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ABSTRACT: Parallel to technological developments, possibilities of benefiting from the seas are on the rise.
Therefore countries suggest proposals of solutions for sharing the areas of the sea, sometimes finding ultimate 
solution by referring to international jurisdiction and arbitration. The dispute between Turkey and Greece
over the Aegean Sea is a particular point of attention. There are numerous islands many of which belonging to 
Greece are so close to Turkish mainland in the Aegean Sea. It is needed an Aegean Base Map which can serve
a topographical data source included all kind of topological information and accepted as an accurate an reli-
able reference by both of the countries. In this study, a high precision digital base map of the Aegean Sea is 
presented which produced using satellite image data. 

1 INTRODUCTION

Parallel to technological developments, possibilities 
of benefiting from the seas are on the rise. Devel-
opments in the fields of off-shore drilling, produc-
tion of oil and gas by erecting off shore platforms 
and rigs reinforced the aspirations of the countries to 
claim sovereignty over the seas especially in the re-
gions close to their shores. The fact that the coun-
tries started to extend their interests to such an extent 
as to include the depths of the seas brought about bi-
lateral and international matters. Countries suggest 
proposals of solutions for sharing the areas of the 
sea, sometimes finding ultimate solution by referring 
to international jurisdiction and arbitration. The dis-
pute between Turkey and Greece over the Aegean 
Sea is a particular point of attention. Because, since 
in the Aegean Sea, there are numerous islands many 
of which belonging to Greece are so close to Turkish 
mainland. 

The Aegean Sea is a semi-closed sea that has 
unique geographical features and bears equal strate-
gic, economic and political importance for its two 
states, Turkey and Greece. These cardinal facts ne-
cessitate the establishment and maintenance of a 
delicate balance between the interests of the two 
countries in the Aegean Sea. Determining the base-
line and the maritime line around the Aegean Sea 
between Greece and Turkey has been a juridical 
problem for years. The line, from which the outer 
limits of the State's territorial sea are measured, has 

been discussed and interpreted for years between 
those Greece and Turkey.

Within this study, it has been aimed to prepare, 
from the satellite images, a digital map as base map 
by which the length of the shores of Turkey and 
Greece at the Aegean Sea would be determined and 
the issues of continental shelf and territorial waters 
would be studied. Therefore, for the purpose of de-
termining both the political and economical area of 
influence of our country in the Aegean Sea and de-
fining the borders at sea, a set of very detailed meas-
urements and calculations on the geometrically cor-
rected images (Landsat MSS data) or new data 
obtained from these images (vector data) will be 
made. This digital map is enhanced with the depth 
information digitized from analog maps.  

2 DATA AQUISITION AND METHOD 

The satellite images used here are Landsat-MSS Im-
ages, with 80 m spatial resolution. The MSS scene is 
defined as an image representing a ground area ap-
proximately 185 km in the east-west direction and 
178 km in the north-south direction. A series of im-
age frames can be joined together to form a mosaic. 
Several studies about image mosaic creating can be 
found in the literature. The Aegean Sea is covered 
spatially by 17 Landsat MSS images as shown in 
Table 1. All imagery was collected between July and 
September 1993. 
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Table 1: List of the Landsat Images 

Track Frame Date 

184 32 19-Jul-93 

183 35 29-Aug-93 

183 34 29-Aug-93 

183 33 29-Aug-93 

183 32 14-Sep-93 

182 32 22-Aug-93 

182 33 05-Jul-93 

182 34 22-Aug-93 

182 35 05-Jul-93 

182 36 05-Jul-93 

181 36 30-Jul-93 

181 35 30-Jul-93 

181 34 30-Jul-93 

181 33 30-Jul-93 

181 32 16-Sep-93 

180 35 09-Sep-93 

180 34 09-Sep-93 

The rectification process of satellite images were 
made using 1: 50 000 scale topographic maps of 
Turkey and Greece. Totally 279 ground control 
points are selected and digitized on those maps for 
the rectification map to image. The area covered by 
17 frames includes approximately 115 map sheets. 
In this study 91 of them are used for selecting 
ground control points. Approximately 100 control 
points are also used for image to image rectification. 
So it can be said that approximately 20 control 
points was used for each frame.  

The 1:50 000 scale topographic maps belong to 
the Turkey are produced in the UTM projection sys-
tem, zone 35. The Greek maps are produced in the 
same projection system, but in a different zone (zone 
34). The coordinates of ground control points which 
lies in UTM zone 34 are transformed to the UTM 
zone 35. Positional accuracy of satellite images gen-
erally means the degree of accuracy of an image cor-
rected geometrically. First order polynomial rectifi-
cation method and nearest-neighbor resampling 
method are used in this process. A total root mean 
square (RMS) error between 0.35 and 0.55 pixels is 
reached for each of the images. The project specifi-
cations are summarized in Table 2. 

Table 2: Project specifications 

Image Type Landsat-MSS’s Images 

Number of Total Band 4 

Band Combination 4/2/1 

Geometric Base UTM Zone 35 North 

Central Meridian 27º 

Ellipsoid Hayford (1910) 

Source of Control Points 1: 50 000 Maps 

Using ERDAS Imagine 8.2 version, a mosaic of 
Aegean Sea has been prepared, which is shown in 
Fig. 1.

Figure 1. The mosaicked Landsat MSS image of the Aegean Sea 

3 THE BOUNDARIES OF THE AEGEAN SEA 

The Aegean Sea is defined according to following 
geographic locations(Fig. 2): 
• On the west and north 
 From Cape Ay Marinas, the southeastern ex-

tremity of Peloponnisos, northward and east-
ward, along the Coast of Greece, to the mouth of 
Meriç River, the frontier between Greece and 
Turkey.

• On the east 
 From the mouth of Meriç River southward, 

along the coast of Turkey to Mehmetçik Cape, 
joining across the western entrance of the Dar-
danelles to Kumkale Cape (the common limit 
with the Sea of Marmara), and then from Kum-
kale Cape southward, along the western coast of 
Turkey to Karaa aç Bay.

• On the South 
 A line joining Karaa aç Bay on the southwestern 

coast of Turkey (this point lies on the limit be-
tween the Turkish geographic regions, the Ae-
gean Region and the Mediterranean Region) 
southward to Zonari Cape, the northern extrem-
ity of Rhodes Island, Greece;
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From Zonari Cape southwestward along the 
western coast of Rhodes to Cape Prassonisi, south-
westward to south extremity of Pigadya Bay of Kar-
patos Island, Southwestward through this island to 
Cape Kastello, Southwestward to the southeast ex-
tremity of Crete Island, near Nisi Kavalli Rock, 
Southwestward along the southern coast of Crete Is-
land to Cape Lendos, the southwest extremity of this 
island, from there northwestward to Cape Kapiello 
of the Kithira Island, northwestward along the west-
ern coast of this island to Cape Spati, from there to 
Cape Ay Marinas. 
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Figure 2. The boundaries of Aegean Sea 

4 ON SCREEN DIGITIZING 

By mosaicing the satellite images which had been 
transformed into a single image. Through this image 
at the size of 450 Mb, Aegean Shoreline was digi-
tized by means of screen digitizing. The natural 
coastal line belongs two countries has been digitized 
on screen using the mosaic image. For identifying 
the vertices of the polylines the image is zoomed 
four times by the digitizing process. Digital values 
necessary for limiting the sea coastal line and areas 
on these vector files will be determined by using 
various methods. For the length of the shores 
straight basic line application, spline application, use 
of multiple pointed operators or generalization algo-
rithms for the shores will be used bearing in mind 
various probabilities as the southern border of the 
Aegean is not clarified. For measurement of the 
zones, superficial size of islands, of the sea areas, 
size of inland waters will be determined by using 
medial line and various impact parameters. Addi-
tionally, these values will be analyzed by transfor-
mations into various projection systems and a related 
report will be submitted. 

Figure 3. Digitized data 

5 AUTOMATIC VECTORIZATION 

Multispectral classification is one of the most often 
used methods of information extraction (Jensen, 
1996). In the classification procedure involved the 
mosaic image is classified using the unsupervised It-
erative Self Organizing Data Analysis Technique 
(ISODATA) (Tou and Gonazales, 1974). Isodata 
Algorithm using 200 spectral classes has occurred 
and they were than recoded to a land and water 
classes. The classified mosaic image file is created 
using ERDAS Imagine 8.2 software on a SUN 
Workstation. The process takes 9 hours and the size 
of the file is 600 Megabite. The study is realized in 
the Murray State University MARC-Mid America 
Remote Sensing Laboratory.  

Figure 4.: Classified image 

A complete raster to vector conversion process 
includes image acquisition shape recognition, topol-
ogy creation and attribute assignment. The image 
acquisition process generates the initial raster image 
at a certain spatial resolution. The quality and reso-
lution of the raster image are important components 
for the quality and accuracy of the vectorized data. 
The data imported in the ArcView environment. 
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Figure 5. Automatic raster-vector transformation

Figure 6. Automatic vectorized data as an Arc View shape file 

The spectral reflection of the high forest regions 
resembles the spectral reflection of the water. This 
may be a disadvantage for interpreting the classified 
image.  

6 ADDITIONAL DIGITAL REFERENCES 

In addition to the vectorized satellite image, a 
1:750000 scaled navigation chart produced by the 
Directorate of Navigation, Hydrography and Ocean-
ography Department (SHOD) of the Turkish Naval 
Army is digitized. The chart belongs to date 1987 
and its dimensions are 95 cm width and 120 cm 
height. The isolines of depth are digitized on this 
chart manually using AutoCAD Map R2. The depth 
values of the contour lines are limited to –2400 m 
beginning with 20 m interval. Lines for each interval 
defined on a different layer with a different color. A 
pentium 166 MHz PC and a digitizer (GTOC Accu-
Tab Model 14)  are used. Approximately 40000 ver-
tex points of the contour lines are digitized on the  

Figure 7. The digitized contour lines of the Aegean Sea 

tablet. The shorelines of the mainland and islands are 
also digitized. This process takes 8 working days.  

The great amount of the text information espe-
cially for the islands are obtained from this chart. 
The vector data are related with the text data base in 
the MapINFO environment in order to construct an 
Aegean Information System.  

Figure 8. An example for the Aegean Information System 

The data base includes the following text infor-
mation for each feature:  

ID No 
Country
Geographical_Structure
Central_Position_Latitude_deg,min,sec 
Central_Position_Longitude_deg,min,sec 
Distance_to_main_continent 
Geographical_Name 
File_ID
Source_map_being_used 
Center_Position_X_m 
Center_Position_Y_m 
Total_Area_sqkm 
Total_Perimeter_m 
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7 CONCLUSIONS 

The aim of this study was to produce a digital image 
map of the Aegean Sea using satellite image data. 
The accuracy of the results is limited to spatial reso-
lution of the satellite imagery. After rectification, 
root mean square errors were determined between 
0.35 and 0.55 pixels, which make 28 m - 44 m on 
the ground. From the point of view of spatial accu-
racy, this approach makes possible to analyze Ae-
gean Sea region completely and economically. 

The benefits of the digital map production can be 
summarized below: 
• Up to date satellite imagery was used. 
• This satellite imagery is more reliable than exist-

ing maps. 
• The coastal line was digitized according to ob-

jective criteria. 
• The spatial accuracy is sufficient for global 

analysis of Aegean Territory. 
It is suggested that the digital map of the Aegean 

Sea combined with the contour lines can be used as 
a base map for an Aegean Information System. 
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