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Abstract

The fishery harbor of Karaburun coastal village is located at the south west coast of the Black Sea. The significant waves coming from

north eastern direction cause considerable rate of sediment transport along 4 km sandy beach towards the fishery harbor in the region.

The resulting sediment deposition near and inside the harbor entrance prevents the boat traffic and cause a vital problem for the harbor

operations. In order to determine the level and reasons of the sediment transport, the long-term observations of shoreline changes, the

long-term statistical analysis of wind and wave characteristics in the region, and sediment properties have been performed. The data

obtained from observations, measurements and analysis were discussed. The long-term statistics of deep water significant wave heights

for each direction was discussed by comparing the results obtained from different data sources and methods. For shoreline evolution, the

numerical study using one-line model was applied to describe the shoreline changes with respect to probable wave conditions. Initial

shoreline was obtained from the digitized image in 1996 since there was no previous shoreline measurement of the site. The results were

compared using the techniques of remote sensing obtained from sequent images using IKONOS and IRS1C/D satellites.

r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Coastal engineers frequently encounter the problem of
changing shorelines, chronic erosion, and unexpected
deposition due to the sediment transport. Owing to this,
determination of level and reasons of sediment transport is
an important factor in shoreline change.

The alongshore and cross-shore components of the water
motion at the breaking process of obliquely approaching
waves cause cross-shore and longshore currents which will
also move sediment in the region. There are two mechan-
e front matter r 2006 Elsevier Ltd. All rights reserved.
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isms; beach drifting in the swash zone and transport in the
breaking zone (Kamphuis, 2000).
Investigation of shoreline change arising from sediment

transport could be done by several ways. But coastal
morphology evolution involves complex physical processes
and cannot be exactly described in mathematical terms.
Modeling formulations are deterministic, founded on
known physical laws or empiric, based on laboratory and
field measurements. Numerical models of beach evolution
expand from simple 1D to sophisticated 3D models. A fully
3D model may be used to study short-term evolution of a
beach profile, while a simple 1D model could be used for
time dependent simulations of long-term shoreline change
(Dabees, 2000).
In the current work, the hydrodynamic parameters

effecting shoreline changes and the sedimentation near
Karaburun fishery harbor were examined and their effects
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Notation

a0 volume of solids to total volume
Cg wave group velocity, m/s
d16 grain diameter, mm
d35 grain diameter, mm
d50 median grain diameter, mm
d65 grain diameter, mm
d84 grain diameter, mm
d90 grain diameter, mm
g acceleration of gravity, m/s2

hc closure depth, m
hd dune (or berm) depth, m
hp total profile depth, m
Hs significant wave height, m

K dimensionless empirical coefficient
q0 net cross-shore gain of sand per unit distance in

the alongshore direction
Q bulk alongshore sediment transport rate,

m3/year
r conversion factor from root mean square

(RMS) to significant wave height
Rs stability parameter
S ratio of sand density to water density
Us wind velocity, m/s
Dt time step, h
Dy space interval, m
abs angle of breaking waves to the shoreline, deg
g ratio of wave height to water depth at breaking
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on the sedimentation were discussed. In order to under-
stand the shoreline changes in relation to the nearshore
hydrodynamic parameters, 1D numerical model (one-line)
for the estimation of shoreline changes was used. In order
to obtain the wind and wave conditions in the region and
provide the accurate input data to the model, the wind
characteristics measured in long-term duration at three
different meteorological stations (Sarıyer, Kilyos and S- ile)
were analyzed (see Fig. 1). The long-term statistics of deep
water significant wave heights of storm waves were also
derived from Özhan and Abdalla (1999). In order to
determine the level and reasons of the sediment transport;
the long-term observations of shoreline changes, the
measurements of sea bottom topography, sediment proper-
ties, and the long-term statistical analysis of wave and wind
characteristics in the region were performed. The results of
observations, measurements, and analysis were presented.
The relations between the wave, wind, and sediment
transport in the region were discussed. The results were
compared using the techniques of remote sensing obtained
from IKONOS and IRS1C/D satellites. The solutions for
Fig. 1. The locations of Karaburun coastal village an
sediment transport rate in the region and control of the
shoreline change were discussed.

2. Shoreline changes near Karaburun fishery harbor and

siltation problem

Karaburun coastal village (Fig. 1) is located near the
south west coast of the Black Sea at the coordinates 411210

05’’N and 281410 01’’E which is at North West of İstanbul
city. The Karaburun fishery harbor in the coast of the
Black Sea is a very important integral part of the national
fishing industry that serves to a big hinterland as İstanbul.
The fishery harbor (Fig. 2) of the village is at the western
end of the 4 km sandy beach. The construction of the
harbor had begun in 1966 and finished in 1979. The harbor
has a main breakwater with a length of 412m and a
secondary breakwater with a length of 110m (Fig. 3). The
breakwaters were constructed as the rubble mound type
with cubes and quarry stones in the armor layer. The quays
in the harbor surround 32 400m2 water areas with the total
quay length of 417m. Approximately 50 local boats use the
d Kilyos, Sariyer and S- ile meteorological stations.
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Fig. 2. Karaburun fishery harbor and the nearby beach at east of Harbor (looking towards south east direction).
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harbor in the off fishing season, but the harbor reaches its
full capacity with 100 fishing boats in the fishing season.
According to the information received from the fishers, the
longest boat length coming to the harbor is 60m when
water depth permitted. The harbor operations are effected
by the sedimentation problem because of considerable rate
of westward sediment transport towards the harbor
entrance, thus the water depth shallows and the navigation
to and from the harbor is prevented. The measured
sedimentation length is 50m from the head of the
secondary breakwater in 2002 and the harbor mouth is
nearly closed (Fig. 2). Total sedimentation from shoreline
between 1996 and 2005 is 94.7m near the secondary
breakwater. The main parameters involved in the problem
are winds, waves, and sediment characteristics. These
parameters are analyzed and discussed in the following
sections.
3. Wind and wave climate

The prediction of long-term shoreline variation needs
reliable and continuous wave and current data of the
region. The most important step of the shoreline numerical
modeling is the proper determination of the distribution of
wave characteristics (height and the direction) in the
nearshore region.

Since there was not any long-term wave measurement of
the region, the wave data were hindcasted from the data of
wind measurements and the long-term statistical distribu-
tion of wave heights for each wave direction was obtained.
The long-term wind data are always the valuable
database for hindcasting wave characteristics and obtain-
ing statistical distribution of the storm wave characteristics.
There were long-term wind measurements at three different
meteorological stations (Kilyos, S- ile, Sarıyer) in the region.
In Figs. 1 and 4, and Table 1, the locations of these stations
and their distances to Karaburun coastal village are shown.
The wind data obtained from these stations were examined
and the wind climate of the region was determined. Figs. 5,
6, 7 and 8 show the long-term statistics of wind speeds for
each direction according to the wind data measured in
Kilyos, Sarıyer and S- ile Meteorological stations, respec-
tively. When the long-term statistical distributions of the
wind waves in the region compared, the dominant wind
direction was determined as NNE according to the wind
data of Sarıyer and S- ile meteorological stations (Table 2).
But the dominant wave direction was obtained as NNW
when the wind data of Kilyos meteorological station was
analyzed. The difference in dominant wind direction comes
from the locations of the meteorological stations. However
S- ile meteorological station is very far away from the region
and Sarıyer meteorological station is in the inner side of the
Bosphorus. The wind data obtained from Kilyos meteor-
ological station (closest to the study region) is seen
inappropriate since the dominant wind direction is
obtained from NNW. It does not present the longshore
sediment transport characteristics of the site. This shows
that the location of the Kilyos meteorological station is
not suitable to measure the proper wind direction. Thus
the wind characteristics of the region was determined from
the figures given in Özhan and Abdalla (1999) where, the
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Fig. 3. Plan view of Karaburun fishery harbor (in 1979).
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long-term probability distribution of wind was based on
eight years’ duration of 3 h interval wind speed and
directions from ECMWF (European Center for Medium-
Range Weather Forecast) data. The wave data for long-
term probability distribution was also hindcasted from this
wind data.

Figs. 9, 10 and 11 show the long-term statistics of deep
water significant wave heights for each direction according
to the hindcasted wave data from the wind data measured
in Kilyos, Sarıyer and S- ile meteorological stations,
respectively.

The waves affecting the Karaburun fishery harbor come
from the directions between East (E) and North North
West (NNW). The dominant wave directions are from
NNE according to the data from Sarıyer and S- ile
meteorological stations, but the dominant wave direction
is from NNW according to the data from Kilyos
meteorological station (Table 3).
The long-term statistical distribution of waves specifi-
cally for the region near Karaburun at the location (with
the coordinates 41.501N, 28.401E) derived from Özhan and
Abdalla (1999) and given in Fig. 12, Tables 4 and 5.
According to the long-term wave statistics (Fig. 12) for
Karaburun region, the dominant wave direction in the
region is from NE.

4. Geological structure and sediment properties in

Karaburun region

In İstanbul peninsula, the wide area from the
Küc- ükc-ekmece coasts to the Büyükc-ekmece Lake and
the wide band surrounding the Terkos Lake near the coast
is called Karaburun Formation (Fig. 4). The inferior units
of this formation are the surfaces between Kilyos and
Yalıköy. The whole of this unit is in dominance of clays as
weak soil except inferior beach facies. Therefore, the
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Fig. 4. Locations of meteorological stations.

Table 1

Distances of three meteorological stations from Karaburun

Meteorological station Distance from Karaburun (km)

Kilyos 30

Sarıyer 36

S- ile 80
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topography of the region has been developed by the
circular shearing type mass movements. The best samples
of these formations should be seen in the cliffs between
Karaburun coastal village and Yalıköy. These cliffs are
covered rotated sheared structures. These formations are
common on the top coal layer of Karaburun Formation.

In order to determine the granulometric characteristics
of sand accumulating near the fishery harbor of Karabur-
un, sieve analysis experiments using different samples were
made in the Materials Laboratory of Yıldız Technical
University. In Table 6, the granulometric characteristics of
sand in the region are given and Fig. 13 shows the grain
size distribution according to the sieve analysis.

Bulk density experiments were done in order to
determinate the other characteristics of the sand and the
results are given in Table 7. The sand in the Karaburun
region was determined as silica and crushed lime stone
based sand.

5. Shoreline history using remote sensing

Shoreline mapping and shoreline change detection are
critical for safe navigation, coastal resource management,
coastal environmental protection, sustainable coastal
development and planning (Di et al., 2003). The techniques
of remote sensing can provide the capability for environ-
mental monitoring in an economical and rapid way, either
locally or globally (Lin et al., 2001). Remote sensing is the
acquisition of information about an object, area or event,
on the basis of measurements taken at some distance from
it. In space-borne remote sensing, the IKONOS satellite,
launched in September 1999, was the first one to challenge
the very high spatial resolution data obtained from
airborne remote sensing technology (Mironga, 2004).
IKONOS satellite has two sensors. Panchromatic sensor
(0.45–0.90 mm) has 1m ground resolution and multispectral
sensor has four bands between 0.45–0.88 dm with 4m
resolution. The radiometric resolution of both sensors is 11
bit. As Mironga (2004) mentioned, its future successors are
reported to generate images with a spatial resolution of
approximately 0.5m.
Multitemporal and georeferenced IKONOS images (in

2003 and in 2005, multispectral) and IRS1C/D images
(in 1996 and in 2000) were used in this study. The
Karaburun shoreline is digitized manually by using
ERDAS software for each image. The shorelines were
superimposed and the changes of them had been measured
in 50m interval (Figs. 14 and 15). Fig. 14 shows the
shoreline change due to longshore sediment transport
through west direction (from right to left). The extreme
change was between 1996 and 2000, the accretion was 93m
at secondary breakwater (Fig. 15a). However, the shoreline
change was slowdown between 2003 and 2005, and the
accretion was 0.9m because the beach profile reached
almost its equilibrium shape (Fig. 15b). The accretion and
erosion process is also shown from Figs. 16–19. As shown
from Fig. 19, there was a groin close the secondary
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breakwater but it was removed at the same year. Hence
sand deposition increased towards the harbor after 1996.

6. Longshore sediment transport

Rate of the longshore sediment transport existing in the
coast of Karaburun was examined by SPM method
according to CERC (1984). By using the deep water
significant wave height equations in Table 4, the occurrence
durations of waves in one year were obtained (Table 5).
According to these values and SPM (1984) method,
analytically calculated net and gross longshore sediment
transport rates for the region are presented in Table 8.

6.1. Numerical model

Since there is no measure to control the longshore
sediment transport in the region, the considerable volume
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Table 2

Comparison of dominant wind directions due to the wind data measured in different meteorological stations and data derived from Özhan and Abdalla

(1999)

Data source Dominant wind direction Measurement time range

Kilyos meteorological station NNW 1976–2001

Sarıyer meteorological station NNE 1998–2001

S- ile meteorological station NNE 1993–2002

Near Karaburun (Özhan and Abdalla, 1999) NE 8 years’ duration
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of sediment deposition near the secondary breakwater has
been observed. Its extension towards the harbor entrance
caused decreasing in water depth at the entrance and inside
the harbor. In order to develop proper engineering
methods, determination of the shoreline change and
control of the longshore sediment transport become
important. A numerical model of longshore sediment
transport near Karaburun coast based on one-line theory
has been used (Hanson and Kraus, 1986).
Erosion causes the profile to move landward and

accretion moves it seaward. Since the profile remains the
same, all the contours move the same distance and
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Table 3

Comparison of dominant wave directions due to the long-term probability

distributions

Data source Dominant wave

direction

Kilyos meteorological station NNW

Sarıyer meteorological station NNE

S- ile meteorological station NNE

Özhan and Abdalla (1999) NE
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one single contour line can represent the complete beach
movement. Hence this method is also known as a one-line
model. Expressing conservation of (sand) mass in the
alongshore direction results in (Kamphuis, 2000);

dx

dt
¼ �

1

hp

dQ

dy
� q0

� �
¼ �

1

ðhd þ hcÞ

dQ

dy
� q0

� �
, (1)

where x is the distance to the shoreline from the y

(alongshore) axis, hp is the total profile depth consisting of
a dune depth (hd) and the closure depth (hc), Q is the bulk
alongshore sediment transport rate and q0 is the net cross-
shore gain of sand per unit distance in the alongshore
direction.

In the model, cross-shore sediment transport rate was
ignored (taken as zero), and the longshore sediment transport
rate was calculated by SPM formula (CERC, 1984).

Q ¼ K 0 H2Cg

� �
b
sin 2abs, (2)

K 0 ¼
K

16 S � 1ð Þa0

� �
1

r

� �5=2

, (3)

where K dimensionless empirical coefficient, H signi-
ficant wave height, Cg wave group velocity, abs angle of
breaking waves to the shoreline, S ratio of sand density to
water density, a0 volume of solids to total volume, r

conversion factor from root mean square (RMS) to
significant wave height. The subscript b indicates quantities
at wave breaking. The group velocity at breaking is cal-
culated from:

ðCgÞb ¼
g Hb

g

� �1=2

, (4)

where g acceleration of gravity, g ratio of wave height
to water depth at breaking. In a standard explicit scheme,
Eq. (1) is discretized as

x�i ¼ 2B Qi �Qiþ1

� �
þ xi, (5)

where B ¼ Dt/(2 hp Dy), Dt time step, Dy space interval.
The simplest finite difference scheme is the explicit finite

difference scheme in which every new value of Q and x at a
new time (t+Dt) is computed explicitly from the known
values of Q and x at a previous time t. However, the
explicit scheme easily becomes unstable. The stability
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Table 4

Probability relations for deep water significant wave heights for

Karaburun region (derived from Özhan and Abdalla, 1999)

Direction Deep water significant wave height

equation (m)

N Hs ¼ �0.8371Ln Q(Hs)�2.2542

NNE Hs ¼ �1.0394Ln Q(Hs)�1.3167

NE Hs ¼ �1.0224Ln Q(Hs)�1.0120

ENE Hs ¼ �0.6237Ln Q(Hs)�0.8887

E Hs ¼ �0.3107Ln Q(Hs)�0.9365

NNW Hs ¼ �0.8438Ln Q(Hs)�3.2801

NW Hs ¼ �0.3745Ln Q(Hs)�1.3346

Table 5

Equivalent deep water significant wave heights, periods and occurrence

durations in one year for Karaburun region (derived from Özhan and

Abdalla, 1999)

Direction Wave height H

(m)

Wave period T

(s)

Occurrence

duration in one

year t (h)

N 0.89 3.69 343

NNE 1.16 4.21 1479

NE 1.01 3.93 2098

ENE 0.78 3.45 963

E 0.60 3.03 86

NNW 0.86 3.62 103

NW 0.62 3.08 65

Table 6

Granulometric characteristics of sand

d16 (mm) d35 (mm) d50 (mm) d65 (mm) d84 (mm) d90 (mm)

1.08 1.33 1.53 1.74 1.99 2.69
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condition is (Hanson and Kraus, 1986):

Rs ¼ 2K 0Dt
H2Cg

� �
b

hk Dyð Þ2
o

1

2
. (6)

6.2. Model description

From the field studies and measurements, the direction
of the longshore sediment transport was determined as
towards Northwest (towards the fishery harbor). Owing to
this transport, there becomes a considerable sediment
deposition in and nearby the harbor.
Karaburun shoreline was modeled by using 71 grid-cells,

each 50m long for the distance of 3.55 km. The shoreline
was idealized as shown in Fig. 20. Both updrift and
downdrift boundaries were assumed as complete barriers
since the fishery harbor is located at downdrift boundary,
and there is a headland at the updrift boundary. The first
simulations were carried out for the period from 1996 to
1997 using a 3-h time step. The initial shoreline obtained
from the satellite image in 1996 was used in the model.
In order to calculate shoreline position in 2000, each
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Table 7

Other sand characteristics

Dry Specific gravity (g/cm3) 2.61

Density (g/cm3) 1.79

Saturated Surface-dry Specific gravity (g/cm3) 2.86

Density (g/cm3) 1.88

Fineness modulus (dimension

less)

3.98

200
2003

2005

Black Sea

Location of
the fishery harbor

Removed Groin

Fig. 14. Shoreline changes using both IKONOS (in 2003 an

200Black Sea

N

Location of
the fishery harbor

20032005

Location of
the fishery harbor

B

(a)

(b)

Fig. 15. Shoreline changes using the images. (a) Shoreline change between 1
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model run considered the previous computed shoreline for
one year as an initial shore. Hence the model run was
repeated four times. The breaking wave height, angle, and
occurrence duration in one year of the breaking waves for
each wave direction used in the simulations are shown
in Table 9.
Result of the simulation of the present condition is seen

in Fig. 21. As shown from the figure, there becomes erosion
at the updrift side and deposition at the downdrift side.
The computed shoreline change was found nearly close the
shoreline in 2000 from the image. However, sand fill was
made in the eroded area in 2000. So erosion was reduced
after 2000. The IKONOS images in 2003 and 2005
confirmed the result because shoreline change reached
almost its equilibrium stage.
6.3. Validation of the model

The model is validated by benchmarking with analytical
solution for a simple idealized case. A simple case of
shoreline change near a complete barrier was chosen. The
input data were carefully chosen to avoid violating the
small-angle limitation involved in the analytical solution.
The input breaking wave condition was a 1.4m high wave,
making an angle of 11 with the y axis. The small breaking
angle was chosen to satisfy the small angle assumption of
1996
0

N

Updrift

d in 2005) and IRS1C/D (in 1996 and in 2000) images.

19960

Updrift

Updriftlack Sea

N

996 and 2000 (IRS1C/D) (b) Shoreline change between 2003 and 2005.
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Fig. 16. IKONOS image in 2005.

Fig. 17. IKONOS image in 2003.
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the analytical solution. A comparison of the results of the
analytical and numerical solutions for shoreline change
after one year is shown in Fig. 22.

7. Conclusions

One of the most important problems of Karaburun
region is the sedimentation of the fishery harbor. Kar-
aburun fishery harbor is subjected to sediment transport
problem due to inappropriate design, since the wind and
wave environments had not been sufficiently examined.
Wave environment had been only estimated using wind
data from the nearest meteorological station during the
design. The sedimentation increased trough the harbor
after the groin was removed which was close the secondary
breakwater. The other problem for the region is the
shoreline erosion. Owing to these problems, considerable
shoreline change was observed in the site.
In this study, the parameters effecting sediment trans-

port in the region were carefully examined. The relations
between the wave, wind and sediment transport in the
region were discussed by using the analysis of the existing
long-term wind and wave data, and observations. The
shoreline change was determined by using both remote
sensing techniques and the modeling. The result of one-line
model was verified with the digitized images.
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Fig. 19. IRS1C/D image in 1996.

Fig. 18. IRS1C/D image in 2000.

Table 8

Rates of the longshore sediment transport existing in the coast of Karaburun obtained from SPM method

Method Qright�left (m
3/year) Qleft�right (m

3/year) Qnet (m
3/year) Qtotal (m

3/year)

CERC (1984) 0.59� 106 0.13� 106 0.46� 106 0.72� 106
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Enormous erosion occurred along the beach between
1996 and 2000. The sand filling was also made at the
updrift region in 2000 where the one-line model also
showed the erosion. However, the shoreline reached almost
its equilibrium stage between 2000 and 2005. The groin
should also be placed at the previous groin location in
order to defend harbor mouth against the sedimentation.
And also the planning zone should be monitored using
remote sensing technology.
The study shows that the prediction of long-term

shoreline variation needs field work, analysis, observations
and reliable and continuous wind and wave data. If there is
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Fig. 20. Idealized numerical shoreline.

Table 9

The breaking wave height, angle, and occurrence duration in one year of the breaking wave for each wave direction

Direction Breaking wave height Hb (m) Breaking wave angle ab (m) Occurrence duration in one year (h)

N 0.97 13.77 343

NNE 1.33 2.43 1479

NE 1.13 9.44 2098

ENE 0.78 18.98 963

E 0.44 22.38 86

NNW 0.56 21.25 103

NW 0.50 20.94 65

Fig. 21. (a) Numerical solution (for four years) versus images in 1996 and 2000. (b) Numerical solution in 1997 and 2000 versus images in 1996 and 2000.
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Fig. 22. Numerical benchmarking results with the analytical solution for accumulation updrift of a complete barrier to constant wave of 11 breaking angle.
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no time history of shoreline change or original shoreline
measurement in any site, the remote sensing technology
helps to monitor the shoreline.
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