
1. Introduction

From the past, coastal areas have been used as a base
for human life and also as the epicenter of economic
activities. Following rapid economic growth, along
with an increased interest, waterfront space has been

spotlighted as a waterfront tourist attraction for leisure
and recreation for modern people (Byun, 2008). In
order to meet the increased demands of population
concentration, a rapid and large scale development of
costal tourism resource has been progressing. Along
with this, the reckless and indiscriminately forced
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construction of artificial embankment and land
reclamation, without considering the erosion or
deformation of costal areas, is becoming the cause for
functional damage of the coast and destruction of
nature.

Along with artificial factors, global warming which
has been problematic for the entire world is a factor for
further deterioration in the costal environment.
Abnormal weather phenomena cause disasters such as
tsunami, typhoon, and storm surges, and the rise of sea
level further results in collapse, loss, and release of
costal earth and sand resulting in retreat of shoreline
due to erosion (Boak and Tunner, 2005).

In order to solve these problems and also for
uncomplicated maintenance, we need to understand the
changing phenomena and perform quantitative
interpretation and prediction. For this kind of research
accurate and simple acquisition of data is a crucial
factor for systematic long-term monitoring of the
coastal environment. Furthermore, the changing
phenomena of the shoreline which surfaces over
extended period of time requires trend analysis and
long-term monitoring from the past to the present.

However, in the case of Republic of Korea, there are
not enough costal observations making it difficult to
understand and analyze the change in shoreline. In
order to supplement this, most of change detection is
conducted by on site measurement and by examination
of existing aerial photographs accumulated since past.
However, this has the disadvantage of cost, periodicity,
and difficulty in acquiring enough data. On the other
hand, satellite images have the advantages of observing
wide area, periodicity, and cost-effectiveness, making
it very useful.

Various research projects that combine GPS,
LiDAR, and satellite images are actively in progress.
Lee et al. (2008) surveyed shoreline in real time
using RTK GPS measurements, and conducted a
comparative analysis from the shoreline extracted using
aerial LiDAR data to understand the areas eroded or

accreted. To analyze the accurate shift amount and the
cause of shore change, Eom et al. (2010) analyzed the
change of shore in Jukbyeon-myeon, Uljin-gun using
the aerial photographs from the past 40 years, aerial
LiDAR, and satellite images.

Coastal land-form is composed of various forms of
rocks, gravels, mud, and artificial structures besides
sand and therefore the trend of shoreline erosion and
accretion can be different even under the same coastal
conditions due to topographical characteristics. Choi
et al. (2009) analyzed the amount of shoreline
changes of two similar beaches with same coastal
characteristics due to close proximity, Haeundae Beach
with preserved natural state, and Gwangalli Beach with
damaged shoreline ends caused by artificial structures.
Park and Jung (2003) utilized Satellite images from
Landsat-5 to extract the borderlines of mud flat and
used tide level data as altitude values to create Digital
Elevation Model (DEM).

Therefore, in this study, we quantitatively analyzed
and predicted changes in the costal environment due to
erosion and accretion through detecting the changes of
shoreline by collecting and analyzing the satellite
images and aerial LiDAR data of TaeAn area from past
to present.

2. Method

This study extracted the shoreline of the
northwestern coast and analyzed the trend in rate of
change of shoreline using Digital Shoreline Analysis
System. First, in order to calculate the shoreline’s rate
of change, shoreline data from 2007, 2009, 2010, and
2012 was constructed and aerial LiDAR and
KOMPSAT-2 satellite images were used to analyze
and extract the shoreline. Digital Surface Model for
shoreline corresponding to 2007 and 2012 was
constructed using the aerial LiDAR and through
extraction using contour map drawing. In order to
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extract the shoreline of 2009 and 2010, carefully
considered images for tide level and wave height using
KOMPSAT-2 Satellite were used, after eliminating the
images deemed ill-suited due to sensor errors and
atmospheric effects. Shoreline was extracted using the
selected satellite images via Normalized Difference
Vegetation Index method to differentiate between land
and waters. Extracted shoreline was then processed
through ArcGIS based DSAS program for quantitative
detection and analysis of shoreline changes by each
year.

1) Study Area
The study area was northwest coast of TaeAn

peninsula, corresponding to the administrative area of
coastal land-form in Wonbuk-myeon and Sowon-
myeon of Chungcheongnam-do.

The area of TaeAn Peninsula is primarily pivots
around the Gaya-mountain in east to the western

mountain areas, and in the center of area there are
Palbong Mountain and Bakhwa Mountain. These
mountains immerse into the west and are eroded by the
transgression due to the rise in sea level post
deglaciation, forming bays and capes in various places
and small and large islands. Also, they have the
characteristic of complex rias coast, with developed
back bay with narrow inlets.

The coast of TaeAn Peninsula has various land
formations due to erosion and sedimentation. The coast
of TaeAn Peninsula has low water level and due to the
large difference between tides it results in wide tide-
land caused by the transport of sediment by the tidal
current(Woo, 2010). Also, because it is open to the
northwestern open seas, it is affected by large ocean
waves and strong northwestern seasonal winds
resulting in well-developed beaches and coastal dunes.
Sand beaches are supplied by the erosion of bed rock,
sand beach, and coastal dunes from the rise in sea level
post deglaciation, but it has been retreating due to the
continued decrease of sand supply and erosion. Fig. 1
Show the study area of in this study.

2) LiDAR
The Lidar system that has made great strides in

recent years is a new technique that can automatically
generate Digital Terrain Model (DTM) and Digital
Surface Model (DSM). Lidar survey is faster than the
method that uses traditional aerial photographs to get
DTM and DSM, and enables high-density DTM and
DSM, which provide the accuracy that can be obtained
from the existing ground survey, to be created. Lidar
systems uses laser, an active sensor, rather than a
passive one such as optical camera. Therefore, it
provides many advantages and surprising ability when
compared with photograph survey of the past. For
example, the Lidar system can get reflectance value of
the underside of trees passing through lush forest, can
see a deflection of power lines between power
transmission towers and provides accurate elevation
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data for the area where there is low undulation and
contrast like the seaside (The Korea Ministry of
Construction and Transportation, 2006).

The LiDAR data from the study area, TaeAn
peninsula, was acquired through ATLM equipment.
The acquired data is composed of 325,873,915 3
dimensional points from 2007 and 232,737,392 3
dimensional points from 2012. Among these points,
duplicate points were eliminated and remaining point
data was processed, sorted, and corrected. Then they
were put through series of processing steps of
orthometric height conversion and error revision, then
edited to produce the final 3 dimensional point data.

3) KOMPSAT-2
KOMPSAT-2 is loaded with the multispectral

camera (MSC) consisting of the panchromatic band (1
m spatial resolution) and 4 multispectral bands (4 m
spatial resolution). KOMPSAT-2 MSC is a push-
broom type of sensor, which can obtain high-resolution
images 15 km (width) × 1000 km (length) when taking
vertical images at a height of 685 km. It can also
express the landmarks on the image with 10 bits Digital
Number (DN) and obtain the panchromatic and
multispectral images simultaneously. It also provided
5 types of Time Delay and Integration (TDI) modes
adjustable depending on the sun elevation and
characteristics of the surface of the earth in the region
(Chi, 2008). In this study, to improve positional
accuracy when processing image in the above two
methods, GCPs were preempted so that they can be

evenly distributed to the images for the study area,
Digital GPS survey was conducted for the points and
outcomes from Lidar data processing were used as
DEM.Table 1 indicate metadata and ortho-rectification
result of KOMPSAT-2 used in this study.

As per the result of orthometric correction, the
location accuracy of Pan images with 1 m spatial
resolution below 2 m was 1.98 pixel in 2009 image and
1.49 pixel in 2010 image. The location accuracy of
multi-image with 4m spatial resolution was 0.5 pixel
for 2009 and 0.37 pixel for 2010.

4) DSAS
For the quantitative analysis on TaeAn peninsula for

the last 5 years, this study used KOMPSAT images and
Aerial LiDAR to extract the coastlines and then applied
the numerical coastline analysis system (DSAS
4.0 :Digital Shoreline Analysis System 4.0) developed
by Thieler et al.(2009) DSAS 4.0 calculates 5 types of
coastlines including Shoreline Change Envelope
(SCE), Net shoreline movement (NSM), End point rate
(EPR), The Linear Regression Rate (LRR) and Least
Median of Squares (LMS) and additionally provides
the statistical data indicating the reliability. In this study
we conducted SCE, NSM and EPR.

The SCE is Distance between the shorelines farthest
and closest to the baseline at each transect. SCE always
has a positive value as it calculates distance variation
of coastlines in the absolute value irrespective of time.
The NSM indicates Distance between the oldest and
youngest shorelines for each transect. The distance
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Table 1.  Characteristics of the Satellite data
Scene Date 2009.10.26 2010.11.13

Scene Time (GMT+9) 01:35:26 01:09:55
Sensor KOMPSAT-2 MSC KOMPSAT-2 MSC

Resolution (m) 1 m 1 m
Tide (cm) 28 67

SLa shift From HTb (m) 3.82 4.21
Triangulation RMSE (Pixel) 1.98 1.49

a : Sea level, b: High tide



between the two points is calculated from the baseline.
A positive NSM means the deposition of the shoreline
while a negative value represents shoreline erosion. The
EPR (unit: m/yr) is calculated with the ratio of the
elapsed time between the oldest shoreline and the
newest shoreline and the difference of shoreline length.

3. Result and Discussion

1) Shoreline Extraction

(1) Aerial LiDAR
In this study, using the software program Lidar

Analyst in this study, unnecessary data could be easily
removed in DEM extraction by the function ‘remove
spikes and pits’. Water vapor coming from the
chimneys of industrial complex or flying birds are
typical examples of the nearest neighbor points

appeared in this study In order to extract DEM, the
condition values of Lidar Analyst automatically
extracted and corrected the no data areas, removed the
nearest neighbor points such as birds flying in the air
or clouds or low errors such as pitted puddles, and
distinguished the areas that showed higher than 30cm
of the difference between FR and LR to facilitate the
extraction. For other values the program defaults were
used. Usage of TIN during DEM production is the most
generalized method, but it has the disadvantages of
inefficient accurate topographic and hydrologic
analysis. TopoGrid was a method developed to
remediate such problem and enable a more accurate
DEM production. In this study, we used TopoGrid by
ArcGIS to produce DEM and shoreline was extracted
using the contour line from DEM. Fig. 2 and 3 Show
that the extracted shoreline using LiDAR.

(2) KOMPSAT-2
This study used the commercial software ERDAS
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Fig. 2.  Shore line extracted from the Aerial LiDAR Data (2007). Fig. 3.  Shore line extracted from the Aerial LiDAR Data (2012).



and ArcGIS program to save time through the direct
method by researcher frequently used to extract the
coastline and to reduce the erroneous classification in
pixel judgment by the supervisor. Although there are
various methods for classification using images, this
study used NVDI ration among the image enhancement
techniques for easy differentiation between water and
land and quantification of image processing and
divided the land and water area.

NDVI is a type of image intensifying technique that
utilizes the characteristics of light spectrum to
differentiate between land and water. We used near-
infrared and mid-infrared areas between 740~2400 nm
wavelength range to discriminate between land and
water. In NDVI analysis, the areas above 0 are
differentiated as vegetation and the areas with 0 as
water, such as non-vegetation, glacial area.

After unsupervised classification of calculated
NDVI, water and land was differentiated using
maximum-likelihood classification. The differentiated
areas were made into shp files using Raster to vector
tool. Upon consideration of images from multiple
periods and length of shoreline to be extracted, this
research method is deemed to be useful for semi-
automatic shoreline extraction.

The coastline extraction result as in Fig. 4 and 5,
which is thought to be a useful method considering the
images of various periods and the coastline length.

2) Computation of Change in Shoreline
In this study, we set 2007 as the base year and

analyzed the amount of change in 2009, 2010, and 2012
of northwestern coast shoreline in TaeAn peninsula.
The shoreline of each year were classified into 5 forms
by artificial structures, gravels, rocks, sand, and silt
(Fig. 6) using LiDAR Data. The analyzed statistical
value were depicted in Statics table according to the
relative changes of each land forms.

Table 2 shows that the change of SCE, NSM and
EPR of 2009. Upon the review of statistical values of
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Fig. 5.  Shore line extracted from KOMPSAT-2 Satellite image
(2010).

Fig. 4.  Shore line extracted from KOMPSAT-2 Satellite image
(2009).



SCE and NSM, among 135 measuring lines, it was
seen that in all areas corresponding to silt had shoreline

erosion. In sand, it was analyzed the maximum positive
value was 33.70 m seen in 6th measuring line and the
maximum negative value was -43.63 m in 75th
measuring line. In gravel and rock, maximum erosion
of -36.94 m and -58.85 m respectively. In EPR erosion
of -2.02 m/yr was shown in gravel, and in rock, sand,
and silt erosion of -2.06, -2.40, -9.29 m/yr was shown
respectively. Upon the comparison of shoreline during
2007 and 2009, a general trend of shoreline retreat was
shown and the rate of change was greatest in silt.
However, although shoreline extraction using satellite
image was accurately reflected in beach land form, but
there was a greater discrepancy in rock and gravel area
resulting in abnormal value deemed to require
additional correction.

According to the SCE analysis of 2010, the average
values of gravel, rock, sand, and silt were 11.21, 14.89,
10.93, and 7.84 m respectively with the a largest
shoreline movement distance in gravel (Table 3), then
rock and sand, then silt. The characteristic of this study
area, TaeAn peninsula, has it that compared to the
relatively simple beach, the gravel and rock areas have
very complex forms. Especially there are many areas
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Fig. 6.  Used in DSAS shoreline, baseline, transect.

Table 2.  Statistical analysis of the shoreline changes (2009)
Gravel Rock Sand Silt

SCE NSM EPR SCE NSM EPR SCE NSM EPR SCE NSM EPR
Mean 8.19 -4.04 -2.02 10.90 -4.11 -2.06 10.32 -4.80 -2.40 18.52 -18.52 -9.26

95% M.U.a 4.63 -8.58 -4.29 5.19 -11.17 -5.59 7.86 -8.12 -4.06 7.26 -29.78 -14.89
95% M.U.b 11.75 0.50 0.25 16.60 2.95 1.48 12.78 -1.48 -0.74 29.78 -7.26 -3.63
5% T.M.c 7.18 -3.55 -1.77 9.08 -2.85 -1.43 9.34 -4.66 -2.33 17.01 -17.01 -8.50
Median 4.54 -0.72 -0.36 5.82 -0.53 -0.27 7.00 -3.92 -1.96 12.02 -12.02 -6.01
Variance 84.28 136.98 34.24 199.51 305.44 76.38 103.28 188.00 47.00 314.08 314.08 78.51
Std. Dev d 9.18 11.70 5.85 14.12 17.48 8.74 10.16 13.71 6.86 17.72 17.72 8.86
Minimum 0.02 -36.94 -18.47 0.34 -58.85 -29.43 0.31 -43.63 -21.81 5.30 -59.05 -29.52
Maximum 36.94 20.79 10.39 58.85 24.71 12.36 43.63 33.70 16.85 59.05 -5.30 -2.65
Range 36.92 57.73 28.86 58.51 83.56 41.79 43.32 77.33 38.66 53.75 53.75 26.87
IQRe 9.14 12.01 6.01 14.46 11.02 5.52 9.84 11.55 5.78 7.98 7.98 3.99

Skewness 1.68 -0.88 -0.88 2.07 -1.45 -1.45 1.56 -0.31 -0.31 1.94 -1.94 -1.94
Kurtosis 2.73 1.83 1.83 4.58 3.32 3.32 1.78 1.48 1.48 2.48 2.48 2.48

A: 95% Confidence Interval for Mean (Lower Bound).   B: 95% Confidence Interval for Mean (Upper Bound).
C: 5% Trimmed Mean   D: Standard Deviation.   E: Interquartile Range.



that protrude into the open sea, such as capes, causing
errors in the coupling point of measuring line and
shoreline. Therefore, it is deemed essential to eliminate
the abnormal values in these gravel and rock areas.
Analysis results of NSM are according to Table 3
compared to 2009 there is an average sedimentation
of 3.72 m in gravel, 5.32 m in rock, 2.78 m in sand, and

-5.63 m in silt. EPR is shown to accrete 1.24, 1.77, and
0.93 m/yr in gravel, rock, and sand respectively, and
erode -1.88 m/yr in silt.

The result of shoreline analysis of 2007 and 2012
shows that SCE was 2.09 m in artificial structure, 4.24
m in gravel, 1.64 m in rocks, 14.4 m in sand, and 5.02
m in silt, thus showing that the most change occurred
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Table 3.  Statistical analysis of the shoreline changes (2010)
Gravel Rock Sand Silt

SCE NSM EPR SCE NSM EPR SCE NSM EPR SCE NSM EPR
Mean 11.21 3.72 1.24 14.89 5.32 1.77 10.93 2.78 0.93 7.84 -5.63 -1.88

95% M.U.a 4.99 -4.22 -1.41 6.52 -6.01 -2.01 8.74 -0.46 -0.15 4.99 -10.23 -3.41
95% M.U.b 17.43 11.65 3.89 23.25 16.66 5.55 13.12 6.01 2.00 10.68 -1.02 -0.34
5% T.M.c 9.74 3.58 1.19 13.36 6.70 2.23 10.13 3.36 1.12 7.84 -6.09 -2.03
Median 7.40 2.91 0.97 7.92 4.36 1.45 8.41 2.97 0.99 7.94 -7.34 -2.45
Variance 186.61 304.06 33.78 246.47 452.61 50.29 95.57 208.71 23.19 20.04 52.47 5.83
Std. Devd 13.66 17.44 5.81 15.70 21.27 7.09 9.78 14.45 4.82 4.48 7.24 2.41
Minimum 0.02 -40.09 -13.36 2.02 -55.31 -18.44 0.05 -42.75 -14.25 0.31 -15.26 -5.09
Maximum 49.38 49.38 16.46 55.31 41.10 13.70 42.75 32.78 10.93 15.26 12.25 4.08
Range 49.36 89.47 29.82 53.29 96.41 32.14 42.70 75.53 25.18 14.95 27.51 9.17
IQRe 9.76 10.91 3.64 15.68 12.88 4.29 14.88 15.45 5.15 6.51 8.09 2.70

Skewness 1.88 0.37 0.37 1.55 -1.36 -1.36 1.08 -0.62 -0.62 -0.19 1.37 1.36
Kurtosis 2.79 3.25 3.25 1.83 4.19 4.20 0.73 1.07 1.07 -0.29 2.64 2.63

A: 95% Confidence Interval for Mean (Lower Bound).   B: 95% Confidence Interval for Mean (Upper Bound).
C: 5% Trimmed Mean   D: Standard Deviation.   E: Interquartile Range.

Table 4.  Statistical analysis of the shoreline changes (2012)
Artificial Gravel Rock Sand Silt

SCE NSM EPR SCE NSM EPR SCE NSM EPR SCE NSM EPR SCE NSM EPR
Mean 2.09 -0.89 -0.18 4.24 -3.47 -0.69 1.64 -0.71 -0.14 14.40 -12.67 -2.53 5.02 -1.03 -0.20

95% M.U.a 0.95 -2.15 -0.43 2.69 -5.23 -1.05 1.26 -1.14 -0.23 12.05 -15.42 -3.08 2.36 -5.24 -1.05
95% M.U.b 3.23 0.38 0.08 5.78 -1.71 -0.34 2.01 -0.29 -0.06 16.75 -9.92 -1.98 7.69 3.19 0.64
5% T.M.c 1.34 -0.68 -0.13 3.60 -2.98 -0.60 1.23 -0.58 -0.12 13.75 -12.63 -2.53 4.69 -1.46 -0.29
Median 0.85 -0.56 -0.11 2.93 -2.82 -0.56 0.84 -0.22 -0.05 12.35 -10.39 -2.08 5.01 -2.39 -0.48
Variance 16.06 19.72 0.79 20.22 26.28 1.05 6.78 8.96 0.36 126.97 174.35 6.98 17.61 43.99 1.76
Std. Dev d 4.01 4.44 0.89 4.50 5.13 1.03 2.60 2.99 0.60 11.27 13.20 2.64 4.20 6.63 1.33
Minimum 0.00 -22.86 -4.57 0.17 -21.86 -4.37 0.01 -14.56 -2.91 0.10 -46.90 -9.38 0.57 -9.65 -1.93
Maximum 22.86 17.13 3.43 21.86 4.87 0.97 23.02 23.02 4.60 46.90 22.44 4.49 15.49 15.49 3.10
Range 22.86 39.99 8.00 21.69 26.73 5.34 23.01 37.58 7.51 46.80 69.34 13.87 14.92 25.14 5.03
IQRe 1.20 2.12 0.43 3.60 4.28 0.86 1.50 1.78 0.36 16.51 18.44 3.69 4.44 6.78 1.36

Skewness 4.14 -1.27 -1.26 2.50 -1.76 -1.76 4.48 1.33 1.32 0.76 -0.21 -0.21 1.52 1.40 1.40
Kurtosis 18.21 17.14 17.13 7.37 4.73 4.73 27.71 23.59 23.56 -0.14 0.04 0.04 2.73 2.74 2.75

A: 95% Confidence Interval for Mean (Lower Bound).   B: 95% Confidence Interval for Mean (Upper Bound).
C: 5% Trimmed Mean   D: Standard Deviation.   E: Interquartile Range.



in sand among all coastal topography. The amount of
change in artificial structures and rock formations were
the smallest but it seems that the occurrence of
abnormal values affected the average values.

According to Table 4, In NSM there was erosion of
-0.89, -3.47, -0.71, -12.67 and -1.03 m in artificial
structures, rock, gravel, sand, and silt. EPR showed
changes of -0.18, -0.69, -0.14, -2.53 and -0.20 m each.

Overall, the shoreline showed a retreating trend in
all landforms, and especially, greatest portion of erosion
was seen in beach areas such as Sinduri beach and in
Manlipo beach.

4. Conclusion

In this study we extracted shorelines of northwestern
coast in TaeAn peninsula using aerial LiDAR and
KOMPSAT-2 satellite images, and computed amount
of change in shoreline through Digital Shoreline
Analysis System. Based on this the amount of shoreline
change generated, statistical analysis was done to
examine the trend of shoreline change over long term.
2007 was set as the baseline year and comparison of
trend in shoreline change in 2009, 2010, and 2012 was
analyzed. As the base data for this purpose, the
shoreline of 2009 and 2010 was extracted from satellite
image and shoreline from 2007 and 2012 was extracted
from aerial LiDAR.

After computation using DSAS program, the
shoreline of 2009 depicted a general retreating trend,
and the greatest change was seen in silt. Compared to
2009, in 2010 shoreline was analyzed to advance
through the open sea. The shoreline data used for the
analysis of 2012 was extracted from aerial LiDAR as
in 2007, thus showed greater accuracy when compared
to 2009 and 2010 analysis.

After general analysis, the rate of change in shoreline
was shown to be variable depending on statistical
analysis methods and the form of observational subject.

In all land-forms there was a retreating trend of
shoreline with analysis showing greatest change in sand
and silt among all coastal land-forms. The amount of
change in artificial structures and rock formations were
very small but occurrence of abnormal values were
shown to have affected the overall average values.
Characteristically, TaeAn peninsula has monotonous
beaches but very complex gravel and rock formations,
resulting in generally accurate shoreline extraction of
beaches but erroneous values in gravel and rock
formations. Also, because there were many protruding
areas such as capes, there were large occurrences of
coupling point of measuring line and shoreline.
Therefore it is deemed that through further research
there needs to be a correction of abnormal values
caused by these characteristics.

As mentioned before, erosion and accretion in the
coastal areas are expected to further deepen, and
because shoreline changes have many variability such
as climate, change in sea level, and other factors,
analysis of shoreline movement trend will have
important effects as a base data in analyzing and
predicting future land-formation change.
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