Griggs GB (2000) The
relationship between incident wave energy and seacliff erosion
rates: San Diego County, California. J Coast Res 16(4):1162—
1172

Butman B (1987) Physical processes causing superficial sediment
movement. In: Backus RH (ed) Georges Bank. MIT Press,
Cambridge, pp 147-162

Carter RWG, Jennings SC, Orford JD (1990) Headland erosion by
waves. J Coast Res 6:517-529

Chandrasekar N, Anil C, Rajamanickam M, Rajamanickam GV
(2000) Coastal landform mapping between Tuticorin and
Vaippar using IRS-1C data. Indian J Geomorphol 5(2):114-120

Chauhan P, Nayak S, Ramesh R, Krishnamoorthy R, Ramachandran S
(1996) Remote sensing of suspended sediments along the Tamil
Nadu coastal waters. J Ind Soc Remote Sens 24(3):105-114



Environ Earth Sci (2014) 71:4523-4542

4541

Cherian Anil, Chandrasekar N, Gujar AR, Rajamanickam Victor
(2012) Coastal erosion assessment along the southern Tamil
Nadu coast, India. Int J Earth Sci Eng 5(2):352-357

Christie MC, Dyer KR (1998) Measurements of the turbid tidal edge
over the Skeffling mudflats. In: Black KS, Paterson DM, Cramp
A (eds) Sedimentary processes in the intertidal zone. Geol Soc
Lond Spec Publ 139:45-55

Dewidar KM, Frihy OE (2010) Automated techniques for quantifi-
cation of beach change rates using Landsat series along the
North-eastern Nile delta, Egypt. J Oceanogr Mar Sci 2:28-39

Dyer KR (1986) Coastal and estuaries sediment dynamics. John
Wiley and Sons, London

Dyer KR, Christie MC, Feates N, Fennessy MJ, Pejrup M, van der
Lee W (2000) An investigation into processes influencing the
morphodynamics of an intertidal mudflat, the Dollard Estuary,
The Netherlands. I. Hydrodynamics and suspended sediment.
Estuar Coast Shelf Sci 50:607-625

El Asmar HM, Hereher ME (2011) Change detection of the coastal
zone east of the Nile Delta using remote sensing. Environ Earth
Sci 62:769-777

El-Banna M, Hereher ME (2009) Detecting temporal shoreline
changes and erosion/accretion rates, using remote sensing, and
their associated sediment characteristics along the coast of North
Sinai, Egypt. Environ Geol 58:1419-1427

Frihy OE, Lotfy MF (1997) Shoreline changes and beach-sand sorting
along the northern Sinai coast of Egypt. Geo-Mar Lett 17:140—
146

Frihy OE, Iskander MM, Moniem AE, Badr A (2004) Effects of
shoreline and bedrock irregularities on the morphodynamics of the
Alexandria coast littoral cell, Egypt. Geo-Mar Lett 24:195-211

Galvin CJ Jr (1963) Ph D thesis, Massachusetts Institute of
Technology, Cambridge, Massachusetts

Georgiou 1Y, Schindler JK (2009) Wave forecasting and longshore
sediment transport gradients along a transgressive barrier island:
Chandeleur Islands, Louisiana. Geo-Mar Lett 29:467-476

Greenwood RO, Orford JD (2007) Factors controlling the retreat of
drumlin coastal cliffs in a low energy marine environment-
Strangford Lough, Northern Ireland. J Coast Res 23(2):285-297

Hereher ME (2011) Mapping coastal erosion at the Nile Delta western
promontory using Landsat imagery. Environ Earth Sci
64:1117-1125

Jena BK, Chandramohan P, Sanil Kumar V (2001) Longshore
transport based on directional waves along north Tamilnadu
Coast, India. J Coast Res 17:322-327

Kaliraj S, Chandrasekar N (2012a) Geo-processing model on Coastal
vulnerability index to explore risk zone along the South West
coast of Tamilnadu, India. Int J Earth Sci Eng 5(5):1138-1147

Kaliraj S, Chandrasekar N (2012b) Spectral recognition techniques
and MLC of IRS P6 LISS III image for coastal landforms
extraction along South West Coast of Tamilnadu, India.
Bonfring Int J Adv Imag Process 2(3):01-07

Kawakubo FS, Morato RG, Nader RS, Luchiari A (2011) Mapping
changes in coastline geomorphic features using Landsat TM and
ETMimagery: examples in southeastern Brazil. Int J Remote
Sens 32(9):2547-2562

Kraus NC, Gingerich KJ, Rosati JD (1988) Towards an improved
empirical formula for longshore sand transport. In: Proceedings
of 21st International Conference on Coastal Engineering (ASCE
New York), pp. 1183-1196

Lacey EM, Peck JA (1998) Long-term beach profile variations along
the south shore of Rhode Island, USA. J Coast Res 14(4):
1255-1264

Lee HJ, Jo HR, Chu YS, Bahk KS (2004) Sediment transport on
macrotidal flats in Garolim Bay, west coast of Korea: signifi-
cance of wind waves and asymmetry of tidal currents. Cont Shelf
Res 24:821-832

Maktav D, Erbek FS, Kabdasli S (2002) Monitoring coastal erosion at
the black sea coasts in turkey using satellite data: a case study at
the lake Terkos, north-west Istanbul. Int J Remote Sens 23(19):
41154124

Manson GK, Solomon SM, Forbes DL, Atkinson DE, Craymer M
(2005) Spatial variability of factors influencing coastal change in
the Western Canadian Arctic. Geo-Mar Lett 25:138-145

Marfai MA, Almohammad H, Dey S, Susanto B, King L (2008)
Coastal dynamic and shoreline mapping: multi-sources spatial
data analysis in Semarang Indonesia. Environ Monit Assess
142:297-308

Marghany M, Sabu Z, Hashim M (2010) Mapping coastal geomor-
phology changes using synthetic aperture radar data. Int J Phys
Sci 5(2):1890-1896

Martin D, Bertasi F, Colangelo MA, de Vries M, Frost M, Hawkins
SJ, Macpherson E, Paula SM, Sattaa MP, Richard CT, Victor UC
(2005) Ecological impact of coastal defence structures on
sediment and mobile fauna: Evaluating and forecasting conse-
quences of unavoidable modifications of native habitats. Coast
Eng 52:1027-1051

Masselink G, Short AD (1993) The effect of tide range on beach
morphodynamics and morphology: A conceptual beach model.
J Coast Res 9(3):785-800

Mazian HI, Aziz I, Abdullah A (1989) Preliminary evaluation of
photogrammetric-remote sensing approach in monitoring shore-
line erosion. In: Proceedings of the 10th Asian Conference on
Remote Sensing, November 1989, Kuala Lumpur, Malaysia

Mishra P, Patra SK, Ramana Murthy MV, Mohanty PK, Panda US
(2011) Interaction of monsoonal wave, current and tide near
Gopalpur, east coast of India, and their impact on beach profile: a
case study. Nat Hazards 59:1145-1159

Mohanty PK, Patra SK, Bramha S, Seth B, Pradhan UK, Behera B,
Mishra P, Panda US (2011) Impact of groins on beach
morphology: a case study near Gopalpur Port, east coast of
India. J Coast Res 28(1):132-142

Mwakumanya AM, Munyao TM, Ucakuwun EK (2009) Beach width
analyses in beach erosion hazard assessment and management at
Bamburi beach, Mombasa, Kenya. J Geogr Reg Plan 2(2):299-309

Nafaa ME, Fanos AM, Khafagy AA (1991) Characteristics of waves
off the Mediterranean coast of Egypt. J Coast Res 7:665-676

Ridderinkhof H, van der Hama R, van der Lee W (2000) Temporal
variations in concentration and transport of suspended sediments
in a channel-flat system in the Ems-Dollard estuary. Cont Shelf
Res 20:1479-1493

Robinson AHW (1980) Erosion and accretion along part of the
Suffolk coast of East Anglia, England. Mar Geol 37:133-146

Ryabchuk D, Spiridonov M, Vladimir Zhamoida, Nesterova E,
Sergeev A (2012) Long term and short term coastal line changes
of the Eastern Gulf of Finland. J Coast Conserv 16:233-242

Sanil Kumar V, Anand NM, Gowthaman R (2002) Variations in
nearshore processes along Nagapattinam coast, India. Curr Sci
82(11):1381-1389

Saravanan S, Chandrasekar N, Sheik Mujabar P, Hentry C (2011) An
overview of beach morphodynamic classification along the
beaches between Ovari and Kanyakumari, Southern Tamil Nadu
coast, India. Phys Oceanogr 21(2):130-141

Mujabar Sheik, Chandrasekar N (2011) A shoreline change analysis
along the coast between Kanyakumari and Tuticorin, India,
Using Digital Shoreline Analysis System. Geo-spatial Inf Sci
14(4):282-293

Mujabar Sheik, Chandrasekar N (2013) Shoreline change analysis
along the coast between Kanyakumari and Tuticorin of India
using remote sensing and GIS. Arab J Geosci 6:647-664

Short AD, Trembanis AC (2004) Decadal scale patterns in beach
oscillation and rotation Narrabeen beach, Australia-Time series,
PCA and Wavelet analysis. J Coast Res 20(2):523-532

@ Springer



4542

Environ Earth Sci (2014) 71:4523-4542

Smith GL, Zarillo GA (1990) Calculating long-term shoreline
recession rates using aerial photographic and beach profiling
techniques. J Coast Res 6(1):111-120

Sunamura T (1977) A relationship between wave induced cliff
erosion and erosive force of waves. J Geol 85:613-618

Taaouati M, Nachite D, Benavente J, Elmrini A (2011) Seasonal
changes and morphodynamic behavior of a high-energy meso-
tidal beach: case study of Charf el Akab beach on the North
Atlantic coast of Morocco. Environ Earth Sci 64:1225-1236

Thieler ER, Himmelstoss EA, Zichichi JL, Ergul A (2009) Digital
shoreline analysis system (DSAS) version 4.0—An ArcGIS
extension for calculating shoreline change: US Geological
Survey Open-File Report 2008-1278. http://pubs.usgs.gov/ot/
2008/1278/. Accessed 20 Jan 2013

Trenhaile AS (1997) Coastal dynamics and landforms. Clarendon,
Oxford

UK Environment Agency (2009) Characterisation and prediction of
large-scale, long-term change of coastal geomorphological
behaviours: final science report (Science Report: SC060074/
SR1), pp 2-3. http://publications.environment-agency.gov.uk.
Accessed 11 Dec 2012

Van Wellen E, Chadwick AJ, Mason T (2000) A review and
assessment of longshore sediment transport equations for coarse-
grained beaches. Coast Eng 40:243-275

@ Springer

Vinayaraj P, Johnson G, Dora GU, Sajiv Philip C, Sanil Kumar V,
Gowthaman R (2011) Quantitative estimation of coastal changes
along selected locations of Karnataka, India: A GIS and remote
sensing approach. Int J Geosci 2:385-393

Walker SJ, Schlacher TA, Thompson LMC (2008) Habitat modifi-
cation in a dynamic environment: The influence of a small
artificial groyne on macrofaunal assemblages of a sandy beach.
Estuar Coast Shelf Sci 79(1):24-34

White K, El Asmar HM (1999) Monitoring changing position of
coastlines using Thematic Mapper imagery, an example from the
Nile Delta. Geomorphol 29:93-105

Wilcock PR, Miller DS, Shea RH, Kerkin RT (1998) Frequency of
effective wave activity and the recession of coastal bluffs:
Calvert Cliffs, Maryland. J Coast Res 14(1):256-268

Yang SL, Li P, Gao A, Zhang J, Zhang WX, Li M (2007) Cyclical
variability of suspended sediment concentration over a low-
energy tidal flat in Jiaozhou Bay, China: effect of shoaling on
wave impact. Geo-Mar Lett 27:345-353

Wang Y (1998) Sea level changes, human impacts and coastal
responses in China. J Coast Res 14(1):31-36

Zhang Y (2011) Coastal environmental monitoring using remotely
sensed data and GIS techniques in the Modern Yellow River
delta, China. Environ Monit Assess 179:15-29


http://pubs.usgs.gov/of/2008/1278/
http://pubs.usgs.gov/of/2008/1278/
http://publications.environment-agency.gov.uk

	Impacts of wave energy and littoral currents on shoreline erosion/accretion along the south-west coast of Kanyakumari, Tamil Nadu using DSAS and geospatial technology
	Abstract
	Introduction
	Study area
	Geological structures
	Coastal geomorphology

	Materials and methods
	Shoreline change analysis

	Mean wave energy calculation
	Littoral current movements and velocity measurement
	Field verification and data validation

	Results and discussion
	Rate of shoreline change: erosion and accretion
	Impact of wave energy on shoreline changes
	Impact of seasonal littoral current on shoreline changes
	Impacts of artificial coastal structures on shoreline changes
	Field verification and documentation
	Environmental impact assessment

	Conclusions
	Acknowledgments
	References


