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Estimation of the Coastline Changes Using LIDAR
Faik Ahmet Sesli1 and Mustafa Caniberk 2

In recent years, sustainable development has been a very popular subject. Sustainable development allows economic growth, social
welfare and environmental protection to enhance each other. The management of environmental resources in accordance with the principles
of sustainable development has become crucial in many areas including coastal resources. Integrated Coastal Zone Management is one of
the tools to achieve this goal. Coastal zones involve many different elements of development and interaction and these elements change due
to natural or human factors. Temporal change in coastal zones is reflected on the coast line. Coast line advance and retreat cause major
changes on coastal zones. One of the most basic elements of Integrated Coastal Zone Management is the accurate determination of coastal
line. For this purpose, tools such as remote sensing, photogrammetry, terrestrial measurements, GPS technology and LIDAR systems, which
have been actively used in recent years, are used. In this study, the use of LIDAR technology in order to examine coastline changes was
investigated. The coast line was automatically determined using LIDAR measurements of the same area from 2007, 2008 and 2009, and
change analysis was made.
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1. Introduction
Coasts are the areas where natural and artificial changes occur most frequently. Due to being in
the interaction zone of sea and land environments, the coastal zones are greatly affected by the natural changes.
Moreover, the fact that the coastal zones were used by humans for settlement, housing, economy, and
transportation purposes throughout the history caused artificial changes in these areas as well (Sesli, 2006;
Kuleli, 2009; Doker, 2012). Distinguishing land and water in black and white aerial photographs, especially
where the waters are blurry and muddy, required extensive terrestrial efforts. Also, the fact that aerial
photographs were not digital made it difficult to extract information and caused mistakes. Much larger areas
could be included in real time all at once and much more detailed information on earth could be obtained using
digital images with high spectral resolution (Alesheikh et al., 2007; Sesli, 2010; Görmüş et al., 2014). In line
with these developments in remote sensing imaging systems, use of LIDAR (Light Detection and Ranging)
technology has become more common in various engineering practices. LIDAR data has numerous advantages.
It is a versatile technology used in atmospheric studies, sea level measurements and glacier studies. LIDAR is
used in the production of maps of terrains with different characteristics. This technology provides high accuracy
and high point density of digital elevation model. LIDAR is much more effective on areas with slight elevation
differences and relatively low-intensity vegetation (Wehr and Lohr, 1999; Yılmaz and Yakar, 2006). The U.S.
National Oceanic and Atmospheric Administration (NOAA) used LIDAR to map the United States’coastal
boundary in order to define the nation’s legal shoreline (White, 2007).
1.1. Problem Statement
Coastal management is usually created in order to solve problems arising from use of the coastal zone. For
the purpose of identifying and solving problems, some countries and international organizations
(“UN Department of International Economic and Social Affairs (1982)”, “UNEP (1995)”, “IWICM (1996)”,
“The Organization for Economic Co-operation and Development (OECD)” have developed guidelines about
the content of coastal zone management (Kay and Alder, 1999). Some changes occur on coastal lines naturally.
As highlighted by Gibeaut et al., (2001) divides changes that occur in coastal line into three categories: longterm changes, short term changes and episodic changes. In this context, short-term changes take place in a time
period of 5 to 10 years. Episodic changes are defined as sudden changes that occur as a result of natural events,
such as storms and tsunamis. While long-term changes affect the entire coastal zone to the same degree, shortterm change may cause the coast to advance on one side and to retreat or remain unchanged on the other side,
with intervals of a few kilometres. Due to the natural characteristics of low coasts, these changes occur as
advance or retreat of the coast as a result of natural conditions such as waves and winds. Coastal zones, which
form the intersection line of the land and the sea, have a highly variable natural structure and are affected by
almost all changes that take place near them.
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Coastal zones are always the centre of attraction, because they can be used as a living space for humans,
provide various opportunities for industry and commerce, are used as a waste discharge area, or for food
production, contain natural beauty, can be used for education and national defence purposes. In spite of these
opportunities provided by the coastal zones, the results of human activities are extremely devastating (Bostwick
and Ketchum, 1972; French, 1997). The first attempts in the management of coastal areas were launched by
developed countries. In 1972, Coastal Zone Management emerged in the USA for the first time. It is widely
accepted that measures taken in accordance with the Coastal Zone Management Act made in 1972 were more
effective compared to traditional approach (Post and Lundin, 1993). It could be suggested that it was one of
the indirect benefits of the Stockholm Human and Environment Conference that the coastal management was
subject to legal regulation for the first time (Cicin-Sain ET AL., 1995). After this first initiative in the USA,
many countries began to make an effort in this direction in the early 1980’s (Leitmann, 1998). This approach,
the foundations of which were laid in 1972 with the new coastal management law made in USA, can be called
Integrated Coastal Zone Management. Changes that take place in coast lines require long-term data. GIS and
remote sensing (RS) methods are preferred in the evaluation of this data. Remote sensing is also one of the most
efficient methods to detect coastal change (Vinodkumar ET AL., 1998; Kostiuk, 2002; Zhu, 2001; Aydinoglu
and Gungor, 2010).
1.2. Coast Line Concept
Coast line, with its simplest definition, is where the land and the sea meet. Another definition of coastline is
the natural line that is formed by the conjunction of points where seas, lakes and rivers touch the land mass,
except for their overflowing states, and changes according to meteorological events (Akıncı et al., 2012). If this
line didn’t change, it could be easier to define it. However, the dynamics of the natural events that shape
the coast is quite high, although it changes depending on place and time. Thus, the line that connects the land and
the sea creates an interactive area between the land and the sea with the effects of sand accumulations, tides and
storms, and this area continues to change in a decided manner (Sesli et al., 2003).
1.3. LIDAR (Light Detection and Ranging) Technology
Generally, remote sensing ‘receiving physical and spatial information about the objects without touching
them, but by using satellite images and spatial and qualitative sensing of objects’ is the description (Lillesand
and Kiefer, 1994; Eastman, 2003; Jensen, 2005; Demirkesen, 2007; Kim et al., 2013; Epifânio et al., 2013;
Bayram et al., 2008). LIDAR is the laser scanning sensing system used for receiving high precision spatial data.
This technology started to develop at the end of 1960’s and the first commercial LIDAR system was released in
1993 aiming topographic mapping. The LIDAR working principle is measuring the time of the laser signals,
send from the laser scanning system and reflected from the object's surface, to go back to the receiver (Petrie and
Toth, 2009). By using the GPS/IMU system, the location and coming back information at the time that the laser
signal was sent is measured to figure the X, Y, Z coordinates of the object. In modern LIDAR systems the laser
signal at the same time records the intensity information to form an ‘intensity image’. The intensity image is
used in order to classify the locations with the same hight information and to extract the features of the objects
(Baltsavias, 1999; Schenk and Csatho, 2002; Habib, 2008). Laser is an important component of the LIDAR
system. The laser uses the electrical and chemical energy as input in order to create an optical energy.
The biggest problem during this cycle is that only 1-10% of the laser signals have enough energy when they get
back, so there is a substantial loss of energy. Despite this, the signal with many wanted qualities is produced.
These qualities are; L: high radiance, λ: short wave length, ∆λτ: narrow spectral width, ∆λτ: short pulse time,
PRT: pulse repetition time, Qt: laser signal resolution. These qualities provide these advantages. Wide L and
short wave length provide the target to be a small area. Wide L causes high flight altitude. The high vertical line
is an outcome of low pulse rate and small τ. lastly, usage of narrow spectral width and checking the radiation
source, enables to work at the your night time (Goldstein et al., 1988; Yılmaz and Yakar, 2006). There are many
products obtained from the data received from the LIDAR systems. These products as; Digital Elevation Models
(DEM), Digital Terrain Models (DTM), Triangulated irregular network (TIN), Contours, Shaded relief maps and
Slope maps. When looking at the products of the LIDAR data, it is easily seen that the area of application is
wide. Depending on the application, LIDAR system when compared to the ground and photogrammetric
measuring methods, is a complementary technology. In many surveying applications the aerial laser scanning
technology is used together with digital cameras, multispectral scanners and thermal cameras which contain
other detectors. This system which has properties that cannot be gathered from other systems is used in different
areas. LIDAR data which have extensive areas of usage are used for different purposes in different application
areas. LIDAR scanning system which is used mainly for determining three dimension surface area and field
surface characteristics usually serves these areas (Ekercin and Üstün, 2004; Andersen et al., 2005; Blackburn,
2002; Hyde et al., 2006; Nelson et al., 2005; Streutker and Glenn, 2006; Thoma et al., 2005; Suarez et al., 2005;
Zhou et al., 2004) such as; Digital Mapping, Land Use Determination, Stream Monitoring and Evaluation,
Natural Environment Analysis, Renewal Activities, Forest Management, Disaster Planning, Transportation,
Telecommunication Panning, Urban Development and Coastal Management.
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1.4. Aim of the Study
In coastal zone management, determination of coast line and examination of coastal changes are primary
and continuous activities. LIDAR is a technology that is capable of creating high density digital elevation data
with geometric properties at almost the same accuracy as terrestrial measurements and faster than aerial
photogrammetry.
Compared to terrestrial measurement methods and aerial photogrammetry, LIDAR requires less field work
and has a lower evaluation cost. This makes LIDAR and attractive technology for users who need digital
elevation data referenced at required accuracy, with high point density at a low cost (Ekercin and Üstün, 2004).
With this study, LIDAR data of a sample region belonging to years 2007, 2008 and 2009 were processed and
the coastline was determined automatically. LIDAR data belonging to the aforementioned years were collected
during the same period (in April). Thus, the effects of seasonal change were reduced to a minimum level.
The coast line was tried to be determined automatically and the changes in the coastline were interpreted.
2. Materials and methods
The coastal zone between the coordinates of 33o 27' 45,0037'' N, 117o 41' 16,9687'' W and
33 26' 11,898''1 N, 117o 38' 24,8310'' W was selected as the study zone. The LIDAR data of the coastal zone
between Los Angeles and San Diego, CA, USA, provided by “National Oceanic and Atmospheric
Administration (NOAA)” constitute the study material. Also, the satellite images of the same are at a resolution
of 1 m provided by “National Agriculture Imagery Program (NAIP)” were used as well (Fig.1 and 2).
o

Fig. 1. Location of study area.

Fig. 2. Downloading the data of the study zone at a resolution of 1 m.
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The LIDAR data provided was in “.laz” format. This is the compressed format of raw LIDAR data and can
be opened with LasZip software, which can be found at “http://www.laszip.org/“. “Global Mapper” software was
used to obtain Digital Surface Model (DSM) from LIDAR data.The coast line was determined automatically
using the DSMs produced with this software. The LIDAR data of the study zone were downloaded from
“http://coast.noaa.gov/digitalcoast/“. The processed LIDAR data can be seen in Fig. 3. The compressed LIDAR
data were opened and raw LIDAR data were obtained. This LIDAR point cloud data were collected in “Long
Beach” from a lane of 5 km in length and 500-700 m in width and at low tide conditions along the beach.

Fig. 3. The raw LIDAR data of the study zone (a) 2007, (b) 2008, (c) 2009.

The data were collected using an “Optech Inc. Airborne Laser Terrain Mapper (ALTM) 1225” device and
in a way that there was 6-8 points in one square meter. For the LIDAR data collected, the planimetric accuracy
was reported to be 10 cm and the height accuracy was reported to be 15 cm. When sent to the surface, laser
signal can hit several points. While some signals go directly to the ground, some are reflected from natural and
artificial details first. The sensors can collect both data depending on the system settings. This is usually
described as “first signal returns first, last signal returns last”. Usually, topographical maps and digital surface
model are based on the elements that return last. However, the signals that return first are used in DSM
production. The laser signals that return first must be used because DSM data contain all natural and artificial
details in the zone. For this reason, the signals reflected first from the LIDAR point cloud were filtered before
DSM production.

Fig. 4. Flowchart used to determine the coast line from the LIDAR data.
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Contours are lines that show heights above the sea level. Each contour, which is one of the basic elements
of topographic maps, represents the points located at the same height above the sea level. With this approach,
the zero contour line represents the mean sea level. "Coast Line" concept basically corresponds to the zero
contour line. The most important point to note here is that the vertical datum is known. The reference
information of the LIDAR data used in the study is available in the metadata file. Examining the metadata, it is
seen that the reference is “Altitude Datum Name: North AmericanVertical Datum of 1988 (NAVD88)”.
NAVD88 datum is a system that was established to identify the orthometric height. In short, NAVD88 datum
uses the local mean seal level as the reference point. A flowchart was designed and implemented to
automatically determine the coastal line from the LIDAR data (Fig. 4). First of all, the raw data were filtered
according to the values of the first reflection. After this process, filtered data were used to produce DSM. After
the vertical datum identification in the LIDAR data, the DSM data of the study zone according to years was
produced (Fig. 5). The coast line was determined automatically using the DSMs produced (Fig. 6).

Fig. 5. The digital surface model of the study zone (a) 2007, (b) 2008, (c) 2009.

Fig. 6. Automatically determined coast lines.

3. Results and discussion
The coastal zone of the study zone in 2007, 2008 and 2009 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
(Hectares)

Coastal Change
(Hectares)

Change
Ratio

2007

29,89

--

--

2008

28,93

-0,96

3,21 %

2009

28,45

-0,48

1,66 %

-1,44

4,87 %

TOTAL
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It is seen from Table 1 that the coastal change for the period of two years was a coastal retreat of
1,44 hectares. It is understood from Table 1 and Fig.7. that the coastal change was in the form of a retreat.
Considering that the study zone was approximately 5 km long, it can be said that the coastal retreat was
0,288 hectares (2880 m2) for the coastline of 1km. The satellite images of the study zone show that
the settlement started approximately 50 m away from the coast and a highway and a railroad were available
125 m away from the coast.

Fig. 7. Coastal zone change according to years.

Fig. 8. Coast line changes according to years.

Fig. 9. Coast line change rate according to years.
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The change in the coastline is shown in Fig. 8 and the coastal changes in the 9 checkpoints along the coast
line determined with intervals of approximately 500 m are given in Fig. 9. Examining the figure, it is seen that
there was a change of about 1-5 m. As can be seen in the topographic map produced within the framework of
this study (Fig. 10), a change in the coastline between 2007 and 2009 due to recent human activities was not
observed. Thus, the coastal changes are thought to be due to physical factors. The change in the coastline was
observed for a limited time period and it was seen that the coastal change for the period of two years was within
the range of 1-5 m. These coastal changes can be said to be mainly caused by natural factors and in a normal
range.
In the light of the findings, in spite of high population density, the presence of a railroad (Pacific Coast
Railway), a highway (Pacific Coast Highway) and a port (Dana Point Harbor) near the coastline, it can be said
that the changes in the coastline was at an acceptable level and these structures did not have adverse effect on
the coastline (Fig. 10).

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

4. Conclusions
It can be suggested that LIDAR systems are crucial data providers due to their usability in cases where
traditional measurement methods fall short in dangerous areas that are hard to access, especially for studies on
coastal zones. Also, being independent of daylight and its ability to collect complete data in scanning areas can
be considered as other advantages of this system.
In this study, LIDAR systems, which have been used successfully in various areas, were used to determine
the coast line. It is clearly seen that precise determination of coastlines can be made using LIDAR systems,
which have high planimetric accuracy. It is possible to use this system in coast line determination activities,
which are quite time consuming and full of setbacks due to meteorological conditions, especially in field works,
when traditional methods are used, and systematically collect processable data.
It is possible to classify the actual and possible changes in the coastal zones as due to natural factors and
due to human factors. On which part of the zone the change occurred is just as important as the reason of
the change. The changes in the coastal zone are caused by coastal advance or retreat in the coastline or
the coastal zone. Due to being in the interaction zone of sea and land environments, changes that occur in coastal
zones are two sided. In these coastal changes, physical factors such as wave erosion, wave accumulation,
material accumulation of watercourses and sedimentation are effective. Human induced changes occur due to
activities such as coastal fillings in order to obtain land, construction of ports and harbours and interventions to
the coastal zone to build transport routes. Positive results of the efforts of the USA regarding coastal
management beginning from 1970’s were seen in this study.
The coastlines show a structure that changes over time. Coasts must be measured periodically to monitor
these changes. At this point, it is thought that the use of LIDAR, which is a fast, efficient and highly accurate,
will be very useful and fast solution.

231

Faik Ahmet Sesli and Mustafa Caniberk: Estimation of the Coastline Changes Using LIDAR

References
Akıncı, H., Sesli, F.A., Doğan, S.: Implementation of a web services-based SDI to control and manage private
ownership rights on coastal areas, Ocean&Coastal Management, Volume 67, 2012, 54-62.
Alesheikh A.A., Ghorbanali I.A., Nouri, N.: Coastline change detection using remote sensing. Int. J. Environ.
Sci. Tech., 4 (1), 2007, 61-66.
Andersen H.E., McGaughey R.J., Reutebuch S.E.: Estimating Forest Canopy Fuel Parameters Using LIDAR
Data, Remote Sensing of Environment, 94, 2005, 441–449.
Aydinoglu, A.C., Gungor, O.: A Novel Land Cover/Use Data Model for GIS and Remote Sensing Applications
in Turkey, Rivista Italiana Di Telerilevamento Volume:42, 2010, Issue:2, Special Issue:SI, 27-41.
Baltsavias E.P.: Airborne Laser Scanning: Existing Systems and Firms and Other
Resources.
ISPRS
Journal of Photogrammetry and Remote Sensing, 54, 1999, (2–3), 164–198.
Bayram, B., Acar, U., Seker, D., & Ari, A.: A novel algorithm for coastline fitting
through a case study
over the Bosphorus. Journal of Coastal Research, 24(4), 2008, 983–991.
Blackburn G.A.: Remote sensing of forest pigments using airborne imaging spectrometer and LIDAR imagery,
Remote Sensing of Environment, 82, 2002, 311-321.
Bostwick H., Ketchum (Ed.): The Water's Edge: Critical Problems of the Coastal Zone, The MIT Press,
Cambridge, Massachusetts, 12, 1972.
Cicin-Sain B., Knechtand, R.W., Fisk., G.: Growth in capacity for integrated coastal management since
UNCED: an international perspective, Ocean&Coastal Management, 33, 1995.
Demirkesen A.C.: Günümüzde Uzaktan Algılama Uygulamalarına Genel Bir Bakış, TMMOB HKMO 11.
Türkiye Harita Bilimsel Kurultayı, Ankara, 2007.
Döker M.F.: İstanbul İli Marmara Denizi Kıyı Çizgisinde Meydana Gelen Zamansal Değişimin Belirlenmesi,
International Journal of Human Scienses, Cilt 9, S. 2, s.1250-1369, 2012.
Durduran, S. S.: Coastline change assessment on water reservoirs located in the Konya Basin Area, Turkey,
using multitemporal landsat imagery. Environmental monitoring and assessment, 164(1-4), 2010, 453-461.
Eastman, R.: Idrisi Kilimanjaro Manual and Tutorial. Clark Labs, Clark University, Worchester, 2003.
Ekercin S., Üstün B.: Uzaktan Algılamada Yeni Bir Teknoloji; Lidar, Jeodezi, Jeoinformasyon ve Arazi Yönetimi
Dergisi, 2004, s.91.
Epifânio, B., Zêzere, J.L., Neves, M.: Identification of hazardous zones combining cliff retreat with Landslide
susceptibility assessment. In: Conley, D.C., Masselink, G., Russell, P.E. and O’Hare, T.J. (eds.),
Proceedings 12th International Coastal Symposium (Plymouth, England), Journal of Coastal Research,
Special Issue No. 65, 2013, 1681-1686, ISSN 0749-0208.
French, P.W.: Coastal and Estuarine Management, Routledge, New York, 9, 1997.
Gibeaut J.C., Hepner T., Waldinger R., Andrews J., Gutierrez R., Tremblay T. A., Smyth R., Xu L.: Changes in
Gulf Shoreline Position, Mustang, and North Padre Islands, 2001,
Goldstein R.M., Zebker H.A., Werner C.: Satellite Radar Interferometry: two dimensional phase unwrapping.
Radio Sci., Vol. 23: Number 4, 1988, 713- 720.
Görmüş, K. S., Kutoğlu, Ş. H., Şeker, D. Z., Özölçer, İ. H., Oruç, M., Aksoy, B.: Temporal analysis of coastal
erosion in Turkey: a case study Karasu coastal region. Journal of Coastal Conservation, 2014, 1-16.
Habib A.: Integration of LiDAR and Photogrammetric Data: Triangulation and OrthoRectification. Topographic
Laser Ranging and Scanning Principles and processing. Taylor &Francis Group p. 371400, 2008.
Hyde P., Dubayah R., Walker W., Blair J.B., Hofton M., and Hunsaker C.: Mapping Forest Structure for
Wildlife Habitat Analysis Using Multi-Sensor (LIDAR, SAR/InSAR, ETM+, Quickbird) Synergy, Remote
Sensing of Environment, Volume 102, Issues 1-2, 30, May, 2006, 63-73.
Jensen J. R.: Digital Image Processing: A remote Sensing Perspective. Second edition. Prentice-Hall: Upper
Saddle River, N.J., 2005.
Kay R., Alder J.: Coastal Planning and Management, I.,E & FN Spon, New York 1999.
Kim, I.H., Lee, H.S., Song, D.S.: Time series analysis of shoreline changes in Gonghyunjin and Songjiho
Beaches, South Korea using aerial photographs and remotely sensed imagery, Proceedings 12th
International Coastal Symposium (Plymouth, England), Journal of Coastal Research, Special Issue No. 65,
2013, 1415-1420, ISSN 0749-0208.
Kostiuk M.: Using Remote Sensing Data to DetectSea Level Change, Pecora 15/Land Satellite Information
IV/ISPRS Commission I/FIEOS 2002 Conference Proceedings.
Kuleli, T: Quantitative Analysis of Shoreline Changes at the Mediterranean Coast in Turkey, Environmental
Monitoring and Assessment, ISSN: 0167-6369 (Print) 1573-2959 (Online), Springer Link Date: Tuesday,
June 30 2009, DOI: 10.1007/s10661-009-1057-8.
Leitmann, J.: Options for Managing Protected Areas: Lessons from International
Experience, Journal of
Environmental Planning and Management, January, Vol.41, 1998, (1), 129-144.

232

Acta Montanistica Slovaca

Volume 20 (2015), number 3, 225-233

Lillesand T.M., Kiefer R.W.: Remote Sensingand Image Interpretation. John Wiley&Sons Inc.: New York 1994.
Nelson R., Keller C., Ratnaswamy M.: Locating and estimating the extent of Delmarva foxs quirrel habitat
using an airborne LIDAR profiler, Remote Sensing of Environment, 96, 2005, 292-301.
Petrie G., Toth C.: Airborne and Space borne Laser Scanners, Topographic Laser
Ranging and Scanning
Principles and processing. Taylor &Francis Group, 2009, 2985.
Post, J.C., Lundin, C.G. (Ed.): Guidelines For Integrated Zone Management, (Environmentally Sustainable
Development Series No.9, 1993, The Word Bank), 1.
Schenk T., Csatho B.: Fusion of LiDAR Data and Aerial Imagery for a More Complete Surface Description,
IAPSIS XXXIV 3A, 2002, 310–317.
Sesli F.A.: Sayısal Fotogrametri ile Kıyı Alanlarındaki Değişimin İncelenmesi, Jeodezi, Jeoinformasyon ve Arazi
Yönetimi Dergisi, Sayı 95, 2006, s. 11-17.
Sesli F. A., Aydınoğlu A.Ç. ve Akyol N.: Kıyı Alanlarının Yönetimi, Türk Mühendis ve Mimar Odaları Birliği
Harita ve Kadastro Mühendisleri Odası 9. Türkiye Harita Bilimsel ve Teknik Kurultayı, Bildiriler Kitabı,
s.757-768, 31 Mart - 4 Nisan 2003, Ankara.
Sesli, F. A.: Mapping and Monitoring Temporal Changes for Coastal Region of Samsun, Turkey by Using Aerial
Data Images and Digital Photogrammetry, International Journal of the Physical Sciences, Vol. 5 (10),
1567-1575, September 2010, ISSN: 1992-1950 © 2010
Streutker D.R., Glenn N.F.: LIDAR Measurement of Sagebrush Steppe Vegetation Heights, Remote Sensing of
Environment, Volume: 102, Issues 1-2, 30 May 2006, 135-145.
Suarez J.C., Ontiveros C., Smith S., Snape S.: Use of Airborne LIDAR and aerial
photography
in
the estimation of individual tree heights in foresty, Computers&Geonsciences (31), 2005, 253-262.
Thoma D.P., Gupta S.C., Bauer M.E., Kirchoff C.E.: Airborne laser scanning for river bank erosions assessment,
Remote sensing of Environment, 2005, 493-501.
Vinodkumar K., Bhattacharya A., Subramanian C.: Coastal Morphological Insuences for Trophical Cyclone
Track Deviation Along Andhra Coast: GIS and remote sensing based approach Current Science 75 (9),
1998, 955-958.
Wehr A., U. Lohr: Airborne Laser Scanning–An Introduction and Overview”, ISPRS Journal of
Photogrammetry and Remote Sensing, V.54, 1999, 68-82.
White, S.: “Utilization of LIDAR and NOAA’s vertical datum transformation, tool (VDatum) for shoreline
delineation,” in OCEANS 2007, 2007, 1–6.
Yılmaz H.M., Yakar M.: Lidar (Light Detection And Ranging) Tarama Sistemi, Yapı Teknolojileri Elektronik
Dergisi, 2006, 23–33.
Zhou G., Song C., Simmers J., Cheng P.: Urban 3D GIS from LIDAR and digital aerial images,
Computers&Geonsciences (30), 2004, 345-353.
Zhu X.: “Remote Sensing Monitoring of Coastline Change in Pearly River Estuary”, Assian Conference of
Remote Sensing, Singapore, 2001.

233

