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Estimation of the Coastline Changes Using LI DAR

Faik Ahmet Sedi! andMustafa Caniberk 2

In recent years, sustainable development has beemapopular subject. Sustainable developmenteleconomic growth, social
welfare and environmental protection to enhanceheztber. The management of environmental resouncascordance with the principles
of sustainable development has become crucial inynaaeas including coastal resources. Integrateé&al Zone Management is one of
the tools to achieve this goal. Coastal zones iresahany different elements of development andaictien and these elements change due
to natural or human factors. Temporal change instahzones is reflected on the coast line. Coast éidvance and retreat cause major
changes on coastal zones. One of the most basitests of Integrated Coastal Zone Management isitioarate determination of coastal
line. For this purpose, tools such as remote senghotogrammetry, terrestrial measurements, GeBnalogy and LIDAR systems, which
have been actively used in recent years, are usethis study, the use of LIDAR technology in ortteexamine coastline changes was
investigated. The coast line was automatically aeiteed using LIDAR measurements of the same ama #007, 2008 and 2009, and
change analysis was made.
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1. Introduction

Coasts are the areas where natural and artifidi@hges occur most frequently. Due to being in
the interaction zone of sea and land environménéscoastal zones are greatly affected by the alathianges.
Moreover, the fact that the coastal zones were usechumans for settlement, housing, economy, and
transportation purposes throughout the history edwertificial changes in these areas as well (S26106;
Kuleli, 2009; Doker, 2012). Distinguishing land amter in black and white aerial photographs, esfigc
where the waters are blurry and muddy, requireceresive terrestrial efforts. Also, the fact that iaer
photographs were not digital made it difficult ttract information and caused mistakes. Much laayeas
could be included in real time all at once and monaire detailed information on earth could be oladinsing
digital images with high spectral resolution (Alesth et al., 2007; Sesli, 2010; Gorgnét al., 2014). In line
with these developments in remote sensing imagysgems, use of LIDAR (Light Detection and Ranging)
technology has become more common in various eagige practices. LIDAR data has numerous advantages
It is a versatile technology used in atmospheniclists, sea level measurements and glacier studiesaR is
used in the production of maps of terrains wited@nt characteristics. This technology provideghaccuracy
and high point density of digital elevation moddDAR is much more effective on areas with slighgwation
differences and relatively low-intensity vegetatigiehr and Lohr, 1999; Yilmaz and Yakar, 2006). Th&.
National Oceanic and Atmospheric Administration (A& used LIDAR to map the United States’coastal
boundary in order to define the nation’s legal stioe (White, 2007).

1.1. Problem Statement

Coastal management is usually created in ordeolt@ roblems arising from use of the coastal zéioe.
the purpose of identifying and solving problems, meo countries and international organizations
(“UN Department of International Economic and Sbdéfairs (1982)”, “UNEP (1995)", “IWICM (1996)",
“The Organization for Economic Co-operation and &epment (OECD)” have developed guidelines about
the content of coastal zone management (Kay andrAl®99). Some changes occur on coastal linesatigtu
As highlighted by Gibeaut et al., (2001) dividesedes that occur in coastal line into three categpfong-
term changes, short term changes and episodic ebahgthis context, short-term changes take plaeetime
period of 5 to 10 years. Episodic changes are ddfas sudden changes that occur as a result ghhauents,
such as storms and tsunamis. While long-term clsanaffect the entire coastal zone to the same deghest-
term change may cause the coast to advance onidmarsl to retreat or remain unchanged on the aider,
with intervals of a few kilometres. Due to the matucharacteristics of low coasts, these changesroas
advance or retreat of the coast as a result ofalatonditions such as waves and winds. Coastaégonhich
form the intersection line of the land and the d&aje a highly variable natural structure and dfected by
almost all changes that take place near them.
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Coastal zones are always the centre of attradtiecause they can be used as a living space forrnsyma
provide various opportunities for industry and coence, are used as a waste discharge area, or ddr fo
production, contain natural beauty, can be usededlucation and national defence purposes. In spithese
opportunities provided by the coastal zones, tealte of human activities are extremely devastatBastwick
and Ketchum, 1972; French, 1997). The first attaniptthe management of coastal areas were lauriohed
developed countries. In 1972, Coastal Zone Managemmerged in the USA for the first time. It is wig
accepted that measures taken in accordance witEdhstal Zone Management Act made in 1972 were more
effective compared to traditional approach (Post Bandin, 1993). It could be suggested that it wae of
the indirect benefits of the Stockholm Human andiEBmment Conference that the coastal managemest wa
subject to legal regulation for the first time (DiSain ET AL., 1995). After this first initiativen the USA,
many countries began to make an effort in thisatima in the early 1980’s (Leitmann, 1998). Thipsgach,
the foundations of which were laid in 1972 with tew coastal management law made in USA, can lkedca
Integrated Coastal Zone Management. Changes tkatplace in coast lines require long-term data. &h8
remote sensing (RS) methods are preferred in thki@iion of this data. Remote sensing is also drieeomost
efficient methods to detect coastal change (Vinoaku ET AL., 1998; Kostiuk, 2002; Zhu, 2001; Aydgio
and Gungor, 2010).

1.2. Coast Line Concept

Coast line, with its simplest definition, is whehe land and the sea meet. Another definition ekstme is
the natural line that is formed by the conjunctafnpoints where seas, lakes and rivers touch thé raass,
except for their overflowing states, and change®mting to meteorological events (Akinci et al.12) If this
line didn't change, it could be easier to defineHowever, the dynamics of the natural events thatpe
the coast is quite high, although it changes deipgrmah place and time. Thus, the line that connietdand and
the sea creates an interactive area between tetahthe sea with the effects of sand accumulstigses and
storms, and this area continues to change in aleéchanner (Sesli et al., 2003).

1.3. LIDAR (Light Detection and Ranging) Technology

Generally, remote sensing ‘receiving physical asmhtial information about the objects without tdngh
them, but by using satellite images and spatidl gumlitative sensing of objects’ is the descript{tillesand
and Kiefer, 1994; Eastman, 2003; Jensen, 2005; es#n, 2007; Kim et al., 2013; Epifanio et al.120
Bayram et al., 2008). LIDAR is the laser scanniagsing system used for receiving high precisioniapdata.
This technology started to develop at the end &019and the first commercial LIDAR system was asked in
1993 aiming topographic mapping. The LIDAR workipgnciple is measuring the time of the laser signal
send from the laser scanning system and reflected the object's surface, to go back to the recéRetrie and
Toth, 2009). By using the GPS/IMU system, the lmeatnd coming back information at the time that kdser
signal was sent is measured to figure the X, Yodrdinates of the object. In modern LIDAR systetres laser
signal at the same time records the intensity m#&dion to form an ‘intensity image’. The intensitgage is
used in order to classify the locations with theneahight information and to extract the featureshef objects
(Baltsavias, 1999; Schenk and Csatho, 2002; H&fB8). Laser is an important component of the LIDAR
system. The laser uses the electrical and cheneicatgy as input in order to create an optical gnerg
The biggest problem during this cycle is that ohl¥0% of the laser signals have enough energy \henget
back, so there is a substantial loss of energypiBethis, the signal with many wanted qualitiepisduced.
These qualities are; L: high radianée short wave lengthAlt: narrow spectral widthAt: short pulse time,
PRT: pulse repetition time, Qt: laser signal regolu These qualities provide these advantageseWidénd
short wave length provide the target to be a sarelh. Wide L causes high flight altitude. The hightical line
is an outcome of low pulse rate and smallastly, usage of narrow spectral width and chaegkhe radiation
source, enables to work at the your night time @Si&in et al., 1988; Yilmaz and Yakar, 2006). Treemany
products obtained from the data received from th®AR systems. These products as; Digital ElevaModels
(DEM), Digital Terrain Models (DTM), Triangulatedrégular network (TIN), Contours, Shaded relief mapd
Slope maps. When looking at the products of theARDdata, it is easily seen that the area of apfidinas
wide. Depending on the application, LIDAR systemewhcompared to the ground and photogrammetric
measuring methods, is a complementary technolagyndny surveying applications the aerial laser sican
technology is used together with digital camerasitispectral scanners and thermal cameras whichaton
other detectors. This system which has propettigsdannot be gathered from other systems is usditférent
areas. LIDAR data which have extensive areas ofjaisae used for different purposes in differentliappion
areas. LIDAR scanning system which is used maiotydetermining three dimension surface area arld fie
surface characteristics usually serves these @Bdascin and Ustiin, 2004; Andersen et al., 2005cEburn,
2002; Hyde et al., 2006; Nelson et al., 2005; $kesuand Glenn, 2006; Thoma et al., 2005; Suare. €2005;
Zhou et al., 2004) such as; Digital Mapping, LandelDetermination, Stream Monitoring and Evaluation,
Natural Environment Analysis, Renewal Activitiesprést Management, Disaster Planning, Transportation
Telecommunication Panning, Urban Development anas@b Management.
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1.4. Aim of the Study

In coastal zone management, determination of doestand examination of coastal changes are primary
and continuous activities. LIDAR is a technologwttliis capable of creating high density digital elan data
with geometric properties at almost the same acguas terrestrial measurements and faster thamlaeri
photogrammetry.

Compared to terrestrial measurement methods arma pbotogrammetry, LIDAR requires less field work
and has a lower evaluation cost. This makes LIDAR attractive technology for users who need digital
elevation data referenced at required accuracyy Wgh point density at a low cost (Ekercin andilist2004).
With this study, LIDAR data of a sample region begjmg to years 2007, 2008 and 2009 were processed a
the coastline was determined automatically. LIDA&Radbelonging to the aforementioned years werectsitl
during the same period (in April). Thus, the effecf seasonal change were reduced to a minimum. leve
The coast line was tried to be determined automifitiand the changes in the coastline were intéedre

2. Materials and methods

The coastal zone between the coordinates of 23 45,0037 N, 117 41 16,9687 W and
33° 26 11,8981 N, 117 38 24,8310 W was selected as the study zone. The LIDAR dhthecoastal zone
between Los Angeles and San Diego, CA, USA, pralidey “National Oceanic and Atmospheric
Administration (NOAA)” constitute the study matdridlso, the satellite images of the same are r&tsalution
of 1 m provided by “National Agriculture Imagerydgram (NAIP)” were used as well (Fig.1 and 2).

Fig. 1. Location of study area.
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Fig. 2. Downloading the data of the study zona eg¢solution of 1 m.
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The LIDAR data provided was in “.laz” format. Thésthe compressed format of raw LIDAR data and can
be opened with LasZip software, which can be foatthttp://www.laszip.ord! “Global Mapper” software was
used to obtain Digital Surface Model (DSM) from IAR data.The coast line was determined automatically
using the DSMs produced with this software. The ARDdata of the study zone were downloaded from
“http://coast.noaa.gov/digitalcodstl he processed LIDAR data can be seen in Fig.h& compressed LIDAR
data were opened and raw LIDAR data were obtaibié LIDAR point cloud data were collected in “Long
Beach” from a lane of 5 km in length and 500-70thmwidth and at low tide conditions along the beach

(a) (b)
Fig. 3. The raw LIDAR data of the study zone @)72 (b) 2008, (c) 2009.

The data were collected using an “Optech Inc. AinkoLaser Terrain Mapper (ALTM) 1225” device and
in a way that there was 6-8 points in one squaremEeor the LIDAR data collected, the planimet@ruracy
was reported to be 10 cm and the height accurasyreported to be 15 cm. When sent to the surfaser |
signal can hit several points. While some signalgligectly to the ground, some are reflected fratural and
artificial details first. The sensors can colleaittb data depending on the system settings. Thissiglly
described as “first signal returns first, last sigreturns last”. Usually, topographical maps aigital surface
model are based on the elements that return lasivekier, the signals that return first are used BIMD
production. The laser signals that return first trhes used because DSM data contain all naturalastifitial
details in the zone. For this reason, the sigrefleated first from the LIDAR point cloud were éited before
DSM production
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Fig. 4. Flowchart used to determine the coast line fromltiDAR data.
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Contours are lines that show heights above thdeseh Each contour, which is one of the basic eets
of topographic maps, represents the points locatdtle same height above the sea level. With thiscach,
the zero contour line represents the mean sea. [&@ebkst Line" concept basically corresponds to zbeo
contour line. The most important point to note héethat the vertical datum is known. The reference
information of the LIDAR data used in the studyaisilable in the metadata file. Examining the matadit is
seen that the reference is “Altitude Datum NamerttNcAmericanVertical Datum of 1988 (NAVD88)”".
NAVD88 datum is a system that was established éntifly the orthometric height. In short, NAVD88 dat
uses the local mean seal level as the referencet.pdi flowchart was designed and implemented to
automatically determine the coastal line from thBAR data (Fig. 4). First of all, the raw data wdiléered
according to the values of the first reflectiontekfthis process, filtered data were used to predd8M. After
the vertical datum identification in the LIDAR datdhe DSM data of the study zone according to yeas
produced (Fig. 5). The coast line was determinédraatically using the DSMs produced (Fig. 6).

(a) (b)

Fig. 5. The digital surface model of the study zone (&)720b) 2008, (c) 2009.
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Fig. 6. Automatically determined coast lines.

3. Results and discussion

The coastal zone of the study zone in 2007, 20@B2009 was measured and the amount of change
was calculated. These values are given in Table 1.

Tab. 1. Coastal zone and amount of change.

Year Coastal Zone Coastal Change Char)ge
(Hectares) (Hectares) Ratio
2007 29,89 - -
2008 28,93 -0,96 321 %
2009 28,45 -0,48 1,66 %
TOTAL -1,44 4,87 %
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It is seen from Table 1 that the coastal changettier period of two years was a coastal retreat of
1,44 hectares. It is understood from Table 1 amfd7Fithat the coastal change was in the form oéteeat.
Considering that the study zone was approximateknblong, it can be said that the coastal retreas w
0,288 hectares (28809nfor the coastline of 1km. The satellite images thé study zone show that
the settlement started approximately 50 m away ftbencoast and a highway and a railroad were dlaila

125 m away from the coast.
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Y0l e e 2009; 28.45

——
=

2008; 28.93

Change (hectare)

Fig. 7. Coastal zone change according to years.
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Fig. 8. Coast line changes according to years.
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Fig. 9. Coast line change rate according to years.
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The change in the coastline is shown in Fig. 8thedcoastal changes in the 9 checkpoints alongadhst
line determined with intervals of approximately 5®0are given in Fig. 9. Examining the figure, itsisen that
there was a change of about 1-5 m. As can be setheitopographic map produced within the framewafrk
this study (Fig. 10), a change in the coastlineavbenh 2007 and 2009 due to recent human activites not
observed. Thus, the coastal changes are thoudtd thue to physical factors. The change in the tpaswas
observed for a limited time period and it was sdwn the coastal change for the period of two yaas within
the range of 1-5 m. These coastal changes canith¢oshe mainly caused by natural factors and moeamal
range.

In the light of the findings, in spite of high pdation density, the presence of a railroad (Padifast
Railway), a highway (Pacific Coast Highway) andaatg{Dana Point Harbor) near the coastline, it barsaid
that the changes in the coastline was at an addeptvel and these structures did not have adwefifeet on
the coastline (Fig. 10).

Study Area Map 1
Image Sowrce: National Agriculture Imagery Program (NALP) W ‘¢, E
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0009 00048 o .008 Decimal Degroes
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Coordinate System: GCS Noth Amencan 1983
Dasum: North Aneicas 1983
Unts: Degree Author; Mustats CANIBERK nrd Fak Abmat SESLI

Fig. 10. Topographic map produced for the study zone.

4. Conclusions

It can be suggested that LIDAR systems are crdagh providers due to their usability in cases wher
traditional measurement methods fall short in damge areas that are hard to access, especialstddies on
coastal zones. Also, being independent of daykgiat its ability to collect complete data in scagnameas can
be considered as other advantages of this system.

In this study, LIDAR systems, which have been usectessfully in various areas, were used to determi
the coast line. It is clearly seen that preciseemheination of coastlines can be made using LIDARteys,
which have high planimetric accuracy. It is possitb use this system in coast line determinatidivities,
which are quite time consuming and full of setbadite to meteorological conditions, especially gldiworks,
when traditional methods are used, and systemigticallect processable data.

It is possible to classify the actual and possdilanges in the coastal zones as due to naturalraahd
due to human factors. On which part of the zoned@nge occurred is just as important as the reafon
the change. The changes in the coastal zone ameddwy coastal advance or retreat in the coastine
the coastal zone. Due to being in the interactmmezof sea and land environments, changes that oaccoastal
zones are two sided. In these coastal changesjcphyactors such as wave erosion, wave accumulatio
material accumulation of watercourses and sedirtientare effective. Human induced changes occurtdue
activities such as coastal fillings in order toabtland, construction of ports and harbours amerentions to
the coastal zone to build transport routes. Pesitigsults of the efforts of the USA regarding calast
management beginning from 1970’s were seen irsthidy.

The coastlines show a structure that changes awer Coasts must be measured periodically to monito
these changes. At this point, it is thought thatdlse of LIDAR, which is a fast, efficient and higlccurate,
will be very useful and fast solution.
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