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PREFACE  
The International Symposium on GIS Applications in Geography and Geosciences 
(ISGGG) was held in Çanakkale Onsekiz Mart University during 18-21 October 2017. The 
symposium brought together various researchers in different fields and enabled participants 
to share and discuss their ideas and research results.  
Approximately 270 people attended to the symposium, which organized as keynote 
lectures, oral and poster presentations and also "UAV for GIS" certificate program.  
There were five keynote lectures covering the different areas of the symposium: Prof. Dr. 
Paul Bates (University of Bristol, UK) talked on “Using GIS to Build Global Flood Hazard 
Models”, Prof. Dr. Tahsin Yomralıoğlu (Istanbul Technical University, Turkey) on 
“Geographical Information Paradigm”, Prof. Dr. Magdy Torab (Damanhour University, 
Egypt) on “Some Applications in The Usage of GIS in Geo‐archaeological Researches ”, 
Prof. Dr. Haluk Özener (Bogazici University, Turkey) on “Earthquake and Tsunami 
Information System at KOERI” and Dr. Fabiana Calò (National Research Council of Italy, 
Italy) on “SAR‐based Remote Sensing for Natural Hazards Analysis ”.  
This book contains the full papers those submitted by their authors following the 
symposium. Papers were organized according to the symposium topics. The editorial board 
checked only the format of the papers and necessary arrangements have been made. 
Therefore, authors have complete responsibility for the content of the papers.   
We would like to thank all the contributors and attendees. We were honored by your 
support and participation to the ISGGG 2017.  
 

Editorial Board 
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Evaluation of Different GPS Types on Forest Road Network  in Turkey 
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¹Department of Forest Engineering, Faculty of Forestry, Karadeniz Technical University, 61080, Trabzon-
Turkey, E-mail: 

 
erhan_caliskan@yahoo.com  

ABSTRACT 

Forest roads are essential for forest management by providing corridors for 
transportation, haul routes for forest products, access for recreation and education, and 
infrastructure for fire protection. In the past two decades, surveying procedures improved 
in term of speed, accuracy and simplicity mostly due to use of computers and technical 
development in general.The aim of this study was to assess accuracy of different GPS - 
types and their range of application with emphasis the examination of its suitability for 
forest road surveys. For this purpose, Çaykara(Trabzon-Turkey) district forest road 
network, three different locations were selected with three completely different terrain 
configurations. At each location, 220 meters of a forest road were measured and from 
these measurements the site plan and the longitudinal profile for the measured road 
section were obtained. The measurements were performed using four different instruments: 
of handheld GPS, DGPS, CORS and Total Station devices. We want to compare the 
accuracy between different geodetic techniques on various terrains and to examine the 
rationality of the use of different surveying methods. The data obtained by the GPS device 
analysis accuracy by comparing with the data obtained was performed with a total station 
instrument. Finally the measurements accuracy with GPS in the reference to the forest 
road was calculated, the suitable results were brought and the relative suggestions for its 
indicated forest application in Turkey. 

 

INTRODUCTION 

Forest roads are among the most important infrastructure facilities for forestry operations 
which are also renewable natural resources. Forestry operations are forest road design and 
slope stability, analysis of harvesting systems for economic efficiency and site protection, 
and planning and scheduling of harvests and transportation systems. 

Global positioning system (GPS) receivers are frequently useful for engineering activities 
in the forest environment and for forest inventory and road inventory (Evans et al. 1992 
and Abdi et al. 2012 and Kosmos et al. 2007), topography and cadastral forest surveys 
(Soler et al. 1996, Yoshimura et al. 2002), geographic information system (GIS) forest 
applications (Wing and Bettinger 2003), resource and spatial area management (Wing & 
Kollegg 2004), and forest area and perimeter estimation (Tachiki et al. 2005). 
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Global Positioning System (GPS) technology is now widely used for navigation and 
surveying. GPS is also essential for supporting logistics in forestry. Despite removal of 
Selective Availability (SA) in May 2000, there is the error in GPS positioning without a 
differential GPS is 10-20 m (Tsuchiya and Tsuji 2001). which could be temporally larger 
due to signal degradation and multipath.  

It is well known that forest canopy adversely affects GPS positional accuracy due to signal 
attenuation when GPS is used inside forests. Many studies have been conducted to 
determine the performance of GPS positional accuracy under different canopy conditions. 
Mori and Takeda (2000) showed the effects of SA removal on positional accuracy of the 
DGPS. Kobayashi et al. (2001) evaluated five GPS receivers’ performance by comparing 
the positional accuracy of the autonomous GPS, real-time DGPS and carrier phase GPS. 

Using known methods of surveying and photogrammetry requires time and money, while 
satellite ones give a general geographic information, while they have not confirmed a good 
accuracy. The use of different types of GPS from a relatively low cost (GPS handheld) to 
more expensive differential DGPS (two receivers and one, two or three frequencies) leads 
to sufficient accuracy to capture a few meters to a few centimeters. There are techniques as 
differential global positioning system (DGPS) that improve precision and accuracy under 
tree canopies. Hasegawa and Yoshimura (2003) achieved a mean error of a 1 to 30-min 
observation varied between 0.029-0.226 m (without closed tree canopies) and it was 0.415-
0.894 m (with closed tree canopies), using Dual-frequency GPS receivers by carrier phase 
DGPS static surveying. Sawaguchi and others (2003) using DGPS got mean CEP95=2.80 
m for deciduous broadleaved trees and 4.99 m for conifers. Erdem,(2011) DGPS CORS 
type GPS is the most accurate one for allthree habitat types. It was most accurate in open 
habitat as the error margin in dense foliage was 3,41 m in horizontal and 3,88 m in vertical; 
0,06 m in horizontal and 0,05 m in vertical for open habitat; 0,62 m in horizontal and 1,16 
m in vertical for timber line habitat. 

The objective of this study is an attempt to examine and compare the performance of 
different GPS receivers at three different locations of forest road network in 
Trabzon(Çaykara) forest region of Turkey.  

 

MATERIALS AND METHODS  

Study area  

Trabzon Province(Çaykara) is situated between longitude 39° 7′ 30′′ and 40° 30′ E and 
latitude 40° 30′ to 41° 7′ N in the middle of the east Black Sea region of Turkey. 

The study area were forest road on three different locations. At each location section 220 m 
long of forest road was chosen as a research object with intersections 20 m. Measurements 
fort he field test were taken at the eleven positional points.The first location is an open flat 
field. It is without any disturbing elements like hills, forests, villages.The second location 
is a forest road which provides access to the forest. The road has many curves and steep 
longitudinal inclination. The surrounding area is completely overgrown with mixed forest, 
tree canopies  forest road. The third location is a forest road located in the valley.  
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Figure 1. Satellite view of study area (

We tested the usefulness of four different methods of recording situations, and three 
locations: 

1:5000) 

 Garmin GPS Map 76 Csx handheld GPS , 
 Topcon GMS-2 DGPS  
 Trimble PGA-1 DGPS (CORS)  
 Total Station devices (Pantex W-823NX) 
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Figure 2.Topographic map view

 

 of the measured forest road network(1:5000) 

Method 

In this study, L-1 / L-2 bands and L-1 / L-2 bands were obtained by using DGPS method 
and PGA-1 DGPS receiver using L-1 / L-2 bands and EGNOS satellites by using GRS-1 
DGPS receiver. CORS-based correction data is obtained from the data and the position 
data and position data are collected. 

During field trials, care was taken to ensure that all measurements were made 
simultaneously, in the sense that the satellite distributions were in the same conditions. 
During the measurements performed with 4 different devices, it is set up in succession on 
the point to keep all variables as same as possible and it is aimed to decrease the time 
between measurements to the minimum.  

Topcon Link program, which is the data transfer and post- processing software that this 
company produced for Topcon brand devices, was used to transfer the obtained data to the 
computer environment.   The data obtained with the Garmin handheld GPS receiver is 
transferred to the computer environment using Map Source software. Transformations of 
the data transferred to the computer environment were made using Topcon Link, ArcGIS 
and NetCAD software. 

 

RESULTS AND DISCUSSION 

After the completion of the selection of the study areas, the installation procedures of the 
points to be measured on the land were carried out. The locations and numbers of all the 
points are marked with spray paint. 

Radiation measurements were first performed on the points installed in the field by means 
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of the total station device. Static measurements were performed with CORS-compliant 
DGPS receivers at selected two points before each station was measured with a total 
station device. This measurement data is transferred to the total station device and used as 
reference point coordinates in the measurements. 

The parametric transformations of the obtained data were first performed and 
transformations were made to the UTM European Datum 1950 Zone 39 coordinate system 
in line with the parameters used in our country. 

The "RMSE - Root Mean Square Error" quantities were calculated with reference to the 
coordinates measured with the total station device of each point to determine the error 
amounts of the point data obtained in the field studies. 
  Quadratic Mean Error amounts for each point are calculated. 
The RMS error is the difference between the desired output coordinates and the actual 
coordinates of the control point when transformed by a point transformation matrix and is 
calculated by the following formula; 

 

𝑅𝑀𝑆𝐸= �(xr − xi)2 + (yr − yi)2    

  𝑥𝑟 = 𝑇𝑜𝑡𝑎𝑙 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 with measured 𝑥 coordinates 
  𝑥𝑖 = 𝐺𝑃𝑆 device with measured 𝑥 coordinates 
  𝑦𝑟 = 𝑇𝑜𝑡𝑎𝑙 𝑠𝑡𝑎𝑡𝑖𝑜𝑛 with measured   coordinates 
  𝑦𝑖 = 𝐺𝑃𝑆 device with measured 𝑦 coordinates 
 
Table 1. Accuracy of the GPS – types by the forest road network 

 Location 1 
RMSE(m) 

Location2 
RMSE(m) 

Location 3 
RMSE(m) 

GPS handheld 3.5 4.60 9.69 
DGPS 2.5 4.10 7.87 
CORS 0.06 0.74 3.89 
 

L

With CORS receiver system, RMSE values of 0,06 m, DGPS receiver system with 
2,50 m and handheld GPS receiver system with 3,56 m have been reached. 

ocation 1, according to the measurements made; 

L

With CORS receiver system, RMSE values of 0,74 m, DGPS receiver system with 
4,10 m and handheld GPS receiver system with 4,60 m have been reached. 

ocation 2, according to the measurements made; 

L

With CORS receiver system, RMSE values of 3,89 m, DGPS receiver system with 
7,87 m and handheld GPS receiver system with 9,69 m have been reached. 

ocation 3, according to the measurements made; 

In total, this study was carried out in a forest road network of 660 m. Measurements 
were made every 20 m. 
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As a result of the planning, working hours were determined as 8.00-13.00. At these times, 
the number of satellites was at least 6, mostly 7, and a total of 13 different satellites were 
used. The PDOP and GDOP values ranged from 2 to 3, which are desirable features for 
good GPS measurement (Seeber, 1993; Wells, 1986; Domingue, 1993). 

According to these results, it is considered appropriate to use a hand-held GPS receiver in 
studies such as the creation of wildlife life maps that do not require high sensitivity in 
forest areas and the determination of fire border lines. It is thought that the choice of DGPS 
and CORS systems will be economical from the point of view of accuracy and time when 
studies such as determination of the locations of the forested construction structures 
requiring high accuracy, determining the boundaries of the site area, and making forest 
road applications are considered. 
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ABSTRACT 

Forestry operations in Turkey are carried out at different parts of the country under 
different conditions. Only the best forest road networks can provide conditions for working 
in wide, scattered and difficult mountainous areas. The forest areas found in mountainous 
lands with harsh slopes in Turkey makes timber extraction systems more problematic and 
more complex. The aim of this study was to determine timber extraction sysytem using 
Geographical Information Systems (GIS) Trabzon Regional Directorate of Forestry in 
Turkey. In the work done for this, it has been decided that the most suitable method of 
extraction by taking into account the slope , the distance of skidding, the age of the stands, 
development stage, canopy  and the direction of extraction. Before deciding on extraction 
methods, the roads on the land were planned to be built in places that were drawn and 
inadequate using satellite imagery in the GIS program. It is planned to have a maximum 
slope of 12% in the planning of new roads. Our total area is 6003 ha. The general road 
density is 18 m / ha, the actual road density is 19 m/ha and the opening ratio is 83%. 
During the removal process, new systems with low cost can be developed by taking 
advantage of technological improvements so that youth and forest are not damaged. 

 

INTRODUCTION 

Turkey has 22.7 million ha of naturally managed forest area making up for 27% of its total. 
Approximately 46% of the total area is on steep land with slopes greater than 40%. Hence, 
harvesting in mountainous regions has always played a significant role. (GDF, 2013). 
Forestry operations in Turkey are carried out at different parts of the country under 
different conditions. Only the best forest road networks can provide conditions for working 
in wide, scattered and difficult mountainous areas. Approximately 18 million m³ logs are 
transported via forest roads in Turkey, each year. Previous studies developed forest road 
networks via manual methods, while in the last few years computer software and hardware 
have been used extensively and effectively for solving complex problems in forest areas, 
especially in developed countries (Akay 2003; Rogers 2005; Demir 2007). Today, 
concepts such as digital map, GIS and land information systems have gained importance in 
the design of road networks (Akay, 2003; Aruga,  2005; Gümüş, 2008; Çalışkan, 2013). 
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Most of the research today is based on strategic and tactical level of planning timber 
harvesting and forest opening (Bumber 2011, Eichrodt and Heinimann 2001, Enache 
2013,Enache et al. 2013, Lepoglavec 2014, Lubello 2008, Kühmaier and Stampfer 2010) 

The aim of this study was to determine timber extraction sysytem using Geographical 
Information Systems (GIS) Trabzon Regional Directorate of Forestry in Turkey. 

 

MATERIAL AND METHODS 

Trabzon Forestry District Directorate Macka Forest Management on the topographic map 
of the road network was planned, taking into consideration the types of stands and dividing 
slopes transport issues were discussed. The planning of the road network is based on an 
average road density of 20 m/ha. When planning, it was started from the existing main 
forest roads, gradually passed to other roads, and care was taken that these roads had a 
reverse slope. A road network plan has been drawn up taking into account that the 
transportation of forest products on the roads will be made downwards. The current roads 
are also drawn in the 'current road' layer with satellite images. For places that are not 
suitable for roads and are suitable for construction, they are drawn under the name of 'new 
road' layer with max. 12% slope by means of equal curves. 

The timber extraction types, transport facilities, land structure and road planning criterias 
were considered together at each stage and the solution form was adapted to the existing 
land structure. 

Determination of Timber Extraction Methods 

Timber extraction by man power 

The slope is around 0-30%, the development of the development age is in the era, and the 
development with 30-50% slope can be applied with the downward controllable slope and 
the slope with 50% slope. 

Timber extraction by animal power 

The animal power average slope is ℅ 25 and the mean skidding distance is 250 meters. 
The choice of the removal method with animal power has been preferred because of the 
low slope of the ground due to the small diameter of the wood to be trafficked and the lack 
of youth that may damage the soil surface and the ability to transport the ground on the soil 
surface. 

Timber extraction by forest tractor 

Because the average slope is ℅ 45, that is, the steep terr ain and the mean running distance 
are 125 m, and at the same time the product quantity is small and thin, it is possible to use 
a pulling method with a forest tractor and pulling it out by a cable. 
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Timber extraction by Cable Yarding System 

Cable yarder systems are preferred due to the fact that the average slope is  > ℅ 51  and the 
average distance of the runway is 500 m, which means that the ground is rocky. Because 
the floor is rocky, it does not allow the product to be moved and shifted over the ground. 

Timber extraction with the Monorail Technique 

This system has no tilt problem. He can work up to 100 degrees. It facilitates the extraction 
process especially in the steep and circulating regions. This method has been chosen with 
the reason that the products to be transported are small in diameter. 

Timber extraction with Log Chutes System 

These systems can be safely used in ℅ 20 to ℅ 50 inclined land. This method is preferred 
so that the land slope is ℅ 40 and the distance is 500 m and the new youth on the soil is not 
damaged. Another reason why this method is preferred is that the trees are thin. Timber 
extraction systems and technical limits are given in Table 1. 

Table 1. Timber extraction systems and their technical limits 

Timber 
Extraction 
Methods 

Slope(%) Development 
Stage 

Canopy Skidding  
Distance 

Extraction 
Direction 

Man power 
0-30 transport,  

30-50  cont. shift., 
50< noncont. shift 

0-30 b (8-19 
cm) No restriction 300 From up to 

down 

Animal power 0-33 No restriction No restriction 500 From up to 
down 

Forest Tractor 0-50 sikidding, 
50< cable pull 

c, d (20-33, 
34<) 2, 3 500 skidding, 

150 m cable pull 
from top to 

bottom 

Cable 
Yarding S. 50< c, d (20-33, 

34<) 2, 3 
Short 300 middle 

300-800,  
long800-2000 

Both 
directions 

Monorail S. 0-100 a,b,c 1, 2 500 Both 
directions 

Log Chute S. 30-60 b, c (8-19 cm, 
20-33 cm) No restriction 500 From up to 

down 
 

RESULTS AND DISCUSSIONS 

The areas, slopes, lengths of the roads and the distance between the tracks were determined 
with the ArcGIS software in the field study and also the methods of dividing the roads are 
determined. With the ArcGIS program in the field study, areas, slopes, lengths of the roads 
and the distance between the tracks were determined and the methods of timber extraction 
the roads were determined. 

The area of operator was calculated in ArcGIS environment and found 6003 ha. The 
operator is measured on the existing road-intensive map to determine that it is 30 km and 
the required road length for catching the 20 m/ha road density is determined. The total road 
length required for 20m / ha road density in a 6003 ha wide forest operation is 120km. 
(6000ha x 20m / ha = 120 000m). Thus, the length of the road to be drawn on the map at 
the first stage was determined as 90 km. The distance of the road is 500 m depending on 
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the road density (YYxYA = 10000, ie YA = 10000/20 = 500 m).When opening a forest 
with a road network, the opening rate is used to determine the success status. Since the rate 
of opening to operation is a measure of the distribution of the roads throughout the forest 
area, the area open to the operation of the plotted 93 km road lanes is calculated to be 
approximately 5000 ha. According to this, it is determined that the ratio of opening to the 
operation is very good with 83%. 

The study area is 6003 ha total forest area. There is a road of 30 km on it. In this project, it 
is planned to construct a new road of 90 km and it is determined that the road will be 120 
km long. Accordingly, the general road density is 18 m / ha and the actual road density is 
19 m / ha (Figure 1). 

 

 
Figure 1. Existing forest road network  and planning forest road network  in  study area  
 

 
Figure 2. Timber extraction direction 
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Table 2. Timber extraction systems  and  stand type 

Compartment 
Number 

Stand Type Slope 
(%) 

Timber extraction method 

107 Lbc3 63 
112 coded road up to 150 m tractor pull 
112 coded road up to 460 m cable yarder s. 
115 coded road up to 330 m cable yarder s. 

109 Lc3 62 
112 coded road  down to 470 m cable yarder s 
112 coded road up to 150 m tractor pull  
114 coded road down to 100 m controll. Scrol. 

113 Lc3 44 111 coded road 340 down log chute 

135 LKnKzGnbc2 63 116 coded road down to 400 m monorail sys. 
119 coded road down to 350 m monorail sys 

138 LKnKzGnbc2 76 122 coded road down to 180 m monorail sys 
119 coded road down to 170 m monorail sys 

150 Kzc1 64 119 coded road  down to 480 m cable yarder s 
121 coded road  down to 400 m cable yarder s 

152 LKnKzGnbc2 64 121 coded road  down to 300 m cable yarder s 
117 coded road up to 150 m tractor pull 

191 Lc3 48 116  coded road  down to 150 m forest tractor 
123 coded road  down to 200 m log chute 

193 LKnKzGnbc2 60 122 kcoded road  down to 500 m cable yarder s 
122 coded road down to 250 m monorail sys. 

197 LKnKzGnbc2 54 
119 coded road  down to 400 m cable yarder s 
121 coded road  down to 250m cable yarder s 
121 coded road up  to 250 m monorail sys. 

200 Lbc2 55 
119 coded road  down to 350 m log chute 
121 coded road  down to 90 m log chute 
121 coded road up to 180 m tractor pull 

201 Lc3 38 124 coded road  down to 400 m log chute 
124 coded road up to 150 m tractor pull 

233 Lc3 48 
127 coded road  down to 500 m cable yarder s 
123 coded road  down to 400 m cable yarder s 
116 coded road  down to 350 m log chute 

238 Lc3 41 126 coded road  down to 450 m cable yarder s 
126 coded road  up  to 330 m cable yarder s 

239 Lc2 45 126 coded road  down to 500 m cable yarder s 
126 coded road up to 150 m tractor pull 

247 LKnc3 53 124 coded road  down to 300 m log chute 
124 coded road  up to 320 m cable yarder s 

248 LKnc3 65 
114 coded road  down to 250 m cable yarder s 
124 coded road  down to 500 m cable yarder s 
124 coded road down to 500 m monorail sys. 
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ABSTRACT 
Seydisuyu Plain is located in the Central Anatolia Region of Turkey and contains very 
significant agricultural lands. In this study, the total organochlorine pesticide 
accumulations in soil of Seydisuyu Plain were investigated by determining Alfa HCH, 
HCB, Beta HCH, Gama HCH, Aldrin, Cis Heptaclorepoxide, Trans chlordane, Cis 
chlordane, Dieldrin, 44DDE, Endrin, 44DDD, 44 DDT, Metoxyclor and pesticides with 
Endosulfan in soil samples and the detected data were evaluated by using the Geographic 
Information System (GIS) in order to make a visual explanation by presenting distribution 
map of organochlorine pesticide accumulations in soil of Seydisuyu Plain. For this 
purpose, soil samples were collected seasonally (Summer 2011 – Summer 2013) from 47 
stations selected on the Seydisuyu Plain. According to data observed, the organochlorine 
pesticide accumulations in soil of Seydisuyu Plain were determined between the ranges of 
51 – 276 ppb.  

 

INTRODUCTION 

Soil is a major reservoir for many pollutants like pesticides and it is a secondary emission 
source of pollutants to groundwater, surface water, and the atmosphere (Zhang et al., 2011; 
Tao et al., 2008). Alhtough they are known as very harmfull for environment and human 
health, organochlorine pesticides (OCPs) are being used commonly in agricultural 
activities against pests all over the world (Nair and Pillai, 1992; Kaushik et al., 2012). 

Seydisuyu Plain is located in the Central Anatolia Region of Turkey in Eskişehir Province 
and contains very large and productive agricultural lands. The aim of this study was to 
evaluate the OCPs concentrations in soil of Seydisuyu Plain by using GIS technology. 

 

 

                                                           
* Corresponding Author 
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MATERIAL AND METHOD 

Seydisuyu Plain, which is one of the most significant agricultural lands of Turkey, is 
located in the Eskişehir Province between the locality of 38.0851 – 39.0361 north latitude 
and 30.0161 – 31.0071 east longitudes (Çiçek et al., 2013). 

Soil samples were collected seasonal periods in summer 2011 – summer 2013 from 47 
stations located on the plain. Coordinates and localities of stations are given in Table 1. 

 
Table 1. Coordinate information of investigated stations 

Name of Station 
Coordinates 

Latitude (m) 
N E 

Akin 
Aksaklı 
Aslanbeyli 
Ayvalı 
Bardakçı 
Beşsaray 
Beykışla 
Büyükdere 
Büyükyayla 
Cevizli 
Çatören 
Çukurağıl 
Çukurca 
Çürüttüm 
Değişören 
Doğançayır 
Fethiye 
Gemiç 
Göcenoluk 
Gökbahçe 
Gökçegüney 
Göknebi 
Gümüşbel 
İdrisyayla 
İkizoluk 

39o 

39
20' 16.9" 

o

39
 36' 46.9" 

o

39
 27' 03.8" 

o

39
 28' 46.5" 

o

39
 19' 53.7" 

o

39
 26' 02.4" 

o

39
 41' 49.6" 

o 

39
35' 07.8" 

o

39
 10' 52.3" 

o

39
 21' 58.4" 

o

39
 19' 28.2" 
o

39
 30' 0.4" 

o

39
 13' 53.3" 

o

39
 20' 39.7" 

o

39
 33' 28.5" 

o

39
 32' 02.6" 

o

39
 13' 49.2" 

o

39
 20' 50.3" 

o

39
 20' 38.1" 

o

39
 09' 36.7" 

o

39
 12' 00.5" 

o

39
 24' 30.8" 

o

39
 44' 25.3" 
o

39
 23' 13" 

o

30

 18' 19.8" 

o

30
 31'04.3" 

o

30
 44' 41.2" 

o

30
 36' 46.9" 

o

30
 37' 23.9" 

o

30
 47' 31.7" 
o

30
 31' 54" 

o

30
 81' 57.3" 

o

30
 45'07.5" 

o

30
 33' 25.6" 
o

30
 43' 58" 

o

30
 36' 31.9" 

o

30
 46' 06.2" 
o

30
 42' 12" 

o

30
 25' 10.6" 

o

30
 40' 20.4" 
o

30
 49' 50" 

o

30
 32' 17.4" 

o

30
 29' 55.5" 

o

30
 22' 24.3" 

o

30
 25' 10.6" 

o

30
 41' 23.6" 

o

30
 32' 16.6" 

o

30
 81' 41.8" 

o

30
 25' 06.4" 

o

1046 

 24' 49.4" 

924 
1069 
1039 
1028 
1272 
938 
930 
1135 
1167 
1120 
931 
1210 
1275 
978 
919 
1070 
1109 
1248 
1106 
1223 
1193 
934 
1272 
1275 
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Karacalık 
Karaören 
Kesenler 
Kırka 
Kümbet 
Numanoluk 
Oynaş 
Örencik 
Salihler 
Sancar 
Sandıközü 
Sarayören 
Sarıcailyas 
Şükranlı 
Taşlık 
Üçsaray 
Yapıldak 
Yarbasan 
Yazıdere 
Yenikent 
Yeşiltepe 
Yukarısöğüt 

39o

39
 29' 26.7" 

o

39
 13' 54.2" 

o

39
 20' 39.7" 

o

39
 16' 53.2" 

o

39
 12' 35.1" 

o

39
 18' 33.3" 

o

39
 10' 16.7" 

o

39
 24' 22.1" 

o

39
 16' 34.4" 

o

39
 23' 46.1" 

o

39°33'19.25" 
 23' 17.6" 

39o

39
 20' 59.1" 

o

39
 16' 32.4" 

o

39
 32' 24.7" 

o

39
 27' 07.3" 

o

39
 10' 16.8" 

o

39
 16' 56.5" 

o

39°34'19.47" 
 29' 41.8" 

39o

39
 22' 23.9" 
o

30

 27' 20" 

o

30
 31' 59.9" 

o

30
 34' 31.7" 

o

30
 25' 10.6" 

o

30
 31' 43.9" 

o

30
 36' 20.9" 

o

30
 35' 42.4" 

o

30
 37' 41.7" 

o

30
 39' 54.2" 

o

30
 27' 00.2" 

o

30
 44' 41.2" 

o

30°36' 23.47" 
 21' 30.4" 

30o

30
 40' 17.1" 

o

30
 40' 35.6" 

o

30
 37' 50.4" 

o

30
 30' 15.6" 

o

30
 39' 19.1" 

o

30
 34' 22.5" 

o

30°44' 30.16" 
 44' 09.5" 

30o

30
 37' 07.8" 

o

1193 

 34' 52.6" 

1054 
976 
1043 
1078 
1199 
1110 
1038 
1066 
1037 
1219 
1092 
1187 
1313 
1062 
1248 
1142 
1136 
940 
929 
1074 
1096 

 

The presence and amount of organochlorine pesticides residues in soil samples were 
determined by extraction with the Shimadzu brand QP2010 Plus model GC / MS (EPA 
Method 8081a, 1996). 

The distribution map of OCPs on the Seydisuyu Plain was made by using Geographic 
Information System (GIS) by using the “ArcGIS” package program. 

 

RESULTS AND DISCUSSIONS 

The total organochlorine pesticide (OCPs) concentrations by determining Alfa HCH, HCB, 
Beta HCH, Gama HCH, Aldrin, Cis Heptaclorepoxide, Trans chlordane, Cis chlordane, 
Dieldrin, 44DDE, Endrin, 44DDD, 44 DDT, Metoxyclor and pesticides with Endosulfanin  
were investigated in soil of Seydisuyu Plain seasonally and the annual averages of detected 
OCPs accumulations in soil samples are given in Figure 1. 
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According to results of this study, the OCPs concentrations in soil of Seydisuyu Plain were 
recorded between the values of 51 – 276 ppb. The highest concentrations of OCPs were 
determined in Cevizli, Yapıldak, Fethiye, Sandıközü, Üçsaray and Gemiç Villages. 

In a study performed in Taihu Lake Region in the Yangtze River Basin, where is known as 
a significantly contaminated area in China, OCPs concentrations in most soil samples were 
detected in the range of 100 – 200 ppb (Wang et al., 2007). Although Seydisuyu Plain 
Region is not as contaminated as Taihu Lake Region, the specified values in China are 
similar to data detected in the present study. 

 
Figure 1. Distribution map of OCPs on the Seydisuyu Plain 

 

CONCLUSIONS 

The use of organochlorine pesticides has been banned in Turkey and in many countries on 
the world. However, studies have shown that even though they are banned, such pesticides 
are still being produced illegally and their non-controlled use continues. The unconscious 
use of pesticides causes major problems over time and it is an obligation to take necessary 
precautions to keep the accumulation of pesticides to the minimum level. Use of pesticides 
that can decompose in a short time instead of pesticides that have high accumulation 
properties in foods is a necessary to minimize this significant problem. 
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ABSTRACT 

This paper examines the ancient agricultural terraces of the Bozburun Peninsula which 
were surveyed in the field works conducted in 2009-2012. The study area, which 
encompasses about 16.000 hectares, was limited to Turgut Village in the north and the 
beginning of Loryma ancient site in the south. In antiquity, this sub-region where terrace 
agriculture was practiced in a systematic manner, was under the control of the Island of 
Rhodes and a part of the ancient trade network. The application of Geographical 
Information Systems (GIS) and photogrammetry techniques revealed possible relationships 
between the agricultural terraces of the region and morphology (elevation, slope, aspect 
and soil types). The results display that the environmental conditions were highly 
considered in the process of terrace construction and their deployment. Through intensive 
and successful terracing activities in the Peninsula, a surplus accumulation must have 
been achieved far beyond a subsistence economy. 

 

INTRODUCTION 

Understanding the dynamics of the countryside and its relations to the urban sites in 
antiquity has accelerated in Landscape Archaeology. In this respect, the chora and ancient 
agricultural systems have become quite popular subjects for the scholars (e.g. Osborne, 
1987; Rich and Wallace-Hadrill, 1991; Wells, 1992). The agricultural terraces in Bozburun 
Peninsula (hereinafter the “Peninsula” in SW Turkey), which were controlled by the Island 
of Rhodes in antiquity, deserves to be investigated within the same context. Considering 
the prosperous Rhodian economic history (e.g. Rice, 1999; Reger, 1999; Gabrielsen, 2001) 
it would not be irrational to pose that the agricultural terraces of the Peninsula (the 
“terraces”, from here below) could have been much more exploited during late Classical 
and early Hellenistic periods when the hands of the Rhodians were simply there. 

The text below attempts to investigate the terraces of the Peninsula, preferably under a 
quantitative approach. It is discussed that the terraces of the Peninsula were constructed 
according to some basic parameters among which elevation, slope, aspect and soil types of 
the terrain take the foremost seats. The paper also suggests that despite the physical 
disadvantages of the Peninsula, the terraces were managed successfully and a considerable 
amount of surplus was achieved through intensive cultivation and production.  
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Turgut Village in the north and the beginning of the ancient site of Loryma in the south 
specify the scope area (Fig. 1) that covers ca. 16.000 hectares. The space falling to between 
the mentioned sites, but also extending to the southern tip of the Peninsula and toward the 
north nearing Physcus (modern Marmaris), was an important part of the agricultural trade 
network of the Rhodian State, during the Hellenistic period (Fraser and Bean, 1954; Van 
Bremen, 2007). 

 

 
Figure. 1. Location map of the study area Figure 2. Parts of agricultural terraces  

 

The problem of dating the ancient terraces has long been discussed in archaeology (e.g. 
Rackham and Moody, 1992; Foxhall, 1996; Price and Nixon, 2005). New interdisciplinary 
techniques have recently been applied for absolute dating (e.g. Bevan et al., 2013; Kinnaird 
et al., 2017), however are often useful to date single terraces in small-scale areas. In our 
case, the study area is so wide that an absolute dating of all the terraces is hardly possible. 
The basic assumption is that, the terraces, which were detected both at the field and via 
photogrammetry tools, were operated during the Hellenistic period.  

 

AGRICULTURAL TERRACES 

Agricultural terraces displaying contour shaped platforms are constructed in order to 
minimize the soil erosion in the sloped areas and make these lands suitable for cultivation. 
They often consist of a vertical wall named as “riser”; a level surface extending behind this 
“riser” which is called a “tread” (Fig. 2). These generally help improve soil, water or crop 
management in agriculture (Hudson, 1992: 152). 

Based on their geomorphic formations, functions, morphologies or construction 
techniques, the agricultural terraces can be classified in various ways. Donkin (1979) 
suggests three types of terraces according to their geomorphic formations as “cross-
channel”, “contour” and “valley-floor” terraces whereas Morgan (1986: 226) labels them 
with reference to their functions as “diversion”, “retention” and “bench” terraces. 
“Diversion” terraces are constructed to prevent landslide and create land suitable for 
cultivation. Those in the “retention” group are built to stop and keep the water flowing into 
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the soil. With “bench” terraces, the aim is to make cultivation on the lands where the slope 
degrees are high.  

Rackham and Moody (1992: 123-125) distinguish three main types (“stepped”, “braided” 
and “pocket”) by looking at their shapes.  The “stepped” terraces are contour shaped ones 
which do not have special functions but rather form cultivable lands. The “braided” 
category relates to those built in the form of zigzags. There are interspaces between the 
neighbouring terraces. The intention is here to plough the soil easily. Finally, the “pocket” 
terraces which are constructed for olive and vine cultivation, take the half-moon shape. 

In the ancient Mediterranean world, the accumulation of surplus could be attained by 
increasing the yields of three major agricultural crops: simply olive, vine and grain. 
Different from the cereals, olive and vine could well be cultivated on the marginal lands 
where soil was often infertile for grain cultivation and/or slopes were very steep. During 
the Hellenistic era, the marginal lands were incorporated to the agricultural systems, 
particularly via terracing. Olive and vine became valuable crops in the agricultural 
economy and surplus accumulation accelerated at the end (Renfrew, 1972: 480-482). 

 

METHOD OF THE STUDY 

The main method of the study was field survey which was conducted in the years between 
2009-2012 with the permissions given by the Ministry of Culture and Tourism of the 
Turkish Republic. Aerial techniques (basically photogrammetrical applications) and GIS 
were additionally utilized to map all of the terraces of the study area and seek the factors 
behind their construction process.  

Below given are the three map types used in the study: 

1. Raster Maps: 1/25.000 scale topographical maps were obtained from the General 
Command of Mapping and 1/5000 scale cadastral maps were obtained from the General 
Directorate of Land Registry and Cadastre. These maps were used before and during the 
field survey. 

2. Digital Maps: 1/25.000 scale digital contour map was obtained from the General 
Command of Mapping and used for generating the Digital Elevation Model of the study 
area. 1/25.000 scale digital soil maps were obtained from the Ministry of Agriculture and 
used in the GIS analyses of the agricultural terraces.  

3. Aerial Photographs: 1/15.000 scale stereo pair aerial photographs in printed versions 
(dated 1972) were obtained from the General Command of Mapping and carefully 
examined prior to the field works, in order to determine the survey areas which revealed an 
archaeological potential. Recent digital aerial photographs were also used for creating the 
orthophoto which was used as a base map for vector drawing of the terraces. 
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GIS ANALYSES AND RESULTS 

Basically, three data sets were used in the course of GIS analyses: Vector Data, 
Topographic Data (Elevation, Slope and Aspect) and Soil Data. All of these analyses were 
completed by using ESRI-ArcGIS Desktop (10.0) software.  

Vector Data: All the terraces and flat fields were drawn as polygons and the relevant 
vector map was created (Fig. 3). It was seen that the total study area measures ca. 
15.873,64 ha. The areal calculations, which were made by using the vector map, showed 
that 20,78 % of it (3.297,82 ha) was terraced. The flat areas that are suitable for cultivation 
(without terracing) covers only 544 ha (corresponds to 3,43 % of the total area) (Tab. 1).  

Figure 3. Agricultural terraces and flat fields 
in the study area  

Figure 4. Elevation map of the study area  

Table. 1. Distribution of agricultural terraces and flat fields 

Total Area (ha) Terraces (ha) 
Terraces / Total 

Area (%) Flat Fields (ha) 
Flat Fields / Total 

Area (%) 
15.873,64 3.297,82 20,78 544 3,43 

 

Topographic Data: As per the topographic analyses, elevation, slope and aspect maps of 
the study area were created. The results are explained as below: 

Elevation:

Table 2. Elevation values of the total area 

 The elevation map of the study area (Fig. 4) shows that elevation values range 
between 0-780 m. The average value is 236,04 m (Tab. 2). As is visible in Tab. 3, values 
were classified in 100 m intervals. According to the table, 84,72 % of the study area 
presents elevation values ranging between 0-400 m. 

 Total 
Area (ha) 

Min. 
Elevation 

(m) 

Max. 
Elevation 

(m) 

Mean 
Elevation 

(m) 
15.873,64 0,00 780,00 236,04 

 

 

Table 3. Elevation intervals of the total 
area 

Elevation 
Interval (m) 

Total Area 
(ha) 

Percentage 
(%) 

0-100 3.551,57 22,37 
101-200 3.522,96 22,19 
201-300 3.650,97 23,00 
301-400 2.724,65 17,16 
401-500 1.547,40 9,75 
501-600 626,85 3,95 
601-700 206,58 1,30 
701-800 42,67 0,27 
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The elevation values of the terraced areas were obtained by overlapping the elevation map 
of the study area and the vector data of the terraced areas (Tab. 4). As the table shows, the 
values of the terraced areas range between 0-662,21 m while the average elevation value is 
191,91 m. Tab. 5 shows the classified elevation values of the terraced areas in 100 m 
intervals. Accordingly, the elevation values of the terraced areas range between 0-400 m 
and the terraced areas located in this interval constitute the 97,03 % of all the terraced 
areas in the study area. The elevation difference histogram of the terraces (Fig. 5) was 
obtained by subtracting the elevation percentages of the terraced areas from the elevation 
percentages of the total area. Looking at the positive sector of the histogram it is seen that 
the percentages of the terraces are greater than the percentages of the total area. 
Understandable from the histogram, elevation intervals of 300-400 m and 400-500 m were 
the most preferred intervals for terrace construction. However, elevation intervals in the 
negative sector of the histogram suggest that these elevation intervals were not preferred 
for terrace construction. 

 

 
Figure 5. Elevation difference histogram of the terraces 

 
 

Table 4. Elevation values of the terraces 

Terraces 
(ha) 

Min. 
Elevation 

(m) 

Max. 
Elevation 

(m) 

Mean 
Elevation 

(m) 
3.297,82 0,00 661,21 191,91 

 

Table 5. Elevation intervals of the 
terraces 

Elevation 
Interval (m) 

Terraces 
(ha) 

Percentage 
(%) 

0-100 991,88 30,08 
101-200 1.007,12 30,54 
201-300 883,18 26,78 
301-400 317,68 9,63 
401-500 78,78 2,39 
501-600 16,67 0,51 
601-700 2,51 0,08 

 

Slope: The slope map of the study area was created in order to understand the relationship 
between agricultural terraces and slope (Fig. 6). The slope values of the total study area 
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range between 0-85,99 degrees and the average slope value is 22.21 degree (Tab. 6). The 
values were classified in intervals (Tab. 7). It is clear that 79,44 % of the total area has 
slope values over 12 degree.  

 

 
Figure 6. Slope map of the study area 

 

Table 6. Slope values of the total area 

Total Area (ha) Min. Slope (degree) Max. Slope (degree) Mean Slope (degree) 
15.873,64 0,00 85,99 22,21 

 

Table 7. Slope intervals of the total area 

Slope Interval (degree) Meaning Total Area (ha) Percentage (%) 
0-2 Flat or Nearly Flat 1.186,54 7,47 
2-6 Slight-Slope 551,97 3,48 

6-12 Middle-Slope 1.525,75 9,61 
12-20 High-Slope 3.604,32 22,71 
20-30 Steep-Slope 4.974,68 31,34 
>30 Very Steep-Slope 4.030,38 25,39 

 

Table 8. Slope values of the terraces 

Terraces (ha) Min. Slope (degree) Max. Slope (degree) Mean Slope (degree) 
3.297,82 0,00 72,08 14,82 

 

Table 9. Slope intervals of the terraces 

Slope Interval (degree) Meaning Terraces (ha) Percentage (%) 
0-2 Flat or Nearly Flat 342,33 10,38 
2-6 Slight-Slope 207,93 6,31 

6-12 Middle-Slope 662,96 20,10 
12-20 High-Slope 1.129,60 34,25 
20-30 Steep-Slope 834,89 25,32 
>30 Very Steep-Slope 120,11 3,64 

 

On the other hand, the slope values of the terraced area range between 0-72.08 degrees and 
the average slope value is 14,82 degree (Tab. 8). The slope values of the terraced areas 
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were also classified in Tab. 9. The slope difference histogram of the terraces (Fig. 7) was 
obtained by subtracting the slope percentages of the terraced areas from the slope 
percentages of the total area. Looking at the positive sector of the histogram it is seen that 
the percentages of the terraces are greater than the percentages of the total area. Obviously, 
the areas which have slope values over 20 degree were preferred for terrace construction. 
The most preferred areas for terrace constructions have slope values over 30 degree. 
Negative sector of the histogram indicates that areas which have slope values under 20 
degree were not preferred for terrace construction.  

 

 
Figure 7. Slope difference histogram of the terraces 

 

Aspect:

 

 The aspect map of the study area (Fig. 8) was created to see if there is a 
relationship between terrace construction and aspect. By overlapping the aspect map and 
vector map of the terraces we get the aspect results of the total area (Tab. 10) and the 
aspect results of the terraced area (Tab. 11). Aspect difference histogram of the terraced 
areas (Fig. 9) was obtained by subtracting the direction percentages of terraces from the 
direction percentages of the total area, in a similar manner. The directions in the positive 
sector of the histogram (south, south-east and east) were preferred for terrace construction. 
The most preferred direction for terrace construction appears to be the south-east category 
but the most avoided direction is north-west. 
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Figure 8. Aspect map of the study area 

 

Table 10. Aspect results of the total area 

Aspect (direction) Total Area (ha) Percentage (%) 
Flat 1.007,18 6,34 

North 1.931,61 12,17 
North-East 1.343,46 8,46 

East 1.439,58 9,07 
South-East 2.326,73 14,66 

South 2.221,74 13,40 
South-West 1.696,56 10,69 

West 1.622,07 10,22 
North-West 2.284,71 14,39 

 

Table 11. Aspect results of the terraces 

Aspect (direction) Terraces (ha) Percentage (%) 
Flat 292,14 8,86 

North 388,85 11,79 
North-East 285,54 8,66 

East 265,36 8,05 
South-East 389,89 11,82 

South 417,81 12,67 
South-West 372,30 11,29 

West 365,86 11,09 
North-West 520,07 15,77 
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Figure 9. Aspect difference histogram of the terraces 
 
Soil Data: Soil map of the study area (Fig. 10) shows the distribution of the major soil 
types. The Red-Brown Mediterranean soil covers 39,24 % of the total area whereas Terra 
Rosa soil constitutes 44,59 % of the major soil types in the study area (Tab. 12). Red-
Brown Mediterranean soils are composed of hard calcareous, granites, mudstone and 
various kinds of metamorphic crystal rocks. They belong to humid and sub-humid climatic 
zones and can be seen in the areas which have 400-1000 mm annual rainfall rates. Terra 
Rosa type of soil is dark red soil and mainly composed of hard calcareous. It is very 
specific for the Mediterranean climate regions and can be seen in the areas which have 600 
mm or more annual rainfall rates (T.C. Köy Hizmetleri Genel Müdürlüğü, 1998: 20). Red-
Brown Mediterranean soil covers 68,22 % and Terra Rosa type of soil makes up 23,31 % 
of the terraced area (Tab. 13). Major soil types difference histogram of the terraced areas 
(Fig. 11) was, for the fourth time, created by subtracting the major soil types percentages 
of the terraced areas from the major soil types percentages of the total area. According to 
this histogram, the soil type in the positive sector of the histogram (Terra Rosa) was 
preferred for terrace construction. 

 

 
Figure 10. Soil map of the study are 

 

 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

30 
 

Table 12. Major soil type distribution of the total area 

Major Soil Types Total Area (ha) Percentage (%) 
Bare Rock 2.215,34 13,96 

Alluvial 58,45 0,37 
Red-Brown Mediterranean 6.228,59 39,24 

Colluvial 292,45 1,84 
Terra Rosa 7.078,81 44,59 

 

Table 13. Major soil type distribution of the terraces 

Major Soil Types Terraces (ha) Percentage (%) 
Bare Rock 0 0 

Alluvial 157,78 4,78 
Red-Brown Mediterranean 2.249,76 68,22 

Colluvial 121,51 3,68 
Terra Rosa 768,77 23,31 

 

 
Figure 11. Major soil types difference histogram of the terraces 
 

CONCLUSION 

GIS analyses of the study area have shown that about 85 % of the total area has elevation 
values ranging between 0-400 m. and that, about 97 % of agricultural terraces were 
constructed in this elevation interval. The most preferred areas chosen for terrace 
construction are in the elevation intervals of 300-400 m and 400-500 m and have slope 
values over 30 degrees. In order to get the maximum benefit from the positive effects of 
solar radiation (especially for vine cultivation), agricultural terraces were built in south, 
south-east and east directions. The reason of not-preferring terrace construction in north-
west directions can be explained by avoiding the negative effects of the northern winds on 
agricultural productions. Even though the terraces are widespread all over the study area, 
the difference histogram of the major soil types indicates that the most preferred type was 
Terra Rosa. From here onwards, it can be suggested that the morphological character of the 
study area must have affected the construction of the terraces which determined the 
agricultural system of the Peninsula in antiquity. GIS analyses that were made by using the 
vector data of the terraces and flat fields have proven that out of 15.873 ha of the total 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

31 
 

study area, 3297,82 ha of land were terraced (20,77 % of the total area). However, only 
3,43 % of the study area (544 ha) seems to be suitable for agriculture without terracing. 
Accepting that flat fields were reserved for cereal cultivation and terraces for olive and 
vine, we can make some production estimations, to understand weather the Peninsula was 
able to create a surplus or not.  

Turning an eye to the Athenian tribute lists (of the Classical period), Tuna (1978: 170-171) 
suggested that population of the Carian Chersonesos (the acknowledgement of the former 
Peninsula in the 5th

Relevant to the terraced land or the land used for viticulture; Tuna (1990: 350) suggests 
that 1.603.411 lt. of wine could be produced potentially in ancient Knidos. He reached his 
results on wine by taking the unit- “iugerum” (1/4 hectare) which yielded around 20 
amphorae per annum. Oğuz-Kırca (2015: 475-476) takes 25 lt. as the mean capacity of a 
Rhodian amphora in the Hellenistic period. Accordingly, the potential of wine production 
is calculated as 6.595.640 lt (20x4x25x3297,82) which is a remarkable figure for the 
Peninsula especially comparing to the agricultural production potential of ancient Knidos.  

 century B.C) should be maximum 2000 people. Assuming that, on 
average, 750 kg/ha grain was produced for the good and bad years (Oğuz-Kırca 2015: 
476), we can suggest that 408.000 kg grain (544 ha x 750 kg/ha) could have been produced 
on the flat fields, annually. Taking a consumption figure of 200 kg. grain per capita, the 
population that the Peninsula could have fed can be speculated to 2040 people (408.000 
kg/ 200 kg). However, basing the estimations solely on potential grain production can 
never suffice, particularly over the flat fields. Hence, we can barely talk about a significant 
surplus accumulation in the Peninsula. 

The abovementioned figures propose something never echoed for the Bozburun Peninsula 
before. Presumably, it was the wine with which a significant amount of surplus 
accumulation was attained in the Peninsula. 

In conclusion; When examined in a holistic manner and in light of the newly applied aerial 
and quantitative techniques- (basically photogrammetry and GIS) in the region we have 
been operating, the agricultural terraces in the Bozburun Peninsula have still many to 
disclose in the name and about the agricultural memory of the Mediterranean 
environments. The results presented above have shown that the terraces, making up the 
most marginal spaces of the region, were constructed in a systematic way and considering 
the environmental conditions (basically taking into account the elevation, slope, aspect and 
soil types criteria). The amount of agricultural land that can be cultivated without terracing 
in the region is far from being able to create a self-sufficient economy. It appears that they 
were the agricultural terraces which must have made it possible to create a surplus 
accumulation in antiquity, rather than serving for a subsistence production. 
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ABSTRACT 

The main purpose of this study was to determine clay beds with GIS analysis within the 10 
km radius of the surroundings of Kerküşti Höyük*

 

, which is located in the district of 
Derik/Mardin in south-eastern Turkey. The site was mainly occupied during the Halaf 
Period. The clay characterization and morphology of Halaf wares at Kerküşti Höyük are 
presented. Comparing Geographical Information System (GIS) database with existing 
archaeometric analysis, this article aims to identify the geographical borders of the area 
with favourable clay sources for pottery production in 6000 BCE. In this study some 
modeling and thematic mapping for understanding clay sources choice and their mobility 
activity using Geographic Information Systems (GIS). Particularly, geological and 
hydrological databases are very helpful for slope and/or surface curvature in this 
modelling. The potential clay deposit model using a 5 m Digital Elevation Model (DEM) 
and combination of derivatives such as slope, surface curvature defined, and slope 
location classification was based on a case-based reasoning approach. In this disquisition, 
it would be provided a case study that contributes to our understanding of Halaf 
communities fulfil the need for pottery production. 

INTRODUCTION 

Kerküşti Höyük, which is located in the district of Derik/Mardin in south-eastern Turkey, 
was dug in 2005-2006 as rescue excavations. The site which was inhabited from the Early 
Halaf until almost the end of the Middle Halaf period between 5900 to 5700 BC, is 
geographically located at the center of the Halaf world. The site was abandoned probably 
as the result of flooding and was not reoccupied until the Late Chalcolithic Age. The Halaf 
period of the site preliminarily yields two main phases (Va and Vb). Its location at the 
transition point of zones of different environmental settings (mountainous area and steppe 
zone) not were only suitable for different life styles (permanently and seasonally) and 
different subsistence strategies (agriculture and husbandry) but also enabled the people of 
Kerküşti to communicate with different regions.  

                                                           
* According to UTM Zone 37 Central Meridian 39 (ED50) the site is situated between 604.523, 7mE / 
4.118.073, 8mN to 604.663, 1mE / 4.118.532, 7mN. 
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Geographically, the site lies in the middle of the northernmost extent of the Northern 
Mesopotamian plain, just southeast of the Mardin-Midyat Threshold. The plain is cut by 
intermittent tributaries of the Khabur River. Outcrops of the southernmost limits of the 
Karacadağ basalt intrusions (Yıldırım and Karadoğan 2010:121) are visible in various parts 
of the plain. Kerküşti Höyük lies on the west bank of an intermittent stream named 
Kocadere that flows in a basalt intrusion. 

 

 
Figure 1. The location of the study area 

 

HALAF POTTERY of KERKÜŞTİ HÖYÜK 

The Halaf pottery of Kerküşti does not differ in fabric and decoration from that of the other 
Halaf sites. There are, however, four pieces that do not show a local character, probably 
imports. Two of them were found in Subphase Vb1 and the others in Subphase Vb2. The 
decoration on a bowl showing a row of seated gazelles is similar to a sherd from Tell Halaf 
(Schmidt 1943: Taf. V.2). Moreover, there are three decorated pieces that were painted 
with bitumen. Basically the pottery of Kerküşti Höyük comprises seven ware types 
according to fabric, paste and surface treatments. Vessels were mainly handmade. Molding 
and coiling/ slab manufacture were also observed. 

Standard Painted Ware and Standard Plain Ware are wares, whose fabric, paste and surface 
treatment are fine. The inclusions in their paste, mainly calcium carbonate particles and 
sand, were either intentionally added, or were naturally present in the clay. Apart from this, 
dominant wares in Phase Va are Orange Painted and Orange Plain Ware that are mainly 
used in thick-walled handmade jars and conical bowls. Except for five sherds in Subphase 
Vb1, they disappeared in the following subphases. Orange Painted and Plain Wares were 
made of coarse clay with rough calcium carbonate, chamotte and grit inclusions. Some of 
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them have pitted surfaces. Although the Dark Faced Burnished Painted Ware is only 
represented in Phase Va, Dark Faced Burnished Ware (DFBW) is found in all phases. The 
ones in Phase Va and Subphase Vb1 are of better quality than later ones. Both wares are 
made of coarse clay tempered with grit and calcium carbonate and/or (rarely) sand and 
mica. Their outer surfaces and interior at the rims are slipped and burnished. The forms of 
DFBW are horizontal necked globular body jars and hole mouth vessels. DFBW was 
decorated with thick bands and triangles. Coarse Ware displays vegetal temper and is plain 
and moderately or badly fired. It was found mainly in Phase Vb and has no characteristic 
forms. There are three basic vessel shapes: Bowls in ten different variations, jars in six and 
plates in five subtypes.  

 

METHODOLOGY 

Prognosticative analytic and thematic modeling are an important subject tool that allows 
specialist to make survey and research decisions. In other words, predictive modeling does 
more than reduce the time, and effort of field survey. A survey of the geographical and/or 
archaeological study includes many possible cultural and ecological variables for site-
locations. Our study combines both archaeological and geomorphological research 
methods for some recommendations.  

Table 1. Scales for the comparisons method from the slopes 

 
 

An area of 10 km radius was chosen as a study area for the determination of potential clay 
beds in the surroundings of Kerküşti Höyük. The subject area is used by digitizing N44a3, 
N44a4, N44b4, N44c1, N44d1, N44d2 and N44d3 topographic map points of 1/25000 
scale. Hydraulic model studies were carried out using slope, lithology and GIS techniques. 
DEM maps were created using digital elevation data of the study area. In addition, TIN 
terrain models were produced with an irregular triangular mesh. After this stage, the slope 
map has been removed by DEM map and slope map raster data was converted vector data. 
Finally, thematic modeling and analyzes were done based on the data. The spatial analysis 
of the corresponding digital map with the help of MapInfo 15 GIS software has revealed 
possible clay deposits and characteristic features as a result of slope, lithology and 
hydraulic model studies. The slope intervals and definitions were taken from the article 
published by Oguz Erol in 1993 (Erol, 1993: 26 Figure.6). 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

36 
 

 
Figure 2. DEM modeling of the study area (10km radius) 

 

Petrographic thin section and EDX / SEM analyzes of the pottery samples that were 
collected in the archaeological layers were carried out. The obtained results were evaluated 
mutually and the clay characterization of the material subject to work was determined. The 
element and micro-morphological compositions of pottery samples were examined by 
using a Phillips XL-30S FEG Scanning Electron Microscope equipped with EDX detector. 
The analyses were carried out at İzmir Institute of Technology, Center for Materials 
Research (IZTECH-MAM). 

I have to emphasize that, this offered modeling is a “passive” geographical method, since 
“active” methods include intensive surveys as well as micro morphological examinations 
of the collected samples from potential clay sources.  

 

DATA AND ANALYSIS 

Several of the possible model parameters were found to have no significant correlation to 
clay source location decisions in the study area. These parameters were based on the 
shortest distance to Kerküşti Höyük as well as the shortest distance to the streams.   

Looking by 10km radius, the study area is occupied: Flattest Slopes (0-1%) 51.33%, Flat 
Slopes (1-2%) 29.11, Wavy Flats Slopes (2-5%) 15.30%, Sloping Slopes (5-10%) 1.05%, 
Dip Slopes (10-20%) 0.38%, Steep Slopes (20-40%) 0.11 and Very Steep Slopes (40% and 
more) 0.05% of the area. The slope feature of the study area is a basin property where the 
slopes are less and the plains cover more than 95%. If the basalt outcrop is considered, the 
variation of the statistical data is changed, even though the slope and the plain equations 
are the same. The analyzed parameters are presented in Table 1 and Table 2. 
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Figure 3. Classified slopes of the study area. 

Table 2. Parameters: Attribute is the description of the measurements in the study area. 

 
 

Without Basalt Outrops With Basalt Outrops

Radius  Code Gradient Area Pct. (%) m2 Radius  Code Gradient Area Pct. (%) m2
TD Flattest 6242 64.70 624200 B Basalt Outcrop 31156 76.36 3115600
D Flat 3069 31.81 306900 TD Flattest 6242 15.30 624200
DD Wavy Flat 306 3.17 30600 D Flat 3069 7.52 306900
AY Sloping Slope 30 0.31 3000 DD Wavy Flat 306 0.75 30600
EY Dip slope 0 0.00 0 AY Sloping Slope 30 0.07 3000
DY Steep slope 0 0.00 0 EY Dip slope 0 0.00 0
CDY Very Steep Slope 0 0.00 0 DY Steep slope 0 0.00 0

9647 100.00 964700 ÇDY Very Steep Slope 0 0.00 0
40803 100.00 4080300

Radius  Code Slope Area Pct. (%) m2 Radius  Code Gradient Area Pct. (%) m2
TD Flattest 41822 77.40 4182200 B Basalt Outcrop 108369 66.73 10836900
D Flat 10521 19.47 1052100 TD Flattest 41822 25.75 4182200
DD Wavy Flat 1662 3.08 166200 D Flat 10521 6.48 1052100
AY Sloping Slope 31 0.06 3100 DD Wavy Flat 1662 1.02 166200
EY Dip slope 0 0.00 0 AY Sloping Slope 31 0.02 3100
DY Steep slope 0 0.00 0 EY Dip slope 0 0.00 0
ÇDY Very Steep Slope 0 0.00 0 DY Steep slope 0 0.00 0

54036 100.00 5403600 ÇDY Very Steep Slope 0 0.00 0
162405 100.00 16240500

Radius  Code Slope Area Pct. (%) m2 Radius  Code Gradient Area Pct. (%) m2
TD Flattest 297973 57.77 29797300 B Basalt Outcrop 488224 48.63 48822400
D Flat 156159 30.28 15615900 TD Flattest 297973 29.68 29797300
DD Wavy Flat 53610 10.39 5361000 D Flat 156159 15.55 15615900
AY Sloping Slope 5422 1.05 542200 DD Wavy Flat 53610 5.34 5361000
EY Dip slope 1939 0.38 193900 AY Sloping Slope 5422 0.54 542200
DY Steep slope 582 0.11 58200 EY Dip slope 1939 0.19 193900
ÇDY Very Steep Slope 86 0.02 8600 DY Steep slope 582 0.06 58200

515771 100.00 51577100 ÇDY Very Steep Slope 86 0.01 8600
1003995 100.00 100399500

Radius  Code Slope Area Pct. (%) m2 Radius  Code Gradient Area Pct. (%) m2
TD Flattest 1184744 51.33 118474400 B Basalt Outcrop 1691893 42.30 169189300
D Flat 671997 29.11 67199700 TD Flattest 1184744 29.62 118474400
DD Wavy Flat 353106 15.30 35310600 D Flat 671997 16.80 67199700
AY Sloping Slope 65404 2.83 6540400 DD Wavy Flat 353106 8.83 35310600
EY Dip slope 24583 1.07 2458300 AY Sloping Slope 65404 1.64 6540400
DY Steep slope 7164 0.31 716400 EY Dip slope 24583 0.61 2458300
ÇDY Very Steep Slope 1109 0.05 110900 DY Steep slope 7164 0.18 716400

2308107 100.00 230810700 ÇDY Very Steep Slope 1109 0.03 110900
4000000 100.00 400000000

1km 

10km

5km 

1km 

2km 2km 

5km 

10km



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

38 
 

Table 3. The listed parameters of the site location relative to its west and east areas. (with 
basalt outcrop) 

 

 
Figure 4. Potential clay source of the study area (in 5km radius) 

According to the classification given by considering all the data, the potential clay sources 
likely to be picked up in the immediate vicinity of the settlement have been determined.  
So that, the potential clay sources in the 1 km radius 0.069km2 (1.10%), in 2 km radius 
0.170 km2 (2.71%), in 3 km radius 0.390 km2 (6.23%), in 4 km radius 1.206 km2 
(19.27%) and in 5 km radius 4.425 km2 (70.69%) are covered of the selected zone. 

Western side of the settlement Easternside of the settlement

Radius  Code Gradient Area Pct. (%) m2 Radius  Code Gradient Area Pct. (%) m2
B Basalt Outcrop 13626 64.56 1362600 B Basalt Outcrop 17530 88.99 1753000
TD Flattest 4094 19.40 409400 TD Flattest 2148 10.90 214800
D Flat 3049 14.45 304900 D Flat 20 0.10 2000
DD Wavy Flat 306 1.45 30600 DD Wavy Flat 0 0.00 0
AY Sloping Slope 30 0.14 3000 AY Sloping Slope 0 0.00 0
EY Dip slope 0 0.00 0 EY Dip slope 0 0.00 0
DY Steep slope 0 0.00 0 DY Steep slope 0 0.00 0
ÇDY Very Steep Slope 0 0.00 0 ÇDY Very Steep Slope 0 0.00 0

21105 100.00 2110500 19698 100.00 1969800

Radius  Code Gradient Area Pct. (%) m2 Radius  Code Gradient Area Pct. (%) m2
B Basalt Outcrop 60310 75.58 6031000 B Basalt Outcrop 48059 58.18 4805900
TD Flattest 12856 16.11 1285600 TD Flattest 28966 35.07 2896600
D Flat 5189 6.50 518900 D Flat 5332 6.45 533200
DD Wavy Flat 1413 1.77 141300 DD Wavy Flat 249 0.30 24900
AY Sloping Slope 31 0.04 3100 AY Sloping Slope 0 0.00 0
EY Dip slope 0 0.00 0 EY Dip slope 0 0.00 0
DY Steep slope 0 0.00 0 DY Steep slope 0 0.00 0
ÇDY Very Steep Slope 0 0.00 0 ÇDY Very Steep Slope 0 0.00 0

79799 100.00 7979900 82606 100.00 8260600

Radius  Code Gradient Area Pct. (%) m2 Radius  Code Gradient Area Pct. (%) m2
B Basalt Outcrop 330974 65.35 33097400 B Basalt Outcrop 157250 31.61 15725000
TD Flattest 86369 17.05 8636900 TD Flattest 211604 42.53 21160400
D Flat 60503 11.95 6050300 D Flat 95656 19.23 9565600
DD Wavy Flat 23358 4.61 2335800 DD Wavy Flat 30252 6.08 3025200
AY Sloping Slope 3022 0.60 302200 AY Sloping Slope 2400 0.48 240000
EY Dip slope 1614 0.32 161400 EY Dip slope 325 0.07 32500
DY Steep slope 567 0.11 56700 DY Steep slope 15 0.00 1500
ÇDY Very Steep Slope 86 0.02 8600 ÇDY Very Steep Slope 0 0.00 0

506493 100.00 50649300 497502 100.00 49750200

Radius  Code Gradient Area Pct. (%) m2 Radius  Code Gradient Area Pct. (%) m2
B Basalt Outcrop 1150904 57.12 115090400 B Basalt Outcrop 540989 27.25 54098900
TD Flattest 382147 18.97 38214700 TD Flattest 802597 40.43 80259700
D Flat 220540 10.95 22054000 D Flat 451457 22.74 45145700
DD Wavy Flat 188824 9.37 18882400 DD Wavy Flat 164282 8.28 16428200
AY Sloping Slope 46597 2.31 4659700 AY Sloping Slope 18807 0.95 1880700
EY Dip slope 18617 0.92 1861700 EY Dip slope 5966 0.30 596600
DY Steep slope 6210 0.31 621000 DY Steep slope 954 0.05 95400
ÇDY Very Steep Slope 1084 0.05 108400 ÇDY Very Steep Slope 25 0.00 2500

2014923 100.00 201492300 1985077 100.00 198507700

2km  2km 

1km  1km 

10km 10km 

5km 5km
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Considering the quantities of pottery ware used and/ or manufactured at the Kerküşti 
Höyük during the Halaf Period and potential clay sources, it can be argued that the 
obtaining raw material was in middle-range zone (2-5km radius).  

 

 
Figure 5. The most potential clay source of the study area (in 5km radius) 

 

Figure 6. Thin section microphotograph (50x) of pottery from phases Va-Vb. 
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Based on EDX/SEM analyses data show that the pottery production at Kerküşti is pointed 
to various geological units. In the first subphases (Va-Vb1), the amount of lime particles in 
the pottery paste is much more and the size is more apparent. However, with the subphase 
Vb2, this rate is the opposite. Despite this decrease in lime fractions, both in the subphase 
Vb2 and the succeeding phases, iron mineral in the pottery paste increased in both quantity 
and size as compared to the ones of the first two subphases (Va-Vb1), Both field 
observations and SEM images show that these samples have different grain size and also 
different mineralogical compositions.  

Frankly, EDX analyses of the sherds from the first two subphases (Va and Vb1) 
demonstrate

 

 predominance of O (37,11%), Ca (31,24%), C (18,83%) and Fe (3,35%). In 
spite of that, the mineral composition of the ones in the later subphases (Vb2 and Vb3) is 
as follows: O (26,06%), Ca (7,59%), C (6,08%) and Fe (35,75%). Beside these minerals, 
there are also some other minerals in less amount.  

 
Figure 7. Element distribution of each subphase from Halaf pottery. 

 

CONCLUSIONS 

This investigation shows both the validity and the necessity of further research of the 
potential clay sources in the study area. This case study, which has been implemented 
through the use of GIS technologies, is applicable to other settlements of the Halaf period. 
It should be noted that the above-mentioned methods and approaches can be used in such 
activities, and the use of GIS should be made effective by making it widespread.  

Taking into account the limitations of all data: great amount of large calcium carbonate 
(CaCO3) particles can be detected in the paste of the pottery of subphases Va and Vb1 
whereas the paste used during the subphases Vb2 and Vb3 has less amount of tiny calcium 
carbonate particles. This striking difference in the combination of paste/clay may have 

C N O Na Mg Al Si K Ca Ti Fe Mn Pt 
Va 17,97 0,00 38,39 0,69 0,88 0,98 1,90 0,69 37,19 0,00 1,32 0,00 0,00 
Vb1 19,69 1,98 35,82 0,59 2,62 2,29 5,45 0,91 25,28 0,00 5,37 0,00 0,00 
Vb2 9,33 0,69 27,67 0,36 2,58 2,97 7,91 2,92 5,75 0,33 32,67 6,83 0,00 
Vb3 5,84 0,82 24,45 0,50 3,12 1,10 9,20 2,10 6,40 0,51 38,83 7,13 0,00 
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been explained as a choice of different clay sources and/or of different techniques comes 
through various contacts. 

According to GIS data; the possibility of exploiting clay sources from the immediate 
vicinity (5km radius) of the settlement for pottery manufacturing especially from the 
eastern part of the Kerküşti Höyük, is very high. 
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ABSTRACT 
 
Wetlands that are natural museum are important part of the earth with natural richness 
and economic importance. At the same time, wetlands have ability to become a part of 
cultural heritage by influencing the tradition around them. For these reasons, the 
conservation of wetlands is an significant issue nowadays. In conservation activities that 
aimed to establish a balance between human and nature, ecological sensitivity analysis is 
an effective method determining the priority areas for protection since the regional eco-
environmental components are assessed holistically. Geographic Information System (GIS) 
technologies are important tool that increase the effectiveness and scientific value of 
ecological sensitivity analyzes with powerful spatial data and computational capability. 
Kizilirmak (Halys) Delta, which is a case study area, is a very important wetlands with 
many different and important habitats. Also, it is a area where strong competition between 
human and nature owing to economic attractive. For these reasons, Kizilirmak Delta is 
choosed as a case study area. The aim of the study in this context; find out ecosystem areas 
which have high level ecological sensitivity depending on natural and anthropogenic 
factors and make suggestion for sustainable use of these areas. In the study, ecological 
sensitivity was tried to be determined using a multi-parameter model. First, factors having 
an impact on ecological sensitivity has been determined with literature review and field 
works. These factors considered in the study; elevation, land use, soil, water systems, 
population density, settlements and roads. The weights of this factors in multi-parameter 
model has been determined with Analytic Hierarchy Process (AHP) method. Sensitivity 
and risk values which obtained are classified as; extremely sensitivity and risky, highly 
sensitivity and risky, moderately sensitivity and risky, light sensitivity and risky, non-
sensitivite and risk. It has been determined that 11% of the delta is extremely and highly 
sensitivity and risky zone. 
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INTRODUCTION 

Wetlands are defined differently according to their purposes by the countries, scientists or 
different organizations. Scientifically, wetlands are defined as the ecosystems which 
constantly or periodically have surface waters or where hydrophytes can grow because 
hydric soil is always available (Cagırankaya and Koyluoglu, 2013).  Wetlands, accepted as 
the natural wealth museums of the world due to their biodiversity, constitute one of the 
most important ecosystems of the earth by their natural functions. Their contributions to 
the physical environment include feeding and storing the underground water, adjusting the 
water regime by flood control, coastal stabilization, microclimate stabilization, supporting 
the food chain by retaining and delivering the nutrients, and increasing the water quality by 
trapping the residues and toxic substances. If sustainable and well-planned, their economic 
contributions include salt production, aquaculture, straw, timber, grazing, drinking, utility 
and irrigation water, transportation and tourism (Erdem, 2013). All these functions clearly 
reveal the importance of the wetlands.  With their economic attractions and opportunities, 
wetlands constitute the fields where human activities become denser and this lead to a 
human-wildlife conflict in wetlands. This conflict points out the need to protect the 
wetlands which also constitutes the problem of the study.  

Recently, there are important increases in the methods where ecological conditions and 
integrity are assessed to protect the wetlands. In parallel to this increase, studies assessing 
the methods used are also carried out (Abbruzzese and Leibowitz, 1997; Carletti, Leo and 
Ferrari, 2004; Fennessy, Jacobs and Kentula, 2007). The basic purposes of the wetland 
monitoring and assessment studies include reporting the ambient condition of the wetland 
resources, trying to influence the decision-makers by directing the management activities 
and making a positive contribution to the protection activities. The most effective way to 
make this contribution is to define the ecological risks and the reasons of ecological 
sensitivity, and accordingly, to develop a map consisting of wetland zones. In short, it is 
necessary to make an ecological planning for wetlands.  

In ecological planning, ecological sensitivity analyses are the most effective methods for 
assessing the regional eco-environmental components to determine the environment with 
protection priority (Liang and Li, 2012). The importance of the ecological sensitivity 
analyses in protecting the wetlands are examined in Kizilirmak Delta example in this 
study. In addition to its rich biodiversity created by its wetlands, the dense anthropogenic 
pressure in Kizilirmak Delta was an effective factor in selecting this area.  

 

MATERIAL AND METHOD 

Study Area 

Study area covers Kizilirmak Delta being the largest delta plain of the Black Sea region 
and the third largest one of Turkey. The total area surface is 52779 ha (Figure 1).  

Coexisting habitats of several ecological characters such as sea, river, lake, reed bed, 
swamp, meadow, pasture, forest, dune and agricultural areas, richness in nutrients and 
favorable climate conditions have enabled the delta area to accommodate a very rich 
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biodiversity (Yavuz, 2011). For all these reasons, Kizilirmak Delta is an important area 
both nationally and internationally. It was declared as one of 122 important plant areas of 
our country due to its rare plant species. It is also internationally important in terms of 
ornithology. More than 320 bird species (75% of the known bird species in Turkey) use 
this area for reproduction, wintering and migration (Hustings and Dijk, 1992). For all this 
richness, different parts of the delta are protected under 3 different statuses (Ramsar, 
Natural Site and Wildlife Improvement Area).  

 

Figure 1. Study area. 

Table 1. Data sources and features. 
Parameters Source Features 

Elevation Military 1/25.000 scale digital topography map 
Land Use Bafra-Forest Management 

Institution, 2005 Landsat 
ETM+ 

Land use map was produced with forest management 
map. Verification was made from satellite images. 

Soil Ministry of Food, Agriculture 
and Livestock 

1/25.000 scale soil map. Major soil groups was 
considered. 

Water 
surfaces 

Bafra-Forest Management 
Institution, 2005 Landsat 
ETM+, Esri Basemap 

Stream network, channels and lakes data were collected 
and corrected from different sources.  

Population 
density 

TUİK, Esri Basemap, Google 
Earth vb. 

The amount of population was obtained from Turkish 
Stastical Institute. According to the function, settlements 
divided into rural and urban areas.  Settlements 

Transportation 
density 

Bafra-Forest Management 
Institution, Esri Basemap 

Road data  was obtained from forest management map. 
Also deficiencies of this map was fixed using Esri 
Basemap. Classified as asphalt, soil and stabilized. 

 
Material 

In this study assessing the ecological sensitivity to protect the wetlands, firstly the 
parameters affecting the sensitivity were specified considering the study area. Literature 
was taken into account in this stage. Field studies were also considered based on the fact 
that they control on-site sensitivity. As stated by Zhang et al., (2009) several factors lead to 
regional ecological and environmental problems and these factors vary from region to 
region. Land surveys were carried out in 2015 August and April. In addition to the land 
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observations, methods of meeting and interview both with the academics and volunteers 
working in the field and with the local people, and information on the area was collected 
by open-ended questions. As a result, seven parameters affecting the ecological sensitivity 
in the delta area were determined: elevation (1), land use (2), soil (3), water surfaces (4), 
population density (5), settlements (6), transportation density (7). Parameter data and their 
resources are provided in Table 1. 

UTM (Universal Transverse Mercator) WGS 84 UTM Zone 36 N coordinate system was 
used in the study. The resolution of 15×15m was used when converting all numerical maps 
into raster format. 

Method 

The ecological sensitivity analysis that can serve as an important basis to protect the 
wetlands has some stages. The first one of them is to determine the parameters and 
parameter class weights in a study assessing the ecological sensitivity with a multi-
parameter model. This is difficult because there are complicated relations between the 
parameters and these relations are not the same everywhere. Each parameter class should 
be weighted based on its importance. The weights given are responsible for the accuracy of 
the results (Liang et al., 2007; Wang et al., 2011). The most suitable way to clear this 
hurdle is to use the Analytic Hierarchy Process (AHP) among the "Multi-Criteria Decision 
Making" methods (Cai et al., 2011; Gao and Zhang, 2011). By this method, objective and 
subjective decision criteria can be compared and a ranking can be obtained as a result of 
the weighting based on different decision criteria (Saaty, 1980). In this context, the weights 
of the parameters obtained in the study and their sub-classes are provided in Table 2. 

Table 2. Classes and weights of assessment parameters. 

No Parameters Classes of parameters Weights of 
classes 

Weight of 
Parameters 

1 Elevation (m) 0-3  0,51 0,34 
3-5  0,29 
5-10  0,11 
10-15 0,06 
>15 0,03 

2 Land Use Swamp 0,39 0,16 
Coastal dune 0,23 
Stream bed 0,15 
Bare land 0,07 
Forest 0,11 
Agricultural  0,03 
Settlement 0,02 

3 Soil Hydromorphic 0,64 0,24 
Coastal dune 0,28 
Alluvium 0,08 

4 Water surfaces  
Rivers and 
channels (m) 

< 50 0,64 0,40 0,11 
50-100 0,26 
100-200 0,11 
>200 0,00 

Lake (m) < 50 0,64 0,60 
50-100 0,26 
100-200 0,11 
>200 0,00 
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Table 2. continued 
 

5 Population density 
(person/km2

0 
) 

0,51 0,07 
0-40 0,26 
40-70 0,13 
70-120 0,07 
> 120 0,03 

6 Settlements Urban (m) < 250  0,56 0,70 0,05 
250-500 0,26 
500-1000 0,12 
1000-2000 0,06 
> 2000 0,00 

Rural 
(m) 

< 250 0,56 0,30 
250-500 0,26 
500-1000 0,12 
1000-2000 0,06 
> 2000 0,00 

7 Transportation density Soil and stabilized  
road (m) 

< 200 0,57 0,30 0,03 
200-600 0,28 
600-1200 0,11 
1200-2000 0,04 
> 2000 0,00 

Asphalt road (m) < 200 0,57 0,70 
200-600 0,28 
600-1200 0,11 
1200-2000 0,04 
> 2000 0,00 

 

While AHP has a special advantage in assessing many factors or criteria, it is not able to 
show the spatial distribution of these factors or criteria. In the study, Geographical 
Information Systems (GIS) completed this lack of the AHP with its strong spatial analysis 
function. The spatial distribution of the sensitivity on and around Kizilirmak Delta wetland 
was determined by applying the weighted superposition method to the parameters 
classified in GIS environment before and whose sub-class weights were given. The 
following formula was used when assessing the ecological sensitivity: 

                                                          𝑆𝑖𝑗 =  �𝑊(𝑘) 𝐶𝑖𝑗(𝑘)
𝑛

𝑘=1

                                                  (1) 

In the formula (1), 𝑆𝑖𝑗 reflects the ecological sensitivity value in each cell. k=1, 2, ....., n are 
the parameters effective on the ecological sensitivity. 𝑊(𝑘) means the importance weight 
of the ecological parameters. 𝐶𝑖𝑗(𝑘) corresponds to the sensitivity level in each level of the 
factors (Gao and Zhang, 2011; Li et al., 2010; Wang, Tian, and Cui, 2009). The weight 
values given in table 2 were used in the formula. 
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RESULTS AND DISCUSSIONS 

Elevation Change 

Despite the absence of an important elevation difference, the existing small elevation 
differences may lead to the influences such as altered ground water level, limited drainage, 
injectability of the sea water, wetland formation and habitat change. The delta was 
classified from the most ecologically sensitive areas to the least sensitive ones with the 
help of Kizilirmak Delta’s conditions and the literature, and their weights were determined 
(Table 3). The areal distribution of these areas were also specified (Figure 2a).  

 
Table 3. Spatial distribution of parameters and weights of classes 

Parameter classes Area Weight of  
Class Parameter classes Area Weight of 

Class    km % 2 km % 2 
  Elevation (m)  Population density (person/km2) 

0-3 187,18 37,75 0,51 0 60,39 12,18 0,51 
3-5 108,42 21,87 0,29 0 - 40 156,82 31,63 0,26 
5-10 108,1 21,8 0,11 40 - 70 113,75 22,94 0,13 
10-15 50,03 10,09 0,06 70 - 120 83,99 16,94 0,07 
> 15 42,11 8,49 0,03 > 120 80,85 16,31 0,03 

Rivers and channels  (m) Lakes  (m) 
0-50 22,59 4,56 0,64 0-50 9,69 1,96 0,64 
50-100 22,08 4,45 0,26 50-100 8,7 1,76 0,26 
100-200 43,1 8,69 0,11 100-200 14,47 2,92 0,11 
> 200 407,99 82,29 0 > 200 462,91 93,37 0 

 Urban settlements (m)  Rural settlements (m)   
0-250 33,04 6,66 0,56 0-250 69,41 14 0,56 
250-500 7,35 1,48 0,26 250-500 52,58 10,61 0,26 
500-1000 11 2,22 0,12 500-1000 110,6 22,31 0,12 
1000-2000 23,48 4,74 0,06 1000-2000 145,59 29,37 0,06 
> 2000 420,92 84,9 0 > 2000 117,61 23,72 0 

Asphalt roads (m)   Soil-Stabilized roads (m) 
0 - 200 63,82 12,87 0,57 0 - 200 211,02 42,56 0,57 
200 - 600 87,09 17,57 0,28 200 - 600 175,61 35,42 0,28 
600 - 1200 88,82 17,92 0,11 600 - 1200 59,93 12,09 0,11 
1200 - 2000 83,44 16,83 0,04 1200 - 2000 26,56 5,36 0,04 
> 2000 172,62 34,82 0 > 2000 22,68 4,57 0 

Land Use Soil 
Agriculture 325,75 65,1 0,03 Alluvium 416,85 84,01 0,08 
Swamp 78,74 15,7 0,39 Hydromorphic 60,85 12,26 0,64 
Settlement 44,32 8,9 0,02 Coastal dune 18,48 3,73 0,28 
Coastal dune 18,47 3,7 0,23     
Bare land 12,65 2,5 0,07     
Forest 12,02 2,4 0,11     
Stream bed 8,49 1,7 0,15     

 
The ground water level is very high under the elevation of two meters on the delta area, 
and studies showed that it approximated to the surface for up to one meter in rainy periods 
(Arslan, 2007). At the same time, the halophytes that can survive with a high salt 
concentration spread over the low parts of the delta area. All these reasons increase the 
ecological value and sensitivity of the lowest parts of the area.   
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Land Use Differentiation 

Being sensitive to the changes in the circle of the natural events and to the human 
activities, wetlands may easily deteriorate and lose many ecological and economic 
functions. This also leads to the extinction of the habitats and occurrence of irreversible 
changes. Kizilirmak Delta is also an area under the intensive pressure of human activities 
due to its richness. The sub-classes of the land use parameter on the delta area, their 
weights and areal ratio (Table 3) as well as the land use map (Figure 2b) were generated. 
When assessed in terms of sensitivity, swamps having the highest sensitivity with their 
richness and forming the heart of the wetlands constitute the sub-class with the highest 
sensitivity value. The dunes surrounding the delta area and particularly the lagoon lakes 
like a shield constitute the sub-class with the second highest sensitivity. 

Soil Differentiation 

Despite being considered as the inanimate elements of the ecosystem, it is one of the 
important parts of the system as it accommodates thousands of living beings. The 
hydromorphic land in Kizilirmak Delta constitutes the sub-class with the highest sensitivity 
within the soil parameter due to its biodiversity created by being a product of the watery 
environment and richness in organic substances (Table 3). When considered on the study 
land scale, the alluvial lands with heavy intensive agriculture represent the class with the 
least natural sensitivity. The dunes, which ecologically surround not only the 
accommodated rare habitats but also the wetland behind them (Figure 2c) and serve as a 
kind of protector of these areas, can be quickly affected by the external factors and 
damaged. Therefore, dunes were also included in the assessment as one of the sub-classes 
effective on the ecological sensitivity within soil parameter 

Distance to Water Systems 

The close surroundings of the aquatic systems that are ecologically important due to their 
biodiversity are also sensitive areas because of the conditions occurring there. These areas 
should also be emphasized in terms of ecological integrity (Vaughan et al., 2009). When 
the wetland ecosystem and its formation mechanism are considered, the importance of the 
water systems and their close surroundings on the natural environment and ecology at the 
area is very clear. Four different zones were created around the water systems based on the 
literature both on the land conditions and the sensitivity assessment (Wang et al., 2011; 
Wu, Wang, and Mao, 2013) (Figure 2d). The sub-class weights and their area coverage are 
provided in Table 3.   

Population Density 

The population increases the pressure on the surrounding natural resources, creates excess 
demand and leads to destruction with the desire to meet the basic needs such as nutrition 
and accommodation (Jonhson, 1984). Kizilirmak Delta is also an area with population 
pressure due to its attractions. This controls the ecological sensitivity in the delta through 
the accompanied environmental problems. Increased population density makes the 
protection activities and strategies difficult. Whereas, the most significant purpose of 
creating protection areas is to minimize the human effect there. Considering all these 
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matters and that it reflects the spatial difference in Kizilirmak Delta, the sub-classes of 
population density were determined and they were distributed spatially (Table 3; Figure 
2e).  

 

 
Figure 2. Ecological sensitivity and risk parameters. 

 

Settlement Distribution 

People settle on a space in two different ways, i.e. rural and urban. Urban areas are more 
active in increasing the risk level and ecological sensitivity in the natural environment. 
Therefore, the sensitivity weight of the urban settlements were taken into account so as to 
be higher than that of the rural settlements in the study (Table 2). Settlements create 
ecological sensitivity and risk not only within their area coverage but also on the 
surrounding areas (Radeloff et al., 2005). Considering this and the studies performed  
(Wang et al., 2011; Wu et al., 2013), tampon regions were created around the settlements 
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(Figure 2f). The class weights of the tampon regions were determined based on the 
assumption that the one being nearest to the settlements created more ecological risks 
(Table 3). The settlements in Kizilirmak Delta are generally accumulated around the town 
centers and between the lagoon lakes and Kizilirmak River (Halys). Secondary residences 
within the borders of the protection areas in the delta constitutes an important problem in 
the context of settlements. Summer residence areas are increasingly spreading around 
Derekoy located at the east of the delta and they continue to develop inside the delta. 

Distance to Roads and Paths 

Roads constitute an anthropogenic element which emerges with the existence of two 
parameters (population and settlement) emphasized previously and has varying densities 
and effective areas based on these two parameters. Ecologically, roads influence the 
natural environment with the results such as decreased plant and animal populations, 
limited movements of the species, creating avoidance behavior on the fauna, pollution in 
water systems, impaired erosion and sediment balance, chemical pollution in the 
atmosphere, impaired natural vegetation due to the introduction of the exotic species, 
habitat fragmentation and reduction (Develey and Stouffer, 2001; Forman and Alexander, 
1998). The negative effects caused by the roads may be observed with a distance of several 
meters to several kilometers from the road within the ecosystem. These areas are defined 
as “road effect zone”. Zoning was performed around the roads on the area considering this 
study aiming to protect the Kizilirmak Delta wetlands and the literature (Table 2). 
Additionally, two sub-classes including asphalt roads and stabilized-soil roads were 
created based on the information that the roads with larger traffic volume cause bigger 
habitat and population problems (Forman, 2000). The weights and proportional 
distributions of these sub-classes and road effect zones are provided in Table 3. The fact 
that the roads spread on almost the entire area in Kizilirmak Delta cause increased 
sensitivity. The total length of the roads in the delta amounts to 783 km. The road density 
equals to 1581 m/km2

 

. 

Figure 3. Ecological sensitivity and risk zones. 
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Ecological Sensitivity and Risk Zones 

The sensitive regions were determined as a result of the comprehensive assessment made 
using the seven parameters described above (Figure 3). The parameters of elevation, soil 
and land use were more determinative than the other parameters as they had a higher 
importance weight (Table 2). If the protection of a wetland which has been already formed 
by river accumulation, the parameter of elevation has a determinative quality itself. 

As a result, the eastern coasts of the delta were determined to have areas with a higher 
level of sensitivity. On the western coasts, the relatively lower part surrounding Karabogaz 
lake is observed to be an area with high ecological sensitivity. Particularly at the entire 
delta area, the lakes located near the sea level and the soil created around them as well as 
the land use type turn them into areas with a high ecological sensitivity. The ecological 
sensitivity was determined to be extremly on the area of 44.83 km2 (%9) at and around the 
lagoon lakes. A high sensitivity was determined on the area of 16.99 km2 (%3.4) the 
majority of which corresponded to the dunes around the delta area. Moderately sensitivity 
areas were determined to be 141.75 km2 (29%), light sensitivity and risk areas were 
determined to be 113.66 km2 (22.97%), and no sensitivity areas were determined to be 
177.66 km2

 

 (35.88%).  

CONCLUSION 

Wetlands are multi-functional complex systems; therefore, it is more beneficial to assess 
them as an integrated ecosystem in area or basin basis rather than individual parts of it 
(Turner et al., 2000). In this study aiming to serve as a basis to protect the wetlands in 
Kizilirmak Delta, the study area covered not the borders of the wetlands, but the complete 
delta area. This shows that the ecological sensitivity assessment can be applied 
integratively to the area.   

Time and cost constitute the major problem in the methods used to asses the wetlands 
(Carletti et al., 2004). The time advantage of the ecological sensitivity analysis, its cost 
efficiency, simplicity and ability to be directed for different purposes puts forth that it is an 
important method in protecting the wetlands.  

An important aspect of the wetland management is to define the ecological risks affecting 
the region and develop a wetland zoning map based on these risks (Malekmohammadi and 
Blouchi, 2014). The ecological sensitivity analysis showing the areas with different 
ecological sensitivity in regional basis by using the GIS technologies also provides an 
advantage in wetland management from this aspect.  
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ABSTRACT 
The monitoring and study of the wave energy propagation along the coast presents a very 
difficult task, account of the significant daily variation of the sea states. In this study, we 
have developed a GIS for the analysis, processing and monitoring of the Wave energy 
propagation along the coast under these different form. The large number of results led us 
to carry out a spatial analysis using raster calculator tool, which allowed us to better 
present and interpreted the SWAN output (simulation wave near-shore model). In order to 
classify coastal zones with high-energy potential we carried out a spatial multicriteria 
analysis which allowed us to select three zones in the near-shore with an average wave 
power greater than 35kW/m on stormy days. 
 

INTRODUCTION 
Currently more than 40% of the Algerian population is on the coastal strip, which 
constitutes 1.8% of the country (Kateb, 2003). This high concentration near the coastline is 
related to considerable economic activity in various sectors (Magnan, 2009), also the 
climate change and the high human exploitation in these coastal areas make them more 
exposed to natural hazards (Simav et al., 2013). Our study area (BouIsmail Bay) is located 
15 km west of Algiers; it represents an important economic and tourist zone with a 
coastline of 65 km.  Account of the absence of wave and current measuring instruments in 
this bay, the hydrodynamic regime is unknown. The wave propagation measurements is a 
fairly expensive and difficult (Bass, 2013; Castelle, 2004) and the number of wave 
measuring instruments that can be installed in a given period remains limited for economic 
reasons (Aydoğan et al., 2013). Therefore, we are based on the SWAN model (Simulating 
Waves Nearshore) version 40.41; a discrete spectral model Based on the wave action 
balance equation (Booji et al., 1999) add to the meteorological database of 14 years of the 
weather station located at 36 ° 46 ' N and 03 ° 04' E. Several cases of SWAN model 
evaluation studies in different regions of the world and with different input data sources 
have shown the good precision of its output results with an underestimation of significant-
heights and periods in some cases (Akpınar et al., 2012; Bottema and Beyer, 2002; Dragani 
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et al., 2008; Dykes et al., 2002). This underestimation may be related to the input data 
accuracy (Akpınar et al., 2012). 
This study aims to develop a methodology that allows us to study the propagation of the 
wave energy along the coast and selected areas with high-energy potential. These energies 
can be destructive or constructive; it may constitute a risk to navigation, mooring, 
swimming, and erosion, as it may be a favorable resource for the renewable marine energy. 
The methodology developed is based on a combination between the Swan hydrodynamic 
model and GIS tools that allows us to represent, communicate and clarify the output data 
information (Loubersac et al., 2000). GIS allows the storage of multidisciplinary data and 
allows to inspect the relationships between them in different scales and in a digital format 
(Szlafsztein & Sterr, 2007). The large amount of numerical information of the input and 
output data from the hydrodynamic model requires to be stored in a tabular Geodatabases , 
also a spatial statistical analysis using raster calculator tools has allowed us to better 
present and interpret our results. To classify the coastal areas with high-energy potential 
we carried out a spatial multicriteria analysis, which make us to select three station with an 
average wave power (Et) greater than 35kW/m on stormy days.  
Two Geodatabases have resulted from this work, the first includes the input, output data of 
the hydrodynamic model SWAN, and the second database contains the data processed and 
analyzed. These data are indicators and tools for decision-making in coastal management 
projects and for the safety of maritime navigation. 
 
METHODOLOGY 
The methodology developed for monitoring the propagation of wave energy along the 
coast and for the selection of zones with high energy potential can be summarized in two 
steps: 
1- The hydrodynamic modeling: Six offshore wave conditions from the N, NNE, NE, E, 

NW, and W directions were modeled. These six conditions represent the six most 
violent storms recorded during 14 years by the weather station of the ONM (National 
Weather Office) (Table.1). The results of the wave energy propagation on stormy days 
allow us to better observe their behavior even in the most sheltered areas. 
 

Table 1. Condition of the modeled stormy days 
Stormy days 14/01/2010 18/02/2015 06/03/2010 21/04/2015 21/10/2011 10/12/2014 
Wind speed >14 >14 >17 >14 >15 >14 
Persistence 9h 18h >15h 15h 9h 12h 
Wind direction 280° 360° 100° 22° 40° 330° 
Wave height 2.3 m 3.5 m 4.5 m 4 m 3.2 m 2.8 m 
Wave periode 6.7 s 9 s 9.5 s 10 s 8.3 m 8 s 

 
2- Development of a GIS under ArcGIS10.3 for the processing of results and for the 

classification of areas with high hydrodynamic potential. This part of our work is 
summarized in three steps: 

 Creation of the spatial tabular Geo-database and mapping of model results 
 Spatial analysis: It is a spatialized statistical analysis of data (Bachouche et al., 2016). 

In this section, we calculated the averages, variances, and maximum wave power along 
the coast using the GIS tool raster calculators. 
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 •Spatial multi-criteria analysis; to select the nearshore areas with high wave power, 
whatever the conditions of the offshore wave. 
 

DATA COLLECTION AND PROCESSING  

The data used in this study are the wave generating forces and the modifying forces 
including the winds, the sea level variation and the geostrophic Velocities. Synoptic wind 
data recorded between 2002 and 2016 were processed to filter out the six most violent 
storms that blew in six different directions opposite to the coastline. Sea level and current 
data have been downloaded from the Aviso+ web database in NetCDF format. 

 
RESULTS AND DISCUSSIONS 

Numerical modeling of wave energy propagation based on the Swan model allowed us to 
obtain several results concerning the spatial and temporal variations of the wave physical 
characteristics in the nearshore whose significant heights, the set-up, the orbital current 
velocity, the wave energy per area unit and the wave power in Kw/ m.  All these results 
have been mapped and located in the tabular geo-database.  

These wave power maps (Figure 1) indicate a significant variation in the wave energy 
dissipation near the coast. This variation depends mainly to the offshore waves and winds 
direction. The maximum energies that reach the coastline are observed with storm winds 
from the northeast sector. According to the National Coast Guard Service (SNGC) the 
most part of the vessels sinking near the Bouismail Bay was recorded with the winds of 
North and North-East Sectors. 
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Figure 1. Wave Power Propagation maps of Six Stormy days recorded during the previous 
14 years 
 

- Spatial Analysis Results 
In order to interpret the large number of results obtained after modeling the six most 
violent storms recorded since 2002 from six different directions, we calculated the mean 
and the maximum wave power recorded along the bay that can be observed during a storm. 
These results allow us to give a first estimation of the zones with high-energy potential and 
thus estimate the probable coastal risk during the decennial storm. 
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Figure 2. maps of mean and maximum wave powers on storm days and standard deviations 

 

The highest wave power average near the coast was recorded in the western part of the bay 
and in the Sidi-fredj beach (Figure 2.). Thus, there is an important correlation between the 
maximum and average energies. The standard deviations map allows us to estimate the 
zones whose energies recorded during the storm are close to the calculated mean whatever 
the direction of the offshore waves, to the other hand, the zones with a high standard 
deviation value have energies that varies greatly according to the conditions of the offshore 
wave. 

The strong energies recorded in the shallow water represent a significant advantage for the 
wave energy recuperators whereas it is easier to install, maintain and tighten it closer to the 
electricity grids (Shin 2013). Our objectives are to locate the zones with the highest energy 
potential whatever the conditions of the offshore swell, ensuring that these zones are close 
to the coast. To do this we passed to the third step of our studies, which is the multicriteria 
analysis. Three criteria were the subject of this analysis: 

 

1. Wave power average greater than 25 kw/m,> 30kW/ m and> 35kW/ m 
2. A low standard deviation value (<12) 
3. A maximum depth of 20 m. 
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Results of the multicriteria analysis 
 

 

Figure 3. Results of the first multicriteria analysis:  Et > 25 kW/m & ϭ <12 & depth <20 

This map indicate the zones with an wave power average greater than 25 kW/m, a standard 
deviation less than 12, and a depth water less than 20 m. The most remarkable zone for its 
length and area is located in the eastern part of the small bay of Sidi Fredj (Figure 3). This 
zone has experienced very high coastal erosion during the last decade (Aini & Boutiba, 
2014). In order to make the protection of this area more profitable, the implanted of a 
breack water equipped with a wave energy recuperator (SSG Slot-Cone Generator) can be 
evaluated by this result; The SSG wave energy collector was optimized during the 
EMACOP project for a maximum hydraulic efficiency of approximately 27% frome the 
total wave energy (Hardouin, 2016). 

 

Figure 4. Results of the second multicriteria analysis:  Et >30kw/m & ϭ <12 & depth <20m 
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The map below (Figure 4) indicate the zones with an wave power average greater than 
30kW/m, a standard deviation of less than 12 and a depth of less than 20m. This result 
enabled us to select the regionally high-potential areas of renewable marine energy, also it 
allows us to locate areas with high risk of navigation or high risk of erosion. The area that 
has the highest interest for energy recovery was observed in BouIsmail zone, of which four 
Breakwaters with a length of 450 m are exposed to a considerable and omnipresent energy. 

 
Figure 5. Results of the third multicriteria analysis:  Et >35kw/m & ϭ <12 & depth <20m 

The last results of the multicriteria analysis (Figure 5) aims to filter even more the zones 
that mark the strongest marine energies. Three zones were located with a wave power 
average on storm days greater than 35 kW/m and a standard deviation less than 12 in 
depths less than 20m. The most notable area among them is Ras Acrata with a length that 
exceeds 2 km along the coast, or 70 megawatt of energy. The maximum energy recorded in 
this zone is 80kW/m with a NNE wind of a speed greater than 14m/s and a persistence of 
12heur. 

  

CONCLUSIONS 

The coastal areas of BouIsmail Bay do not have the same energy potential; the variation of 
this energy depends on several factors including coastal and underwater morphology. The 
wave power transmitted to the coast generally depends on the direction of the offshore 
wave’s propagation; the phenomenon of diffraction and refraction causes a high dissipation 
of this energy. The use of GIS for geospatial analysis and multicriteria analysis of the 
hydrodynamic model results (SWAN) allowed us to select the coastal areas exposed to the 
highest marine energy with a low dependence to the offshore wave direction.  These areas 
can be exposed to a high risk of erosion and presents very dangerous areas to navigation. 
The installation of breakwaters occupied by wave energy recuperators in the case of a 
coastal protection project in these areas may be more cost-effective and economical. The 
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geodatabase developed during this study allows us to optimize the choice of the most 
favorable zones and the most profitable for the development of renewable marine energies. 
as well this geodatabase it constitute a decision support tool for the ICZM projects, the 
coastal vulnerability studies and the coastal safety services. 
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ABSTRACT 

This study was aimed at mapping the spatial distribution of Arsenic and Boron Pollution in 
Mustafakemalpaşa catchment area using measured field data and considering the 
discharge of small tributaries. Arsenic (As) and Boron (B) are the most common water 
pollutants in northwestern Turkey. Literature studies suggest that mining activities and the 
geology of this region are responsible for these pollutions. Water samples were seasonally 
collected from 50 sampling points in the basin. Samples analyzed for the boron and 
arsenic pollution using inductively coupled plasma optical emission spectroscopy (ICP-
OES). Inverse Distance Weighted (IDW) interpolation technique in ArcGIS 10.4.1 toolbox 
was used for pollution mapping. The results show, significant variation of both arsenic and 
boron concentration among the sampling points, however no significant seasonal 
variations for both boron and arsenic levels was noted. The obtained pollutant values are 
above World Health Organization (WHO) drinking water limits. The distribution of both 
arsenic and boron along the course of the streams is found to be closely related to mining 
activities in the area.  

 

INTRODUCTION 

Arsenic (As) been described to be a toxic metalloid and therefore endangering public 
health if consumed at high levels (Hindmarsh and McCurdy 1986). Schwartz 1997, 
reported that prolonged consumption of water contaminated with over 50 µg/L of arsenic 
may cause internal cancers, the WHO guide line for As in drinking water is 10 ug/L. 
Arsenic is mostly found as inorganic arsenite (+3) and arsenate (+5) oxidation states in 
water (Dove and Rimstidt, 1996). At oxic conditions and thermodynamic equilibrium, 
arsenic is dominated by arsenate oxyanions (H2As(V)O4

- or (H2As(V)O4
2- depending on 

the pH. At reducing conditions and over a wide range of pH, the uncharged arsenite 
species ((H3AsO3

0) predominates (Carbonell-Barrachina et al.1999).  From the 
environmental risk point of view, exploration of certain natural resources can lead to 
significant environmental pollution, such activities include; geothermal fields, mining 
operations in sulphide bearing ores with high arsenic content such as arsenopyrite (FeAsS), 
arsenian pyrite (Fe (S, As)2), realgar (AsS) and orpiment (As2S3). Its reported that up to 
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4% As levels are present in the mineral deposits of Kutahya -Emet region (Baba and 
Sozbilir, 2012).  

On the other hand, Boron mainly occurs as orthoboric acid in most volcanic spring waters 
and as borate minerals such as borax (Na2B4O7.10H2O), colemanite (Ca2B8O11.5H2O) 
and ulexite (NaCaB5O9

Studies focusing on smaller tributaries in the catchment area are limited in literature and 
this is a draw back in identifying the pollutant input routes. Spatial mapping of pollution 
based on the real field data can help the local community, water resources managers and all 
the relevant stakeholders in quarantining unsafe zones and identifying the pollution 
sources. This study was aimed  at; (1) determining arsenic and boron contents in 
Mustafakemalpaşa stream and its tributaries (Emet and Orhaneli) and comparing with the 
national and international water quality standards, (2) Identifying the most polluted 
tributaries based on arsenic and boron pollution, which are main sources of pollution input 
into the catchment and finally (3) serve as an approach to guide to policy makers in making 
informed decisions in regards to water pollution in the catchment area. 

.8H2O), (Gemici et al. 2008). Although boron is an essential 
nutrient for plants and many organisms, its reported to be toxic to aquatic and terrestrial 
organisms above certain thresholds (Emiroğlu et al.2010). Over 70% of the world boron 
reserves are in Turkey with major deposits in Kütahya province in northwestern turkey 
(Helvacı, 2005). The existing borate deposits in the region are mined by surface or 
underground methods (Helvacı 2004). Geogenic sources such as geothermal discharges, 
leaching of rocks among others may cause boron pollution in the environment.  In addition, 
anthropogenic sources of boron pollution may include municipal wastewaters, and 
industrial residues, boron pesticides and fertilizers among others (Dotsika et al. 2006).   

 
Figure 1. Location of Mustafakemalpaşa catchment area. 

 
MATERIALS AND METHODS  

Study region 

Mustafakemalpaşa cacthment is located within the boundaries of Bursa, Balıkesir and 
Kütahya provinces in the 25° 45′ to 25° 74′ N and 84° 10′ to 84 °55′ E geographic 
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coordinates with a total catchment area of 10,622 km2

Data collection  

, an area characterized by intensive 
mining of Boron, Chromium, Lignite and İron. The drainage network in the catchment 
discharges into Lake Ulubat and finally into the Marmara Sea through Susurluk river. The 
climate in the region is a typical transitional climate of that between the Mediterranean and 
the Black Sea climates. With the highest precipitation received in winter and the least 
precipitation received in summer. According to data obtained from Turkish state 
metrological service, the average annual temperature in the catchment is 13.2°C. Annual 
precipitation in the basin ranges between 40 mm and 65 mm.  

Data for this study was obtained from 55 designated GPS coordinate sampling points in the 
catchment area in October 2016, March 2017 and July 2017. In October, the weather is 
characterized by rainy but warm conditions with an average flow rate of 17.4 m3/s, in the 
main Mustafakemalpaşa stream. In March, the weather is rainy and foggy with an average 
stream flow rate of 115.1 m3/s, in July the weather is hot and dry with a flow rate of 19.1 
m3

 

/s. Water samples were collected using sterilized polyethylene bottles and analyzed 
within 5 days of sampling. All the sampling and analysis procedures were performed in 
accordance with the Standard Method for the Examination of Water and Wastewater 
(AWWA). The location of sampling points used in this study are shown in Figure 2 below. 

Figure 2. Water and sediment Sampling points used in this study. 
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Chemical and Physicochemical Analysis 

The analyses on temperature, pH, salinity, and conductivity were performed in-situ using a 
“Mettler Toledo sevengo” device. Prior to analysis, all the water samples were filtered 
through 0.45µm filter. The total arsenic and boron concentrations was measured using 
inductively coupled plasma optical emission spectroscopy (ICP-OES), a reliable method 
for arsenic measurements (Rahman et al. 2002). All analysis recorded as a mean of 
triplicate measurements.  

Spatial mapping tool 

The spatial mapping tool used in this study was the geo-statistical, Inverse Distance 
Weighting Method, based on ArcGIS 10.4.1 software. Equations (1) and (2) summarizes 
the IWD formulae (Chen et al.2012).  
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where Cp is the unknown pollutant concentration; Ci is the pollutant concentration at 
known point; N is the total number of amount of sampling points; Wi is the weighting of 
each point; di

 

 is the distance from each sampling point to the unknown site; ρ is the power 
function, the default value of ρ = 2 was used in this study.  

RESULTS AND DISCUSSION  

Large variations in both arsenic and boron levels at different points in the water samples 
was seen (Figure 2 and Figure 3). Average dry season concentrations (June to August) 
were 0.423 mg/L and 24.93 mg/L for arsenic and boron respectively, whereas the wet 
season (Feb-April) average concentrations was 0.460 mg/L and 53.66 mg/L for arsenic and 
boron respectively.  

As can be seen from Figure 3, the variation in arsenic and boron values measured from 
Emet stream are similar. The lowest values are seen in the upstream points, about 200-
220km distances from the Uluabat lake. After this point, a striking increase is seen in both 
the arsenic and the boron parameters at a distance of about 180 km from the lake. This can 
be explained by the dense presence of boron mines in the area. As it is clearly seen from 
the figure after the confluence of Orhaneli stream, arsenic and boron values reach the lake 
at relatively low values through Mustafakemalpaşa stream.  

From Figure 4 the average annual arsenic pollution at the upstream sampling points, about 
230-250 km from Ulubat lake, along Orhaneli stream were observed to be below the WHO 
guide line (10µg/L) hence suitable for human consumption. However, as the flow 
continued downstream, an increase in arsenic pollution is observed this may be due to 
inflows from polluted tributaries. The maximum arsenic pollution level (103µg/L) along 
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Orhaneli stream noted at about 97 km from Ulubat lake. The high arsenic pollution value at 
this point could be due to lignite mining activities and thermal power plant in the region.  
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Figure 3. Annual average concentrations of arsenic and boron in the water of 
Mustafakemalpaşa and Emet streams, Data based on three field campaigns (October, 
March and July). 
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Figure 4. Annual average concentrations of arsenic and boron in the water of 
Mustafakemalpaşa and Orhaneli streams, Data based on three field campaigns (October, 
March and July). 

 

Pollution maps 

The pollution maps shown in Figure 5 and 6 were generated from ArcGIS 10.4.1 software, 
using the Inverse Distance Weighting (IDW) tool box. These maps clearly illustrate the 
arsenic and boron polluted regions of the catchment and can easily be interpreted. 
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As presented in Figure 3 the values below 10µg/L which is suitable for human 
consumption according to WHO guide line only can be found upstream of Orhaneli stream 
and some small tributaries of Emet and Mustafakemalpaşa streams. The values change 
between 10-50 and 50-100 µg/L predominantly along the other parts of the streams. The 
values between 100-300 µg/L can be seen at the Tavşanlı city on Orhaneli strem 
Considering the Emet stream the values between 100-300 µg/L can be found in the section 
of  the Emet stream beginning from Hisarcık to the point where it confluence with 
Orhaneli stream. The highest values (above 400 µg/L) were measured only north of the 
Emet county.  

 

 
Figure 5. Map of arsenic concentration. 

 

The map of boron pollution is given in Figure 6. The most spectacular characteristic of the 
boron pollution in the basin is that the values in the Orhaneli stream are below 2.4 mg / L 
which is the allowed value for human consumption according to the WHO guide lines. 
Besides these low values are observed in some tributaries in the middle and northern part 
of Emet stream. Similar to arsenic pollution map the highest concentrations of boron were 
detected in areas close to the Emet and Hisarcık counties. As it can be seen from the map 
that despite the clean water coming from Orhaneli stream, the boron values along 
Mustafakemalpaşa stream have relatively high values. 
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Figure 6. Map of Boron concentration. 

 

The maps represented in Figure 6 and Figure 7 were prepared in order to compare the 
concentration distribution of arsenic and and boron with the distribution of the minefields 
based on subcathments. Thus, it is aimed to better analyze the effect of minefields in the 
basin on pollution distribution. 

As it is clearly seen from Figure 5 the subcathment numbered 6 has the highest mean As 
concentration (905.42 µg/L). This subcatchment has the most dense mining areas in the 
study site. The boron mines are located in the southern and central parts of the basin, and 
lignite mines are located intensively on the northern boundary of the basin. The 
subcatchments numbered 4 and 2 have the second and third highest mean arsenic 
contentration values respectively. These high values can be express by the presence of 
lignite mining areas and effect of subcatchment numbered 6. The subcatchments numbered 
3 and 5 has the lowest As contentration 8,01 µg/L and 13,47 respectively. These two 
subcatchments has no boron or libnite mining areas. The subcatchment numbered 7 is the 
sub catchment of Orhaneli stream has a mean value of 34.65 µg/L As. There is numerous 
mining areas in the subcatchment numbered 7 but effect of this areas to the As pollution is 
limited. This can be explained by geochemical characteristics of minerals in the rocks. 
Additionally, the technological level of mining activities in this region may be attributed to 
the relatively low pollution concentration. The subcatchment numbered 1 is representing 
the Mustafakemalpaşa stream and has a mean value of 42.09 µg/L.  
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Figure 7. Map of Annual average concentration distribution of arsenic in the 
subcatchments. 
 

 
Figure 8. Map of Annual average concentration distribution of boron in the subcatchments. 
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The Figure 8 below shows the mean boron concentration distribution of the subcatchments. 
The variation of the boron pollution of the subcatchments are very similar to the as 
pollution distribution given in Figure 7.  

 

CONCLUSIONS 

The concentrations of both arsenic and boron in many areas of Mustafakemalpaşa 
catchment is found to exceed the maximum allowable limits (10 μg/L for As and 2.4 mg/L 
for B) set by national and international standards for drinking water. Sampling Points 8, 35 
and 41 were identified as the main polluted points (hotspots) in the catchment area, these 
are near points of wastewater discharges from mining sites; point 35 is a discharge point 
from boron minig sites. Point 41 is upstream of Hisarcık town, the high boron and arsenic 
pollution at this point is attributed to the mining sites located in southern part of Hisarcık 
town. Its noted that a significant reduction of both arsenic and boron concentration occurs 
downstream after pollutant input from these contaminated tributaries (wastewaters), this 
could be due to dilution by the less polluted water from other tributaries downstream and 
the pollutant retention by the water impoundment structures located in the stream. 
Although previous studies mainly seem to support the argument that As enrichment in the 
stream waters of this region is predominantly controlled by weathering of already As-rich 
underlying rocks (Özkul. et al. 2015). This study clearly points outs that another major 
cause of arsenic in the streams are point discharges from mining waste as indicated by the 
high pollution levels in samples taken down stream of discharge points (hotspots). 
Continuously monitoring of boron and arsenic pollution from the mining wastewater 
discharges should be carried to avoid contaminating the entire catchment area. 
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ABSTRACT 

In this study, determining the heavy metal contents of coastal sands of selected locations of 
Turkish east Mediterranean (between Samandağı and Narlıkuyu) and TRNC (Turkish 
Republic of Northern Cyprus) was investigated. 32 samples were taken from appropriate 
locations. The samples whose coordinates were determined by GPS were pinned on the 
map with 1/100.000 scale. Controls of formations of the area were performed and 
informations about the region were saved. Photographes of the sample locations were 
taken.Chemical and heavy metal compositions of the materials were determined by 
ICP/ICP MS chemical analysis in Canada (in ACME laboratories). Two samples of each 
location were sent to the analysis. Arithmetic means were calculated and showed in this 
paper. Besides, the particle size distributions were detected by wet sieve analysis and the 
cumulative passing curves were plotted. The chemical analysis and the particle size (d50 
and d80) results of the samples were graphed by running ArcGIS 10.1 computer software. 
The research reveals that Mersin coasts have significant grade of chromium (2 %), 
Karataş coasts have considerable grade of zirconium and Hatay coasts have important 
grade of nickel. 

It is thought that this research dealing with the characterization of Turkish coastal sands 
will contribute positive feedbacks to the literature. The research can be used a source for 
determining of the origin of these useful elemental contents in the East Mediterranean 
Coastal Sands. 

 

INTRODUCTION 

0.04% of Turkey is covered with sand dunes. There are a total of 290.000 decare beach 
sand beaches in Turkey, with 73.500 decares in the Black Sea Region and 216.500 decares 
in the Mediterranean Region. It is important that the current reserves of all heavy elements 
in coastal sands of Turkey must be contributed to the economy to create added value 
(Aykol ve Gültekin, 1992; DPT, 2016; Kozlu et al., 2002; Demirel, 2017). This study is 
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aimed to determine the characteristics of the coastal placers of Eastern Mediterranean and 
TRNC. 

METHODS 

Experimental Studies 

Samplings were made from east to west in Samandağ-Narlıkuyu (Turkey) on 26 locales 
and Dipkarpaz-Girne (KKTC) on 6 location lines. A total of 32 locations were surveyed. 
The samples whose coordinates are determined by GPS are marked on a map with the 
scale of 1 / 100.000. After opening a 10 cm deep slit on the beach, samples were taken 
with plastic gloves and heavy metal and mineral contents were determined after the 
representative samples were dried and reduced by quartering (Figure 1). 

 

 

 

 

 

 

 

 

 
 
 

Figure 1. Location map of the study 

Chemical Analyses 

The samples were sent to Canada via Acme Analitik Laboratuvar Hizmetleri Ltd. Şti. in 
order to determine the contents of sands. 

Table 1. Dimension values of d50 and d80 of receiving samples (mm). 

  A-1 A-2 A-3 A-4 A-5 A-6 A-7 A8 
d50 0,40 0,80 0,64 0,27 0,40 0,26 1,00 0,30 
d80 0,70 4,00 1,40 0,78 0,70 0,40 12,50 0,41 

  A9 A-10 K-1 K-2 T-1 T-2 Y-1 Y-2 
d50 0,50 0,36 0,23 0,25 0,50 0,25 0,25 0,50 
d80 3,80 0,56 0,30 0,35 0,72 0,40 0,41 0,85 

  Y-3 H-1 H-2 H-3 H-4 H-5 H-6 H-7 
d50 0,20 0,37 0,53 0,55 0,57 0,25 0,32 0,43 
d80 0,60 0,75 0,71 0,75 0,83 0,70 0,78 2,20 

  H-8 H-9 C-1 C-2 C-3 C-4 C-5 C-6 
d50 2,00 0,50 0,25 0,26 0,22 0,36 0,50 0,31 
d80 7,50 0,75 0,40 0,48 0,28 0,45 1,00 0,47 
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Sieve Analysis 

Particle size analyzes were carried out by taking a minimum of 250 grams of dried 
samples. Dry-sieving were performed in the mining engineering laboratory of Cukurova 
University Mining Engineering Department. 

Based on the sieve analysis graphs of coastal sands, the d50 and d80 values, which are the 
grain sizes of 50% and 80% of the sand, are found and are shown in Table 1. Accordingly, 
H8 and A7 are coarse-aggregate aggregates and the others are fine-sized aggregates. 

 

Distribution Graphs of the Contents by ArcGIS Program 

The chemical analysis values and grain size distributions obtained from the sample were 
mapped using the ArcGIS 10.1 computer program (Figure 2-11). 

 
Figure 2. Cr2O3 distribution graph (%). 
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Figure 3. Fe2O3

 

 distribution graph (%). 

Figure 4. Ni distribution graph (ppm). 
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Figure 5. Pb distribution graph (ppm). 

 
Figure 6. Sr distribution graph (ppm). 
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Figure 7. TiO2

 

 distribution graph (%). 

Figure 8. Zn distribution graph (ppm). 
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Figure 9. Zr distribution graph (ppm). 

 
Figure 10. The d50 value distribution chart of all samples (mm).  
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Figure 11. The d80 value distribution chart of all samples (mm). 

 

RESULTS AND CONCLUSIONS 

In this study, samplings were made from east to west in Samandağ-Narlıkuyu (Turkey) at 
26 locational locations and Dipkarpaz-Girne (KKTC) at 6 location lines. A total of 32 
locations were surveyed. The samples whose coordinates are determined by GPS are 
marked on a map having 1 / 100.000 scale. Formations in the region were inspected, 
information about the area was recorded, and photographs were taken. This study has 
revealed the inventory of concentrates which can be considered important in Eastern 
Mediterranean coasts. The concentrations and the mineral contents determined at the 
location points are given below. 

A: The rates of Fe2O3 (6,48-8,66%), MgO (5,92-11,71%) and CaO (14,36-21,94%) are 
high in the sand. These ratios are due to ophiolitic rocks in accordance with the geology of 
the region. The ratio of CaO increases because of the limestones in the region. The cobalt 
ratio is still high because of the regional rocks. The abundance of TiO2

T: High rate of silicon (55-60%), Fe

 (0,50-0,70%), Ni 
(123-442 ppm) and Cr (% 2) is also due to ultrabasic (Peridodite, serpentinite) rocks. 

2O3

K: Fe

 (2% average), MgO (4% average), CaO (12% 
average) It indicates that there is a serious sandstone sedimentation in the region. There is 
an increase in concentration in Ba, Sr ratios. 

2O3 (4,5%), TiO2 (0,22% average), Ba (ppm 409) in sand are not different in other 
elements. It can be evaluated due to the concentration of Zr element in K2 sample. 
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Y: Ca is high (27% average). The Sr ratio is around 600 ppm. 

H: Fe2O3 (3,44-11,04%), MgO (13,72-39,14%), CaO (2,64-20,92%), TiO2

C: There is a significant increase in CaO (33-42%). The limestones in the region have 
increased the rate. 

 (0,03-
0,17%), Ni (ppm 444-1845), Cr (0.19-1.011%) are remarkable. The high proportion of Ni 
bound to the ultrabasic rock units suggests that this region can be assessed. 

XRD and microscopic analyzes were performed to obtain more detailed information about 
the structure of the sampleS. Mineral contents were determined. Mineral paragenesis of 
each region is revealed. XRD peaks and stereo microscope studies support each other. The 
contents are as follows. 

A: Amorphous quartz, pink quartz, crystal quartz, hematite, magnetite, goethite, calcite, 
feldspar, chromite, organic material. 

T: Quartz, orthoclase, calcite, biotite, opal, olivine, hematite. 

K: Crystal quartz, opal, calcite. 

Y: Calcite, quartz, feldspar, magnetite, hematite, organic material. 

H: Olivine, quartz, calcite, hematite, magnetite, organic material, pyroxene, dentritic 
opal, little citrin. 

C: Calcite, crystal quartz, opal. 

The following suggestions can be made regarding future works on the region: 

• The chromite concentration (around 2%) in the Mersin provinces, especially in the 
operable grades, is in question. Further research on this area can be made in the future. 

• The zircon concentration in Karataş coasts is considerably higher. As one of the 
commercial methods of obtaining zircon is coastal placers, feasibility studies can be done 
for zircon from here. 

• Nickel contents were found high in Hatay. Additional work can be done for this 
circumstance. Moreover, this region can be evaluated because olivine (forsterite) ratio is 
high especially in H3 region. 

• This study can be used to investigate the origins of economically feasible 
mineral/elemental contents in Turkish coastal sands. 

• It is proposed to extend the scope of this study which includes Eastern Mediterranean and 
Cyprus coasts and to investigate more detailed sampling of mineral/heavy metal contents 
of the coasts with more sampling. 
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ABSTRACT 

In this study, opal mineralization from Yenice district, northeast of Bayramic village are 
selected for imaging of spectral properties of opal mineral using remote sensing.  

Based on the field observations and the result of the XRD and SEM analyses of Yenice 
opals have been formed by low - T silica- rich hydrothermal solutions in the dacitic 
volcanic rocks.  As a follow up, the region was also analyzed using ASTER remote sensing 
data. Different band ratios and spectral reflectance values of the region were computed by 
using different ASTER bands for three days. 

Joint evaluation of both methods provides multiple outputs; delineation of the surface 
coverage of the exposed mineralization, possible extension of the zonation through the 
morphology and possible internal zonation of mineral accumulation. 

 

INTRODUCTION 

Locating mineral occurrence is the first step of the academic and commercial evaluation of 
the precious and semiprecious gems. Traditionally, as an initial step, both geological maps 
and tectonic history of the target region pinpoint the possible exploration area. Then, earth 
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surface needs to be searched by the experts to find possible exposed minerals, if exist any. 
Next step is to delineate the boundaries of the zone and to define the geological strikes, if 
possible, associated with the mineralization. As a next step, non-invasive geophysical 
surveys over and surrounding of the outcrops usually suit for the purpose and image the 
subsurface geology depending of the physical characterization of the minerals-host 
relation. Before employing detailed subsurface imaging methods and invasive methods (e.g 
mechanical drilling or excavation),we propose a quick and efficient approach in this study; 
joint evaluation of the spectral decomposition remote sensing data, X-ray diffraction(XRD) 
and scanning electron microscopy (SEM) analyses. 

This approach provides information about the surface coverage of the mineral deposition. 
Although subsurface imaging still needs additional survey, proposed approach leads the 
decision makers about required additional examination on quality of gems and geophysical 
survey planning.  

XRD has been the principal method for mineral discrimination since the early 1920s (e.g. 
Westgren and Phragmén1925) and its application is subject to many Nobel prize in various 
science. The method relies on the fact that, when a beam of incident X-rays applied, the 
crystalline atoms diffract it into many specific directions. Diffraction angles and intensities 
are characteristic to the material and a various other information can be determined. SEM 
produces images of topography and composition of a sample by scanning the surface of it 
with a beam of incident electrons. Reflections produce various signals that contain 
information about the scanned surface. On the other hand, remote sensing detects and 
classifies objects on the earth surface using reflectivity of the propagated electromagnetic 
waves. 

A common point of the three methods is to explore reflectance of the various 
electromagnetic fields. It is good to hold that there is a distinct scale difference between the 
methods. Previous ones are in micro-scale while last one can detect macro-scale surface 
features. We expected that comparison of the results may present some kind of relation 
between different method and all can be used for mineral exploration. 

We tested our approach over the opal out crop found at the south of Yeniköy district, 
northeast of Bayramiç village, Çanakkale Turkey (Figure 1). Mineralogical analyses of the 
opal samples were carried out by X-ray Diffraction (XRD) methods. The samples were 
analyzed using JEOLJSM-7100F scanning electron microscope (SEM) at different 
magnifications up to 50000X for texture of samples and major element analyze. X-ray 
Diffraction was performed on a PanalyticalX’pert Pro MPD operating at 40 kV and 30 mA 
using Cu-Kα radiation. Diffraction patterns were recorded between 3 and 70° theta with 
step size: 0, 0167 and time per step: 40. The XRD analyses were carried out in Kale 
Seramik R&D Center - Çanakkale. The samples were analyzed using JEOLJSM-7100F 
scanning electron microscope (SEM) at different magnifications up to 50000X. The SEM 
investigations were carried out in Çanakkale Onsekiz Mart University, Science and 
Technology Application and Research Center. 

Furthermore, the ASTER data in AST_L1T format was used for the area between upper 
left latitude 39° 36′ 00″ and longitude 26° 08′ 40″, lower right latitude 39° 33′ 00″ and 
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longitude 26° 13′ 26″. The specification of AST_L1T data was defined in WGS84 datum 
and UTM Zone 35. The data was selected for minimum cloud coverage, less than % 5, as 
the thermal bands are adversely influenced from clouds. In order to carry out band ratios, 
all the SWIR and TIR bands were converted to 15 m of pixel size for spatial resolution and 
all bands combined with each other by layer stacking. 

According to the preliminary results, time-resolved multispectral imaging enables 
characterizing and classifying some features like minerals more efficiently and in less time. 
The additional data obtained from multispectral imaging over opal mineral provides new 
opportunities for feature measurements.  

 

GEOLOGICAL SETTING 

The opals, which are the subject of the work, are located in the central part of the Biga 
Peninsula in Northwest Anatolia and in the south-east of the Yenice Village on the Çan-
Bayramiç highway (Fig. 1a). 

 
Figure 1. Study area and its geological map.  

The area where the Opals are located contains geologically different rock units consisting 
of magmatic and sedimentary rocks. The volcanic community, which is widespread during 
the Oligocene period, has been distinguished as three different map units, Saraycık 
volcanics, Yaylacık ignimbirite and Ezine volcanics due to their lithological differences 
and stratigraphic locations. After the active magmatism, sediments belonging to the 
Bayramic Formation deposited in the Pliocene and later regions are located. (Fig.1b). 

In the study area, Saraycık volcanics consist of basic compound rocks. The outer surfaces 
of Saraycık volcanic units are brownish yellow, clean surfaces gray, dark gray basalt and 
basaltic andesite (Fig. 2a).  

Yaylacık ignimbrites generally consist of yellowish, white colors rhyolites. On the clean 
surfaces of the rocks with light gray, beige-colored alerter surfaces, there is a clear flow of 
dough and minerals (Fig. 2b). The ignimbrite rocks in the region are overlain by Saraycik 
volcanics, overlain by Ezine volcanics and the sediments of the Bayramic Formation. 

In the study area, Ezine volcanics are mostly seen as andesitic and dacitic lava flows. Fresh 
surfaces of lavas are usually gray and pink in color. It is observed in porphyritic and 

(a) (b) 
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abundant fractured and cracked. (Fig.2c). The opals in the region are seen in Ezine 
volcanics. They have different color tones like cream, yellow, and orange, burgundy. This 
coloration shows the effect of the element of iron found in the bodies. They have a fragile, 
cracked, fragile texture (Fig. 3). The position of the Opals in the volcanics should probably 
be related to a fault zone in the immediate vicinity. This fault might have served as a 
fracture system that provided pathways for the circulation of low-T silica - rich 
hydrothermal solutions in the region.  

Bayramiç formation consists of red-brown conglomerate, light yellowish carbonated 
sandstone and mudstones (Fig. 2d). Conglomerates and sandstones are massive or roughly 
layered. Mudstones are generally massive. 

 

 
Figure 2. a) Basaltic andesite units of Saraycık volcanics, b) The ignimbrites observed 
around the village of Köylü, c) Overview of andesitic lavas of Ezine volcanics,                         
d) Carbonated sandstones of Bayramic Formation. 

 

Figure 3. Some snapshots from the opals. 
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MORPHOLOGY AND MINERALOGY OF THE YENICE OPALS 

The opals occur as veins in Oligocene dacite host rock where outcrops at the south of Yeniköy 
district, northeast of Bayramiç village. Macroscopically, opals are beige, yellowish – beige to sub 
transcluent red and brown coloured (Fig. 4a). The opal veins are fractured and more altered to clay 
minerals near the surface (Fig. 4b).  

 
Figure 4.  (a) Beige, yellowish – beige to sub transcluent red and brown coloured Yenice 
opals. (b) Yenice opal veins are fractured and more altered to clay minerals near the 
surface. 

 
The XRD analyses revealed that Yenice opals are composed of opal – CT, opal – C and 
alpha quartz– moganite (Fig. 5).  

 
Figure 5. The XRD pattern of the Yenice opal. 

 

MICROSCOPY AND GEOCHEMISTRY OF THE YENİCE OPAL 

SEM images of the fresh crack surface of the Yenice Opals (beige, yellowish- beige and 
red body coloured opals), which were taken at 50000x magnification. SEM images show 
that the internal structure of the Yenice opals consists mainly of spherulitic texture (Fig. 6). 
The opals are made up of tiny spheres that can be observed with SEM. There is a large 
variations sphere in size. 

(a) (b) 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

90 
 

 
Figure 6. Electron microscope image of the Yenice opals (50000X magnification). 

The major element composition of the opal by SEM reveals that opals are mainly 
composed of silica. Al, Fe and Ca are also present as the main impurities. The red opal has 
higher concentration of Fe element than the beige, yellowish - beige opals. Cu and Ti also 
present in the red opal (Fig. 7). These transition elements might give red colour to the 
opals. 

 
Figure 7. (a) SEM image of the Yenice opal (red colour), (b) Major – element composition 
of the opal sample by SEM. 

 
REMOTE SENSING RESULTS 

In this study, Yenice opals were selected for imaging of spectral properties of opal mineral. 
The opals occur as veins in the dacite host rock where outcrops at the south of Yeniköy 
district, the northeast of Bayramiç village. Macroscopically, opals are beige, yellowish – 
beige to sub translucent red and brown colored. The opal veins are fractured and more 
altered to clay minerals near the surface. The XRD analyses revealed that Yenice opals are 
composed of opal – CT, opal – C and alpha quartz. The major element composition of the 
opal by SEM reveals that opals are mainly composed of silica. Al, Fe and Ca are also 
present as the main impurities. 

Remote sensing is a reliable and widely used method for studies related with Earth. The 
ASTER AST_L1T data in WGS84 datum and UTM Zone 35N was used for the area 
between upper left latitude 39° 52′ 24″N and longitude 26° 39′ 51″E, lower right latitude 
39° 50′ 57″N and longitude 26° 42′ 24″E. Two different days were selected at 09:18:10 on 

(a) (b) 
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20.09.2000 and 09:14:58 on 11.09.2003, respectively. The center of the opal mineral zone 
with the 39° 51′ 44″ N latitude and 26° 41′ 06″ Elongitude is represented by black circle 
and extended area with the black rectangles in all the Figures. VNIR, SWIR and TIR bands 
were used in the computation arranging spatial resolution of 15m, 30m and 90m, 
respectively, to 15m pixel size. 

Remote sensing satellites can efficiently be used for mineral exploration equipped with 
different satellite sensors. These satellite sensors sensitive to radiant energy that is 
reflected or emitted by an object interacting with atmosphere designed in different 
wavelength. Each object has a special reflectance and emittance characteristic with respect 
to the shape, size, and physical, chemical attributes.  

In geology, band ratios can be used for spectral enhancement of the images that were 
implemented to variety of bands in order to highlight different mineral composition. This is 
the simple and efficient approach to have an idea about the studied region spectral 
behavior. The band ratio can be obtained by dividing radiance image of one band to the 
other recorded with Digital Numbers (DNs). Each material has its own spectral feature 
mentioned as spectral reflectance. In band rationing high reflectance values in spectral 
reflectance curve is divided into low reflectance values using band absorption feature of 
the material. 

There are several band ratio index generally used in geological studies that approved its 
efficiency for mineral exploration (Goetz et al., 1983; Kruse et al., 1993; Rowan et al., 
2003; Ramadan and Kontny, 2004; Ninomiya and Cudahy, 2005; Amer et al., 2010; Gabr 
et al., 2010; Sadeghi et al., 2013).In the first step of the study, variety of band ratios were 
used as Band3 divided into Band2 (3/2) for vegetated area, Band4 divided into Band6 (4/6) 
for clay, Band 13 divided into Band 11 (13/11)for opal, sum of Band5 and Band 7 divided 
into Band 6((5+7)/6) for AlOH, and sum of Band 5 divided into Band 3 and Band 1 
divided into Band 2((5/3)+(1/2)) for ferrous iron, respectively. In the second step, 
independent component analysis was applied to six SWIR bands in order to highlight 
spectral separability of different minerals. Independent component analysis is a 
multivariate statistical method to find undefined features in a set of random variables. 

Figure 8a and 8b depicts the study area in VNIR bands for Red (Band 3), Green (Band 2) 
and Blue (Band 1) color composite at 09:18:10 on 20.09.2000 and at 09:14:58 on 
11.09.2003, respectively. The ratio of band 3 to band 2 (3/2) were applied to radiance 
image defining vegetated area that can cause misinterpretation of the selected area for 
mineral exploration. In Figures 8c and 8d, the values vary from 0.63 to 1.80 and 0.62 to 
2.08 at 09:18:10 on 20.09.2000 and at 09:14:58 on 11.09.2003 for the band ratio (3/2), 
respectively. Figures 8e and 8f show the content of clay mineral using ratio of band 4 to 
band 6 (4/6). The values change from 1.07 to 1.57 and 1.21 to 1.72 at 09:18:10 on 
20.09.2000 and at 09:14:58 on 11.09.2003, respectively. If we exclude the vegetated area 
using vegetation index (3/2), clay index (4/6) take values about 1.40 and 1.45in the 
intersection of a circle and square (Fig. 8e).Circled area shows the opal mineral region with 
the extent of square. In Figure 8f, the values are between 1.35 and 1.45 around the circle. 
Vegetated areas show high values as red color in all figures. Opal mineral can be found in 
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quartz related region. Quartz mineral enclosured by clay and hydroxyl-bearing minerals 
(Zhang et al, 2016). All these minerals spectrally contribute to absorbance properties of the 
material resulting in different reflectance values. The spectral reflectance curves of opal 
and quartz shows similar patterns. The opal index can be calculated by dividing the 
ASTER band 13 to band 11. Figures 9c and 9d show opal index (13/11) between 1.22 and 
1.28 at 09:18:10 on 20.09.2000 and 1.25 and 1.29 at 09:14:58 on 11.09.2003, respectively. 
In these Figure, opal index takes values about 1.25 in a square around the circle.The 
presence of AlOH mineral can be obtained by (Band 5 + Band 7) / Band 6 band ratio that 
is given at 09:18:10 on 20.09.2000 (Fig. 9e) and at 09:14:58 on 11.09.2003 (Fig. 9f). The 
values changes between 1.69 and 2.12 (Fig. 9e) and 1.62 and 2.18 (Fig. 9f). In Figures 9e 
and 9f, AlOH index takes values between 1.90 and 2.00 depict the presence of AlOH 
mineral content in a square around the circle. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8. Red (Band 3), Green (Band2) and Blue (Band1) band combination of three 
ASTER bands: a. at 09:18:10 on 20.09.2000, b. at 09:14:58 on 11.09.2003; Band ratios of 
the ASTER bands: c. Band 3 to Band 2 at 09:18:10 on 20.09.2000, d. Band 3 to Band 2 at 
09:14:58 on 11.09.2003,e. Band 4 to Band 6 at 09:18:10 on 20.09.2000, f. Band 4 to Band 
6 at 09:14:58 on 11.09.2003. 
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Figure 9. Color composite of independent component analysis in Red (ICA 3), Green (ICA 
2) and Blue (ICA 1): a. at 09:18:10 on 20.09.2000, b. at 09:14:58 on 11.09.2003; Band 
ratios of the ASTER bands: c. Band 13 to Band 11 at 09:18:10 on 20.09.2000, d. Band 13 
to Band 11 at 09:14:58 on 11.09.2003,e.(Band 5+ Band 7) / Band 6 at 09:18:10 on 
20.09.2000, f. (Band 5+ Band 7) / Band 6 at 09:14:58 on 11.09.2003 

 

In Figures 9a and 9b, color composite of independent component analysis results are given 
at 09:18:10 on 20.09.2000 and at 09:14:58 on 11.09.2003, respectively. In the center of the 
circle red color shows exact point of the opal mineral (Fig. 9a). Color composite of 
independent component analysis successfully demonstrate the location of this mineral that 
was suppressed. When the Figure 9b is examined, similar findings can be found in the 
center and bottom of the circle. 

The selected area is analyzed for iron mineral as the opal mineral includes minerals such as 
iron. Figure 10 shows ferrous iron index (Band 5/Band 3)+(Band1/Band2) for the selected 
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days. The values range between 1.42 and 2.16 and between 1.28 and 2.30 respectively. 
There are maximum values about 2.16 (Fig. 10a) and 2.30 (Fig. 10b) in red color around 
the circles that shows high iron content.  

 

 

 

 

 

 

 

 

 

 

Figure 10. Band ratio of the (Band 5/Band 3)+(Band1/Band2)a. at 09:18:10 on 20.09.2000, 
b. at 09:14:58 on 11.09.2003. 

 

CONCLUSIONS 

Geological mapping using remote sensing data is very important for pre-field geological 
mapping of an area, especially where it is not easily accessible. Remote sensing data used 
for this study are freely available. Therefore, pre-field geological mapping and property 
extraction using these data sets has great advantage in reducing cost, time and human 
labor. The approach over the opal out crop found at the south of Yeniköy district, northeast 
of Bayramiç village, Çanakkale Turkey. The opal samples were mineralogically analyzed 
by XRD methods. According to the XRD results, the major element composition of the 
opal by SEM reveals that opals are mainly composed of silica. For remote sensing 
processing, the ASTER data in AST_L1T format was processed using different band 
combinations and independent component analysis for a geological classification. We 
evaluated the applicability of the ASTER data for obtaining geological information on 
lithological mapping associated with opal mineral, using the selected image-processing 
methods. The ASTER data yielded spectral information that allowed identification of 
vegetated area, clay mineral, opal mineral and AlOH. This investigation demonstrates the 
implications for geologists of ASTER data for opal mineral exploration. 
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ABSTRACT 

Roughness properties of rock structures have a significant impact on surface reaction to 
some processes like weathering. In this study, relationship between roughness and 
temperature of rock surface which is located in Istanbul Technical University Ayazaga 
Campus was investigated. Size of selected object is approximately 3 m x 1 m and areas that 
are rougher than their surroundings are clearly identifiable by visual interpretation. 3D 
model of rock surface was produced with the help of photographs and 12 control points 
which were homogeneously distributed on the object. Temperature values of all ground 
control points were measured by infrared thermometer. These values were used as basic 
data to produce temperature map of the rock surface. Temperature distribution map was 
produced by using IDW interpolation method in a commercial GIS software. On the rock 
surface, the temperature distribution in the regions that can be clearly seen as rough was 
examined. The temperature map was evaluated together with the 3D model produced by 
thermal photographs for the same surface. Obtained results presented that there is a 
strong relationship between roughness and temperature of the rock surfaces.  

 

INTRODUCTION 

Rock is a mineral mass or a mineral-like solid which consists entirely of a single mineral as 
well as the accumulation of multiple minerals. A small number of rocks are composed of 
non-mineral substances like solid organic residues (Ocakoglu, 2014). Measurements are 
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usually made in contact with the surface in order to determine the existing characteristics 
of the rock. Photogrammetric methods may be preferred in situations where the geological 
methods may be dangerous and ineffective due to the location of the object. In the 
photogrammetric method, it is possible to analyze on the 3D model produced with the help 
of photographs to determine and interpret the rock structure properties such as 
discontinuity, roughness and weathering. The fact that the 3D model realistically reflects 
the object is the most important factor that provides this advantage.  

The structural disorder and fractures that break the physical connections in the rock 
structure are called discontinuities (Schultz and Fossen, 2008) and the measure of 
fluctuations in small scale due to angular changes on the discontinuity surfaces is defined 
as roughness (Poropat, 2009).  

In this study, it has been investigated whether the roughness of the rock structures has a 
relation with the temperature or not. The behavior of rough surfaces against temperature 
compared to smooth surfaces has been analyzed. In this way, it has been examined that 
interpreting the rock surface characterization with the help of temperature distribution is 
possible or not. 

 

STUDY AREA 

Rock surface located in Istanbul Technical University Ayazaga Campus shown in Figure 1 
was selected in order to investigate the relationship between roughness and temperature. 
Selected object has approximately 3 m x 1 m dimensions. It is necessary to form sections 
with a certain interval on the produced model for the surfaces where the rougher region is 
not clearly visible, to calculate the roughness angles by means of the fracture angles, and to 
compare the results with certain standards such as JRC (Avsar et al., 2016). For the 
selected object, the areas where the roughness is more can be clearly determined by visual 
interpretation.  

 
Figure 1. Study area 

 

DATA and METHODOLOGY USED 

Applied methodology shown in Figure 2 consists of two steps as field study and evaluation 
of the data obtained in field study. Field study covers the measuring coordinates and 
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temperature of control points and taking the photographs for surface. The integration and 
comparison of the obtained data with each other is the second step. 

 
Figure 2. Applied methodology 

The target papers prepared for the control points were placed in a homogeneous 
distribution on the object. Two traverse points in the local coordinate system were used to 
determine the 3D coordinates of the control points. The averages of the values obtained 
from both traverse points were taken into account. RGB photographs were taken by 
mirrorless Sony a600 digital camera with 6000 x 4000 maximum resolution and 24 mm x 
16 mm sensor size, which corresponds to approximately pixel pitch of 4 µm. Thermal 
photographs were obtained by using FLIR thermal camera by controlling with the android 
software on the phone. It is possible to reflect the surface with different color combinations 
during the shooting of thermal photographs. Regions warmer than their surroundings are 
represented by a brighter color such as white and other regions are darker. The color 
combinations representing the temperature differences can be changed to red and purple 
instead of white and gray later on. 

The temperature values were measured by BENETECH GM300 infrared laser contactless 
thermometer from the middle of the target papers, which is the part measured by total 
station, used for the ground control points. There were 17 control points marked during the 
field study but only 12 of them on the front face which we thought that they were exposed 
to sunlight under equal conditions were evaluated. The temperature distribution map is 
only produced for the front face of the rock surface because the incidence angle of the sun 
rays on the front face of the rock and on the upper side will be different. Thermal 
photograph example for surface and thermometer used to measure temperatures were 
shown in Figure 3. 
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Figure 3. Infrared thermometer used and a thermal image taken 

 

Table 1. Temperature value of ground control points  

GCP Number Temperature Value (°C) 
1 36.5 
2 36.5 
3 36.6 
4 37.2 
5 32.5 
6 34.8 
7 32.6 
8 32 
9 34.7 
10 36.8 
11 34.5 
12 34.9 

 

Intermediate values were estimated with reference to 12 control points where temperature 
values were measured on the rock. Intermediate value estimation, also called interpolation, 
is the process of finding the attributes of the unknown points with the help of attribute 
values of known points. In this step, temperature value of GCPs are attribute data used 
during interpolation. Inverse Distance Weight (IDW) method which is one of the most 
commonly used interpolation methods was preferred in order to produce temperature 
distribution map. The principle of the IDW method is based on the following formula 
given below. The measured values are used to estimate the value of the unmeasured 
location. The measured value closest to the estimating region has more effect on the 
predicted value than the other measured values. So, the IDW method assumes that every 
measured point has a decreasing effect with distance. In other words, IDW is inversely 
proportional to distance. While more weight is given to the nearest point, less weight is 
given to the far point. 

 

 

                                         (1) 
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                                         where       Pj

                                                         P

 = Estimated value 

i

                                                         d

 = Measured value 

i,j 

                                                         n = Power factor 

= Distance between measured and unmeasured point 

Discontinuity and roughness regions are shown as 1, 2, and 3 on the 3D model in Figure 4. 
There is a breakup fracture in regions 1 and 3. In region 2, fracture type is cutting fracture. 
The breakup fracture develops from the weak zone of the rock.  In region 1, discontinuity 
is the breakup fraction developed depending on the compression in the environment and 
cutting fracture in region 2. Therefore, on the surface of this fracture, rock surface has 
more roughness than its surroundings. This is the case in region 1. The breakup fracture of 
the region 3 differs from region 1. In this region, there is a breakup fracture developed 
during slope down movement of fallen block of the rock. This situation is different from 
natural discontinuity but as a result the surface is still rough. These regions were evaluated 
both in the temperature map produced by the IDW method and in the model produced by 
using thermal photographs. 

 
Figure 4. 3D rock surface model and rough areas 

 

RESULTS AND CONCLUSIONS 

Using the 3D coordinate information and temperature values of the 12 control points, a 
temperature distribution map was produced by the IDW method. The temperature 
distribution map (IDW) were overlapped on the 3D surface model later on. Figure 5 shows 
the temperature distribution in different regions of the surface and Figure 6 depicts the 
appearance of the same surface obtained with the help of thermal photographs. The upper 
part of the rock is seen as the hottest area in Figure 6 but this area is not included in the 
comparison and interpretation in terms of making the evaluation on equal conditions 
because it is exposed differently to the sunlight according to the front surface of the rock. 
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Figure 5: Surface temperature variations 

 

 
Figure 6: 3D model created by using thermal photographs and roughness regions 

 

3D model produced by using thermal photographs were accepted as reference data to 
evaluate relationship between roughness and temperature of the rock surface. The reason 
of this acceptance is completely realistic reflectance of the surface temperature without 
intermediate value estimation. When 3D model showed in Figure 6 is considered, it is 
observed that regions which have more roughness are warmer than regions with less 
roughness under equal conditions. It is clear that the color of the model turns red when 
regions 1, 2, and 3 are examined. This means that rough areas absorb more sunlight. 
Temperature distribution of the surface created by means of temperature of control points 
is partly compatible with thermal model. Region 2 with quite fracture is warmer than its 
surroundings according to map produced by IDW method. It is not possible to say this 
completely for regions 1 and 3. 

Used thermal camera has not capacity for discrimination of radiometric differences. Also, 
resolution of thermal photographs is considerably lower than that of digital RGB 
photographs. Even if these areas have more temperature, it cannot be seen differences 
among themselves in terms of temperature. A radiometric thermal camera will give a more 
detailed and correct temperature variation. 

Both RGB and thermal photographs of the surface were taken afternoon and the 
temperature of the control points were also measured simultaneously with the 
photographing. Therefore, temperature values were between 32° C and approximately 37° 
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C. Measurements to be made at different times of the day, especially when the surface is 
not exposed to direct sunlight, will also confirm the relationship between surface 
roughness and temperature. 

The reason why the temperature change on the surface showed by the interpolation map 
generated by the IDW method does not show similarity in some regions with thermal 
model may be derived from temperature measurement principle of infrared thermometer. 
the incident angle of the laser beam to the surface may have caused the measured 
temperatures to deviate from the actual values.  

As a result of the study, it was reached that there is a strong relationship between 
temperature and roughness. Also, it was seen that obtaining information about rock surface 
without using thermal camera is possible. It is likely to improve the application in this way 
in a GIS software which can be used a study to be made rock surface.  
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ABSTRACT 

This study contains the possibility of separating and classifying remotely-sensed 
multispectral data from different geological rock-type groups and proposes the use of a 
low-cost handy sensor, a calibrated multispectral camera. The spectral data was recorded 
by an ADC II micro multispectral camera mounted on a field-based platform in the 
spectral range of 520nm to 920nm for the recognition of different geological formations. 
The software also enables users to convert the green, red and invisible NIR bands captured 
by the camera as a monochrome image into blue, green and red respectively. 

The study area was selected in the southwest of the Biga Peninsula (NW Turkey) to analyze 
the discrimination potential of this camera for rock types and close-range remote sensing 
applications. The region consists of Pliocene conglomerates, sandstones and mudstones 
sediments and Miocene rhyolitic tuffs and ignimbrites intercalated with them. After proper 
strategy of corrections and data processing, a supervised classification of the multispectral 
data was performed to distinguish sedimentary and volcanic rocks. The obtained results 
confirmed that the used multispectral camera can be efficiently exploited to map 
differences in geological formations.  

 

INTRODUCTION 

Photogrammetry makes scientific measurements by the central projection imaging from 
various types of sensors, particularly for recovering the 3D positions of studied points. 
Digital photogrammetry has been employed to obtain high accuracy for 3D models of 
different research areas (Erenoğlu et al., 2017; Yastıklı, 2007; Yılmaz et al., 2007). 
Modern close-range remote sensing introduced the potential of high-sensitive imagery. The 
photogrammetric survey has advanced its own traditional acquisition and processing 
method with the help of developed technology (Remondino et al., 2011; Colomina and 
Molina, 2014). 
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The ADC Micro extends the power of advanced multi-spectral imaging to small sized 
systems. In so doing, Tetracam's smallest multi-spectral imaging marvel makes this 
powerful technology once only accessible via satellites practical for use by agricultural, 
industrial and scientific users located around the world. For example, multi-spectral data of 
the plant surface was successfully used to determine the location of sick leaves on the 3D 
model (Furbank and Tester, 2011). Multi-spectral data on 3D objects was captured to 
produce visual images with high quality in computer graphics (Kim et al., 2012). For the 
production of 3D-models and orthorectified images SLR and high-quality compact 
cameras are commonly used. For data processing software packages of the conventional 
imagery as well as computer vision are used (Gehrke and Greiwe, 2013).  

This study contains the possibility of separating and classifying remotely-sensed 
multispectral data from different geological rock-type groups and proposes the use of a 
low-cost handy sensor, a calibrated multispectral camera. The software also enables users 
to convert the green, red and invisible NIR bands captured by the camera as a monochrome 
image into blue, green and red respectively. 

The study area was selected in the southwest of the Biga Peninsula (NW Turkey) to 
analyze the discrimination potential of this camera for rock types and close-range remote 
sensing applications.  

 

 
Figure 1. Geological map and geological cross-sections of the study area (Modified from 
Karamanderesi, 1986). 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

106 
 

GEOLOGICAL SETTING 

Geological units in the region are represented by the presence of metamorphic, magmatic 
and sedimentary rocks (Figure 1). The basement rocks of the study area consist of 
Paleozoic aged metamorphic rocks including gneiss, calcschists and quartzschists. The 
metamorphic are observed by marble, dolomitic and recrystallized limestone. Oligocene-
Lower Miocene aged a granodiorite pluton intruded into these units in the region. This 
pluton is firstly called as Kestanbol (Tuzla) Pluton by Gözler et al., (1983) and Ercan et al., 
(1984). The pluton show less range in composition and are generally composed of 
granodiorite and/or monzogranite and quartz monzonite.  

In the study area, the Kestanbol pluton and the volcanic rocks are widely located. The 
volcanism starting with rhyolitic volcanic tuffs and agglomerates in the area continued 
trachytic-trachyandesitic lava and then finally rhyolitic tuffs and ignimbrites. In all 
Miocene, the volcanism has been active for several phases. From the detailed study about 
Miocene volcanics, Öngör (1973) expressed that the volcanic activity are grouped in three 
volcanic centers including volcanoes of Behram, Ayvacık and Babakale (Assos). Ayvacık 
volcano is of andesite, latites, trachyandesite types of lava breccias. Babakale volcano is of 
numerous lava and volcanic breccias. Behram (Assos) volcano is the center having the 
highest explosion index. When the early events were latites, dacite and rhyodacite types of 
lava eruptions, a large number of ignimbrite eruption occurred and these eruptions are 
spread over a wide area during the second event. The upper Miocene-Pliocene sediments 
are located on the ignimbrites that are the latest product of volcanism. Quaternary alluvial 
materials are uncomfortably covered all units in Tuzla plains. 

 

MATERIAL AND METHOD 

The development and improvement of various types of sensors, data processing 
methodologies and multi-resolution 3D representations contribute considerably to identify 
the different type of rocks in geological works. In this study, the uses of three band multi-
spectral camera covering the Near Infra-Red (NIR), Red Green (RG) (spectral range: 0.52-
0.92µm), and typical digital camera producing an image in the visible spectrum (spectral 
range: 0.4-0.7 µm) are proposed to discriminate the type of rocks. Table 1 shows spectral 
features of the sensors used in this study. In addition, Figure 2 shows the photographs of 
the multispectral camera. 

 

Table 1. The spectral features of the sensors of the multispectral and digital camera 
systems 

Camera System Band 
number 

Spectral 
range(µm) 

Pixel size 
(µm) 

Canon 650D 
Blue 

Green 
Red 

3 0.4-0.7 4.3 x 4.3 

ADC Micro 
Near IR 
Green 
Red 

3 0.52-0.92 3.2 x 3.2 
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Figure 2. The multispectral camera used in this study. 

 

Camera Calibration  

Numerical estimates of camera interior orientation are requested by focal length, location 
of the principal point, sensor parameters, and coefficients of lens distortions are identified. 
During production of ortho-rectified image mosaics, geo-referencing software may use 
these parameters to produce mosaics with high positional precision. White Teflon 
Calibration Plate (AKA Calibration tag or Software Calibration Tile) was successfuly used 
to perform the camera calibration (Fig. 3). 

 

 
Figure 3. White Teflon Calibration Plate.  

 

ANALYSIS AND RESULTS 

The workflow of the procedure used in this study is as follows: 

• Digital and multi-spectral imagery acquisition, 
• Camera calibration using Tetracam PixelWrench 2 x64 software, 
• Feature detection, 
• Structure-from-motion, 
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• Three dimensional point clouds by dense image matching, 
• Digital and multi-spectral orthomosaic, 
• Spectral indices and supervised classification from the models, 
• Rock detection and classification. 

 

First of all, we studied on the image given in Figure 4 in order to extract different 
lithological units such as ignimbrite (volcanic rock), conglomerate and sandstone 
(sedimentary rock). For this purpose, the NIR-G filtering was applied on multispectral 
image. According to the results from the analysis, the volcanic rocks are observed as dark 
colors while sedimantary rocks are in light colors.  

In the figure 5, the faults which are one of the structural unit in the region, were 
successfully identified using the Green NDVI and the NIR-G processes. Furthermore, in 
the NIR-G processing provides different lithological units among the sedimentary rocks 
(conglomerate in red color and sandstone in gray and beige colors). Finally, the salt layers 
developed around the hot water sources were easily distinguishable using the NIR-G 
processing of the multispectral analysis (Figure 6). 

  

 
Figure 4. Various lithological units in the study area and multispectral analysis. 
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Figure 5. Multispectral analysis results of the fault 

 

    
Figure 6. The result of multispectral analysis of rock-salt.  

 

CONCLUSIONS 

The study can be briefly concluded as follows: 

• A visible-very near infrared multispectral camera was tested and analyzed in a field 
campaign. 

• Accoring to the results above, the sedimentary rocks and ignimbrite were classified 
using NIR-G process. In addition, some structural elements such as faults and 
cracks can be determined by Green NDVI and NIR-G process. 
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• Finally, the salts on the rocks were successfully identified using raw images and 
NIR-G filtering. The obtained results confirmed that the used multispectral camera 
can be efficiently exploited to map differences in geological formations. 
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ABSTRACT 

Eskişehir Osmangazi Univ., Graduate School of Natural and Applied Sciences, Depart. of Geological Eng. 

Fissure-ridge type travertines are an important tectonic element and with surface 
topography and definition of underground geometry very important for our ability to 
understand formation of travertines. Extensional fractures developing linked to local 
extension in the upper crust are structural elements allowing hydrothermal fluids to move 
within the crust. Hot water reaching the surface through these fractures is rich in calcium 
carbonate and may cause travertine formation with different morphologies at the surface. 
Among travertines, the type with clearest morphology is fissure ridge type travertines. The 
general surface morphology of ridge-type travertines is in the form of a lens. This 
morphological shape varies in dimension and appearance linked to the formation process 
and rate. The high resolution 3-dimensional terrestrial scanning device LIDAR can clearly 
reveal the topography formed by ridge-type travertines at the surface. With the surface 
shape allowing access to detailed information about travertine structure, the underground 
situation allows us to access details about formation.This study mapped the Kamara 
(Denizli) travertine structure determining topographic characteristics with terrestrial 
LIDAR method in 3-dimensions at the surface and investigated the underground geometry 
with the GPR (ground penetrating radar) method.By modeling the obtained GPR profiles, 
the 3-dimensional underground image of the mass of the Kamara travertine was obtained. 
When this image is investigated, asymmetric thickness variation was observed toward both 
sides from the central axis of the fracture. The asymmetry observed in surface 
investigations was in accordance with the underground image. This compliance shows that 
the geometric shape of the travertine during formation is preserved at the surface. 

 

                                                           
* Corresponding Author 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

112 
 

INTRODUCTION 

Travertine deposits (Ford and Pedley, 1996; Capezzuoli et al., 2014) are continental 
carbonate bodies closely connected to mainly  Ca2 + and HCO3- saline fluids discharging 
from thermal springs linked to deep carbonate geothermal reservoirs. 

In addition to areas with thermal springs along with rising and circulation of fluids, there is 
a tight control by brittle structures affecting the upper crust in areas characterized by 
geothermal anomalies and general active extensional tectonics (Curewitz and Karson, 
1997; Rowland and Sibson, 2004; Bense et al., 2013). Basically, travertine deposits are 
accepted as a sign of tectonic activity. Study of travertines may contribute to defining the 
geometry of the related main structure(s), age and kinematics (Altunel and Hancock 1993a, 
1993b; Faccenna et al., 1993; Çakır, 1999; Hancock et al,. 1999; Martinez- Diaz and 
Hernandez-Enrile 2001; Brogi, 2004; Mesci et al., 2008; Brogi and Capezzuoli 2009; 
Temiz and Eikenberg 2011). 

With the aim of contributing to better understanding of the role of faults in controlling 
travertine deposition and the growth of travertine fissure ridges, field geology, geophysics, 
seismology, geochemistry and geochronology were studied within an integrated approach. 
Within the Kamara geothermal field (Fig. 1) located in the northwest section of the Denizli 
basin (West Anatolian extensional region; Bozkurt, 2001a, 2001b, 2003), the majority of 
the fissure ridges and some travertine bodies formed due to common active hydrothermal 
circulation (Alçiçek et al., 2015) and active and seismogenic regional extensional 
structures (Şimşek 1984; Sun 1990; Westaway, 1990; 1993; 1994; Alçiçek et al., 2007, 
McClusky et al., 2000) have been largely documented. This area has also been considered 
a key example to define the interaction between basal layer subsidence and gravity 
collapses encouraging and controlling development of travertine fissure ridges (De Filippis 
et al., 2012). 

The aim of the study is to examine the relationship between active faults and travertines in 
the Kamara region of the Pamukkale travertines, and to determine the effect of tectonism 
on fissure ridge-type travertine formations. In this way, geophysical measurements were 
completed in light of geologic data (Fig. 2). 

The main results of the study show that travertine deposition and hydrothermal circulation 
developed under tight control of possibly still-active late Quaternary faults. This is within 
the framework of the tectonic evolution of the Denizli Basin and western Anatolia 
dominated by NW- and NE-striking normal and transfer faults (Alçiçek et al., 2013). 
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Figure 1. Geological sketch-map of the Denizli Basin (based on Sun, 1990, after Alçiçek et 
al., 2007, Brogi vd., 2016) and location of the study area. 

 

Uranium series age dating of Pamukkale travertines show that the travertines were 
deposited in different locations from 400,000 years ago to the present. The extensional 
fractures allowing water forming the travertines in the region to reach the surface open at a 
rate of 0.02-0.1 mm/year perpendicular to strike, with nearly 20 mm/year extension along 
strike. In the Pamukkale region over the last 200,000 years, opening has occurred in a NE-
SW orientation at rates of 0.23-0.6 mm/year (Altunel, 1996). 

Due to reasons such as being a tectonically active zone, with common lithologic units like 
limestone and marble and suitable climatic conditions, Turkey is rich in terms of travertine 
locations. Travertines in Turkey generally formed in the Plio-Quaternary. Thin-layered, 
very hard, laminated travertine deposits forming due to hot water discharging at the surface 
along fractures are commonly found on the North Anatolian, East Anatolian and West 
Anatolian Fault systems. The porous, loose, sponge-like structure formed by cold and 
warm spring waters containing plant and animal remains of tufa deposits develop around 
karstic and tectono-karstic springs. Additionally in some areas travertine and tufa deposits 
are found intercalated together.  
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Figure 2. Location of applied GPR measurements 

 

METHODOLOGY 

GPR (Ground Penetrating Radar) Method 

The ground penetrating radar (GPR) method is a method that has begun to be commonly 
used in active tectonic studies in recent years (Audru et al., 2001; Bano et al., 2000; 
Meghraoui et al., 2001; Yalçıner, 2009). The GPR method has many areas of use from 
researching subsurface active faults to determining damage to buried ancient cities, to 
researching buried natural structures (like canals, terraces) and human-built modern 
structures (roads, walls, etc.). In this study the GPR method will determine the location of 
buried fault lines. The GPR method is based on the principle of observing echoes reflected 
from surfaces by transmitting very high frequency EM waves (radio waves) into the 
ground with a horizontal electric field vector (TE: transverse electric) transmitting antenna 
(Conyers, 2004). With this method, the signal coming back or changing due to 
reflection/dispersion on the edges of layers and/or buried objects is recorded as a function 
of the time taken to be received by the antenna (Balkaya and Göktürkler, 2016) (Fig 3a). If 
there is a contact between rocks with different dielectric properties underground, the 
electromagnetic waves will reflect and transmit from this interface. For the waveform, 
continuous electromagnetic traces or electromagnetic traces lasting a few nanoseconds 
called CHIRP are used. Frequencies 50% above and below the chosen central frequency 
for the source wave are used. For example, a 100 MHz central frequency uses the interval 
from 50 MHz to 150 MHz. GPR was first developed to measure the thickness of ice (Cook, 
1960). Studies in normal ground environments using seismic methods and processing with 
data processing techniques obtained research depths from 10-20 m. Currently the GPR 
method is commonly used for shallow ground research and archeometry studies (Conyers, 
2006). A simple GPR setup is formed of a computer, recording device CU (control unit), 
transmitting and receiving antennae. The obtained radar data are presented in sections 
similar to seismic methods. If there are parallel measurement lines, time level mapping 
may be made. The amplitude values for all measurements with a certain time value are 
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removed and processed as measurement points on the map (Conyers, 2004). One of the 
most important sections of GPR studies is to obtain the most appropriate visuals for the 
target by using a variety of filter parameters and techniques in the data processing stage 
(Leucci and Negri, 2006). A sample application from the filter stage is given in Figure 3b. 

 

Terrestrial Lidar Method 

For high resolution modeling of the true appearance of structures above ground on the 
travertine ridges in a computer environment, the terrestrial Lidar method working with 
laser scanning was applied in the field. Previous computer models based on photographic 
determination did not always reach sufficient resolution. 

The terrestrial Lidar equipment used in this study was Optech ILRIS-3D brand, class 1 
1500 nm wavelength laser and combined integrated digital camera system. The device 
scans 2500 points per second and the study interval is determined as from 3 m to 1500 m. 
The full device setup includes a tripod carrying the Lidar, portable computer, power unit 
and battery system supporting this unit (Fig 3c). 

 

 
Figure 3. (a) Schematic GPR setup (adapted from Blindow, 2007; taken from Balkaya and 
Göktürkler, 2016) (b) Example GPR profile (i) raw data, (ii) first time filter, (iii) direct 
current filter, (iv) energy filter, (v) environment cleaning filter and (vi) rate analysis (c) 
Optech ILRIS-3D Lidar 

 

RESEARCH FINDINGS AND FIELD DATA 

In this study the development of ridges in the shape of lenses was researched, with the aim 
of determining the factors involved in hydrothermal fluid flow and travertine deposition in 
the Kamara region.  

With this aim, the GPR method was applied to the region, and a fault zone buried by the 
newest travertine structure in the region was identified (Fig. 4). Additionally, seismic 
activity recorded in recent years, and the correlations between thermal spring activity and 
the chemical-physical properties of the fluids were evaluated. When results of previous 
studies are assessed, it appears that the fluids depositing travertines in the past are 
correlated with current chemical and physical characteristics. 
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Figure 4. Sample GPR profile from Kamara. (a) processed GPR data and (b) modeled GPR 
data (colored areas are layers, dotted red lines show fissure) 

 

DISCUSSION 

Formation of Kamara travertines  

To understand the general tectonic properties of the formation of the Kamara travertine and 
surroundings, it is necessary to investigate the regime forming southwestern Anatolia. 
Studies by Alçiçek et al., 2013 and Noten et al., 2013 explained the tectonics of this regime 
forming NW- and NE-striking Neogene and Quaternary basins. Kinematic measurements 
from current studies show the Kamara region was shaped by normal faults with northeast 
strike beginning activity in the late Miocene-Pliocene period (Brogli et al., 2016). At the 
same time northwest-oriented normal faults related to these faults have been active from 
the Miocene to the present day and were effective in the current state of the region (Ten 
Veen et al., 2009). 

 

Current state of Kamara Travertines 

The thermal output at the Kamara travertine was active until the years 1996-1997. Later, 
drilling was used to bring thermal waters to the surface in the region (depth nearly 145 m). 
This change in the thermal source was determined in the article by Alçiçek et al., 2016 
investigating temperature and electrical properties. All these results clearly reveal the 
correlation between earthquakes formed by the tectonic regime currently active in the 
region and the Kamara travertine. Chemical measurements described by Brogli et al., 2016 
determined that the Kamara travertine is a syn-tectonic formation. 

Shallow geophysical studies were performed to determine the location and show the 
underground extension and relationship of the effective tectonic structures with the fissure 
ridge travertines of the Kamara travertines. Faults that are still effective in the region were 
identified with shallow geophysical studies (Fig. 5). 
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Figure 5. Schematic block diagram of the model obtained from GPR data (colored areas 
are layers, dotted red line shows fissure) 

 

CONCLUSION 

The thermal springs of the Kamara travertine and in the region formed with the effect of 
northeast and northwest striking normal faults (Alçiçek et al., 2013; Van Noten et al., 
2013). With thermal activity continuing since the Middle Pleistocene, the correlation of 
this system with active faults was determined by geochemical, tectonic and kinematic 
studies. Earthquakes forming on these control mechanism faults affected the water routes 
and depths in the thermal system which affected travertine formation. Thus understanding 
the faults under the surface becomes important in this interactive system in terms of 
understanding the whole system. 

Previous studies have openly revealed the correlation with tectonism in this region, 
describing the importance of understanding the underground structure of the Kamara 
travertine. The determination of the underground geometry of active faults with surface 
geometry that we could trace with high resolution shallow geophysical methods adds a 
new dimension to active tectonic studies as well as filling in a missing piece. 

While the GPR data obtained reveal the location on the fault of thermal water routes 
ensuring formation of the travertine structure, ERT measurements allow a cross section of 
geologic structures to be seen. The Kamara travertine is an ideal environment to interpret 
ERT geophysical anomalies and presents clear traces of water levels and geologic levels. 

Investigation of these types of tectonic structures found in western Anatolia with field 
observations, geochemistry, and kinematic studies along with support by shallow 
geophysical methods will be beneficial for future studies. Considering the success of the 
GPR method in previous studies, with very comprehensive areas of use, it has a large 
effect on investigating the relationship of tectonic structures to travertines by allowing 
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creation of underground block diagrams. Future studies are necessary to use block 
diagrams formed by these types of measurements to create 3 dimensional sections. 
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ABSTRACT 
Geographic information systems (GIS) are used in geophysical engineering as well as in 
many fields. It is used in applied geophysics and seismology, which is different disciplines 
of geophysical engineering. Also in applied geophysics, the GIS applications are used to 
create contour maps according to geophysical measurements, to 3D map of the data and to 
evaluate the results. In seismology, GIS applications are used to map the epicentral 
distributions of earthquakes and the location of the faults. It is very important to make an 
evaluation according to fault type (normal fault, reverse fault or strike-slip fault) because 
of the high destruction effect of strike-slip fault types, especially at the points where the 
earthquakes are close to the surface. In this study, it was aimed to map the earthquakes 
with magnitude M> 5.0, which occurred on different types of faults between 1900 and 
2016 in selected region. Also the database was created by modeling the depths of the 
earthquakes with the help of GIS applications. The fault types were tried to be determined 
by investigating the depths of the earthquakes with the help of the created database. Thus, 
the database can be used in works where the earthquake effects should be reduced (for 
example, the determination of living areas, the design of buildings, etc.)In addition, GIS 
applications will provide significant contributions to large-scale earthquake risk studies 
with more detailed databases. 

 

INTRODUCTION 

Researchers have done many research on earthquakes in literature. Definitions of 
earthquakes according to this research; Mallet (1859) stated that "rocks are broken with 
earthquakes and that other rocks are compressed". Gilbert (1883) said that earthquakes 
were associated with faults. Reid (1911) developed the modern earthquakes description 
"Elastic Rebound Theory". It is defined as an earthquake that spreads energy from a point 
due to breaks in the Earth's crust as seismic waves and shakes the environments where 
these waves pass (Stein and Wysession, 2003). It is called seismology in the field of 
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science, which explores how earthquakes occur, how earthquake waves spread in the earth, 
measuring instruments and methods, evaluation of records, and other issues related to 
earthquakes. 

Earthquakes should be investigated because Turkey is located on the active Alp-Himalaya 
earthquake zone and include the active North Anatolian Fault Zone and East Anatolian 
Fault Zone. Seismology, which is a discipline of Geophysical Engineering, is studied about 
earthquakes. Earthquake stations are being established in order to observe earthquakes in 
the direction of these studies. The earthquakes locations, depth information, and what type 
of fault the earthquake has caused are devastating effects of earthquakes. It is very 
important to make an evaluation according to the fault type (normal fault, reverse fault, or 
strike-slip fault) and depths, since earthquakes are particularly susceptible to destruction in 
strike-slip fault types at points close to the surface. 

In this study, it is aimed to show how GIS applications can be used in the seismology and 
the importance of using GIS applications especially in earthquake risk studies and 
classification of fault types according to earthquake depth models by creating epicentral 
maps. In this context, earthquakes with magnitudes M> 5.0, which occurred (1900 - 2016) 
on different types of faults, were mapped with the help of GIS applications and the depths 
of the earthquakes were modeled and analyzed according to fault types. 

 

GIS APPLICATIONS ACCORDING TO EARTHQUAKE DEPTHS AND FAULT 
TYPES 

The point at which the earthquake occurs is called the focus. The focus point is where the 
energy emerges. This point is defined as the focal point (Hypocentral) or the inner center. 
In reality, the place where energy emerges is an area, but it is accepted as a point in 
practical applications. It is the point on the ground that is closest to the focus point. At the 
same time, it is the point where the earthquake is most damaged or felt the strongest. The 
focus point of the focal point on the earth is called the epicenter (Fig-1). 

 
Figure 1. The model of earthquake focus (URL-1) 
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The fault is to move to different sides of the blocks along the rock breaks after the 
earthquakes (Evison, 1963). The different types of faults are shown in Fig-2. The faults are 
defined in three types: 

1- Normal Fault; the moving block moves downwards. 

2- Inverse Fault; moving block moves upwards. 

3-Strike Slip Fault; In this type of fault, the blocks move sideways relative to each other 

The moving block is called the right direction if it moves to the right with respect to the 
fixed block, and it is called the left direction strike-slip fault when it moves to the left. 

 

 
Figure 2. The model of the faults types (URL-2) 

 

The devastating effects of earthquakes vary according to their depth and fault types. 
Especially, the destructive earthquakes near the surface are observed in the strike-slip fault 
types because of that the depths of earthquakes should be evaluated in the safe zone 
selection. 

The study area is defined as between 35.8 ≤ LAT ≤ 41.5 and 25 ≤ LONG ≤ 32 coordinates. 
The area was chosen to include various types of faults earthquakes. The earthquakes of 
magnitude (M> 5.0), which occurred between 1900 and 2017, were taken from Bogazici 
Kandilli Observatory and Earthquake Research Institute web site (URL-1). The epicenter 
maps of earthquakes were created with the help of GIS applications (Fig-3). 
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Figure 3. The epicentral distribution of the earthquake data (URL-1) 

Contour maps were created according to depth data with the help of GIS applications to the 
depth information of earthquakes. (Fig-4). 

 

 
Figure 4. a)-b)The contour maps of earthquakes depth 
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According to the created contour maps, depth sections in 3 different points in different 
fault types were taken with the help of GIS applications (Fig-5). 

 
 Figure 5. The graph of earthquakes depth according to profiles 

Using the database, the depths of the earthquakes are modeled in 3D with the GIS 
applications(Fig-6). The depth model can be associated with the profiles (in Fig-5) and the 
maps (in Fig-4) 

 
Figure 6. 3D earthquakes depth model (High means Min-depth; Low means Max-depth) 

 

CONCLUSIONS 

GIS applications in the seismology should be used effectively in earthquake research 
studies. In this study, it is aimed how GIS applications can be used in seismology and an 
application study on earthquakes. In this context, a data base was constructed from 
earthquakes with different magnitude (M> 5.0) between 1900 and 2017 which occurred in 
different fault types selected as application fields. The location of earthquakes is mapped 
with the created database. According to the depth information of the earthquakes, contour 
maps were created with the help of GIS applications, depth sections and 3D depth model 
were created and fault types were investigated. It will provide effective solutions in the 
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selection of safe zone with databases to be constructed with GIS in earthquake risk 
assessment studies. 
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ABSTRACT 

The models obtained as a result of the use of geographic information systems (GIS) 
provide a better understanding of the results in geophysical data as well as in many areas. 
In this study, bedrock depth, average S wave velocity (Vs) up to 30m (VS30) and dominant 
period values were obtained by geophysical measurements in Trabzon and the results were 
modeled by GIS. Single Station Microtremor Records (SSMR) were used to obtain the 
predominant periods. Vs values were obtained by using Multichannel Analysis of Surface 
Waves (MASW) and Refraction Microtremor (ReMi) methods.  When the results are 
examined, the ground predominant periods obtained with SSMR varies between 0.1-0.37s. 
According to Kanai and Tanaka (1961), these values indicate that the ground consisted of 
"rocks-dense sandy pebbles". The average bedrock depth was calculated from SSMR is 
24m. Vs values obtained from MASW&ReMi methods range from 162-2263m/s. VS30 
values calculated by using Vs 

 

values range from 428-817m/s. As a result the ground class 
determined as C (Very dense soil&soft rock) (NEHRP) and B (Very dense sand-gravel, 
very stiff clay) (Eurocode 8) class.  

INTRODUCTION 

The best approach for obtaining ground parameters is through direct observation of seismic 
ground motions, but such studies are restricted to areas with relatively high rates of 
seismicity. Because of these restrictions non-reference site methods have been applied to 
site response studies such as using single station microtremor recordings in the last 
decades. In this study Nakamura Method was applied to SSMR data and the predominant 
periods were obtained. Also, the bedrock depth was calculated with an equation (Kanai, 
1983) by using the predominant frequencies obtained by Nakamura method. This method 
is widely used, especially for determining the predominant period of the soil for the 
purpose of seismic microzonation. In recent years, this method became the preferred 
method for obtaining resonance frequencies of soft sediments and determining the 
sediment thickness. Through the Nakamura H/V spectral ratio method, the natural 
predominant frequencies of the soil of the study area can be revealed more accurately. 

                                                           
* Corresponding Author 
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Shear-wave velocity (VS

SWM are based on the study of the dispersion of surface seismic (mainly Rayleigh) waves 
and can be split up as active source and passive source methods. Active source methods 
generally use a linear array of sensors to measure the phase velocity of waves emanating 
from a known source (typically located in-line with the array) and propagating past the 
receivers. Traditionally, passive source methods have employed two-dimensional (2D) 
sensor arrays to measure the phase velocity of microtremors (passive environmental noise) 
emanating from an unknown source(s) (Tokimatsu et al. 1992). However, due to the desire 
to simplify sensor layout and speed up field data collection, passive methods have been 
introduced that employ linear arrays of receivers to estimate phase velocity (Louie 2001, 
Park and Miller 2008). 

) is an essential parameter for determining the dynamic properties 
of soil, but it is quite difficult and expensive to derive by using conventional geophysical 
techniques. That’s why Surface Wave Methods (SWM) have been developed in last 
decades and it has been used extensively in seismic site characterization studies. The 
popularity of surface wave testing continues to grow as data collection and analysis 
packages are being marketed around the globe as easy-to-use systems (Cox and Wood, 
2010).  

Active source methods are generally capable of resolving shorter wavelengths (higher 
frequencies) than passive methods because the source and receiver array can be tailored to 
the desired frequency range needed to resolve near-surface layers. On the other hand, 
passive methods can generally resolve longer wavelengths because microtremors typically 
contain significant low frequency energy, while a specialized active source is required to 
actively generate low frequency (< 3 Hz) waves with significant energy (Yoon and Rix 
2004, Park et al. 2005). 

In this study, MASW and ReMi methods have been conducted as active and passive source 
methods to obtain the ground VS values. According to these values the bedrock depth was 
defined and average VS up to 30m (VS30) values were calculated. The ground was classed 
by using NEHRP and Eurocode 8 classifications by VS30

 

 values. The aim of this study is to 
create an example model that will allow easier interpretation of geophysical data by using 
GIS. 

DATA AND METHOD 

In this study, SSMR were collected at 88 points and MASW&ReMi profiles were 
measured at 11 points in Trabzon (Figure 1). SSMR data were evaluated with “Geopsy” 
program and the spectra results were used in Nakamura Method. According to Nakamura 
(1989), vertical components of noise vibrations are not influenced from the ground layers. 
However, the horizontal components are acquired to major amplifications depending on 
ground layers with low velocity and density. Consequently, the ground transfer functions 
were obtained by divided of the horizontal components spectrum to vertical components 
spectrum (Figure 2 and Equation 1).  
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Figure 1. Study area and collected data points. 

 

 
 

Figure 2. Nakamura (1989) H/V ratio model. VS and HS are vertical and horizontal 
components on the surface, VB and HB

                                              

 are vertical and horizontal components in depth of 
Z.  
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The following processing steps have been applied to the data with “Geopsy”; 

 Trend analysis 

 Tapered 5% by using Konno-Ohmachi window 

 Filtering (Butterworth filter) 

 Divided into the windows width 25 sec.  

 Fast Fourier Transform (FFT) 

 H/V ratio 

After these steps, the predominant frequencies have been determined by comparing with 
the spectra of the three components. An example evaluated datum has been shown in 
Figure 3.  

 

SSMR POINTS 
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Figure 3. An example microtremor measurement evaluated with Geopsy praogram a) the 
spectra of three components, b) the result of predominant frequency (or period) and H/V 
ratio. 

Multi-channel analysis of surface wave (MASW) and Refraction Microtremor (ReMi) 
methods were used to obtain VS values in this study. These methods developed to estimate 
S-wave velocity profile from surface wave energy under cover of dispersion. In these 
methods multiple detectors are used to record the seismic signals. Since Rayleigh wave of 
a particular frequency can propagate at multiple velocities, multiple dispersion curves are 
produced. The dispersion curve with the lowest velocity is called the fundamental mode, 
and all others are the overtones. Because of the multiple modal nature of dispersion, it is 
necessary to identify unambiguously data points associated with the fundamental mode 
dispersion in surface wave surveys. It is well known, all surface wave analysis technique 
involve three steps; data acquisition, determining Rayleigh dispersion curve and inversion. 
While, same techniques can be used in 2nd and 3rd

Table 1. Acquisition differences between ReMi and MASW methods. 

 step for ReMi and MASW, first step is 
different because target depth. We try to explain data acquisition differences for both 
methods in Table 1. 

 

ReMi MASW 

Geophone frequency 4.5 - 14 Hz 4.5 Hz 

Source Passive 
 any urban noise 

Active 
 hammer or weight drop 

Recording time > 30-50 s 0.5-1 s 

Sampling Time 1-2 ms 0.5-1 ms 

Vertical stack > 5 Depends on noise 

Spread length Default of 
refraction 2-3 times target depth 

Offset - Equal target depth 
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The data have been evaluated by SeisImager/Pickwin program and fundamental mode 
dispersion curves obtained from MASW and ReMi methods have been combined (Figure 
4). In this way, while  two methods overlap their blind side; low frequency band of 
MASW, high frequency ban of ReMi, meaningless S-velocity contrasts in single inversions 
changes with more reliable and comprehensible velocity propagation. Thereby using the 
combined dispersion curve, the beginning model parameters were selected and 1D S-wave 
velocity-depth models computed by inversion (Figure 5). 

 

 
Figure 4. Combination of the dispersion curves obtained from MASW (red line) and ReMi 
(blue line) methods. 

 

 
Figure 5. 1D S-wave velocity-depth models a) obtained from MASW method b) obtained 
from ReMi method and c) obtained from combined dispersion curves (MASW+ReMi). 

 

CONCLUSIONS 

In this study, the bedrock depth has been calculated from the geophysical methods that 
explained in details before in the text. The ground predominant periods obtained with 
SSMR methods varies between 0.1-0.37s. and Vs values obtained from MASW&ReMi 
methods at 11 profiles range from 162-2263m/s (Figure 6). Kanai and Tanaka (1961) 
ground classification is express that the ground consisted of "rocks-dense sandy pebbles". 
VS30 values calculated by using Vs values range from 428-817m/s. As a result the ground 
class determined as C (Very dense soil&soft rock) (NEHRP) and B (Very dense sand-
gravel, very stiff clay) (Eurocode 8) class. 
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The average bedrock depth was calculated from Kanai (1983) formula by using calculated 
VS

 

 values from MASW&ReMi and predominant frequency obtained by SSMR method. 
The map of bedrock depth has been prepared by GIS application (Figure 7).  

Figure 6. VS

 

 values obtained from MASW&ReMi methods. 

 
 Figure 7. The bedrock depth of the study area. 
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ABSTRACT 
Slope stability analysis is critical to investigate the mass movements along the highway 
road-cuts. Planar and wedge type of failures are commonly observed along the Bağarası-
Foça route. The major factors of slope stability include lithology, slope angle, slope aspect 
and discontinuity orientation. A database is formed by discontinuity orientation data, slope 
positions and lithology. Lithic and vitric tuff units outcrop along the route. Three 
discontinuity joint sets are recorded.  

MapInfo Professional software was used to prepare digital thematic maps which are; 

- Geological map (lithological data) 
- Slope map (strike, dip and dip direction data) 
- Discontinuity map (covering three discontinuity sets) 

Planar-type slope failure hazard map is prepared using the lithology information, slope 
and discontinuity orientations. GIS-based overlay technique was used while preparing the 
hazard map. 

Taking precautions are important to prevent mass movements which may cause slope 
failures to the highway. This study will present the potential planar-type mass movement 
along the Bağarası-Foça state highway and some precautions to prevent further slope 
failures. 

 

INTRODUCTION 

Slope failures are geologic hazards. Slope failures could result in blocking roads/highways, 
destruction of engineering structures and even burial of cities (Hunt, 2005).  In mines, 
slope failures could lead to production loss and potential ore reserve losses. Urbanized 
areas stand to suffer greater consequences from slope failures because even small slides 
can damage buildings and block access to traffic (Transportation Research Board, 1996). 
Slope stability assessment is therefore important to preserve lives and property. 
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Ulusay (2013) identified five important factors which form the foundation of rock slope 
assessment. These factors are lithology, structure, state of deterioration, hydrogeological 
conditions prevailing in rock slopes and correct selection of rock mass geomechanical 
parameters. One other important factor which was identified is external forces, such as 
dynamic loading due to earthquakes for slopes found at earthquake-prone regions.  

Geographical Information Systems (GIS) are useful in slope stability determination 
(kinematic analysis) and monitoring. Kinematic analysis generally involves analyzing 
discontinuity data with the aid of stereonets. Park et al. (2016), however, identified a 
limitation of kinematic analyses using stereonets. The authors noted that in areas where 
rock slope orientations are not uniform and slopes are dispersed over a large area, GIS 
tools yield better kinematic analysis results compared to stereonets because GIS has 
efficient data analyzing capabilities.  

Many researchers have successfully used GIS to conduct slope stability assessment. 
Oztekin et al. (2006) assessed the degradation and stability of a highway cut slope in 
Ankara, Turkey. GIS tools were employed in the study. GIS tools were used to estimate the 
possibility of failure recurring in areas which had experienced failure previously.  

Yilmaz et al. (2011) conducted research on GIS-based kinematic slope instability and 
Slope Mass Rating (SMR) maps using a railway route in Turkey as a case study. Various 
discontinuity orientation measurements were taken in the field and the data was input into 
ArcGIS software. Analysis was then conducted for plane and wedge failures. The results 
showed that planar and wedge failure was likely to occur at some sections of the route. 
Slope Mass Rating (SMR) was used to classify the slopes. The authors noted that the SMR 
results agreed with and validated the results of the kinematic analysis.  

Irigaray et al. (2011) suggested a method of slope stability analysis that combined GIS 
technology and probabilistic analysis. Technological tools employed in the study were 
DIPS 5.0, ArcGIS 9.3, RocPlane 2.0 and Swedge 5.0. Kinematic analysis was done with 
the aid of DIPS 5.0 and ArcGIS 9.3 software while Factor of Safety and Probability of 
Failure were calculated using RocPlane 2.0 and Swedge 5.0 software. A high degree of 
accuracy was found (90% of the slopes) when the results of the analyses were compared to 
field observations.  

Shaban et al. (2001) successfully conducted research on the instability of a road slope in 
Lebanon using GIS tools. Field studies, aerial photographs and Global Information System 
(GIS) tools were employed in the study. Hazard assessment maps were generated which 
indicate the level of risk of various sections of the slope. 

 

Location of the Study Area 
The study area (Figure 1) is located in Izmir, Turkey, on the Aegean coast between the 
towns of Bağarası and Foça at about 69 km (43 mi) northwest of Izmir city center. The 
study area has a Mediterranean climate, which is typically associated with shrubs. Near the 
settlement areas, olive farming and horticulture are common. The most important rivers in 

https://en.wikipedia.org/wiki/Turkey�
https://en.wikipedia.org/wiki/Aegean_Sea�
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the region are SW flowing Reşitbey Stream, NE flowing Karaman Stream, SW flowing 
Foça Stream, and the south flowing Mersin Stream. 

 
Figure 1. Location of the study area (Google Earth, 2016). 
 
GEOLOGY OF THE STUDY AREA 

The study area falls within the western coast of the Aegean region. Akay (2000) and Akay 
& Erdogan (2004) identified three different suites of volcanic rocks in the Foca region. 
These are (from youngest to oldest):  

a) The Foça alkaline volcanic rocks,  
b) Foca volcanic rocks, and 
c) The Yuntdag volcanic rocks.  

The lithological units in the area are andesitic lithic and vitric tuffs, rhyolitic lithic and 
vitric tuffs, basalt, rhyolite and alluvion. The oldest lithological unit in the study area is the 
vitric tuff, which is overlain by the lithic tuff. Basalt dikes intruded the vitric and lithic 
tuffs. The rhyolite unit occurs as domes within the volcanic tuffs. 
The general geological map of the study area is presented in Figure 2. 

 

 
Figure 2. General geological map of the study area 
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METHODOLOGY 

The lithologies in the study area were carefully studied and mapped. Detailed discontinuity 
data collection was also conducted in the field (scanline mapping of discontinuities).  
Block samples of HW-SW rocks were collected from the between the Bağarası-Foça 
(Izmir) State highway slope. Laboratory tests were conducted to determine the saturated 
and dry unit weight, porosity and compressive strength of the rock materials.  

MapInfo Professional software and its GIS tools were employed in the study to conduct the 
potential of planar and wedge failures. Prior to conducting the analyses, the data obtained 
from the field (discontinuity orientation data, slope positions and lithology) were used to 
create a database. Digital thematic maps (geological map, slope map and discontinuity 
map) was prepared using MapInfo software. The geological map was prepared using the 
lithological mapping data while the discontinuity data (strike, dip and dip direction) were 
used to prepare the slope map.  Three discontinuity sets were used to prepare the 
discontinuity map. Planar failure and wedge failure potential hazard maps were prepared 
with the aid of GIS-based overlay techniques.   

Lithology data as well as slope and discontinuity orientation data were used for the hazard 
map preparation.  

“RocLab” developed by Hoek, Torres and Corkum (2002) was used to estimate the rock 
mass properties of the volcanic tuffs. The results obtained from the GIS-based kinematic 
analyses were validated with kinematic analysis using Dips 5.1.  

 

ENGINEERING GEOLOGY 

The main types of mass movements in the Foca-Bağarası (Izmir) districts and its 
surroundings are planar, wedge and toppling type failures, as well as complex 
combinations of all these types.  

Planar failure (Figure 3) occurs when the strike of the plane on which sliding occurs is 
within ±20° of the strike of the slope. In addition, for planar failure to occur, the failure 
plane must dip at an angle lesser than that of the slope face, and the internal angle of 
friction for the discontinuity must be less than the dip angle of the discontinuity (Hoek and 
Bray 1981). 

Wedge type failures are commonly observed in road cuts with high slopes, which is 
composed of tuff geological unit. Weathering of volcanic tuffs causes slope stability 
problems in road-cuts. Gravity also plays a major role in the occurrence of wedge and 
planar failures. Wedge failures (Figure 4) mainly occur due to gravitational falls of wedge 
blocks defined by the intersection of the discontinuities with other structural features which 
act as release surfaces (Marinos and Hoek, 2001). The main type of wedge failure observed 
in the study area involves sliding along the line of intersection of two planar and/or nearly 
planar joint surfaces. 
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Figure 3. Planar failure observed in the field. 
 

 
Figure 4. Potential wedge failures observed in the field. 

 

Stereographic projection methods (Figure 5 and 6) are useful for conducting kinematic 
analyses when assessing the stability of a rock slope. The techniques were originally 
developed by Markland (1972), and have been successfully used by many authors 
(Goodman, 1976; Hoek and Bray, 1981; Matherson, 1988; Kaya et al., 2015, Qi et al., 
2016) in conducting slope stability analyses.   
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Figure 5. Planar failure analysis 

 

 
Figure 6. Wedge failure analysis 
 

Generally, wedge sliding along the line of intersection of two discontinuity planes (planes 
A and B) is possible when the plunge angle of this line is less than the dip angle of the 
slope face (Hoek and Bray, 1974).   

Average trend and plunge estimation of intersection lines in wedge failures is essential in 
engineering geology, especially when there are undulations in the discontinuities. Hoek 
and Bray (1974) suggested a method of probable sliding direction estimation based on the 
assumption that the wedge forming discontinuity planes are planar.  

 

Shear strength tests 

A major contributing factor to instability in volcanic tuffs is smooth discontinuity surfaces. 
As such, direct shear strength tests were conducted to determine the shear strength 
parameters (c′ and φ′) of the discontinuity surfaces. Average φ′ obtained was 32o

Shear strength parameter determination is essential in rock slope stability assessment 
(Barton, 1976). The friction angle (φ′) of the discontinuities in the volcanic tuff unit was 

 with no 
cohesion. 
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used in the kinematic analyses. Environmental factors such as softening due to water along 
the discontinuities weaken discontinuities and rock masses rock masses, and lowers their 
physico-mechanical properties (Mimuro et al., 1991; Ulusay and Yoleri, 1993).  

Probable wedge sliding direction based on Hoek and Bray (1974) was found to be in the 
NE-SW direction. 

GIS Applications 

Investigated slope face is found from Googlearth and digitized using related tool and is 
saved in KML/KMZ format. Then, slope face which is in vector format is opened in 
Global Mapper software and exported as MapInfo Professional TAB/MAP format (Figure 
7). 
 

  

  
Figure 7. Slope digitization process 
 
Later, panoramic view of the slope is registered using MapInfo’s command,                           
Raster  Modify Image Registration. The coordinates of the digital image saved in 
MapInfo format were used during the geocoding process. Discontinuity data were then 
digitized with the help of field investigations and screen digitizing (Figure 8). 
 

 
Figure 8. Slope image registration. 
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The slope geometry was digitized and using overlay techniques, the discontinuity data was 
superimposed on the digitized slope. Risky discontinuity orientations which could cause 
potential planar and wedge failures when kinematically possible were identified. Plane 
failure potential GIS map and wedge failure potential GIS maps were prepared based on 
the field data. Field investigations and observations were considered in preparing the maps. 
Planar failure analysis is presented in Figure 9a and 9b. Discontinuities forming potential 
planar failures from field investigations are shown in red dash lines. 

  

 
Figure 9a. Discontinuities forming potential planar failures. 

 

 
Figure 9b. Planar failure potential GIS hazard map of the investigated slope 

 

The results of the wedge failure analysis  is presented in Figure 10a and 10b.  The sets of 
discontinuities forming potential wedge failures from field investigations are shown in 
white dash lines. The combined potential planar and wedge failure GIS hazard map of the 
vitric tuff is presented in Figure 11. 
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Figure 10a. Discontinuities forming potential wedge failures (Red arrows represent 
intersection line of wedge block which is the direction of sliding). 

 

 
Figure 10b. Wedge failure potential GIS hazard map overlaid on geological map of the 
investigated slope (Yellow color represents vitric tuff units). 

 

 
Figure 11. Combined potential planar and wedge failure GIS hazard map of the vitric tuff 
unit 

 

CONCLUSIONS 

The main lithology in the study are is vitric tuffs. Results of the GIS-based kinematic 
analysis of planar and wedge failures in the vitric tuffs corresponded with the results of the 
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kinematic analysis conducted using Dips 5.1. Potential planar and wedge failures were 
identified along the Bağarası-Foca (Izmir) state highway. The wedge failures are mainly 
controlled by discontinuities in the volcanic tuffs.  

 

PRECAUTIONS 

The most economical ways of maintaining the stability of the slope is presented in order 
below: 

a. Regular monitoring of the state highway slopes should be conducted to identify 
weak zones. 

b. Drainage ditches should be constructed to prevent surface run-off water from 
accumulating at the top and toe of the slope. 

c. Benches should be constructed to reduce the slope angle and height 
d. Loose rock materials on the slope face should be removed. 
e. Retaining walls should be constructed to protect traffic from danger caused by 

falling blocks. 
f. Wire meshing should be done on the slope face to prevent falling rock blocks. 
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ABSTRACT 
We announce a new seismic crustal model in Golbasi-Celikhan fault segment where based 
on the East Anatolian Fault Zone (EAFZ) using the Local Earthquake Tomography 
method. In order to conduct the tomographic calculation, we have selected more than 2000 
events from 2011 to 2017 by 35 recorders. The seismic network was installed by the 
Earthquake Department of the Disaster and Emergency Management Authority (AFAD). 
We showed that low Vp and low Vp/Vs represent the gas content which associated with 
geothermal origin beneath the Guzelyurt, Olgunlar, Akcadag, Sofular and Karlik regions, 
which are mostly connected with fault zone. Dominant high P- velocity values are observed 
beneath the subduction zone that is located at 30-40 km depths in nearly all depth cross 
section. Condrad discontinuity is detectable in 20 km depth. Our consequences proposed 
that the Moho depth is located at ~35 km and varying from 30 to 40 km in the Eastern 
Anatolia, Turkey.  
 

INTRODUCTION 
The Golbasi-Celikhan fault segment (Fig. 1) is characterized by ~20 km long parts 
displayed active left lateral strike-slip characteristic. The drainage connection is offset by a 
few meters to 0.5 km in Holocene age sediments. The last biggest earthquake caused by 
big surface rapture is Ms 7.2, 1893 earthquakes (Duman & Emre 2013). 

In this study, we used Local Earthquake tomography (LET) method to compute the crustal 
thickness variations and possibility of geothermal resources in the Golbasi-Celikhan fault 
segment using LOTOS code (Koulakov 2009) which is freely available. The use of the 
LOTOS code that presents the first usage of this algorithm in the Eastern Anatolia 
authorized us to get high-resolution tomograms mainly decreasing the grid spacing with 
respect to previous investigations applied in the region, and also to interpret a detailed 
Vp/Vs model not previously available for the study area. 

 
                                                           
* Corresponding Author 
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DATA 

We used to travel times recorded by permanent three-component digital seismometer 
network, which was operated by AFAD from 2011 to 2017 in an area of about 5°*4° km2

 

 
and centered in the Eastern Anatolia. There were 15.000 local earthquakes (ML ≥ 2.0) that 
were recorded in a period of nine years about 35 instruments in the region between 36 and 
40N latitude and 36-41E longitude at the continent-continent collision of the Arabian and 
Eurasian plates.  

 
Figure 1. Location of selected 2000 events (hand-picked, M≥2. 0) recorded between 2011 
and 2017 in the eastern Anatolia. Stations are represented by filled red triangles and thin 
black lines show fault traces (digitized after Emre, et al. 2013). 

 

TOMOGRAPHY RESULTS 

The LET algorithm is often preferred in many studies since it reveals crustal seismic 
variations by performing 3-D joint inversion for hypocentral parameters and velocities. 
The velocity perturbations have close relations with lithological changes, petrological 
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characteristics of rocks, fluid-rich and high-pore-pressure sub-areas, regional tectonics, and 
the structure and geometry of faults (Ozer and Polat 2017a, b, c). 

Tomographic inversion results of P- wave velocity structure and Vp/Vs ratio at vertical 
section are shown in Fig. 2. The absolute velocities are layered nearly horizontally and the 
tomogram show good correlation with the known tectonic and geological characteristics of 
the study area. Our tomographic models illustrate P-wave velocities from 3.0 to 9.0 km/s 
between 0 and 40 km in the crust. 

The intrusive shape high-velocity part of the upper mantle to upper crust at the beginning 
of seismic layer, which is probably to symbolize a thrust fault zone effect, forms a thick 
zone from the deepest part to 10 km. The motion between the Arabian and the Anatolian 
plates have been clearly detectable as a high Vp velocities at the beginning of the profile. 
We found that the average crustal P- wave velocity structure beneath the Eastern Anatolia 
divided four seismic parts helping the tomographic images (Fig. 2). Furthermore, we 
estimate Condrad and Moho discontinuities at ~20 km, ~35 km; respectively.   

 

 
Figure 2. Vertical sections of absolute P-wave velocity and Vp/Vs ratio models. Red Star: 
Geothermal area. Dashed black line show predicted Moho discontinuity depth.  

 

CONCLUSIONS 

This study offers the first Local Earthquake Tomography (LET) application in eastern 
Anatolia and ensures important perspective about crustal structure and some new 
potential/target geothermal reservoirs that have not been investigated in detail yet. P- wave 
seismic velocity and Vp/Vs ratio of depth cross-section get an important acknowledgement 
to appear the lithological and petrological structure of the study area. We finalized that 
four main crustal seismic layers are determined down to 40 km beneath Golbasi-Celikhan 
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fault segment in the upper crust (~0-8 km depth; Vp ≤ 4.6 km/s), middle crust (~8 -18 km 
depth; 4.6<Vp≤5. 8 km/s), lower crust (~18 -32 km depth, 5.8<Vp≤7.4 km/s) and upper 
mantle layer (> 32 km depth, Vp>7.4 km/s); respectively. 
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ABSTRACT 
This study reveals initial results of the crustal structure of Western Anatolia from the Local 
Earthquake tomography (LET). Study area spans 26-30oE longitudes and 37.5-39.5o

 

N 
latitudes. Based on tomographic images, crustal structure generally reveals low Vp and 
low Vp/Vs beneath geothermal areas. We suggest Aliaga, Bigadic, Denizli, Doganbey, 
Kosk and Menemen areas as low Vp, low Vp/Vs anomalies which are an indicator of 
steam, CO2 or mixture of them. Low Vp, high Vp/Vs models which propose geothermal 
fluids, are clearly visible near Buharkent, Kosk, Kuyucak, Saraykoy and Suzbeyli region. 
We also report that Candarli, Kalekoy, Ortakoy, Saruhanli, Yelki regions might be good 
candidate for new potential geothermal resources. 

INTRODUCTION 

The seismic velocity structure in the upper crust beneath the western Anatolia, Turkey, is 
investigated by using simultaneous inversion technique of P- and S- wave travel times 
from local earthquakes. We conduct a local earthquake tomography (LET) technique to 
illustrate the crustal structure by using 10203 P- and 8654 S- wave arrivals from 1586 
earthquake recorded between 2010 and 2015 by the Earthquake Department which  
belongs to the Disaster and Emergency Management Presidency (AFAD) of Turkish 
Republic (Figure 1). 

CRUSTAL STRUCTURE OF WESTERN ANATOLIA FROM THE LET 

The Local Earthquake Tomography (LET) is effective seismological tool to identify 
geological and tectonic structures, geothermal resources, petrological properties of rocks, 
monitoring the volcanoes, etc. (Ozer and Polat 2017a, b, c). Studies on the crustal structure 
and geothermal potential of western Anatolia emphasize that different perspective of the 
studies still need in the study area. Therefore we conduct LET to understand crustal 
structure and geothermal potential of the Aegean region of Turkey.   
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We report from our initial study that geothermal areas located in the Western Anatolia are 
represented by the low Vp and low Vp/Vs ratio for most cases. Previous studies (e.g.; 
Hauksson 2000; Kaypak and Gokkaya 2012) report that this anomaly is related with 
saturated rock, high gas pressure and CO2

 

 content. At the same time, few areas also exhibit 
low Vp and high Vp/Vs ratios which can be also interpreted the existence of geothermal 
liquids. We report 4 main seismic layers with different P-wave values down to 30 km. The 
Moho discontinuity is observed at around 29 km depths as undulated shape (Figure 2 and 
Figure 3). 

Figure 1. Map of the study area displaying main tectonic characteristic in western Anatolia 
of Turkey. Triangles are seismic stations, stars represent geothermal areas. Faults and 
profiles (e.g.; 1A-1B, 2A-2B) are indicated with thick lines 

 

Also Ozer and Polat (2017c) reported for Izmir region, the upper crust mainly comprises 
Neogene sediments and Quaternary alluvial deposits showing low velocities. The middle 
layer exhibits velocities typical of the gabbro and other Lithospheric crystalline rocks. A 
sharp increase in velocities is evident at the lower crustal layer revealing the Bornova 
Flysch zone. We report at 27 km of depth an undulated transition at the crustal-mantle 
boundary. 

From local tomography, we identify four main seismic layers at variable depths from the 
surface to the lower crust. The lower crust/mantle discontinuity is found at approximately 
27 km of depth. This transition is characterized by an undulated shape, and intrusive bodies 
are imaged beneath the main geothermal systems (Ozer and Polat, 2017c). 
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Figure 2. Cross-sections along two profiles for the Vp velocity anomalies model of 
tomogram along Buyuk Menderes, Kucuk Menderes and Gediz grabens 

 

 
Figure 3. Vp/Vs values of cross-section tomogram along Buyuk Menderes, Kucuk 
Menderes and Gediz grabens 
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CONCLUSIONS 

This research presents the first LET study to better understand the crustal velocity structure 
of western Anatolia and provides significant insights for the future potential geothermal 
areas which have not been yet drilled in the region. We have identified four main crustal 
layers based on P-wave seismic velocity anomalies which range from 3.5 to 8.5 km/s. 
Features deeper than 40 km depths are not well-calculated due to the insufficient number 
of recorded earthquakes. The lowest Vp velocity (<3.5 km/s) in shallow areas (<3-5 km) 
are identified as quaternary alluvium. Furthermore, we used Vp/Vs ratio to interpret 
petrological features such as geothermal gas, fluid contents beneath present or potential 
geothermal areas. 
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ABSTRACT 

Nowadays, it is possible to achieve in detailed geographic information rapidly using 
mobile devices over the location based services (LBS). The point features on digital maps, 
which refer to points of interest (POI) for people, have an important role in LBS. A point of 
interest on a map is positioned with a coordinate pair, such as latitude and longitude 
values in geographic coordinate system. Addresses are one of the fundamental means by 
which people conceptualize location in the modern world. In this context, the inverse 
geocoding process (i.e. reverse geocoding) is also needed in the extraction of textual 
information, such as a name or an address, from geographic coordinates. 

The objective of this study is to examine the quality of online reverse geocoding that is 
provided by Google and Bing services in Turkey and USA. The quality of each reverse 
geocoding service is evaluated with address similarity metric. Address similarity reveals 
the relationship between two addresses using Levenshtein distance algorithm. The results 
in Fatih district are approximately 60% similar to reference data and each other. In Miami 
Beach, Google service produces better Levenshtein values, and both services present 
highly compatible results.  

 

INTRODUCTION 

The increase of mobile devices and social networks enables users to acquire geographical 
information in detail and rapidly. At the base of geographical data, the point features take 
up an important place. Point features that refer people to their destination and indicate their 
location on digital maps are known as point of interest (POI) which is gathered from land 
using various systems and devices or is obtained by volunteering participants from social 
networks. POIs are presented to the users through map services. In a map service, the 
location of POI is defined by their latitude and longitude values, which depend on the 
geographic coordinate system. However, each of POI has address information in real world 
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and a bridge between its geographic coordinates and address needs to be established. This 
situation can be solved with geocoding and reverse geocoding process. 

With the rapid developments in internet and Geographic Information Systems, reverse 
geocoding associated with geocoding has become one of the main preprocess steps for 
many application areas, such as vehicle tracking, location based services, market research, 
provision of public utilities, work of emergency services etc. (Ratcliffe 2001, Kounadi vd. 
2013). In this study, the results of two freely available reverse geocoding services have 
been examined and compared on urban areas in two different countries. Methodology is 
elaborated in two experimental testing regions in Turkey: Fatih district of Istanbul province 
and United States: Miami Beach of Florida State. In the preprocessing step, the address 
data of accommodation places in both regions were collected by means of scraping 
software from the Booking.com web site. Some accommodation buildings were accepted as 
reference POIs and their geographic coordinates were obtained and verified employing the 
land surveying. In the second stage, the postal addresses are derived by means of 
programming codes developed for Google and Bing’s reverse geocoding. They were 
compared with the each other and the reference data using the Levenshtein distance 
utilized by internet search engines. 

 

GENERATION OF REFERENCE DATA AND PREPROCESSING 

In this study, the quality of online reverse geocoding is examined individually. The 
addresses used for testing belong to accommodation facilities in Turkey and the United 
States. The point features used for testing belong to addresses of accommodation facilities 
in them. Two areas were selected as the testing region where the hotels are concentrated. 
The first study area includes the ones within the borders of the Fatih district of Istanbul 
(Figure 1). The second area contains the hotels within Miami Beach boundaries of Florida 
state (Figure 2). 

 
Figure 1. Fatih district in Istanbul 
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Figure 2. Miami Beach region in Florida 

 

The accommodation facilities’ name and their addresses which are the basis for the study, 
have obtained through a website known as www.booking.com. A web scraping process has 
been performed to collect hotel information through this website. Web scraping is a data 
scraping process used to gather standard information on specific sections of websites. 
Although web scraping is not a new term, in years past the practice has been more 
commonly known as screen scraping, data mining, web harvesting, or similar variations 
(Mitchell, 2015). There are various commercial web scraping software such as Visual Web 
Ripper, Web Content Extractor, Web Scraper Plus+ and many more (Rodrigues, 2010). In 
this scope, in order to collect the accommodation data, Web Content Extractor V.8.4 
software developed by Newprosoft Company was used (Figure 3). 
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Figure 3. Web Content Extractor v.8.4 interface 

 

When the hotel information of both regions is examined, once the collection process, it is 
understood that there are repeated addresses. Along with the cleaning of information on 
these hotels, remaining hotels were considered as points of interest and their approximate 
locations were calculated via Google and Bing maps by using facility names. Then, 
perspective street views are analyzed and locations of 74 hotels in Fatih and 82 hotels in 
Miami Beach are verified by reading the advertising signboards of the accommodation 
facilities (Figure 4a and Figure 4b). These hotels are digitized via ArcGIS World Street 
Map service as to form a building polygon in WGS84 datum. Point features, that form the 
reference for reverse geocoding, were derived from centroids of polygons and stored as 
points of interest in geographical data sets of Fatih and Miami Beach (Figure 5a and Figure 
5b). 
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Figure 4. Perspective views of reference hotels in two study areas 

 

 
Figure 5. Map views of reference hotels in two study areas 

 

REVERSE GEOCODING PROCESS AND ADDRESS SIMILARITY 

After obtaining the geographic coordinates of the centroids of all the building polygons in 
both study areas, the address information are derived from the both services by reverse 
geocoding over the Python programming language using geographic coordinates. The 
reference addresses in both study areas and standard addresses obtained from Google and 
Bing Maps are compared using an algorithm known as 'Levenshtein distance'. Also, the 
similarity between the standard addresses of the services is determined for both regions 
(Table 1 and 2). Levenshtein is known as an algorithm used in information theory, 
computer science and mathematics. In practice, the Levenshtein distance between two 
words is the minimum number of single-character edits (insertions, deletions or 
substitutions) required to change one word into the other (URL-1). 
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Table 1. Similarity average between the addresses in Fatih 

 

Reference Google maps 

Google maps Bing maps Bing maps 

Similarity 
(%) 

Fatih 62.7 62.8 62.5 

 
Table 2. Similarity average between the addresses in Miami Beach 

 

Reference Google maps 

Google maps Bing maps Bing maps 

Similarity 
(%) 

Miami 
Beach 

70.5 62.9 88.2 

 

According to Table 1 and 2, Similarity of the addresses derived from Google and Bing 
services in Fatih with reference data and each other is approximately similar. In Miami 
Beach, similarity of the services with each other is higher than their consistency with the 
reference addresses. Difference between the address formats used is the main reason for 
percentage values obtained in Fatih being lower than those in Miami Beach. 

 
CONCLUSIONS 

In this work, reverse geocoding process was reviewed comparatively through Google Maps 
and Bing Maps services. The applications realized in two different study areas show that 
they have different reverse geocoding capabilities in Turkey and USA. In Fatih, similarities 
of addresses obtained by reverse geocoding are similar for both services. On the other 
hand, it seems that the address similarity obtained from Google maps in the Miami Beach 
area are better than Bing. When the compatibility of both services is examined, the 
similarity values between the addresses obtained with the reverse geocoding of both 
services in Table 1 and 2 have significant differences of approximately 25% for Fatih and 
Miami Beach. 

Any point within the boundary of a building polygon may be selected for reverse 
geocoding as the main input data. If the centroid of the building polygon is closer to the 
other road instead of the one used in the address information, reverse geocoding may be 
worked incorrectly. Therefore services should, generally, place the address point as to the 
front entrance of a building in accordance with the actual status in spite of that they have 
not done yet in especially navigation maps. This will in particular improve the quality of 
route finding, transportation and, last but not least, reverse geocoding. 
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ABSTRACT 

Borehole data is widely used in underground and aboveground field works. However, 
attributes of borehole data kept in created borehole databases, access methods to such 
data and ability to use these map-based data are of great importance. In some studies; in 
addition to desktop and web-based applications working on computers, especially together 
with the spread of mobile devices in recent years, borehole data can also be viewed on 
map-based mobile applications in mobile devices such as telephone and tablets. In this 
study, the aim is to store, manage and maintain data centrally outside mobile device 
through the use of cloud-based database management system rather than a local database 
management system. An application has been developed in Swift programming language 
that can show both semantic and geographical borehole data on map in compliance with 
several iOS-based mobile devices. When developing the application, built-in Global 
Navigation Satellite System (GNSS) receivers and Model View Controller (MVC) software 
architecture of devices were used. Consequently, it was shown that both geometric and 
semantic data of boreholes stored in a cloud database can be effectively used even in smart 
mobile devices with small screen. 

 
INTRODUCTION 

Together with the development of mobile devices, mobile-based applications are also 
developed. Mobile application development has been spread to many fields, especially in 
the field of cartography. Since mobile devices include GNSS receiver, especially map-
based mobile applications provide great advantages to users. In addition, web-based map 
applications are gradually designed and developed as mobile applications that can run on 
mobile devices. 

In this study, the aim is to manage geological data (i.e.borehole data) as a cartography 
practice. In the literature, there are several studies and developed applications that have 
been realized for various platforms in which management of borehole data is carried out. 
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SedLog is a desktop software that can show underground graphically, in which data can be 
added in Comma Separated Values (CSV) format and in which printouts can be taken in 
PDF, Scalable Vector Graphics (SVG) and JPEG formats (Zervas et al., 2009).  SedMob is 
the mobile application of SedLog software. In this application, data is received in CSV 
format from a server. Since it is hybrid, it can run in mobile platforms such as iOS and 
Android (Wolniewicz, 2014). 

A web-based geographical information systems (GIS) application has been developed to 
show ten thousand borehole points and other geological data in Seoul, South Korea, an 
application that includes functions such as statistical analysis (Chang, Park, 2004). Using 
augmented reality technology and map library, a mobile application (BoreholeAR) has 
been developed suitable to borehole data structure of local institutions in Seoul, South 
Korea and that runs on iPad devices (Lee, Suh, Park, 2014). 

Istanbul Geological and Geotechnical Information System (ZeBiS) has been developed by 
Selçuk and Gökgöz (2001). In this desktop GIS application, data sets consist of borehole 
data, and base maps are three-dimensional topographical maps. Software components of 
the system are AutoCAD Map, Access, RockWorks and an interface program written with 
AutoLISP and running under AutoCAD Map. Functions performed by the application are 
finding a destination (for example a building land) on a map via site and street name 
queries, displaying borehole(s) the nearest to or in a certain distance from destination, 
displaying data of a selected borehole and preparing an ASCII file in the file format of 
RockWorks99 by the data of selected boreholes. 

Borehole data consists of data about underground and aboveground and these are usually 
shown in tabular form. Besides, to interpret borehole data geologically, they should be 
considered in conjunction with spatial data. 

In this study, a mobile application was developed that runs in iPhone devices in iOS 
platform. It is named ‘iZemin’. It will be referred with this name in the study. Besides, 
unlike other studies, a cloud-based database management system was used rather than 
device-based database management system. Thus, central management of borehole data 
was ensured. Moreover, it was compatible with operations of local institutions in Istanbul. 

 

DESIGN OF APPLICATION 

A fast and stable database is required for visualizing and managing borehole data. Details 
of development environment of the system and libraries used in this study are explained in 
detail below. 

Application Development Platform 

Development on Apple iOS system is possible with xCode (8.3.3) software. iZemin mobile 
application was developed with the swift programming language. Besides, together with 
testing on iPhone 7, designs were optimized in a way to run on all iPhone models. These 
devices have a Global Navigation Satellite System (GNSS) receiver. Other hardware 
specifications of the device are given in Table 1. 
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Table 1. iPhone 7 Hardware specifications 

System-on-chip Apple A7 

Memory 2048 MB LPDDR3 RAM 

Screen resolution 750x 1334 pixels (326 ppi) 

GNSSa A-GPS, GLONASS 

Accelerometer 3-Axis accelerometer 

Gyroscope 3-Axis Gyroscope 

 

Mobile Libraries 

During the process of developing mobile application, it is necessary to add required 
libraries to the project to use sensors and GNSS receivers on mobile device. There are a 
large number of libraries, but to keep application size small, only libraries to be used in 
developed application are added to the project. 

In iZemin application, a total of five libraries was used. Four of these libraries are built-in 
and one of them is external. In Table 2, libraries used in iZemin application and their 
specifications are given. 

Positional data in GNSS are processed and provided the user through Corelocation library. 
With Mapkit library, 2D map is shown, and a support for layers to be opened on this map 
is established. Besides, satellite image is provided to user with this library. Since 
Foundation and Ulkit libraries contain basic functions, they come as attached to the 
project. With these two libraries, basic functions found in iOS platform can be used and 
design processes can be carried out. Firebase library was used as external library in the 
application, and thus communication of the application with cloud database was ensured. 
Detailed explanations related to this library are given below. 

Table 2.  Libraries used in development of iZemin application. 

Library Classification Usage Detail 

Corelocation On-Board Map GPS sensor 

Mapkit On-Board Map 
2D maps 
and 
satellites 

Firebase External Database Cloud based 
database 

Foundation On-Board 
iOS 
application 
basics 

İOS basic 
functions 
and design 

Ulkit On-Board 
iOS 
application 
basics 

iOS basic 
functions 
and design 
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DEVELOPMENT OF APPLICATION 

Database Module 

Together with the development of cloud database technology, data storage opportunity is 
offered to web or mobile-based application developers either free or paid. In particular, 
there are many databases established especially with the support of technology companies 
such as Google and Amazon. Firebase used in this study is a service powered by Google.  

Since borehole data is not user-specific data, and real-time view in all devices is one of the 
aims of this study, rather than a local database such as SQLite, a cloud-based database 
management system was preferred in iZemin application. Firebase iOS library, a widely 
used database platform spread in mobile and web environment, were used. Thus, desired 
edits can be made on data through the web interface shown in Figure 1. 

 
 

Figure 1.  Firebase database management web interface 

 

NoSQL has been developed as an alternative solution to relational database systems. 
Together with the increase in Internet speed, increasing number of users taking active role 
in systems is an important reason. In a database kept as relational tables, it is necessary to 
update current structure (table and relationships) that is not defined in tables. Therefore, an 
additional cost emerges. However, since there are no tables and columns in a NoSQL 
database system, an additional cost is not required to establish structure later or only a very 
little cost is necessary. However, it has some disadvantages especially in sectors such as 
banking, the concept of transactions applied in database is not found in NoSQL database 
system, data loss may occur.  

An original database structure was designed for iZemin in this study considering the 
database structure of template data used by Istanbul Metropolitan Municipality. It is kept 
on Firebase database management system in JavaScript Object Notation (JSON) format 
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(Figure 2). Variable types of borehole data in the database are automatically created by the 
database management system of Firebase. Borehole data and corresponding data types are 
given in Table 3. 

 
Figure 2.  Borehole data structure in web interface database management system of Firebase 

 

Table 3.  Borehole data types in database 

Items Data Type 

Boreholes Array 

Borehole Dictionary 

BoreholeID String 

Region String 

Formations Dictionary 

Lower Elevation Double 

Upper Elevation Double 

Name String 

Short Code String 

Coordinate Dictionary 

Latitude Double 

Longitude Double 

Altitude Double 
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Map Module 

In iZemin mobile application, 2D map library (Mapkit) offered to developers free of 
charge by Apple company was used. Satellite image found in this library is offered to users 
as an option in the application. This library was chosen since it is the most stable library 
running in iOS platform. There are no limitations related to usage of Mapkit library. Map 
data is located with geographic coordinates in Web Mercator projected coordinate system. 
Therefore, data to be used in the application was prepared in accordance with this system. 
In the case of use of data in different systems, data conversion would be required. 

Location information for moving mobile device is shown with a blue icon on the base map 
(Figure 3a). This presentation is possible with co-operation of GPS receiver of mobile 
device and Corelocation library used in development platform. Thus, real-time position of 
mobile device is reflected on map dynamically. In the event that location of mobile device 
is outside borders of screen, the map is relocated to ensure that device location is again in 
the center of screen. Borehole List and Search Screen is shown in Figure 3b. Locations of 
borehole points queried are shown with a green pin in relevant screen of iZemin (Figure 
3c). With date box placed on pin, it is possible to pass to the screen where borehole data is 
provided (Figure 3d). 

    
 

Figure 3.  Screens of iZemin: a) Base map, b) Borehole list and search, c) Borehole 
location and data display, and d) Formation 

 

Model View Controller Architecture 

Model View Controller (MVC) is a software architecture that prevents mixing of modules 
with different roles in the application and that separates user interface from each other in a 
business logic. With this architecture, it is possible to separate structures of the code 
serving for different purposes from each other, and the software code can be easily 
developed and tested. In Figure 4, data interface controlling architecture is shown. 
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Figure 4.  Model view controller (MVC) 

Model section is used to determine how data is processed. View section refers to visual 
interface where user is in interaction. MVC architecture is applied in different 
programming platforms. Within iOS application development platform in which İZemin 
application is developed, UIView objects correspond to interface and UIViewController 
objects correspond to controllers. Controllers manage attached interface objects depending 
on their behaviors.  

There are four controllers in iZemin application. While three of them represent the base of 
application, one of them controls switching between screens. In Figure 5, relationships of 
used libraries with controller classes are shown.  

 
Figure 5.  Relationship diagram of libraries used in iZemin application with interface 
classes 

In Figure 6, interfaces and controllers in XCode development environment developed for 
iZemin application are shown. Among these controllers, there is a main interface object 
and in this interface object; there are button, list, figure and map objects. IBAction and 
IBOutlet link classes establish a bridge between interface and controller. 
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Figure 6.  Data interface controller architecture (MVC) 

 

CONCLUSIONS 

Together with improving smart mobile devices, number of mobile applications also 
increases. Today, there are applications available that use all specifications of smart mobile 
devices. Some of these applications are related to cartography. However, cartography-
related applications are generally applications that are of interest to general users. 
Applications specific to public institutions and organizations are very few. With iZemin 
mobile application developed in iOS platform in this study, it is possible to show borehole 
locations and data stored in a cloud database. Consequently, it was shown that both 
geometric and semantic data stored in a cloud database can be effectively used even in 
smart mobile devices with small screen.  

iZemin application can be also adapted to tablet devices, specifications of which are close 
to mobile phones. In addition, spatial queries such as “search for near boreholes” and 
“search for borehole based on certain criteria” can be added to this application. Thanks to 
internal GNSS receiver found on device, a route can be drawn to desired borehole point. 
An easy use can be provided in vehicle with navigation applications. 
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ABSTRACT 

This paper presents the initial results of RTK/OTF satellite measurements made using 
TCP/IP internet data transmission. One permanent reference station (TVSN) belonging to 
Tavsanlı Municipality, Kutahya Turkey was used for test measurements. As a result of 
measurements taken at eight measurement points situated about 1 kilometre to 35 
kilometres from the reference station (TVSN) the accuracies of up to a few centimetres 
were obtained for points situated in the open terrain. The accuracies obtained at the point 
with numerous covers in the form of tree branches and leaves ranged from several 
centimetres to almost 10 centimetres, which is characteristic for GPS measurements taken 
under conditions of limited availability of satellites. 

 

INTRODUCTION 

The RTK concept is based upon the principle that the errors that affect the calculation of 
the absolute position in GPS can be considered the same in a certain geographical area in 
which one is working. Those mistakes are caused by the effects of the ionosphere, 
troposphere, and orbits of the GPS satellites, oscillators of the satellites and of the 
receivers, multipath, among others. With these working conditions, the coordinates 
obtained by the GPS receivers in absolute positioning method, range from 1 to 10 metres, 
according to the geometry of the visible satellites at the precise moment of the acquisition 
of the GPS data. For us to work with centimetre accuracy or better two hypotheses exist; 
one of them is the execution of the post-processing of the GPS data using specific software 
with precise orbits of satellites (available sensibly after 15 days of the observation of the 
data), which is a long time for the great majority of the GPS users and it needs added 
knowledge, and the other is the positioning technique RTK. Currently the satellite 
positioning method RTK is the technologically most advanced kinematic method for 
determining coordinates of points in real time. That method allows obtaining precise 
coordinates in real-time thanks to which it finds wide application in numerous areas, 
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including: land, water and air navigation, hydrography, road safety and first of all land 
survey measurements (Pirti et al., 2009; Vollath et al., 2002; Wolf and Ghilani, 2002). 

RTK rovers traditionally receive RTK data from a single RTK reference station. The 
reference station may be permanently setup (e.g. on the roof of the office) or it might be 
temporarily set up in the field. In both cases the principle is the same. Recent advances in 
RTK algorithms allows the rover to successfully and repeatedly work at distances of up to 
50 km from the RTK reference station. As the distance increases between the reference and 
the rover the accuracy of the rovers computed position decreases. This decrease in 
accuracy is due to distance dependent errors-mainly atmospheric errors. Essentially, as the 
distance between the rover and the reference station increases; the atmospheric conditions 
at the rover and reference station will become increasingly different. This decreases the 
accuracy and makes it more difficult for the rover to fix the ambiguities (Lachapelle et al., 
2001; Landau et al., 2002; Snay, 2008; Vollath, 2000).  

 

DATA AND METHOD 

The work was performed in Tavsanlı, Kutahya, Turkey, and see Figure 1. In order to test 
the performance of single baseline RTK, two different test configurations are considered, 
both within the borders of city of Kütahya, which is situated 300 km south of İstanbul. 
Eight arbitrary points were selected in the Tavsanlı district in the city of Kutahya to test the 
positions obtained from single baseline RTK, whether or not they are internally and 
externally precise. Figure 5 illustrates the distribution of points used in these two cases. 
Two surveys (RTK and static) were performed, one using a Topcon GR3 RTK field unit 
and single baseline reference station (TVSN) with a TCI/IP link and the other using a 
Topcon GR3 static unit. The point TVSN on the roof of the Tavsanlı Municipality 
building, which is depicted in Figure 3, is taken as reference station for these tests. The 
distances between the test points in the outside of Tavsanlı and the reference point (TVSN) 
vary approximately from 1 km to 35 km. The TVSN unit provides up to 35 kilometres of 
coverage with the TCI/IP link. In test 1, the internal accuracy of RTK results is tested, 
while in test 2 the external accuracy is investigated. Two different cases are investigated in 
test 1, namely different satellite configuration and same reference station, and in test 2 
namely static surveys versus single baseline RTK survey, so as to observe internal and 
external accuracies of the RTK method. Since the test field is densely populated with urban 
structures and densely covered with trees, as can easily be seen from the Figures 1 and 3, 
the tests carried out make it possible to observe how precise results the method of the 
single baseline RTK will produce, especially in the unobstructed and obstructed (urban and 
forest) environments (Gürel and Erkaya, 2010; Bahşi and Hoşbaş, 2010).  
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Figure 1. Project area  

As explained above, two tests were carried out in order to evaluate the performance of the 
single baseline RTK method for the project area. For RTK and static surveys, the single 
reference point (TVSN) was used as reference station in the project area (TVSN, see 
Figure 3). For this purpose, the static survey was conducted in order to determine the 
coordinates of these eight points in the project area. The measurements in these test points 
were performed with at least 3 hours of observation times on 18 November 2008. The 
minimum elevation cut-off angle and the sample rate were 10 degrees and 10 seconds, 
respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. The distribution of the test points in the project area 

 

The data processing and network adjustments were conducted using the Topcon Pinnacle 
Software. In the adjustment procedure, the ITRF 2000 coordinates of TVSN were held 
fixed (Table 1). In all static measurements are conducted using two Topcon GR3 dual 
frequency receiver with standard hardware and software and observing visible 6-9 
satellites throughout the whole sessions and PDOP values 1.3-3.2 (Gürel and Erkaya, 
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2010; Bahşi and Hoşbaş, 2010). The objective of the tests was to assess the single baseline 
RTK achievable accuracy and to the check the repeatability of the results under different 
satellite configurations by using the same reference point (TVSN). The accuracy and 
repeatability assessment of the single baseline RTK survey was carried out by comparing 
the coordinates of a group of points (8 points), marked on the ground. The specifications of 
the eight test points in the project area are explained in Table 2 (Gürel and Erkaya, 2010; 
Bahşi and Hoşbaş, 2010). 

 

 

  

 

 

 

 

 

 

 

  

Figure 3. TVSN reference point and eight test points (Gürel and Erkaya, 2010; Bahşi and 
Hoşbaş, 2010).  
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Table 1. Coordinates and their standard deviations of the eight points in static mode  

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. The specifications of the eight test points in the project area  

Point Specifications 

1 the clear line of sight 

2 under tree 

3 the clear line of sight 

4 under the forest 

5 the clear line of sight 

6 under tree  

7 close to the urban environment 

8 the clear line of sight 

 

 RESULTS 

This test was aimed at observing whether the single baseline RTK method produces 
precise results at different times with different satellite configuration. Two sets of 
observations were carried out using the same test points and the same reference station 
(TVSN), but at different observation times with different satellite configurations, which 
was accomplished by choosing the second period of observation two days later than the 
first one at an arbitrary observation time. The intent with this was to study the effect of 
satellite configuration on the single baseline RTK results (Gürel and Erkaya, 2010; Bahşi 
and Hoşbaş, 2010). 

 

Point XITRF Std.(mm) YITRF (m) Std (mm) 
TVSN 4379000.189   456279.660  

1 
2 
3 
4 
5 
6 
7 
8 

4380120.024 
4383555.266 
4386587.094 

  4388737.431 
 4393683.987 
 4391353.218 
 4393927.422 
4393665.228 

1 
6 
5 
7 

10 
7 

11 
8 

 454506.420 
 449434.017 
 445324.140 
441701.182 
432218.997 
438213.159 
427685.152 

 427799.640 

1 
6 
5 
7 

10 
7 

11 
8 

 hITRF (m) Std (mm) 
TVSN 894.057  

1 
2 
3 
4 
5 
6 
7 
8 

863.989 
901.019 

1023.072 
1022.255 
840.421 
891.265 
710.399 
693.319 
 

 

2 
11 
8 

10 
16 
13 
19 
20 
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To evaluate the single baseline RTK repeatability, two independent RTK surveys using a 
reference point (TVSN) was carried out, each time occupying all of the test points. The 
surveys were conducted on two days and at different times of the day from TVSN (15 
November 2008, 9:00 – 12:30 h local time (LT)), TVSN (17 November 2008, 12:40 – 
16:30 h) with changed satellite configurations to ensure the independence of the results. 
The reference station TVSN was about maximum 35 km away from the project site, about 
minimum 1 km, see Figure 5. The satellite visibility was 6-9 GPS satellites in the project 
areas and the recorded PDOP average values were between 1.5 and 3.8 on both days. A 
total of 16 point observations for the 8 test points were obtained over the two days. In the 
analysis step, the differences of the coordinates of the eight test points obtained from 
TVSN1, TVSN2 were calculated, such as TVSN1 - TVSN2. Table 1 shows the differences 
and their means and standard deviations for the eight points. The analysis of the two tests 
for the single baseline RTK results shows that the discrepancies of the horizontal 
coordinates are a few mm to 2 cm. The discrepancies of the height coordinates were a few 
centimetres to about 4 cm (Table 1) (Gürel and Erkaya, 2010; Bahşi and Hoşbaş, 2010). 

As explained belove, four points (Points 2, 4, 5, and 7, see Table 2) were marked very 
close to the obstructed areas (tree, forest and buildings environments). The ambiguity 
resolution time was approximately 210 minutes for these four points on both days. The 
differences for the horizontal coordinates of these four points were greater than 1 cm for 
the RTK measurements of the first, second day, see Figure 3. The second day’s 
measurements yielded the greatest coordinate differences of the two days. This may be 
partially due to the fact that the measurements were taken in the afternoon of 17 November 
2008, when the satellite configuration was not favourable, resulting in a poor accuracy of 
these four points in the obstructed areas (Gürel and Erkaya, 2010; Bahşi and Hoşbaş, 
2010). 

 

 

 

 

 

 

 

 

 

Fig. 4. Comparison of the coordinates of the eight test points using TVSN reference point 
in RTK surveys 

All 8 points are also used for technical tasks, which often require a high accuracy of the H 
coordinate. An analysis of the first, second day measurements at the project area clearly 
demonstrates that the differences are ~ 3-4 cm for the vertical coordinates for the four 
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points, see Figure 7. For the other points, the height differences were at the level of a few 
centimetres, see Figure 7 (Gürel and Erkaya, 2010; Bahşi and Hoşbaş, 2010). 

With this we can conclude that the test for different time with the different satellite 
configuration shows that RTK produces internally precise positions. In studying the 
differences in Figure 4, it can be seen that 1 cm mean difference is obtained for the X and 
Y coordinate components while there is about 3 cm of the mean difference in the vertical 
direction (Gürel and Erkaya, 2010; Bahşi and Hoşbaş, 2010). 

For static measurements, a receiver is set up at a specific point. Points are determined over 
a relatively long period of time, and the mean average is derived from the sum of these 
measurements, possibly after extreme values have been filtered out. Such static 
measurements have the advantage that the variations in the positions determined, can be 
levelled out because the probability is high that a sufficient number of satellites can be 
tracked for determining the position (Vollath, 2000). In this step of the test, the RTK 
derived coordinates of the test points were compared to their coordinates as precisely 
determined using static method is chosen since in literature it is proven to produce the most 
accurate positions which can be obtained from GPS measurements. The static survey was 
carried out to check the performance of the single baseline RTK. A study of how much 
these differences vary is illustrated in terms of minimum and maximum differences, mean 
values of these differences and standard deviation values in Figure 5. As can be seen from 
Figure 5, the standard deviation values computed from the positioning differences obtained 
from the test tend to be below 7 cm (Gürel and Erkaya, 2010; Bahşi and Hoşbaş, 2010). 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5. Comparison of the coordinates of the eight points in the project area between static 
GPS and two days of RTK (TVSN (15.11.2008), TVSN (17.11.2008)) surveys 

 

In this test, the accuracy and repeatability assessment of the single baseline RTK survey 
was carried out by comparing the coordinates of a group of points (8 points) obtained from 
TVSN with the coordinates determined by the static survey from TVSN.  The comparison 
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of the results of the RTK and static surveys shows that the variations were greater in height 
and smaller in horizontal coordinates, see Figure 5. The standard deviation of the 
horizontal coordinate differences was about 1-2 cm on the first day and 1-2 cm on the 
second day. The standard deviation of the height differences was 3-4 cm on the first day, 6-
7 cm on the second day. As shown in Figure 5, the two-day differences between the RTK 
survey and the static survey were less than 2 cm for the horizontal coordinates and less 
than 7 cm for the vertical coordinates. The maximum variations were about 4 cm in the X-
Y coordinates and about 10 cm in the H coordinates, see Figure 5. From these results it is 
clear that RTK method can produce positions almost as accurate as the static approach, 
except for the densely built-up and forest areas. 

GPS job specifications often require that baseline measurements be taken between fixed 
control stations. The benefit of making these measurements is to verify the accuracy of 
both the GPS measurement system, and the control being held fixed. Obviously the smaller 
the discrepancies between measured and known baseline lengths, the better. If the 
discrepancies are too large to be tolerated, the conditions causing them must be 
investigated before proceeding further. Table 3 shows the computed baseline vector data 
from a GPS survey of the network of Figure 5. Note that eight fixed baseline (between 
TVSN and Points 1, 2, 3, 4, 5, 6, 7, and 8) was measured by static surveys on 18 November 
2008. The analysis of fixed baselines is as follows (Gürel and Erkaya, 2010; Bahşi and 
Hoşbaş, 2010; Wolf and Ghilani, 2002). 

 

1) Compute the coordinate differences between stations TVSN and 1 as 

 ΔXTVSN1= -1119.835               ΔYTVSN1= 1773.240  ΔHTVSN1

2) Compute the absolute values of differences between the measured and fixed 
baselines as 

= 30.068 

   

   dX= 002.0837.119835.1119 =− , dY= 004.0236.1773240.1773 =− ,  dH= 
006.0074.30068.30 =−  

3) Compute the length of baseline as 

      TVSN1= m454.2097)068.30()240.1773()835.1119( 222 =++  

4) Express the differences, as computed in Step 2, in parts per million (ppm) by 
dividing the difference by the length of the baseline computed in Step 3 as 

      ΔX-ppm= 0.002 / 2097.454 x 1000000 = 0.95 

      ΔY-ppm= 0.004 / 2097.454 x 1000000 = 1.91 

      ΔH-ppm= 0.006 / 2097.454 x 1000000 = 2.86 

5) Check the computed values for the ppm against a known standard. Typically, the 
FGCS standard given in the following section is used. 
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The Federal Geodetic Control Subcommittee (FGCS) has published the document entitled 
“Geometric Geodetic Accuracy Standards and Specifications for Using GPS Relative 
Positioning Techniques”. The document specifies seven different orders of accuracy for 
GPS relative positioning and provides guidelines on instruments and field and office 
procedures to follow active them. Table 4 lists these orders of accuracy (Wolf and Ghilani, 
2002). 

The FGCS document also make recommendations concerning categories of surveys for 
which the different orders of accuracy are appropriate. Some of these recommendations 
include: order AA for global and regional dynamics and deformation measurements; order 
A for “primary” networks of the National Spatial reference System (NSRS), and regional 
and local geodynamics; order B for “secondary” NSRS networks and high-precision 
engineering surveys; and the various classes of order C for mapping control surveys, 
property surveys, and engineering surveys. The allowable error ratios given in these 
standards imply the extremely high accuracies that are now possible with GPS (Gürel and 
Erkaya, 2010; Bahşi and Hoşbaş, 2010; Wolf and Ghilani, 2002). 

 

Table 3. Observed baseline vectors and ppm values 

 

Observed 
Baselines 

dX

dY

1 

dH

1 

[m] 

1 

dX

dY

2 

dH

2 

[m] 

2 

 

Baseline 

 

[m] 

 

(ppm)

 

1 (ppm)

 

2 Observed 
Baselines 

dX

dY

1 

dH

1 

[m] 

1 

dX

dY

2 

dH

2 

[m] 

2 

 

Baseline 

 

[m] 

 

(ppm)

 

1 (ppm)2 

 

TVSN-1 

0.002 

0.004 

0.006 

0.001 

0.017 

0.021 

 

2097.454 

0.95 

1.91 

2.86 

0.48 

8.11 

10.01 

 

TVSN-5 

0.005 

0.006 

0.023 

0.008 

0.008 

0.039 

 

21885.97 

0.23 

0.27 

1.05 

0.37 

0.37 

1.78 

 

TVSN-2 

0.021 

0.033 

0.086 

0.009 

0.030 

0.100 

 

8222.628 

2.55 

4.01 

10.46 

1.10 

3.65 

12.16 

 

TVSN-6 

0.018 

0.010 

0.024 

0.011 

0.013 

0.053 

 

28187.45 

0.64 

0.35 

0.85 

0.39 

0.46 

1.88 

 

TVSN-3 

0.012 

0.001 

0.015 

0.016 

0.002 

0.031 

 

13326.71 

0.90 

0.08 

1.13 

1.20 

0.15 

2.33 

 

TVSN-7 

0.013 

0.008 

0.028 

0.028 

0.012 

0.069 

 

32034.59 

0.41 

0.25 

0.87 

0.87 

0.37 

2.15 

 

TVSN-4 

0.002 

0.023 

0.040 

0.006 

0.013 

0.067 

 

17531.75 

0.11 

1.31 

2.28 

0.34 

0.74 

3.82 

 

TVSN-8 

0.016 

0.018 

0.032 

0.013 

0.010 

0.052 

 

32256.81 

0.50 

0.56 

0.99 

0.40 

0.31 

1.61 

 

As seen Table 3, real-time solution via internet is suitable for environments with 
reasonably good satellites tracking conditions (limited obstructions, multipath, and radio 
frequency noise) and with reliable communication from the GPS base to the rover. The 
results in the obstructed environment obtained directly from real-time solution via the 
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internet measurements show a slightly lower precision than the results from post-
processing. Modern GPS systems have improved satellite tracking technology such that 
weaker signals can be observed under trees with moderate foliage (Note that dense foliage 
will still cause cycle slips, foliage and tree density increases, artillery survey with GPS 
under foliage will become increasingly difficult. Satellites will be lost, resulting in poorer 
DoPs). Despite this advanced tracking capability, the signals are noisier, weaker and 
therefore more likely to be subject to multipath and diffraction. The surveyor should be 
aware that positions may not be accurate despite quality indicators showing good solutions.  

 

Table 4. GPS Relative Positioning Orders of Accuracy 

Order Allowable Error Ratio Parts-Per-Million (ppm) 

AA 1:100 000 000 0.01 

A 1:10 000 000 0.1 

B 1:1 000 000 1.0 

C-1 1:100 000 10 

C-2-I 1:50 000 20 

C-2-II 1:20 000 50 

C-3 1:10 000 100 

 

CONCLUSIONS 

 Data transmission from the single baseline RTK reference stations using the internet 
provides significant benefits in RTK solutions, like much less cost, better secure 
transmission and extension of the RTK range, reduced initial costs for RTK surveying 
since only a single rover receiver is necessary, increased productivity since no temporary 
RTK base station is needed. The NTRIP protocol is an efficient tool in comparison with 
the usual radio-based RTK systems. The positioning accuracy in the unobstructed 
environment found was very impressive and competitive against post-processing methods 
even for baselines up to some tens of kilometres. Real-time solution via the internet can be 
very accurate and productive in many geodetic surveying and GIS applications. Real-time 
solution via the internet is very efficient in difficult situations we are going to encounter 
certain accuracy problems. Buildings and forest environments should also be classified 
under difficult situations. To raise measurement reliability there, results from different 
resolutions of ambiguities should be used on each point. This would enhance measurement 
reliability and accuracy. Nevertheless, it appears that forest and urban measurements with 
1 cm accuracy cannot be guaranteed on all occasions, since difficult situations may lead to 
greater errors. 
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ABSTRACT 

Digital Elevation Models (DEMs), an important data source for geographical information 
systems, can be produced by classical measurement techniques as well as by LIDAR (Light 
Detection and Ranging) system. Because of the three-dimensional data generated by the 
combination of the Global Navigation Satellite System (GNSS), the Inertial Navigation 
System (INS) and the laser scanning device, LIDAR is more useful than the conventional 
methods. LIDAR systems have recently encountered frequently in many areas of geomatics 
applications. The density of the point cloud data obtained with this technology that differs 
according to the used laser system and the flying altitude. This directly affects the quality 
of the models to be obtained in the point cloud according to the application. DEMs are 
successfully used in 3D (3 dimension) urban information systems, disaster applications, 
military applications, engineering and architectural studies and also in various 3D 
visualization studies such as restoration. The accuracy of the produced DEM also has a 
great importance for many applications. Therefore, evaluating the accuracy of the 
generated models is essential in practice. In this study, point cloud data in different 
densities obtained from LIDAR measurements at two different flying altitudes (1200 m and 
2600 m) are analyzed. Before these analyses are performed, filtering procedure is applied 
to remove noises on the raw data with Cloud Compare open source software.  The 
resulting products (DEMs, DSMs, buildings, energy transmission lines and trees) from the 
point cloud diluted by filtration are obtained from Envi software for the rural area under 
consideration. The results are compared each other in order to clarify superiorities and 
weaknesses for the data obtained from the different flying altitudes and LIDAR systems. 
We acknowledge General Command of Mapping of Turkey for providing Airborne LIDAR 
data. 

 

INTRODUCTION 

DEM is a model which expresses the position and altitude information of the earth as 3D. 
These models are divided into digital terrain model (DTM) and digital surface model 
(DSM). DTM is a model in which objects on the land are ignored, only the earth is 
numerically transferred. DSM is also a model that includes natural and artificial objects on 
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land (Çam et al., 2013). DEMs can be obtained with LIDAR systems, as well as with many 
other calculated measurement techniques. Lidar is a technology which is used to produce 
3D spatial information with high accuracy and high precision. Lidar systems can make 
quick measurements on the ground with an average of 150,000 pulses per second. As a 
result of these measurements, a 3D geographically referenced point cloud is obtained. 
Lidar is a system formed by the integration of laser scanner, GPS and IMU systems. 
Accuracy of measurement impressed by the position and orientation accuracy of the GPS-
IMU systems and the deviation of laser beam. When the flight altitude is increasing, 
accuracy is decrease (Kraus, 2003). 

During data collection, Lidar has a large amount of data that needs to be classified because 
of its ability to collect data from different areas. For this reason, the raw point cloud must 
be filtered before the DEM is created. In the classification phase, information about the 
land (height, density, multiple turns, etc.) is extracted to determine whether the data belong 
to the land. This process is called "filtering". In the second step, DEM is produced using 
surface points obtained by filtering (Meng et al., 2010). 

DEMs have specific accuracy. When this accuracy is calculated, measurements with a 
certain accuracy are used. For this reason, the accuracy of DEMs is expressed with relative 
accuracy instead of absolute accuracy. When a new surface is compared with a known 
surface of measurement accuracy, the differences of the relative heights in the 
corresponding points of these surfaces are calculated. RMS of the obtained values are used 
to define the surface accuracy.The formula used as follows: 

 

RMS = ±�(∑△ ℎ^2/(𝑛 − 1) )                                           (1.1) 

 

Another way of statistically expressing accuracy is to calculate standard deviation values. 
The standard deviation is calculated using the following formula: 

 

Standart Deviation=  ±�(∑△ ℎ2/𝑛) −△ ℎ2������                                                            (1.2) 

 △ ℎ�����: algebraic average, n: correspondence points (Saygılı, 2008) 

 

DATA AND METHODOLOGY 

This application was built by HGK in Izmir Bergama. In this application, Lidar point cloud 
data obtained by making test flights from 1200 and 2600 meters height to two different 
companies were used. Pegasus HA-500 lidar system from Optech and Riegl LMS-Q1560 
lidar system were used in the test flights. 
 
 
 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

184 
 

Table 3: Parameters of test flights of Optech Pegasus HA-500 and Riegl LMS-Q1560 
Flight 

Altitude 
Angle +/- Speed 

(knots) 
Density 

(point/m2
Number of 

colon ) 
overlapping 

2600 m 20 150 ≥2 18 %50 

1200 m 35 150 ≥8 32 %25 

2600 m 30 150 ≥2 11 %30 

1200 m 35 150 ≥8 32 %25 

 

The application area was chosen as agricultural land. The area of the area with a length of 
300 m and a width of 175 m is 52500 m2

 

. 

Figure 2. The selected area for application 
 
Firstly, SOR (Statistical Outlier Removal) filtering was performed on the data using the 
Cloud Compare program. SOR filter; calculates the average distance between each point in 
the point cloud and the neighbouring points in the determined number. The standard 
deviation is multiplied by the boundary multiplier value and added to the calculated 
average distance. In this way the maximum distance value for the points is calculated. This 
removes points outside the distance (URL 1). 

Maximum distance= Average distance + nsigma * standard deviation 

As a result of these operations, the raw data produced on the common area were filtered 
and the noises were removed. Point cloud data is recorded in LAS format and prepared for 
DTM and DSM production. 

The Envi Lidar program was used to generate DSM and DTM from spot cloud data 
recorded in LAS format. Projection systems were selected as UTM, datums as WGS84 and 
UTM zones as 35N in Bergama district of İzmir province. Density maps are interpreted to 
fine tune the parameters before switching to process. 

In order to create Digital Surface and Digital Terrain models, we used some Process 
parameters.These parameters; 
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• Grid Resolution: On the whole of the data analyzed, there are an average of 4 
points per square meter.The Grid Resolution value is set to 1 for the algorithm to 
give a precise result. 

• Near Terrain Classification: This parameter is used to classify objects such as 
buildings, trees, energy transmission lines that are not part of the model after the 
DEM is created. The default value of 50 cm has been used for precise 
classification. 

• Height and radius values for trees: For the classification of the trees in the region, 
the minimum height of the tree is 130 cm and the maximum height is 5000 cm. 
Radius values are defined as minimum 200 cm and maximum 600 cm. 

• Height and area values for buildings: The minimum building area used to identify 
the buildings was defined as 10 m2 and the near floor filter width was defined as 30 
cm 

• The recording types and locations of the products to be obtained after the parameter 
values are determined are defined. 

Analysis of generated models is divided into 2 categories. First one is Analysis of DTMs. 
The DTMs generated by the process were compared with the Surfer 13 program. 

 
Figure 2. DTM Analysis 
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The DTMs which are produced with the Envi Lidar program was compared by using the 
Surfer 13 program. When looking at the difference maps, it is determined that the regions 
where the differences are overrepresented are similar. The following table appears when 
statistical comparison is made. 

 

Table 4. DTM Analysis 

 

When the difference analyzes were examined, it was seen that the standard deviation was 
between 0.07 m and 0.09 m.The mean height differences were found not to exceed 0.04 
meters. But in some regions it seems that this difference is more. The difference maps have 
been created in Arcsene program for further analysis. 

 

 
Figure 1. DTM map (ArcScene). 
 
 

Surfer DTM 

 

Avg. Median Std.Dev Min. Max. 

Optech 1200-2600 0.044 0.050 0.075 -1.105 1.576 

Optech1200Riegl1200 0.016 0.020 0.072 -1.181 1.396 

Riegl 1200-2600 -0.005 -0.005 0.066 -1.262 1.272 

Optech2600Riegl2600 -0.033 -0.035 0.085 -1.397 1.143 
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Table 5. DTM analysis (ArcScene). 

ArcScene DTM 

 

Avg. Std. Dev. Min. Max. 

Optech 1200-2600 0.043 0.074 -1.105 1.576 

Optech 1200-Riegl1200 0.015 0.071 -1.180 1.396 

Riegl 1200-2600 -0.005 0.066 -1.261 1.271 

Optech 2600-Riegl2600 -0.033 0.085 -1.397 1.143 

 

When the difference analyzes obtained from the ArcScene program were examined, it was 
determined that the mean difference values and the standard deviations corresponded to the 
values obtained from the Surfer 13 program. When we look at the difference maps 
obtained from ArcScene program, the differences in the areas indicated by black color. 
Gradually decreasing in red and green regions and approaching zero in yellow regions. 
Judging from the maximum and minimum difference values, it is understood that there are 
rough errors in black regions. In these regions, satellite images have been looked at in 
order to better analyze what kind of topography is on the ground. 

 

 
Figure 2. Display of places where too many differences are detected. 

 

The yellow squares shown in Figure 4 display where the differences are greater than 0.30 
meters. It is understood that there are buildings in these regions. 

Second is analysis of DSM. DSMs generated after process operations were compared using 
Surfer 13 and ArcScene programs. The processes applied in the DSM analysis were 
applied in the same way.  
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Figure 3. DSM maps (Surfer 13) 

 

Table 6. DTM Analysis 

 

When the DSM difference analysis was performed, the mean difference values were found  
between 0.06 m and 0.20 m. It has been determined that the standard deviation values 
reach 1.5 meters. When the minimum and maximum difference values are taken into 
account, there are big differences from 14 meters to 25 meters. These differences indicate 

Surfer DSM 

 
Avg. Median Std.Dev. Min. Max. 

Optech 1200-2600 0.062 0.020 1.352 -24.120 24.308 

Optech 1200 Riegl1200 0.194 -0.018 1.421 -15.699 24.33 

Riegl 1200-2600 0.079 0.039 1.129 -14.917 15.727 

Optech2600-Riegl2600 0.212 -0.001 1.446 -15.271 24.287 
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that the models have rough errors in certain areas. In order to better analyze where the 
coarse faults occur, the difference maps were created from ArcScene program. 

 

 
Figure 4. DSM map (ArcScene). 

 

Table 7. DSM analysis (ArcScene). 

ArcScene DSM 

 

Avg. Std. Dev. Min. Max. 

Optech 1200-2600 0.062 1.352 -24.120 24.308 

Optech 1200-Riegl1200 0.194 1.421 -15.699 24.329 

Riegl1200-2600 0.079 1.129 -14.916 15.727 

Optech2600-Riegl2600 0.212 1.446 -15.270 24.287 

     

 

When the difference analyzes obtained from the ArcScene program were examined, it was 
determined that the mean difference values and the standard deviations corresponded to the 
values obtained from the Surfer 13 program. When you look at the black areas, the edges 
of the trees are striking. Satellite images have been viewed to examine the topography in 
this area. 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

190 
 

 
Figure 5. Display of the region where the gross error was detected. 

 

When we look at the satellite image, it is determined that there is an electric pole in this 
area. Therefore, an error due to classification and filtering during the process has caused 
this height difference to occur. 

 

CONCLUSIONS 

Lidar point cloud data obtained by test flights made by Optech and Riegl firms in İzmir 
Bergama district were filtered, processed, DEM, DSM, plant cover and buildings were 
created. All of the models created from the data belonging to the same company were 
compared within themselves. When DTM difference maps are examined, it is determined 
that the differences are within the range of meters in certain areas. When these regions are 
examined, it is seen that the differences are usually high in places where buildings are 
located. When DTM is created, objects on the topography such as buildings, trees are 
filtered. For this reason, the differences are more frequent in the places where the buildings 
are located, indicating that the situation is caused by filtering errors. 

The DSM was created and compared using the same techniques used in DTM production 
from the data sets. As a result of comparison the average error in Optech and Riegl is 0.07 
m. However, in some regions it has been determined that the differences have reached 25 
m.  

It is understood that these areas are generally surrounded by buildings and wood edges. 
The differences in the perimeter of the buildings and the edges of the trees are also in the 
average tree or building size. It shows that the differences in the surroundings of buildings 
and trees are in the average tree or building size. Comparisons without conjugate points in 
areas where buildings and trees are located can lead to faults. Therefore it is thought that 
DTM and DSM can also be related to the method used during the creation. These errors 
may be due to the different scanning scans of the Lidar system, flight plan, coordination or 
filtering operations. In future Lidar applications, comparisons by measuring conjugate 
points will be useful for clarifying the relative accuracy of the two systems. 
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ABSTRACT 

The topographical heights are required in practice for a number of engineering 
applications. Beside of their practical use, the specific correction terms to the gravity 
observations, carried out on the Earth surface, which are typically the terrain corrections, 
downward continuation corrections etc., are also calculated using the topographical 
heights for Geoid modeling and Geophysical exploration purposes. Using a high 
resolution Digital Terrain Model (DTM) is the most practical and economical way for 
obtaining the height data nowadays. However, whatever its generation method is, these 
models are generated relying on the observational data and naturally they include errors 
that are not uniformly distributed. So, it is important to clarify the accuracy of the DTM in 
the study area before using its data. In general, validating the DTMs using independent 
point-wise data such as GPS and leveling heights provide an overall accuracy measure in 
terms of root means square error of the DTM derived heights. In this study three high 
resolution digital elevation models ASTER (Advanced Space-borne Thermal Emission and 
Reflection Radiometer), SRTM (Shuttle Radar Topography Mission) and Turkey Digital 
Topographic Data DTED2 are assessed using GPS/leveling data. Using three different sets 
of GPS/leveling data in validations it is aimed to clarify the role of distribution of the 
ground-control points as well as the region’s characteristics, such as roughness of 
topography, land-cover etc., in the validation results. 

 

INTRODUCTION 

Height information is of great importance for many disciplines that benefits geo-
information such as geodesy, geophysics and hydrology. In this context, the proper 
definition of physical heights and its accuracy should meet the current needs of the 
geosciences, especially in international and global applications. Of course, this requires the 
detailed knowledge of Earth's true shape (geoid) under the effect of its gravity field.  

The definition of vertical datum is always made by analyzing tide gauge observation to 
calculate the mean sea level. This comes from the fact that the true shape of geoid was 
known to be coincided with the mean sea level; though, in fact, it is not. It is known that 
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mean sea level changes everywhere on Earth, thus cannot be used as a reference for 
heights. The variations between geoid and mean sea level can reach up to ±2 meters. 
Besides, different data periods in the determination of vertical datum also causes 
significant offsets among countries. Thus, international and global projects suffer from this 
contradictory situation in practice. In that case, the solution is either to connect the vertical 
datum of countries via traditional levelling, which is time consuming and rather expensive, 
or to use a Digital Elevation Model (DEM) whose vertical datum is a geoid model 
calculated from a global geopotential model. But the latter is also not a solution for every 
project, because of the limitations in vertical accuracies of globally distributed DEMs. 

Most frequently used digital elevation models are Shuttle Radar Topography Model 
(SRTM) (NASA JPL., 2013; Farr and Kobrick, 2000) and Advanced Spaceborne Thermal 
Emission and Reflection Radiometer Global Digital Elevation Map (ASTER GDEM) 
(NASA JPL, 2009). The accuracy of these models varies regionally and should be 
validated for each study area in order to clarify the performance of the model. There have 
been some studies to clarify the performance of DEMs globally and regionally (Rodriguez 
et al., 2006; ASTER Validation Team, 2009; Hirt et al., 2010). In Turkey, local validation 
of the models can be found in Bildirici et al. (2008) and Feizabadi and Erol (2014). 

In this study, it is aimed to investigate the performance of commonly used global DEMs 
ASTER GDEM and SRTM as well as the Turkey Digital Topographic Data DTED2 using 
three different sets of GPS/Levelling data located in north-west side of the Turkey. Both 1 
arc-second (30 meter) and 3 arc-second (90 meter) resolution ASTER GDEM and SRTM 
data sets are validated in order to clarify the contribution of higher resolution products.  

 

CASE STUDY 

Study Area and Data Used 

The study area is the north-west side of the Turkey, mainly covered by Marmara region 
within the latitudes 39°N-42°N and longitudes 28°E-32°E (see Fig.1). The study is 
conducted with three different GPS/Levelling data sets located in north-west side of the 
Turkey. The first data set includes 75 GPS/Levelling benchmarks and covers the Turkey 
between the latitudes 39°N-42°N and longitudes 28°E-32°E. The benchmarks belong to 
Turkish National Fundamental GPS Network (TNFGN-TUTGA), which is B-order 
geodetic network. The distribution of the points is shown with the topography of Turkey 
from SRTM data in Fig.2. The second data set is Istanbul GPS Triangulation Network 
(IGNA) which includes 1204 GPS/Levelling benchmarks co-located in Istanbul city (see 
Fig.3). IGNA network is quite homogenous and dense considering the size of the area 
covered. The third and final one is Sakarya GPS/Levelling data set which includes 109 co-
located benchmarks (see Fig.4). Sakarya network is also homogenous; however, the 
density of network in the mountainous areas is sparse. The description of GPS/Levelling 
data sets are given in Table 1. 
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Figure 1. Study area (red rectangle) and the topography of Turkey. 

 

 
Figure 2. Distribution of 75 TUTGA GPS/Levelling data set. 
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Figure 3. Distribution of 1204 IGNA GPS/Levelling data set. 

 

 
Figure 4. Distribution of 109 Sakarya GPS/Levelling data set. 

DEMs that are used within the study are ASTER GDEM, SRTM and Turkey Digital 
Topographic Data DTED2 (hereafter it will be shortened as DTED2). ASTER GDEM is a 
joint project of NASA and Japanese Ministry of Economy, Trade and Industry (METI) and 
it is released in 2009 (NASA JPL, 2009). The SRTM mission is a joint project of National 
Geospatial-Intelligence Agency (NGA), NASA and National Imagery and Mapping 
Agency (NIMA) that aimed the collection of elevation data between the latitudes 60oN and 
56oS (NASA JPL, 2013). 
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Table 1.  Description of GPS/Levelling data sets. 

Data Set TUTGA IGNA Sakarya 

size of area 3° x 4° 1° x 2° 1° x 1.5° 

number of 
BMs 75 1204 109 

BM density 1 BM / 45 km 1 BM / 5 km 1 BM / 13 km 

the distribution 
of BMs 

homogenous and 
sparse 

homogenous 
and dense 

homogenous 
and mixed 

Horizontal 
datum ITRF96 ITRF96 ITRF96 

Vertical datum TUDKA99 TUDKA99 TUDKA99 

Topography 0-2500 m 0-500 m 0-1800 m 

Reference Ayhan et al. 
(2002) 

Ayan et al., 
(2006) 

Çelik et al. 
(2001) 

 

Until 2014, SRTM 1 arc-second resolution data was only available for US territories. 
Recently, 1 arc-second resolution SRTM data have been released globally. DTED2 model 
is produced by General Command of Mapping from 25K topographic maps with 10 m 
intervals. DTED2 model is a restricted data that can be obtained from General Command 
of Mapping at charge. The characteristics of these models are summarized in Table 2. 

 

Table 2. Description of DEM data sets. 

Data Set ASTER SRTM DTED-2 

Coverage Global Global Turkey 

Resolution 
(arc-second) 

1” – 3” 1” – 3” – 30” 1” 

Acquisition 
Type 

Stereo-pair 
images RADAR 25K topographic 

maps 

Horizontal 
datum WGS84 WGS84 WGS84 

Vertical 
datum EGM96 EGM96 TUDKA99 

Projection Geographic Geographic Geographic 

Reference NASA JPL 
(2009) 

NASA JPL 
(2013) HGK (2017) 
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Methodology 

In order to assess the performance of DEMs, the orthometric heights of GPS/Levelling 
benchmarks and corresponding orthometric heights which are interpolated from the models 
are compared (Eq.1). 

 

 𝑑𝐻 = 𝐻𝐺𝑃𝑆/𝐿𝑒𝑣𝑒𝑙𝑙𝑖𝑛𝑔 − 𝐻𝑚𝑜𝑑𝑒𝑙 (1) 

 

In this equation, 𝑑𝐻 is the orthometric height difference between GPS/Levelling 
benchmarks and model, 𝐻𝐺𝑃𝑆/𝑙𝑒𝑣𝑒𝑙𝑙𝑖𝑛𝑔 is the orthometric height of the benchmarks and 
𝐻𝑚𝑜𝑑𝑒𝑙 is the orthometric height interpolated from the models using bi-linear interpolation 
method (Han, 2013). Throughout the study, all interpolation computations are carried out 
using Generic Mapping Tools (GMT5) software (Wessel et al., 2013). 

Aside from the orthometric heights obtained by traditional levelling, ellipsoidal height of 
the benchmarks is used to evaluate the performance of models (Eq.2).   

 

 𝑑𝐻 = 𝐻𝐺𝑃𝑆/𝐸𝐺𝑀96 − 𝐻𝑚𝑜𝑑𝑒𝑙 

 

(2) 

In this equation,  𝐻𝐺𝑃𝑆/𝐸𝐺𝑀96 is the orthometric height calculated using ellipsoidal height 
of the benchmarks and corresponding geoid heights 𝑁 derived from EGM96 global 
geopotential model (see Fig.5). 

 

 
Figure 5: Geoid heights in the study area derived from EGM96. 
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Numerical Results 

The statistical results of the analysis using orthometric heights from levelling are given in 
Table 3, 4 and 5. The statistical results of the comparison using ellipsoidal heights from 
GPS observations and geoid heights from EGM96 are given in Table 6, 7 and 8. Both 
comparison methodologies show quite similar results. SRTM 3” model performs worse 
than all models in terms of standard deviation. It can be seen that DTED2 model is better 
than the other models in general. SRTM 1” data shows better agreements than SRTM 3” 
and ASTER GDEM models at all GPS/levelling data sets in meter level. The difference 
between DTED2 and SRTM 1” data at IGNA benchmarks is insignificant, both performs 
with an accuracy about ±3.9 m in Istanbul. 

The standard deviations of all models at IGNA data set are significantly smaller compared 
to the Sakarya and TUTGA. This can be attributed to the topographic features of the 
GPS/Levelling data sets, since the topography of the region covered by IGNA is relatively 
smoother than the others. This is also visible in the mean values of residual heights at 
IGNA benchmarks which are smaller than TUTGA and Sakarya (see Table 4 and 7). 

 

Table 3. Statistics of residual heights (𝐻𝐺𝑃𝑆/𝐿𝑒𝑣𝑒𝑙𝑙𝑖𝑛𝑔 − 𝐻𝑚𝑜𝑑𝑒𝑙) at TUTGA GPS/Levelling 
Benchmarks. 

Model Name Min Max Mean Standard Dev. 

ASTER 3” -4.413 36.328 9.758 7.494 

ASTER 1” -8.225 37.255 7.794 7.830 

SRTM 3” -19.602 37.140 10.145 9.752 

SRTM 1” -8.355 23.634 6.711 6.555 

DTED2 1” -5.446 22.462 5.162 4.475 

 

Table 4. Statistics of residual heights (𝐻𝐺𝑃𝑆/𝐿𝑒𝑣𝑒𝑙𝑙𝑖𝑛𝑔 − 𝐻𝑚𝑜𝑑𝑒𝑙) at IGNA GPS/Levelling 
Benchmarks. 

Model Name Min Max Mean Standard Dev. 

ASTER 3” -19.158 26.189 2.632 5.404 

ASTER 1” -24.021 24.633 1.826 5.215 

SRTM 3” -26.619 32.230 4.101 5.617 

SRTM 1” -14.923 30.948 2.891 3.934 

DTED2 1” -58.077 33.058 3.491 3.944 
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Table 5. Statistics of residual heights (𝐻𝐺𝑃𝑆/𝐿𝑒𝑣𝑒𝑙𝑙𝑖𝑛𝑔 − 𝐻𝑚𝑜𝑑𝑒𝑙) at Sakarya GPS/Levelling 
Benchmarks. 

Model Name Min Max Mean Standard Dev. 

ASTER 3” -6.731 25.194 5.853 6.807 

ASTER 1” -11.808 34.199 4.415 6.658 

SRTM 3” -15.011 35.503 8.628 8.166 

SRTM 1” -8.974 32.840 5.583 6.106 

DTED2 1” -10.118 21.138 4.737 4.299 

 
Table 6. Statistics of residual heights (𝐻𝐺𝑃𝑆/𝐸𝐺𝑀96 − 𝐻𝑚𝑜𝑑𝑒𝑙) at TUTGA GPS/Levelling 
Benchmarks. 

Model Name Min Max Mean Standard Dev. 

ASTER 3” -3.911 36.583 9.974 7.504 

ASTER 1” -7.724 37.510 8.002 7.806 

SRTM 3” -18.532 38.361 10.364 9.847 

SRTM 1” -7.286 24.194 6.919 6.609 

DTED2 1” -6.438 23.683 5.340 4.769 

 
Table 7. Statistics of residual heights (𝐻𝐺𝑃𝑆/𝐸𝐺𝑀96 − 𝐻𝑚𝑜𝑑𝑒𝑙) at IGNA GPS/Levelling 
Benchmarks. 

Model Name Min Max Mean Standard Dev. 

ASTER 3” -19.378 25.900 2.660 5.409 

ASTER 1” -24.240 24.344 1.816 5.239 

SRTM 3” -26.570 32.016 4.119 5.642 

SRTM 1” -14.874 30.658 2.881 3.962 

DTED2 1” -57.970 33.376 3.482 3.945 

 
Table 8. Statistics of residual heights (𝐻𝐺𝑃𝑆/𝐸𝐺𝑀96 − 𝐻𝑚𝑜𝑑𝑒𝑙) at Sakarya GPS/Levelling 
Benchmarks. 

Model Name Min Max Mean Standard Dev. 

ASTER 3” -7.124 25.328 5.914 6.863 

ASTER 1” -11.370 34.333 4.461 6.696 

SRTM 3” -14.900 35.724 8.707 8.193 

SRTM 1” -8.161 33.061 5.629 6.099 

DTED2 1” -9.305 21.331 4.783 4.336 
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CONCLUSIONS 

In this study, the performance of ASTER and SRTM DEMs with 1” and 3” resolutions and 
Turkey Digital Topography Model DTED2 are evaluated at three different GPS/Levelling 
data sets located in Marmara region of Turkey. In the comparison, both orthometric heights 
from levelling and ellipsoidal height from GPS observations together with geoid model 
calculated from EGM96 model are used. Both comparison methods show statistically 
similar results. The standard deviation of DTED-2 model is significantly smaller compared 
to others at TUTGA and Sakarya GPS/Levelling data sets. However, there is no significant 
difference between the standard deviation of DTED-2 and SRTM 1” models, which is ±3.9 
m, at IGNA GPS/Levelling data set. In conclusion, DTED-2 model is found to be the 
superior to 3” and 1” resolution ASTER GDEM and SRTM DEMs and the accuracy of the 
model is about ±4 m in the north-west of Turkey. 
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ABSTRACT 

Many institutions (Eg. Municipality, notary, court) and documents (Eg. real estate value 
statement, certificate of inheritance, warrant of attorney) are involved in the transactions 
carried out in the land registry and cadastral directorates. The process step and the 
required documents can be changed in each land registry and cadastre transactions. In 
this context, there is a need for a systematic modeling approach that will manage the land 
registry and cadastral procedures necessary for the implementation of sustainable land 
management 

Unified Modeling .Language (UML) is used in general-purpose visual modeling language 
for the determination of system components for the visualization and documentation. 
Todays, UML has taken standard language version both designing conceptual object-
oriented software and many other applications. This language can be used to modeling the 
structural diagram of a data model conceptual level. UML is frequently used in the design 
followed and supported models which reflects the real world by the system designers and 
agencies. In this context, It is a useful modeling language to model the requirements of 
internal and external information systems in terms of both data and functional. UML is a 
suitable model to define the relationships between cadastre and land management 
components when considered in terms of design of information systems and development 
business processes. 

In this study, the use of UML in the modeling of land registry and cadastral transactions 
has been examined. In this context, it can be demonstrated that using of UML in land 
registry and cadastre transactions modeling effectively with modeling some land registry 
and cadastre transactions process using UML diagrams. 

 

INTRODUCTION 

Cadastral system is a complicated system, consisting of many sub-systems including many 
activities and procedures. However, it is directly related to legal, economic and technical 
issues to designate human life. Therefore, a systematical modelling approach is required 
for analysis and decision making procedures. Eliminating any gaps within cadastral 
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system, this modelling approach must be applied so as to arrange the relation between 
cadastral components. 

While the use of modelling language ensures comprehension of complicated systems, it 
also provide several conveniences in terms of land registry and cadastral transactions: 

- Ensures a perspective to determine user requirements by reviewing performance process 
and services of land registry and cadastral performance procedures. 

- Provides a base for an integrated planning by dealing with corporate functions and 
performance procedures with a reverse engineering approach. 

- Ensures transformation between geographical data formats (e.g., GML) (Aydınoğlu and 
Tastan, 2015). 

 

UNIFIED MODELLING LANGUAGE (UML) 

This is a modelling language, developed by UML Grady Booch, James Rumbaugh and 
Ivar Jacobsen (Tuladhar, 2002). It was acknowledged as a standard in 1997 by Object 
Management Group (OMG). Modelling not only the application structure, behaviour and 
architecture but also performance processes and data formations, Unified/Integrated 
Modelling Language is a method, which is most widely used by OMG (Çoruhlu et al., 
2015). 

UML language is a common language, which is developed in order to be used in software 
development processes and that is used by different disciplines (Page-Jones, 2002; Fowler, 
2003; Inan et al., 2010; Egenhofer and Frank, 1992; Çoruhlu et al., 2015). In view of Inan 
(2010); 

today, solutions with respect to these issues can be ensured through the use of object 
oriented data modelling. These include the following: 

• Ability to represent real world geometries, 

• Ability to represent the same data at different conceptual levels in different details, 

• Management of the backgrounds and versions of objects, and 

• Management of measures with different sensitivity and accuracy together. 

The consideration that the world consists of objects, which interact with each other in 
certain forms has been the source of inspiration for the emergence of object-oriented 
design concept (Çoruhlu et al., 2015). And the interaction between the objects is identified 
as holding them together thanks to direct or straight-forward relation and commands. 
Objects are classified based on the common commands likely to be applied to the objects 
(i.e., operations and procedures) or the common responds of objects to the commands 
(Inan, 2010). Today, this approach is also applicable to the design of object-oriented data 
modelling (Inan, 2010; Uçar and Kuşak, 2002; Çoruhlu et al., 2015). 

In our country and the world, object-oriented modelling is  intensely used a lot on the basis 
of land management practices (Aydınoğlu, 2009). In object-oriented data modelling, four 
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basic abstraction concepts (i.e., classification, generalisation/specialization, association, 
aggregation) are used (Egenhofer and Frank, 1992). 

Packet diagram is used in UML, in order to reveal the structure of a performance system in 
a plain and comprehensible manner. Basically, UML covers the following diagram types: 

Class Diagrams: Class is the common definition of community of objects with the same 
functions, same relations and same meaning. Classes are used to identify the fixed 
structure of the software. 

Object Diagrams: Object is an example of the class. In this type of diagrams, objects 
formed from each class are included instead of the class. 

State Diagrams: These are the diagrams to model the state of the real objects in any time 
and how such state has changed within time. In general, state diagrams are created not only 
for all objects but for the objects which are only complicated and behaviour of which 
diversify also according to the current state as well as the messages sent itself. 

Sequence Diagrams: Class and object diagrams model the static information. However, 
the states, which change within time in real time systems are not indicated with these 
diagrams. In order to specify this type of states, which change in time, sequence diagrams, 
which deal with the communication of objects with each other based on time, are used. 

Activity Diagrams: State of an object can be changes in time either by the user or the 
internal functions of the object itself. This order of change is indicated with activity 
diagrams.  

Use Case Diagrams: Review of the habit of a program with the eye of the user is 
performed by means of use case diagrams. These diagrams are of capital importance in a 
system, which will be used by people in the real world. 

Collaboration Diagrams: In the projects, which consist of many parts, it is essential that 
all parts fulfil their functions completely so that a procedure operates in accordance with its 
objective. Relation between these parts is indicated through collaboration diagrams. 

Component Diagrams: Especially in the full-size projects, in which a great many people 
are employed, it is required to decompose the project. It must be ensured through correct 
modelling of the system that components work individually. This type of modelling is 
carried out via component diagrams. 

Deployment Diagrams: Deployment diagrams are used at the stage in which it is planned 
how to deploy the software. These diagrams perform the physical examination of the 
system. Any and all details such as connections among the computers, machines on which 
the program will be installed, network and printer connections within the system are 
indicated through deployment diagrams. 

Package Diagrams: Package diagrams are the diagrams that indicate the interaction 
between the systems in cases where there are sub-software or interacted side-systems to 
constitute the system in big software, and that briefly outline package side of system 
architecture. 
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MODELLING LAND REGISTRY AND CADASTRE TRANSACTIONS 

UML class of diagrams to enable object-oriented design, are used in model development 
process for land registry and cadastre operations. However, UML activity, use-case, 
sequence diagrams are also utilized. Thus; it is also presented abstractly through which 
data sources and interfaces the data are obtained as well as performance processes, 
performance starting and ending points, relations between the performances and data sets 
for GDTC with respect to modelling of land registry and cadastre operations. To illustrate, 
procedures regarding sales operation are modelled with class, activity and use-case 
diagrams respectively (See Figure 1, 2 and 3). 

In Figure 1, decision mechanisms are revealed with UML activity diagram in the process 
of sales operation. There are three decision mechanisms in the sales process and work flow 
is provided in each of these by competent authorities following the acceptability of the 
operation (Figure 1). 

 
Figure 1. Visualization of sales operation with UML activity diagram. 
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UML use-case diagram in Figure 2 regarding the sales operation provides response to 
following questions such as; ''which users make use of the states in some performance 
items'' and ''which states are included in assigned position of which organizations.'' 

 

 
 

Figure 2. Visualization of sales operation with UML use-case diagram 

 

Class diagrams in Figure 3 indicate the classes to represent the objects, required to be 
included in the system to develop the software regarding the sales operation and the 
relationship among these classes. Class diagrams are static. That is to say, they can only 
show the interaction of the classes with each other, it doesn't indicate what happens 
following these interactions. Among these classes; it is designated how the sales operation 
should be thanks to their relationship with each other either through the data, produced by 
GDTC or the data, produced by other organizations. 
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Figure 3. Visualization of sales operation with UML class diagram 

 

CONCLUSIONS 

In recent years; UML is actively used in different occupational disciplines especially in 
object-oriented software development. In this respect, the use of UML in property-based 
applications as well, and thus the design of geographic data base design has been easier. 
Thanks to this study in which UML diagrams are prepared for the users of UML, it makes 
it possible to understand the system and working principle of the system as it deals with the 
whole of the designed diagrams without a need to know the process, carried out in the 
directorates of land registry and cadastre. 
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ABSTRACT 

Mobil LIDAR (Light Detection and Ranging) systems include several laser scanners and 
multi-view cameras, IMU (Inertial Measurement Unit) and GNSS (Global Navigation 
Satellite System) systems. All of these systems work cooperatively to generate the point 
clouds in three dimensional (3D) geodetic coordinate system. The point clouds, obtained 
from multiple scans, are overlapped. Especially, the LIDAR systems having multiple laser 
scanners may suffer from noise and other error sources such as inertial drift, GNSS error 
sources, rigid platform calibration etc. The measurements with multiple scanners in 
Mobile mapping require calibration in order to overcome the disadvantages by high noise 
rates as well as the overlapping problem in strips. The calibration process is proceeded 
between Laser and IMU, CCD (Charge Coupled of Device) Camera and Laser Scanner or 
GNSS receiver and carried out along the scanning boresight. After the calibration steps, 
CCD Camera and Laser scanners can become ready to use. However, the calibration may 
not be sufficient to eliminate all errors and provides an appropriate point cloud for 
modelling. In such situations, registration between LIDAR point clouds, which is called 
“strip adjustment” is applied. The strip adjustment is a critical process for generating a 
useable point clouds. In this paper, we focus and aim to solve strip adjustment problem for 
point cloud registration. For this reason, a case study is carried out in the Ayazaga 
campus of Istanbul Technical university (ITU). The point clouds of Ayazaga campus are 
produced using Riegl VMX-450 Mobile Mapping System. Using Cloud Compare and 
Matlab platforms, the point clouds are registered in different regions for the unique case 
study area. In conclusions, the preliminary results are evaluated by means of feasibility 
and the potential of the approach for strip adjustment is clarified. Koyuncu Harita ve 
Mühendislik Company is acknowledge for providing the mobile mapping systems to the 
study. 

 

INTRODUCTION 

Mobil LIDAR (Light Detection and Ranging) systems include several laser scanners and 
multi-view cameras, IMU (Inertial Measurement Unit) and GNSS (Global Navigation 
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Satellite System) systems. All of these systems work cooperatively to generate the point 
clouds in three-dimensional (3D) geodetic coordinate system. The point clouds, obtained 
from multiple scans, are overlapped. Especially, the LIDAR systems having multiple laser 
scanners may suffer from noise and other error sources such as inertial drift, GNSS error 
sources, rigid platform calibration etc. The measurements with multiple scanners in Mobile 
mapping require calibration in order to overcome the disadvantages by high noise rates as 
well as the overlapping problem in strips. However, the calibration may not be sufficient to 
eliminate all errors and provides an appropriate point cloud for modelling. In such 
situations, registration between LIDAR point clouds, which is called “strip adjustment” is 
applied. 

MLS is a product of the latest technology towards low cost and fast acquisition of 3D 
spatial data. It is not an obvious issue that is the boresight alignment accuracy of MLS 
systems However, this may be the lack of calibration for the realization of appropriate and 
effective practice workflows in existing systems on the market. These misalignments 
frequently appear in MLS system and are derived from the axes of the single units cannot 
be mechanically aligned and structural errors of every mechanical installation. (Rieger, P., 
et al., 2010) 

In Mobile LiDAR Systems(MLS), the planar surfaces scan at least some times at different 
angles to each other, routed through buildings. For example, MLS vertically aligned 
according to the driving direction, the street of facades and the roofs on the left side scans 
the left as shown in the sketch (Figure 1). After completing the first strip scan, the 3D laser 
scanner is rotated 180 degrees and the axis of the frame of the vehicle is being driven in the 
reverse direction to perform a second strip scanning. Thus, the left side of the street, 
scanned again as shown in Figure 1. This process is the picture on the right as shown in the 
drawing, the laser at different angles both on the street and in the direction of driving of the 
strip can be repeated several times. (Rieger, P., et al., 2010)  

 

 

Figure 1. Mobile scanning of facades from different driving- and scanning directions 
(Rieger, 2010). 

 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

211 
 

The strip adjustment methods are based on a 3D transformation for point cloud datasets. 
The well-known Iterative Closest Point (ICP) algorithm (Besl and McKay, 1992) has 
evolved a lot in recent years and are increasingly used in computer vision for registering 
2D/3D curves and range images. It can provide robust solutions, if the surface details 
appropriate the case in strip adjustment. The ICP algorithm finds the best transformation 
by calculating three-dimensional rigid body translation and rotation parameters of the 
transformation again and again, by selecting correspondences between the sets. (Toth, C. 
K. 2009). 

In this paper, we focus and aim to solve strip adjustment problem for point cloud 
registration. For this reason, a case study is carried out in the Ayazaga campus of Istanbul 
Technical university (ITU). The point clouds of Ayazaga campus are produced using Riegl 
VMX-450 Mobile Mapping System. Using Cloud Compare and Matlab platforms, the 
point clouds are registered with 3D Helmert transformation and ICP in different regions for 
the unique case study area. In conclusions, the preliminary results are evaluated by means 
of feasibility and the potential of the approach for strip adjustment is clarified. 

 

DATA and METHOD 

The Study Area 

ITU (Istanbul Technical University) Yılmaz Akdoruk Student Dormitory were selected as 
study area which is located in Ayazaga Campus of ITU in Turkey. But, All of The Campus 
was scanned with Riegl VMX 450 Lidar System (Figure 2). 

 
Figure 2. Yılmaz Akdoruk Student Dormitory 
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Figure 3. ITU Ayazaga Campus Riegl VMX 450 Scanning 

 

Mobile Mapping Data was determined by “Riegl VMX 450 Lidar System” which can get 
1,000,000 points per second with 8 mm accuracy until 50 m and measure with impulse 
method (Figure 3). 

 

3D Similarity Transformation 

3D Similarity Transformation is known as the Helmert transformation often used in 
geodesy (Figure 4). It refers to the transformation involved in changing the coordinates of 
a point set with respect to one reference system to make them transform to another 
reference system and this process involves rotation, scaling and translation. It is named 
after Professor Dr. Friedrich Robert Helmert, who lived from 31 July 1843 to 15 June 
1917. He was director of the geodetic institute in Potsdam, Germany, from 1886 to 1917, 
and a Professor at the University of Berlin. He is known as the founder of the mathematical 
and physical theories of modern geodesy (URL 1). Helmert transformation is consisted of 
the fundamental of ICP Algorithm for registration. Also, it is used for the initial 
registration process of point clouds. The registration of point clouds involves the 
estimation of the 3D Helmert transformation parameters (i.e., scale factor, three 
translations, and three rotation angles) relating the combination of the different point 
clouds (Al-Durgham and Habib 2014). Depending on the accuracy of the estimated 
transformation parameters, registration processes are classified coarse or fine registration 
techniques (Matabosch et al. 2005). Initial registration techniques are preferred to establish 
rough alignment between the different point clouds. Fine registration, on the other hand, 
starts from coarsely initial registration to achieve more accuracy registration of the point 
clouds (Fangning and A.Habib, 2016).  
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Figure 4. 3D Similarity Transformation 

 

Especially, the entitled seven-parameters Helmert transformation applies to point sets pi, 
qi

2 2 2,Y ,i i i ip X Z=

, i=1…n,.  So we can write as for points Equation 1 and Helmert Transformation process 
is done by the following mathematical model (Equation 2). 

  and 
1 1 1, Y ,i i i iq X Z=                                                    (1) 
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Transformation parameters are a scale (s), three rotations R and three translations (Tδ).  As 
a result, the seven parameters are s, R3, Tδ

 3

 

 (Equation 2). If the rotation matrix (R) is 
orthogonal, its inverse is equal to its transpose. After terms of the matrix qi multiply with a 
scale factor s and R rotation matrix by using this rule, translations T (δx, δy and δz) are 
added to translate to a new coordinate system (Watson, 2006). 

ICP (Iterative Closest Point) 

The iterative closest point (ICP) algorithm is adaptable for sets of points, sets of line 
segments, sets of parametric curves, sets of implicit curves, sets of triangles, sets of 
parametric surfaces. In the description of the algorithm, a "data" shape P is registered to be 
in best alignment with a "model" shape X. The data shape and model can be represented in 
one of the allowed formats. If the form has already been determined, the data path should 
be decomposed into a set of points. The points to be used for triangle and line sets are the 
vertices and the endpoints, and if the data shape comes in a surface or curve form, then the 
vertices and endpoints of the triangle/line-approximation are used. The curve and surface 
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closest-point evaluators implemented in our system require a framework of lines or 
triangles to yield the initial parameter values for the Newton's iteration; therefore, the 
number N is still relevant for these smooth entities but varies according to the accuracy of 
the approximation (Besl & McKay, 1992).  

The distance “d” between an single data point p  and a point cloud model  X is shown as 
below(3).                                                  

(p, X) min
x X

d x p
∈

= = −

  

                                                  (3) 

The closest point in X that yields the minimum distance is represented y  such that 
(p, )d y 

 = (p, X)d 
 where y  ∈X. After calculating the closest point is O (Nx), the nearest 

points are calculated for each point in P, that process is O (Np, Nx). Let Y represent the 
resulting set of closest points and let C be the closest point operator (4): 

Y = C(P, X)                                                                    (4) 

Given the resultant corresponding point set Y, the least squares registration is computed as 
described above: 

( , ) ( , )q d Q P Y=


                                                   (5) 

The positions of the data shape point set are then updated via  P = →
𝑞 P (5) which means 

apply the registration vector to the point set P. The iteration is initialized by adjusting Po = 
P, The registration vectors are defined according to the initial points Po

 The algorithm proceeds as follows (Figure 5): 

 so that the final 
registration represents the complete transformation.(Besl & McKay, 1992) 

 

 
Figure 5. ICP algorithm proceeds (URL 2) 
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When the average square error change falls below a predetermined threshold (τ>0), it ends 
the iteration to indicate the desired sensitivity of the recording: dk — dk+1 

( )xtrτ ∑
< τ. If a zero-

dimensional threshold is accepted, one can replace where the square root of the 
trace of the covariance of the model shape indicates the rough size of the model 
shape.(Besl & McKay, 1992)  

 

RESULTS 

In this case study, mobile mapping data strip adjustment problem was solved with ICP 
Algorithm. As shown in Figures 6 and 7, there are a number of reasons for the differences 
between the forward and backward scans in mobile mapping data. We can eliminate the 
scan differences of these same surfaces with the ICP algorithm.  5-6 cm difference between 
the scans is combined with registration accuracy below 1 cm RMS by selecting a scan 
reference and the accuracy within the model is always preserved. This is a good solution 
for point cloud modelling. 

 

 
Figure 6. ICP(Besly and McKay,1992) Before and After ITU Street 
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Figure 7. ICP (Besly and McKay,1992) Before and After (Yılmaz Akdoruk Dormitory 
Stairs) 

 

As shown in Figures 8, ICP Algorithm can register point cloud strips easily, but it is 
important that when ICP apply the data, initial alignment is very important for fine 
registration. 
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Figure 8: Step by step ICP Registration with MATLAB 

 
After the initial registration had applied, the fine registration was done with ICP 
Algorithm. Hence, RMS value was found 0.01 m.  These values are acceptable results for 
ICP registration.   

 

CONCLUSIONS 
In this paper, ITU (Istanbul Technical University) Yılmaz Akdoruk Student Dormitory 
were selected as study area. It is located in Ayazaga Campus of ITU in Turkey. It was 
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scanned with MLS systems. On the other hand, 3D Helmert transformation was used for 
initial registration process. Computed transformation parameters were used for the initial 
Registration Process and the performance of point cloud fine registration is given 
statistically and visually to compare the results. 

After transformation parameters had been estimated, the fine registration was done with 
ICP Algorithm. 0.05 – 0.06 m differences between strips reduced until 0.01 m for the point 
cloud data of Yılmaz Akdoruk Student Dormitory stairs. These values are acceptable 
results for ICP registration. 

Current research about ICP Registration process helps us to understand the existing 
problems in Strip Adjustment. 
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ABSTRACT 

Cultural heritages are history of the nations and history forms identity of the nations. 
Therefore, protection of cultural heritages means protection of history and identity of the 
nations. Identification of current status of cultural heritages is important for 
documentation, preservation and using as a base for restoration. Documentation studies 
need robust and scientific methods. GIS and photogrammetry is the most commonly used 
scientific methods to documenting cultural heritages recently. In the documentation 
studies, processing information of historical monuments on computer according to GIS 
and documenting in three-dimensional with digital terrestrial photogrammetry is one of 
the main methods. 

In this study for documentation, all data of forty-six historical monuments located in 
Silifke/Mersin were collected and transferred to database so it is made queryable. Some of 
those heritages were reconstructed as 3D model by using photogrammetric technics. 
Finally, 3D Models were integrated into the system for presentation. 

 

INTRODUCTION 

Cultural Heritage (CH) structures play an important role in sustaining the relationship 
between man and his past. In order to preserve cultural heritage assets for the next 
generations, fast and accurate documentation of structures and their surrounding areas 
based on scientific techniques need to be developed(Kivilcim & Duran, 2016).Cultural 
heritages are history of the nations and history forms identity of the nations. Therefore, 
protection of cultural heritages means protection of history and identity of the nations. 
Identification of current status of cultural heritages is important for documentation, 
preservation and using as a base for restoration. The topic of the documentation and 
conservation of the cultural heritage is well established in the contemporary society 
(Lezzerini et al., 2016).Correct documentation is necessary not only for posterity but also 
in functionality in contemporary usage and re-evaluation of the historical buildings. 
Photogrammetry uses only photographs and mathematical equations. These are important 
in view of correct and accurate measurement of cultural heritage(Yilmaz, Yakar, Gulec, & 
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Dulgerler, 2007).Digital photogrammetry can significantly cut the time spent developing 
the documentation and conservation plans(Waas & Zell, 2013). 

Traditional survey and conventional architectural representation are typically 2D 
visualizations of an object that consists of plans, sections, profiles and rectified images. To 
understand the object comprehensively, one has to extract 2D information and to build a 
3D geometry simulation in their mind(Hanan, Suwardhi, Nurhasanah, & Bukit, 2015). A 
series of photos from an object can be sufficient for constructing a 3D model of the object. 
The technique for such reconstruction, called photogrammetry, has been used profusely in 
graphical and numerical documentation in cultural heritage, particularly in historical 
buildings(Reinoso, Moncayo, & Barrera, 2014).Photogrammetry is an independent method 
in the documentation process. This method is based on at least two images with overlapped 
data, which guarantee the triangulation process. The aim of digital close-range 
photogrammetry is making the process of recording and processing data simpler and faster. 
This method is an accurate technique for documenting color and texture, and providing 
metric data of objects with different size and complexity in a relatively short time. This 
technique can be used when the access to the object is limited, or when the direct 
measuring on the object would threaten it (Hassani, 2015). 

GIS includes software and hardware tools, and a group of procedures elaborated to 
facilitate the capture, edition, administration, manipulation, analysis, modelling, 
representation and the exit of spatial referenced and semantic data, to solve any type of 
planning, administration, storage, and further information concerning the problem. GIS 
technology greatly facilitates the inventory, evaluation, preservation, and documentation of 
archaeological sites and historical structures. As heritage conservation becomes more 
holistic and historic sites are steadily becoming integrated with the surrounding landscapes, 
GIS has been recognized as a critical component in the development of virtual historic 
collections and archives(Toz & Duran, 2004). 

The history of Silifke dates back to ancient times. Despite the fact that various societies 
were known to exist around Silifke 8000 years ago, there is no exact information about the 
identity of these early societies. There were many nation that lived around the Silifke from 
these ancient times to present day (Bakar & Demir). All those nations have left various 
heritages but especially from Roman and Byzantine period there are much more heritages. 

This paper presents a study about documentation of cultural heritage of Silifke where is 
rich in CH and integration to GIS. In documentation study inventory has been created as 
attribute data and spatial data has been produced (point, line, and polygon). Finally, 3D 
model of some CHs have been generated and all data integrated to the GIS. 

 

MATERIALS AND METHODS 

In the scope of this study, the following activities were performed: 

• Data acquisition 
• Design of GIS 
• Photogrammetric works 
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Data acquisition 

Before the acquiring data in the field, the study area has been detected as Silifke/Mersin in 
Turkey. The information of Cultural Heritages of this city such as position, age, and 
historical information etc. were researched from different sources (web sites, local 
government, museum, books and citizens etc.). In the light of this research 46 CHs have 
been detected and route plan has been prepared. Canon PowerShot SX 220 HS digital 
compact camera, Topcon GPT 3007 Total Station and Magellan SporTrak Pro hand-held 
GPS device have been provided to collect data from the field. All the CHs were visited 
according to route plan and photographs were taken while coordinates were in ED50 
Datum by hand-held GPS device. It is seen in the investigation and detection studies that 
CHs of Silifke are mostly from the Hellenistic, Roman and Byzantine periods. The 
monumental tombs built at that time were better able to withstand and reached to daylight 
than the other heritages. Ancient cities are a ruin and a pile of stones view right now. 

 

Design of GIS 

The information system we want to create has been designed by ArcGIS software the 
Silifke district boundary has been digitized with polygon tool, all the roads have been 
digitized with polyline tool and all the settlements and villages have been positioned with 
point tool since it will be based on analysis of information such as location, transportation 
information of CHs. Acquired coordinates of CHs from the field have been imported into 
the system. All those data have been inputted to an excel table to create a database. 

 

 
Figure 1. Digitized boundary, roads, streams and settlements 

 

Table has been formed with these columns; ID, CH name, settlement, UTM coordinates, 
geographic coordinates, elevation, datum, period, year, century, architecture, restoration 
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age and restorer (Figure 3). Network Dataset has been created to solve the shortest way to 
CHs from any point. Street names, types and directions (one way or double) have been 
inputted one by one to 3757 polylines for accurate navigation. The system was made 
operational by using a lot of network analyze test in different query probabilities. In 
addition, every digital object created with database table. Having multiple tables prevents 
duplicating information in the database, because you store the information only once in one 
table (ESRI, 2017). Database tables have been related to each other to pull the data 
together in meaningful ways. 

 

 
Figure 2. Query of Roman Period CHs by Using Select by Attributes Menu 

 

 
Figure 3. Database Table about CHs 
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Once the whole system has been designed, network analyze, query by feature, exporting 
scale maps, integration with hyperlink the documents such as photographs, inventory and 
3D models has been completed. 

In the above figures, Roman period CHs have been detected and network analyze has been 
created among these heritages. 

 

 
Figure 4. Report for Roman CHs as a Result of Query 

 

 
Figure 5. Calling Data Integrated with Hyperlink 
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Photogrammetric Works 

Photogrammetric works are carried out in two places; field and office. The field step of the 
works aims to obtain data belong to structure by photogrammetric methods. These data 
consist of surveying techniques based on geodetics and photographs taken by 
photogrammetric methods. 

In this study we surveyed three monumental tomb in Silifke; Mezgitkale, Öterkale and 
Korinth style Imbriogion monumental tombs. Polygon points were set up as closed traverse 
on different places where each façades of structures could be seen and they were facing 
each other. So that the surveying of each side could be possible. Measurement was carried 
out by Total Station on every single point in local coordinate system that we defined, then 
point coordinates were calculated by closed traverse calculation. The coordinates of about 
ten points on each façade were measured by using marker sheet taped on the structure or 
specific details on the wall of structure. 

Attention was paid to make the photographs overlapped each other by taking plenty of 
photographs from all around the structure. The photographs high rated overlapped are quite 
successful to generate more quality and detailed 3D model. 

 

 
Figure 6. Setting up Closed Traverse and Positions of Camera during data acquisition 

 

The calibration of the Canon SX220 HS digital camera was accomplished using 
PhotoModeler and several images of calibration sheet supplied by the software. The 
photographs and the reference points acquired were imported into the software. Reference 
points were marked on the structure which taped in the field works. Referenced 
photographs were oriented and adjusted to measure and to draw on the photographs. 3D 
models of structures were generated by drawing corners and specific details on the 
photographs. 
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Figure 7. Drawing details from photographs 

 

 
Figure 8. 3D wireframe model of Mezgitkale and 3D textured model of Mezgitkale 

 

The other photogrammetric software to generate 3D model we used is AgiSoft PhotoScan. 
This is a software that generates point cloud from images. It has a quite usable interface 
and generates 3D model in several simple step. The software also need camera calibration 
but it is not necessary pre-calibration even it is available to process the photographs. 
Because camera calibration parameters can be solved when photographs are aligned in the 
first step. As a result of aligning photos sparse point cloud were generated. Reference 
points acquired were marked on the aligned photographs and the following steps were 
performed; building dense point cloud, mesh and texture. 
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Figure 9. 3D point cloud of Öterkale Imriogion 

 

 
Figure 10. 3D textured model of Öterkale 

 

A lot of data e.g. images, coordinates, information about 46 heritages have been collected 
from the field and different sources. Inventory of all those heritages have been created 
using that data acquired.  

Generated 3D models have been exported in 3D pdf format from PhotoScan software. So it 
is available for all computers that the software is not installed. 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

227 
 

Inventory and exported 3D models have been integrated by using Hyperlink in ArcGIS 
software. Therefore, it is available to present information, inventory and 3D model of 
Cultural Heritages (Figure 5). 

 

 
Figure 11. Exported 3D model as pdf format 

 

CONCLUSION 

Geographic Information System is the most talented tool for documenting, storing and 
presenting of cultural heritages. It is also significant to be source for restoration and 
restitution works. As known restoration and restitution works require considerable costs. 
Deciders have to make the right decision to manage their investment to avoid the 
prodigality. However, our fundamental aim is to protect the cultural heritage and ensure its 
sustainability, but we are also thinking that we are bringing a strong base to state agencies 
and private companies as a result of this study. System may facilitate and accelerate to 
access the information about cultural heritages. So important decisions could be made 
quickly and accurately. We believe that this system would benefit to every sector i.e. from 
tourism to architectural, from economy to sociology. 

As a result of this study, Silifke is a city with a deep-rooted and rich history that has 
numerous cultural heritage such as theaters, aqueducts, fountains, king and commercial 
roads, mausoleum, mint and castles etc. Therefore, Silifke has been a very efficient 
workplace for us. The heritage has been documented and integrated to the information 
system and digital archive has been designed to quick access. 3D models have been 
generated with two different software and methods but with the same survey technics. 
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It is obvious that cultural heritage documentation is a requirement to protect and 
integration to GIS to make an accurate decision to use the sources right. It plays a 
significant role to develop the country in a regular plan created by GIS. 
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ABSTRACT 

Due to map projection distortions and topography, horizontal distances on the terrain 
differ from the distances derived from the projection coordinates. This scale change is 
called scale factor. In this paper, scale factors caused by map projection and topography 
have been examined. Gauss-Krüger projection is selected for analyses because it is the 
official map projection for large scale mapping activities in Turkey.  The variation and 
geographical distribution within Turkey are investigated. A web application is also 
presented, with which regional analyses and point based queries can be performed. Results 
show that the scale factor values are above acceptable limits for large scale mapping in 
some parts of the country. 

 

INTRODUCTION 

A map projection is systematic way of representing all or a part of the Earth on a 
projection surface such as a plane map surface. A curved 2D surface is transformed to a 
flat 2D surface, with a resulting scale factor, that increases or decreases with the size and 
the location of the area being projected.  

In Turkey, Gauss-Krüger projection system has been used in 3° zones according to official 
regulations for 1:5000 scale and large-scale mapping activities (HKMO, 2008). This is a 
transverse cylindrical-conformal projection. The reference surface is GRS80 ellipsoid. 
Because it is an interrupted system, the whole country is divided into 7 zones, each having 
an individual coordinate system. The differential scale increases away from the central 
meridian, on which the scale is true.  

Another fact that affects the scale is the topography, i.e., the height above sea level. The 
total scale factor is the multiplication of both factors caused by projection and topography. 
The total scale factor on a point depends on the height and distance to the central meridian, 
accordingly. Because of varying topography across Turkey, the total scale factor can reach 
up to 700 ppm that is a high value for large scale mapping activities. In this study, the scale 
factors by projection and height are calculated on a grid with 30” resolution. The extreme 
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values are determined and their distribution is depicted by using thematic maps. The results 
show that the scale factors are far beyond the acceptable limits. This fact highlights the 
importance of corrections for horizontal distances due to topography and projection. 
Furthermore, we created a map mash-up that calculates scale factor on a point selected by 
the user, which is a web-based tool that is publicly available. The distribution on a desired 
area can also be visualized. With help of this tool, Geomatics Engineers can determine the 
effect of the scale factor in any area within Turkish territory. 

A similar analysis has been performed in Macedonia by Idrizi (2014). 

 

    

 

Mapping Region (Zone) 

N 

S 

Equator 

Central Meridian λ∆

 
(a)      (b) 

Figure 1. a) The projection principle of Gauss-Krüger Projection, b) The plane coordinate 
system within a zone. 

 

MATERIAL AND METHOD 

Gauss-Krüger projection has been used in large-scale mapping activities for a long time in 
Turkey according to the large-scale mapping regulation (Article 10, HKMO 2008). It is the 
well-known Mercator projection in transversal aspect. Here, ellipsoid surface is projected 
to a cylinder that is tangent to the ellipsoid through a meridian. The projection is 
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conformal, and causes scale change. That is why it is implemented in zones. In large-scale 
mapping the size of the zones is 3° in longitude difference (Fig. 1). The scale changes are 
maximal at the edges of the zones, which causes serious length differences between the 
projection surface and the reference surface (ellipsoid). In other words, the distance 
between two points on the ellipsoid differs from the corresponding distance in projection 
plane. In order to diminish the scale change the projection coordinates are multiplied by a 
standard scale factor (m0

The projection coordinates are calculated from geographical coordinates by using 
following equations (Grossmann 1976, Üstün&Demirel 2013,). For ellipsoidal parameters 
see Appendix A.  

). In large-scale mapping the coefficient is taken as unity, in 
medium-scale mapping (in UTM system) as 0.9996 where the zones are 6° wide.  
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G denotes the meridian arc distance from equator to the point of interest. 

...6sin4sin2sin +−+−= ϕδϕγϕβαϕG      (3) 

δγβα ,,,  are the coefficients that depend on the ellipsoid. For numerical values for 
GRS80 refer to Demirel &Ustun (2013) or Grossmann (1976). 

 

The differential scale around a point can be calculated by using the following equation. 
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m0

In order to interpret the numerical values easily, scale factor can be expressed in part per 
million (ppm). 

 is the standard scale factor that is mentioned above. This is taken as unity in 3° zone 
implementation.  

( ) 610)1( −= mm PPMP         (5) 

Meridian convergence is the angle between the grid north and the geographical (true) 
north, and is denoted by γ  (Fig. 1) 

( ) +
∆

+++∆=
3

231cossinsin
3

422 ληηϕϕλϕγ     (6) 

Due to the average terrain height, the horizontal distance in the terrain is lager than the one 
on the ellipsoid. According to Fig. 2 the scale factor by topography (mT ) can be calculated 
assuming that the ellipsoid is represented by a sphere.  
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hR
RDD te +

=         (7) 

The scale factor by topography: 

hR
RmT +

+= 1         (8) 

It can also be expressed in part per million. 

( ) 610
hR

Rm PPMT +
=         (9) 

Here, ellipsoid can be represented by Gauss’ sphere by using average latitude within the 
region of interest. 

ϕ22 cos1 e
cRG ′+

=         (10) 

 

 
Figure 2. The horizontal distances on the ellipsoid and the terrain.  

 

The total scale factor by map projection and topography is the multiplication of both. 

PT mmm =          (11) 

There are studies, in which special coordinate systems are proposed to keep the scale factor 
small enough. This is necessary in engineering projects such as railway and highway 
projects (Iliffe 2017). 

 

APPLICATION 

Analysis of the Total Scale Factor within Turkey 

In order to show the total scale factor along the Turkish Territory, a grid is formed by using 
SRTM30 DEM. The total scale factor is calculated in ppm. The values range from 200 
ppm to -700 ppm. For large scale mapping, these values seem to be high (Iliffe 2017). The 
results are depicted in a thematic map. Since the Gauss-Krüger system is interrupted, the 
results are shown in Mercator Projection. In the map, central meridians of Gauss-Krüger 
system are also depicted (Figure 3). 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

233 
 

 
Figure 3. Distribution of the total scale factor in Turkey. 

 

 
Figure 4. Web application (http://www.iobildirici.com/maps/scale_factor).  
 

Web Application 

In order to show the total scale factor at any point, a web application is developed. It is 
developed by using Leaflet (URL1) Mapping Library with JavaScript programming 
language. It is available at http://www.iobildirici.com/maps/scale_factor.  

The application is capable of showing scale factor values for a selected region by using 
isopleths, in which cell size and colors are customizable. Users can also query the values of 
individual points. The main screen is shown in Fig. 4.  

 

CONCLUSIONS 

In this paper, the scale factor of horizontal distances is focused on. The analysis show high 
ppm values that are marginally acceptable for large scale topographic mapping activities. 

http://www.iobildirici.com/maps/scale_factor�
http://www.iobildirici.com/maps/scale_factor�
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This fact highlights the importance of scale factor that must be taken into account when 
measuring horizontal distances on the terrain.  

In this study, the variation and the geographical distribution of the scale factor within 
Turkey is shown. A web application is also available, with which users can create isopleths 
and see the geographical distribution in a certain region. The scale factor values for any 
point can also be taken from the application.   
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APPENDIX A 
Ellipsoidal parameters 

λϕ,  Geographical latitude and longitude 
ba,  Semi-major and semi-minor axes of the ellipsoid 
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ABSTRACT 
Precise orbit determination of satellites is an important issue for geodetic community, 
especially for gravity field missions like GRACE (The Gravity Recovery and Climate 
Experiment). GRACE is a twin satellite system equipped with a dual-frequency BlackJack 
GPS onboard receiver, a SuperSTAR accelerometer, a star tracker, a K-band ranging 
(KBR) system and a satellite laser ranging (SLR) retroreflector. The data related to those 
scientific instruments are provided to users through the Information System and Data 
Center (ISDC). Also International GNSS Service’s or Center for Orbit Determination in 
Europe’s (CODE) data products (GPS precise sp3 orbits and high-rate clock corrections) 
are used. 
In this study, daily GRACE Level-1B data were used to estimate the kinematic and 
reduced-dynamic orbits of GRACE satellites using Bernese 5.2 Processing Engine 
(LEOPOD.PCF).  The accuracy of orbits is assessed using several validation procedures. 
These can be classified into two groups: Internal validation method and external 
validation methods. Internal validation method consists of the comparison of kinematic 
and reduced-dynamic orbits estimated by the user. External validation methods consist of 
KBR validation, independent validation of the orbit quality with SLR and the comparison 
with GNV1B orbit of Jet Propulsion Laboratory (NASA/JPL).  
Daily orbit estimations were performed for one month and the results were validated using 
above-mentioned methods. Results were analyzed and interpreted. 
 

INTRODUCTION 
Satellites in the Low Earth Orbit (LEO) are defined as the Earth orbiting satellites with 
altitudes of 300-1500 km above the earth’s surface. Especially for global gravity field 
determination problem, LEO satellites have great importance. The information of the 
Earth’s gravity field and the geoid, derived from the classical methods is deficient. To 
overcome this deficiency and to provide high-resolution gravity field determination from 
space techniques, three fundamental criteria for any satellite gravity mission has to be 

                                                           
* Corresponding Author 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

236 
 

considered: Uninterrupted tracking in three spatial dimensions, measurement or 
compensation of the effect of non-gravitational forces and orbit altitude as low as possible 
[Rummel et al., 2002]. In order to fulfill these requirements, three missions have been 
realized. These are CHAMP (CHAllenging Minisatellite Payload), GRACE (Gravity 
Recovery and Climate Experiment) and GOCE (Gravity field and steady-state Ocean 
Circulation Explorer) missions. Only GRACE mission is subjected to this study.  

The Gravity Recovery and Climate Experiment (GRACE) satellites were launched in 2002 
into a near polar orbit. The satellites are equipped with; a KBR system to continuously 
track the changes in the inter-satellite distance, onboard GPS receivers providing data in 
order to determine satellite orbits and time synchronization of KBR measurements, 
accelerometers to measure non-gravitational accelerations and the star cameras to 
determine satellite attitudes. The main purpose of the GRACE mission is the determination 
of the time-varying part of the Earth’s gravity field with unprecedented accuracy from 
GPS, accelerometer, and inter-satellite K band range observations [Tapley et al., 2004]. To 
achieve this goal, the orbits of GRACE satellites are needed to be precisely determined. 

 

PRECISE ORBIT DETERMINATION 

Precise orbit determination (POD) is of importance for at least two reasons [Liu, 2008]: 
Firstly, POD is needed to locate the data in three dimensional space. Secondly, the orbit is 
mainly as a result of the Earth’s gravitation.  

The orbit determination strategies are classified into two groups by [Bock, 2003]. One is 
kinematic strategies and the other is dynamic and reduced-dynamic strategies. Kinematic 
orbit determination is a geometric approach and any dynamic information of satellite is not 
necessary. In this procedure satellite positions are estimated epoch by epoch based on GPS 
observations. For this reason the accuracy of the kinematic orbit depends on the accuracy 
of the GPS observations, on the GPS satellite constellation and on the quality of the GPS 
orbit and clock products. The orbit is sensitive to data gaps. On the other hand, dynamic 
and reduced-dynamic strategies is based on the numerical integration of the equation of 
motion and the variational equations to obtain the orbit itself, as well as the partial 
derivatives with respect to the orbital parameters [Švehla and Fӧldváry, 2006]. For 
dynamic strategies, mathematical models of forces acting on a LEO satellite and the 
knowledge of physical properties of the satellite are required. The missing physical 
information and the model errors are the weaknesses of dynamic strategies. In order to 
reduce the effect of these errors, empirical parameters such as stochastic pulses, are 
introduced into the system. Such an orbit determination process is called as reduced-
dynamic or pseudo-stochastic orbit modelling. This method makes use of both the 
geometric strength of the GPS observations and the fact that satellite trajectories are 
particular solutions of a deterministic equation of motion [Jäggi et al. 2006].  The detailed 
mathematical models of related orbit determination processes followed in this study are 
given in [Bock, 2003], [Bock et al., 2005], [Jäggi et al., 2006] and [Jäggi, 2007].  
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For kinematic orbit determination, zero–difference processing of GPS data is performed.  
This means that there are no ground stations used. The satellite coordinates and the clock 
corrections are kept fixed. The final precise GPS orbits, 5 sec high-rate GPS clock 
corrections [Bock et al, 2009] and the Earth Rotation Parameters (weekly ERP files) from 
the Center for Orbit Determination in Europe (CODE) are used.  

The pseudo-stochastic orbit modeling technique in (Jäggi et al., 2006) is used in this study 
to determine reduced-dynamic LEO orbits in a batch least-squares adjustment from 
undifferenced (zero difference) ionosphere- free GPS carrier phase data at 30 s intervals 
[Jäggi et al., 2007]. Piecewise constant accelerations in predetermined directions (radial, 
along-track and cross-track) are used in every 6 minutes with the a priori constraints set to 
5x10-9 m/s2

 

. Both kinematic and reduced-dynamic orbits have a length of 24 hours. 

LEO Level-1B data (including GPS, star camera, accelerometer, KBR…) is available from 
the GFZ (German Research Centre for Geosciences)’s data center, Information System and 
Data Center (ISDC). For GRACE, the files are in mission-specific binary format and they 
have to be converted into ASCII format. GPS RINEX data (version 2.20) with 10 sec 
interval and star camera data are used in the orbit determination stage. The orbit 
determination process is performed with Bernese GPS Software [Dach et al., 2015].  

 

ORBIT VALIDATION  

In order to validate the orbit solutions, several comparison processes were performed. The 
resulting orbits were compared to each other (internal validation) and compared to the 
publications of different institutes and foundations (external validation). This is a 3D 
Helmert coordinate transformation process and the differences between the solutions are 
given in Figure 1, Figure 2 and the root mean square error of the orbit differences are given 
in Figure 3. For the external validation Jet Propulsion Laboratory’s post-processed precise 
(GNV1B) orbits with a sampling rate of 5 s were used.  

These comparisons show that the internal accuracy of the Bernese-derived reduced-
dynamic orbit is within 2 to 3 centimeters for GRACE-A, 2 to 4 centimeters for GRACE-B 
and the external accuracy of the Bernese-derived reduced-dynamic orbit is on the level of 
1,5 cm for GRACE-A, on the level of 1 cm for GRACE-B. As clearly seen GNV1B and 
Bernese-derived reduced-dynamic orbit are the same type of orbits and they both have a 
3D accuracy of nearly 2,5 cm.   
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a) 

 

b) 

 

Figure 1. Comparison of reduced-dynamic orbits to kinematic orbits; a) for GRACE-A and 
b) for GRACE-B 
 

a) 

 

b) 

 
Figure 2. Comparison of reduced-dynamic orbits to GNV1B orbits; a) for GRACE-A and 
b) for GRACE-B 
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a) 

 

b) 

 
Figure 3. RMS error values of Helmert Transformation between the orbits RD-KIN (on 
top) and RD-GNV1B (below) ; a) for GRACE-A and b) for GRACE- 

 

SLR ANALYSIS 

SLR is one of the space-geodetic techniques used for precise positioning, for determination 
of the Earth’s gravity field, and for measurement of geodynamical phenomena. SLR is also 
an independent validation tool for orbit determination in an absolute sense. Theoretical 
background of SLR analysis is briefly described in (Sośnica, 2014). 

GRACE satellites are equipped with laser retro-reflector arrays in order to allow SLR 
measurements. The only disadvantage of the SLR tracking of GRACE satellites is the 
discontinuity of the observations. Apart from that SLR observation informs of 3D orbit 
quality.  

The normal point data is provided to the user by International Laser Ranging Service 
(ILRS) data centers and SLR analyses were processed via Bernese 5.2 software. The RMS 
error values and the residuals of SLR observations were presented in Figure 4 and Figure 
5.  
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Figure 4. GRACE-A SLR observation residuals (on top) and RMS errors (below)  

 

 

 
Figure 5. GRACE-B SLR observation residuals (on top) and RMS errors (below)  
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When the graphs are analyzed, it is seen that the root mean square error values are 
generally in the range of 0-3 cm. Unfortunately, SLR measurements to GRACE satellites 
are usually sparse. As a consequence, this situation may cause increasing RMS values.  

 

KBR VALIDATION 

The low-low satellite to satellite tracking technique has been put into practice using K-
band microwave ranging (KBR) system. The KBR system provides ultra-precise 
measurements of the biased range (line of sight distance) between both satellites  on the 
K/Ka Band links with systematic phase variations being as low as 10µm (Jäggi, 2007). 
KBR Level 1B data (KBR1B) is provided to the user through ISDC and includes biased 
range, range-rate, range-accelerations and correction terms (light time and geometric 
corrections). The KBR measurements is a unique tool to validate the change of the relative 
GRACE orbit positions in the line of sight direction. 

Relative reduced-dynamic orbit velocities (Equation 1) were compared to corrected KBR 
range-rates (the comparisons were performed for both Bernese-derived and GNV1B orbits) 
and the results were presented in Figure 6.    

VAB=�rḂ-rȦ�
rB−rA

|rB−rA|        (1)      

As Figure 6 examined, it is clearly seen that the biggest amplitude of the differences 
belong to reduced-dynamic orbit. If the coordinates and velocities of reduced-dynamic 
orbit is corrected using the KBR data as described in [Tangdamrongsub, 2012], the 
resulting range-rate differences almost coincide with GNV1B and the KBR range-rate 
differences.          

 
Figure 6. KBR validation of relative velocities 

 

CONCLUSIONS 

In order to analyze the precision of our reduced-dynamic and kinematic orbit solutions, we 
performed 3-D Helmert transformations. Our results indicate that the RMS values; for the 
differences between kinematic and reduced-dynamic solutions are characterized by means 
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and RMS of 2.72±0.31, 2.04±0.22, 1.81±0.40 cm and for the differences between GNV1B 
and reduced-dynamic solutions, 0.79±0.09, 1.25±0.13, 2.06±0.40 cm. 

SLR is a high accuracy, independent validation tool for LEO satellite orbits. As a 
consequence of the SLR validation of our GRACE reduced-dynamic orbits, the overall 
RMS errors of SLR stations range between 0.5 and 3.5 cm for both GRACE satellites. 

 K-band data provide a precise and independent validation of GRACE relative orbit 
positions and velocities. In this study, only GRACE relative velocities were compared to 
KBR range-rates. No range comparison were performed. The differences generally range 
between ±20 µm/s. By using KBR data together with the reduced-dynamic orbit relative 
position and velocity vectors in the energy balance approach (neglecting potential terms), 
the resulting range-rate differences show significant improvement.     

 

 

REFERENCES 

Bock, H., 2003. Efficient Methods for Determining Precise Orbits of Low Earth Orbiters 
Using the Global Positioning System. PhD thesis, Institut für Geodasie und 
Photogrammetrie, Geodatisch-geophysikalische Arbeiten in der Schweiz. ISBN:3-
908440-08-4. 

Bock, H., Hugentobler, U., J¨aggi, A., ve Beutler, G., 2005. Precise orbit determination for 
champ using an efficient kinematic and reduced-dynamic procedure. In Reigber, C., 
Lühr, H., Schwintzer, P., and Wickert, J., editors, Earth Observation with CHAMP-
Results from Three Years in Orbit, number ISBN 3-540-22804-7, pages 157–162. 
Springer Verlag Berlin Heidelberg, Germany. 

Bock, H., Dach, R., Jäggi, A. et al. J Geod., 2009. 83: 1083. 
https://doi.org/10.1007/s00190-009-0326-1 

Case, K., Kruizinga, G. and Wu, S.C., 2010. GRACE Level 1B Data Product User 
Handbook, Jet Propulsion Laboratory, California Institute of Technology. 

Dach, R., S. Lutz, P. Walser, P. Fridez (Eds); 2015. Bernese GNSS Software Version 5.2. 
User manual, Astronomical Institute, University of Bern, Bern Open Publishing. 
DOI: 10.7892/boris.72297; ISBN: 978-3-906813-05-9. 

ISDC, 2016. Information System and Data Center. Last Access: 15.06.2017, 
http://isdc.gfz-potsdam.de/. 

Jäggi, A., Hugentobler, U. and Beutler, G. J Geodesy, 2006. 80: 47. 
https://doi.org/10.1007/s00190-006-0029-9. 

Jaggi, A., 2007. Pseudo-Stochastic Orbit Modeling of Low Earth Satellites  Using the 
Global Positioning System. PhD thesis. Institut für Geodasie und Photogrammetrie, 
Geodatisch-geophysikalische Arbeiten in der Schweiz. ISBN:3-908440-17-8. 

https://doi.org/10.1007/s00190-009-0326-1�
http://isdc.gfz-potsdam.de/�


INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

243 
 

Jäggi A, Hugentobler U, Bock H, Beutler G., 2007. Precise orbit determination for 
GRACE using undifferenced or doubly differenced GPS data. Adv Space Res 39(10): 
1612–1619. doi:10.1016/j.asr.2007.03.012. 

Liu, X., 2008. Global Gravity Field Recovery From Satellite to Satellite Tracking Data 
With The Acceleration Approach, PhD Thesis, Technical Report Publications on 
Geodesy 68, Netherlands Geodetic Commission, The Royal Netherlands Academy of 
Arts and Sciences, Delft, ISBN: 978-90-6132-309-6. 

Sośnica, K.. 2014. Determination of Precise Satellite Orbits and Geodetic Parameters 
using Satellite Laser Ranging. PhD thesis of the Faculty of Science of the University 
of Bern. ISBN: 978-83-938898-0-8. 

Švehla D., Földváry L., 2006. From Kinematic Orbit Determination to Derivation of 
Satellite Velocity and Gravity Field. In: Flury J., Rummel R., Reigber C., Rothacher 
M., Boedecker G., Schreiber U. (eds) Observation of the Earth System from Space. 
Springer, Berlin, Heidelberg. 

Tangdamrongsub, N., C. Hwang, C. K. Shum, and L. Wang, 2012. Regional surface mass 
anomalies from GRACE KBR measurements: Application of L-curve regularization 
and a priori hydrological knowledge, J. Geophys. Res., 117, B11406, 
doi:10.1029/2012JB009310. 

Tapley, B., S. Bettadpur, J. Ries, P. Thompson, and M., Watkins, 2004. GRACE 
Measurements of Mass Variability in the Earth System. Science, 305, 503-505.  



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

244 
 

 
 
 
 

Python GIS Application and SQL Usage  
 

Ümran Köylü*1, Abdurrahman Geymen1 and Fehim Köylü
 

2 

1Department of Geomatics Engineering, Erciyes University, 15 Temmuz Campus, 38280, Kayseri Turkey. (e-
mail umrank@erciyes.edu.tr, ageymen@erciyes.edu.tr) 
2

 

Department of Computer Engineering, Erciyes University, 38039,Kayseri, Turkey e-mail: 
fehimkoylu@erciyes.edu.tr 

ABSTRACT 
Geographic Information Systems (GIS) is a system that provides a cooperative 
organization of spatial data and non-spatial data. Spatial and non-spatial data are stored 
in databases together. Getting help from a programming language is necessary to organize 
the data used in the GIS analysis easily and to overcome the transaction intensity. Python 
is an open source language, is easy to write and understand. It has comprehensive and 
extensive libraries. The use of the Python software language in GIS analysis and data 
management will enable faster and more efficient operation. In GIS applications it is 
possible to define task arrays with a script in python language. Geoprocessing tools can be 
imported Python scripts. In addition to running analyzes with Python scripts, database 
modules are called and the database can be edited with cursor. The cursor is a line area in 
databases. Together with the cursor, you can navigate through the tables in the relational 
databases to make changes and edits. Thanks to these features of the Python software 
language, making GIS analysis is fast and efficient. 

 

INTRODUCTION 

Geographic Information Systems (GIS)  is a system that enables the collection, storage, 
management and analysis of geographic and relevant attribute data which are developed in 
accordance with the purpose (Shekhar and  Xiong 2007; Worboys 1995). The process of 
organizing and processing data in GIS applications leads to work intensity. One of the 
most important stages is to use of time efficiently and to access results of the analysis 
quickly and safely. The use of software languages will facilitate this process. Python 
language, which is easy to use and code-producing, is quite common in GIS applications. 
The use of Python in GIS applications is quite common among scientists (Brown 2014; 
Etherington 2011; Karssenberg et al. 2007; Koylu and  Geymen 2016; Roberts et al. 2010). 

The Python is free, open source and object-oriented, powerful scripting language (Bird et 
al. 2009; Lutz 2013; McKinney 2012). It has many built-in functions and comprehensive 
library and can import modules. Repetitive analysis can be easily operated in the Python 
scripts.  

                                                           
* Corresponding Author 

mailto:umrank@erciyes.edu.tr�


INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

245 
 

In GIS, attribute data is stored in tables in relational databases in conjunction with 
geographic data. Python scripts can be manipulated database by cursor method. In the 
Python the scientific calculations and analyzes can be done by translating the tables into 
array in order to process the numerical values in the tables.   

 

PYTHON SCRIPT TOOLS   

Python scripts can be produced in different formats. This can be generated in three ways: 
editing the existing script, automating it through the ArcGIS model builder, or creating and 
saving the script in the Python window. The Python script is saved as * .py extension files. 

The modules to be used in Python are called with the import function. The working folder 
is set. GIS property classes can be defined as variables, files are opened with these 
variables. Geoprocessing tools and analysis functions can be run with invoked modules. 
Geoprocessing tools can be imported in python scripts by arcpy module. Parameters values 
can be provided by users. Complex tasks can be automated by python scripts and some 
result objects can be used as input objects for other geoprocessing tools (Figure 1). Errors 
checking can be done with the troubleshooting feature. Feature classes can be opened and 
used with looping in script file. Python scripts written with these properties can be 
converted to script tools and added to GIS programs. The generated script tools can be 
used again by editing the inputs and outputs and shared to other users (Zandbergen 2015).   

 

 
Figure 1. Flow diagram of Python script file for geoprocessing analysis 

 
Arcpy module has cursor function. The cursor function provides ease of operation in 
databases. Manipulating database files with Python script files has the same logic as the 
operation steps of running geoprocessing commands. Cursor functions are used to 
manipulate the database. Structured Query Language (SQL) clauses can be used when 
performing these edits. The results are retrieved with SQL commands and the files are 
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closed after the edits in the file. Also, with Python, numerical calculations can be done by 
translating tables into numerical array (McKinney 2012; Nelli 2015). 

 

CONCLUSIONS 

In GIS analysis, complex and repetitive tasks can be automated by python scripts. Thanks 
to this, time can be used efficiently and effectively and intensive workload will be reduced 
by means of specially produced tools. Python scripts can be converted to tools. The tools 
can easily be shared with others. Produced tools can be used again by renewing the inputs 
and outputs.  
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ABSTRACT 

In this study, we investigated 788 days of spatial behaviors of AKHR, BEYS, CIHA, 
KAMN, YUNA, AKSI and KNYA GNSS stations of CORS-TR network in located in the 
Central Anatolia Region of Turkey. Observations recorded from stations were evaluated 
and discrete wavelet transform (DWT) were applied to coordinate time series. 
Decomposition level for DWT was chosen 9, so 9 detail components (D1-D9) and 9 
approximation components (A1-A9) were obtained. Then, cross correlation analysis were 
performed between original signal and these components. It was determined that cross 
correlation values between original signal and approximations is going to be weakened 
from A1 to A9. For North and East series, D8 and D7 had the highest values and they were 
0.5. For Up series, D2, D3, D4, and D5 had the highest values and they were about 0.5. As 
a result of the assessments, the Approximation components of the North, East and Height 
time series were very strong in relation to the time series but weak with the detail 
components. While the results of the analysis for the North and East time series for the 
same station in the detail components were similar, the results obtained in the Up time 
series differ from those of the two coordinate components. In the cross-correlation 
analysis, the main series and the component series were considered as two different 
variables, but the component time series were obtained from the main series. 

 

INTRODUCTION 

A satellite navigation or SAT NAV system is a system of satellites that provide 
autonomous geo-spatial positioning with global coverage. It allows small electronic 
receivers to determine their location (longitude, latitude, and altitude) to within a few 
meters using time signals transmitted along a line-of-sight by radio from satellites. 
Receivers calculate the precise time as well as position, which can be used as a reference 
for scientific experiments. A satellite navigation system with global coverage may be 
termed a Global Navigation Satellite System (GNSS) [URL1].   
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The original motivation for satellite navigation was for soldiers and military vehicles, 
planes, and ships in accurately determining their locations world-wide. Today, the uses of 
GNSS have extended to include both the commercial and scientific worlds. Commercially, 
GNSS is used as a navigation and positioning tool in airplanes, boats, cars, and for almost 
all outdoor recreational activities such as hiking and fishing. In the scientific community, 
GNSS plays an important role in the earth sciences. Meteorologists use it for weather 
forecasting and global climate studies (Ahmed, 2010), and geologists can use it as a highly 
accurate method of surveying and in earthquake studies to measure tectonic motions during 
and in between earthquakes. Also, GNSS is used in determination of geodetic datum, 
creating a reference system, geophysical-geodynamic studies, sea-level determination, 
cadastral and mining surveying and precision agriculture studies.  

Such practices caused national cartography institutions in countries, local institutions and 
the private sector to set up GNSS networks created by stable GNSS stations which provide 
continuous and real-time observations. Particularly, for tectonic studies, GNSS based 
geodynamic projects were developed at a regional level. We can refer the works from in 
the California region (Larsen et al., 1992), (Straub et al., 1995) and (Reilinger et al., 1997) 
in the Mediterranean area and (Feigl et al., 1993) and (Miyazaki et al., 1996) in Japan and 
(Erdoğan et al., 2009). A nationwide GNSS infrastructure network known as CORS-TR 
was established in Turkey by Istanbul Kültür University (IKU), General Command of 
Mapping and General Directorate of Land Registry and Cadastre during 2006–2009. 
Spatial analyses of CORS stations, development of campaign type measurements with 
surface deformations, determination of linear plate movement etc. will help studies being 
carried out more accurate and realistic.  

In this study, 788 days of GNSS observations using 7 CORS-TR stations (1.10.2008–
26.11.2010) in Konya Closed Basin of Turkey were processed with GAMIT/GLOBK 
program package. Then, trend analysis, continuous wavelet transform (CWT) and discrete 
wavelet transform (CWT) are applied to coordinate time series. 

 

WAVELET ANALYSIS OF GNSS COORDINATE TIME SERIES 

Wavelet Transform (WT) was developed about three decades ago. WT was first applied to 
analyze seismic waves in geophysics studies (Torrence et al., 1998). Then, wavelet 
analysis has gained huge popularity among scientists and engineers who are interested in 
analyzing the time-frequency characteristics of signals. Dividing the signal into different 
frequencies and researching each component in terms of scale is the main idea of WT. The 
WT breaks up the signal into its “wavelets”, which are scaled and shifted versions of the 
“mother wavelet”. The two basic criteria for a function 𝜓(t) to be considered a wavelet 
function are (1) that the average value of the wavelet must be zero and (2) that it must have 
unit energy. The criteria can also is written mathematically as follows (Calais, 1999): 

∫ 𝜓(𝑡)𝑑𝑡 = 0+∞
−∞                                                               (1) 

∫ 𝜓2(𝑡)𝑑𝑡 = 1+∞
−∞                                                             (2)  
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A number of wavelet functions, which have different features, have been identified such as 
Haar, Daubechies, Symlets, Morlet, and Mexican Hat etc. Different wavelets may be used 
depending on the application. A couple of mother wavelet as shown in Figure 1 also they 
were used in this study.  

 

 
Figure 1. a) Wavelet Transform, b) morl wavelet, and c) db1 wavelet. 
 
WT use a time-scale region as shown in Figure 1, so we can detect when specific events 
occur. WT can be classified in two types: The Continuous Wavelet Transform (CWT) and 
The Discrete Wavelet Transform (DWT). CWT is a result of multiplication between 
analyzed time series and scaled and shifted versions of wavelet function at all time. For the 
original signals x(t) and wavelet function ψ(t) CWT is defined as (Leon, 2008): 

 

𝐶𝑊𝑇(𝑎, 𝑏) = 1
√𝑎
∫ 𝑥(𝑡)𝜓(𝑡−𝑏

𝑎
)∞

−∞ 𝑑𝑡                                         (3) 

 

CWT (a,b) is the coefficients as a result of transition, a is the scale (dilation) parameter of 
the wavelet, b is the translation parameter of the wavelet, and t is time. CWT requires lots 
of time and memory because of calculating wavelet coefficients at every possible scale. 
Therefore, discrete values, which are depended on powers of two, of scale and positions 
are chosen in the discrete wavelet transform (DWT). Mallat (1989) developed an effective 
method, which utilizes filters, to apply this template. For the discrete signal x(k) and the 
wavelet function ψ(n), the DWT is defined as (Leon, 2008): 

 

𝐷𝑊𝑇(𝑚,𝑛) = 1
�𝑎0

𝑚 ∑ 𝑥(𝑘)𝜓(𝑎0−𝑚𝑛 − 𝑘)𝑘                                    (4) 

 

The DWT filtering process effectively separates the low and high frequency components. 
From the point of resolution, the low frequency components will have a large scale and the 
high frequency components will have smaller scale. The low frequency components called 
as approximations and the high frequency components called as details. Approximations 
contain main features of the original signal. Noise is generally in detail components. 
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STUDY FINDINGS AND DISCUSSION 

The time series analysis was carried out using the CORS positions from 7 GNSS stations 
including AKHR, BEYS, CIHA, KAMN, YUNA, AKSI, and KNYA of the CORS-TR 
network (national GNSS network), located in the Konya Closed Basin of Turkey (Figure 
2). 

 

 
Figure 1. The CORS-TR stations in the Konya Closed Basin of Turkey. 

 

For the time series analysis, 788 days (1.10.2008–26.11.2010) of GNSS observations of 
the CORS-TR stations were first processed with GAMIT software and produced daily time 
series of CORS-TR stations (Gülal et al., 2013). After the signal processing, 27 time series 
were obtained from 7 stations. Because of data loss in AKSI and KNYA time series, they 
were divided into two separate time series including AKSI1, AKSI2, KNYA1, and 
KNYA2. Thus, 27 time series for 7 stations were obtained.  These time series show the 
changes in the signals in the north, east, and up directions of stations according to 
coordinate system of the GNSS. The time series of the CIHA, AKSI1 and KNYA1 stations 
are shown in Figure 3.  In Figure 3, the signal change S(ti) of the time series was acquired 
assuming that S(t1

A filtering procedure, Third-order Floating Weighted Average (FWA), was applied to the 
series to partially eliminate the noise effect, also big outlier data in the raw time series. The 
raw and filtered time series of the CIHA, AKSI1 and KNYA1 stations are shown in Figure 
3. After the filtering procedure, Details and Approximations are obtained with DWT.  

) =0 for the time initiation of ti (i = 1). In this case, the signal change at 
any time point during the time series is in relation to the initiation time of the signal. 
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Figure 2. Time series of CIHA and AKSI1 stations for raw and filtered signals. 
 

DWT was carried out to GNSS coordinate time series of North, East, and Up coordinates 
components of stations with multiresolutional analysis. For translation, db1 wavelet from 
Daubechies wavelet family was chosen because it is practicable to DWT. Considering the 
number of data, decomposition levels were set 9 for AKHR, BEYS, CIHA, KAMN, 
YUNA, and AKSI1, 6 for AKSI2, 7 for KNYA1, and 8 for KNYA2. In this way, 
approximations and details were obtained with DWT applied for all series. Approximations 
(a) and Details (b) of Station YUNA for UP Signals are shown in Figure 6. 
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Figure 3. (a)Approximations of Station YUNA for UP Signals, (b)Details of Station 
YUNA for Up Signals. 

 
Figure 3 (a) shows that A1 has a high correlation with the original signal while A9 has a 
low correlation. In this case correlation between the original signal and approximation 
decreases from A1 to A9. Besides, A8 and A9 have very low correlation with the original 
signals. Figure 3 (b) shows that D1 and D2 (especially D1) have vibrations caused from 
noise at 0. Also, these components have the highest frequency changes of the original 
signal. D1 has the highest frequencies and it decreases from D1 to D9. Furthermore, it is 
clearly seen that D9 has low correlation with the original signal. 

Then the cross-correlations between detail-approximation components and the original 
time series were calculated and graphs of the obtained results are given. With these graphs 
obtained, correlations between A-D components and original signals and the delays were 
investigated. In graphs, delays are given horizontally and correlations are given vertically. 

Because of the large number of graphs obtained, only graphs related to AKHR station are 
given in this section. For AKHR North series, Figure 4 shows that the highest values were 
obtained in D8 and D7. The correlation value for both components is approximately 0.5. 
This shows that the correlations between the D8-D9 components and the original time 
series is higher and the activities, which have the annual period, are important on the 
coordinate characteristic of the station.  
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Figure 4. Cross correlations of AKHR North (D1-D9)-V. 

 

Figure 5 shows that while A1 has the highest value (approximately 1), A9 has the lowest 
value (0.2).  Furthermore, correlation value between the original signal and approximation 
decreases from A1 to A9 and especially A8 and A9 have very low correlation with the 
original signal. 

 
Figure 5. Cross correlations of AKHR North (A1-A9)-V. 
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For AKHR East series, Figure 6 shows that the correlation of the first 5 detail components 
is close to 0, so that the correlation of these components with the main time series is very 
low. However, D8 and D7 have the highest correlation values (0.5) and these results are 
similar to AKHR North results. 

 
Figure 6. Cross correlations of AKHR East (D1-D9)-V. 

 

Figure 7 shows that while A1 has the highest value (approximately 1), A9 has the lowest 
value (0.2).  Furthermore, correlation value between the original signal and approximation 
decreases from A1 to A9 and especially A8 and A9 have very low correlation with the 
original signal. These results are similar to AKHR North results. 

 

 
Figure 7. Cross correlations of AKHR East (A1-A9)-V. 

 

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5
D1-V

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5
D2-V

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5
D3-V

C
ap

ra
z 

K
or

el
as

yo
n

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5
D4-V

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5
D5-V

Gecikme

-800 -600 -400 -200 0 200 400 600 800
-0.2

0

0.2

0.4

0.6
D6-V

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5
D7-V

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5

1
D8-V

C
ap

ra
z 

K
or

el
as

yo
n

-800 -600 -400 -200 0 200 400 600 800
-0.4

-0.2

0

0.2

0.4
D9-V

Gecikme

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5

1
A1-V

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5

1
A2-V

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5

1
A3-V

C
ap

ra
z 

K
or

el
as

yo
n

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5

1
A4-V

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5

1
A5-V

Gecikme

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5

1
A6-V

-800 -600 -400 -200 0 200 400 600 800
-0.5

0

0.5

1
A7-V

-800 -600 -400 -200 0 200 400 600 800
-0.2

0

0.2

0.4

0.6
A8-V

C
ap

ra
z 

K
or

el
as

yo
n

-800 -600 -400 -200 0 200 400 600 800
-0.4

-0.2

0

0.2

0.4
A9-V

Gecikme



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

256 
 

For AKHR East series, Figure 8 shows that the highest correlation values are obtained in 
D2, D3, D4, and D5 and the values are approximately 0.5. These results are not similar to 
AKHR North and AKHR East. 

 
Figure 8. Cross correlations of AKHR Up (D1-D9)-V. 

 

Figure 9 shows that while A1 has the highest value (approximately 1), A9 has the lowest 
value (0.1).  Furthermore, correlation value between the original signal and approximation 
decreases from A1 to A9. These results are similar to AKHR North and AKHR East. 
However, correlation values of A7 is 0.2 and this result is different from AKHR North and 
AKHR East.  

 

 
Figure 9. Cross correlations of AKHR Up (A1-A9)-V. 
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In conclusion, while correlations of approximations of North, East, and Up time series are 
very strong, correlations of details of North, East, and Up time series are generally very 
weak. For North and East series D7 and D8 have the higher correlation values. However, 
this situation differs from station to station in Up series. The analysis results for the North 
and East time series for the same station in the detail components are similar. 

In the cross-correlation analysis, the main series and the component series are considered 
as two different variables, but the component time series are obtained from the orijinal 
series. In this case, it is not possible to mention about delay. 

 

CONCLUSIONS 

In this paper, 788 daily GNSS time series were obtained using GAMIT software to process 
the GNSS observations from seven stations of CORS-TR network, located in Konya 
Closed Basin of Turkey. 

DWT was carried out to GNSS coordinate time series of North, East, and Up coordinates 
components of stations with multiresolutional analysis. For translation, db1 wavelet from 
Daubechies wavelet family was chosen because it is practicable to DWT. Considering the 
number of data, decomposition levels were set 9 for AKHR, BEYS, CIHA, KAMN, 
YUNA, and AKSI1, 6 for AKSI2, 7 for KNYA1, and 8 for KNYA2. In this way, 
approximations and details were obtained with DWT applied for all series. 

The cross-correlations between Approximations-Details obtained with DWT and the 
original time series were calculated and graphs of the obtained results are given. while 
correlations of approximations of North, East, and Up time series are very strong, 
correlations of details of North, East, and Up time series are generally very weak. For 
North and East series D7 and D8 have the higher correlation values. However, this 
situation differs from station to station in Up series. The analysis results for the North and 
East time series for the same station in the detail components are similar. In the cross-
correlation analysis, the main series and the component series are considered as two 
different variables, but the component time series are obtained from the orijinal series. In 
this case, it is not possible to mention about delay. 
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ABSTRACT 

In this study, the effects of underground water level changes measured from Konya Closed 
Basin wells to the positions of stationary GNSS stations in this region were investigated by 
analysis of time series and cross-correlation function. As a result of trend component 
analyses of time series it was determined that horizontal positions of stations in this region 
were moving in the Northeast direction (18.88 mm/year). For Up coordinates, while 
ANRK, KLUU, and NIGD have movements (0.56 mm/yıl) in up direction, the other stations 
have movements in down directions. Vertical movement of KNY1 station that have 560-day 
data is in down (-) direction, its annual movement is 70.96 mm and this movement or 
velocity is the maximum compared to vertical movements of stations in this region. As a 
result of trend analysis of 19 wells for underground water level changes, linear changes 
were obtained in down direction and the mean value is -39.22 cm/year. The decrease in the 
water level of the wells in the Konya Closed Basin is statistically significant by majority, 
and at meter level in some wells. As a result of the cross correlation analysis between 
GNSS stations and groundwater level time series, there is a negative correlation between 
both north and east coordinates of the GNSS stations and underground water levels. In 
contrast, there is positive correlation between up (Up) coordinates and the underground 
water levels. 

 

INTRODUCTION 

With the help of GNSS stations that continuously collect data, it is possible to examine 
changes in position information as a function of time. These data are generally used to 
observe the slip movements of earth crust and to estimate slip velocity of ground 
(Langbein and Johnson 1997, Williams et al. 2004). It is assumed that GNSS signal fits a 
model. This model includes components such as linear slip, semi-annual and annual 
oscillations, post-earthquake logarithmic oscillation and a starting point, as well as a noise 
component. The correct estimation of the model parameters depends on modeling the data 
appropriately, and the appropriate modeling depends on the estimation of what kind of 
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noise the residual signal (difference between model and data, modeling or observation 
error) is. It is expressed that the noise in GNSS data is the combination of the time 
independent White noise and time dependent colored noise (Langbein and Johnson 1997, 
Williams et al. 2004). (f is frequency and its unit is Hz) While the white noise component 
is caused by measurement errors, the color 1 / f noise component is caused by the 
ambiguity of the position of the GNSS receiver (Langbein and Johnson, 1997; Mao et al., 
1999). 

In addition, there are many parameters that affect the position accuracy of GNSS stations. 
These parameters are minimized in stages such as device selection, measurement method, 
measurement time, software selection and process of measurements. Also, the selection of 
station locations is one of the important factors affecting position accuracy. Because GNSS 
stations have areas of usage needing very high accuracy, station locations should be as 
stable as possible in terms of tectonics, on solid rock or on hard-ground areas, and ground 
point should be monument (Calais, 1999). All these reasons and requirements are 
important in terms of examining the time-dependent changes in the position information of 
stationary GNSS stations within the cause-and-effect relationship. Determining position 
information of GNSS stations accurately, continuously, fast, and economicly with reliable 
methods is important in terms of providing to users who work on commercial or scientific 
studies based on position information.  

In this study, daily position informations (North, East, Up) of 16 stationary GNSS (CORS-
TR) stations in and around Konya plains were used. Daily position data (North, East, Up) 
of 15 stations that have 6 years data (2008-2014) and KNY1 station that has 560 day data 
(2014-2015) depending on time were obtained, and time series of these stations were 
created. Linear behavior and size of linear behavior of the stations were determined by 
trend analysis of these time series obtained for the stations. In addition, groundwater 
changes have been studied in this study since drought in the working area over the last 
decade, due to global climate change, and reduction in groundwater causing from excess 
water use. 

 

METHOD 

Excluding artificial or co-seismic and post-seismic slip, time series Y(ti) obtained from 
GNSS measurements at ti  

Y(t

(i=1, 2, 3, …, N) can be separated to three components generally 
(Gülal vd.,2013). 

i)= T(ti)Trend +P(ti)Periyodic+ S(ti )Stochastic

 

                                         (1) 

In the analysis of time series, firstly the time-axis graph of the series is drawn and the 
unusual measurements (example: gross errors) are eliminated and general interpretaion of 
the series can be made. A suitable low-pass filtering operation (example: Five-order 
Floating Weighted Average) is applied to the series for particularly eliminating the noise 
effect in the series and in order to reveal trend and periodic components more clearly. Then 
it is determined whether the series has a trend component, and it is defined as below; 
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                                                   (2)                                                                                                                                     

In this equation, kc  m),...2,1,(k =  are the parameters depending on the order of the 
polynomial function. Changes (velocities) in increasing or decreasing direction of GNSS 
stations linearly are defined by taking m=2. The test size determined for each parameter is 
compared to the determined 1-α confidence level and ±tf,1-α/2

 

 confidence limit of t-
distribution depending on f degrees of freedom.  As a result of comparing, if the 
parameters are significant, there is a linear movement in the time series. 

RESEARCH FINDINGS AND DISCUSSION 

In this study, the linear movements (velocities) of GNSS stations continuously measuring 
in the Konya Closed Basin (Figure 1b) and the changes of underground water level causing 
these movements (expecially vertical movement) are investigated. For this reason, the 
periodic and stochastic components of time series analysis were not analized in this study. 

Study Area

 

: Konya Plain is located in the central and southern part of Central Anatolia 
Region. The field is surrounded by Bozdağ and Obruk Plateau in north and northwest; the 
inner slopes of Toros arc starting from Sultan Mountains to the South of the Karaman 
Province in south; Ereğli Plain in east; Takkeli Mountain, Gevele Mountain, and Loras 
Mountain in west (Figure 1a).   

 
(a)                                                            (b) 

Figure 1. (a)Konya Closed Basin political map (Tübitak, MAM, 2009), (b)CORS-TR 
station positions. 

 

In addition, it has been observed that the formation of sinkhole has increased in recent 
years in and around Konya Plain. It is estimated that there is a relationship between the 
occurrence of these current sinkholes and the decrease in underground water level. From 
past to present, concrete examples of decrease of underground water level are seen in 
Akgöl (Ereğli), Acıgöl (Karapınar), Meke Tuzla (Karapınar), and Timraş Sinkhole 
(Göçmez et al., 2004). 

∑
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GNSS Stations 

Daily position informations (North, East, Up) of 16 stationary GNSS (CORS-TR) stations 
in and around Konya plains were used. Daily position informations (North, East, Up) of 15 
stations that have 6 years data (2008-2014) and KNY1 station that has 560 day data (2014-
2015) depending on time were obtained, and time series of these stations were created 
(Figure 2 and Figure 3). The data were obtained from the General Command of the 
Mapping, and ITRF08 fixed was taken in data process. Time series in north and east 
directions of KAMN, KAPN, KNYA and KNY1 stations from 48 (16.3 = 48) time series 
obtained for 16 stations are given in Figure 2 and Figure 3. Figure 2 shows that the linear 
movements and equations of the series. Figure 4 also shows up time series, linear changes, 
function of linear change and frequency spectrum of the same stations. Because there is 
high number of stations, time series graphs of other stations are not given. However, linear 
functions and station speeds (annually) are given as table (Table 1 and Table 2). It can be 
seen that the time series in north and east directions of the stations show a linear increase 
in the north and east directions (Figure 2). The same results were obtained in the time 
series of the other stations not given as figures. In addition, pulse movement is seen at 
marked points in KNYA north and east time series and the last part of the series. This 
situation was seen in up coordinate values more prominently. 

 

Trend component analysis 

It was determined that whether time series in North, East and Up directions  of GNSS 
stations contain any linear movement or not by the use of the proposed function in the Eq. 
(2). c1 and c2 

 

parameters of the linear function generated by taking m=2 and standard 
deviations of these parameters were estimated by LSM. 
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Figure 2. Coordinate time series, linear movements, and linear functions of KAMN, 
KAPN, KNYA, and KNY1 stations in North and East directions. 
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Station 
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UP Station 
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Figure 3. Linear changes in up coordinate time series of stations. 

 

Whether the deviations of the calculated parameters from the "0" value are significant or 
not is determined by α=0.05 error possibility according to t-distribution (for f>200, 

=2 and for  f>500, ). As a result of the trend component analysis of 

GNSS stations, it was determined that the time series of north and east coordinates of all 
stations showed a statistically significant linear movement in the positive (increasing) 
direction. Linear movements and linear fuctions are given in Figure 2. Table 1 shows 
statistically significant linear movements (linear models) and annual linear changes 
(velocities) of all stations. The “c2

 

” parameter in trend function indicates stations’ daily (+) 
increasing or (-) decreasing direction of linear change. With this parameter, linear changes 
or movements of the stations can be detected at desired time. 

Table 1. Linear functions and annual velocities of GNSS stations (North and East). 
Station North 

Linear Functions 
(Y=c2t+c1

Linear 
Changes 

(mm/year) ) 

East 
Linear Functions 

(Y=c2t+c1

Linear 
Changes 

(mm/year) ) 

Resultant Changes 
(mm/yıl)/ Directions 

AKHR Y(trend)=0.0245t+1.7226 8.94 Y(trend)=0.0113t+1.6671 4.12 9.84/northeast 
AKSI Y(trend)=0.0302t+14.0774 11.02 Y(trend)=0.0406t+0.0612 14.82 18.47/northeast 
AKSR Y(trend)=0.0513t-0.7534 18.72 Y(trend)=0.0229t+1.3993 8.36 20.50/northeast 
ANRK Y(trend)=0.0427t+1.2507 15.59 Y(trend)=0.0115t+1.6134 4.20 16.15/northeast 
BEYS Y(trend)=0.0313t+1.5188 11.42 Y(trend)=0.0283t+3.0769 10.33 15.40/northeast 
CIHA Y(trend)=0.0418t-2.7231 15.26 Y(trend)=0.0191t-2.8808 6.97 16.78/northeast 
HYMN Y(trend)=0.0361t+4.5038 13.18 Y(trend)=0.0148t-0.9256 5.40 14.24/northeast 
KAMN Y(trend)=0.0511t+2.5236 18.65 Y(trend)=0.0390t+4.7394 14.24 23.46/northeast 
KAPN Y(trend)=0.0566t+0.6830 20.66 Y(trend)=0.0406t+4.0371 14.82 
KIRS 

25.43/northeast 
Y(trend)=0.0490t+7.9869 17.89 Y(trend)=0.0192t-1.0199 7.01 19.21/northeast 

KLUU Y(trend)=0.0435t+5.2655 15.88 Y(trend)=0.0196t+1.2331 7.15 17.42/northeast 
NEVS Y(trend)=0.0535t+1.2779 19.53 Y(trend)=0.0256t+1.7963 9.34 21.65/northeast 
NIGD Y(trend)=0.0550t-0.6508 20.08 Y(trend)=0.0334t+1.1063 12.19 23.49/northeast 
YUNK Y(trend)=0.0314t+0.6469 11.46 Y(trend)=0.0135t-2.7270 4.93 12.48/northeast 
KNY1(560
days) 

Y(trend)=0.0723t-1.3919 26.39 Y(trend)=0.0079t-0.2729 2.88 

KNYA 
26.55/northeast 

Y(trend)=0.0484t+2.7589 17.67 Y(trend)=0.0312t+3.3720 11.39 21.02/northeast 

 
As shown in Table 1, GNSS stations in this region have linear movements in northeast 

2/05.01,ft − 96.1t 2/05.01,f =
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direction (ITRF08 fixed). Annual mean movement or velocity of stations is 18.88 mm. The 
stations having annual velocity greater than 2 cm are; AKSR, KAMN, KAPN, NEVS, 
NIGD, KNY1, and KNYA. Maximum velocity is 26.55 mm/year and it is obtained in 
KNY1 station. Minimum velocity is 9.84 mm/year and it is obtained in AKHR. Linear 
movements and linear functions of up coordinate time series of GNSS stations (KAMN, 
KAPN, KNYA VE KNY1) are shown in Figure 3. In addition, statistically significant 
linear movements (linear models) and annual linear changes (velocities) of stations are 
given in Table 2. 

 

Table 2. Linear functions and annual velocities of GNSS stations (Up). 

 
Station Up 

Linear Functions 
(Y=c2t+c1

Linear Changes (Velocities) 

) 
(mm/year) 

AKHR Y(trend)=-0.0143t+14.3868 -5.22 
AKSI Y(trend)=-0.0063t+22.6557 -2.30 
AKSR Y(trend)=-0.0102t-1.5357 -3.72 
ANRK Y(trend)=0.0023t-8.4197 0.84 
BEYS Y(trend)=-0.0025t+5.2138 -0.91 
CIHA Y(trend)=-0.0035t+3.5352 -1.28 
HYMN Y(trend)=-0.0037t-0.1510 -1.35 
KAMN Y(trend)=-0.0400t-9.8436 -14.60 
KAPN Y(trend)=-0.0200t+5.8245 -7.30 
KIRS Y(trend)=-0.0023t-8.6258 -0.84 
KLUU Y(trend)=0.0018t-5.7144 0.66 
NEVS Y(trend)=-0.0007t+5.2945 -0.26 
NIGD Y(trend)=0.0005t+10.1856 0.18 
YUNK Y(trend)=-0.0026t+2.009 -0.95 
KNY1(560days) Y(trend)=-0.1944t-13.4857 
KNYA 

-70.96 
Y(trend)=-0.0106t-6.9657 -3.87 

 

It is determined that up coordinate time series of all stations have statistically significant 
linear movements in positive and negative direction. Considering linear movement in Up 
direction of KNY1, the mean value of linear movements in negative direction for Up 
coordinates is -8.74 mm/year as shown in Table 2. Annual Vertical movement of KNY1 
stations that has 560-day data is 70.96 mm in down (-) direction and this is the highest 
value of vertical movements of stations in this region. KNY1 is the new GNSS station set 
up in 2014 because of the fact that there is peak (Figure 2 and Figure 3) in KNYA station 
time series. The cause of the maximum change in KNY1 is decrease in groundwater level 
in this region (Özdemir, 2016). Unless annual velocity of this station is considered, the 
mean value of vertical changes in negative direction is -3.55 mm/year. Vertical movements 
of ANKR, KLUU, and NIGD stations are in up direction and mean annual movement is 
0.56 mm (Table 2). Except for KNY1 station, annual velocities of stations for Up 
coordinates are sufficiently small values. With -1.5 cm/year velocity, KAMN has the 
second highest velocity among the stations studied for this region (Table 2). 

 

Underground Water Level Changes 

In this study, 19 wells were measured monthly in order to determine the underground 
water level changes of Konya plain. The wells in this region have at least 11 year data and 
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at most 49 year data (for 19 station). The time-dependent changes (monthly) of the 2 wells 
used to determine groundwater level changes are given in Figure 4. As in the trend analysis 
of GNSS stations, trend analysis was performed for 19 wells. Linear functions and annual 
changes are given in Figure 5 and Table 3. As a result of the analysis, linear changes such 
as mean =-39.22 cm/year for 19 wells, mean=-15.56 cm/year for 3 wells in Konya-
Cihanbeyli field , mean=-63.48 cm/year for 4 wells in Konya-Selçuklu field , mean=-68 
cm/year for 6 wells in Karaman field, and mean=-19.50 cm/year for 2 wells in Niğde field  
in decreasing direction are obtained. It is seen that the annual change in KONYA-
SELÇUKLU-MEYDAN, KARAMAN-AYRANCI–HUYUKBURUN, and KARAMAN-
MERKEZ–SUDURAĞI wells according to the well data is over 1 m (Table 3). However, 
the linear function of KONYA-KULU and KONYA-SEYDİŞEHİR well data shows 
insignificant linear change at 95% confidence level. In addition, a linear increase (69.72 
cm/year) was detected in the KONYA-BEYSEHİR-DOĞANBEY well.  

 

 

Figure 4. Time series of Doğanbey and Bulduk stations (wells). 

 

Table 3. Linear functions and annual changes of well observations.  
Name of Well Linear Functions 

y(trend)=c2t+c
Linear 

Changes 
(velocities) 

1 

(cm/year) 

Results 

KONYA-BEYSEHİR-DOĞANBEY y(trend)=0.0581t-17.0946 69.72 significant 
KONYA CİHANBEYLİ BULDUK y(trend)=-0.0109t-11.2754 -13.08 significant 
KONYA-CİHANBEYLİ-KARTAL y(trend)=0.0046t-24.4201 5.52 significant 
KONYA-CİHANBEYLİ-SIGIRCIK y(trend)=-0.0326t-22.3711 -39.12 significant 
KONYA-KARAPINAR-GULFET-YAYLA y(trend)=-0.0520t-10.6263 -62.40 significant 
KONYA-KULU y(trend)=-0.0039t-11.3281 -4.68 insignificant 
KONYA-SELÇUKLU y(trend)=-0.0363t-5.4342 -43.56 significant 
KONYA-SELÇUKLU-MEYDAN y(trend)=-0.1098t-7.4969 -131.76 significant 
KONYA SELÇUKLU-SARICALAR y(trend)=-0.0257t+0.1759 -30.84 significant 
KONYA SELÇUKLU TUTUP y(trend)=-0.0398t+2.1481 -47.76 significant 
KONYA-SEYDİŞEHİR y(trend)=-0.0003t-2.2111 0.36 insignificant 
KARAMAN- AYRANCI -HUYUKBURUN y(trend)=-0.0933t-66.2993 -111.96 significant 
KARAMAN- KAZIMKARABEKİR-MERKEZ y(trend)=0.0024t-7.8545 2.88 significant 
KARAMAN -CENTER -AKCASEHIR y(trend)=-0.0585t-33.6459 -70.20 significant 
KARAMAN -CENTER -EMİNLER y(trend)=-0.0379t-2.9531 -45.48 significant 
KARAMAN -CENTER -KOCAHOYUK y(trend)=-0.0610t-0.9697 -73.20 significant 
KARAMAN- CENTER -SUDURAĞI y(trend)=-0.0922t-23.1213 -110.64 significant 
NIGDE- ALTINHISAR- CENTER y(trend)=-0.0256t-7.9697 -30.72 significant 
NIGDE -BOR -BAHCELİ y(trend)=-0.0069t-1.8532 -8.28 significant 
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The majority of the water level of the wells in this region has statistically significant 
decrease, and it is in meter level in some wells. Climate, geologic and geomorphological 
factors have influenced the changes in the level of groundwater in the Konya Plain. 
Changes in groundwater level occur both within the year and between years. There is a 
decrease in the June-September period, which characterizes the dry season within the year, 
and an increase in the rainy season in January-May. Indeed, it is observed that there is a 
significant decrease of up to 1 m. in groundwater levels in 30-40 year water wells 
distributed in the region (Göçmez and İşçioğlu, 2004; Doğdu et al., 2007; Üstün et al., 
2007). At some stations monthly water level data have been recorded since 1960. The 
decrease in underground water level of relevant 24 wells is observed in study of üstün and 
his friends (2007). As a result of examining the time series of wells, it is determined that 
the decrease in most wells is not linear, in other words the decrease velocity increases in 
time. Doğdu and his friends (2007) examined the meteorological records of Konya Closed 
Basin (KCB) from 1929 to the present day, and they have found significant rainfall 
reduction in basin since the early 1980s. It was determined that the decrease in 
underground water levels for 11 wells that observed long-term (>30 year) consistent with 
this (Üstün et al., 2007). The underground water level of the wells around Karapınar is 
16.9 m in September 1970 and 31.2 m in September 2003. It has been determined by 
Göçmez et al. (2004) that there is a decrease of 14.3 m in the level of underground water in 
33 year period. Norrowing/constriction (press) in the aquifer systems due to underground 
water drawndown can create a vertical deformation (downfall) in the floor over these 
systems. Given similar examples elsewhere in the world, it is likely to encounter such a 
situation for KCB. Some examples of partial downfall events of the earth crust and more 
detailed information about monitoring with geodetic methods of these components are can 
be found in studies such as Phienwej et al., (2006), Abidin et al., (2007), Galloway and 
Hoffman (2007), and Üstün et al., (2007). 

 

 

 

 

Figure 5. Linear functions and power spectrums of well observations in Konya and 
Karaman. 
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As a result of linear analysis of well data in KCB, it can be stated that at the underground 
water level in this region, especially in the last decade period, there is a decrease resulting 
from the drought that result of the global climate change and excess water use. 

 

Cross-Corelation 

A cross-correlation analysis was performed between KAMN, KAPN and KNYA time 
series (North, east, up) and water level changes obtained from Karaman-Center-Akçaşehir, 
Karaman-Center-Eminler, Karaman-Center-Kocahüyük, Karaman-Center-Sudurağı, 
Konya-Karapınar-Gülfet, Konya-Selçuklu-Center wells, which are close to these stations 
and where the underground water level is greatly decreased. Results of the cross-
correlation analysis are given in Table 4 and Figure 6 (four of them). As a result of cross-
correlation analysis between KAMN up coordinates and Karaman-Center-Akçaşehir 
underground water levels, correlation is maximum (rcross=0.77) for lag=0. In addition, the 
correlation between the variables is negative and the correlation for the first 13 lag is 
significant. Similar results were obtained as a result of the cross correlation analysis 
between the east coordinates of the same station and the same well (the maximum 
correlation is -0.79 for lag=0). Correlation between up coordinates of the same station and 
same well is positive, correlation is significant for first 13 lag, the maximum correlation is 
0.74 for lag=0. 

 

 
Figure 6. Some of cross-correlation analysis results. 

 

As can be seen in Table 4,  while there is a negative correlation between north and east 
coordinates of GNSS stations and well data, there is a positive correlation between up 
coordinates of GNSS stations and well data. In this case we can say that the decrease in 
underground water levels effect horizontal positions of GNSS stations in positive 
directions; however, the decrease in underground water levels effect vertical position of 
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GNSS stations in negative direction. In addition, it is determined that correlation is high 
between KAMN station coordinates and Karaman-Center-Akçaşehir/Karaman-center-
Sudurağı.  Correlation between KAMN station coordinates and Karaman-Center-
Kocahüyük is low (mean=0.5). Correlation between KAPN and Konya-Karapınar-Gülfet is 
0.7. Correlation between KNYA station and Konya-Selçuklu-Center is insignificant.     
Correlation between KAMN station coordinates  and Karaman-Center-Sudurağı data 
(rcross=0.99) is very high (Table 4). Also, lag values are high for data that have high 
correlation. Since the data are monthly, there is a correlation for approximately one year of 
data for the first 13 lag. 

 

Table 4. Results of cross-correlation analysis between GNSS stations and underground 
water level data obtained from wells closed stations. 

GNSS station Coordinate 
component 

Name of well Lag/ Maximum 
correlation/direction 

Lag value of 
significant 
correlation 

KAMN North Karaman-Center-Akçaşehir 0/-0.77/negative First 13  
 East Karaman-Center-Akçaşehir 0/-0.79/negative First 13 
 Up Karaman-Center-Akçaşehir 0/0.74/positive First 15 
 North Karaman-Center-Eminler 0/-0.56/negative First 5 
 East Karaman-Center-Eminler 0/-0.58/negative First 5 
 Up Karaman-Center-Eminler 0/0.53/positive First 4 
 North Karaman-Center-Kocahüyük 0/-0.48/negative First 5 
 East Karaman-Center-Kocahüyük 0/-0.48/negative First 5 
 Up Karaman-Center-Kocahüyük 0/0.49/positive First 5 
 North Karaman-Center-Sudurağı 0/-0.99/negative First 16, 30-50  
 East Karaman-Center-Sudurağı 0/-0.99/negative First 16, 33-50  
 Up Karaman-Center-Sudurağı 0/0.98/positive First 14, 31-50  
KAPN North Konya-Karapınar-Gülfet 0/-0.73/negative First 11,  
 East Konya-Karapınar-Gülfet 0/-0.67/negative First 10 
 Up Konya-Karapınar-Gülfet 0/0.68/positive First 11 
KNYA North Konya-Selçuklu-Center nsignificant  
 East Konya-Selçuklu-Center nsignificant  
 Up Konya-Selçuklu-Center insignificant  
 

 RESULTS 

Tho following results have been obtained for the analysis of time series of North, East, and 
Up coordinates of stationary GNSS stations and time series of underground water levels. 

• In horizontal, GNSS stations in Konya Closed Basin have linear movements in 
northeast direction (ITRF08 fixed) and annual mean movement or velocity of these 
stations is 18.88 mm. Moreover, while vertical movements of ANKR, KLUU, and 
NIGD stations are in up direction and mean annual movement is 0.56 mm, other 
stations have movements in down direction. Annual vertical movement of KNY1 
stations that has 560-day data is 70.96 mm in down (-) direction and this is the highest 
value of vertical movements of stations in this region. 

• As in the trend analysis of GNSS stations, trend analysis was performed for 19 well 
observations. As a result of the analysis, it is obtained that 19 stations have linear 
movements in down direction and mean =-39.22 cm/year. It is seen that the annual 
change in KONYA-SELÇUKLU-MEYDAN, KARAMAN-AYRANCI–
HUYUKBURUN, and KARAMAN-MERKEZ–SUDURAĞI wells according to the 
well data is over 1 m. However, the linear function of KONYA-KULU and KONYA-
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SEYDİŞEHİR well data shows insignificant linear change at 95% confidence level. A 
linear increase (69.72 cm/year) was detected in the KONYA-BEYSEHİR-
DOĞANBEY well data. The majority of the water level changes of the wells in this 
region has statistically significant decrease, and it is in meter level in some wells. It 
can be stated that linear decrease that is -70.96 mm/year in up coordinates, which have 
560 days (quite little time), of KNY1 GNSS stations is generally caused by the 
decrease in underground water level in this region. 

• A cross-correlation analysis was performed between KAMN, KAPN and KNYA time 
series (North, east, up) and water level changes obtained from Karaman-Center-
Akçaşehir, Karaman-Center-Eminler, Karaman-Center-Kocahüyük, Karaman-Center-
Sudurağı, Konya-Karapınar-Gülfet, Konya-Selçuklu-Center wells, which are close to 
these stations and where the underground water level is greatly decreased. While there 
is a negative correlation between north and east coordinates of GNSS stations and well 
data, there is a positive correlation between up coordinates of GNSS stations and well 
data. In this case we can say that the decrease in underground water levels effect 
horizontal positions of GNSS stations is in positive directions; however, the decrease 
in underground water levels effect vertical position of GNSS stations is in negative 
direction. 
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ABSTRACT 

Global Positioning system (GPS) is designed to serve both civilian and military 
applications. However, the GPS performance suffers from several errors, such as 
ionosphere delay, troposphere delay, ephemeris error, and receiver noise and multipath 
errors. Among these errors, the multipath is one of the most unpredictable error sources in 
high-accuracy navigation. In this study analysed the multipath characteristics of each 
station using a quality-checking software package called TEQC. In addition, this paper 
applies a band pass filter to reduce code multipath errors in GPS. 

 

INTRODUCTION 

In recent years GPS has become a useful tool for applications such as navigation, tracking 
and mapping and in many such applications it is now considered to be indispensable. A 
satellite navigation system positioning device functions by measuring the time taken to 
receive signals from various satellites. From these measurements the distance from each 
satellite to the device is calculated and hence the location of the device is determined. 
However, depending on the location of the device, there may be obstacles which cause 
unwanted reflections of the satellite signals. For example, signals can reflect off a building. 
This means that the device will receive reflected signals that have not come directly from 
the satellite. Such reflected signals cause errors in the position calculation of the device. 
An incorrect location may be calculated, for example because the reflected signal taking 
longer to arrive at the device than the direct signal is interpreted as a direct signal from a 
device location further from the satellite than the true location. It is also possible that 
signals are disregarded, resulting in no location at all being shown. This phenomenon is 
known as multipath and the received signal comprising a direct and a reflected signal is 
known as a multipath signal. For most applications of satellite navigation systems, it is 
preferable for as accurate a location as possible to be output with as little interruption as 
possible. To achieve this it is necessary to detect and deal with multipath errors. Various 
methods have been used to attempt to deal with the multipath problem, such as code carrier 
divergence methods. These methods rely on monitoring differences between time delays 
and phase changes. However, they have not been very successful as the measure of 
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multipath is noisy and leads to ambiguity and false alarms. It is difficult to distinguish 
multipath fading from changes in signal amplitude arising from other causes such as gain 
in the receiver and fading through the atmosphere and therefore it is difficult to accurately 
correct for the fading. Because the method of the present invention determines if a signal is 
a multipath signal by monitoring for a characteristic change in a fading frequency of the 
signal over time to determine if the first signal is a multipath signal, the method is sensitive 
and stable and detects persistent reflected signals that would cause a systematic error in a 
positioning solution. (Axelrad 1994), (Hannah 1998), (Parkinson 1996), (Hoffmann 2000), 
(Rabbany 2006), (Sleewaegen 1997). The two techniques of mitigating multipath by choke 
ring antenna and by signal processing are two complimentary techniques and one cannot 
substitute for the other. Choke ring antenna can mitigate multipath signals reflected from 
objects below the antenna. It has no effect on multipath signals reflected to the antenna 
from objects above the antenna (e.g. tall buildings or trees). Signal processing techniques 
to mitigate the effect of multipath have little effect when the multipath distance (the 
difference in distance between the direct signal and the reflected signal) is less than few 
meters, irrespective of whether the reflected signal comes from objects above or below the 
antenna. Fortunately most of the reflected signals from objects above the antenna (that 
cannot be mitigated by choke ring) have multipath distances of more than several meters 
which can be mitigated by signal processing techniques  (Deng 2013), (Hoffmann 2000), 
(Li 2015), (Parkinson 1996), (Qi 2012), (Rabbany 2006), (Young 2012). 

Signal processing techniques have also previously been developed for reducing the effect 
of multipath errors on the tracking loops. These techniques include methods that apply 
temporal filtering of the multipath errors, multipath correction from site calibration or 
correlation shape correction using multiple digital correlators. While many of these 
methods have proven successful in reducing the effect of multipath on the code tracking 
loops, temporal filtering and multi-correlator signal processing have no effect on the 
multipath carrier phase errors(Hannah 1998), (Mora Castro 1998), (Parkinson 1996). The 
band pass filter design described in this paper minimizes the multipath effect on the code 
tracking loops within the GPS receiver. 

 

BAND PASS FILTER 

A band pass filter can be implemented in any one of several technologies. Passive 
analogue filters utilize resistors, capacitors, and inductors to achieve the desired frequency 
response. Active filters add one or more operational amplifiers to prevent a signal from 
becoming too attenuated by the passive components and to exaggerate or to minimize a 
particular response by controlled feedback. A bandpass filter has symmetric characteristics 
when transmission zeros are symmetrically disposed about a centre frequency of a filter's 
usable bandwidth. In contrast, a bandpass filter has asymmetric characteristics when 
transmission zeros are placed asymmetrically about the filter's pass band. The latter is 
useful for satisfying desired out-of-band amplitude and/or in-band group delay asymmetric 
specifications. Band pass filters are often second-order or biquadratic. The bandwidth of 
such filters is directly the coefficient of the first-order term in the denominator polynomial 
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of the second-order filter transfer function. Band pass filters operating at microwave 
frequencies generally use coupled resonant cavities, made of waveguide sections provided 
with appropriate coupling irises. The interior volume of the cavities depends on the 
operating wavelength and it increases as the desired resonance frequency decreases. In the 
band pass filter constituted by many resonators, types of filter characteristics to be realized 
are determined by a value given to each coupling between the resonators. The bandwidth 
of a filter can be described by its quality factor (Q) and its centre frequency 
.omega...Sub.0. Q is a measure of the sharpness of the peak of the bandwidth response 
function. Another measure of the filter performance is the noise figure, which is the signal 
to noise ratio of the applied input to the signal to noise ratio at the output. It is desirable 
that the noise figure be low to preserve dynamic range. Changing the characteristics of a 
band pass filter involves altering the electrical and/or magnetic characteristics. Both band 
pass Q and insertion loss depend to some extent on the electrical length L of a resonant 
cavity, and band pass Q depends on the characteristics of dielectric substances present in 
the cavity. In microwave band pass filters, the frequency band of the signal of the filter is a 
function of the resonant frequency of resonators that are incorporated within the filter and 
respective coupling coefficients between each of these resonators. In order to achieve a 
specific precise bandwidth, the resonators are longitudinally spaced in a sequential manner 
(Deng 2013), (Li 2015), (Lyons 2004), (Qi 2012), (Scharf 1991), (Weng 2012), (Young 
2012), (Zhang 2013) [URL 1]. 

 

ANALYSIS TOOLS 

TEQC 

TEQC was designed and developed and is maintained by the University Navstar 
Consortium (UNAVCO) Facility. The program is named after its three main functions: 
Translation, Editing and Quality Checking (Estey and Meertens 1999). With TEQC, one 
can extract a variety of information from a RINEX file. Some of the information we get 
are: the receiver clock slips, receiver cycle clips, site multipath, satellite elevation and 
azimuth angle, receiver clock drift, and receiver signal-to-noise ratios. A key parameter in 
describing the signal quality in radio transmission applications is the signal-to-noise power 
S/N ratio, measured at the output of the receiver system. Actually, the quality of the signal 
(the accuracy of the data) is better, the higher the S/N, where the S/N, is a function of the 
carrier-to-noise ratio C/N, measured at the input to the receiver system. The multipath and 
SNR report files are especially important for the assessment of site-specific (environmental 
and instrumental) errors. Using linear combinations of pseudorange and carrier phase 
observations. TEQC can also compute pseudorange multipath, ionospheric phase effects, 
and the rate of change of the ionospheric delay. The program is designed to call external 
MATLAB functions, for example, for fast Fourier transform (FFT) computations, 
bandpass filtering and geographic plotting. In this study, closely investigating the most 
severely affected sites, both by examining photographs and by analyzing multipath 
variations with respect to elevation angle and azimuth, has helped lead to a better 
understanding of the kinds of factors contributing to pseudorange multipath at a site. My 
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main tool for calculating the variation of the L1 and L2 pseudorange multipath at each site 
was the TEQC software. It computes the MP1 and MP2 linear combinations using both 
pseudorange and carrier phase data to eliminate the effects  

of station clocks, satellite clocks, tropospheric delay, and ionospheric delay (Estey 1999), 
(Hilla 2003), (Hilla 2002), (Hoffmann 2000), (Ogaja 2007).  
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In Eqs. (1) and (2) P1 and P2 represent the dual-frequency pseudorange observations, L1 
and L2 represent the dual-frequency carrier phase observations, and m1 and m2 represent 
the dual-frequency carrier phase multipath. The MP1 and MP2 quantities vary in time 
mostly due to Mi and Bi, where Mi is the pseudorange multipath for frequency i =1, 2 and 
Bi is a bias related to the L1 and L2 integer carrier phase ambiguities, n1 and n2. TEQC 
carefully monitors cycle slips and their effect on the bias terms Bi



. In practice, the constant 
part of MP1 anf MP2 is removed so what TEQC actually reports is the root mean square 
(RMS) variation of MP1 and MP2 for each satellite, as well as a mean RMS for all 
satellites. In MP1 and MP2, there remains the effects of pseudorange noise ( 50 cm), 
carrier phase multipath ( 7 cm), and carrier phase noise ( 2 mm) but these are much 
smaller in size compared to the pseudorange multipath (which can be as large as 10 to 15 
m at low elevation angles) (Estey 1999), (Hilla 2002), (Hoffmann 2000), (Ogaja 2007), 
(Leland 2005), (Scharf 1991). 

 

MATERIAL AND METHODS 

Two experiments are designed to show the multipath effect of an increasing relative 
distance on a forest canopy as well as quantifying the magnitude of multipath effect. These 
two experiments were performed in the Samandıra area of Istanbul, Turkey, see Figure 1. 
The GPS (static) measurements were taken (30 July 2003 – Day of year (DOY) 211) 
before and after the forest was cut off (16 September 2003– DOY 259), see Figure 2. To 
study signal multipath and diffraction effects on static GPS baselines due to forest, three 
stations (P1, P2 and P3) were located at the distances of 0 m, 5 m and 10 m from the forest 
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environment including 8-10 m tall pine trees, see Figure 2a. P1 was the starting point and 
the second point P2 was located about 5 m and the third one P3 was located about 10 m 
away from the starting point and those three stations were observed by using GPS method. 
In the first step of this study, GPS measurements were carried out both before and after the 
trees were cut off (Pirti 2008), (Pirti 2005).  

 
 
 
 
 
 

 
 

 
 
 
 

Figure 2. The three points in the project area (near the forest) a. on DOY 211 (with forest) 
and b. on DOY 259 (without forest) (Pirti 2008) 

 
The data were recorded at three stations by static GPS measurements 6 hours for both days. 
Three Ashtech Z Surveyor receivers and Ashtech geodetic antennas were used for the 
static GPS measurements. Because every site has the same kind of receiver, we can 
objectively evaluate the data quality based on the multipath indices (MP1 and MP2). The 
reason is because values of MP1 and MP2 are dependent on the receiver and the receiver 
firmware. In addition, those sites equipped with the same kind of antenna should be 
equally affected by phase centre variations are dependent on the antenna type. The 
coordinates of the three points were determined in two GPS sessions (with forest and 
without forest) with 5 second intervals; elevation cut-off angles for two days were 15 
degrees (Pirti 2008), (Pirti 2005).  

 

RESULTS 

As explained above, three GPS antennas at these three stations are located near the forest 
environment. Hence, it is important to detect and separate high-frequency multipath from 
the GPS receiver noise and other patterns in the GPS time series. This is due to the fact that 
high frequency oscillations in the time series can be caused by a variety of other factors 
such as forest and antenna pole movements. Here, we use TEQC-generated L1 and L2 
pseudo range multipath to supplement the analysis and add further confidence to the 
results. The results of this study are described here in this section. The section will discuss 
the pseudo range multipath indices MP1 and MP2 (Estey 1999), (Ogaja 2007), (Mora 
Castro 1998), (Scharf 1991).  
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ANALYSIS OF GPS MEASUREMENTS ON 30 JULY 2003 AND ON 16 
SEPTEMBER 2003 

POINT 1 (P1-(30 JULY 2003)) 

Figure 3a is the L1 multipath traces for P1 showing the satellite specific pattern on 30 July 
2003. The impact of the trees on the signal quality during this period is clearly seen from 
Figure 3a. These plots (Figure 3a and 4a) were created using the epoch-by-epoch multipath 
variations found in the *.mp1 and *.mp2 plot files output by TEQC. Generally this is not 
well behaved site, the maximum value of the L1 and L2 pseudo range multipath being 
about 5 m.  For a general analysis, it was calculated the average values of MP1 and MP2 
RMS of the point P1 on 30 July 2003 are 0.433 m and 0.547 m respectively (Figures 3a 
and 4a). 

 

 

 

 

 

 

 

 

Figure 3. L1 multipath at point (P1) on 30 July 2003 (a) satellite specific patterns), traces 
of -0.055 Hz (bandpass filtered) multipath (b) 

 

Figure 4a is the L2 multipath traces for P1 showing the satellite specific pattern on 30 July 
2003. The impact of the tree on the signal quality during this period is clearly seen from 
Figures 4a. As shown the average values of MP1 and MP2 RMS values on 30 July 2003, 
the forest environment tends to be much more affected in MP1 than in MP2 for P1 on this 
day in this study. The low and medium elevation of the satellites generally affected much 
more MP1 values than MP2 RMS values in the multipath environment. The multipath 
noise patterns are well correlated with the satellite elevation data (low elevation satellites 
have noisier multipath signals compared to high elevation angles). Bandpass filter is 
applied to the multipath time series in order to extract multipath at the frequency of 
interest. Figures 3b and 4b show the traces of L1 and L2 multipath as extracted from the 
original time series using a second order Butterworth bandpass filter (lower and upper cut-
off frequencies set at 0.05 Hz and 0.06 Hz, respectively). 

 
 

(a) 

 

(b) 
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Figure 4. L2 multipath at point (P1) on 30 July 2003 (a) satellite specific patterns), traces 
of -0.055 Hz (bandpass filtered) multipath (b) 

 

POINT 2 (P2-(30 JULY 2003)) 

Band pass filter is applied to the multipath time series in order to extract multipath at the 
frequency of interest. Figures 5b and 6b show the traces of L1 and L2 multipath as 
extracted from the original time series using a second order Butterworth bandpass filter 
(lower and upper cut-off frequencies set at 0.05 Hz and 0.06 Hz, respectively). 

Figures 5a and 6a are the L1 and L2 multipath traces for P2 showing the satellite specific 
pattern on 30 July 2003, respectively. For a general analysis, it was calculated the average 
values of MP1 and MP2 RMS of the point P2 on 30 July 2003 are 0.837 m and 0.894 m 
respectively. The impact of the trees on the signal quality during this period is clearly seen 
from Figures 5a. As shown the average values of MP1 and MP2 RMS values on 30 July 
2003, the forest environment tends to be much more affected in MP2 than in MP1 for P2 
on this day in this study. 

Figure 5. L1 multipath at point (P2) on 30 July 2003 (a) satellite specific patterns), (b) 
traces of -0.055 Hz (bandpass filtered) multipath  

 

 

 

(a) 

(a) (b) 

 

 

 

(b) 
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Figure 6. L2 multipath at point (P2) on 30 July 2003 (a) satellite specific patterns), traces 
of -0.055 Hz (bandpass filtered) multipath (b) 

 

POINT 3 (P3-(30 JULY 2003)) 

Figures 7a and 8a are the multipath traces for P3 showing the satellite specific pattern on 
30 July 2003. For a general analysis, it was calculated the average values of MP1 and MP2 
RMS of the point P3 on 30 July 2003 are 0.674 m and 0.674 m respectively.  

 
Figure 7. L1 multipath at point (P3) on 30 July 2003 (a) satellite specific patterns), traces 
of -0.055 Hz (bandpass filtered) multipath (b) 
 

 
Figure 8. L2 multipath at point (P3) on 30 July 2003 (a) satellite specific patterns), traces 
of -0.055 Hz (bandpass filtered) multipath (b) 

(a) 

(b) (a) 

(b) (a) 

(b) 
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Band pass filter is applied to the multipath time series in order to extract multipath at the 
frequency of interest. Figures 5b and 6b show the traces of L1 and L2 multipath as 
extracted from the original time series using a second order Butterworth bandpass filter 
(lower and upper cut-off frequencies set at 0.05 Hz and 0.06 Hz, respectively). 

Figures 3, 4, 5, 6, 7 and 8 show the examples of the range of multipath errors that can be 
found in the three points on 30 July 2003. Looking closely at the photograph in Fig. 2 for 
points P1, P2 and P3 have been placed nearby the forest environment. Photographs 
obtained for this study clearly show how some sites can become problematic when GPS 
antennas are placed in close to the forest. Figure 2 shows that on the point (P2) close to the 
multipath environment, the effect of the multipath is greater than points P1 and P3. Figures 
5a and 6a clearly show that the severely affected GPS site in this study, Point 2 (P2). 
Figure 5a shows that P2 station; exhibit much larger MP1 and MP2 numbers than any 
other points.  

The plots of both the unfiltered and filtered multipath time series are shown in Figs. 3, 4, 5, 
6, 7 and 8 for the time span 08:00:00-14:14:10. The plot of filtered multipath for P2 on 30 
July 2003 (Fig. 5b) is especially important –it shows that the high-frequency multipath is 
strongest. This information can be related to the environment surrounding the GPS antenna 
on the ground. The multipath caused by satellites at P2 is of short wavelength/high 
frequency; hence it supports the argument that the obstructed environment is a distinct 
object, possibly located near the forest.  

 

CONCLUSION 

The bandpass filter technique for minimizing or eliminating the effect of multipath signals 
in a receiver processing pseudorandom (PRN) code signals, such as in a global positioning 
system (GPS) receiver. The presence of multipath signals adversely affects both code 
measurements and carrier phase measurements of received PRN signals. One aspect of the 
invention provides for improved code tracking in the presence of multipath signals, by 
applying the bandpass filter the received code with a multipath mitigation that reduces or 
eliminates the multipath effects. 
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ABSTRACT 

Landslides are one of the most dangerous types of natural disasters. In last decades, the 
Global Positioning System (GPS/GNSS) technology has shown that it is capable to monitor 
sub-centimeter landslide deformations. In this study, it is aimed to observe an active 
landslide area with the help of a micro-geodetic GPS/GNSS network and to determine 
statistically significant point deformations. In addition to this purpose, it is aimed to 
develop an optimum measurement and evaluation strategy for effective monitoring of 
active landslides by studying some parameters such as observation time, baseline lengths 
and altitude differences depending on the selected GPS/GNSS measurement technique. In 
this context, a micro-geodetic GPS/GNSS network was established after the geodetic 
network optimization. GPS/GNSS measurements were performed in three periods with 
static, rapid static and RTK methods. In the evolution of GPS/GNSS data, academic 
research software were used. The data obtained from the field were divided into subgroups 
and the effect of observation period, multipath effect, phase shift, atmospheric effects were 
investigated. As a result, it was determined that deformation occurred at some points of the 
landslide area. 

 

INTRODUCTION 

Global Positioning System/Global Navigation Satellite System (GPS/GNSS) has become 
an alternative to conventional methods such as terrestrial surveys and geometric levelling 
(Gili et al., 2000).  Today GPS/GNSS systems are widely used to monitor crustal 
movements. Continuous GPS methods have also been established for this purpose, i.e. 
International GNSS Service (IGS) (Mao et al., 1999; AmiriSimkooei et al., 2007).  

There are two approaches for monitoring landslides using GPS/GNSS: campaign type of 
observations and continuous monitoring. Both approaches require site or station 
establishment on solid grounds to determine movement. As an example of monitoring the 
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landslides with campaign GPS/GNSS measurements, it can be shown in Gili et al. (2000) 
and Moss et al. (1999). Particularly in the campaign measurement approach, it is desirable 
that the measurements carried out in each period are of equal accuracy. Various 
measurement methods are applied in determining position by GPS/GNSS and static, rapid 
static, real time kinematic GPS/GNSS and Continuously Operating Reference Station 
(CORS) are frequently used in this area (Stewart and Rizos, 2002; Featherstone et al., 
1998). 

Static GPS/GNSS observations have become a tradition to solve the great crustal 
movements. But recently, scientist are working on real-time observations and increasing 
the quality of rapid static GPS based on constantly working reference stations (Akarsu et 
al. 2015; Crowell et al., 2012; Hastaoglu and Sanli, 2011; Wang and Soler, 2012).  The 
duration of the rapid static method is much longer than the RTK method. This time varies 
from 1 to 30 minutes. Rapid static is shorter than the static method because the technique 
utilizes algorithms that provide fast ambiguity resolution using some statistics (Frei, E., 
and Beulter, G. 1990). The accuracy in cm level is obtained from rapid static and RTK 
observations. However, due to long observation period, the static positioning provides the 
most precise results (Table 1). 8-24 hourly observation is carried out with this method. 
This method yields a 2-4 mm accuracy in the horizontal component and 7-13 mm for the 
vertical component. The shorter observation period, the lower accuracy. (Hastaoglu and 
Sanli, 2011; Eckle et al. 2001).  

According to Sanli and Kurumahmut (2008), the accuracy of GPS/GNSS position varies 
according to the duration of the session for large height differences. It is useful to know the 
accuracy, because in many engineering applications involving large height differences 
such as bridges, high buildings, landslides and dams, campaign GPS is still required when 
economy is concerned (Brunner 2005, Lovse et al. 1995, Schon 2007).  

In this study, it is aimed to observe active landslide area with the aid of established micro-
geodetic GPS / GNSS network and to determine statistically significant point 
deformations. In addition to this purpose, it is designed to develop an optimum 
measurement and evaluation strategy for monitoring a case study of active landslide by 
examining certain parameters such as observation time. 

 

Table 1. Main characteristics of RTK and FS GPS methods compared with static method. 
(Gili et al., 2000) 

Method Observed time Post-process Baselines Typical baseline 
planimetric error 

Static One to several hours Yes 50-100 km 5-1 mm + 1-0.1 
ppm 

Rapid Static 8-20 min Yes 15-20 km 5 mm + 1 ppm 

RTK 1-10 s No 10 km 10 mm + 2 ppm 

 

STUDY AREA 
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As a study area, Şevketiye landslide (Figure 1) was selected in Lapseki province of 
Çanakkale (Figure 2). 

 
Figure 1. Sevketiye landslide. 

 

 
Figure 2. Sevketiye region. 

 

The city of Çanakkale, located in the northwestern part of Turkey known as Biga Peninsula 
is tectonically a very active region and comprises a mosaic of various kinds of 
metamorphic, igneous, and sedimentary rocks (Figure 3). For the years 1981–2016, the 
average rainfall was measured to be 616,1 mm/year (MGM 2017) (see Figure 4). In 
addition to intense rainfall, the study area is prone to moderate-to-high magnitude 
earthquakes. Both earthquakes and rainfalls trigger landslides in the region (Coşkun, N. et 
al. 2016).  
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Figure 3. Geological map of the Biga Peninsula (adapted from MTA 2002). 

 

 
Figure 4.  Annual precipitation rates for Çanakkale between 1981 and 2016. 

 

METHOD 

In this study, the evaluation of the established geodetic network was carried out by free 
network adjustment which all network point coordinates have been selected as unknown.  
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𝑉∆ = 𝐴∆𝑥 − ℓ∆         𝑃∆ = 𝐾∆−1                                        (1) 
 
𝑉∆𝑇𝑃∆𝑉∆ + 𝑥𝑇𝑥 = 𝑚𝑖𝑛.          (2) 
 

The number of points in the network is p and G matrix: 

 

𝐺𝑇 =   

⎣
⎢
⎢
⎢
⎡
1
√𝑃

0 0

0 1
√𝑃

0

0 0 1
√𝑃 

  

1
√𝑃

0 0

0 1
√𝑃

0

0 0 1
√𝑃

  

1
√𝑃

0 0

0 1
√𝑃

0

0 0 1
√𝑃

      ⋯     

1
√𝑃

0 0

0 1
√𝑃

0

0 0 1
√𝑃⎦
⎥
⎥
⎥
⎤
     (3) 

 
Normal equations are obtained by minimizing the Lagrange Function and normal 
equations;  

 

� 𝑁 𝐺
𝐺𝑇 0� �

𝑥
𝑘� − �𝑛0� = �00�                    (4) 

 
As a result of solving the normal equations, unknown parameters, corrections, adjusted 
measures and their variance-covariance matrices are obtained. The inverse weight matrix 
of the unknown; 

 
𝑄𝑥𝑥 = 𝑁+ = (𝑁 + 𝐺𝐺𝑇)−1 − 𝐺𝐺𝑇          (𝐺𝐺𝑇 = 𝐼 )     (5) 
 
𝑥 = 𝑄𝑥𝑥𝑛                      (6) 
      
𝑋 = 𝑋0 + 𝑥                  (7) 
 
𝑉∆ = 𝐴∆𝑥 − ℓ∆                 (8) 
 

𝑚0 = ±� 𝑉∆
𝑇𝑃∆𝑉∆

𝑛∆−𝑢∆+𝑑∆
                 (9) 

 
𝐾𝑥 = 𝑚0

2𝑄𝑥𝑥                                   (10) 
 
𝑄ℓ� = 𝐴∆𝑄𝑥𝐴∆𝑇                       (11) 
  
𝐾∆ = 𝑚0

2𝑄∆                           (12) 
 
𝑄𝑣 = 𝑄ℓ − 𝑄ℓ�                                           (13) 
 

Where, x is the unknown parameters; X, adjusted coordinates of points;𝑉∆, corrections; 𝑚0, 
average error of unit measurement; 𝐾𝑥, variance-covariance matrix of adjusted 
coordinates; 𝑄ℓ�, variance-covariance matrix of adjusted measurements;  𝐾∆, average errors 
of adjusted measurements; 𝑄𝑣, covariance matrix of corrections and p is the number of 
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points;𝑛∆, number of coordinates (coordinate differences); 𝑢∆, the number of unknown 
coordinates and 𝑑∆ is the number of datum parameters. In three-dimensional geodetic 
networks, the number of datum parameters (d∆

 

) equal to 3 and corresponds to the 
displacement elements (Kurt, O., 2001). 

Bardaa’s Test Method 

In Baarda method, the global test is applied first. In this way, it is decided whether the 
established mathematical model is correct or not. For this, a priori and a posteriori variance 
(𝑠02) are compared. If the test value, 

 
𝑇 = 𝑠02

𝜎02
>  𝐹𝑓,∞,1−𝛼 , 

 
then it is assumed to be an error in the model. It is believed that this error originates from a 
gross error of some measure and the research begins with the test described below. 

Various test methods have been developed to detect gross error. The difference among 
these methods is designed on the use of different variances for the standardization of 
corrections. In this study, we utilized the Baarda’s data snooping method which is using a 
priori variance (𝜎02). Standardized normal distribution test value: 
 
𝑉𝑖,𝐵 = |𝑉𝑖|/𝜎0�𝑄𝑣𝑖𝑣𝑖        ~      N (0,1) 
 
Baarda’s method assumes that the all measurements are suspicious. If 𝑉𝑚𝑎𝑥 =
max (𝑉𝑖; 1,2, … ,𝑛) is greater than confidence level 𝑉𝑚𝑎𝑥,𝐵 > 𝑢1−𝛼0/2  then it is decided 
that measurement with the highest standardized correction is outlier. u confidence 
limit/level is considered from the distribution charts or is calculated from significance level 
(𝛼0) and degree of freedom (f) . If we determine the source of the error, the related 
observation is omitted and re-measured. Otherwise it is excluded from the bulk of data. 
Using remain the observations, Baarda’s test will be continued until no outlier in the data 
(Demirel, H. 2003). 

 
RESULTS  

This paper evaluates the appropriate GPS technique for monitoring the landslide behaviors. 
We established a geodetic GPS/GNSS network with nineteen points and carried out 
campaign type of observations. Academic software was used to evaluate GPS/GNSS data. 
In addition to academic GPS / GNSS data Bernese v. 5.0 (Dach et al., 2007) software, 
Matlab software was used for all mathematical operation. Sensitive orbital information is 
obtained from International GPS Service (IGS) in SP3 (Standard Product 3) format, 
SOPAC (Scripps Orbit and Permanent Array Center). Each campaign is evaluated 
according to ITRF2008. 16 stations from the IGS global monitoring network were included 
in the evaluation. These stations are ANKR, ARTU, BOR1, BRUS, BUCU, GRAS, 
GRAZ, IRKT, ISTA, JOZE, KIT3, KOSG, MADR, MATE, METS, NICO, NSSP, NYAL, 
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ONSA, ORID, SOFI, TRAB, TUBI. After the process, horizontal and vertical velocity 
fields (Figure 5) were obtained. The points in the landslide zone indicate the fall movement 
especially in the east of the region. According to the Figure 5, the points at the east of the 
region are displaced in the northwest direction, and the points at the west are displaced in 
the northeast direction and values of the velocity components of the points are given in the 
Table 2. 
 
Table 2. Site velocity vectors. 

 Site Velocity Vectors (cm/year) 

Site ID V- 
north 

V- 
east 

V- 
up 

SV01 -1.26 -0.96 -7.16 
SV02 -2.04 -1.92 -6.57 
SV03 2.30 -2.24 -2.94 
SV04 8.60 -0.82 -3.44 
SV05 2.70 -4.09 -1.55 
SV06 -6.56 6.00 -12.89 
SV07 2.16 2.90 -5.88 
SV08 6.26 4.32 -5.19 
SV09 4.66 -1.95 -3.84 
SV10 7.58 -7.83 -1.49 
SV11 2.26 2.80 -1.00 
SV12 -2.73 2.05 -1.77 
SV13 -1.26 -4.07 -4.88 
SV14 -9.94 -2.30 -6.16 
SV15 3.38 -10.33 -2.78 
SV16 1.16 5.00 -10.32 
SV17 -5.21 -2.49 -6.86 
SV18 -3.43 -2.03 -6.15 
SV19 -7.85 4.82 -0.60 

 

 
Figure 5.  Horizontal and vertical velocity fields of the micro deformation network during 
the working period. 
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CONCLUSIONS 

Within the scope of GPS / GNSS monitoring studies, the points in the landslide zones give 
similar geometric responses to the impact loads. Horizontal and vertical speeds tend to be 
similar, but they appear in different sizes. Landscape horizontal mass movements in the 
Landscape of Sevketiye, which is in the immediate vicinity of the highway, are usually 
formed in a vertical direction to the highway. 
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ABSTRACT 
Applications in geodesy and engineering surveying require the determination of the 
heights of the vertical control points in the national and local networks using different 
techniques. These techniques can be classified as geometric, trigonometric, barometric 
and Global Positioning System (GPS) levelling. The purpose of this study is to analyse 
height differences obtained from these three of these four techniques using precise digital 
level and digital level (geometric levelling), total station (trigonometric levelling) and GPS 
which collects phase and code observations (GPS levelling). The accuracies of these 
methods are analysed. The results obtained show that the geometric levelling is more 
stable and reliable than the other two methods. The results of the three levelling methods 
agree with each other within a few millimetres. 

 

INTRODUCTION 

Levelling is the general term applied to any process by which elevations of points or 
differences in elevation are determined. It is a vital operation in producing the necessary 
data for mapping, engineering design and construction. Differences in elevation have 
traditionally been determined by digital levelling, trigonometric levelling, barometric 
levelling and GPS levelling. Vertical control surveys are generally carried out by direct 
digital levelling or trigonometric levelling. The method selected depends primarily on the 
accuracy required, although the type of terrain over which the levelling is done is also a 
factor. Geometric levelling can produce the highest order of accuracy. In spite of the fact 
that trigonometric levelling produces a somewhat lower order of accuracy than digital 
levelling, the method is still suitable for many projects such as establishing vertical control 
for topographic mapping or for lower order construction setting-out. It is particularly 
convenient in hilly or mountainous terrain where large differences in elevations are 
encountered. Both methods are subject to systematic and random errors. The primary 
systematic errors include earth curvature, atmospheric refraction and calibration of the 
surveying tools. Barometric levelling serves to determine approximate differences of 
elevations. In surveying with the aid of a barometer; used especially for large areas. The 
Global Positioning System (GPS) can be used for low-order vertical control surveys. To 
get accurate elevations using this method, the geoidal undulations in the area must be 
known and applied. The ellipsoidal heights obtained from GPS cannot be used directly for 
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practical surveying. The ellipsoidal heights have to be transformed to orthometric heights, 
being the distance measured along the plumb line between the geoid and a point on the 
Earth’s surface and taken positive upward from the geoid. The difference between the 
ellipsoidal and the orthometric height is defined as the geoid height or geoid undulation. 
With the knowledge of the geoid (quasigeoid), it is possible to derive orthometric or 
normal heights from ellipsoidal heights. The most recent and advanced levelling approach 
is GPS levelling which is the combination of the GPS derived ellipsoidal heights and the 
geoid information in order to determine orthometric heights. The studies relating to the 
GPS technique need ellipsoidal heights with centimetre or sub-centimetre accuracy which 
are obtained from the GPS solution. This will only be possible with an interconnected 
network or reference stations (Ayan 2001), (Ceylan 2008), (Assuming the PDL data as 
error free for the time being and equal weight of all sections (all sections assumed to be 
250 m long), (Erol 2008). In this study, accuracy of the height determination techniques 
has been compared the twenty vertical control points were marked in the project area. In 
order to determine of height differences between these 20 points, three methods were used 
and analysed, namely, GPS levelling, reciprocal and simultaneous short range 
trigonometric levelling, and geometric (digital and precise digital levelling) levelling. The 
procedures and obtained results are explained in this paper.   

 

DIGITAL LEVELLING 

Recent advances in electronics now enable surveyors to perform digital levelling with an 
electronic (digital) level. The development of this type of level has become possible due to 
the advances in microchip technology and image processing. The attributes of self-
levelling instrumentation coupled with digital array photography and electronic image 
processing have generated a digital level, which is very much close to being truly 
automatic. The digital level processes an electronic image of a bar coded staff for the 
determination of heights and distances with automatic recording of the data for future 
processing on a computer. The digital level is an automatic level (with a pendulum 
compensator) capable of normal optical levelling with normal graduated staffs. The level 
can also be used with the bar coded staff and rod readings obtained digitally with output to 
a display on the instrument. The measuring system of the digital levelling consists of a 
level comprising optics and compensator, a bar code scale mostly on an invar band fixed 
into a rod frame, a CCD linear array and software controlling all operations, procedures 
and processes of the digital level (Anderson 1998), (Ingesand 1999), (Kahmen 2000), 
(Rüeger 2000), (Wolf 2002), (Woschitz 2002). 

 

PRECISE DIGITAL LEVELLING 

Precise digital levelling may be used in certain instances in construction such as in 
deformation monitoring, the provision of precise height control for large engineering 
projects like long-span bridges, dams and hydroelectric schemes and in mining subsidence 
measurements. Precise digital levelling staffs have an invar bar code kept under constant 
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tension on the face. Invar has a very low coefficient of expansion, and the staffs are 
calibrated to an exact length. They have scales graduated on invar strips, which are only 
slightly affected by temperature variations.  Precise digital level rods are equipped with rod 
levels to facilitate plumbing, and special braces aid in holding the rod steady. Cloudy 
weather is preferable for precise levelling, but an umbrella can be used on sunny days to 
shade the instrument and prevent uneven heating which causes the bubble to run. 
Automatic levels are not as susceptible to errors caused by differential heating. Precise 
work should not be attempted on windy days. For best results, short and approximately 
equal backsight and foresight distances are recommended. The maximum sight distances 
are (50 m, 60 m, 90 m) and allowable differences between backsight and foresight lengths 
(2-4 m, 5-10 m, 10-10 m) for first-second, and third-order levelling respectively. Rod 
persons can pace or count rail lengths or highway slab joints to set sight distances. Precise 
levelling demands good-quality turning points. Lines of sight should not pass closer than 
about 0.5 m from any surface, e.g., the ground, to minimise refraction. Readings at any set 
up must be completed in rapid succession; otherwise, changes in atmospheric conditions 
might significantly alter refraction characteristics between them (Assuming the PDL data 
as error free for the time being and equal weight of all sections (all sections assumed to be 
250 m long), the(Featherstone 1998), (Assuming the PDL data as error free for the time 
being and equal weight of all sections (all sections assumed to be 250 m long), (Federal 
Geodetic Control Committee 1984), Federal Geodetic Control Committee 1988). 

 

SHORT RANGE SIMULTANEOUS RECIPROCAL TRIGONOMETRIC 
LEVELLING 

Trigonometric levelling is the method of obtaining height differences using measured slope 
distances and zenith angles. The targets in trigonometric levelling can always be placed at 
the same height above the ground. Thus, the sighting distances are not limited by the 
inclination of the terrain and systematic errors, e.g. refraction, because the back and 
foresight lines pass through similar layers of air. By extending the sighting distances to a 
few hundred metres, the number of set-ups per kilometre is minimised. The accuracy of 
trigonometric levelling mostly depends on the earth’s curvature and refraction which 
directly affect the zenith angle and distance observations. Usually, the surveyor measures 
the reciprocal zenith angles and slope distances from both ends of the baseline. Besides, 
the surveyor should then use the mean value of the computed height difference in order to 
correct for earth curvature and refraction. However, this is not always practical and 
warranted. It should be remembered that in order to minimise the errors introduced by 
curvature and refraction, the distances between the instrument set-ups should be shorter 
than 250 m. The influence of the earth’s curvature and refraction is given by c&r = 0.0675 
K2

km/mm2≤

 metres, where K is the distance in kilometres. For 0.5 km the effect of c&r is 16.8 mm, 
for 0.2 km it is 2.7 mm, and so on (Anderson 1998). Figure 1 illustrates the short range 
trigonometric levelling with reciprocal and simultaneous measurement of zenith angles and 
slope distances. Field tests show that standard deviations of  are achievable, 
even along inclined terrain, at speed of 10 km/day when using sights no greater than 250 m 
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for the reciprocal method (Ceylan 2008), (Assuming the PDL data as error free for the time 
being and equal weight of all sections (all sections assumed to be 250 m long), 
(Chrzanowski 1985), . The electronic total stations were set up on the 20 marked points of 
the 5 km run. The instruments were set up on the marks and the heights of instrument (iA 
and iB) were measured three times from the centre of the telescope (horizontal axis) above 
the station mark in the field, see Figure 1. The height difference between two points, 
namely, A and B can be written as, 

                                              
        
        

      (1) 
 
    
where ABH∆  is the height difference between the terminals A and B, Δhij are the 
individual height differences, tA and tB

'
ABZ

 are the height of the target at A and B from ground 
to the total station. The observations have been made reciprocally and simultaneously 
between two points (Figure 1). The zenith angles (  and '

BAZ ) and slope distances (CAB, 
and CBA) were measured for the test scenario. The height difference between A and B 
points (ΔHAB

 

) are computed using the following section (Anderson 1998), (Ceylan 2008), 
(Kuntz 1986), (Wolf 2002). 

 
Figure 1. Model of the reciprocal and simultaneous short range trigonometric levelling 

 

GPS LEVELLING 

The geoid is defined as the gravity equipotential surface which best approximates mean sea 
level over the entire Earth. It has been defined as the datum for the orthometric height 
system. The irregular shape of the geoid, however, does not allow for an easy computation 
of the horizontal positions of points. Therefore, a reference surface of regular shape, 
usually a biaxial ellipsoid, is selected to best approximate the geoid either locally or 
globally. The geometric relationship between the geoid and the reference ellipsoid surface 
can be fully described by their separation and the slope of the geoid with respect to the 
reference ellipsoid. The former is known as the geoidal height (N), and the latter is known 
as the deviation of the vertical (θ). The deviation of the vertical is defined as the spatial 
angle between the ellipsoid normal and the actual gravity vector. In geodetic computations, 

 

∑ −+∆=∆
B

A
BAijAB tthH
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geoid parameters are needed for coordinate transformations and for reducing the actual 
surveying measurements made on the surface of the Earth to an appropriately chosen 
reference frame, for instance, the surface of a reference ellipsoid, or a projection plane, etc. 
There is a variety of methods for geoid modelling. (Ceylan 2008). Parameters describing 
the Earth’s gravity field are most often used to determine the general shape of the geoid 
over a large area. For the purpose of geodetic control in a small area covered by an 
engineering survey requiring high precision, however, local variations in the Earth’s 
gravity field must be considered. With a large number of monuments where both the GPS 
ellipsoidal heights and the orthometric heights from digital levelling have been observed, 
the geoidal heights at these points can be approximated by using the following simple 
relation 

 
N= h – H                                                      
        (2) 
 
where N is the geoidal height, h is the ellipsoidal height from GPS surveys, and H is the 
orthometric height from digital levelling (Zilkoski 1997), (Ayan 2001), (Erol 2008), 
(Featherstone 1998).  

 

THE UNITED STATES FEDERAL GEODETIC CONTROL SUBCOMMITTEE 
(US FGCS) ACCURACY STANDARDS 

The FGCS established accuracy standards and specifications for various orders of 
levelling. The (US) Federal Geodetic Control Subcommittee (FGCS) established accuracy 
standards and specifications for various orders of geometrical levelling. The FGCS 
recommends the following formula to compute the allowable misclosures (tolerances): 

TMisc K= ± m  mm,                 
         (3) 
 
where TMisc

 

 is the allowable loop or section misclosure, in millimetres; m is a constant; and 
K is the total length levelled in kilometres. For loops (circuits that begin and end on the 
same bench mark), K is the total perimeter distance. The FGCS specifies the constants (m) 
of 4 (first-order class I), 5 (first-order class II), 6 (second-order class I), 8 (second-order 
class II), and 12 mm (third-order) for five classes of levelling. It is important to point out 
that meeting the FGCS misclosure criterion alone does not guarantee that a certain order of 
accuracy has been met (Assuming the PDL data as error free for the time being and equal 
weight of all sections (all sections assumed to be 250 m long), the(Featherstone 1998), 
(Assuming the PDL data as error free for the time being and equal weight of all sections 
(all sections assumed to be 250 m long), (Federal Geodetic Control Committee 1984), 
(Federal Geodetic Control Committee 1988).   
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DESCRIPTION OF THE EXPERIMENT 

The experiment was conducted in the Samandira region of Istanbul, see Fig. 2. The GPS 
and terrestrial surveys (geometric and short range trigonometric levelling) were performed 
on a levelling route of about 5 kilometres length. In order to minimise the errors introduced 
by earth curvature and refraction, distances between the tests points had to be restricted to 
about 250 m. Figure 3 illustrates the distribution of the selected points in the project area. 
The digital levelling (both digital and precise digital levelling) was carried out in order to 
assess the accuracy of the short range trigonometric levelling and the GPS levelling (Telci 
2006). The height differences between the 20 points were determined by geometric 
levelling performed as double run levelling. The instrument used for the precise digital 
levelling was a Leica DNA 03 precise digital level, together with two bar coded invar 
staffs of three metres length and the staffs were stabilised with struts. The Leica DNA 03 
precise digital level provides rapid, accurate solutions for a wide range of levelling 
applications, from topographic and construction surveys to first-order levelling and 
monitoring. It provides 0.3 mm accuracy on a 1 km double run line with an invar staff and 
is ideal for first and second order levelling and high precision measurements. The levelling 
routine was performed double observance (BFFB, aBFFB) to increase the reliability of the 
measurement and to reduce possible errors caused by the staff sinking. Applying 
alternating observations procedures (aBFFB = BFFB FBBF) to eliminate horizontal tilt 
(residual error of the automatic compensator) (Assuming the PDL data as error free for the 
time being and equal weight of all sections (all sections assumed to be 250 m long), 
(Assuming the PDL data as error free for the time being and equal weight of all sections 
(all sections assumed to be 250 m long). The instrument used for the digital levelling was a 
Topcon DL 102 digital level (0.8 mm/km with fibre glass staff) and with the two bar-coded 
aluminium rods of five metres length. The levelling routine was performed observance 
(BFFB). Minimum ground clearance of 0.5 m required to refractionary influences of 
ground proximity. Limit target distance, ‹ 30 m. Levelling staffs with adjustable brace 
poles provide good stability. The staffs were stabilised with struts. Include equal 
backsights and foresights, maintaining a line of sight ›0.5 m above the ground and levelling 
the instrument to minimise any errors due to the obliquity of horizon problem. All these 
precautions were taken during the survey. Maximum allowable staff reading is 3 m. Four 
persons were performed in double run digital levelling. It took 6.5 hours on 5 km double 
run levelling. In the short range trigonometric levelling, the distances were measured by 
using two Nikon DTM 330 total stations with the (3 mm + 2 ppm) distance specification 
and 4.5’’ zenith angle accuracy. The zenith angles and slope distances were reciprocally 
and simultaneously measured by using the same instruments four times in two faces. The 
heights of instruments, prisms, and targets for all points were measured three times to 
obtain mm level accuracy, see Fig. 2. The instruments were only set up on the 20 mark 
points. The instrument uses dual-axis compensation, and electronic level sensors, and it 
applies collimation, vertical index, and trunnion axis corrections automatically. Auto dual-
axis compensation can ensure the accurate levelling of total station (Automatic dual-axis 
compensator with working range ± 3’ (± 55 mgon)). In the compensation range 3’, 
although the instrument is tilt, the horizontal and zenith angle can be measured precisely. 
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Figure 2. Project Area and GPS Network 
 
The GPS surveys were carried out in order to determine the ellipsoidal heights of the 20 
points along a levelling route (~ 5 km). The GPS measurements were taken with four 
Ashtech Z Max GPS receivers using the static method. The GPS data were recorded in 
seven sessions. These sessions were measured on 10 May 2006 between 8:00-18:30h 
(Local time). During this period, the satellite visibility varied between 6 and 9 satellites, 
and the PDOP values between 2.8 and 1.5. The GPS data were collected in 10 seconds 
epoch intervals. The station occupation time was ten hours and thirty minutes for the 
reference point (P1) and about sixty minutes for the remaining points. The reference station 
(P1) suffered no sky obstructions and was set up on Ortadag Hill which is the highest point 
in the project area, see Fig. 4. The GPS data processing and adjustment for the reference 
point (P1) was conducted using the Bernese Software 4.2. In the adjustment procedure, the 
ITRF 2000 coordinates of ISTA (IGS (International GPS Service) Station) were held fixed. 
The GPS data for the rest of the points were processed by the Ashtech Solutions 2.60 
Software using the reference point (P1) as fixed. The horizontal and vertical (height) 
positioning precision of the points is obtained, on average, as 1 mm and 5 mm, 
respectively. These results show that the GPS measurements are quite accurate and 
consistent (Telci 2006). 

 

COMPARISON OF HEIGHT DIFFERENCES FROM DIFFERENT METHODS 

In order to compare the results of the levelling methods, the height differences between the 
points were separately determined, as are shown in Table 1. In these tables, ΔHBack is 
backward levelling; ΔHFore is the forward levelling; ΔHMean is the mean of the backward 
and forward levelling; ΔHTrig is the height difference from reciprocal and simultaneous 
short range trigonometric levelling and ΔHGPS

 

 is the GPS levelling height differences 
between the points. Precision in levelling is increased by repeating measurements, making 
frequent ties to established benchmarks, using high-quality equipment, keeping it in good 
adjustment, and performing the measurements carefully. No matter how carefully the work 
is executed, however, errors will exist and will be evident in the form of misclosures. To 
determine whether or not work is acceptable, misclosures are compared with permissible 
values on the 
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Figure 3. The distribution of the test points in the project area 

 
Table 1.  Comparison of height differences obtained from different methods (Note: GPS  

data are corrected with the geoid undulations) (Telci 2006) 

ACCURACY ANALYSIS OF HEIGHT DETERMINATION TECHNIQUES 

This section covers the basics of the statistical theory used to determine the level of 
accuracy for a survey. The standard deviations and the differences between paired 
observations for precise digital levelling and ordinary digital levelling are illustrated in 
Table 2. The precise digital levelling measurements were processed for the 5 km double 
run levelling; the standard deviation of a single run measurement of 250 m is ± 0.25 
mm/km; the standard deviations of double run levelling of 1 km is ± 0.17 mm. The 
ordinary digital levelling measurements were being processed for about 5 km back and 
fore levelling range; the standard deviation of one measurement in 250 m is ± 1.20 
mm/km; the standard deviation of double run levelling in 1 km distance levelled is ± 0.85 
mm/km. The height differences determined by precise digital levelling were assumed as 
true values for the comparison of the height differences derived from digital, GPS and 
reciprocal and simultaneous short range trigonometric levelling method. In Table 2, the d 
values could be considered the corrections (residuals) of the DL, TL, and GPS (corr.) data 

 Precise Digital Levelling 
(Ordinary) Digital 

Levelling 
Trigonometric 

Levelling 
GPS 

Levelling 

 
ΔHBack 

ΔHFore ΔHMean 
ΔHBack 
ΔHFore ΔHMean ΔHTrig ΔhGPS 

ΣΔH 
-105.88519 
105.88706 

-105.88614 -105.8903 
105.8837 -105.8873 -105.878 

 
-105.882 

 Misclosure = ± 1.87 mm Misclosure = ± 6 mm   

TMisc = 4 K  = ± 9 mm 
(FGCS First Order Class I) 

TMisc = 6 K  = ± 13 mm 
(FGCS Second Order Class I) 
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to the PDL data taken a reference deviation of the differences between precise digital 
levelling value and digital levelling value. After that, we calculated the absolute t-value. 

 
Table 2. Accuracy analysis of two height determination methods (precise digital levelling 
with Leica DNA03 and (ordinary) digital levelling with TOPCON DL-102) and accuracy 
analysis and testing all height determination methods (Note: GPS data corrected with 
geoid), (Telci 2006) 

 

  
ΔH ΔHPL ΔHDL ΔhTL 

d
GPS [mm] 

PL-DL d
[mm] 

PL-TL d
[mm] 
PL-GPS 

1-2 -40.56827 -40.5695 -40.566 -40.565 1.23 -2.27 -3.27 
2-3 -17.79039 -17.7892 -17.788 -17.787 -1.19 -2.39 -3.39 
3-4 -18.65703 -18.6574 -18.658 -18.660 0.37 0.97 2.97 
4-5 -0.34028 -0.3403 -0.339 -0.344 0.02 -1.28 3.72 
5-6 -0.93113 -0.9311 -0.933 -0.939 -0.03 1.87 7.87 
6-7 -0.74409 -0.7447 -0.742 -0.741 0.61 -2.09 -3.09 
7-8 -1.12021 -1.1204 -1.120 -1.122 0.19 -0.21 1.79 
8-9 -1.5715 -1.5714 -1.573 -1.575 -0.1 1.5 3.5 

9-10 -3.82522 -3.8254 -3.822 -3.820 0.18 -3.22 -5.22 
10-11 -1.79897 -1.7994 -1.796 -1.795 0.43 -2.97 -3.97 
11-12 -13.39333 -13.3934 -13.391 -13.391 0.07 -2.33 -2.33 
12-13 -9.63998 -9.6397 -9.641 -9.642 -0.28 1.02 2.02 
13-14 -5.35411 -5.3538 -5.352 -5.347 -0.31 -2.11 -7.11 
14-15 2.77112 2.7711 2.768 2.767 0.02 3.12 4.12 
15-16 -1.42499 -1.4249 -1.425 -1.426 -0.09 0.01 1.01 
16-17 -0.17022 -0.1706 -0.170 -0.172 0.38 -0.22 1.78 
17-18 2.59111 2.5912 2.594 2.588 -0.09 -2.89 3.11 
18-19 4.36295 4.3632 4.361 4.369 -0.25 1.95 -6.05 
19-20 1.71840 1.7184 1.715 1.720 0 3.4 -1.6 

 -105.88614 -105.8873 -105.878 -105.882    
    ∑Pd2 14.43  = 362.22 1144.63 
   σ1KM  = ± 0.62 mm ± 3.09 mm ± 5.50 mm 
   σ5KM  = ± 1.38 mm ± 6.86 mm ± 12.21 mm 

 

Line 
Length  
 Weight 

Precise 
Digital  
Levelling 

(Ordinary) 
Digital 
Levelling 

 
K [km] 

P (1/km) 
(1 / K) 

d  
[mm] 

d 
 [mm] 

Σ= 
4.934 km ∑Pd2

2.31 
 = (mm2

54.09 
/km)  (mm2/km) 

Single run 1 km precision 
± 0.25 mm 
± 1.2 mm 

Double run 1 km precision 
± 0.17 mm 
± 0.85 mm 

Double run 5 km precision 
± 0.55 mm 
± 2.65 mm 
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CONCLUSION 

In this study, four different levelling methods are compared. Geometric levelling is usually 
accepted as being more accurate than the other methods. The discrepancy between 
geometric levelling and short range trigonometric levelling is at the level of 8 millimetres. 
The accuracy of the short range trigonometric levelling is due the reciprocal and 
simultaneous observations of the zenith angles and slope distances over relative short 
distances of 250 m. The difference between the ellipsoidal height differences obtained 
from the GPS levelling used without geoid and the orthometric height differences obtained 
from precise geometric levelling is 4 millimetres. The geoid model which is obtained from 
a fifth order polynomial fit of the project area is good enough in this study. The 
discrepancy between the precise geometric and GPS levelling (with geoid corrections) is 4 
millimetres over 5 km. This shows the necessity of an appropriate geoid model which for 
the study area. It was seen that the short range trigonometric levelling and the GPS 
levelling techniques give sufficiently accurate results when compared to geometric 
levelling. This study presented some practical solutions towards determination of the 
heights of vertical control points in engineering surveying applications using different 
techniques. 
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ABSTRACT 

Some of information, such as the structure of the faults, age, seismic motion and the speed 
of the blocks have a great importance for the interpretation of earthquakes that occur on 
the faults. When you look at the history of the Marmara Region, there are many 
devastating earthquakes on the area (especially the North Anatolian Fault). For this 
reason, the speeds of the GNSS stations, which are continuously monitored by different 
institutions and organizations, are estimated using the GAMIT / GLOBK program, in order 
to learn about the faults in the area and to monitor their behavior. For the data evaluation 
and speed estimation, five days of data were taken every month since the stations started to 
work. Strain analysis was performed using the velocities of the stations obtained. As a 
result of the strain analysis, it is seen that the region generally has wider values of 
extension. Consequently, the speeds of the selected stations were calculated with higher 
accuracy than the campaign types. Besides the advantage of speed estimation with high 
accuracy, the low density of the stations is a major disadvantage. 

 

INTRODUCTION 

The North Anatolian Fault zone, which is one of the most important strike-slip faults in the 
world, has a remarkable precaution to understand the tectonics of the Eastern 
Mediterranean as well as its remarkable high seismic activity. The length of the NAF, 
starting from Karlıoava to the borders of Greece, is about 1500 m (Barka A.A.).  

Since 1900, the fact that there are no major earthquake in the Sea of Marmara except for 
two major earthquakes has not made it possible to explain and support the models related 
to the Sea of Marmara (Kalafat D.). 

Active faults are the main parameters used in the evaluation of earthquake hazard. 
Therefore active faults’ type, geometry, kinematic function, depth, size, age, amount of slip 
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and direction, whether produces earthquakes in historical and prehistoric times, the size of 
the generated earthquake, the recurrence interval of earthquakes and rate of annual slip has 
to be determined correctly (Dirik K.). 

Determination of slip velocity is one of the main topics of geodesy. When looking at the 
literature, the velocities of plates with very small values can be determined with mm 
accuracy using several different methods. Satellite and space based positioning methods 
such as VLBI, SLR and GPS are the methods used for speed determination. 

 
DATA AND METHOD 
In this study, data of 34 continuous GNSS stations in the Marmara Region were used. 10 
stations belonging to National Positioning System (UKBS) established and operated by 
İstanbul Water and Sewerage Administration (İSKİ), 10 stations belonging to CORS-Tr, 7 
stations belonging to BUSKİ Permanent GNSS Network (BUSAGA) established and 
operated by Bursa Water and Sewerage Administration, 5 stations belonging to Nature 
Movement Research Association (DOHAD), 1 station belonging to YTU and 1 station 
belonging to Geomatics Group (Figure 1). 

 

 
Figure 1. Distribution of stations  
 
Some stations belonging to CORS-Tr located in Marmara Region were not used. 
Considering the stability and performance of the station, it is not included in the work at 
the KARB and SLEE stations (Tiryakioğlu İ.). A data set was obtained by collecting all the 
data in the range from the first days of recording to the working stations  until 08.10.2016. 

From this data set, the data for the days remaining between the 15th and 20th day of each 
month were selected and evaluated. Thus, both speeds have achieved sufficient accuracy 
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(Larson K. M., Zhang J. et al., Mao A. et al., and Blewitt G. and Lavalée D.) and the data 
evaluation period has been shortened by at least a few months. 

The obtained data were processed with the GAMIT/GLOBK software package. 22 IGS 
stations with good performance were selected within the 2000 km diameter around the 
Marmara Region.for the processing data and the estimation velocities of stations. 

After the velocity estimation, The deformations occurred in the Marmara Region were 
obtained by using the Grid Strain software package prepared by geologists who is from the 
University of Padova and Italy National Institute of Geophysics and Volcanology. 

Stations that are very close together (BAND, BUSK, IPSA, ISTN, TZL1 and YLDZ), 
EDIR station with local deformation, CTL1 and GGOL stations whose data is less than 1 
year, PALA station not relied on for speed due to having the same name as IGS station 
during the evaluation phase and IPS1 station located too far away considering the 
distribution of points were subtracted from the analysis.  
 
RESULTS 

The Eurasia fixed velocities of stations are given in the table 1 and velocity vectors are 
given following figure 2. 
 
Table 1. Velocity values of stations 

İstasyon 
Adı 

Doğu 
(mm/y) 

Kuzey 
(mm/y) 

Yukarı 
(mm/y) 

İstasyon 
Adı 

Doğu 
(mm/y) 

Kuzey 
(mm/y) 

Yukarı 
(mm/y) 

BAN1 -20.48 -4.43 1.49 KCEK -1.09 -1.38 0.24 
BAND -18.80 -5.74 3.11 KEST 0.42 -0.35 2.60 
BEYK 0.44 -2.15 0.52 KIRL 0.71 -0.72 0.43 
BILE -22.47 -3.83 0.25 KRCY -20.98 -4.80 -1.32 
BURS -21.12 -3.67 -1.01 MKPS -21.54 -6.79 2.36 
BUSK -21.12 -3.67 -1.01 ORHN -21.41 -5.17 1.18 
BYC1 -1.46 -1.34 -2.79 PALA -0.71 -1.49 15.85 
BYL1 -2.86 -2.03 -4.28 PASA -2.42 -1.18 0.37 
CTL1 6.58 -6.20 -2.78 SARY 0.52 -1.29 0.28 
EDIR 2.21 -0.41 -2.34 SILE 0.49 -1.78 0.61 

GGOL -11.66 -0.09 -7.38 SLV1 -1.31 0.27 5.23 
GMLK -18.72 -2.10 -2.41 SLVR -0.02 -0.94 0.68 
INGL -21.80 -10.31 -2.07 TEKR -0.66 -2.97 0.79 
IPS1 -1.02 -1.81 0.34 TERK 0.01 -0.82 0.34 
IPSA -1.02 -1.81 0.34 TUZL -3.23 -0.89 0.03 
ISTN -0.89 -1.14 -0.01 TZL1 -4.41 -1.21 5.34 
IZMT -4.71 -1.64 0.50 YALI 0.38 -1.20 0.73 
IZNK -20.98 -3.08 -0.33 YLDZ -1.41 -1.45 1.75 
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Figure 2. Eurasia fixed velocities 

 

 
Figure 3. Translation map (Maximum translation:41 mm/y) 
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As a result of the strain analysis, it is observed that the region extending from the area 
between İzmit and Yalova-Gölcük to the west from the Marmara Sea towards the 
Çanakkale, is compression in the northwest-southeast direction and extension northeast-
southwest direction. Izmit and Yalova-Gölcük sections extension are dominant values 
while the eastern sections of the Çanakkale compression are dominant. Compression and 
extension values in the Marmara Sea are approximately equal and lower than in the other 
two regions. The region south of the Marmara Sea is dominated by extension and there is 
only extension in around Bursa. When this extension is in the West of Bursa with high 
values in the direction of northeast and southwest, when the approach towards Bursa, this 
expansion becomes north-south direction and the value approaches zero. When the 
direction of Bursa goes to the east, the extension that takes place here shows the same 
character as the west of Bursa. It is estimated that the values in the northern parts of the 
Marmara Sea are very small. 

 

 
Figure 4. Map of strain (The red arrows show compression, the blues show extension. 
Maksimum strain:210 nanostrain/yr) 

 
There is about  120 nanostrain/yr compression in the northwest-southeast direction and 
about 180 nanostrain/yr extension in the northeast-southwest direction and the maximum 
shear strain is about 290 nanostrain/yr on the Yalova and Gölcük sides. Deformation is 
observed in the regions between İznik, Bilecik, İnegöl, between Karacabey-
Mustafakemalpaşa and Gemlik-Yalova where the extension is dominant at about 160, 130 
and 90 nanostrain/yr, respectively, and the maximum shear strain values were calculated to 
be approximately 220, 160 and 150 nanostrain/yr respectively. In the Prince Islands and 
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Kumburgaz parts on the northern arcs called the Main Marmara Fault of the NAF zone, 
extension is about 120 nanostrain/yr and compression at 100 nanostrain/yr. In these 
regions, the maximum shear strain values obtained as 220 nano-strain/yr. 

It has been observed that the extension movement changes direction by turning anti-
clockwise from north to south and the compression motion is in the northwest-southeast 
direction in general.  

In the studies were done by Ergintav S. et al., Schmittbuhl J. et al., Hergert T. et al. and 
Şengör A. M. C. et al., were carried out on the arm called Main Marmara Fault which is 
the north line of the NAF. The kinematics of the fault was created by dividing this arm into 
four segments (Figure 5, Çınarcık (Prince Islands), Kumburgaz, Center and Tekirdağ 
segment) and the probable earthquake predictions were made by examining potential 
energy, velocity and seismic activity accumulated in these segments. According to the 
results obtained, Çınarcık (Prince Islands) segment is expected to have an earthquake of 
about 7 and over. According to comments made to the Kumburgaz segment, whether or not 
there will be any breakage in the near future has become a controversial issue. Seismic 
activities of the remaining two segments indicate that they will not be broken yet due to 
major earthquakes in recent years. 

In this study, the results obtained around Çınarcık segment and Kumburgaz segment are 
not similar to these studies. As a result of the analysis, Çınarcık and Kumburgaz segments 
show slip rates of about 4 mm/yr and 6 mm/yr, respectively. However, these values were 
obtained as 16 mm/yr and 2 mm/yr in the literature. We can say that the differences in the 
values found in the literature are due to the analysis by ignoring the kinematics and 
structure of the fault. 

 

 
Figure 5. Segments of the Main Marmara Fault 
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CONCLUSIONS 

According to the obtained velocities, when the Eurasian plate was taken constantly, it was 
observed that the Anatolian plate moved westward at a speed of about 25 mm/yr. These 
values are similar to those in the literature. 

In the analysis using Grid Strain software, the station density should be higher in the 
vicinity of the fault line. However, the obtained strain values are distributed 
homogeneously and do not give proper values to the fault geometry. 

In the future studies kinematic analyzes can be made on the Çınarcık and Kumburgaz 
segments according to the existing network. In addition to these two segments, in order to 
be able to work for the Central segment and the Tekirdağ segment, it is necessary to 
increase the stations in the southern and northern parts of the existing network.  
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ABSTRACT 

Gökçeada, known as Imbros in antiquity, is the largest island of Turkey with a surface 
area of 289 km2

 

. The island's unique flora and fauna features, variable topographic 
structure, local products, architectural structure and historical richness constitute an 
important potential in terms of tourism diversity. Ecotourism and trekking routes within 
this scope are also in these diversities. In this study, it was aimed to determine suitable 
routes for trekking in Gökçeada. The trekking area were determinated using evaluation 
factors such as slope, aspect, elevation, current land use, distance to water sources, land 
use capability class and distance to road. The evaluation factors used in the study and the 
value ranges of these factors are based on field observations, expert opinions and 
literature. After giving the suitability score for the range of values of the assessed factors, 
the weight points were determined considering the importance of the factors according to 
each other. In the process of determination for the weight points, the Analytical Hierarchy 
Process (AHP) method, which is one of the multi-criteria decision making techniques, is 
used. The thematic maps created by giving the scores of the appropriateness and weight to 
the evaluation factors were interrogated by GIS and the appropriate routes were 
determined spatially using the overlay method. The analyses revealed that 0.4% (122.2 
ha), 16.6% (4668.5 ha), 74.2% (2095.5), and 7.4% (374.2 ha) of Gökçeada (i.e. Imbros) 
were highly, moderately, marginally suitable, and unsuitable for trekking, respectively.  

INTRODUCTION 

The ongoing industrialization and urbanization in the world and people’s increasing 
workload turned trekking into a special activity. Over time, a particular group of urban 
people has formed who like to get away from the city even for a short while and to walk in 
the natural environment. Thanks to naturalism having emerged in the 19th
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 century, people 
started to regularly go out to the nature to explore and learn, as a result of which trekking 
groups and clubs were formed (Bekiroğlu, 2008). With the advent of informatics 
revolution following the industrial revolution and since trekking equipment has become 
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lighter and more comfortable, trekking has reached a larger population of people who wish 
to get away from modern life. Trekking once referred to individual or group activities of 
nature lovers to be in and with nature.  But as from the 1980s it turned into a sports activity 
which could be performed by everyone. Today it has acquired an economic dimension 
under the name of alternative tourism and has become a growing sector (Gülbahar, 2009).  

Trekking is referred to as an activity in which hourly, daily and annual walking trips are 
taken in the countryside and mostly in rugged areas (WıseGEEK, 2017). Trekking, the 
common term for walks in nature, can be categorized as day hiking, regular hiking, and 
backpacking, and also as forest trekking, desert trekking, mountain trekking, canyon 
trekking, field trekking, stream bed trekking and winter trekking without predetermined 
routes (Geneletti and Dawa, 2008). Nature walks can be taken as an individual activity or 
along with other activities (hunting, mountaineering, etc).  Broadly speaking, trekking 
refers to time-restricted walks appealing to any age group in the rugged parts of a region, 
where mountaineering techniques are not required without entering arduous and steep 
areas, following narrow paths in environmental conditions with certain difficulties and 
properties. 

At the present time, areas suitable for trekking are determined by various methods. 
Particularly the overlay technique, developed by Ian L. Mc Harg (1969), is a prominent 
one. As computers and remote sensing techniques have become more advanced, the 
overlay has come to be employed with computers.  The employment of Analytic Hierarchy 
Process (AHP), one of the Multi-Criteria Decision-Making (MCDM) methods, is a 
prevailing practice to determine suitable areas (Yaralıoğlu, 2004). Spatial Multi-Criteria 
Analysis (SMCA), which allows for the simultaneous use of AHP and GIS, is a powerful 
approach to be deployed for a systematical and comprehensive analysis along with GIS 
data. This approach substantially compensates for the shortcomings of the combination of 
subjective values and choices and geographical characteristics (Jankowski, 1995; Cengiz, 
2003; Bunruamkaew and Murayama, 2011; Çavuş, 2014). The integration of GIS and AHP 
merges the powerful visualization and mapping skills with decision-oriented 
methodologies. The present study aims to determine potential trekking areas in Gökçeada 
by using GIS and AHP.   

 

GENERAL GEOGRAPHICAL FEATURES OF STUDY AREA 

Gökçeada is located between Semadirek (Samothrace), Limni (Limnos) and the Gallipoli 
Peninsula in the Northern Aegean Sea. The island has a surface area of 289.5 km², which 
makes it the largest island in Turkey. Gökçeada marks the westernmost point of Turkey 
and it is a town in Çanakkale province (Fig. 1). 
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Figure 1. Location map of Gökçeada 

 

Doruk Tepe (Doruk Hill) (673 m) is the highest elevation point on the island, which is 
majorly covered with hills and mountains. 40% of the surface area of the island has a grade 
of 30% or more. While the northern part of the island has steep and cliffed shores, south 
and southwestern coasts have relatively low altitudes and beaches (Özden et al., 2008). The 
Aydıncık Peninsula, Aydıncık Gulf and the Salt Lake in the southern region apart from the 
prominent plains in different sections mark different morphological units. Evaluation of the 
aspect features of the island’s topography revealed the highest ratio on the northwestern 
and northeastern sides. 

Gökçeada remains in the Mediterranean climate zone and also in “the Marmara Transition 
Climate” (Öztürk, 1989). Average annual temperature is 15.1 °C (based on 32-year figures 
between 1975 and 2006), average annual precipitation amounts to 740.3 mm, and the 
prevailing wind direction is N-NE (MGM, 2008). Majority of the island is covered by a 
Mediterranean vegetation type, i.e. maquis. While the higher elevations are covered by 
Turkish pine (Pinus brutia), broad-leaved species, such as oak trees, can be observed too. 
The island is rich in water resources thanks to its suitable shape and rock structure. The 
Gökçeada Dam is the most important potable water source on the island. Moreover, there 
are 4 dams allocated for irrigation. 

Thanks to its advantageous location, settlements were established in various historical 
periods. The archaeological research shows that settlements date back to 3000-2000 BC 
(Neolithic - Old Bronze Age) (Erdoğdu, 2012). It is known that several peoples and 
empires have ruled on the island till the present day. Studies revealed that Pelasgians were 
the first people to inhabit the island. The traces of Ionians, Achaeans, Dorians, Romans, 
Byzantines, Venetians, the Genoese and Turks could be found in the following periods. 
The island was renamed from Imbros to Gökçeada on 29 July 1970 by the Decree 8479 of 
the Council of Ministers (Hüryılmaz, 2006).   

The settlement patterns in Gökçeada consisting of the town center and 9 villages have been 
shaped by Greek and Turkish culture. Rural settlements seem to partially maintain the 
authentic architectural structure. Kaleköy (Kastro) Village, Tepeköy (Agridia) Village, 
Dereköy (Shinudi) Village, Zeytinliköy (Aya Theodori) Village, Bademli (Gliky) Village 
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are among the old villages reflecting the Greek culture. Şirinköy, Yeni Bademli, Uğurlu, 
and Eşelek Villages are the settlements founded after 1980 by the Resettlement Law 2510 
(Uçar, 2010). In 2016, populations of the town center and villages were counted to be 6354 
and 2422, respectively. Over the last decade, while the population in the city center has 
decreased, the rural population has increased (TSI, 2017). 

The economy in Gökçeada relies on agriculture, animal husbandry, fishing, and tourism. 
Besides, viticulture and olive growth have always been common agricultural practices. 
However, they do not play a notable part in the island’s economy. The island has a great 
potential for trekking thanks to the visual characteritics resulting from its biodiversity, 
monumental trees, forests, water resources, cultural structure, authentic island life, 
settlement history, and ruins. The island was declared a Cittaslow (slow city) in 2011, 
which makes it the one and only slow city on an island. The diversity of tourism types 
expected to invigorate the island economy could also cause harm to natural, historical, and 
cultural elements peculiar to the island. Therefore, membership in the Cittaslow 
organization has a vital role in the protection of Gökçeada’s local identity and 
characteristics. 

 

MATERIAL AND METHODOLOGY 

Maps from various resources were used for the purpose of the study (Table 1). The data 
and maps were imported to the virtual media via Arc-GIS 10 software program. 

Table 1. List of data and their original sources 

Data Scale Source Map 

Topography map 

 
1/25 000 

General Command 

 of Mapping 

-Digital Elevation Model 

-Slope 

-Aspect 

-Elevation 

    

   
CORINE (2012) Level III 

Ministry of Forestry and 

Water Affairs 
-Landuse 

Soil map 1/100 000 
General Directorate of   

Rural Services  
-Land Capability Classes 

 

Evaluation factors and value intervals were obtained from the related literature, field 
research and the specialists of assorted disciplines. Weight assignment was performed 
based on the AHP technique, developed by Saaty (1980). AHP, relying on the creation of a 
hierarchy in the analysis of multi-criteria complex problems, involves scoring according to 
Saaty’s evaluation scale and the formation of a pairwise comparison matrix (Saaty, 1980).  
Suitability points were assigned for value spacing according to a 1-5 scale. The points for 
value spacing and weights for evaluation factors were assigned by specialists. They were 
standardized according to weights and suitability values. The pixel size was assigned to be 
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10 m x 10 m in consideration of the size of the research field and performability of the 
analyses. The obtained results were categorized as highly suitable (4), moderately suitable 
(3), marginally suitable (2) and not suitable (1) (Table 2). 

 

RESULTS 

Different evaluation factors were considered for the determination of the trekking areas in 
Gökçeada. The highest weight point (33.1%) of all the evaluation factors belongs to the 
existing land use status. The highest suitability concerning land use status was obtained 
from forest areas (3497 ha; 12.4% of the total area). These areas prevail the central and 
northwestern parts of the island. The second highest score (23.1%) was yielded from the 
slope evaluation factor. The areas with 0-5% grades were discovered to have the highest 
slope suitability (7.2%), and the ones with 30% and more inclination to have the lowest 
(18.6%). The northern sections from Eski Kaleköy to Gökçeada city center and the areas 
around Uğurlu Village in the south and the south of Şahinkaya Dam Lake are the most 
suitable spots for trekking.  In the third place is the elevation evaluation factor (15.6%). 
The value interval from 0 to 200 m was found to yield the lowest suitability (18784 ha; 
66.7% of the total area) for trekking, while the elevation of 600 m and higher exhibited the 
highest suitability (68 ha; 0.2%). Aspect evaluation factor is in the fourth place in terms of 
weighs (10.7%). The northern slopes yielded the highest score of suitability values. On the 
other hand, the lowest (13.2%) was produced by the southern slopes. The distance to water 
resource factor had a weight of 7.1%. While the value interval of 0-300 m was calculated 
to represent the lowest suitability (13.2% of the total area), the highest was observed for 
the elevation between 300 and 1000 m (23.4%). In terms of land use capability which was 
in the sixth place (4.8%), class I-II lands were revealed to exhibit the lowest suitability 
(8.8%), whereas class VII lands had the highest score (53.6%). In the seventh place (3.3%) 
was the distance to road factor. The distance from 0 to 1000 m was calculated to produce 
the highest suitability score (53.6%), while the lowest was obtained from the distance of 
5000 m and higher (5.4%). The distance to settlement factor was placed in the last slot

Table 2. Factors and criteria in land suitability analysis for ecotourism 

 
(2.4%) in consideration of weights. The highest suitability level was obtained from the 
distance between 0 and 500 m (10.8% of the total area). (Table 2; Fig. 2) 

 

 

 

 

 

 

 

 

Factors Weight 
Slope (%) 0.231 
Aspect 0.106 
Elevation (m) 0.156 
Land use 0.331 
Distance to water source (m) 
(walking distance) 0.071 

Land Use Capability  0.048 

Distance to main road (m) 
( walking distance ) 0.033 

Distance to settlement (m) 
( walking distance ) 0.024 
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Figure 2. Suitability classes and suitability maps for trekking areas 

 

Trekking suitability map of Gökçeada was produced by merging weights and suitability 
scores of the evaluation factors in GIS (Fig. 3). The suitability analysis results showed that 
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the most suitable areas for trekking accounted for 0.4% of the total surface area. On the 
other hand, the unsuitable areas cover 7.4% (Table 3). 

 

Table 3. Suitability classes for Gökçeada trekking areas 
Suitability class Area (ha) % 

Higly suitable 122.2 0.4 
Moderetaly suitable 4668.5 16.6 
Marginally suitable 20875.7 74.2 

Not suitable 2095.5 7.4 
Lake, dam 374.2 1.3 

Total 28136.1 100 
 

The most suitable areas were determined to be the vicinity of Uğurlu Göleti in the west, the 
north of Şirinköy Dam Lake, the environs of Şahinkaya Village and the area between 
Eşelek and Zeytinli Villages.  It is noticeable that these areas display a linearity typical of 
stream valleys, they are plain or slightly sloping, their relative distance to water resources 
is minimum 300 m, and they are forest areas facing north and northwest. Areas unsuitable 
for trekking are majorly located between Kaleköy and Kuzu Limanı. It is the one and only 
underwater national park in Turkey. Moreover, this area, also covering the Peynir 
Kayalıkları (The Cheese Rocks) situated in the vicinity of the Kaşkaval Headland, is not 
suitable for trekking. Furthermore, there are some areas along the coastline in the south of 
the island, which are unsuitable for trekking (Fig. 3). It is striking that areas highly suitable 
for trekking are not generally close to settlements. The distance of trekking areas from 
settlements can be considered preferable to culturally and architecturally protect the 
inhabited areas.  

 
Figure 3. Suitability map for Gökçeada trekking areas 
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DISCUSSION AND CONCLUSION 

Today, tourism and recreational activities have become more diversified. Among these 
activities is trekking appealing to various age groups and done for assorted purposes, in 
different areas, and for varying durations. Areas suitable for trekking activities, which lend 
themselves to the protection of natural resources, support sustainable use and are in 
harmony with the socio-cultural structure (Koçak and Balcı, 2010;  Çakır and Çakır, 2012; 
Turgut et al. 2014). Various suitability analyses are carried out to this end (Kliskey, 2000; 
Geneletti and Dawa, 2009). Suitability analyses have complex processes. Many of the 
previous studies have proved that AHP effectively serves for the solution of sophisticated 
problems (Akbulak, 2010; Cengiz, 2003; Çavuş, 2014) and for the designation of trekking 
areas (Bunruamkaew and Murayama, 2011).  AHP, developed by Saaty (1980), shows that 
subjective judgments might yield useful results employable in the decision-making and 
planning phases. Yet it can be asserted that suitability values obtained by means of AHP 
alone fall short of accounting for spatial differentiation. To this end, the combined 
employment of GIS and AHP, being important tools of suitability analyses and using 
spatial data, play a crucial part in spatial decision-making  (Ying et al., 2007; Akbulak, 
2010). GIS also allows for the presentation of analysis results on maps. 

The present study aims to determine Gökçeada’s suitability for trekking by employing GIS 
and AHP methods. In this context, evaluation factors were determined based on the 
island’s characteristics, specialists’ views, and literature review. Weights and suitability 
points assigned to evaluation factors were overlaid in GIS to produce a trekking suitability 
map of Gökçeada.  

The obtained results showed that a great majority of Gökçeada’s land was marginally 
suitable for trekking, which is followed by moderately suitable, unsuitable, and suitable 
areas. Half of Gökçeada’s land is under protection in a different status. The results on 
trekking areas revealed that heed should be paid to the social and natural structure of the 
island while taking recreation-related decisions. It is imperative that the results of the 
present study should be taken into account at both decision and application stage.  
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ABSTRACT 

Edward Soja says that people are as spatial as social, the space is socially produced and 
therefore changed by socially. Accordingly, whatever your area of research is, if you do 
not acquire a spatial perspective, your work will not be qualified enough.  

From this point of view the aim of this study is to determine the level of subjective well-
being of the provinces in Turkey and to determine spatial distribution of subjective well-
being throughout the country. The data set of the study constitutes the results of the 2013 
Life Satisfaction Survey conducted by the Turkish Statistical Institute (TURKSTAT). 25 
variables were evaluated in this study, including income, education-health, access to 
public services and social networks, which are assumed to be components of subjective 
well-being. Principal Component Analysis (PCA) analysis is applied. Accordingly, it is 
determined that 4 principal components explain 76.6% of the total variance. The first 
principal component alone is the key component with the highest variance explanatory 
rate, accounting for 51.9% of the variance. For this reason, using the first principal 
component, the level of subjective well-being was determined by multiplying the value of 
the variable used and the value of the principal component.  

According to the findings, there are significant differences in the spatial distribution of 
subjective well-being in Turkey. In the western part of the country, the level of subjective 
well-being is higher, whereas in the eastern part of the country it is very low. In addition 
the variables with the highest degree of relationship with subjective well-being are those 
related to public services. As a result, it is possible to say that inequality of subjective well-
being is another social problem in addition to the problem of spatial inequality in income 
and consumption which represents the material aspect of wealth in the whole country. 

 

INTRODUCTION 

Traditionally, well-being was defined as a material process determined by considering the 
income variable (Conceiçao and Bandura, 2008). However, income does not cover much 
of human life, and it has now been recognized that new methods need to be applied. In this 
context, the use of subjective data is of great importance for development researchers and 
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is increasingly used by social scientists in many studies (Akgiş, 2015; Easterlin, 2006; Van 
Pragg et al., 2003; Camfield and Esposito, 2014, Kahneman, 2003). 

Well-being is a very difficult concept to define, but its measurement is much more 
difficult. Empirical analyzes on well-being are examined under two categories. These are 
objective and subjective measurements (Conceição and Bandura, 2008). Subjective well-
being is recognized by some researchers as synonymous with the concepts of "happiness" 
and "life satisfaction". However, psychology states that the concept of happiness has a 
narrower concept than subjective well-being, and therefore does not adequately explain 
subjective well-being (Conceiçao and Bandura, 2008). Although these two concepts are 
different from each other, many researchers consider happiness and life satisfaction as a 
measure of subjective well-being (Easterlin 2004). 

There are three components of subjective welfare. These include: Life evaluation, Affect 
and Eudaimonic well-being. Life evaluations reflect a general assessment of a person's life 
or a particular aspect of it. Pavot and Diener et al. (1991) describes the process of making 
such an assessment, including the individual who creates a "standard" that they perceive to 
be appropriate for them, by comparing living conditions to that standard. One of the best 
documented measures of life assessment, the Personal Welfare Index, consists of eight 
questions involving dissatisfaction with life in eight different ways, and they are collected 
using equal weights to calculate a general index (International Wellbeing Group, 2006). 
Similarly, panel data obtained from the German Socio-Economic Panel of Van Praag et al. 
(2003) show six general life satisfaction (job satisfaction, financial satisfaction, home 
satisfaction, health Satisfaction, leisure time satisfaction and environmental satisfaction) it 
controls the individual personality effect. 

Affect is the term psychologists use to describe one's feelings. Impact criteria can be 
thought of as the measure of certain emotions or emotional states, and are usually 
measured at a particular time. These measures capture how they have experienced how 
people remember their lives (Kahneman and Krueger, 2006). The affect has at least two 
different hedonic dimensions: a positive effect and a negative effect (Diener et al., 1999), 
while capturing a general assessment of life in a single measure. Positive effect, happiness, 
joy and satisfaction, such as positive affects catches. The negative effect, on the other 
hand, involves the experience of unpleasant emotional situations such as sadness, anger, 
fear and anxiety. 

Eudaimonia includes some definitions of subjective well-being in the psychological 
literature, as well as other aspects of a person's psychological processes, in addition to the 
life evaluations and influences that focus on one's experiences (present or remembered). In 
particular, there is an important literature that focuses on the concept of good 
psychological function, sometimes referred to as "developing" or "eudaimonic" well-being 
(Huppert et al., 2009). Eudaimonic well-being focuses on the functioning and fulfillment 
of one's potential, beyond the reflective evaluation of the participant and emotional 
situations. Eudaimonia's measurement is based on both the psychological and humanistic 
literature, which defines fundamental universal "needs" or "goals", a useful answer to 
criticism that subjective well-being is based on "happiness" or only hedonistic philosophy. 
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And at the same time it harmonizes with the perceptions that many people consider 
important to value in life. 

Edward Soja says that people are as spatial as social, the space is socially produced and 
therefore changed by socially. Accordingly, whatever your area of research is, if you do 
not acquire a spatial perspective, your work will not be qualified enough. Nevertheless, 
perhaps the least explored issue within the economic geography studies is the prosperity 
issue. Even though it is assumed that poor individuals tend to concentrate in certain areas, 
and therefore poverty and well-being are a spatial characteristic (Henninger and Snel, 
2002), studies on this subject are very limited. 

Well-being research from a geographical point of view is of great importance for 
expressing the spatial distribution of the problem in terms of the causes of poverty and the 
measures to be taken in combating poverty (Henninger and Snel, 2002, Hyman et al., 
2005). In particular, the maps to be prepared on the issue of poverty give clues as to where 
the resources should be transferred, since it expresses where the poverty is concentrated 
(Fujii, 2008). 

Advantages of well-being maps can be listed as follows. It allows social, economic or 
environmental data obtained by surveys or satellite images to be evaluated together. For 
example, spatial differences in income distribution help to compare data on different levels 
of education, access to services, or wealth. It allows the creation of a spatial framework 
and allows for the creation of new alternatives for analysis. The creation of spatial models 
with poverty maps gives new perspectives in understanding the causes of poverty. The 
distribution of resources can be made more efficient. At the same time, these maps are 
guiding the application areas of preventive policies. It has been shown that geographically 
determining the target is effective in increasing wealth (Baker and Grosh, 1994). Well-
being maps are highly valued in the strategic planning and decision-making stages of 
international development organizations in terms of ensuring consistent and consistent 
visibility in international research. For this reason, it can be said that the well-being maps 
are more than cartographic works. 

The issue of working in this context is the distribution of subjective well-being in Turkey. 
The aim of the work is to determine areas where the subjective well-being is low and 
intensive, and to guide policy makers in priority areas. The study basically consists of three 
parts. In the first part, the concept of subjective development and the importance of 
geographical point of view in development researches are discussed. In the second part, 
information about the data used in the study, the scale used for measuring subjective 
welfare and the analysis of basic components are given. The third section contains the 
findings and conclusions obtained. 

 

DATA AND METHODS 

Data 

This research is an applied study and quantitative analysis methods were used. The results 
of the Life Satisfaction Survey prepared by the Turkish Statistical Institute (TURKSTAT) 
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were used in the study. These surveys were first applied in 2003 and are regularly carried 
out since that date. The surveys were first applied in 2013 at the provincial level. The 
survey was conducted face-to-face with 125,720 households and 196,203 people over the 
age of 18 in the country. The survey includes detailed information on many topics such as 
public services, health, education, social networks. Those made after 2013 are less 
detailed. For this reason, in this study, 25 variables of the year 2013 including public 
service, health, education and life satisfaction were used. 

 

Table 1. Descriptive statistics of the variables used in the study 

 N Min. Max. Mean Std. 
Deviati

on 
Satisfaction with judicial services 81 28,7 84,4 55,1 13,09 
Satisfaction with relatives 81 77,6 96,0 88,0 3,97 
Satisfaction with education 81 26,7 80,3 52,7 10,70 
Satisfaction with friends 81 83,7 97,2 92,9 2,36 
Satisfaction with public service 81 58,8 94,8 84,2 7,15 
Satisfaction with monthly household income 81 21,7 69,8 44,8 9,49 
Satisfaction with wages in working life 81 41,1 91,3 73,4 8,09 
Satisfaction with job 81 63,9 91,6 78,7 6,47 
Satisfaction with the number of doctors and health personnel 81 12,3 64,0 41,3 10,16 
Satisfaction with educational services 81 48,1 88,8 74,0 8,46 
Satisfaction with pensions 81 1,4 20,9 10,2 4,34 
Satisfaction with marriage 81 86,9 97,2 94,2 1,98 
Satisfaction with medicine prices 81 1,8 25,4 7,37 3,86 
Satisfaction with medicine supply 81 25,2 78,7 42,7 11,17 
Satisfaction with personal health 81 59,1 80,7 71,9 4,44 
Satisfaction with health care 81 54,5 89,1 77,4 7,30 
Satisfaction with social life 81 21,5 80,8 54,0 11,27 
Satisfaction with transportation services 81 50,1 94,2 78,1 8,79 
Satisfaction with garbage and waste services 81 33,1 86,5 66,5 12,70 
Satisfaction with sewerage services 81 28,8 82,6 65,0 12,31 
Satisfaction with network water services 81 30,6 86,8 64, 12,87 
Satisfaction with public transport services 81 23,5 78,8 58,3 11,58 
Satisfaction with the amount of green space 81 22,5 82,3 53,8 14,74 
Satisfaction with disability services 81 14,5 71,3 42,4 12,13 
Satisfaction with services for the sick and the poor 81 15,3 73,4 48,6 12,59 
Valid N (listwise) 81     
 

Development of Scale 
In recent years, it has become very important to scientifically quantify the emotions, 
attitudes, behaviors, likes, social, economic, health and educational characteristics of 
individuals that are not observable but who feel their presence and lead our life. In this 
sense, scales are an important research tool in many areas of social sciences. In this 
research, first of all, the subjective welfare scale was developed by using the variables 
listed (Table 1). 
When developing the scale, firstly the publication index was examined and variable pool 
was established. Later, structural characteristics related to the subjective welfare 
phenomenon have been established. Accordingly, subjective well-being has been regarded 
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as three-dimensional, with satisfaction from public services, social life, education and 
health services.  
Additivity is a feature that must be on scales and there must be a minimum of 5 points for a 
scale to be additable. The data set is suitable for this purpose. Reliability and item analysis 
were applied using SPSS 20 statistical program. Then descriptive statistics, Cronbach Allfa 
and If Item Deleted Cronbach Alfa coefficients were calculated (Table 2 and 3).  
The Cronbach's alpha coefficient is a general reliability coefficient that measures the 
strength, adequacy, and reliability of the measure of a phenomon questioned by a scale 
(Özdamar, 2016). The value varies between 0 and 1. If the Cronbach alpha value, close to 
1, indicates that the scale has high reliability. According to the obtained value, the scale 
has a very high level of reliability (Table 2). 
 
Table 2. Reliability Statistics 

Cronbach's 
Alpha 

Cronbach's Alpha Based on Standardized Items N of Items 

,924 ,927 25 

 
When Table 3 is examined, it can be seen that the items are significantly different from 
each other (F24,1) = 40221,535, P <0.001. This result indicates that the items in the 
measure are of a structure that will describe at least two different sub-dimensions. The 
probability of nonadditivity is 0.520. Accordingly, the items in the scale are additive 
(Table 3). 
 
Table 3. ANOVA with Friedman's Test and Tukey's Test for Nonadditivity 

 
 

Sum of Squares df Mean 
Square 

Friedman's 
Chi-Square 

Sig 

Between People 65534,451 80 819,181   

Within People 

Between Items 965316,838 24 40221,535 648,531 ,000 

Residual 
Nonadditivity 25,740 1 a 25,740 ,415 ,520 
Balance 119051,610 1919 62,038   
Total 119077,350 1920 62,019   

Total 1084394,188 1944 557,816   
Total 1149928,639 2024 568,147   

 
Principal Component Analysis (PCA)  
Previously used indexing and taxonomy techniques did not provide a concrete and 
objective weighting system for variables. For this reason, the use of these techniques has 
been abandoned (Dinçer and Özaslan, 2004). Principal component analysis is one of the 
most commonly used multiple analysis methods (Mainly, 1994; Joliffe, 2002). PCA is, in 
the broadest sense, a statistical method that makes it possible to summarize a number of 
features from a particular direction and to deduce from common qualities. This feature 
allows analysis of key components and the ability to extract, understand and identify 
common and basic self-contained information contained in a large and diverse set of data. 
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In PCA, it is preferable to identify factors or factors that account for at least 67% of the 
observed / original variance of findings in the data matrix (Özdamar, 2016). For this, it is 
required that the Kaiser-Meyer-Olkin Sample Proficiency Measurement statistic is above 
0,50 (KMO ≥ 0.50) (Field, 2000; Özdamar, 2016). Accordingly, the is scale provides the 
requirements for the KMO test (Table 4). The Bartlett sphericity test tests whether the answers 
given to the items are independent or related to each other. If the sphericity test is important 
(p≤0.05), it means that all or some of the substances have a significant correlation with each 
other, and that at least one factor structure exists on the scale, and it is considered that the scale 
is a specific measurement tool. If the sphericity test is insignificant (p> 0.05), it is decided that 
the items are independent of each other and that the scale is in the form of a 
questionnaire.(Özdamar, 2016). According to the results obtained, it was determined that the 
sphericity test is important (Table 4). 

 
Table 4. KMO and Bartlett's Test 

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. ,894 

Bartlett's Test of Sphericity 

Approx. Chi-Square 2381,128 

df 300 

Sig. ,000 

 

Table 5. Total Variance Explained 

Component Initial Eigenvalues Extraction Sums of Squared Loadings 
Total % of Variance Cumulative % Total % of Variance Cumulative 

% 
1 12,982 51,929 51,929 12,982 51,929 51,929 
2 3,422 13,687 65,617 3,422 13,687 65,617 
3 1,454 5,815 71,432 1,454 5,815 71,432 
4 1,315 5,258 76,690 1,315 5,258 76,690 
5 ,963 3,853 80,543    
6 ,908 3,633 84,176    
7 ,685 2,739 86,915    
8 ,608 2,431 89,346    
9 ,419 1,676 91,022    

10 ,360 1,439 92,461    
11 ,324 1,295 93,756    
12 ,278 1,112 94,867    
13 ,229 ,915 95,782    
14 ,196 ,786 96,568    
15 ,182 ,729 97,297    
16 ,131 ,524 97,821    
17 ,109 ,438 98,259    
18 ,080 ,319 98,577    
19 ,067 ,268 98,845    
20 ,063 ,252 99,097    
21 ,060 ,240 99,337    
22 ,051 ,206 99,543    
23 ,051 ,206 99,748    
24 ,037 ,148 99,896    
25 ,026 ,104 100,000    

Extraction Method: Principal Component Analysis. 
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RESULTS AND CONCLUSION 

It is decided by looking at the eigenvalue whether a particular component is important. The 
statistical program used in the study determines this according to the Kaiser scale. If 
Eigenvalues are greater than 1 they do not considered as factors. Following the signing of 
the results of the statistical significance tests, indicating that the application of the analysis 
of the principal components is meaningful, four important principal components were 
obtained according to the analysis of the principal components applied to the correlation 
matrix for the variables, together with these four principal components accounting for 
76.6% of the total variance (Table 5). 

The first principal component alone is the basic component with the greatest variance 
explanatory rate, accounting for 51.9% of the variance. For this reason, the subjective 
welfare rankings of provinces are made according to this basic component. The weights of 
the variables in the formation of the first basic component and the direction of these 
weights are given separately in Table 6. When the weights of each variable in the first 
principal component explaining the subjective welfare dimension are examined, it is seen 
that 10 variables are negative and 15 variables are positive weights. 

 

Table 6. Component Score Coefficient Matrix 

 Component 
1 2 3 4 

Satisfaction with judicial services -,093 ,200 ,058 -,118 
Satisfaction with relatives -,064 -,048 ,011 ,312 
Satisfaction with education -,053 ,244 -,046 -,069 
Satisfaction with friends ,013 -,101 -,050 ,389 
Satisfaction with public service -,048 -,142 ,308 ,040 
Satisfaction with monthly household income -,045 ,246 -,097 ,013 
Satisfaction with wages in working life -,101 ,185 ,011 -,011 
Satisfaction with job ,017 ,138 -,056 ,025 
Satisfaction with the number of doctors and health personnel ,079 -,121 ,149 -,034 
Satisfaction with educational services -,077 -,056 ,289 -,018 
Satisfaction with pensions ,083 -,056 ,044 ,044 
Satisfaction with marriage ,089 -,081 -,156 ,395 
Satisfaction with medicine prices ,046 ,057 -,286 ,139 
Satisfaction with medicine supply -,002 -,053 -,096 ,051 
Satisfaction with personal health ,025 ,180 -,193 ,123 
Satisfaction with health care -,012 -,103 ,257 ,007 
Satisfaction with social life -,086 ,350 -,113 -,102 
Satisfaction with transportation services ,008 -,062 ,210 -,021 
Satisfaction with garbage and waste services ,214 -,093 -,072 ,034 
Satisfaction with sewerage services ,224 -,183 -,033 ,138 
Satisfaction with network water services ,208 -,109 -,027 -,007 
Satisfaction with public transport services ,158 -,033 -,026 -,029 
Satisfaction with the amount of green space ,126 ,031 -,049 -,033 
Satisfaction with disability services ,094 ,125 -,106 -,041 
Satisfaction with services for the sick and the poor ,102 ,070 -,049 -,037 
Extraction Method: Principal Component Analysis.  
 Rotation Method: Varimax with Kaiser Normalization.  
 Component Scores. 
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For each province, to obtain subjective welfare, the first principal component value was 
calculated and this value obtained by multiplying the values of the relevant variables by the 
value of the principal component was taken as the welfare level. By arranging these values 
according to their size order, the subjective welfare order of the provinces was established. 
Then, using these values, provinces were divided into 5 groups according to their 
development level. The first group expresses the lowest development while the fifth group 
expresses the highest development (Figure 1). 

When the spatial pattern of the subjective welfare is examined, it is seen that the welfare 
generally declines from the western side to the welfare state regularly. However, 
differences can be seen in the neighboring provinces. 

 

 
Figure 1. Subjective Well-Being Map of Turkey 

 

When the correlation table for the first basic component was examined, it was determined 
that 10 of the variables considered had a negative correlation with subjective welfare and 
15 of them had positive correlation values. Variables related to public services, which have 
the highest degree of relationship with subjective well-being. These variables are 
satisfaction with sewerage, garbage-waste, transportation, public transport, green space, 
help to the sick and poor, network water, and disability. When Figure 1 is examined, it is 
seen that the rate of satisfaction of public services in the lowest development group is also 
very low. Satisfaction with judicial services and public order services are variables that 
have a negative relationship with subjective well-being. 

Health related variables determined to have a positive linear relationship with subjective 
welfare are personal health services, drug purchase procedures, and the number of doctors 
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and health personnel are sufficient. On the other hand, it is seen that there is a negative 
relationship with satisfaction with health services in general. 

There are two variables taken into account in the evaluation of education and there is a 
negative relationship with the these. There is a higher level of subjective well-being in 
areas where both publicly offered educational services as well as the satisfaction rates of 
received education are low in general. 

Income constitutes the most important variable group in socio-economic development and 
welfare studies. In this category, the subjective welfare is low, where the satisfaction from 
the monthly household income and the wages in the working life in general is high. On the 
other hand, it is seen that the subjective well-being is higher in the cases where the 
satisfaction rate from the work and the pension is high. 

Satisfaction from social life is considered an important indicator of well-being in many 
studies. It also directly affects the happiness rate. It has been determined that subjective 
well-being is low in areas where relatives and social life satisfaction are high. On the other 
hand, it was determined that subjective well-being is high in areas where satisfaction with 
friends is high. 

Inequality is one of the most important socio-economic problems in Turkey. In addition to 
income inequality, there are significant spatial differences in variables related to social 
indicators such as education and health. Subjective welfare is another variation where 
inequality is found. In this study, subjective well-being concept was defined, subjective 
well-being levels according to provinces were calculated and spatial distribution was 
evaluated. The outcomes will be guided in the planning of social policies and in the case of 
developmental practices. 
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ABSTRACT 

Migration is an important factor that affects space and spatial capacity because of the 
huge number of residents, small-sized spaces in terms of surface area and large-sized 
spaces in terms of population especially Bagcilar. This study aims at revealing the 
relationship between space and resident population in Bagcilar and how they affect each 
other. Also it covers whether space gets enough population, and its carrying capacity via 
some parameters and indexes like person per square kilometer, person per the amount of 
park and green area, and stuff like that by comparing with international standards. Thus it 
finds out whether this space gets much more migrant population.  

In this study, it was used statistical data that is obtained by some government agency such 
as Turkish Statistical Instıtute (TUIK), district municipality, the Ministry of National 
Education (MEB) and Ministry of Environment and Urbanization, and neighborhood map 
getting from the municipality. All data were showed on ArcGIS program. In the result of 
the study, findings were obtained that the municipality got enough migrant population, and 
there is no space on district for other new migrants. Also currently population needs social 
fields, and goes to the other districts having social fields to satisfy their needs.    

 

INTRODUCTION 

Migration which is a dynamic phenomenon has revealed the new terms. “Capacity” is the 
leading term that occurs with the concentration of the population and the narrowing of the 
space as a result of the intense migration to the city. Although the capacity has not a single 
meaning, it has meanings like “to keep, to hold, to carry” as the meaning of the world. In 
this study, the word of capacity that can be expressed as the carrying capacity has been 
used in the meaning of “a certain amount of food, habitat, water and vital structures, and 
the maximum level of population that can be met by an organism” (Türkkan, 2007).  

When looked at the history of migration in Turkey, the number of those who leave their 
places with migration has gained the great momentum in 1950s (Tümertekin, 1977). The 
problem of slum emerged in big cities along with increased migration and urban sprawl 

mailto:canankulek@comu.edu.tr�
mailto:sozozen@comu.edu.tr�


INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

334 
 

increased. The migrated population settled to different districts in Istanbul which was one 
of the cities heavily exposed to these problems and increased the population by squatting 
there. Bagcilar which was one of the districts living negative consequences of rapid and 
unplanned settlements with the increased migration was confronted with a consequences of 
the growing population in 1960s. Bagcilar district that improved with an irregular 
configuration has become one of the most infrastructure-strapped districts of Istanbul. 
Modern urban planning came into work with gained the status of district in 1992 in 
Bagcilar that this situation continued until 1992 (The Ministry of Environment and 
Urbanization, 2012).  

There is a dynamic relationship between the industrial activities-space-slum (Tümertekin, 
1997). Industrial activities that previously were in the city center spread around the city in 
time and has increased the settlements in this region. The number of slum increased a 
significant amount as a result of the increased settlements with migration.  

The reasons for the emigration of the migrating population varies in time. According to a 
summarized article of Sağlam (Sağlam, 2006) from Fichter, 1960s that economic factors 
traditionally were effective drew migrants to cities by replacing the desire to live better. 
This factors were effective the migration decisions of migrants in Bagcilar district. 
Additionally, the desire to take advantage of the opportunities of Istanbul and be close to 
the center of the city were influential in the choice of Bagcilar of the migrants. Also, active 
industrial activities in Bagcilar, positioning in close proximity to residential areas of 
industrial activities within district and much more job opportunities because of this drew 
the migrant population here.  

Cities has had to face many problems as a result of rapid and unplanned urbanization. 
Congestion experienced in cities as result of increased number of factories with effect of 
industrialization in the 1950s and located in the city center of these factories (Başdoğan 
and Manisa, 2015). The population densities were experienced in the districts of Istanbul 
where the population are not evenly distributed. In Bagcilar district which is one of these, 
overcapacity has experienced because of increased population density as result of narrower 
field of district and much more population. In addition to this, the narrowing of roads due 
to the increase of the vertical and horizontal growth has issued an invitation to the 
disruptions in transportation and traffic jams.  

 

Field Study 

Bagcilar, which is located on 41° 2' 44.3292'' North and 28° 49' 28.9992'' East, covers an 
area of 22 square kilometer. As seen on Figure 1, Bagcilar subprovince is in European side 
of Istanbul province. Neighbor subprovinces around it are Basaksehir, Esenler, Gungoren, 
Bahcelievler, and Kucukcekmece.  
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Figure 1. Bagcilar’s Location Map in İstanbul 

 

The population of Istanbul’s districts is shown on Figure 2. Bagcilar is the third most 
crowded district of Istanbul with population of 751.510*

 

 (TUIK). 

 
Figure 2. The Population of Istanbul’s Districts (2016) 
 
                                                           
* (1)Esenyurt: 795.010, (2)Kucukcekmece: 766.609 
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Bagcilar was municipality with immigrants coming from Anatolia in 1992 while it was a 
neighborhood connected to Bakirkoy municipality. Bagcilar is today a district founded by 
immigrants (Ministry of Environment and Urbanization, 2012).  

          
Figure 3.  Bagcilar in 1960s and Nowadays (Source: Bagcilar Municipality Web Site) 

 

Figure 4 shows the population of Bagcilar district according to years. Bagcilar’s population 
was 9.688 when it was connected to Bakirkoy municipality. In the end of 2016, Bagcilar 
has become the third most populous district of Istanbul by reaching out to 751.510 people. 

 

 
Figure 4. Bagcilar’s Population by Years (TUIK) 

 

As can be seen in Figure 5, when the largest quarter in terms of surface area of Bagcilar 
district that consist of 22 quarters in administrative structure is Mahmutbey, the most 
populous quarter in terms of population is Demirkapi (TUIK). 
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Figure 5. The Population of Neighborhoods in Bagcilar (2016) 

 

METHOD 

The study examines the relationship between population and surface area of Bagcilar 
district in Istanbul. 

In this study, it was used statistical data that is obtained by some government agency such 
as Turkish Statistical Instıtute (TUIK), district municipality, the Ministry of National 
Education (MEB) and the Ministry of Health, and neighborhood map getting from the 
municipality and provincial map of Istanbul getting from General Command of Mapping 
(HGK), the proportion of green areas obtaining from Parks and Recreation Commission. 
All data were showed on ArcGIS program.  

It was shown population of Bagcilar by using data obtained from the institutions, done the 
analysis of population density and land use belong to 2000, 2007 and 2016, examined 
Bagcilar district on the basis of quarters of it. Data were mapped with ArcMap program. 
Various analyses were applied. 

 

RESULTS 

Bagcilar that is the third most populous district of Istanbul with population of 751.510 has 
been allowed immigrants from every province of Turkey. Figure 6 shows the numbers of 
those who reside in Bagcilar according to the place of birth. The highest proportion in 
Bagcilar which has migrant population from each province is births Istanbul with 316.338. 
Bitlis with 21.665 people, Malatya with 20.727 people and Ordu with 19.160 follow in 
order with Istanbul. When looked as a region, those who come from Black Sea and East 
Anatolia region constitute the majority of migrants (TUIK).   



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

338 
 

 
Figure 6. Number of Migrants by Birth Place in Bagcilar(2016) 

 

Bagcilar ranks the fourth district among 39 districts of Istanbul in terms of population 
density when looked Bagcilar that migrants doesn’t show regular distribution*. According 
to the population of 2016, the number of people per square kilometer is 34,160†

Figure 7 illustrates the population densities in different years. The population density has 
increased in the years of 2007 and 2016 while this situation is less in 2000. Density 
increased much more in 2016. Density is accumulated in the quarters of Demirkapi, Fatih, 
Kazim Karabekir and Yuzyil in 2016. Quarters having the minimum density are 
Mahmutbey, Evren and Baglar. The reasons for this is the having large area of these 
quarters and the much more taking space of industrial area than residential area due to 
doing industrial activity in the region.  

. This 
number indicates that too many people have been living together in a small area. As a 
result of this, many problems based on population density has experienced in this district 
such as traffic congestion and so on.   

                                                           
* (1)Bayrampasa: 39.133 per km2, (2)Bahcelievler: 35.814 per km2, (3)Güngören: 35.579 per km2 
† It was obtained by using the formula of population density (per km2) 
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Figure 7. Population Densities of Bagcilar in 2000, 2007 and 2016 

 

If looked from the viewpoint of land use to Bagcilar district, Figure 8 emerges. 

Accordingly, factories and industries exist on the western parts of the district, and residents 

exist on the eastern and center parts of it. In addition to this, when there are empty spaces 

in industrial area, there is no empty spaces in other parts of areas that have residential 

density. This also shows which quarters gathered immigrant population over the years. 

Proportionately residential area covers 60 %, plants or factories are 20%, other (empty 

space, cemeteries, car park) are 10 %, park and open spaces are 5%, foundations are 2,5 %, 

education areas are 2,5%.  
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Figure 8. Land Use Map of Bagcilar, 2016 

 

Lack or deficiency of space and social space that is one of the biggest problems in areas 
where the population density is high, shows itself in Bagcilar. According to the regulations 
of the Ministry of Environment and Urbanization, the amount of green area per capita 
should be at least 15 square meter. The amount of green area recommended by the World 
Health Organization is at least 9 square meter per capita. But this amount is 0,50 square 
meter in Bagcilar. This is far below the amount of green areas per capita in Bagcilar. The 
maximum amount of green areas per capita on the basis of quarters is 2,30 m2

If examined the education rates of Bagcilar, there are 144 schools of private and public 
institutions, 153.802 students and 4.124 teachers in Bagcilar according to data of the 
district Ministry of National Education (2016). Those who want to school the private 
institutions have many preference. Parents who do not want to send them to private 
institutions are forced to send public institutions in district. This makes it possible to be 
made for capacity analysis. The number of students per classroom in all school types is 62, 
the number of students per teacher is 37. According to international standards, the number 
of students per teacher is 20 but the number in Bagcilar is below the ideal. This also 
indicates that the capacity has been exceeded in schools.  

 in center 
quarter. On this amount, the forest of the State Hospital has the huge impact. However, this 
amount also indicates how much remained below the standards. Much of the population 
per quarter also plays a role in this amount.  

There are a state hospital in the center quarter and also health centers in all quarters of the 
district. Additionally, there are 54 public institutions and 57 private health institutions 
(Bagcilar Municipality). It can be said without question out of the capacity in this area. 
Because people can benefit from any hospitals due to the existence of hundreds health 
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institutions in the metropolitan regions like Istanbul. Similarly, being more private 
institutions doesn’t create over in the field of health.  

 

CONCLUSION  

Bagcilar district that fed the migrant population in the background grew to reach as much 
as the size of a city over the years. It was experienced overcapacity in district because of 
small area but much population size of quarters. This caused an increase of the number of 
housing, an increase and accelerating of vertical growth in the quarters which doesn’t have 
empty space. Apart from these, the dense number of students per teacher and classroom are 
the factor supporting this overcapacity. Similarly, no empty space due to the much amount 
of housing, narrowing of the roads and the failure to find a suitable place for the 
construction of social spaces has also created difficulties in meeting the need of residents 
for creation and social space, and caused the insufficiency of the green areas.  
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ABSTRACT 

This study assessment water quality at Goksu Delta where is a major agricultural and 
wetland area in Turkey. Although delta is composed predominantly of agriculture, ıt has 
national and international significance. Delta is an ecologically important land as well as 
agricultural land. Alluvial soil structure provides fertile land for agriculture and is quite 
noteworthy in natural life. Especially water birds are an important point, delta chosen as 
the Ramsar field. Such an important area is very important in terms of monitoring of water 
quality and understaning of anthropogenic activities (especially agricultural) pressures. 
The purpose of these analyses was to determine the trace element concentratıon and 
distributıon in the Goksu Delta. A total of 24 water wells were selected, 13 from the Goksu 
region and 11 from the Silifke region, to represent all the study areas. Water samples from 
the selected wells were collected on a monthly basis between May 2012 and April 2013. 
Using  inductively coupled plasma- Optical Emission Spectrometry (ICP-OES), the 
concentratıon of trace element were measured in the Delta. Samples were collected from 
24 separate groundwater wells between May 2012 and April 2013, and chemical water 
quality parameters were examined. Water quality maps of the study area were created 
using the Geographic Information Systems (GIS). GIS was applied to illustrate the trend of 
trace element in the Goksu groundwaters. These have been created to comprise the most 
decisive criteria used for the delineation of groundwater degradation ın terms of 
agriculture or constructıon. 

 

INTRODUCTION 

The anthropogenic effects of the Goksu Delta are quite intense because of situated in the 
fertile alluvio-deltaic plains of the Goksu rivers (Turkey). Although the industry is not 
much, extensive and intensive agricultures activities are very dense. So the region is as 
ecologically important as economically important. The delta is special environmental 
protection area. It is also a RAMSAR site and an important wetland in terms of has many 
migrants birds. Goksu Delta constitute one of the most important main nesting zone in the 
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Mediterranean as “Caretta caretta”, “Chelonia mydas” and Nile turtle, for leaving their 
eggs. There are also 507 plant species, of which 10 are endemic species. 

Demirel (2004), assessment of saltwater intrusion into a coastal aquifer in Mersin, Turkey.  
According to this study the history and development of saltwater intrusion up to the year 
2000 in the region. To determined the wide of the seawater pollution in the aquifer used to 
mapping of chloride ion. The seawater intrusion extented about 500 m inland in the north 
direction. Evaluatıon of impact anthropogenic activities on the groundwater hydrology and 
chemistry in Tarsus coastal plain in Mersin using GIS technique (Güler et. al., 2012).  With 
the helping  GIS maps showing the spatial distribution of seawater of the groundwater 
samples in the area. The results of these study the deterioration in quality of groundwater 
resources responsible for anthropogenic activities especially excessive application 
fertilizers in agricultural areas in the area. Çobaner et al (2012) simulatıon of seawater 
intrusion in Goksu Delta with SEAWAT computer program. The simulatıon results 
indicate that reached a steady-state condition after 300.000 (822 years) days and saltwater 
intrusion reverted 500 m back towards the sea. Seckin et al. (2010) studied spatial and 
temporal changes of water quality parameters observed in 21 irrigation and observation 
wells, located in Göksu plain. The results demonstrate that the highest values found to be 
closed the sea so seawater intrusion. But they referenced water quality determination 
owing to seawater intrusion, widely used agricultural activity. 

Approach for groundwater vulnerability mapping using the hydrochemical investigations is 
adopted. The geographic information system (GIS) was applied to illustrate the trend of 
groundwater contamination by seawater intrusion. These have been created to comprise the 
most decisive criteria used for the delineation of groundwater degradation due to seawater 
intrusion. These criteria’s are represented by the total dissolved solids, hydraulic 
conductivity (EC) and hydrochemical parameters (Cl-, SO4

2-, NO3
-

 

), which have been used 
to characterize to seawater intrusion. The regions having low and highly groundwater 
vulnerability occupy 78.8%, 20.83% of total study area respectively, which designate to a 
deteriorated territory of groundwater quality, and needs special treatment and cropping 
pattern before use. However, the very highly groundwater vulnerability class occupies an 
area of about 8.3% of the total mapped area, which highlighted the need for certain 
management practices to prevent the saltwater intrusion from expanding further to the 
Goksu side. 

MATERYAL AND METHODS 

Goksu Delta is situated in the Mediterranean Sea region of Turkey. The study area is 
located between latitude 35035' N and longitudes 33017' E (Fig. 1a–d). The area is a delta 
plain, which is formed by Goksu River. The morphology in the study area is characterized 
by a wide flatness and it has an elevated from 0 to 5 m in height from the sea.  To the west 
of the Goksu Delta has two lagoons which are Paradenız and Akgol lagoons. The total area 
is about 15 000 ha which 226 km2 is protectıon area. The study area is situated in a region 
with typical Mediterranean climate. Wet and mild winter combined with dry and hot 
summers are typical for the coastal zone around the Mediterranean Sea. The mean annual 
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precipitation is 1.8 mm. The major part of the rainfall occurs during November to 
February. 

To characterize the entire field a total 24 water wells were examined, 13 of which are in 
Goksu and 11 of which are in Sılıfke region. Water samples for trace-element analysis 
were obtained every mouthy at the same time water temperature, electrical conductivity 
(EC), and pH were measured on site.  Chemical components including Cl-, SO4

2-, HCO3
-, 

NO3
-, Na+, K+, Mg2+, and Ca2+

 

 were measured in the Environmental Chemistry Laboratory 
of Cukurova University. Samples were analyzed by Inductively Coupled Plasma (ICP) in 
accordance with American Society for Testing and Materials (ASTM). 

 
Figure 1. The location map of Goksu Delta area.  

 

RESULT AND DISCUSSION 

To assess water chemistry values under natural conditions, 24 samples of groundwater in 
the study area were collected during May 2011 and April 2012 from short-term 
groundwater observation wells and drinking wells with depth of 4–75 m. The water 
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samples of Goksu Delta were collected at two different sites Goksu and Sılıfke Plain. The 
pH value of river water is 7.82, indicated a weak alkaline characteristics. The TDS 
concentrations of delta groundwater are 1010.5 mg/l and 568.39 mg/l in two sampling sites 
Goksu and Sılıfke sites, respectively, belonging to the fresh water (TDS <1,000 mg/l). The 
cation Ca2+, Mg2+, and Na+, K+ concentrations of delta groundwater are 60.91 and 64.23 
mg/l; 45.67 and 32.25 mg/l; 233.89 and 148.5 mg/l; 12.72 and 5.51 mg/l in two sampling 
sites Goksu and Sılıfke, respectively. The order of abundance is Na+ >Ca2+ >Mg2+ >K+ 
according to annually concentration in Goksu Delta. The anion HCO3

-, Cl-, SO4
2- and 

NO3
-concentrations of delta groundwater are 278 and 230 mg/l; 347 and 209.9 mg/l; 214.6 

and 173.9 mg/l; 12.3 and 12.7 mg/l in two sampling sites Goksu and Sılıfke, respectively. 
The order of their abundance is Cl-> HCO3

-> SO4
2- >NO3

-

 

 according to annually 
concentration in Göksu Delta. The ion concentrations of Goksu Delta increased Goksu 
Plain. 

Table 1. The annually chemical component concentrations of the groundwaters in the study 
area 

Statistics SKKY 
Nation 
Limit 

Mean Max Min SD 

pH  7.82 8.19 7.5 0.2 

EC (µS/cm)  1471.74 5677.5 265.57 1262.8 

TDS (mg/l)  807.88 3941.3 156.61 821.98 

Cl-   (mg/l) 284.22 1597.57 72.02 367.5 

𝑆𝑂42− (mg/l)  195.97 321.53 105.61 63.47 

𝑁𝑂3− (mg/l)  12.49 13.34 12.06 0.35 

Na+   (mg/l) 194.75 880.11 19.51 217.85 

Ca2+   (mg/l) 62.44 136.43 15.83 35.29 

Mg2+   (mg/l) 39.53 125.64 13.4 26.23 

K+  (mg/l) 9.42 34.46 2.41 8.47 

 

A hydrochemical investigation was conducted in the Goksu Delta to identify the 
hyrochemical characteristics and the salinity of groundwater. The results indicate that 
groundwater in the area is brackish and salinity. The vulnerability area map was compared 
with the regional hydrogeological setting of the Goksu Delta and it was found that the 
moderately and low vulnerability area. The Goksu Delta area can be roughly classified as 
moderately salinity. To estimated in aquifers salinity was used Cl- ion concentration 
indicated that the Delta influence salinity.  
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Figure 2. Trace-elements concentration (mg/l) contours in the well in Goksu Plain. (a) 
Ca2+, b) Mg2+, c) Na+

 

, d) SAR) 

 

Figure 3. Trace-elements concentration (mg/l) contours in the well in Sılıfke Plain. (a) 
Ca2+, b) Mg2+, c) Na+, d) SAR) 
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CONCLUSIONS 

Groundwater is an indispensable resource for water supply for the Goksu Delta, for the 
agriculture. The objective was to characterize the physic-chemical properties of 
groundwaters in Goksu Delta. The alluvial aquifer in Goksu Delta shows predominance of 
Na+, SO4

2- and Cl- ions. The values of its ions in the coastal zone area due to seawater 
intrusion and agricultural activities. Following the this ions, Ca2+ and Mg2+ concentration 
levels have second plenty ions. This was caused by cation exchange reactions seawater 
intrusion increase Ca2+ and Mg2+ in addition to dissolution of carbonate minerals in the 
recharge area increases Ca2+, Mg2+ and HCO3

-

 

 contents. 
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ABSTRACT 

The biggest flood natural disaster was took place at Çankırı in 1958. Results of 1958 flood 
were the death of 18 people in the city center and completely destroyed 300 houses. In this 
study, flood inundation mapping is made for Tatlıçay which passing through Çankırı city 
center. ArcGIS, HEC-GeoRAS and HEC-RAS software are used for flood analysis. The 
part of Tatlıçay that passes through Çankırı city center flows through the open artificial 
canal.  Artificial channel has u-shape in geometry. Geometric measurements are taken 
along the channel.  In this way, the digital terrain model is made even more sensitive. 
Scenario floods are created with HEC-RAS software and flood areas and water heights are 
calculated.  Flood maps are formed with the obtained information. The roads and 
buildings to be affected by floods in each scenario have also been identified. In this study, 
an example has been tried to be prepared for disaster management depending on analyzes 
based on Geographic Information Systems (GIS). The results of this study can be dividing 
in two main groups. If 200 m3/s flow rate will be observed, over 467.000 m2 of area in the 
city center can be under water. Same result is taken for 400 m3/s flow rate. In the case of 
400 m3/s flow rate, over 769.000 m2

 

 of area can be under water. 

INTRODUCTION 

Flood is a natural process. Defined as the land that is not usually submerged, is covered by 
water mass (Ward, 1978).  Trend analysis on natural disasters shows that the incidence of 
floods has been increasing in recent years (Berz, 2001; Kleinen and Petschel-Held, 2007). 
In different geography, floods often cause loss of life and property. Over 8.000 people 
have lost their lives as a result of flood events only in 2010 (EM-DAT, 2010). 

After the earthquakes, the most disastrous natural disasters are floods in Turkey. Between 
1955 and 2012, 1480 people lost their lives in the floods that took place in different places 
in Turkey (OSİB, 2015).  

In this study Tatlıçay Basin which is located in Çankırı, is selected as a study area (Figure 
1). The flood, which caused the biggest damage in Çankırı province, took place in 1958. 18 
                                                           
* Corresponding Author 
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people lost their lives and 300 houses were destroyed in flood events that occurred due to 
sudden flow increase in Tatlıçay in May 1958 (Ersin, 1958).  

 
Figure 1. Tatlicay Basin 

 

Tatlıçay has a 672 km2

 

 basin area (Figure 1). River passes through the city center of 
Çankırı. The river forms one of the important arms of Kızılırmak by merging with Acıçay 
to the south of the city center and the Terme to the south. In this study, lower course of 
Tatlıçay is taken as an area to be analyzed. Flood analysis is carried out along the line of 
about 10 km from the section where it is merged with Aygır River in the north and the cut 
that it merged with Acıçay in the south. 

MATERIALS AND METHOD 

For flood analysis, flood bed and contour lines belonging to lower course of Tatlıçay are 
transferred to the GIS. After then digital terrain model is created. For this aim, 1: 25.000 
scale topography maps (G31d3, G31d4, H31a1, H31a2) are used.  Tatliçay moves in an 
open channel in the city center of Çankırı. As a result of the channel measurements, it is 
determined that the channel has 17-20 meters wide and 5.2 meters deep. The dimensional 
information of the channel is also added to the digital terrain model. Thus, it is possible to 
determine exactly which phase of the increase of Tatlıçay will turn into a flood. 

http://tureng.com/tr/turkce-ingilizce/contour%20line�
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In this study, ArcGIS, HEC-GeoRAS and HEC-RAS software are used for flood analysis. 
The topographic data is prepared in the ArcGIS environment and transferred to the HEC-
GeoRAS module. Cross-section lines are created in the HEC-GeoRAS module (Figure 2). 
Scenario floods are created with HEC-RAS software. Flood areas and water heights are 
calculated with HEC-RAS depending on previous inputs. Flood maps are formed with the 
obtained information. 

 
Figure 2. Cross section lines for lower course of Tatlıçay.  

 

RESULTS 

The artificial channel over Tatlıçay has 100 m2 cross-sectional areas. Channel is capable of 
draining the water mass much above the average flow of the river. General Directorate of 
State Hydraulic Works (DSİ) has a stream gauging station over Tatlıçay. Number of station 
is D15-080 and station is located north of the study area. However, measurements were 
made only for 1965 and 1966 (Figure 3). According to time series at stream gauging 
station, the amount of flow seen in March and April is much more than other months. 
March average is 10.4 m3/s, and April average is 7 m3

 

/s. 

 
Figure 3. Monthly distribution of Tatlıçay flow rate (m3/s) 
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Due to the fact that only two years of current data is available for Tatlıçay, no calculations 
can be made about the frequency of flood repetition. With the HEC-RAS software, flood 
modeling is performed according to three different flow rates of 100 m3/s, 200 m3/s and 
400 m3/s. It has been seen that the Tatlıçay canal is able to drain 100 m3

If a flow rate value will be 200 m

/s of water flow 
without any overflow after modeling. 

3/s, it is revealed that over 467.000 m2

 

 of area in the 
northern part of the city center can be flooded. It can be seen that over 60 buildings also 
directly affected by flood (Figure 4). 

 
Figure 4. Flood inundation map of study area for 200 m3

 

/s flow rate 

When 400 m3/s flow rate will be seen, it is revealed that more central areas along the 
channel of Tatlıçay can be under water, starting from the north of the city center. The area 
to be flooded in the city center can be over 769,000 m2

 

. More than 150 buildings can be 
directly affected by floods (Figure 5). 
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Figure 5. Flood inundation map of study area for 400 m3

 

/s flow rate 

CONCLUSIONS 

In this study, flood maps are made for Tatlıçay passing through Çankırı city center for 
different flow rate conditions. Flood modeling studies require a high-resolution digital 
terrain model. Otherwise, calculations of what flood will occur after the current level in the 
stream bed do not reflect the reality. Because the part of Tatlıçay that passes through 
Çankırı city center flows through the artificial channel, it became possible to make the 
digital terrain model sensitive by the measurements made along this channel. 

In this study, scenario floods are created with HEC-RAS software. After then, flood areas 
and water heights to be seen in these floods are calculated. In the modeling study, it is seen 
that the channel of Tatlıçay can carry 100 m3/s flow rate without leading to flood. When 
200 m3/s flow rate will be observed, over 467.000 m2 of area in the city center can be 
under water. Same result is taken for 400 m3/s flow rate. In the case of 400 m3/s flow rate, 
over 769.000 m2

 

 of area can be under water. 

http://tureng.com/tr/turkce-ingilizce/artificial%20channel�
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ABSTRACT 

The aim of this study is to analyze the performance of Airborne Light Detection and 
Ranging (LiDAR) in the hydrologic studies intended for flood modelling and to analyze the 
effects of spatial resolutions and vertical accuracy of Digital Terrain Models (DTMs) 
acquired with various technics on the resulting flood peak discharge values. Balcı Stream 
Basin is selected as study area, lying within the boundaries of Borçka district of Artvin city 
in the northeast of Turkey. Types of data used in the study are as follows: LiDAR point 
cloud, GDEM-2 (Global Digital Elevation Model-2) from ASTER  and DTED-2 (Digital 
Terrain Elevation Data-2) from 1/25 000 scale topographic maps, Ground Control Points 
(GCPs) derived from Global Positioning System (GPS) in the field study and finally 
LANDSAT 8 satellite image for determination of land use. TerraScan, TerraModeler and 
TerraPhoto softwares are used in laser point cloud filtering, classification, modelling and 
accuracy analysis; while ArcGIS, Surfer, Global Mapper and Erdas Imagine softwares are 
used for integration with Geographic Information System (GIS) and hydrologic modelling. 
Realizing the truth that the basic data for flood modelling is a highly accurate DTM; 
various LiDAR DTMs are created using different parameter combinations to find the best 
vertical accuracy in order to obtain the best representation of the topography of Balcı 
Stream Basin, which has a very steep slopped and dense vegetated character. Several 
comparisons were executed among LiDAR, ASTER GDEM-2 and DTED-2 data and 
LiDAR came to the forefront with its capacity to produce bare earth model easily, 
extracting non-ground objects and with a vertical accuracy of 0.1855 m. Later on, in the 
hydrologic modelling phase; Flood Peak Discharge Values (Qp) were calculated from 
these three different data types having different spatial resolutions and vertical accuracies, 
LiDAR DTM gave the nearest value to the reference. In addition, for ASTER GDEM-2 and 
DTED-2 data, Qp
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 could be moved away from the reference value and given exaggerated 
results as the spatial resolution and vertical accuracies decreased. 
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INTRODUCTION 

It is very important to take the necessary precautions against flood risk before it happens. 
For this purpose, it is of utmost importance to reveal the topographic structure of the risky 
region with high accuracy by means of Digital Elevation Model (DEM) and Digital Terrain 
Model (DTM) obtained from terrestrial surveying, radar and satellite imagery, digital 
photogrammetry or from Light Detection and Ranging (LiDAR) as a new technology. 

The two parameters; the drainage areas and the slopes of the water basins are the most 
important parameters for the hydrological studies. In order to obtain these parameters 
accurately, the topographic structure of the terrain needs to be determined very precisely in 
the digital environment. Highly inclined basins are present in many parts of our country, 
especially in the Eastern Black Sea region, and contain a wide variety of trees and plant 
species. It is very time consuming and costly to obtain 1: 1.000 or 1: 5.000 scale data in a 
wide area with such dense and complicated surface structure by in situ measurements using 
classical methods. In hydrological studies, the realistic determination of basin boundaries, 
area, and the slope and aspect conditions of sub-basins depends on the precision of the xyz 
values of the ground, so that the flood model can be accurately presented. With classical 
surveying methods, it is almost impossible to obtain these values in such steep sloped and 
dense vegetated areas. 

When the data retrieval techniques for DEM and DTM production are reviewed within the 
scope of the geomatics science, five basic techniques come to the forefront: 

  • Classical ground survey, 

• Digital Photogrammetry,  

• LiDAR, 

• Interferometric Synthetic Aperture Radar (InSAR) / Shuttle Radar Topography     
Mission (SRTM), 

• Stereo satellite images. 

Depending on the specific requirements of the flood modelling task, it is important to 
examine the characteristics of the different topographic data sets required for DTM 
generation and hydrological modeling in water basins. 

LiDAR requires less terrain work and evaluation costs when compared with terrestrial 
surveying methods, satellite and radar imagery and digital aerial photogrammetry. This 
makes LiDAR an attractive technology for users who need digital elevation data with low 
cost, high point density, and referenced with the desired accuracy. Depending on these 
properties, LiDAR is complementary to some of the conventional technology, whereas 
replacing some of them. In many surveying applications, airborne LiDAR, which is a laser 
scanning technology from an aircraft or helicopter, is used in conjunction with digital 
cameras. 

Traditional methods such as field surveying and photogrammetry can yield high-accuracy 
terrain data, but they are time consuming and labour-intensive. Moreover, in some 
situations, for example, in forested areas, it is impossible to use these methods for 
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collecting elevation data (Habib et al., 2005). 

Compared with photogrammetry, one of the main competing technologies with airborne 
LiDAR in terms of accuracy, due to LiDAR’s capability of canopy penetration, DEM 
generation from LiDAR data overcomes the limitations of photogrammetry for DEM 
generation in forested areas (Liu, 2008). Actually, the use of LiDAR for terrain data 
collection and DEM generation is the most effective way (Forlani and Nardinocchi, 2007) 
and is becoming a standard practice in the spatial science community (Hodgson and 
Bresnahan, 2004). There has been a significant increase in the use of LiDAR data for DEM 
generation over the last decade as more reliable and accurate LiDAR systems are 
developed (Sithole and Vosselman, 2003). 

Airborne LiDAR systems are also capable of detecting multiple return signals for a single 
transmitted pulse (Wehr and Lohr, 1999; Reutebuch et al., 2005). Most LiDAR systems 
typically record first and last returns, but some are able to record up to six returns for a 
single pulse (Wagner et al., 2004; Lim et al., 2003). Multiple returns occur when a laser 
pulse strike a target that does not completely block the path of the pulse and the remaining 
portion the pulse continues on to a lower object. This situation frequently occurs in 
forested areas where there are some gaps between branches and foliage (Reutebuch et al., 
2005). Recording multiple returns is quite useful for the topographic mapping in forested 
area or for the description of forest stand and structure (Sheng et al., 2003). It also makes 
the creation of a bare earth model possible, which is very important for hydrological 
studies. With the LiDAR point cloud data, the xyz value of each point is obtained directly, 
so terrain models such as DEM, DSM and DTM can be obtained at a high speed in data 
processing. 

 

MATERIALS  

Study Area 

Balcı Stream Basin is selected as study area, lying within the boundaries of Borçka district 
of Artvin city in the northeast of Turkey (Fig. 1). 

 

Figure 1. Study area 
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Data and the softwares used in the study 

Types of data used in the study are as follows: LiDAR point cloud, orthophotos, DTED-2 
(Digital Terrain Elevation Data-2) from 1/25 000 scale topographic maps, GDEM-2 
(Global Digital Elevation Model-2) from ASTER  and Ground Control Points (GCPs) 
derived from Global Positioning System (GPS) in the field study and finally LANDSAT 8 
satellite image for determination of land use. TerraScan, TerraModeler and TerraPhoto 
softwares are used in laser point cloud filtering, classification, modelling and accuracy 
analysis; while ArcGIS, Surfer, Global Mapper and Erdas Imagine softwares are used for 
integration with Geographic Information System and hydrologic modelling.  

 

 
Figure 2. (a) Airborne LiDAR point cloud, (b) Orthophotos 

 

 
Figure 3. (a) DTED-2, (b) ASTER GDEM-2 data 

 

METHODOLOGY 

Lidar Data Classification 

Terrain classes are determined by using TerraScan, TerraPhoto and TerraModel modules 
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included in Terrasolid LiDAR data processing software with unsupervised and supervised 
classification methods, by making use of orthophotos as visual reference. After completion 
of LiDAR data filtering process, the whole LiDAR point cloud package consists of 22 182 
274 points has been completely filtered  and classified (Fig. 4).   

 

 

Figure 4. Completely classified LiDAR data. 

 

Accuracy Analysis 

The classified LiDAR data has been subjected to the accuracy analysis by using 
coordinates obtained from GPS survey performed in the study area. 16 different LiDAR 
DTM has been generated by extracting non-ground objects from the complete laser point 
cloud data with TerraModeler software to analyse the effects of filtering parameters to the 
accuracy. And the best vertical accuracy was found as 0.1855 m., while horizontal 
accuracy was found 1.16 m. in X axis and 0.47 m. in y axis. Spatial resolution of LiDAR 
data was found as 0.6 m. in all classes and 1.8 m. in only ground class (Fig. 4). 

 

Comparison of Data Types 

In this part of the study, LiDAR DTM has been compared with two other data, having 
different resolutions and vertical accuracies, which were DTED-2 and ASTER GDEM-2 
elevation data, with respect to model accuracy and hydrologic modeling. The models were 
created using TerraModeler software and the vertical accuracies were calculated by using 
GCPs obtained with GPS field survey, as reference. As it was seen in Fig. 5, LiDAR DTM 
has the best point density and vertical accuracy. 
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Figure 5. (a) LiDAR DEM, (b) DTED-2 DEM, (c) ASTER GDEM-2 DEM. 

 

The comparison of the resolutions and vertical accuracies were shown in Table 1. The 
LiDAR DTM has got the best results with point number of 2 756 531, resolution of 1.8 m. 
and vertical accuracy of 0.1855 m. 

Table 1. Data comparison results. 

 
 

While LiDAR data give better results in resolution and vertical accuracy, it is also best in 
hydrologic maps. Fig.6 gives us a visual perspective about how the drainage lines, pour 
points and sub-basins are composed in relief maps created with Erdas Imagine 2013. As it 
was seen in figure, basin drainage lines, pour points and sub-basins which are the basic 
inputs for hydrologic modelling, gave best results with LiDAR data and they gradually 
became poor as the resolution and vertical accuracy decreased with DTED-2 and ASTER 
GDEM-2 data. 
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Figure 6. Relief maps created with Erdas Imagine 2013. (a) LiDAR DEM, (b) DTED-2 
DEM, (c) ASTER GDEM-2 DEM. 

 

Hydrologic Modelling 

One of the most common problems in projecting river structures is the determination of the 
maximum flow in the stream. Since the Balcı Stream Basin is smaller than 5 km² and there 
is no Flow Observation Station (AGI) and Automatic Meteorological Observation Station 
(OMGİ) installed on the basin, the Rational Method was used to calculate the hydrological 
model and calculate the flood peak discharge value. The rational method yields good 
results in small basins (0.5-5 km2) where the percentage of impermeable areas is large and 
the duration of rainfall is greater or equal to the Time of Concentration (Tc) of the basin. 

The rational method can be explained as follows (Thompson, 2006): The flood peak 
discharge “Q”, that the rainfall will bring to the basin sized as “A”, at the intensity of the 
“i” multiplied by flow coefficient “C” 

                                                         Q = C i A                                                               (1) 

Q: Flood peak discharge (m³/s), i: Rainfall intensity (mm/hr), A: Drainage area (m²),          
C:  Flow coefficient (unitless).  

The land cover and usage pattern (building, forest, meadow, road etc.) influence the 
infiltration potential and flow coefficient of the hydrologic model. For this reason, 
LANDSAT 8 multispectral (MS) satellite image is provided from USGS, having a spatial 
resolution of 30 m., dated 03.05.2013. Unsupervised and supervised  classification have 
been done and land use patterns are determined. Since the flow coefficient takes different 
values according to the land use pattern in the basin, a single flow coefficient for the basin 
has been calculated by weighted average calculation. As a result, basin flow coefficient 
(Ch

The flood peak discharge values (Q

) was calculated and found as 0.4128. 

p100) were calculated for each of the three data types 
(LiDAR, DTED-2 and ASTER GDEM-2) using Equation (1) for return interval of 100 
years. Rainfall İntensity “i” is taken from Turkey's Rainfall Intensity Book, dated 1987.  
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For LiDAR                           Qp100

For DTED-2            Q

=0.4128* (55/(1000*3600))*2830578) = 17.85 m³/s. 

p100

For ASTER GDEM-2          Q

=0.4128* (70/(1000*3600))*2830578) = 22.72 m³/s. 

p100

 

=0.4128* (75/(1000*3600))*2830578) = 24.34 m³/s. 

Analysis of the Differences in the Hydrologic Models with 3 Different Data Types  

Hydrologic models were generated with three different data on the same basin and flood 
peak discharge values of 100 years return interval were reached. As a result, the 
importance of the resolution and the vertical accuracy of the three-dimensional model used 
in the hydrological model came in sight, therefore accuracy of the hydrologic model 
strongly related with how correectly the model reflects the details of the terrain. 

As the result of the calculations, the LiDAR data gave the closest value to the value, 
measured in a similar basin (Kılıçlı Pond) before, which was taken as reference (Özdemir 
1978). While LiDAR data generates a differnce of %5.1 with the reference value, it was 
%20.8 in DTED-2 data and %29.5 in ASTER GDEM-2 data (Table 2). 

As it was seen in Table 2, the flood peak discharge value increases as the resolution and 
vertical accuracy decreases and moves from the reference value and the value found by 
LiDAR. 

 

Table 2. Comparison of flood peak discharge values calculated from differernt data types. 

 
 

RESULTS & DISCUSSION 

In this study, performance analyses of a new and effective technology, Light Detection and 
Ranging (LiDAR), was carried out for hydrological studies to be undertaken in order to 
take necessary precautions against the flood disaster which causes significant loss of lives 
and property every year in our country.  

As a result of this study with LiDAR; unlike other existing DEM production techniques 
described in introduction section,  
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• Thanks to the GPS / INS system located on the same platform as the laser scanner, 3D 
data has been obtained directly, saving time to make the data 3D. 

• Digital images are taken simultaneously with the laser points by means of digital 
camera mounted on the same flight platform with the laser scanner in airborne LiDAR 
systems. These images could be easily and quickly transferred to orthophotos with 
TerraPhoto software by means of position, orientation, and velocity parameters calculated 
by integrated GPS/INS system and these orthophotos had been used as a homogeneous 
visual reference during classification of the laser point cloud data, which was very essential 
for calssification accuracy. 

• Despite the fact that, it was very hard to get a DTM with the classical data acquiring 
technics and the accuracy of this DTM was low in such steep sloped and dense vegetated 
areas; making use of high penetration and multiple reflectance properties of the laser 
pulses, ground and other terrain details had been easily distinguished from each other, and 
a very sensitive DTM had been generated having a vertical accuracy of 0.1855 m. 

• Thus, in cases there is no flow or precipitation station in the study area; hydrologic 
modelling could be performed with rational method and a flood peak discharge value has 
been obtained which is rather close to the values obtained by means of measurements.  

 

CONCLUSION 

DTM, generated with the LiDAR data with the spatial resolution of 1.8 m. and the vertical 
accuracy of 0.1855 m. is matched with the findings of Mason et al. (2010) about the data 
requirements for flood modelling. Resulted flood peak discharge calculations as part of 
hydrologic modelling was found strongly corelated with the spatial resolution and the 
vertical accuracy. Flood peak discharge values could be move away from the reference 
value and give exaggerated results as the spatial resolution and vertical accuracies 
decreased.  

Because of all these above mentioned reasons, it was assesed that, usage of LiDAR 
technology in modelling river basins will make a significant contribution to hydrological  
and the flood risk analyzing studies  
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ABSTRACT  

It is planned to build a massive navigational canal in Istanbul in order to link the Black 
Sea to the Marmara Sea. Construction of the newly proposed Canal Istanbul may have 
adverse effect on the nearby fresh water resources by encouraging seepage and salt water 
intrusion. This canal will built beside Terkos Lake which is one of the most important 
freshwater sources for Istanbul, (1-2 km) distance in between Canal Istanbul and Terkos 
Lake. Breaking of a saltwater way could cause a damage and contamination for the 
aquifer because saline water has a higher mineral content than freshwater, it is denser and 
has a higher water pressure. As a result, saltwater can push inland beneath the freshwater. 

This study focused on the possibility of saltwater intrusion in the aquifer between the canal 
and the lake in order not to destroy the aquifer; analytical solution were used to simulate 
Terkos lake- Canal Istanbul intrusion using Ghyben-Herzberg, Glover analysis; A 
Geographical Information System (GIS) Geodatabase has been built for simulating the 
saltwater intrusion in case of canal construction.   

Water level in Terkos lake is fluctuating; it is vary from +4.5 to -0.18, the results show 
there is no any serious problem as long as the lake level above mean sea level, but in case 
of the water level in the lake declined below mean sea level or equal; the saltwater will 
enter the aquifer and caused of freshwater pollution. 

 

INTRODUCTION 

Turkey government plans to build a massive navigational canal to link the Black Sea to the 
Marmara Sea. The canal will bypass the Bosphorus waterway that bisects Istanbul a rival 
to the Panama and Suez Canals. The new canal hopes to facilitate trade, reduce the 
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possibility of shipping accidents and overcome the pressure through the Bosporus. 
Although this canal may solve the Bosphorus dilemma, extensive studies surrounding this 
strategic waterway have to be prepared before its construction.  

There are a total of 7 water basins supplying the drinking water demand in Istanbul. 4 of 
them reside in European side and the rest 3 of them are located in the Asian part of the 
Istanbul. Purposely use for drinking water, basins in the European side are Alibeykoy, 
Terkos, Sazlidere and lastly Buyukcekmece dams. Terkos  Lake  considered as one  of  the  
most  crucial  surface  water  resources  of  Istanbul  city.  Inevitably, as a result of 
increasing population, irregular urbanization over the Istanbul in the  last  20  decades,  
qualities  of  the  water  basins  have  been  reduced  dramatically.  All precautions taken 
and aggressive rules and regulations imposed did not prevent the water basins enough from 
environmental pollution (Çodur, 2004). The immediate threat of the canal on the 
freshwater resources in the area, especially Terkos Lake which is of a great importance has 
been considered as a highly significant national fresh water source in Istanbul by several 
authors (Yilmaz and Güleçal, 2012 and Kurt, 2015), its water is not only utilized for 
domestic water supply and recreation but also sustains important economic activities such 
as flower and vegetable growing, tourism and fishing. Its importance comes from being 
considered as a source of drinking water for an essential part of Istanbul (DAMOC, 1971). 
Construction of Canal Istanbul in the proposed site, (Figure. 1) breaks a salt water way in 
this area and may affect the fresh water of Terkos Lake through encouraging seepage of 
water in the aquifer system connecting Terkos Lake with the canal. According to the 
available water level measurements, the canal will always drain the nearby aquifer creating 
downward seepage from surface water of Terkos Lake into the aquifer system.  

 

 

Figure 1. The proposed path of Canal Istanbul 
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DESCRIPTION OF THE STUDY AREA  

The location of the study area was identified using Universal Transverse Mercator 
coordinate system (UTM) for the World Geodetic System (WGS 84) datum, Zone 35 for 
Istanbul. The upper left corner of the model area has the longitude and latitude values of 
X= 636000 and Y= 4579000 whereas the lower right corner has an X= 645000 and Y= 
4570000 as shown in Figure. 1. 

Terkos Lake: 

Terkos Lake is 12 kilometers long and 5 kilometers wide. It is separated from the black 
Sea by a zone of sand dunes whose width varies between 0.25 kilometers and 3.7 
kilometers, with an average of 2 kilometers. It is bordered on the south side by cliffs about 
80 meters high; secondary rivers flow from that side into the lake. The major axis of 
Terkos Lake runs northeast-southwest along which flow two major rivers. Swampy areas 
are extensive in these two zones especially in the north in Istranca River Valley. The Black 
Sea beach is rectilinear with a berm of about 10 to 30 meters width. Along the Black Sea 
shore, the dune zone is bordered at the central part on the northwest and by small cliffs on 
the southwest. In the flat zone, dunes are about 10 meters in elevation. Active dunes have 
moved from the northwest to the southeast with a maximum displacement of about 350 
meters over an 18-year period.  

Aquifer systems and aquifer properties: 

Aquifer properties were assigned based on the analysis of observation boreholes data 
(KGM, 2015). Five layers of the aquifer were taken into consideration depending on the 
lithological information of boreholes drilled in the study area. The properties and hydraulic 
conductivities (K) of the layers are shown in Table 1 (P. Dietrich, 2005). 

Table 1 Aquifer properties 

Layer  
Average 

depth (m) 
Properties K (m/s) 

Specific 
yield % 

Porosity 
(%) 

1 7 Silt 2.0×10 8 -5 34 – 61 

2 4 Sand stone 6.0×10 24 -6 14 – 49 

3 4 Silt stone 1.4×10 12 -8 21 – 41 

4 20 Sand stone–Silt stone 3.0×10 18 -6 17 – 45 

5 20 Silt stone 1.4×10 12 -8 21 – 41 

 

Building the Geo-database: 

Basic Concept of GIS is defined as a system for input, storage, manipulation, and output of 
geographically referenced data (Goodchild 1996). GIS provides a means of representing 
the real world through integrated layers of constituent spatial information (Corwin 1996). 
Geographic information can be represented in GIS as objects or fields. The object approach 
represents the real world through simple objects such as points, lines, and areas. The 
objects, representing entities, are characterized by geometry, topology, and non-spatial 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

368 
 

attribute values (Heuvelink 1998). In hydrogeology, some examples of spatial objects are 
wells, piezometers, boreholes, galleries, and zones of protection. Attribute values of 
objects could be the number of a well, the ownership, and the diameter of a gallery or 
drain. The field approach represents the real world as fields of attribute data without 
defining objects; some examples are strata elevation, hydraulic head, and vulnerability 
zones. This approach provides attribute values in any location. In GIS, this distinction 
between objects and fields is often associated with vector data models and raster data 
models. The vector model represents spatial phenomena through differences in the 
distribution of properties of points, lines, and areas. 

Geographic Information System (GIS) was used to input, store, retrieve, process and 
display spatial information in the form of maps or images including database which is 
linked to the mapping, ARC GIS 10.2 was utilized for the purpose of building the 
geodatabase. Figure 2. A digital elevation model (DEM) of 30 m resolution of the 
Advanced Space Borne Thermal Emission and Reflection (ASTER) on-board NASA 
satellite Terra was downloaded and GIS was used to process the digital elevation model 
(DEM) of the study area which in turn helped to define the boundary of the study area, 
Figure 3. 

Saltwater Intrusion: 

Coastal aquifers are highly sensitive to disturbances, inappropriate management of a 
coastal aquifer may lead to its destruction as a source for freshwater much earlier than 
other aquifers which are not connected to the sea. In many coastal aquifers, intrusion of 
seawater has become one of the major constraints imposed on groundwater utilization.  As  
seawater intrusion progresses,  existing pumping wells,  especially those close  to  the 
coast,  become saline  and  have  to be abandoned.  Also, the area above the intruding 
seawater wedge is lost as a source of natural replenishment to the aquifer (Bear, 1999). A 
complete model to describe saltwater intrusion should be three-dimensional, transient, and 
account for varied densities and for dispersion. Such a model, if any, is not only 
complicated, but requires also a lot of input data which are mostly not available. Even in 
areas rich in data it is never enough and the ever heard complaint of lack of data will 
remain forever.  The modeler will have to learn the art of drawing acceptable conclusions 
and to indicate the range of their reliability from the available data. The most recent 
development in modeling is the coupling of the model with a geographic information 
system (GIS) for the input data and presentation of the model output. Where no 
comprehensive sophisticated model and/or computer capacity is available, or in the 
absence of sufficient knowledge or experience with such models, one can resort to simpler 
models. To evaluate the effects Canal Istanbul construction on saltwater intrusion, a two-
dimensional cross-section model was developed using average hydrologic conditions. 
Analytical solutions, although not as powerful as numerical models, may be able to 
provide reasonable predictions of the risk of salt water intrusion. Simple analytical 
approaches which are physically based can be used to address local salt water intrusion 
issues. They play an important role to serve as instructional tools to present fundamental 
insights to clearly understand the trend of the salt water interface in coastal aquifers. 
Sophisticated numerical models cannot provide more accurate results without the support 
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of reliable input data. That is why it is often interesting to perform some preliminary 
calculations based on basic information and simplifying assumptions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 2. ARC GIS Geodatabase  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Digital Elevation Model for the study area 
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The analytical solutions made by Ghyben (1889) and Herzberg (1901), thus called the 
Ghyben-Herzberg relation, and the Glover (1959) equations for locating the position of the 
saltwater-freshwater interface in a coastal aquifer form the basis of the work presented in 
this section. The advantage of such analytical approaches is that they have fewer 
parameters and require a minimum of computational resources to provide reasonable 
recommendations for characterizing salt water intrusion in aquifers. Ghyben-Herzberg 
analytical solution to derive the position of the saltwater interface is reliant on a sharp 
interface assumption, however, Glover’s (1959) analytical solution accounts for a 
transition zone between the two types of water near the shoreline. 

Ghyben-Herzberg analysis: 

This analysis assumes hydrostatic conditions in a homogeneous, unconfined coastal 
aquifer. Moreover, it assumes a steady salt-fresh water interface. An exact mathematical 
statement of the saltwater intrusion problem, assuming that an abrupt interface separates 
fresh water and saltwater, was presented by Ghyben-Herzberg relationship which can be 
introduced as: 

𝑍 = 𝜌𝑓
𝜌𝑠−𝜌𝑓

× ℎ𝑓      (1) 

Where:  
𝑍 =  vertical position of the saltwater interface measured below the mean sea level, m. 

𝜌𝑓 = density of the fresh water, kg/m3

𝜌𝑠 = density of the salt water, kg/m

. 
3

ℎ𝑓 = height of the fresh water table measured above mean sea level, m. 

. 

Using the fresh and saline water densities for typical sea water conditions at 20 °C, we 
have 𝜌𝑓 =1000 kg/m3 and 𝜌𝑠 = 1025 kg/m3

For the black sea the salt water density is 𝜌𝑠 = 1018 kg/m

. Substituting these values in Eq. (1) yields 
that:   𝑍 = 40 ℎ𝑓 

3

𝑍 = 55.56 ℎ𝑓 

. This would lead to the relation: 

The validity of the Ghyben-Herzberg relationship was investigated by Bear and Dagan 
(1964). It shows reasonable estimates except that close to the coast the depth of the 
interface is greater than that predicted by the Ghyben-Herzberg relationship. It is important 
to note from the Ghyben-Herzberg relation that fresh-salt water equilibrium requires that 
the water table, or the piezometric surface (1) lie above sea level and (2) slope downward 
toward the sea. Without these conditions, seawater will advance directly inland (Todd, 
2005). 

 

Glover analysis 

One of the simplest stationary interface solutions based on Dupuit assumption was 
proposed by Glover (1959) for confined flow, later extended by Van Der Veer (1977) to 
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include phreatic flow. The saltwater interface can be considered as a streamline and, its 
position can be determined as a function of the distance from the shoreline as follows: 

𝑍 = ��𝜌𝑓𝑄
∆𝜌 𝐾

�
2

+ 2𝜌𝑓𝑄
∆𝜌 𝐾

𝑋        (2)  

𝑍 =vertical position of the saltwater interface measured below the mean sea level, m. 

𝑋 = horizontal distance measured inland from the shoreline, m. 

𝜌𝑓 =density of the fresh water, kg/m3

∆𝜌 = 𝜌𝑠 − 𝜌𝑓 = Difference between the density of the salt water and fresh water, kg/m

. 
3

𝑄 = constant total freshwater flow per unit length of shoreline, m

. 
3

𝐾 =  hydraulic conductivity of the aquifer, m/s. 

/s/m. 

The width of the region through which freshwater discharges to the sea is obtained for 
𝑍 =  0 and is given by: 

𝑋0 =
𝜌𝑓𝑄

2∆𝜌 𝐾
 

The depth of the interface beneath the shoreline 𝑍0 occurs when 𝑋 = 0 so that: 

𝑍0 =
𝜌𝑓𝑄
∆𝜌 𝐾

 

Several scenarios were assumed for the Terkos Lake levels as (+4.5, +3.5, +2.5, +1.5 and 
+0.5 m) and the distribution of the hydraulic heads altogether with the seepage flow rates 
towards Istanbul canal were calculated by MODFLOW. These results were used to locate 
the corresponding position of the salt water interface for each lake level using the previous 
analytical solutions (i.e. Ghyben-Herzberg and Glover relationships). The results are given 
in Table (2) and Table (3) for Ghyben-Herzberg and Glover relationships, respectively.  
From the different scenarios, it is observed as the Terkos Lake levels decrease, a 
significant movement of the salt water interface would occur with a maximum extent of 
1200 m when the Terkos Lake level is 0.5 m. This means that the saltwater will almost 
reach Terkos Lake. Hence, operation of Terkos Lake should not allow the lake level to 
reach such low levels. Figures 4,5. 

 

 

 

 

 

 

 

 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

372 
 

Results  

Table 2.  Results of Ghyben-Herzberg relationship 

Terkos Lake level 

(m) 
Distance from canal 

𝑋 (m) 

Height of fresh 

water a.m.s.l. 

ℎ𝑓 (m) 

Height of salt 

water b.m.s.l. 

𝑍 (m) 

Seepage flow 

rate 𝑄 (m3/year) 

4.50 

1275 4,5 249,75 

530000 
850 2,23 -123,76 

425 0,867 -48,12 

0 0 0 

3.50 

0 3,5 -194,25 

409000 
425 1,72 -95,46 

850 0,76 -42,18 

1275 0 0 

2.50 

0 2,5 -138,75 

289000 
425 1,23 -68,26 

850 0,474 -26,30 

1275 0 0 

1.50 

0 1,5 -83,25 

172000 
425 0,73 -40,51 

850 0,28 -15,54 

1275 0 0 

0.50 

0 0,5 -27,75 

56800 
425 0,242 -13,43 

850 0,093 -5,16 

1275 0 0 
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Table 3. Results of Glover relationship 

Terkos 
Lake 
level 
(m) 

Distance 
from 
canal 

𝑋 (m) 

Height of 
fresh water 

a.m.s.l.  

ℎ𝑓 (m) 

Seepge 
flow rate 

𝑄 
(m3

Hydraulic 
conductivity 
𝐾 (m/s) 

/year) 

Freshwater 
density 

𝜌𝑓 (kg/m3

Saltwater 
density 

) 𝜌𝑠 
(kg/m3

Height of 
salt water 
b.m.s.l.  

) 𝑍 (m) 

4.50 

1275 4,5 

530000 0,0000305 1000 1018 

-105,69 

850 2,23 -86,33 

425 0,867 -61,13 

0 0 -4,37 

3.50 

1275 3,5 

409000 0,0000305 1000 1018 

-92,83 

850 1,72 -75,82 

425 0,76 -53,67 

0 0 -3,37 

2.50 

1275 2,5 

289000 0,0000305 1000 1018 

-78,02 

850 1,23 -63,71 

425 0,474 -45,08 

0 0 -2,38 

1.50 

1275 1,5 

172000 0,0000305 1000 1018 

-60,18 

850 0,73 -49,14 

425 0,28 -34,76 

0 0 -1,42 

0.50 

1275 0,5 

56800 0,0000305 1000 1018 

-34,57 

850 0,242 -28,23 

425 0,093 -19,96 

0 0 -0,47 
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Figure 4. Ghyben-Herzberg saltwater interface 

 

 

Figure 5. Glover saltwater interface 
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Figure 6. Saltwater intrusion comparison of Ghyben-Herzberg and Glover analytical 
methods for Terkos Lake levels of 4.5 m and 0.5 m. 

Discussion and Recommendation:  

For an essencial project like Canal Istanbul has to be studied thoroughly, our study still in 
progress using numerical analysis solution by SEWAT GMS 10.2. the model will be 3-
dimension, Transient, and multi sinario model starting by steady state conditions (current 
period) moving to excavation period and calculating the seepage amount of fresh water 
from the lake towerds the canal. The third senario will be the transient flow calculations 
using numerical analysis and prepare the saltwater intrusion numerically.  

From the analytical solution its clearly visible in Figure 6 that the interface location was 
presented in solid lines for the two cases with different outflow rate. For comparison, 
Glover’s analytical solution is plotted as dash lines. There is a good agreement. A notable 
occurrence of salt water intrusion at Sections 1 and 2 is possible due to the lower water 
levels and the nature of the soil.  The  salt water intrusion could  be  explained  by  the  
formation  of  a  wedge in such sections.  

The study recommended that the most effective factor can play the role of saltwater 
intrusion is the water level in the lake, in case of water level in the lake declined below 
mean sea level the saltwater will enter the aquifer and cause aquifer destruction. 
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ABSTRACT 

The quality of soil is one of the most important factor for achieving sustainable land use 
and an inhibitor to prevent land degradation. The objective of this study is to explore the 
soil quality and the influence factors of negative consequences of human activities around 
the Gulf of Edremit. Soil Quality Index (SQI), which is an effective method to assess the 
soil quality for any region, was used to determine the soil condition in the study area. The 
assessment of soil quality in this study is based on indicators and indices derived from 
some soil properties. Soil reaction, soil texture, soil depth, parent material, rock 
fragments, drainage and slope parameters has been used to generate SQI that is an 
important measure of land values.  After, the study area was divided into a 3.0 x 3.0 km 
grid; samples have been collected using the systematic random method from soil pits at 0-
30 cm depths that reflect the influence of anthropogenic activities. Field and laboratory 
research of soil has been conducted on samples from 100 pedological profiles taken with a 
professional soil probe. Soil texture and reaction were analyzed in the soil laboratory by 
using pH meter and Bouyoucos Hydrometer Method, and also Geographical Information 
Systems used to analyze both the spatial distribution of soil parameters and SQI model.  
Results showed that almost 4.07% of the study area was located in the high quality class, 
75.65% was located in the moderate quality, and 21.28% was located in the low quality 
class of degradation. Soils of high quality and moderate quality were observed in plain 
and flat lands; but, at the same time, some parts of these areas were most affected places 
by urbanization. This demonstrates that the urbanization cause the pressure on high 
quality soils which are potential agricultural areas around the gulf. 

 

INTRODUCTION 

Climate and environmental changes in many places throughout the world and mainly in the 
Mediterranean Basin have been known to be resourced from social, financial and global 
inequalities (Butzer, 2005). Even though it is difficult to estimate in what aspect climate 
and environmental changes would be, it is possible to obtain information on the cause and 
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dimension of their effects. Soil is one of the components, with which these effects can be 
observed the best; because it is the product of a complex process, in which horizons are 
created within a period with the interaction of components such as climate, vegetation, 
parent material and becomes the living space of plants and other organisms. Sarioglu and 
Dengiz (2012) express soil as a natural resource, which is necessary for human survival 
and welfare and for the continuity of terrestrial ecosystems.  According to Balci (1996) soil 
is a natural mass, in which minerals and organic components are separated in horizons and 
which is different from the bedrock in terms of morphological, physical characteristics, 
structure, chemical characteristics and biological characteristics and which is 
unconsolidated. Therefore, soil has a determinant characteristic in terms of the continuity 
of the ecosystem. 

In as much as being significant for the ecosystem, soil has the leading duty for agricultural 
production and development. Although soil is such a significant natural resource, it has 
been coming to an end due to the reasons such as intense agricultural operations, erosion, 
desertification and misuse of lands (Karabulut and Kucukonder, 2008). Thus, putting forth 
the soil quality within local or regional scale has gained importance. 

The quality of soil is significant for measuring environmental sensitivity and for 
developing a sustainable planning approach based on these measurements. Presenting the 
“soil quality” in the vicinity of the Gulf of Edremit has been aimed in this study. In this 
framework, the soil quality in the vicinity of the Gulf of Edremit has scrutinized by 
presenting different quality classes with Geographical Information Systems (GIS) models 
and its quality levels have been tried to be presented.  

 

MATERIAL AND METHOD 

Study Area: The study area is the Gulf of Edremit, which is located in the north of the 
Aegean Region, and the watershed between Altinoluk in the north and Burhaniye 
subdistrict in the south has been accepted as the boundaries (Figure 1). The boundaries of 
the study area have been passed from the watershed, which contains the aforesaid 
subdistricts. The area has an approximate width of 1580 km2; whereas the Gulf of Edremit 
reaches from Babakale Cape to Ayvalik. Ida Mountains that surround the north of Edremit 
Plain and that reach 1774 metres, Eybek Mountain that summits at 1298 metres and Maya 
Hill on Madra Mountains at 1341 metres in the south are the most significant elevations 
(Gursoy, 2009; Uzun and Sonuncu, 2013). 
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Figure 1. Location of study area 

 

Data: Data that is used in this study have been obtained from geology map taken from 
MTA, the soil map which is prepared by the Republic of Turkey Ministry of Food, 
Agriculture and Livestock and from field work. The main material used in the analysis and 
data that belongs to all of the parameters except for the incline have been obtained from 
samples that were taken from sampling points, which were determined randomly with field 
works. 3x3 km grid method has been used while topographic samples were being taken. 
Sampling process has been made by taking four soil samples from 100 sampling points 
from four meter radius, by adopting the method for points that were not systematically 
chosen. Aerial distribution of these data has been made with the Inverse Distance 
Weighting (IDW) method.  

Method: The Soil Quality Index (SQI) which is used in this study is a developed version 
of the model that was used in the project conducted by Kosmas et al (1999) in the 
framework of the United Nations Convention to Combat Desertification.  This SQI has 
been defined as “the capacity of soil to sustain vegetative and animal production, to 
increase water-air quality and to enable life functions that are suitable for human health 
within natural or managed ecosystem” (Karlen et al., 1997). SQI model has been given in 
formula 1: 

 

𝑆𝑄𝐼 =  (𝑃𝑎𝑟𝑒𝑛𝑡 𝑀𝑎𝑡𝑒𝑟𝑖𝑎𝑙 × 𝑅𝑜𝑐𝑘 𝐹𝑟𝑎𝑔𝑚𝑒𝑛𝑡𝑠 × 𝑆𝑜𝑖𝑙 𝐷𝑒𝑝𝑡ℎ
× 𝑆𝑜𝑖𝑙 𝑇𝑒𝑥𝑡𝑢𝑟𝑒 × 𝐷𝑟𝑎𝑖𝑛𝑎𝑔𝑒 × 𝑆𝑙𝑜𝑝𝑒 × 𝑆𝑜𝑖𝑙 𝑅𝑒𝑎𝑐𝑡𝑖𝑜𝑛)1/7 

 

          
(1) 

While SQI was being calculated in this study, “soil reaction” value has been added to the 
model by us unlike the previous studies. Its reason is that a parameter that would represent 
chemical characteristic of soil was disregarded at the previous model.  
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Main Material: The characteristic of the bedrock that create the soil is the leading element 
for assessing the quality of soil (Kantarci, 2000). This relation of the soil with the bedrock 
has been assessed as it can be seen in Table 1 and included in the formula. 

Table 1. The values used to define the parameters in the SQI formula. 

Parent Material Rock Fragments  
Quality Descriptio

 
Material Index Quality Descriptio

 
Fragments Index 

Very 
 

Good Shale, schist, basic, 
l b i  

 

 

 
  

1 Very 
Hi h 

Very stony >60 1 
Moderat

 
Moderate Limestone, marble, 

i  i i b i  
1.7 Moderat

 
Stony 20-60 1.3 

Very 
 

Poor Marl, piroclastic 2 Very 
 

Slightly stony <20 2 
Soil Depth Soil Texture 

Quality Description Depth Index Quality Descriptio
 

Texture Index 
Very 

 
Deep >75 1 Very 

i h 
Good L,SCL,SL,LS,C

 
1 

Moderate Moderate 75-30 1.5 High Moderat
 

SC,SiL,SiCL 1.2 
Low Shallow 15-30 2 Moderat

 
Poor Si,C,SiC 1.6 

Very Low Very shallow <15 3 Very 
 

Very 
 

S 2 
Soil Reaction  Slope 

Quality  pH Description Index Quality Descriptio
 

Slope (%) Index 
Very 

 
3-4 Extremely acid 4 Very 

i h 
Very gentle <6 1 

Low 4-5 Strongly acid 2 High Gentle 6-18 1.2 
Moderat

 
5-6 Moderately acid 1.5 Moderat

 
Steep 18-35 1.5 

Very 
 

6-7 Slightly acid 1 Very 
 

Very Steep >35 2 
Very 

 
7 Neutral 1 Soil Drainage 

High 7-8 Slightly alkaline 1,3 Quality Descriptio
 

Drainage Index 
Moderat

 
8-9 Moderately 

lk li  
1.5 Very 

i h 
Good Well 

d i d 
1 

Low 9-10 Strongly alkaline 2 High Moderate Imperfectly 
d  

1.2 
Very 

 
10-11 Extremely 

lk li  
4 Very 

 
Poor Poorly d. 2 

L: Loamy, SCL: Sandy clay loam, SL: Sandy loam, LS: Loamy sand, CL:  SC: Sandy clay, 
SiL: Silt loam, SiCL:Silty clay loam Si:Silty, C:Clay, SiC: Silty Clay, S: Sand 

 

Rock fragment cover: As well as rock fragment cover of soil can show the level of 
becoming soil, the plant nutrition strength changes in accordance with the level of rock 
fragment cover (Kantarci, 2000). The criteria that is assessed in the rock fragment cover of 
soil is that the more the rock fragment cover increases, the more the strength to resist 
erosion is (Table 1). Determination of rock fragment cover is based on counting stones that 
are larger than 2 mm at sampling points (Altinbas et al., 2008). It has been included in the 
system that the way of assessing rock fragment cover rate of the soil and surface in terms 
of SQI decrease the sensitivity of land degradation in the soil and increase it on the 
contrary (Table 1). Rock fragment cover samplings have been determined by visually 
counting by using a grid of 1 m2 at land (Figure 2a).  
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Figure 2. Sampling processes; a) determination of rock fragment (1 m2

 

) b) measuruing soil 
depth with 100cm auger c) glass electrode pH meter d) pH measurements of soil samples 

Depth of Soil: The term of depth of soil represents the area from the top horizon of the soil 
to the lower section of the B horizon (Kantarci, 2000). When the distribution of soil depth 
in the land is taken into consideration, it is accepted that environmental sensitivity is more 
in areas where depth is less (Kosmas et al., 1999). The measurements of the soil depth has 
been determined in this study by making measurements directly at sampling points with a 
100 cm Eijkelkamp steel soil auger with 30 mm radius (Figure 2b). The study carried out 
by Kosmas et al. (1999) has been taken into consideration while the depth of soil was 
being categorized (Table 1).  

Soil Texture: Inorganic components in the soil create minerals or rock fragments of 
various size and shapes depending on dissolution (Altinbas et al., 2004). Proportional 
amount of ingredients at the dimension of sand, alluvium and clay that constitute soil are 
defined as the texture (granular structure) of soil (Kantarci, 2000). In order to create soil 
structure classes, samples taken from 30 cm depth at determined points in the land have 
been dried first and then granulated. After the granulation process is completed, a 2 cm 
griddle has been used to separate organic substances and large gravels. Bouyoucos 
hydrometer method has been used at the final stage so as to determine texture 
characteristics of the samples (Oberthurt et al., 2000). Hydrometer analyses have been 
carried out at Ege University Faculty of Agriculture Department of Soil Science and Plant 
Nutrition.  

Drainage: The fact which is expressed as soil drainage is the relation between the water of 
soil and the plant growth. Soil’s retention of water is related with the present drainage and 
texture characteristics of the soil (Kosmas et al., 1999). “High quality” in other words well 
drained soil means that the water in the soil drained rapidly, the lower sections of the soil is 

(a)a (b)a 

(c)a (d)a 
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lest moist and the surface is dry at plant growth period; whereas sections that are very close 
to the surface (30 cm) are moist and the wetness in the soil enable it to continue at the 
initial stages of plant growth in soil with medium drainage; on the other hand, soil with 
poor drainage is the soil whose all layers including the surface is moist and prevent plants 
to grow. Determinations on soil drainage have been found by way of observation in a non-
pluvial period. 

Slope gradient represents the angular proportion that is actually created by the incline. In 
terms of the soil, slope affects the erosion and soil formation. Considering that the 
classification in the study conducted by Kosmas et al. (1999) in the Lesvos is in conformity 
with the filed, it has been taken into account while the maps were being classified. The 
slope map has been obtained by using digital elevation model (DEM).   

Soil Reaction Other parameters that are used in determining quality index of soil are quite 
significant indicators with regards to soil. However, chemical characteristic of the soil is 
another element that is significant in terms of soil and that should be taken into account at 
land degradation process (Schoenholtz et al., 2000). When it is included in the soil quality 
index, it makes a contribution to the index with innovation and meaningfulness. As it can 
be seen in Figure 2b and 2c, soil reaction has been measured at soil-water suspension of 
1:2,5 with a “Glass-Electrode” pH meter (Ardahanlioglu et. al., 2003). 

 

RESULTS AND DISCUSSION 

In terms of the characteristics of the parent material of the soil, soil that are formed on 
formations such as alluvium, conglomerate, agglomerate, basic rocks, schist, marble and 
shale is the most durable soil to land degradation; therefore that soil is “High Quality” in 
terms of quality index (Kosmas et al., 1999). Accordingly, soil of high quality that show 
the highest resilience against land degradation expand on plains and some sections of Ida 
Mountains (Figure 3a). On the other hand, units in the work area such as sand stone and 
pebble stone have been accepted as “medium quality.” This kind of soil has been seen in 
the sides of the study area, in other words piedmonts as it can be seen in Figure 3a. Soil of 
“low” quality, which shows high level of sensitivity at the study area, have been accepted 
as soil that is formed on andesite, gneiss, granite, limestone and dacite (Kosmas et al., 
1999). These formations are generally spread on high sections of Ida Mountains and Madra 
Mountain (Figure 3a). The fields that are most sensitive to land degradation are the regions 
in which Marn and Pyroclastic materials exist. Although these units are not suitable for 
plants to exist in the dry period that takes place particularly in the Mediterranean region, 
they are unresisting both for wind and for water erosion (Kosmas et al., 1999). These units 
have been seen only around Kuyucak and Hisarkoy on the Madra Mountain. The 
characteristics of the main material at the study area in terms of SQI has been determined 
as  very high, high and medium quality at 58% rate and the remaining part has been 
determined as low and very low quality (Figure 3a).  
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Figure 3. SQI Parameters: a) Parent Material Quality, b) Rock Fragment Quality, c) Soil 
Texture Quality d) Slope Quality e) Soil Drainage Quality, f) Soil Depth Quality, g) Soil 
Reaction Quality 

 

Rock fragment cover characteristics are one of the parameters that are taken into 
account in terms of SQI. Rock fragment cover of the soil in other words aggregation level 
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of the soil in the Mediterranean region creates direct and indirect effects on the protection 
of the wetness of the soil for sensitivity, speed of surface flow, permeability level, surface 
erosion amount and the change of land cover (Kosmas et. 1999). The highest risk group for 
rock fragment cover values in the study area has been determined as the region where 
Havran Stream passes and low areas (Figure 3b).  

Soil texture characteristics affect the permeability of soil and therefore water flow 
(Schaetzl and Thompson, 2015).  In general sense, texture characteristics of soil give 
information on productivity situation of soil as well. It has been pointed that clay levels at 
the study area are high mainly at flat levels and sand rates are high in these areas. Thus, 
when the quality classes in terms of SQI are considered, it has been seen that a large part of 
the study area is located within the high quality group (Figure 3c). Grain size distribution is 
at balanced rates in the region in which Ilica Stream is located in particular has shown that 
the productivity of soil is quite good. These areas, which are expressed as high quality, are 
seen in narrow areas at the coastline at the northwest and a point at the south of the study 
area (Figure 3c). It has been understood that soil texture characteristics, which are assessed 
within SQI, make a positive effect that decrease sensitivity at the study field in general 
sense. 

Slope is an important indicator of soil erosion in relation with topography (Kosmas et. 
1999). Slope shows directly proportional effects on soil erosion. In addition, slope rates of 
land plays a significant role on drainage conditions of the soil. When the overall study area 
is considered it has been seen that incline levels are low in coastal sections and particularly 
Edremit Plain which is located at the center and these areas are taken as very high quality 
(Figure 3d). There is a narrow zone in Ida Mountains, which are located at the northwest, 
in which incline suddenly increases right behind the coast (Figure 3d). Areas similar to that 
have been defined as low quality. Sections of Ida Mountains and Madra Mountain, which 
are the high parts of the study field, which are eroded with valleys or steep slopes, have 
been represented with quite low quality (Figure 3d). Moreover, the region in which water 
catchment area of Karinca Stream exists on the Madra Mountain has been included in the 
low quality class (Figure 3d). Medium quality areas are mild sloped hills and hillsides that 
are located within plain bases of high sections (Figure 3d). When gradient of incline is 
assessed in terms of SQI, it is understood that it has a direct effect on the soil depth and 
therefore it plays a significant role within the system. 

Soil drainage creates a compatible balance among water, soil and plant and plays a 
significant role for benefitting from these resources in the most efficient way (Tuncay, 
2010). Soil drainage conditions in the study area have been determined from observations 
made at field works and in the framework of data that were obtained from structure 
analysis of soil (Kantarci, 2000). Due to drainage conditions being poor, water that comes 
with rain strengthens erosion by increasing surface flow rate. The field which has very 
high quality and in which soil drainage is the best within the study field is the region that 
falls within the lower sections of Zeytinli Stream (Figure 3e). When soil drainage 
characteristics are taken into assessment in terms of SQI, it has been seen that soil drainage 
conditions at the higher sections of Havran Stream are insufficient and these areas have 
been classified as “very low quality” (Figure 3e). Another area, in which drainage is poor, 
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is the region where Karinca Stream pours into the Aegean Sea (Figure 3e). It has been 
known that marshes and reed beds exist in the region as well. Drainage conditions at the 
study filed have appeared to be medium quality in general sense. That situation is 
considered positive in terms of soil quality. Therefore, plant development in these areas 
has been accelerating. 

Soil depth is defined as the term solum scientifically (Kantarci, 2000). Soil depth has 
significant effects on plants. For example, annual plants whose stem depth is not much can 
develop in surface or shallow areas (Altinbas et al., 2004). Another element for soil depth 
not being discussed independent from vegetation and climate conditions is that in areas 
where soil depth increases, there is a mutual benefit mechanism with vegetation. When soil 
quality classes in the study area are taken into account, it has been found that soil depth 
decreases from low plain sections towards high sections of mountainsides (Figure 3f). 
Based on this situation, decrease in the quality of soil has been the same. Even though this 
is an expected situation, the soil that is described as shallow is seen at wide areas within 
the study area and this can be qualified as the most significant problem of the quality of 
soil and the presence of soil in the region. A wide area in the study area appears to be in 
very low and low quality group when soil depth classes in terms of SQI are taken into 
consideration (Figure 3f). It has been pointed that soil of poor quality in terms of soil depth 
has been spread to wide areas in the region where Zeytinli Stream is located (Figure 3f). It 
has been known that these areas are quite important for olive production. Soil of quite poor 
quality, in other words shallow soil has been spread at the south of the study area in the 
region where the Madra Mountain is located (Figure 3f). Deep soils, whose extent is 
narrow within the study area is occupied with settlements and this shows that the situation 
for land degradation is at critical levels. 

The reaction of soil is a significant parameter for affecting genetic development of soil as 
well as affecting physical, chemical and biologic characteristics of soil (Sariyildiz and 
Kucuk, 2004). Therefore, it has been added to the model. It is known that pH 
characteristics of soil have direct effects on the productivity of soil (Sarioglu and Dengiz, 
2012). Taking pH measurements in the study in the framework of SQI has determined 
quality classes as in other parameters. Areas of very poor quality among these risk classes 
are seen in an area that is close to coastal section of Karinca Stream (Figure 3g). The 
reason for the situation to be created here is the pressure created by human factors as 
vacation homes are intense in the region. In addition, the effect of agricultural activities in 
these areas may cause the quality of soil to decrease. The areas of medium quality in the 
east and north of the study area are usually the areas where forests exist. With this respect, 
soil reaction values in these regions are within suitable limits for plants to develop and they 
are included in very high quality classes (Figure 3g). When the results obtained from 
measuring the reaction of soil in the study area are assessed in respect to soil quality, it has 
been found that the situation is quality throughout the region (Figure 3g). That means that 
there isn’t significant chemical degradation in soil in the region. However, it must not be 
disregarded that soil reaction can show quicker changes when compared to other factors.  

In general manner areas that have very high quality that are represented with a rate of 3% 
in terms of SQI are located on the plain base (Figure 4). The city of Edremit, which is the 
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biggest settlement area of the region, is located on this productive area is the leading 
conclusion that is pointed the most. When SQI values of the study area are taken into 
account, it has been seen that areas with medium quality has a wide range of 74% (Figure 
4). Akcay, Burhaniye and Havran that are also significant settlements are located on these 
areas. It indicates that settlement areas are determined without considering the soil quality 
(Figure 4). When the extent of areas of very poor quality is taken into account, they are 
seen at the north of Altinolik and at the high parts of Ida Mountains (Figure 4). The region, 
which is determined as the most intense place of areas of very poor quality, is the high 
parts of Madra Mountain. This shows that these areas are particularly sensitive to 
degradation. It has been found that areas of very poor quality are represented with a rate of 
23% that should be taken into consideration (Figure 4). According to that, it is understood 
that the effect of the change in vegetation or climate quality at high parts would create 
irreversible conclusions with regards to soil. Determining soil at wide areas as medium 
quality has also indicated that the ground cover is at a sensible threshold.   

 
Figure 4. Soil-Quality Index Map 

 

CONCLUSION 

SQI has been used for determining soil quality at the study area. The studies, which were 
made by using soil quality index in the Mediterranean Region, have been stated to be quite 
important tools for fighting with land degradation, desertification and similar 
environmental problems (Kosmas et al., 1999). In accordance with the findings of SQI at 
the study area have indicated that the biggest problem is the settlements creating pressure 
on the regions where soil quality is high. It is known that settlements have many direct or 
indirect negative effects on the quality of soil (Pavao-Zuckerman, 2008; Pickett and 
Cadenasso, 2009). In accordance with analyses made in this study, these are problems that 
may be resourced from having low soil quality at high sections in other words 
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mountainsides. When the low level of soil quality and the high risk of erosion at 
mountainsides of the Mediterranean Basin are taken into account, the most efficient way to 
avoid from them is the continuity of vegetation (Dur'an Zuazo et al., 2006). Accordingly, 
in order to protect ground cover in the study area, it is necessary to protect vegetation. 
Moreover, it is necessary to take cautious decisions on the extent of settlements at plain 
base, where soil depth is high. Therefore, soil quality levels have been determined with this 
study and conclusions that can be used for continuity have been introduced.  
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ABSTRACT 

As the number of freely available geospatial data with higher spatial resolutions increases 
day by day, applications and processing tools begin to require more capabilities, thus, new 
methodologies evolve and new platforms emerge as a consequence. Google Earth Engine 
(GEE) is one of these platforms operating on cloud. It provides many readily available 
data sets as well as a platform for processing and visualization of geospatial data. In 
addition, GEE is freely available for research, education, and nonprofit use. This study 
explores classification algorithms and tools provided by the platform by using band 
combination of LiDAR Canopy Height Model and Rugosity with extracted principle 
components of hyperspectral image of same area. The LiDAR and hyperspectral image 
were collected by NASA Goddard's LiDAR, Hyperspectral and Thermal (G-LiHT) airborne 
imager and freely available for use under NASA's data and information policy.  These two 
data were fused together to perform a land cover classification on the study area. For this 
purpose, various supervised and unsupervised classification algorithms were implemented 
and then compared by each other by assessing their validity. The results were obtained as 
a confusion matrix for each classifier and discussed thoroughly with respect to their 
performances for each cover type. We believe that this study will encourage other 
researchers to use GEE platform to take the advantage of accessing a large freely 
available data throughout the world and perform most state-of-the-art methods easily and 
efficiently to get fast results. 

 

INTRODUCTION 

Land cover classification and detection of land cover change over time is very essential for 
implementation of effective decision mechanisms. Various problems such as disasters, 
uncontrolled urban development, declining environmental quality, loss of basic agricultural 
land, destruction of important wetlands and reduction of habitats impact land cover and 
lead to increase in necessity of accurately identified land cover information. Increasing 
application areas and data diversity in geographical information systems and remote 
sensing upsurge the work done in this regard. 

The Google Earth Engine (GEE) Project, established in 2009, has been available since 
2010 with the petabytes of satellite data and tools for high performance analysis and 
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interpretation (Hancher, 2014). It has free use for research, education and non-commercial 
work (Padarian et al., 2015). GEE platform provides various classification algorithms. 
Shelestov et al. (2017) explained and compared the classification algorithms that exist in 
GEE (Support Vector Machine (SVM), Classification and Regression Tree (CART), 
Random Forests (RFs), GMO Max Entropy, Multi Class Perceptron, Naïve Bayes, 
Intersection Kernel Passive Aggressive Method (IKPamir), Winnow, Primal Estimated 
sub-Gradient Solver for SVM (Pegasos)).  Ensemble of Neural Networks are not available 
and Shelestov et al. (2017) proposed one neural network classifier that performed the 
highest classification accuracy to present in GEE on the Landsat 8 satellite image.  

Increasing use of LiDAR (Light Detection and Ranging) data and accessibility of it also 
has increased the studies in three-dimensional classification. One of these studies (Zou et 
al., 2016) applies the Object Based Image Analysis method using the intensity values of 
point data. In a different study performed by Teo & Huang (2016), features such as 
Intensity and Echo ratio of LiDAR, Grey Level Co-occurrence Matrix of LiDAR and 
texture of spectral image were used.  

The goals of this research are, first to evaluate the potential use of GEE platform with 
LiDAR data products together with hyperspectral image derivatives on land cover 
identification, and second, to compare the results obtained from various classifiers 
provided by GEE and evaluate them. 

 
MATERIALS & METHODS 

Data 

LiDAR data and Hyperspectral images collected by "NASA Goddard's LiDAR, 
Hyperspectral and Thermal" (G-LiHT) airborne imager were used in this study. The data 
tiles used for this study is obtained from webpages, ftp://fusionftp.gsfc.nasa.gov/G-
LiHT/Loudon_Jun2015 and ftp://fusionftp.gsfc.nasa.gov/G-LiHT/Keen_Jun2014/ .The 
first area of study is located in Loudon, New Hampshire with the accusation date of 2015. 
The second is in Keene, New Hampshire with the accusation date of 2014. Original 
horizontal coordinates of data were WGS 84 UTM Zone 19 and vertical coordinates were 
referenced to Earth Gravitational Model 1996 (EGM96). Horizontal coordinates were 
converted to WGS84 geographic coordinates for this study. According to Cook et al. 
(2013), during data accusation, single-solution GPS-INS was used and real time 
differential correction was performed using OmniStar HP. Vertical offset bias occurs 
(<1m) for absolute accuracy of the LiDAR data due to lack of a base station. 

Data accusation specifications were indicated in detail by Cook et al. (2013) and shown in 
Figure 1.  LiDAR data have spatial resolution of 0.24m between points in a scanline and 
0.56m between scanline. Hyperspectral images have 114 bands, 15-8nm bandwidth, and 
their spatial resolution changes 1m to 10m depending on altitude. Radiometric resolution 
of hyperspectral images is 12bit (Cook et al., 2015).  

 

ftp://fusionftp.gsfc.nasa.gov/G-LiHT/Loudon_Jun2015�
ftp://fusionftp.gsfc.nasa.gov/G-LiHT/Loudon_Jun2015�
ftp://fusionftp.gsfc.nasa.gov/G-LiHT/Keen_Jun2014/�
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Figure 1. NASA Goddard's LiDAR, Hyperspectral and Thermal (G-LiHT) airborne imager 
and G-LiHT Data accusation specifications (Cook et al., 2013) 

 
The first area of study is in Loudon, New Hampshire covering about 385ha and the second 
is in Keene covering 143ha. Figure 2 shows study areas with hyperspectral images shown 
as a 55, 33, 16 color composite. LiDAR derivatives, Canopy Height Model (CHM) and 
Rugosity (standard deviation of height within an area equivalent to a 1/24 ac) were already 
available in the data repository (Cook et al., 2015). However, the rugosity image was 
recalculated to obtain the image with more detail based on CHM by using 3 by 3 
rectangular kernel.  

 
Figure 5. Area of study, Keene (right) and Loudon (left), New Hampshire 
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Reference Data 

Reference data containing land cover classes of the study area was obtained by manually 
drawing each class. In Loudon, the study area classified into six classes: water, residential, 
grass, soil, road and forest. The area has disperse and tree dominant land cover state. 
Figure 3 shows reference data including those six classes. In Keene, five classes were 
identified as water, residential, grass, road and forest. In some areas, the pixels that were 
initially assigned as soil in the reference image corresponded 0.15 % of total image, which 
was negligible, thus, integrated into grass class. Therefore, Figure 4 shows the reference 
data including only those five classes. The reference image is in WGS84 Geographic 
Coordinate System (EPSG:4326). Although, all the processing was performed in this 
coordinate system, GEE platform displays maps in EPSG:3857, WGS 84 Pseudo-
Mercator-Spherical Mercator (Google Earth Engine, 2016) as in Google Maps, 
OpenStreetMap and Bing. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1. Percent and Accumulative Eigen     
Values for Loudon 

PC
A

 

EigenValue 
% of 
Eigen 
Values 

Accumulative 
%  of 

EigenValues 
1 32487010.00 78.41 78.41 

2 8461768.00 20.42 98.83 

3 212465.50 0.51 99.34 
 
 

Table 2. Percent and Accumulative Eigen 
Values for Keene 

PC
A

 

EigenValue 
% of 
Eigen 
Values 

Accumulative 
%  of 

EigenValues 
1 56373440.00 86.22 86.22 

2 6565784.00 10.04 96.26 

3 1400333.00 2.14 98.41 

4 366207.90 0.56 98.97 

5 253865.60 0.39 99.35 
 

 
Figure 3. Reference Image for Loudon and 
Hyperspectral Image of  RGB = 55, 33, 16 

 
Figure 4. Reference Image for Keene and 
Hyperspectral Image of RGB = 55, 33, 16 
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METHODOLOGY 

1. Feature Reduction: Principle Component Analysis and Creating Composite 
Bands 

The feature reduction of hyperspectral image was performed by using ArcGIS software via 
Principle Components (PCs) Tool due to “Computation timed out” error appeared in GEE. 
GEE calculated PCA only with large tile scale parameters, which results disappearance of 
some of the small size classes such as residence during classification process. The number 
of PC images selected is 3 for Loudon and 5 for Keene, which corresponds to at least 
99.34% of the total variance in the data (Table 1 and Table 2).  Composite images were 
created by adding 2 more bands, namely CHM and Rugosity. As a result, a composite 
image with five bands for Loudon and a composite image with seven bands for Keene 
were obtained. 

2. Classification 

From GEE’s pixel based supervised classification methods, Classification and Regression 
Tree (CART), Random Forests (RFs), Minimum Distance (MD) with Mahalanobis 
distance and Support Vector Machine (SVM) were used in this study. In addition, two of 
the unsupervised classification (Clustering in GEE) methods were also utilized. 
Classification and Regression Tree (CART) classifier grows large classification tree by 
recursively partitioning  data and by looking the lowest cross-validation estimate of error 
(regression tree) or the highest gain of entropy and it prunes tree (Guszcza,2005). Random 
Forest (RF) is a widely used classifier by many (Padarian et al., 2015; Shelestov et al., 
2017).  It produces more than one classification and regression trees and the output classes 
become the most voted class by these trees. Minimum Distance (MD) classifier is offered 
with various distance functions in GEE and, in this study Mahalanobis distance was 
selected since it provided a higher accuracy compared to other metrics. In multi-feature 
space, the measure is used for minimizing the distance between classes and unknown 
pixels (Japan Association of Remote Sensing, 1996). Support Vector Machine (SVM) 
classifier separates classes with an optimal hyperplane (Awad M., Khanna R., 2015). From 
various kernels, radial basis function (RBF) was used in this work.  

In addition to mentioned supervised classification methods, two of them were examined. 
These clusters use WEKA (Waikato Environment for Knowledge Analysis) 
implementations. CascadeSimpleKMeans selects best k number of classes and LVQ is a 
clusterer implementing Learning Vector Quantization algorithm (Weka, 2017). 

3. Implementation in GEE 

Classification was performed using GEE`s playground – a web based IDE – through a 
JavaScript (Google Earth Engine API, 2017) Code Editor which offers variety of 
geospatial analysis tools and visualization interface. The PC images and LiDAR 
derivatives were imported into GEE assets.  In order to train classifiers, the reference data 
was sampled with 10,000 random points and uploaded as shp file. 

Each classifier used in this study was trained based on the sampled point data and the 
trained classifiers were then used to classify whole study area. The resulted classified 
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image was post-processed with a morphological filter (focal mode) similar to median filter 
to reduce the noise caused by pixel-based classification. Figure 5 shows Random Forest 
classification result and the result of square kernel focal mode filter with radius 2 after 3 
iterations. 

 

 

 
Figure 5. Pixel-based classification and applied focal-mode 

Table 3 Test Consumer and Producer 
Accuracy 

Supervised Classifiers In Loudon 

 
Random 
Forest 

SVM 
(RBF) CART Minimum 

Distance 
Classifier 
Training 

Total 
Accuracy 

0.9546 0.8101 0.8294 0.7437 

Test Consumer's accuracy (rows) 
Grass 0.7646 0.7666 0.7807 0.6872 
Soil 0.8402 0.8211 0.8194 0.8304 

Residence 0.6108 0.4822 0.5989 0.4261 
Road 0.7970 0.8031 0.7642 0.8611 
Tree 0.9693 0.9577 0.9649 0.9616 

Water 0.6672 0.4456 0.5459 0.6186 
Test Producer's accuracy (columns) 

Grass 0.8686 0.8226 0.8407 0.8652 
Soil 0.7924 0.7497 0.7735 0.7264 

Residence 0.6564 0.6264 0.6269 0.5636 
Road 0.7526 0.6719 0.7263 0.5607 
Tree 0.9256 0.9232 0.9319 0.9093 

Water 0.9306 0.9074 0.9244 0.7962 
Test overall 
accuracy: 0.8883 0.8683 0.8828 0.8570 

Test Kappa: 0.8046 0.7696 0.7944 0.7499 
 

Table 4 Test Consumer and Producer Accuracy 
Supervised Classifiers In Keene 

 
Random 
Forest 

SVM 
(RBF) CART Minimum 

Distance 
Classifier 
Training 

Total 
Accuracy 

0.9669 0.8396 0.8545 0.7800 

Test Consumer's accuracy (rows) 
Grass 0.7894 0.8017 0.8028 0.7703 

Residence 0.7428 0.7073 0.7213 0.6880 
Tree 0.9580 0.9429 0.9514 0.9527 
Road 0.8416 0.8487 0.8081 0.8346 
Water 0.6895 0.4683 0.6580 0.2598 

Test Producer's accuracy (columns) 
Grass 0.8619 0.8208 0.8314 0.7816 

Residence 0.7086 0.6851 0.6954 0.5947 
Tree 0.9070 0.9188 0.9140 0.9014 
Road 0.8437 0.7827 0.8469 0.7403 
Water 0.9671 0.9425 0.9444 0.9315 

Test overall 
accuracy: 0.8724 0.8580 0.8671 0.8260 

Test Kappa: 0.8041 0.7814 0.7958 0.7357 
 

 

Pixel  Based Focal Mode 
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Figure 6. Supervised and Unsupervised classification results for Loudon 
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Figure 7. Supervised and Unsupervised classification results for Keene 
 
RESULTS & DISCUSSION 

 

𝑃𝑟𝑜𝑑𝑢𝑐𝑒𝑟𝑠 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
# 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑎𝑠 𝐶𝑙𝑎𝑠𝑠 𝑋

# 𝑔𝑟𝑜𝑢𝑛𝑑 𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑝𝑖𝑥𝑒𝑙𝑠 𝑖𝑛 𝐶𝑙𝑎𝑠𝑠 𝑋
 Equation 1 

 

𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑟 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =
# 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑎𝑠 𝐶𝑙𝑎𝑠𝑠 𝑋

 𝑡𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑 𝑎𝑠 𝐶𝑙𝑎𝑠𝑠 𝑋
 Equation 2 

 

𝑂𝑣𝑒𝑟𝑎𝑙𝑙 𝑎𝑐𝑐𝑢𝑟𝑎𝑐𝑦 =  
# 𝑝𝑖𝑥𝑒𝑙𝑠 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑙𝑦 𝑐𝑙𝑎𝑠𝑠𝑖𝑓𝑖𝑒𝑑

𝑡𝑜𝑡𝑎𝑙 # 𝑜𝑓 𝑝𝑖𝑥𝑒𝑙𝑠
 Equation 3 

(Horning, 2004) 

𝐾𝑎𝑝𝑝𝑎 𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 =  
𝑁 ∗ 𝑑 − 𝑞
𝑁2 − 𝑞

 

𝑞 = 𝑥+𝑗 ∗ 𝑥𝑖+ 

N= total # of pixels, k=#  of classes 
d=total # of cases in diagonal cells of error matrix 

𝑥+𝑗 = ∑ 𝑥𝑖𝑗𝑘
𝑖=1  (sum over all rows for columns) 

𝑥+𝑗 = ∑ 𝑥𝑗𝑖𝑘
𝑖=1  (sum over all columns for rows) 

Equation 4 
(Lillesand et al., 

2004) 
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In order to evaluate the performance of the classifiers, error matrices were calculated for 
each classification method. Error matrices are widely used in remote sensing to assess 
omission and commission errors for individual classes and categories (Congalton & Green, 
2008). GEE provides functions to calculate producer accuracy (Eq. 1), consumer accuracy 
(Eq. 2), overall accuracy (Eq. 3) and Kappa coefficient (Eq.4).   

Table 3 shows consumer and producer accuracies for utilized supervised classifications 
and Figure 6 contains classified imaged for Loudon. From selected supervised classifiers, 
Random Forest classifier performed the finest results in overall test accuracy and kappa. 

In Loudon, the existence of soil based roads over the study area made it difficult to 
differentiate them. As a consequence, accuracies of soil and road classes were obtained 
below 80%. Furthermore, yard areas of many houses have mixed soil and grass content. 
Table 4 shows accuracies for Keene and Random Forest classifier has the best performance 
among other classifiers as well.  

In both areas of the study, classifiers have a tendency to classify the shadowed locations as 
water. This leads consumer accuracy of water to be low in opposed to producer accuracy. 
The best accuracy was obtained for trees, classified above 90% in both areas. 

 

Table 5. Random Forest Classıfier Results 
with Different Band Combinations In 

Loudon 

 

PCA3B 
CHM 

Rugosity 

PCA3B 
CHM 

PCA3B 
Rugosity PCA3B 

Classifier 
Training 

Total 
Accuracy 

0.9546 0.9551 0.9566 0.9425 

Test Consumer's accuracy (rows) 
Grass 0.7646 0.7510 0.7933 0.7125 
Soil 0.8402 0.8409 0.8458 0.8243 

Residence 0.6108 0.6240 0.5642 0.4300 
Road 0.7970 0.8142 0.8041 0.8355 
Tree 0.9693 0.9703 0.9607 0.9402 

Water 0.6672 0.5990 0.6674 0.5583 
Test Producer's accuracy (columns): 

Grass 0.8686 0.8727 0.8466 0.7784 
Soil 0.7924 0.7866 0.7881 0.7845 

Residence 0.6564 0.6464 0.6625 0.5811 
Road 0.7526 0.7342 0.7382 0.6176 
Tree 0.9256 0.9200 0.9394 0.9125 

Water 0.9306 0.9291 0.9317 0.9245 
Test 

overall 
accuracy: 

0.8883 0.8839 0.8914 0.8519 

Test Kappa: 0.8046 0.7975 0.8081 0.7392 
 

 
PCA5B 
CHM 

Rugosity 

PCA5B 
CHM 

PCA5B 
Rugosity PCA5B 

Classifier 
Training 

Total 
Accuracy 

0.9669 0.9618 0.9560 0.9423 

Test Consumer's accuracy (rows) 
Grass 0.7894 0.7836 0.7484 0.5943 

Residence 0.7428 0.7363 0.6054 0.5259 
Tree 0.9580 0.9590 0.9013 0.8803 
Road 0.8416 0.8360 0.8507 0.8090 
Water 0.6895 0.6851 0.6293 0.6575 

Test Producer's accuracy (columns): 
Grass 0.8619 0.8623 0.7382 0.7141 

Residence 0.7086 0.7036 0.7039 0.6280 
Tree 0.9070 0.9039 0.8891 0.7822 
Road 0.8437 0.8386 0.7596 0.6890 
Water 0.9671 0.9536 0.9675 0.9600 

Test overall 
accuracy: 0.8724 0.8695 0.8207 0.7439 

Test Kappa: 0.8041 0.8000 0.7233 0.6125 

Table 6 Random Forest Classıfier Results with 
Different Band Combinations In Keene 
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Another experiment was also made to evaluate contribution of CHM and Rugosity on 
classification. Using Random Forest classifier, the resulted accuracies were investigated by 
excluding first Rugosity, then CHM and finally both. Table 5 and 6 demonstrates their 
impacts on classified accuracies. In Loudon, exclusion of CHM gives slightly better overall 
accuracy. However, in Keene, the same effect is not observed. Instead, overall accuracy 
falls down with the exclusion of CHM and the addition of Rugosity has minor impact on 
overall accuracy. It can be concluded that height can be seen as a major factor for 
identification of the classes in Keene.  

After applying unsupervised classification methods, the classes were identified with 
respect to the reference class, which fits best to the clusterer result, by manual inspection. 
However, the results presented in Table 7 and 8 are not desirable due to the inconsistency 
in the number of pixels for different classes. Therefore, clustering algorithms may not be 
used solely for the land cover identification in the study areas chosen.  

 
CONCLUSIONS 

To explore GEE platform and classifiers provided, G-LiHT LiDAR derivatives and 
hyperspectral images were utilized to obtain land use identification in two areas of the 
study. In this platform, most of the studies were performed by using low-resolution data 
such as Landsat image. This study demonstrated that the platform also have potential in 
use with high-resolution data to test the most popular classification methods and many 
others with ease and efficiently.   

The data used in this study was publicly shared so the one accessing with the link below 
can also run the code as well. The sample code contains Random Forest classification for 
Keene. 
https://code.earthengine.google.com/4e36b58775b742f532dcd73f4f81f932 

Table 7. Clusterer Results In Loudon 

 
Weka 

Cascade 
KMeans 

Weka 
LVQ 

Test Consumer's accuracy (rows) 
Grass 0.7385 0.2283 
Soil 0.5616 0.8102 

Residence 0.0031 0.0045 
Road 0.0238 0.4516 
Tree 0.9799 0.7377 

Water 0.1910 0.1845 
Test Producer's accuracy (columns): 

Grass 0.7730 0.2885 
Soil 0.7432 0.4299 

Residence 0.0355 0.0266 
Road 0.0561 0.7026 
Tree 0.3742 0.4749 

Water 0.9324 0.9696 
Test overall 
accuracy: 0.4687 0.4464 

Test Kappa: 0.3245 0.1919 
 

Table 8. Clusterer Results In Keene 

 
Weka 

Cascade 
KMeans 

Weka 
LVQ 

Test Consumer's accuracy (rows) 
Grass 0.7753 0.2394 

Residence 0.0144 0.0354 
Tree 0.9833 0.6605 
Road 0.6540 0.7056 
Water 0.0920 0.1060 
Test Producer's accuracy (columns) 

Grass 0.5999 0.2157 
Residence 0.0370 0.0061 

Tree 0.4577 0.5858 
Road 0.7662 0.6757 
Water 0.9715 0.9792 

Test overall 
accuracy: 0.5071 0.4622 

Test Kappa: 0.3720 0.2130 

 

https://code.earthengine.google.com/4e36b58775b742f532dcd73f4f81f932�


INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

400 
 

REFERENCES 

Awad M., Khanna R. (2015) Support Vector Machines for Classification. In: Efficient 
Learning Machines. Apress, Berkeley, CA 

Congalton, R. G., and Green, K.. Assessing the Accuracy of Remotely Sensed Data: 
Principles and Practices. Boca Raton, FL: CRC Press. 2008 

Cook, B., Corp, L., Nelson, R., Middleton, E., Morton, D., McCorkel, J., Montesano, P. 
(2013). NASA Goddard’s LiDAR, Hyperspectral and Thermal (G-LiHT) Airborne 
Imager. Remote Sensing, 5(8), 4045-4066. doi:10.3390/rs5084045 

Cook, Bruce, and Larry Corp. Metadata For Nasa Goddard's Lidar, Hyperspectral And 
Thermal (G-Liht) Airborne Imager. Nasa, 2015. ftp://fusionftp.gsfc.nasa.gov/G-
LiHT/Loudon_Jun2015/metadata/Loudon_Jun2015_metadata.pdf. 

Google Earth Engine. "Projections | Google Earth Engine API | Google Developers." 
Google Developers, 9 Aug. 2016, developers.google.com/earth-engine/projections. 
Accessed 24 May 2017. 

Google Earth Engine API. "Earth Engine Code Editor | Google Earth Engine API | Google 
Developers." Google Developers. Last modified April 27, 2017. 
https://developers.google.com/earth-engine/playground. 

Guszcza, J., (2005). "predictive modeling techniques handouts.", Casualty Actuarial 
Society Sept. 2005, www.casact.org/education/specsem/f2005/handouts/cart.ppt. 
Accessed 25 May 2017. 

Hancher, M. (2014). Planetary-Scale Geospatial Data Analysis with Google Earth Engine. 
Retrieved from 

Horning, N. (2004). Overview of accuracy assessment of land cover products. Retrieved 
from 

http://cega.berkeley.edu/assets/cega_events/76/5RS_Matt_Hancher.pdf 

http://www.amnh.org/content/download/74332/1391258/file/AccuracyAssessmentOverview_Final.pdf 

Japan Association of Remote Sensing (1996). "11.6 Minimum Distance Classifier." 1999, 
wtlab.iis.u-tokyo.ac.jp/~wataru/lecture/rsgis/rsnote/cp11/cp11-6.htm. 

Lillesand, T. M., Kiefer, R. W. and Chipman, J. W. (2004) Remote Sensingand Image 
Interpretation, John Wiley, New York 

Padarian, J., Minasny, B., & McBratney, A. (2015). Using Google's cloud-based platform 
for digital soil mapping. Computers & Geosciences, 83, 80-88. 
doi:10.1016/j.cageo.2015.06.023 

Shelestov, A., Lavreniuk, M., Kussul, N., Novikov, A., & Skakun, S. (2017). Exploring 
Google Earth Engine Platform for Big Data Processing: Classification of Multi-
Temporal Satellite Imagery for Crop Mapping. Frontiers in Earth Science, 5. 
Retrieved from http://journal.frontiersin.org/article/10.3389/feart.2017.00017/full 

Teo, T., & Huang, C. (2016). Object-Based Land Cover Classification Using Airborne 
Lidar and Different Spectral Images. Terrestrial, Atmospheric and Oceanic Sciences, 

ftp://fusionftp.gsfc.nasa.gov/G-LiHT/Loudon_Jun2015/metadata/Loudon_Jun2015_metadata.pdf�
ftp://fusionftp.gsfc.nasa.gov/G-LiHT/Loudon_Jun2015/metadata/Loudon_Jun2015_metadata.pdf�
https://developers.google.com/earth-engine/playground�
http://cega.berkeley.edu/assets/cega_events/76/5RS_Matt_Hancher.pdf�
http://www.amnh.org/content/download/74332/1391258/file/AccuracyAssessmentOverview_Final.pdf�
http://journal.frontiersin.org/article/10.3389/feart.2017.00017/full�


INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

401 
 

27(4), 491. Retrieved from http://tao.cgu.org.tw/index.php/articles/archive/space-
science/item/download/2221_5b8b98b651a0bb07704a90d2450e8c7d 

Weka,(2017) Retrieved from 
http://weka.sourceforge.net/doc.packages/cascadeKMeans/weka/clusterers/CascadeS
impleKMeans.html 

Zou, X., Zhao, G., Li, J., Yang, Y., & Fang, Y. (2016). 3D Land Cover Classification 
Based On Multispectral Lidar Point Clouds. ISPRS - International Archives of the 
Photogrammetry, Remote Sensing and Spatial Information Sciences, XLI-B1, 741-
747. Retrieved from http://www.int-arch-photogramm-remote-sens-spatial-inf-
sci.net/XLI-B1/741/2016/isprs-archives-XLI-B1-741-2016.pdf 

  

http://tao.cgu.org.tw/index.php/articles/archive/space-science/item/download/2221_5b8b98b651a0bb07704a90d2450e8c7d�
http://tao.cgu.org.tw/index.php/articles/archive/space-science/item/download/2221_5b8b98b651a0bb07704a90d2450e8c7d�
http://weka.sourceforge.net/doc.packages/cascadeKMeans/weka/clusterers/CascadeSimpleKMeans.html�
http://weka.sourceforge.net/doc.packages/cascadeKMeans/weka/clusterers/CascadeSimpleKMeans.html�
http://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XLI-B1/741/2016/isprs-archives-XLI-B1-741-2016.pdf�
http://www.int-arch-photogramm-remote-sens-spatial-inf-sci.net/XLI-B1/741/2016/isprs-archives-XLI-B1-741-2016.pdf�


INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

402 
 

 
 
 
 

Investigation of Normalized Difference Vegetation Index and Land 
Surface Temperature Using Remote Sensing Techniques for 20 years of 

Diyarbakir Province 
 

Mehmet Tahir Kavak*, Sabri Karadoğan
 

2 

1Dicle University, Ziya Gökalap Faculty of Education, Department of Physics, 21280 Diyarbakir/Turkey 
2Dicle University, Ziya Gökalap Faculty of Education, Department of Geography, 21280 Diyarbakir/Turkey 
 

ABSTRACT 

The relationship between vegetation and Land Surface Temperature (LST) using AVHRR 
(Advanced Very High Resolution Radiometer) for 17 years (1998-2014), NDVI for 20 
years (1994-2014) over 94 % and cloud cover for 15 years of Diyarbakir are presented. It 
is found that the correlations between LST and Normalized Difference Vegetation Index 
(NDVI) depend on the season-of-year. For winter, the correlation between NDVI and LST 
is positive. Correlations between LST and NDVI decreased during the warm seasons. Thus 
temperature-related drought indices may only be used in the warm seasons from June to 
October, and should be used with caution during cold seasons in Diyarbakır. Since 
vegetation is high on April and May both month was also studied. 

 

INTRODUCTION 

Cloud cover can influence numerous important ecological processes including 
reproduction, growth, survival, and behavior, yet our assessment of its importance at the 
appropriate spatial scales has remained remarkably limited. If captured over large extent 
yet at sufficiently fine spatial grain cloud cover dynamics may provide key information for 
delineating a variety of habitat types and predicting species distributions. 

The Normalized Difference Vegetation Index (NDVI) is a numerical indicator that uses the 
visible and near-infrared bands of the electromagnetic spectrum, and is adopted to analyze 
remote sensing measurements and assess whether the target being observed contains live 
green vegetation or not. NDVI has found a wide application in vegetative studies as it has 
been used to estimate crop yields, pasture performance, and rangeland carrying capacities 
among others. It is often directly related to other ground parameters such as percent of 
ground cover, photosynthetic activity of the plant, surface water, leaf area index and the 
amount of biomass. NDVI was first used by (Rouse Jr, Haas, Schell, & Deering, 1974) 
from the Remote Sensing Centre of Texas A&M University. Recently NDVI for 
Diyarbakir was also studied by (Kavak, Özdemir, Karadoğan, & Yılmaz A, 2015). 
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Generally, healthy vegetation will absorb most of the visible light that falls on it, and 
reflects a large portion of the near-infrared light. Unhealthy or sparse vegetation reflects 
more visible light and less near-infrared light see Figure 1.  Bare soils on the other hand 
reflect moderately in both the red and infrared portion of the electromagnetic spectrum 
(Holm, Burnside, & Mitchell, 1987). 

Moreover, the negative correlations between NDVI and LST are much stronger than those 
between NDVI and the brightness temperature. Therefore using daytime LST for drought 
monitoring should be more reasonable than using brightness temperature or nighttime LST 
(Sun & Kafatos, 2007). 

Since we know the behavior of plants across the electromagnetic spectrum, we can derive 
NDVI information by focusing on the satellite bands that are most sensitive to vegetation 
information (near-infrared and red). The bigger the difference therefore between the near-
infrared and the red reflectance, the more vegetation there has to be. The NDVI algorithm 
subtracts the red reflectance values from the near-infrared and divides it by the sum of 
near- infrared and red bands. 

𝑁𝐷𝑉𝐼 =
𝑁𝐼𝑅 − 𝑅𝐸𝐷
𝑁𝐼𝑅 + 𝑅𝐸𝐷

 

 

This formulation allows us to cope with the fact that two identical patches of vegetation 
could have different values if one were, for example in bright sunshine, and another under 
a cloudy sky. The bright pixels would all have larger values, and therefore a larger absolute 
difference between the bands. This is avoided by dividing by the sum of the reflectances. 

Theoretically, NDVI values are represented as a ratio ranging in value from -1 to 1 but in 
practice extreme negative values represent water, values around zero represent bare soil 
and values over 60 represent dense green vegetation 

Land surface temperature is how hot the “surface” of the Earth would feel to the touch in a 
particular location. From a satellite’s point of view, the “surface” is whatever it sees when 
it looks through the atmosphere to the ground. It could be snow and ice, the grass on a 
lawn, the roof of a building, or the leaves in the canopy of a forest. Thus, land surface 
temperature is not the same as the air temperature that is included in the daily weather 
report. Present work used 1km high resolution AVHRR data from 1995 to 2014. Due to the 
satellite position 94% of Diyarbakır was studied Figure 2.  Day measured average 
temperatures range from 14.20 degrees Celsius to 14.2 degrees Celsius.  
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Figure 1. NDVI is calculated from the visible and near-infrared light reflected by 
vegetation. Healthy vegetation (left) absorbs most of the visible light that hits it, and 
reflects a large portion of the near-infrared light. Unhealthy or sparse vegetation (right) 
reflects more visible light and less near-infrared light. The numbers on the figure above are 
representative of actual values, but real vegetation is much more varied (Herring, 2000). 

 

Night measured average temperatures range from -3.95 degrees Celsius to 22.2 degrees 
Celsius. Measured average NDVI from 0.14 to 0.43 and average cloud frequency from 8.4 
to 62.7. Altitude plays a clear role in temperatures, with mountain ranges like the North 
American Rockies cooler than other areas at the same latitude (NASA, 2017). Scientists 
want to monitor how increasing atmospheric greenhouse gases affect land surface 
temperature, and how rising land surface temperatures affect glaciers, ice sheets, 
permafrost, and the vegetation in Earth’s ecosystems. 

Commercial farmers may also use land surface temperature maps like these to evaluate 
water requirements for their crops during the summer, when they are prone to heat stress. 
Conversely, in winter, these maps can help citrus farmers to determine where and when 
orange groves could have been exposed to damaging frost. 
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Figure 2. Study Area 

 
MATERIAL AND METHOD 

To conduct present work LST-D, LST-N and NDVI data from NOAA-AVHRR data was 
downloaded from (DLR) German Aerospace Center via the internet 
(http://eoweb.dlr.de:8080/servlets/template/welcome/entryPage.vm) Earth observation on 
the web interface (EOWEB). Cloud removal process was performed by DLR. AVHRR 
data was chosen since it has large swath width (3000km), spatial resolution(1km), spectral 
resolution (4-5 AVHRR channels), Temporal resolution(a daily image from DLR formed 
by using up to five acquisitions), availability (online), cost (free) and data processed (ready 
for analysis). Cloud data from http://www.earthenv.org/, the datasets integrate 15 years of 
twice-daily remote sensing-derived cloud observations at 1-km resolution using (Moderate 
Resolution Imaging Spectroradiometer) MODIS which explained by (Wilson & Jetz, 
2016). 

 
RESULTS 

High temperature difference between day and night may be seen on figure 3. particularly 
on summer months.  

 
Figure 3. Temperature difference between day and night in ℃. 
 

http://eoweb.dlr.de:8080/servlets/template/welcome/entryPage.vm�
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Average LST (day-night), CC (Cloud Cover) and NDVI on figure 4. The behavior of cloud 
cover and LST’s are normal as clouds hamper sun light to heat land. LST-D and NDVI 
increases significantly together from March to May and then vegetation decreases due to 
high temperature and seasonal harvest. 

 

 
Figure 4. 20 years average LST (Day-Night) 15 years cloud and 20 years NDVI. 

 

Figure 5 shows 20 years average LST and NDVI. An increase on NDVI as well as on LST. 
Increase on NDVI can be explained together with the development of irrigation technology 
in agriculture. 

 
Figure 5. Variation of NDVI, LST (day) for April. 
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Again an increase on average NDVI as well as on LST for 20 years on figure 6. This can 
be explained together with the development of irrigation technology in agriculture. 

 
Figure 6. Variation of NDVI and LST (day) for May. 

 

As a result of the analysis of the images we obtained in 1994 and 2014, the amount of 
green area is observed to vary depending on season or area usage. The months of April and 
May are the highest in NDVI. Although the tendency for NDVI to increase is linked to 
improved irrigation technologies in agriculture, it can be made more understandable by 
using more local and higher resolution satellite images (such as SPOT). In the light of this 
data, past product yield can be linked to this data to make forecasts, plans or models for the 
future. This study showed that remote sensing gave us a broad perspective on the region. 
This method is a very useful method that can be used for other purposes (eg agricultural) in 
other regions. In this regard, the Ministry of Agriculture retains the right to use SPOT 
images and bureaucratic obstacles are encountered in obtaining images. The bureaucratic 
obstacles must be removed in order for these images to be made available to universities 
for research purposes. 
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ABSTRACT 

Effective land information management is quite important issue for the governments in 
order to provide rightful housing, security of natural resources and food, public welfare  
and ultimately sustainable development and progress. To achieve sustainable land 
information management, primary needs are reliable and standardised data about 
topology, topography, and property. Once different datasets are produced interoperable 
way, various land related applications can be performed easily and reliably.  Geographic 
Data Infrastructures (GDI) concept has emerged to solve the interoperability issues and 
develop geographic data production standards. Land valuation is a highly important 
concept for societies and governments especially for taxation, expropriation, market 
capitalization and economic activity purposes. In this study, for integrated operability and 
collaboration between different applications, parcel based real estate evaluation model 
was designed according to the national GDI requirements. Factors affecting the land value 
was considered into seven groups and evaluated separately. Then combined for 
determining the general value approximations in GIS environment. 

 

INTRODUCTION 

Effective land information management has significant importance to success sustainable 
development and progress. Governments have emphasis on the managing the land related 
information in order to provide rightful housing, security of natural resources and food, 
social order and public welfare. Definitive, reliable and comprehensive land administration 
infrastructures promote the geographic enablement and efficient information management 
(Williamson, 2005; Yomralioglu, 2011). Reliable and interoperable data about topology, 
topography, and property are the basic requirements for sustainable land information 
management. In addition, today’s land management concept, demands land mapping, 
registration, and valuation functions as the parts of the land administration policy for better 
and effective development (Kalantari et al., 2005). In respect to this, applications like real 
estate valuation, rural-urban transformation, expropriation, land consolidation can be 
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performed throughout the government agencies more efficiently with the standardised and 
interoperable data.  

With growing technology, data can be obtained from various sources and manipulated in 
various software with different techniques (Aydinoglu and Yomralioglu, 2006). Therefore, 
interoperability and management of geographic data sets and services in different thematic 
applications has become an important requirement for meeting the needs. Recently 
governments and organizations put emphasis on producing and sharing interoperable 
geographic datasets, because only with the actual and interoperable geographic data 
governments can provide the opportunity of data sharing between various thematic 
applications. For the solution of the interoperability issues, Geographic Data 
Infrastructures (GDI) concept has emerged with the purpose of developing geographic data 
production and sharing standards (Budic et al., 2004; Aydinoglu, 2009). Governments and 
geographic data organizations developed their own GDI to specify their standards and 
manipulate their data effectively throughout the different applications.  

Real Estate valuation has always been a weighty matter for societies and governments for 
taxation, market capitalization and economic activity purposes (Yalpir, 2007). To achieve 
better valuation results, interoperability and reliability of the required data coming from 
different sources is as important as the determination of the method. Because of the 
intensively performed urban transformation applications, real estate valuation has 
increased its importance within the sector in Turkey as such in many other countries. 
Accessing real estate related data easily increases regional development and provide 
effective land policy implementation (Dawidowicz et al., 2014). Therefore; if real estate 
related datasets can be obtained from national GDI, problems about data interoperability 
and access can be solved. Valuable and reliable real estate evaluations can be performed 
which can directly contribute to the social and economic development.  

In this study, main purpose is to analyse the land administration infrastructure of Turkey in 
terms of the interoperable land management concept. Once the datasets have the same data 
structure and properties, they can be used effectively in any applications. In land 
administration concept, valuation extension model was designed within the national GDI to 
perform land valuation with standardised and interoperable data. For this purpose, a case 
study was implemented in Pendik to analyse the affectivity of the model and perform by 
using fuzzy logic approach and geographic analysis tools in GIS environment. 

 

DATA ANAYSIS AND MODEL DESIGN 

Real Estate is the immobile and tangible land with all natural and unmanned equipment 
affixed to land that are both below or above the ground like buildings, site improvements 
and natural resources (Appraisal Institute, 2001; IVSC, 2011; RICS, 2014). The legal 
definition according to Aclar and Cagdas (2008) with consideration of the Turkish Civil 
Law, real estate is the land subject to the ownership and substantive rights with 
independent sections registered separately in land registers. Valuation term can be used to 
refer to the estimated value or to refer to the preparation of the estimated value (IVSC, 
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2011). In reality, it is quite difficult to determine the exact value of real estate because of 
the many different factors that varies from person to person in terms of quality and 
quantity. However, due to the application needs or subjective expectations, it is possible to 
determine the estimated values of real estate by evaluating all the relevant factors. In this 
way, objective and subjective criteria are evaluated separately and unit values reflected to 
the whole real estate are determined (Bulut Nas, 2011).  

The most general excepted factors affect the value of the real estate are determined 
according to the nationally and internationally accepted standards and academic researches 
(CMB, 2006; TDUB, 2011; IVSC, 2011, TKGM, 2011; RICS, 2014; TEGoVA, 2016; 
Yomralioglu 1993; Nisanci, 2005; Candas 2012; Yalpir et al., 2016). Determined and 
complied factors can be grouped into four basic categories as Legal Factors, Locational 
Factors, Physical/Zoning Factors and Socio-Economic Factors. 

After determining the factors, data requirement analysis for these factors according to the 
INSPIRE and TUCBS data theme for evaluating the possibility to carry out real estate 
valuation within the national and international GDI. After the evaluation, it was determined 
that data themes corresponding most of the factors are available within both standards. 
Some of the factors cannot be provided in TUCBS because it is still developing. However, 
INSPIRE data themes are more detailed and comprehensive and almost all data factors can 
be obtained for real estate evaluation process.  

According to determined criteria in Table.1, a real estate evaluation model was designed as 
an extension of Turkish National GIS (TUCBS). Designed model is associated with the 
land registry and cadastre data theme (TUCBS.TK) because real estate is a kind of spatial 
unit inside cadastre concept. TK_TasinmazDeger extension was added to the model as a 
subclass of TK_Parsel (Figure 1). TK_TasinmazDeger feature class is related with seven 
thematic factor groups relating to the real estate; EnvironmentalFactors, Utilization, 
Planning, PublicService, CulturalFactors, Transportation and SocialFactors which affect 
the real estate value (Figure 1).  
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Table 1. Factors effecting real estate value 

LEGAL FACTORS LOCATIONAL FACTORS PHYSICAL/ZONING 
FACTORS 

Ownership Status  
• Full Ownership 
• Joint Ownership 

Health Organizations 
• Healthcare Centres  
• Hospitals 

Building Geometry 
• Frontage Length 
• Frontage Number 
• Geometric Shape  

Legal Restrictions 
• Mortgage 
• Easement 
• Annotation 

Educational Institutions  
• Primary-High School, University  
• Additional Courses 

Position in Cadastral Block  

Legal Transactions  
• Land Amalgamation 
• Subdivision 

Governmental Agencies  
• Governorate/District 
Governorate/Municipality  
• Courthouse 

Landscape 
• Mountain, Valley, Forest 
• Lake, River, Sea 
• City View 

Zoning Status 
• TAKS/KAKS 
• Number of Allowed Floors 
• Building Layout 
• Allowed Construction Style 

Public Transportation  
• Airport 
• Terminal, Coach Station  
• Metro/Tram 
• Bus, Minibus  
• Port, Harbour, Pier 
• Under/Over Pass 

Road Condition 
• Access to Street  
• Road Connections 
• Highways, cross roads  
 
Parking Area 

Taxation 
Current Market Value 

Attraction Centres 
• City Centre 
• Town Square 

Industrial Zones 

 
SOCIO-ECONOMIC 
FACTORS 

Security Units  
• Police Station  
• Gendarmerie Station  
• Fire Station 

Unit Price and Cost  
Income (Rent, Business 
Income) 

Population Density 
• Migration Rate 
• Age Distribution 

Underground, Ground, 
Aboveground Features  
• Slope 
• Ground Condition  
• Air Quality  
• Noise 

Traffic Density / Congestion 
Alternative Transportation 

Social Stratification 
• Education Level 
• Income Rate 
• Unemployment Rate 

Shopping Centers 
• Mall, Market Square 
• Commercial Enterprise 

Cultural Centres 
• Cinema, Theatre 
• Historical / Touristic 
Places 

Social Relations 
• Neighbourhood Relationships 
• Landlord/Tenant Status 
 

Deleterious Areas  
• Waste Discharge Zones 
• Treatment Facilities 
• Dump Sites 
• Swamp Areas 
• Natural Disaster Zones 
• Undeveloped Stream Areas 

• Infrastructure Services 
• Drinking / Tap Water 
• Natural Gas 
• Electricity 
• Sewage 
• Drainage 

Environmental Status 
• Popular Neighbourhood 
• Building Density 
• Development Potential 

Green Space 
• Forest, Copse 
• Park, Playground 
• Picnic Side 
• Recreation Area 

 

 
• Planning group includes data about planning conditions of real estate like 

building coverage ratio, floor area ratio, zoning status, allowed floor number, 
existing of parking area. 
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• Environmental Factors group includes data about environmental conditions of 
real estate such as existence of green space, distance to deleterious and 
unpleasant areas. 

• Transportation group includes data about transportation facilities such as 
existence and type of the public transportation, density, distance to main 
roads. 

• Utilization group includes data affecting the utilization such as slope, aspect 
and visibility.  

• Cultural Factors group includes data about cultural facilities such as libraries, 
cinema and theatre centres, art galleries, conference halls.  

• Public Services group includes data about proximity to public services and 
public facilities such as administrative facilities, education facilities, 
healthcare facilities, religious facilities and infrastructure opportunities.  

• Socio-Cultural Factors group includes data about social status of real estate 
owners and neighbours. Related data can be average age, education level, 
income and population density. 

Each class defining the factor groups uses the data sets coming from different geographic 
data themes in TUCBS and uses external data when necessary. It is expected that if data 
coming from different sources are converted into TK_TasinmazDeger data exchange 
format, these data can be used in the real estate valuation applications effectively.Detailed 
representation of TK_TasinmazDeger with its relations is shown in Figure 1.  

 

 
Figure 1. Detailed representation of TK_TasinmazDeger with its relations 
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CASE STUDY 
Pendik district of Istanbul province was chosen as the study area for the application in 
Turkey. Pendik was chosen because as the study area because it has a large surface area 
(190 km²), urban and rural variety and 7.5 km of shoreline that provides a wide 
perspective. Available source data was gathered for study area and source dataset 
structures were transformed into related TUCBS data models for data interoperability by 
using ETL (Extract-Transform-Load) tools in HALE (Humbold Alignment Editor). 
Schema mapping process was performed and all related attributes were mapped and 
transformation process was executed for transforming XSD files into GML format data.  

After data transformation, ArcGIS software with its geographical analysis tools was used 
to implement the model and perform valuation calculations. Because information can be 
the form of verbal expressions such as large, small and little in fuzzy logic, it is an 
effective method for processing oral variables, which is very important for valuation 
process (Nedeljkovic, 2006). In addition, a lot of studies revealed that fuzzy logic approach 
is highly effective for real estate evaluation (Bagnoli and Smith, 1998; Hansen, 2003; 
Gonzalez and Formoso, 2006; Kusan et al., 2010; Bogataj et al., 2011; Hajnal, 2014; Sarip 
and Hafez 2015). That’s why in this study for real estate evaluation process fuzzy logic is 
used with geographic analysis functions. 

In this study, all factors are grouped in thematic factor groups rather than determining a 
specific range for each factor and these thematic factor groups evaluated in fuzzy logic. 
Firstly, raster datasets were produced by using geospatial analysis tools in GIS. According 
to the characteristics determined for each thematic factor, fuzzy membership functions 
were defined and applied. In this way, each pixel in the raster data receives different pixel 
values ranging from 0 to 1. Then, fuzzy overlay maps were created for each thematic factor 
group by using fuzzy overlay functions in ArcGIS program. Each thematic group gives an 
approach for evaluating and identifying the general situation of land in the point of 
different thematic perspectives (Figure 2). 
 

 
Figure 2. Fuzzy overlay maps for thematic factor groups 
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Value estimations can be calculated by combining the values of each thematic group.  For 
the integration of these thematic data, their effects and weights over the process should be 
considered. For this purpose, weighted overlay analysis was performed. Related studies 
(Yomralioglu, 1993; Yomralioglu and Nisanci, 2004; Nisanci, 2005; Cakir and Sesli, 2013; 
Derinpinar, 2014; Yalpir and Bunyan Unel, 2016) were examined and analysed in detail. 
Weights of each factor group were determined after examining researches, statistics and 
questionnaire studies in Turkey (Table 2). Considering these weights, Weighed Sum 
overlay function was applied and weighted fuzzy overlay map was produced (Figure 3). 
Produced map demonstrates the value trends for the study area. 
 
Table 3: Weights of the Thematic Groups 

Thematic Group Weight 
Planning 0.82 
Environmental Factors 0.78 
Transportation 0.75 
Utilization 0.70 
Cultural Factors 0.68 
Public Services 0.68 
Social Factors 0.60 

 
Fuzzy based weighted overlay operation gives a general evaluation approach for land 
valuation process. Produced maps from the analysis reflected close and logical tendency to 
the reality. It is seen that coastline and the area near the D100 highway have high values 
and the rural areas near to the Omerli Dam have low values (Figure 3). Also, near to the 
metro stations, Sabiha Gokcen Airport and attraction centers (shopping centers, cinema) 
have high values.  

 
Figure 3. Weighted fuzzy overlay map 
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CONCLUSION AND DISCUSSION 

Primary purpose of this study is to analyse the national land administration infrastructure 
for performing interoperable and reliable land related applications by using public data. 
Once the data interoperability is provided, stakeholder needs for different land related 
applications like expropriation, real estate valuation, taxation, rural-urban transformation, 
land consolidation are supposed to be met. For this purpose, TUCBS.TK model was 
improved and land valuation model was designed as an extension to provide a standardised 
and interoperable valuation model within national GDI. 

After the designing the model, for analysing the operability of the designed model and 
performing a valuation process with standardised data within the TUCBS a case study in 
Pendik was performed. Source data sets which has different data structures was combined 
and transformed into TUCBS standard by using designed ETL tools. Designed land 
valuation model was implemented by using fuzzy logic and geographical analysis in GIS 
environment. Produced fuzzy weighted surfaces demonstratres the thematic pattern of land 
values in the study area. However, produced map is not an ideal valuation map that reflects 
the exact land parcel values. It represents the close and logical tendency to the real values 
and with future research, if advance statistical methods examine in detail with train data, 
more accurate values can be calculated. Also, if proposed model implemented as a 
collective software, an automated valuation process can be performed within national GDI.  
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ABSTRACT 

Denizli city is one of the nine cities in Turkey that has grown the most in economy and 
population in the last thirty years. The growing economic structure and position of the city 
have caused the population increase. It is envisaged that the new urban areas required due 
to population growth will develop on agricultural landscapes, archaeological landscapes 
and natural landscapes. The prediction of the risks that occur in spatial planning is now 
possible through various scenarios. Paul Zwick’s Land Use Conflict Identification Strategy 
(LUCIS) is one of the goal driven Geographic Information Systems (GIS) models that 
produces a spatial representation of where agriculture, conservation, and urban land use 
suitability will be in future conflict and helps illustrate potential future alternative land-use 
scenarios. The overall goal of this research has to isolate and quantify future land-use 
conflict in Denizli and effectively create future land-use scenarios for future. Visualizing 
how land-use change was spatially distributed, and where competing land-use 
classifications will be in conflict, have been examined by using LUCIS for the future of 
Denizli.  

 

INTRODUCTION 

The cities, namely urban, are an attraction center for the better part of the world’s 
population due to their economic opportunities. Hence, this fact leads to an increase in 
urban population. In this period, if there would be no remigration, it is foreseen that 
increase in population will gradually rise. Due to increased demand, growth in urban areas 
would bring along ecological problems and land-use conflict in future. 

Land use conflict can be defined as a comparison on suitability of different land-use 
categories in a specific land area (Carr and Zwick 2007). Equal suitability metrics of a land 
area can also be referred as land use conflict. For a specific land use category, having a 
higher suitability metric than other categories imply that there is no conflict in the relevant 
land area. In this case, this land area maintains its actual land use. By means of this 

mailto:sevgigormus@gmail.com�
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approach, a potential land use conflict can be predicted for a whole region (Carr ve Zwick 
2007). 

The important thing is to be able to take measures against future land use conflicts. In 
order to accomplish this, future land use purposes should be modeled. In this scope, 
Geographic Information Systems (GIS) can be helpful tools for responding researches on 
landscape. Most of the important ecological issues can be revealed easily thanks to GIS. In 
addition, the Land Use Conflict Identification Strategy (LUCIS) is also a model which 
determines the land use conflicts in GIS environment. It’s an overlapping technique for 
land use suitability through maps. The foundations of LUCIS models rest on an “ecological 
perspective” developed by McHarg. In the “map overlay method”, a technique developed 
by McHarg within the framework of ecological planning approach, physical and social 
variables are included in decision making process by probing in terms of their economic 
benefits. This technique, in the later years, has been used a method in GIS for “suitability 
analyzes/suitability evaluation”. Within the context of this model, suitable areas for urban 
settlement, agricultural activities and conservation are determined. While defining these 
areas, priority and suitability criteria are applied through decision support systems (Carr 
and Zwick, 2007). 

The main aim of this study is to reveal land use conflicts that are critical for understanding 
how urban dynamics and ecosystems transform, and making policy for urban. In the study, 
land use scenarios in relation with agricultural areas, conservation areas and settlement 
areas are created. Potential conflicts between three land-uses in Denizli city are detected by 
using LUCIS model in the scope of these three use category. The conflicts between 
agricultural area, conservation area and settlement area are evaluated through a comparison 
with the Environmental Master Plan’s land use planning. The results of this study allows 
shareholders to interactively choose areas for improvement in future in order to arrive a 
consensus on population planning activities and critical decisions that affect land use 
changes. 

 

MATERIAL AND METHOD 

The Study Area:  Having a surface area of 11.868 km², Denizli province constitutes 
approx. 1.5% of Turkey and 18.5% of the Aegean Region. Denizli consists of 19 districts 
in total, including central districts Pamukkale and Merkezefendi (Figure 1). The study is 
confined in an area of 1135 km² which contains Merkezefendi and Pamukkale districts (the 
borders of new metropolitan municipality). In this area, there exists archeological 
landscapes, natural landscapes and agricultural landscapes such as Pamukkale travertine, 
Hierapolis and Laodicea ancient cities (Figure 1). 
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Figure 1. The geographical location of the study 

  

The Data:  In the study, LANDSAT 5 (1987), LANDSAT 7 (2000) and LANDSAT 8 
(2013) images geographically (spatially) referenced according to WGS 84 (35 N) 
projection were used. Obtaining of data and numerical analyzes of them were conducted 
via various software in a numerical environment. The classifications were done within the 
scope of CORINE program. After determining the class of land-use and land cover to be 
used in classification, thanks to the object oriented classification method in eCognition 
software, the classification was performed. eCognition allows to classify with two main 
classification method. These methods utilize ‘nearest neighbor’ and ‘fuzzy membership’ 
functions. While the ‘nearest neighbor’ method defines the classes obtained via sample 
objects that should be decided on for each class by the user, the ‘fuzzy membership’ 
defines intervals of important characteristics for the areas in which the objects belong to a 
specific class or lie beyond a particular level (Oruç et al., 2007). Therefore, classification 
via eCognition software was particularly preferred since it makes enable to generate results 
in different levels due to its ability to reflect the characteristic of an object depending on 
level of its class hierarchy. 

In the study, 1:25,000 scale Environmental Master Plan (2007), the Forest Management 
Plan (Denizli Regional Directorate of Forestry, 2014), roads, rivers, conservation areas, 
etc. were used for generating geographical and ecological variables and creating Digital 
Elevation Model (DEM) altitude and slope maps; TUIK (Turkish Statistical Institute) data 
were used for obtaining economic, infrastructural and demographical information; 
interviews with local government units, institutional data related with legal-administrative 
structure and legislation outputs were used for defining political variables.  

Also, UTM (Universal Transverse Mercator) WGS 84 UTM Zone 36 N coordinate system 
was applied. When converting all numerical maps into raster format, the resolution of 
15mx15m was preferred.   

 

The Method:  Unlike from traditional land-use suitability, LUCIS is a goal driven model 
(Carr and Zwick 2005). Based on three main type of land-use, the model generates 
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potential/prospective scenarios for landscape patterns in future. The reason for the strength 
of LUCIS is to show alternative land-use scenarios rested on priorities and conflicts of 
shareholders over land-use.  

In the study, the LUCIS model is adapted in the context of change in landscape pattern 
(Figure 2). Affecting and affected land use according to analyze on change in landscape 
pattern were considered as baseline. These land uses are; agricultural areas (affected), 
conservation areas (affected) and urban settlement areas (affecting). Within the scope of 
the variables affected all three land uses (geographical, ecological, demographical, 
economic, political and infrastructure), for each of land use category, goals, aims and sub-
aims were defined and then the suitability concept was developed accordingly. The maps 
of weighted rates (Table 1-3) obtained for agricultural areas, conservation areas and urban 
areas were modeled via ESRI ArcGIS 10.1 software Model Builder tool by using Weighted 
Overlay Analysis (figure 2).  

 
Figure 2. The stages of LUCIS Model (adapted from Carr and Zwick, 2007) 

 

Table 1. Sub-criteria for suitability of urban settlement areas, and their weight rates. 

Goal: YeGa: Suitable areas for settlement  
1. YeKo (L: .400): Determining suitable areas for housing 

1.1. YeKoa1 (L: .333): Physically suitable areas for housing 
1.1.1. YeKoa1a1 (L: .040): Soil  
1.1.2. YeKoa1a2 (L: .023): Slope  
1.1.3. YeKoa1a3 (L: .017): Altitude 
1.1.4. YeKoa1a4 (L: .081): Risk of landslide 
1.1.5. YeKoa1a5 (L: .077): Environmental problems 
1.1.6. YeKoa1a6 (L: .427): Seismicity  
1.1.7. YeKoa1a7 (L: .069): Distance to sources of pollution  
1.1.8. YeKoa1a8 (L: .265): Erosion risky areas 

1.2. YeKoa2 (L: .333): Economically suitable areas for housing 
1.2.1. YeKoa2a1 (L: .154): Proximity to highways 
1.2.2. YeKoa2a2 (L: .057): Distance to nearest urban cluster 
1.2.3. YeKoa2a3 (L: .032): Distance to railways 
1.2.4. YeKoa2a4 (L: .301): Distance to power lines 
1.2.5. YeKoa2a5 (L: .457): Distance to health centers 

1.3. YeKoa3 (L: .333): Socio-culturally suitable areas for housing 
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1.3.1. YeKoa3a1 (L: .059): Distance to important places 
1.3.2. YeKoa3a2 (L: .289): Distance to recreational areas 
1.3.3. YeKoa3a3 (L: .476): Distance to city center 
1.3.4. YeKoa3a4 (L: .176): Distance to sources of water 

2. YeHs (L: .400): Suitable areas for service sector 
2.1. YeHsa1 (L: .500): Physically suitable areas for service sector 

2.1.1. YeHsa1a1 (L: .066): Slope 
2.1.2. YeHsa1a2 (L: .292): Erosion risk areas 
2.1.3. YeHsa1a3 (L: .516): Seismicity 
2.1.4. YeHsa1a4 (L: .089): Altitude 
2.1.5. YeHsa1a5 (L: .037): Soil  

2.2. YeHsa2 (L: .500): Economically suitable areas for service sector 
2.2.1. YeHsa2a1 (L: .250): Proximity to highways 
2.2.2. YeHsa2a2 (L: .250): Distance to city center 
2.2.3. YeHsa2a3 (L: .250): Distance to the nearest urban cluster 
2.2.4. YeHsa2a4 (L: .250): Distance to intersections of highways 

3. YeSa (L: .200): Suitable areas for industry sector 
3.1. YeSaa1: Physically suitable areas for industry sector 

3.1.1. YeSaa1a1 (L: .057): Slope 
3.1.2. YeSaa1a2 (L: .248): Erosion risk areas 
3.1.3. YeSaa1a3 (L: .550): Seismicity 
3.1.4. YeSaa1a4 (L: .034): Altitude 
3.1.5. YeSaa1a5 (L: .112): Soil 

3.2. YeSaa2: Economically suitable areas for industry sector 
3.2.1. YeSaa2a1 (L: .483): Proximity to highways 
3.2.2. YeSaa2a2 (L: .088): Distance to city center 
3.2.3. YeSaa2a3 (L: .157): Distance to the nearest urban cluster 
3.2.4. YeSaa2a4 (L: .272): Distance to railways 

 

Table 2. Sub-criteria for suitability of agricultural areas and their weight rates  

Goal: TaGa Determining suitable areas for agriculture 
1. TaTa1 (L: .750): TaGa Determining suitable areas for field agriculture 

1.1. TaTa1a1 (L: .800): TaGa Determining physically suitable areas for field agriculture 
1.1.1. TaTa1a11 (L: .182): Soil 
1.1.2. TaTa1a12 (L: .098): Slope 
1.1.3. TaTa1a13 (L: .239): Distance to sources of pollution 
1.1.4. TaTa1a14 (L: .065): Irrigation conditions 
1.1.5. TaTa1a15 (L: .039): Distance to sources of water 
1.1.6. TaTa1a16 (L: .027): Actual land cover 
1.1.7. TaTa1a17 (L: .351): Flood plain  

1.1.7.1. TaTa1a12 (L: .200): Sloping areas 
1.1.7.2. TaTa1a15 (L: .400): Distance to water 
1.1.7.3. TaTa1a16 (L: .400): Land cover 

1.2. TaTa1a2 (L: .200): Determining economically suitable areas for field agriculture 
1.2.1. TaTa2a11 (L: .750): Distance to highways 
1.2.2. TaTa2a12 (L: .250): Distance to the nearest urban cluster 

2. TaHa1 (L: .250): Determining suitable areas for animal husbandry 
2.1. TaHa1a1 (L: .359): Distance to pastures and meadows 
2.2. TaHa1a2 (L: .124): Distance to market 
2.3. TaHa1a3 (L: .517): Slope  

 
Table 3. Sub-criteria for suitability of conservation areas and their weight rates  
 Goal: KoGa: Determining suitable areas for nature conservation 

1. KoDo (L: .500): Determining suitable areas for nature conservation 
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1.1. KoDoa1 (L: .333): Bio-physical suitability for nature conservation 
1.1.1. KoDoa1a1 (L: .119): Distance to nearest urban cluster 
1.1.2. KoDoa1a2 (L: .119): Distance to highways 
1.1.3. KoDoa1a3 (L: .027): Slope 
1.1.4. KoDoa1a4 (L: .065): Distance to sources of pollution 
1.1.5. KoDoa1a5 (L: .186): Distance to sources of water 
1.1.6. KoDoa1a6 (L: .022): Actual land cover 
1.1.7. KoDoa1a7 (L: .310): Erosion 
1.1.8. KoDoa1a8 (L: .153): Distance to power lines 

1.2. KoDoa2 (L: .333): Determining suitable areas in terms of biodiversity for nature conservation 
1.2.1. KoDoa2a1 (L: .750): Distance to Flora and Fauna existence 
1.2.2. KoDoa2a2 (L: .250): Distance to wildlife improvement area 

1.3. KoDoa3 (L: .333): Suitability of area status for nature conservation 
1.3.1. KoDoa3a1 (L: .429): Distance to nature conservation zones 
1.3.2. KoDoa3a2 (L: .429): Distance to natural park 
1.3.3. KoDoa3a3 (L: .143): Distance to afforestation areas 

2. KoKu (L: .250): Determining suitable areas for cultural preservation 
2.1. KoKua1 (L: .333): Determining bio-physically suitable areas for cultural preservation 

2.1.1. KoKua1a1 (L: .500): Distance to nearest urban cluster 
2.1.2. KoKua1a2 (L: .500): Distance to highways 

2.2. KoKua2 (L: .667): Determining suitable areas in terms of area status for cultural preservation 
2.2.1. KoKua2a1 (L: .500): Distance to archaeological site 
2.2.2. KoKua2a2 (L: .500): Distance to special environmental protection areas 

3. KoKt (L: .250): Determining suitable areas for cultural tourism 
3.1. KoKta1 (L: .500): Determining bio-physically suitable areas for cultural tourism 

3.1.1. KoKta1a1 (L: .089): Distance to nearest urban cluster 
3.1.2. KoKta1a2 (L: .089): Distance to highways 
3.1.3. KoKta1a3 (L: .035): Slope 
3.1.4. KoKta1a4 (L: .246): Distance to sources of pollution 
3.1.5. KoKta1a5 (L: .155): Distance to sources of water 
3.1.6. KoKta1a6 (L: .385): Erosion 

3.2. KoKta2 (L: .500): Determining suitable areas in terms of area status for cultural tourism 
3.2.1. KoKta2a1 (L: .200): Distance to Pamukkale travertine and Hierapolis ancient city 
3.2.2. KoKta2a2 (L: .200): Distance to Laodicea ancient city 
3.2.3. KoKta2a3 (L: .200): Distance to tourism corridor 
3.2.4. KoKta2a4 (L: .200): Distance to archaeological site 
3.2.5. KoKta2a5 (L: .200): Distance to Denizli tourism region 

 

RESULTS and DISCUSSION 

Land Use: Seeking for getting a share from global economy within the globalization 
period has brought the concept of interurban competition in to the forefront. In this 
competition, the basic determinants are local capital/sources and knowledge of cities. At 
this point; it can be said that the cities which have ability to put their “equity/resource” and 
“indigenous” dynamics to global markets distinguish within the international and national 
urban network (Ozcan and Ozkan, 2010). In Denizli city, distribution trend of urban has 
developed in a sprawl and  expansionist manner. In 1987, urban settlement areas 
following road path have created new centers by growing laterally from these paths in 
2001, and then in the year of 2013 empty spaces between these centers have become 
urbanized. Until now, urban sprawl has mostly occurred on meadows, pastures and arid 
lands. However, when considering the topological limitations and the urban distribution 
trend on slightly inclined areas from past to present, it can be predicted that in future, the 
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urban distribution will develop on regionally important agricultural landscapes. This will 
not only lead to critical ecological results such as disappearing or dissolving agricultural 
landscapes, but also cause social problems in the medium and long term by degrading 
agricultural sector, constituting 16.7% of urban economy (TUIK, 2013). 

It was observed that the variables (factors) that lead to urban sprawl and ramification have 
negatively affected agricultural lands (Figure 3). As a result of highway routes passing 
through plain lands and farmlands, the settlements, the commercial and industrial areas 
clustered around these routes have given rise to a loss in agricultural lands. Increasing 
transportation facilities has made greater housing, and around the three main transportation 
route; Ankara, Izmir and Antalya roads, there has been formed urban sprawl and fringes. 
When we analyze the total loss of agricultural lands between the years of 1987-2013, the 
total loss pattern is as following; 510 ha in the slums, 94 ha in the University area and its 1 
km around, 1704 ha in the Industrial area and its 1 km around; 2207 ha in 1 km around 
highway route, 314 ha in the touristic area and its 1 km around. In both periods, it is seen 
that the most significant agricultural land loss occurred around highways and industrial 
areas (Figure 3).  

 

 
Figure 3. LULC change  

 

Land Use Disputes:  Land suitability and land use dispute data obtained through LUCIS 
model are of importance for Denizli city. Suitable lands for urban settlement significantly 
overlap with actual urban settlement of Denizli. However, it can be noticed that in more 
suitable lands for agriculture, housing is emerging as well. Also, agricultural lands 
overlapping with suitable lands for conservation areas should be considered as an 
important implication (Figure 4.) For agricultural lands, while (in terms of suitability) 
medium and high quality areas require less investment on fertilizers and food chemicals for 
a significant production, unsuitable areas with poor lands and steep slopes require high 
investment. Indeed, for settlement areas, moving from the most suitable areas to unsuitable 
ones, the pressure on ecosystem would increase. 
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Figure 4. Suitability for settlement, agriculture and conservation areas  

 

Based on land suitability and land use priority, the conflict between urban settlement, 
agricultural lands and conservation lands occurs at the rate of 16.7% (Figure 5). It is seen 
that conflicting lands will mostly expand towards particularly conservation lands and 
agricultural lands in the urban periphery. Nonetheless, the most part of the conflict has 
been experienced on agricultural lands (Table 4).  

 

 
Figure 5. Land use disputes and conflict potential  
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Table 4. Areal rate of land use disputes 
Dispute/Conflict intensity Area (Km2 % ) 
No conflict 126.805 11,288 
No data* 485,626 43,231 
Agriculture-Conservation low conflict 126,617 11.272 
Agriculture-Conservation high conflict 62.645 5.577 
Settlement-Conservation low conflict 0.605 0.054 
Settlement-Agriculture-Conservation low conflict 48.959 4.358 
Settlement-Agriculture-Conservation high conflict 188.658 16.795 
Settlement-Agriculture low conflict 73.543 6.547 
Settlement-Agriculture high conflict 9.869 0.879 
*’No data’ refers to masked areas (settlement, roads, water surfaces and conservation areas). 

 
In accordance with the results of overlapping Denizli Environmental Master Plan with the 
dispute map (Table 5), the urban development area and proposed housing areas are 
designed on unsuitable lands. In addition, proposing an urban development area on the 
most conflicting areas regarding settlement, agriculture and conservation is an important 
threat to ecosystem service. It can be easily observed that perforation-separation and 
fragmentation processes which will occur on agricultural lands were not took into 
consideration in the Environmental Master Plan. 
 
Table 5. Rate of land use conflicts in Environmental Master Plan 
Potentially conflict areas  In Environmental Master Plan Area (ha) % 
Housing development area Settlement-Agriculture-Conservation high conflict 1215.42 29.24 
Suitable areas for secondary housing 
settlement 

Suitable areas in terms of settlement for secondary 
housing 

67.82 1.63 

Suitable areas for rural settlement Suitable areas for rural settlement 6.79 0.16 
Suitable areas for housing development Suitable areas for housing development 51.55 1.24 
Actual settlement suitable areas Actual settlement suitable areas 16.72 0.40 
Suitable areas for secondary housing 
settlement 

Agriculture-Conservation low conflict  175.95 4.23 

Suitable areas for secondary housing 
settlement 

Agriculture-Conservation low conflict  8.22 0.20 

Rural settlement areas Agriculture-Conservation low conflict 82.91 1.99 
Actual housing areas Agriculture-Conservation low conflict  103.91 2.50 
Dense housing area Agriculture-Conservation low conflict 78.56 1.89 
Rural settlements Agriculture-Conservation high conflict 42.74 1.03 
Housing development area Agriculture-Conservation high conflict  1.66 0.04 
Actual settlement areas  Agriculture-Conservation high conflict 2.29 0.06 
Dense  housing areas Agriculture-Conservation high conflict  0.09 0.00 
Housing development area Settlement-Conservation low conflict  2.31 0.06 
Actual housing areas  Settlement-Conservation low conflict  1.66 0.04 
Secondary housing settlement Settlement-Agriculture-Conservation low conflict 2.25 0.05 
Urban development area Settlement-Agriculture-Conservation low conflict 418.66 10.07 
Rural settlements Settlement-Agriculture-Conservation low conflict  16.15 0.39 
Actual settlement area Settlement-Agriculture-Conservation low conflict  251.03 6.04 
Mass housing area Settlement-Agriculture-Conservation low conflict  23.08 0.56 
Secondary housing settlement Settlement-Agriculture-Conservation high conflict  11.23 0.27 
Rural settlements Settlement-Agriculture-Conservation high conflict 178.97 4.31 
Actual settlement area Settlement-Agriculture-Conservation high conflict  647.21 15.57 
Mass housing area Settlement-Agriculture-Conservation high conflict  128.22 3.08 
Secondary housing settlement Settlement-Agriculture low conflict  78.84 1.90 
Rural settlements Settlement-Agriculture low conflict  50.94 1.23 
Housing development area Settlement-Agriculture low conflict 213.17 5.13 
Actual housing area Settlement-Agriculture low conflict  109.64 2.64 
Mass housing area Settlement-Agriculture low conflict  27.66 0.67 
Secondary housing settlement Settlement-Agriculture high conflict  0.06 0.00 
Housing development area Settlement-Agriculture high conflict 70.75 1.70 
Rural settlements Settlement-Agriculture high conflict  0.88 0.02 
Actual settlement area Settlement-Agriculture high conflict  63.48 1.53 
Mass housing area Settlement-Agriculture high conflict 6.52 0.16 
    4157.33 100.00 
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CONCLUSION 

In this study, within the scope of LUCIS model, the land use disputes were acquired by 
including distribution tendency of urban and the priorities leading this tendency to the 
suitability maps. This model provides usable results for making ecological urban planning 
decisions, and particularly areal information obtained by comparing relevant plans 
constitutes a critical basis for revising urban policies. Indeed, this argument is tested upon 
Denizli city. In fact, Denizli faces the threat of rapid land use change. In this study, in 
order to support community members and shareholders for determining the location and 
the degree of potential land use conflicts in future, getting quantitative data and 
visualizing, an adaptation of Carr and Zwick’s LUCIS model were prepared. This was used 
to obtain multiple potential land use scenarios in future. Thanks to the resulted basic 
scenario, by revealing actual land use decisions are not ecological and sustainable, it is 
proved that land was considered merely a good and landscape functions were ignored. 
Also, comparative effects of agricultural, conservation or urban-centered land-use conflicts 
with the applicable decisions were highlighted by showing spatial importance of the 
conflict. 

While the analytical products of this study provide information about future potential land-
use conflicts, the obtained land-use scenarios have ability to suggest proposals for 
collaboration between shareholders, governmental institutions and development groups. 
The results of this study offers an opportunity to arrive a consensus on critical decisions 
affecting land-use change in urban and periphery landscape planning, and provides map-
based data that allows planners and related parties to make their decisions interactively.  
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ABSTRACT 

Land consolidation, which is implemented in rural areas by terrain and land regulation, is 
one of the important means of increasing productivity in agricultural production and 
applied all over the world.  

After a decision has been made to consolidate a rural area, the first thing to do is to study 
it in all aspects of this area in detail. For this reason, the land consolidation projects 
require a comprehensive preliminary survey, including future plans, as there is a general 
change in the settlement area, ie the village, as well as the economic and social structure 
of the village. In the land consolidation project, both the agricultural area and the 
subdivision of the village settlement are subject to change. So, first of all, the current 
situation of the village should be determined. Because all subsequent operations will be 
done according to the information and documents that will emerge from here. 

Land consolidation processes carried out in the preliminary survey; general definition of 
the region should be made ,the structural and sociological status of the village should be 
investigated and the sources of production (such as agricultural land, climate of the 
region, topographic status of the land, distance of settlements) should be investigated. In 
addition, the use of cultivable  land should be explored (such as the number of plots, parcel 
sizes, parcel shapes, spreads of parcels, area losses due to border and edge strips, 
production decline caused by road insuficiency), information which  the trend of 
development in the social and rural areas information needs to be acquired. 

The Geographical Information System was used for the preparation of preliminary survey  
reports in the Land Consolidation projects.  Ownership survey for a example project has 
been in the GIS environment. This study demonstrates the usability of GIS in preparing 
preliminary surveys in land consolidation projects. 

 

INTRODUCTION 

The development of the agricultural infrastructure is of primary importance in order to 
make more income from the unit side and to make our country's agriculture competitively 
with the world by producing a product with high productivity. One of the most important 
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problems for improving the agricultural infrastructure is the size of the existing structural 
problems and the necessary legal arrangements to solve the problems and the completion 
of the lack of responsible institutions and the provision of financial resources (Kirmikil, 
2010). 

The most important of agricultural infrastructure problems in our country is that, in a great 
majority of agricultural enterprises, land is small parcels, scattered, and shapes are 
irregular and lack access network. This situation causes the farmers' families to produce 
smaller and more scattered agricultural land, and thus agricultural development is 
inadequate Land consolidation is the only solution to the get rid of this problem for 
business owners with fragmented and scattered land. (Arıcı, 1994). 

An important aim of the land regeneration work for the reorganization of the agricultural 
area is to increase the agricultural yield. However, this activity is done on land that is 
essential to life and the land must be used in a sustainable way to meet the needs of future 
generations (İşcan, 2009). 

Land consolidation, which is implemented in rural areas by land and land regulation, is one 
of the important means of increasing productivity in agricultural production. In order to 
increase agricultural production, unfavorably shaped land belonging to individuals and 
enterprise, which are divided into small pieces in small pieces, are shaped and planned 
according to the principles of modern agriculture management (Temel 2013). 

With the integration and irrigation, people's living standards will change positively in 
economic and social terms and sustainable rural development will be provided. Land 
consolidation is not only to combine scatter parcels of, but also land use plan is 
implemented. (Sert ve ark., 2011). 

The first thing to do after deciding on land consolidation in a rural area is to study it in all 
aspects of this area in detailPreliminary studies have a major role in modern land 
consolidation studies. For this reason, the study requires a comprehensive preliminary 
survey to include forward-looking planning, as there is a total change in the settlement 
area, ie the village, as well as the economic and social structure of the village. In the land 
consolidation project, both the agricultural area and the subdivision of the village 
settlement are subject to change. So, first of all, the current situation of the village should 
be determined. Because all subsequent operations will be done according to the 
information and documents that will emerge from here. So preliminary study reports will 
shed light on future work. 

In the preliminary study report; The introduction of the study areas (Location, 
transportation status, ownership and cadastral status, topography and land status, 
agricultural structure and land use status, number of farmers, land fragmentation status and 
forms), the requirements for the cultural technical services and the necessary precautions to 
be taken, the estimated costs according to the alternatives of the project to be prepared, the 
reasons for the land consolidation, the property map and the decision document.  
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Geographical Information System (GIS) is an information system in which the spatial and 
vector data that provide the collection, storage, processing, display, analysis and output of 
non graphic-vektorial data are matched in the same environment (Timur, 2009). 

One of the greatest advantages of GIS, which can be defined as a software and hardware 
component, is to provide the user with the functioning technology by combining graphics 
and non-graphical data. This system, which provides great convenience in accessing 
information, is being used effectively in spatial data processing fields (Yomralıoğlu, 1994). 

Using data in the GIS has a lot of advantages compared to traditional methods. Information 
transfer with GIS has been accelerated. It makes storing and accessing data convenient. 
Increased work performance of people. It is used intensely by the institutions because it 
can be analyzed with GIS. It can help to move towards strategic decisions through analyzes 
made via GIS. Current information can be obtained from the system by renewing the 
information within the GIS (Altıntaş, 2017). 

The Geographical Information System was used for the preparation of preliminary survey 
reports in the Land Consolidation projects.  Ownership survey for a example project has 
been in the GIS environment. This study demonstrates the usability of GIS in preparing 
preliminary surveys in land consolidation projects. 

 

MATERIALS & METHOD 

Konya City, Çumra District, Üçhüyük Neighborhood, which is under continental climate 
effect, is chosen as research area (Figure 1). Üçhüyük Neighborhood takes its name from 3 
hills surrounding it. Üçhüyük Neighborhood is 13 km to Çumra, 63ckm to Konya. The end 
date of the project for three large land consolidation projects is 20.10.2016.  Initially the 
project was made by the Konya Agricultural Reformation Regional Directorate and after 
the TRBM was closed, the Konya Agricultural Provincial Directorate continued to work. 
Therefore, project data have also been provided by the provincial directorate of agriculture 
in Konya.  

Project data has been transferred to ArcMap-10 program. The database of the AT1, AT2 
lists from the Land Consolidation project data was created. The created database is 
transferred to the program as attribute information. After making necessary analyzes, maps 
were created and ownership etude which required for preliminary study report have been 
carried out. 
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Figure 1. Study area Konya city Çumra district Üçhüyük Neighborhood 

 

RESULTS & DISCUSSION 

When a parcel is queried, the parcel's property information, business number, parcel 
number, title deed area, if there is shared or not, how many shareholding  it has, whether it 
has facility plant, parcel position, parcel quality information is reached (Figure 2). 

 

 
Figure 2. Screenshot of information about a parcel 
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The average parcel size in the project area is 33.04 da. 158 parcels are below the average 
parcel size and 107 parcels are above the average parcel size. (Figure 3.) 

 

 
Figure 3. Distribution of parcels according to average parcel size 
 
There are 265 cadastral parcels in the project. It is the only shareholder with 201 cadastral 
parcels and 64 cadastral parcels are shareholding. Distribution of shared parcels is seen 
Figure 4. 
 

 
Figure 4. Distribution of shared parcels  
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Figure 5 shows the current situation of the enterprises in terms of the number of parcels 
they hold. Approximately 24% of the parcels in the project area are shared parcel. 

 

 
Figure 5. Number of parcels shareholding 
 
When we examine the distribution of parcel sizes in Figure 6, parcels are usually between 
0 and 5 da. There is only 1 parcel over 150 da.  

 

 
Figure 6. Distribution of parcel sizes by number of parcels 

 

Figure 7 also shows the distribution of parcel sizes in the application area. 
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Figure 7. Distribution of parcel sizes 

 

The parcel with the fixed facility on it is shown in Figure 8. Accordingly, 49 parcels in the 
project area have fixed facilities such as wells and electric wells. 

 

 
Figure 8. Map display of fixed facility in the parcels 
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Konya Çumra Üçhüyük neighboord which aplication area, the land norms declared in the 
official gazette dated 30.03.1995 for the is 154 decare for dry agricultural land and 50 
decare for irrigated agricultural land. Of the 265 cadastral parcels in the implementation 
plan, 53 are above the soil norm.  212 parcels are bigger than the land norm ( Figure 9). 

 

 
Figure 9. Distribution of parcels according to land norm 

 
 
CONCLUSIONS 
Land consolidation studies are taking a long time because they are comprehensive projects. 
Preliminary study reports have a major role in land consolidation studies because they shed 
light on future work. Due to these reasons, the preparation of the preliminary study reports 
is carried out in a short time and in detail by means of Geographic Information Systems, 
collecting all the information about a land together with their locations, storing them, 
making statistical evaluations, visualizing them in the virtual environment and testing their 
results. 

The Geographic Information System is based on the questioning of the numerous databases 
that make up and the statistical and geographic analysis of them. For this reason, the use of 
GIS in land consolidation studies accelerates this process and is a fast and highly effective 
method of developing measures. 
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ABSTRACT 

Our country, given its land and the climate of the region we live on is very favorable for 
agricultural production. In this case, it is obligatory to organize the agricultural space. 
Land consolidation is one of the most widely used methods of rural area management in 
the world and in our country. Land Consolidation projects have many benefits, including 
access to parcels, efficient use of water resources, consolidation of parcels, reduction of 
the costs of irrigation and drainage projects. Land consolidation in our country is carried 
out in accordance with the provisions of the "Law on Agricultural Reform of Land 
Regulation in Irrigation Areas" numbered 3083 and the provisions of the "Soil 
Conservation and Land Use Law" numbered 5403 and regulations and regulations based 
on these laws. Although the Land Consolidation projects in our country are carried out 
according to the provisions of two different laws, the steps of implementation are similar in 
general. The ministry in charge of the projects under both laws is the Ministry of Food, 
Agriculture and Livestock (GTHB). 

In this study, the data of a land consolidation project completed by the Provincial 
Directorate of Agriculture in 20.10.2016 has been used. According to the supplementary 
law no. 6537 issued in 2014, which is one of the land consolidation legislation numbered 
5403 for Soil Conservation and Land Use Law, the parcel sizes were compared after the 
consolidation of the selected project area according to the soil norm. In addition, the 
effectiveness of the land norm sizes determined by the Ministry and the determination of 
the optimum parcel size have been researched. 

 

INTRODUCTION 

In our country, the agricultural sector is one of the most important sectors, especially due 
to the increase in the population, the supply of industrial raw materials, employment and 
the contribution of the economy. Various policies have been developed and put into effect 
in order to ensure productivity and continuity in agriculture sector. Since 2000's, various 
changes have been made in agricultural policy instruments and structural transformations 
have taken place in the agricultural sector with different implementations coming with 
these policy changes.  These structural transformations in the agricultural sector are 
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introduced in the 8th, 9th and 10th Development Plans.  Especially in the EU 
harmonization process, the importance of the agriculture sector in terms of food safety is 
indisputable. 

Land consolidation is one of the most effective land management approaches used to 
improve the agricultural sector, protect natural resources, and at the same time contribute 
to the development of rural areas all over the world and in our country. 

Since 1973, land consolidation studies in Turkey have been carried out by different 
legislation and institutions. This brings with it the problems of implementation (Ülger ve 
Çay, 2012). 

The legal basis for the land consolidation in Turkey is 3083 numbered Irrigation Lands 
Agricultural Reforms and 5403 numbered Soil Conservation and Land Use Laws. The 
methods and principles of land consolidation are regulated by the "Regulation on the 
Protection, Use and Land Consolidation of Agricultural Land" published in the Official 
Gazette dated 24 July 2009 (Ceylan ve ark, 2014). 

Land consolidation works within the scope of Law No. 3083 are implemented by the 
General Directorate of Agricultural Reform of the Ministry of Food, Agriculture and 
Livestock. For the law numbered 5403, the implementing organizations; It is defined as the 
Ministry of Food, Agriculture and Livestock, Special Provincial Administrations (former), 
municipalities and villages, cooperatives operating in agricultural activities, associations 
such as associations and other public institutions. (Çağdaş, 2010). 

The Land Conservation and Land Use Law (TKAKK) No. 5403, one of the land 
consolidation legislation, has been amended with the Supplementary Law No. 6537 issued 
in 2014. At the beginning of the amendments made with the Law No. 6537, the definitions 
of the terms "minimum agricultural land size" and "sufficient income agricultural land 
size" are added by adding the items (h) and (i) 

Article 3 – In this law; 

h) (Changed: 30/4/2014-6537/3 art.) Minimum agricultural land size: The minimum 
agricultural parcel size determined by the Ministry of Agriculture, where production 
efficiency and inputs are used rationally and economically, can not be achieved if the 
productivity obtained on an agricultural land, in other words, the agricultural land is further 
reduced, 

i) (Changed: 30/4/2014-6537/3 art.) Sufficient income agricultural land size: Considering 
the regional differences, the provinces and county express the agricultural land sizes of 
sufficient income determined in the attached list (1) (Anonim, 2014-a). 

Purpose of this Law; Protection of land, development, classification of agricultural land, 
determination of minimum agricultural lands and land sizes of sufficient income and 
determine the principles and procedures to ensure the planned use of agricultural lands and 
agricultural lands with adequate income in accordance with the environmental priority 
sustainable development principle. 
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Article 8 / A, added to Article 8 of Law No. 5403 by Law No. 6537, states that 
"Agricultural land sizes of provinces and county can not be subdivided or divided under 
the agricultural land sizes of sufficient income determined in the list (1). This nature of the 
agricultural land shall be reported by the Ministry to the related title deed office for 
commentary. " 

 

MATERIALS & METHOD 

Konya-Çumra-Üçhüyükler project data have used in the study. The end date of the project 
is 20.10.2016. Initially the projects were carried out by Konya Agricultural Reform 
Regional Directorate and after TRBM was closed, Konya Agriculture Province Directorate 
continued their work. Therefore, project data have also been provided by the provincial 
directorate of agriculture in Konya. 

 

 
Figure 1. Study area 

 

There are 265 cadastral parcels and 274 agricultural enterprises in the project area.  The 
average parcel size before land consolidation is 33.04 da. After consolidation, the number 
of island parcels was 243 and the average parcel size is 36.06. 
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Figure 2. Üçhüyük cadastral state 

 

 
Figure 3. Üçhüyük Interview-based model parceling plan 

  

RESULTS & DISCUSSION 

The average parcel size before consolidation is 33.04 and the average parcel size after 
consolidation is 36.06. This rate is well above the average of 15 decares, which is Turkey's 
average (Anonim, 2014-b). In terms of average parcel size, there are bigger values than the 
average in Turkey. The reason for this is the large cadastral parcels in the study area. 

Sufficient income agricultural land size refers to the land sizes separately determined for 
each province and county, considering the existing differences in terms of agricultural 
activity between the regions in the list attached to TKAKK. (URL 1).In the Konya Çumra  
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where we have working area, sufficient agricultural land sizes are 55 da  for irrigated 
agricultural land, 200 da for dry agricultural land, and 10 da for planted  farming land.  
When Çumra Üçhüyük land consolidation project data is analyzed, 274 enterprises are 
located in the current project and only 42 enterprise have over 55 da on land with irrigated 
agricultural land size. The remaining 232 farms do not have sufficient agricultural land size 
for irrigated land so that the amount of land is below 55 da. When the size of agricultural 
land with sufficient income declared by the Ministry is compared with the values in 
practice, it does not reflect the real situation. 

 

CONCLUSIONS 

The general aim of the amendments made with Law No. 6537 is to eliminate the existing 
shortcomings of the TKK in terms of preventing the disintegration of agricultural landThe 
concepts of minimum agricultural land size and sufficient income agricultural land size 
introduced by Law No. 6537 attract the attention as important innovations. Although the 
measures taken with the amendments made by Law No. 6537 are suitable to provide an 
indivisibility in legal terms, it is not enough when the existing land sizes are considered in 
our country. 

At the project area Konya Çumra Üçhüyük land consolidation project, only 42 enterprises 
have more than 55 da for irrigated land with adequate income agricultural land size. The 
remaining 232 farms do not have sufficient agricultural land size for irrigated land so that 
the amount of land is below 55 da. However, it should be noted that there are some 
important errors and deficiencies of the regulations. The most important of these is that the 
land sizes stated as sufficient income do not reflect the current situation in the land. 
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ABSTRACT 

Nowadays, climate change is one of the most important environmental problems and there 
are many scientific studies on adaptation to climate change. Zenith Tropospheric Delay 
(ZTD) have a great importance in climate change studies. Analyzes of Global Navigation 
Satellite System (GNSS) observations can be used to obtain the ZTD parameter 
representing the effect of weather conditions. In this study, trend analysis of time series of 
(IGS Repro1) ZTD data between 1995-2010 reprocessed in the framework of COST Action 
ES1206, GNSS4SWEC were performed.  19 IGS (International GNSS Service) stations 
were used in the study selected from Turkey and Europe. Simple Linear Regression Model 
and Mann-Kendall tests were used for trend analysis. The results obtained from these two 
tests were compared. In this way, evaluations were made on the climatic change that 
occurred in the last 15 years. According to Simple Linear Regression Model, an increasing 
trend was observed at IGS stations ANKR, EBRE and MAS1, a decreasing trend was 
observed at the IGS stations BRUS, GRAS. There was no significant trend in other 
stations.  On the other hand, according to Mann-Kendall test, an increasing trends were 
observed at the IGS stations ANKR, EBRE and MAS1 stations. There was no significant 
trend in other stations.   

 

INTRODUCTION 

Climate involve statistics of average weather conditions consisting of temperature, 
humidity, precipitation, atmospheric pressure and other meteorological elements. 
Nowadays, climate is one of the most environmental issue. In this context, studies are 
doing about scientific side of climate change, climate change prevention and climate 
change adaptation (Demircan et al., 2016). 

GNSS observations have an important place in climate studies because of the advantages 
of which provide. GNSS signals are exposed to tropospheric delay in atmosphere before 
reaching the receiver on Earth. This delay is generally converted to zenith orientation and 
obtained as Zenith Tropospheric Delay (ZTD) (Baldysz et al., 2016). Integrated Water 
Vapour (IWV) is obtained from ZTD data with the help of various conversion models. 
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Water vapour is one of the most significant factors affecting climate change and which 
increases about 60-70% of Earth’s temperature (COST, 2012). Besides, water vapour has 
an importance place in the atmosphere and hydrological cycle. ZTD data inform about 
regional weather conditions (Jin et al., 2007; Demircan et al., 2016). Trend analysis of time 
series generated from ZTD indicates change of data in the used the time period. In this 
way, forecasts are made for the future. 

In this study, trend analysis of time series of (IGS Repro1) ZTD data between 1995-2010 
reprocessed in the framework of COST Action ES1206, GNSS4SWEC were performed.19 
IGS stations selected from Turkey and Europe were used in the study. Linear Regression 
Model and Mann-Kendall tests were used for trend analysis. The results obtained from 
these two tests were compared. In this way, evaluations were made on the climatic change 
that occurred in the last 15 years. 

 

Methods 

Trend analysis is a mathematical technique which makes a prediction relevant to the future 
by using past results through parametric and nonparametric methods (Yadav et al., 2015). 
In parametric methods, the actual value of the data in series is important and this value 
used in calculations. On the other hand, in nonparametric methods are used number of 
rows obtained by sorting from small to large or large to small. T-test and Linear regression 
model are some of parametric methods. Mann-Kendall test, Mann-Kendall Rank 
Correlation test, Spearman’s Rho test, Sen’s Slope methods and Sen’s T test are non-
parametric methods for trend analysis.  

Simple Linear Regression Model 

Simple linear regression as a linear function between independent (x) and dependent (y) 
variables. The time series expressing the time-dependent change of the data as: 

y + v = a0 + a1x                   (1) 

where x is the independent variable, y is the data, 𝑎1 is the slope, 𝑎0 is the intersection 
constant, v is the correction parameter. Trend analysis is performed according to simple 
linear regression model (Öztürk and Şerbetçi, 1992; Bayazıt and Yeğen Oğuz, 2005).  

 

Mann-Kendall Test 

Mann-Kendall test is commonly used fields such as hydrology and climatology to 
determine trend in time series. This is a method recommended by World Meteorological 
Organization (WMO). Mann-Kendall test statistic; 

 

S = ∑ ∑ sgn�xj − xk�n
j=k+1

n−1
k=1                              (2) 
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sgn�xj − xk� = �
 1 ;  xj > xk
 0 ;  xj = xk
−1 ;  xj < xk

�             (3) 

 

where 𝑥𝑗 and 𝑥𝑘 are the data while k=1,…,n-1, j=i+1,…,n and S is the statistical factor, 
describes the character of linear trend.  

Normalized Mann-Kendall statistic as; 

 

Z =

⎩
⎪
⎨

⎪
⎧ S−1
�Var(S)

 ; S > 0

           0 ; S = 0
S+1

�Var(S)
 ; S < 0

�                              (4) 

 

where Var(S) is the variance. Variance is computed by using the following equation, 

 

Var(S) = n(n−1)(2n+5)−∑ ti(ti−1)(2ti+5)k
i=1 
18

                                                                   (5) 

 

where n is the number of measurements, k is the number of groups of tied ranks, each with 
𝑡𝑖 tied observations. 

The Mann-Kendall statistic Z is compared with the standard normal distribution table value 
(Ztable) with 95% confidence. 𝐻0 is agreed, if Z < Ztable

 

 there is no trend. In the opposite 
case, 𝐻0 is rejected and there is trend. A positive value of S indicates an upward trend. A 
negative value of S indicates a downward trend (Mann, 1945; Kendall, 1975).  

RESULTS AND DISCUSSION 

In this study, trend analysis of time series of (IGS Repro1) ZTD data between 1995-2010 
reprocessed in the framework of COST Action ES1206, GNSS4SWEC were performed. 19 
IGS stations selected from Turkey and Europe were used in the study (URL- 1). Within 
scope of the work, one IGS station from Turkey ANKR, from Turkey, 18 IGS stations from 
Europe BOR1, BRUS, EBRE, GOPE, GRAS, GRAZ, HERS, JOZE, KIRU, LAMA, MAS1, 
MATE, METS, PENC, POTS, REYK, WTZR and ZIMM were used for trend analysis of 
ZTD data (Table 1). Within the work, first time series graphics of ZTD data for selected 
stations were plotted. Simple linear regression model and Mann-Kendall test were used in 
trend analysis. Applications of selected methods were performed by written programming 
codes in MATLAB. For each stations, generated trend graphics and the changes in ZTD 
were interpreted. 
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Table 1. Stations names and geographic coordinates 

Station Code Country Latitude 
(degree) 

Longitude 
(degree) 

Elevation  (m) 

ANKR Turkey 39.8875000 32.7583333 974.8 

BOR1 Poland 52.1000000 17.0666667 124.0 

BRUS Belgium 50.7980556 4.3583333 158.3 

EBRE Spain 40.8208333 0.4922222 107.9 

GOPE Czech Republic 49.9136111 14.7855556 592.6 

GRAS France  43.7547222 6.9205556 1319.3 

GRAZ Austria 47.0669444 15.4933333 538.3 

HERS England 50.8672222 0.3361111 76.5 

JOZE Poland 52.0972222 21.0313889 141.4 

KIRU Sweden 67.8572222 20.9683333 391.1 

LAMA Poland  53.8922222 20.6697222 187.0 

MAS1 Spain 27.7636111 -15.6330556 197.3 

MATE Italia  40.6488889 16.7044444 535.6 

METS Finland 60.2175000 24.3952778 94.6 

PENC Hungary 52.3791667 13.0658333 144.4 

POTS Germany 47.7894444 19.2813889 291.7 

REYK Iceland 64.1386111 -21.9552778 93.1 

WTZR Germany 49.1441667 12.8788889 666.0 

ZIMM Switzerland 46.8769444 7.4650000 956.4 

 

In the preprocessing phase of data, it was observed that some of the stations have missing 
data. In other words, there is no data for some day(s) of the year. Thus, missing days are 
removed in this study.  

According to simple linear regression model applied with eq(1), a1

ANKR and BOR1 stations have trends that markedly increasing direction. On the other 
hand BOR1 and EBRE stations have trends that tending to increase. When a

 parameter which 
expresses slope of trend was calculated according to Least Square Estimation (LSE). 

1  coefficient 
values are considered which expresses the tendency and direction of trend,  a1=0.2475 for 
the ANKR station, a1=0.1807 for the MAS1 station. On the other side, a1 coefficient 
values of BOR1 and EBRE are positive but smaller.  Thus, evaluated that the trend in 
BOR1 and EBRE stations is less obvious than the trend in ANKR and MAS1 (Figure 1). 
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Figure 1. Simple linear regression trend graphics of ANKR, BOR1, EBRE and MAS1        
stations 

 

Among the stations used in the study, the BRUS and GRAS stations showed a trend of 
decreasing direction (Figure 2).There is no trend at other stations.  

 

  
Figure 2. Simple linear regression trend graphics of BRUS and GRAS stations 

 

The change in parameter of a1  is shown in Figure 3. The colour scale was used to make a 
general assessment of the direction and magnitude of the trend at stations was. Value of a1 
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between -0.1339 to 0.005 is red colour, 0.005 to 0.1078 is yellow colour, and 0.1078 to 
0.2475 is green colour. The conclusions obtained from here are in great agreement with the 
trend graphs drawn separately for each station according to the simple linear regression 
model. 

 

 
Figure 3. Slope of trend at IGS stations according to simple linear regression 

According to Mann-Kendall test result, ANKR, EBRE and MAS1 stations have trends that 
increasing direction. There are no trends at other stations (Figure 4). 

 
Figure 4. Mann-Kendall test result 
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The stations based trend analysis comparing Z test values calculated according to the 
Mann-Kendall test and Ztable

Table 2. Mann-Kendall test  

 value with 95% statistic confidence are shown in Table 2. 

Station 
Code 

Normalized 
Mann-Kendall 

statistic (Z) 

Standard normal  

distribution table 
value  

(Z) (α=0.05) 

Trend Direction of 
trend 

ANKR 7.6578 1.96 Trend Upward 

BOR1 1.7687 1.96 No Trend  - 

BRUS -2.3002 1.96 No Trend - 

EBRE 2.1397 1.96 Trend Upward 

GOPE 1.4549 1.96 No Trend - 

GRAS -2.9557 1.96 No Trend - 

GRAZ -0.9073 1.96 No Trend - 

HERS -0.6723 1.96 No Trend - 

JOZE -0.3171 1.96 No Trend - 

KIRU 1.6757 1.96 No Trend - 

LAMA 1.1883 1.96 No Trend  

MAS1 4.3215 1.96 Trend Upward 

MATE 0.7774 1.96 No Trend - 

METS 0.544 1.96 No Trend - 

PENC -1.4826 1.96 No Trend - 

POTS 0.5327 1.96 No Trend - 

REYK 1.5295 1.96 No Trend - 

WTZR -1.3315 1.96 No Trend - 

ZIMM 0.2202 1.96 No Trend - 

 

CONCLUSIONS 

Trend determination in long-term ZTD time series has great importance in monitoring 
climate change. Trend analysis of ZTD time series graphics or test values indicate how 
effective is the wet component of ZTD. 

In this study, used Simple Linear Regression Model and Mann-Kendall test. Test results 
are shown in Table 3. 
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Table 3. Parametric and nonparametric test results 

Station 
Code 

Simple Linear 
Regression Model Mann-Kendall Test 

ANKR + + 

BOR1 + 0 

BRUS - 0 

EBRE + + 

GOPE 0 0 

GRAS - 0 

GRAZ 0 0 

HERS 0 0 

JOZE 0 0 

KIRU 0 0 

LAMA 0 0 

MAS1 + + 

MATE 0 0 

METS 0 0 

PENC 0 0 

POTS 0 0 

REYK 0 0 

WTZR 0 0 

ZIMM 0 0 

 

where "+" expresses the trend in increasing direction, "-" expresses the trend in decreasing 
direction and "0" indicates no trend.  According to simple linear regression model, within 
the scope of stations used in work, there is a trend just in BOR1 (Poland) station which 
located in the Central Europe region.  GOPE (Czech Republic), GRAZ (Austria), PENC 
(Hungary), WTZR (Germany) and POTS (Germany) are Central Europe region and 
noncoastal stations. There are no trends at these stations.  LAMA (Poland) and JOZE 
(Poland) stations are coastal and it is seen that, there is no trend at these stations compared 
to the BOR1 (Poland) station. Trends in decreasing direction BRUS (Belgium) and GRAS 
(France) stations which located in West Europe region. Generally, it is seen that, the trends 
of the stations in the same geographical region are the same. According to Mann-Kendall 
test, there is trend at ANKR, EBRE and MAS1 stations and trend is increasing at these 
stations. On the other hand, there is no trend other station.  
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ABSTRACT 

In this study, it is aimed to model spatial distribution of mean annual precipitation in 
Akarcay basin by using GIS techniques. In this context, point precipitation data of 
meteorological observation stations in and around Akarcay basin is used for spatial 
interpolation. As areal precipitation estimation methods, various deterministic and 
geostatistical interpolation methods are applied. Thiessen (T), inverse distance weighted 
(IDW), natural neighbor (NN), spline (S), radial basis functions (RBF), local-global 
polynomial interpolation (LPI-GPI) and Simple Kriging (SK) methods are practiced in this 
paper. Then, spatial interpolation techniques are compared with each other and optimal 
method for Akarcay basin is determined in terms of model performance test by performing 
cross validation. In this way, annual precipitation prediction in ungauged areas can be 
made, water potential of basin can be determined and similar subbasins in terms of 
precipitation can be identified. Performing spatial analysis of precipitation is crucial for 
decision makers in water resources planning and management works as reservoir 
operating, irrigation, water supply system, hydroelectric power generation, flood and 
drought forecasting. 

 

INTRODUCTION 

Precipitation is one of basic inputs in most hydrometeorology studies. Therefore, accuracy 
and reliability of areal precipitation estimation are crucial for success of water resources 
management. Because of precipitation is more changeable in terms of spatiotemporal than 
other many climatic variables, gauge-based observations are insufficient to represent areal 
precipitation. Due to economical, geographical and other constraints in especially 
mountainous areas, point observations are single-handedly inadequate to measure 
accurately amount of precipitation. For this reason, areal precipitation modeling may be 
necessary alongside of remote-sensed observations. 

On spatial distribution of precipitation, a great deal of studies have done using various 
methods in many countries of the world. Ball and Luk (1998) stated that developing 
computer technology and hydroinformatics tools facilitated estimation models' application 
of precipitation, an important component of basin simulation process. It was emphasized 
that accurate and reliable real time prediction of spatial distribution of precipitation was 
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possible in Upper Parramatta catchment in Australia by using a GIS software (Arc Info). 
Saghafian and Bondarabadi (2008) investigated spatial distribution of precipitation in 
mountainous areas, which are insufficient in number and distribution of observation 
stations. In the southwest of Iran, validity of interpolation-extrapolation techniques was 
researched in mountainous areas using S, weighted moving average, Ordinary Kriging 
(OK) and Co-Kriging (CK) methods. Although S method was the most accurate method 
according to cross-validation in the study, it was pointed out that CK method showed 
better consistency with land topography. Wang et al. (2014) compared six different 
interpolation techniques (IDW, LPI, GPI, RBF, OK and Universal Kriging-UK) and 
evaluated by cross validation in Canada. LPI was optimal method in terms of results. 
Adhikary et al. (2016) used genetic programming and artificial neural networks (ANN) 
based OK methods to determine spatial distribution of precipitation and demonstrated that 
genetic programming based OK method gives more successful results than ANN based and 
conventional OK methods. Citakoglu et al. (2017) estimated spatial variability of seasonal 
precipitation by using Gaussian type semi-variogram based Kriging method. Monthly 
mean precipitation data of 200 meteorological observation stations located in Turkey were 
used in their paper. Chen et al. (2017) analyzed three different interpolation methods, 
principal component regression with residual correction (PCRR), IDW and multiple linear 
regression (MLR) in Fuhe river catchment in China at annual, daily and hourly time scales. 
Additionally, impact of rainfall interpolation methods was evaluated on results of a 
hydrologic model, HEC HMS. According to the study, PCRR is better than other methods. 

Several studies have used auxiliary variable as particularly elevation data in interpolating 
spatial precipitation. Carrera-Hernandez and Gaskin (2007) applied spatiotemporal 
analysis of daily precipitation and temperature in the Basin of Mexico by using Kriging 
methods and stated that elevation as a secondary variable, increases performance of 
interpolation. Di Piazza et al. (2011) practiced different spatial interpolation techniques 
(IDW, linear regression, geographically weighted regression-GWR, ANN and Kriging) to 
complete missing data values of monthly precipitation time series for Sicily. In some 
techniques, elevation was model input as co-variable. A part of data set was included in the 
modeling, the other part was used in the validation to compare different techniques with 
model performances. In the study it was expressed that methods disused elevation have 
bigger error and OK method has the best performance. Bostan et al. (2012) modeled spatial 
distribution of mean annual precipitation of Turkey via MLR, OK, regression Kriging 
(RK), UK and GWR by using secondary data such as elevation, aspect and river density 
and studied the effects of secondary data on model performance. In order to compare 
performance of interpolation techniques, k-fold cross validation was used; data set was 
randomly divided into ten equal parts, 90% of each part being used as training data set 
(calibration) and the rest as test data set (validation). The predictions of the interpolation 
model established using the training data set were compared with the test data set in terms 
of various performance criteria. According to the validation results, UK was the most 
accurate method, MLR was found as the worst method. In addition, extrapolation of annual 
precipitation for eastern part of Turkey was carried out using observation stations located 
in western part of Turkey and it was stated that MLR, GWR and RK methods gave the best 
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results with close error values. It is also specified that auxiliary variables increase 
interpolation and extrapolation performance greatly. Gonga-Saholiariliva et al. (2016) 
carried out geostatistical estimation of daily monsoon rainfall by means of Ordinary CK 
(OCK) method, which uses elevation as an auxiliary variable in the Koshi river basin, a 
mountainous region of Nepal where precipitation is highly changeable. OCK results were 
compared with data sets produced by Aphrodite Project (Asian Precipitation-Highly 
Resolved Observational Data Integration Towards Evaluation of Water Resources) and it 
was mentioned that OCK grids (1 km resolution) have better match with observed values 
than Aphrodite grids (25 km resolution). It was also emphasized that OCK has advantage 
of higher product resolution. 

In this study, ground based precipitation data of meteorological stations in and around 
Akarcay basin is inputted into spatial interpolation models. Various deterministic and 
geostatistical interpolation techniques are performed and compared by cross validation 
performance test. The main motivation of the paper is spatial precipitation modeling and 
prediction by using optimal method in Akarcay basin, a quite arid basin. 

 

MATERIALS AND METHODS 

Study Area and Data 

This study is carried out for spatial interpolation of precipitation in Akarcay closed basin 
(Figure 1) which includes river basins of Eber and Aksehir Lakes in the western of Turkey. 
A large part of the basin is located within borders of Afyonkarahisar province. The basin 
has an area of 7993 km2 and ranges in altitude from 905 to 2561 m with a mean elevation 
1207 m and a mean slope % 10. Approximately 40% of the basin area is the plain area. 
Sultan mountains in southeast of the basin are important mountainous areas. The main land 
cover types are agricultural (% 42) and pasture (% 28). Mean annual runoff volume of the 
basin is 0,49 km3. Main river of the study basin is Akarcay whose average discharge is 6 
m3/s (at outlet to Eber Lake) with a max observed stream flow 165 m3/s that is obtained 
from General Directorate of State Hydraulic Works of Turkey. The slope of main stream 
channel is % 2. Annual mean total precipitation and annual mean temperature are 
respectively about between 400-450 mm and 11 o

Long term observed annual precipitation data of 26 meteorological stations (Table 1) 
located in and around study area is used as input for interpolation methods. DEM (Digital 
Elevation Model) is provided SRTM (Shuttle Radar Topography Mission) conditioned 
with HydroSHEDS data base whose spatial resolution is approximately 90 m (3 arc-sec). 
DEM is used to derive various layers related to basin characteristics as slope, aspect and 
river network by spatial analysis. Land cover data of the basin is taken from EEA 
(European Environment Agency) CORINE database and reclassified appropriately. 

C that are derived from meteorological 
stations of Turkish State Meteorological Service. Eber and Aksehir Lakes are ecologically 
wetlands of international importance and protected under the Ramsar Convention. Due to 
the basin has great agricultural importance and is faced with high drought risk, water 
resources planning and management studies are crucial in the basin. 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

459 
 

 

Table 1. Information and long term observed annual precipitation data of meteorological 
stations 

Station 
Altitude 

(m) 

Annual precipitation (mm) 

No Name Min Mean Median Max 
Std. 
dev. Skewness Kurtosis 

17190 Afyon 1034 238 435 445 679 92 0,22 0,10 

17830 Aksehir 1010 264 610 613 943 134 0,20 0,35 

4956 Bayat 1100 286 436 454 548 79 -0,40 -0,82 

17796 Bolvadin 1018 212 391 380 746 83 1,07 4,15 

5477 Cay 1020 334 526 511 751 99 0,30 -0,32 

17862 Dinar 864 282 451 454 638 85 0,05 -0,47 

4947 Dumlupinar 1250 428 521 493 669 90 0,96 0,01 

17752 Emirdag 945 162 401 411 699 99 0,17 0,55 

4777 Ihsaniye 1110 306 419 402 779 91 2,09 7,58 

5128 Iscehisar 1100 255 385 398 518 72 0,00 -0,81 

17794 Sandikli 1100 320 471 485 669 89 0,04 -0,89 

5296 Sinanpasa 1130 344 542 534 760 99 0,13 -0,33 

5650 Sultandagi 1020 300 516 513 697 112 -0,10 -1,17 

5643 Suhut 1130 212 383 394 540 88 -0,29 -0,87 

5827 Tuzlukcu 1000 194 321 320 489 86 0,22 -0,93 

11006 Bozhoyuk 1155 264 403 408 530 62 -0,21 -0,39 

11007 Cankurtaran 1525 423 662 654 940 134 0,25 -0,62 

11012 Eber 975 215 347 349 514 72 0,16 -0,02 

11002 Kocbeyli 1065 372 563 576 802 123 0,12 -0,94 

11008 Kulak 1310 320 467 494 640 98 0,00 -1,34 

11009 Maltepe 1000 246 399 410 524 75 -0,63 -0,39 

11004 Selevir 1130 194 352 351 464 73 -0,15 -0,80 

07009 Serban 1215 317 505 481 794 115 0,85 0,26 

11005 Seydiler 1150 258 406 394 592 72 0,43 0,47 

11001 Seyitler 1060 209 345 330 456 62 0,23 -0,79 

11011 Taskopru 960 186 340 347 501 81 -0,12 -0,87 
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Interpolation Methods 

Spatial interpolation of precipitation consists of three main parts as pre-process (dataset 
processing and GIS basement), modeling and post-process (efficiency criteria tests). In this 
paper, all stages are realized in GIS environment. 

GIS is a crucial decision support system in numerous fields as well as water resources 
branch for collection, storage, compilation, selection by location, spatial analyses and 
presentation processes of data. ArcGIS used in this study, a software of ESRI 
(Environmental Systems Research Institute, California) is a GIS packaged software that 
can performed mapping, geographical analyses, data organization, data management and 
visualization operations by integrated interfaces (Icaga et al., 2016). ArcGIS includes many 
interpolation methods, some are quite flexible and can use different aspects of sample data. 
Others are more restrictive and require that the data actualize specific conditions. Each of 
these methods has typical parameter sets to calibrate model for a particular dataset and 
requirements for output prediction layer. Interpolation methods derives a continuous 
surface from sample points that are classified as deterministic (mathematical functions) 
and geostatistical (stochastic). In spite of deterministic methods are based on similarity 
extent of measured points and degree of smoothing; geostatistical techniques utilize 
statistical properties of measured points to quantify spatial autocorrelation and assess 
uncertainty of predictions. In addition, interpolation methods can be divided into two 
groups: local and global. While local techniques use measured points within 
neighborhoods in prediction, global ones consider entire dataset (ESRI, 2001). 
Deterministic interpolation methods are T, IDW, NN, S, RBF, LPI and GPI techniques; 
geostatistical method is SK used in this study. Interpolation models are optimized by 
performing manual calibration such as neighborhood, order and type of function searches 
and automatic calibration of parameters and semivariogram/covariance modeling. General 
expression of interpolation methods is; 

 

𝑃 = ∑ λ𝑖𝑃𝑖𝑁
𝑖=1            (1) 

 

where P is predicted value of interpolation point; Pi is value of observation point i; N is 
number of sample points and λi is weight for measured value at ith point. 

T approach (Thiessen, 1911) based on basin geometry and station locations defines the 
polygon area closer to an observation station and assumes that spatial precipitation on that 
area is represented by point measurement at the observation station. 

Thiessen Polygons (T) 

IDW (Watson and Philip, 1985) based on distance of each gauge from point where rainfall 
is estimated supposes that nearby points have most influence on interpolation point. Areal 
rainfall is estimated with weights being inversely proportional to square distance between 
observation points and given by; 

Inverse Distance Weighted (IDW) 
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           (2) 

where P is predicted value of interpolation point; Pi is value of sample point i; N is number 
of sample points and di

 

 is distance between interpolated and sample points. 

 
Figure 1. Geographical location-characteristics of study area and position of 
meteorological stations 
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NN (Sibson, 1981), a local interpolation technique based on Voronoi polygons finds the 
closest subset of input samples to a query point and applies weights to them based on 
proportionate areas to interpolate a value. 

Natural Neighbor (NN) 

S method (Shaw and Lynn, 1972; Franke, 1982) uses a mathematical function that 
minimizes overall surface curvature. Like RBF, S method is also more convenient for 
gently varying surfaces due to basic minimum curvature technique, thin plate smoothing 
interpolation. In this study, regularized spline type is used. 

Spline (S) 

Unlike LPI and GPI, RBF interpolates a surface passed through each sample points as an 
exact interpolator while minimizing total curvature of surface. RBF is ineffective to predict 
surface values with high spatial variability in short distance. RBF can be locally sensitive 
to outliers. RBF is a form of ANN that can predict values above maximum and below 
minimum observed values compared with IDW, another exact interpolator. Whereas IDW 
never predict values above max or below min measured values (ESRI, 2001). Spline with 
tension as kernel function is utilized in this paper. 

Radial Basis Functions (RBF) 

LPI uses points only within specified overlapping neighborhoods to estimate, for this 
reason LPI is more suitable to represent short range variation. LPI is sensitive to 
neighborhood distance that weights of sample points within defined neighborhood decrease 
based on distance (ESRI, 2001). Epanechnikov as kernel function is applied in this study. 

Local Polynomial Interpolation (LPI) 

GPI fits a smooth surface -which highly is susceptible to outliers, changes gradually and 
has global pattern- to sample points by a polynomial function. GPI uses whole dataset to 
predict in contrast to local interpolation methods, thereof GPI is useful to determine long 
range trends (ESRI, 2001). 

Global Polynomial Interpolation (GPI) 

Kriging is an advanced powerful geostatistical technique that is related to spatial 
distribution analysis of sample points as distinct from deterministic interpolation 
techniques. Kriging takes account of spatial correlation and statistical relationships 
between observation points differently from deterministic methods (Krige, 1951). 
Prediction error and probability output layers can be also obtained in Kriging family 
methods. There are data assumptions such as normal distributed, detrending and 
declustering in Kriging. For quantifying spatial structure of data (variography), Kriging fits 
a spatial dependence model by semivariogram and covariance analysis. SK, OK, CK, UK, 
RK, residual Kriging, moving window Kriging, indicator Kriging, disjunctive Kriging and 
Bayesian Kriging are different types of Kriging method. SK assumes a constant mean. 
Whenever trend is known, it forms the model for SK (ESRI, 2001). In this research, 

Simple Kriging (SK) 
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transformation for normal distribution, trend removal by local polynomial interpolation 
(epanechnikov kernel function), declustering and semivariogram analysis are performed. 

Cross Validation 

Cross validation test (Isaaks and Srivastava, 1989), a statistical technique with residual 
evaluation is applied to assess accuracy and skill of interpolation models in terms of root 
mean square error (RMSE). It can be used to determine best spatial interpolation method. 
In cross validation (leave-one-out) test process, data values are eliminated one after 
another from observed data and then each data value (witness station observation) is 
predicted using remaining data and interpolation methods. For comparison of predicted and 
observed values, RMSE, standard deviation of prediction residuals is used to analyze the 
error originating from interpolation. RMSE, a performance criteria to measure strength of 
statistical relationship between observed and predicted values that is calculated as follows: 

 

𝑅𝑀𝑆𝐸 = �1
𝑁
∑ (𝑀𝑖 − 𝑂𝑖)2𝑁
𝑖=1         (3) 

 

where Mi is the ith predicted value, Oi

 

 is the ith observation value and N is the total 
number of observations. In evaluation process of sensitivity and suitability of interpolation 
models, less RMSE value means better quality of prediction. 

RESULTS AND DISCUSSION 

Spatial precipitation prediction maps of interpolation methods are presented in Figure 2. 
Comparison results in terms of RMSE of interpolation methods are given in Table 2. 
RMSE values are changed between 53-107 mm that are about %10-20 of mean annual 
precipitation of stations. While SK, LPI, NN and RBF are given close error values, T has 
maximum RMSE. 

Table 2. Cross validation performance test results of interpolation techniques used 

Interpolation method RMSE (mm) Rank 

SK 53 1 

LPI 53 1 

NN 57 2 

RBF 59 3 

IDW 81 4 

S 87 5 

GPI 92 6 

T 107 7 
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Figure 2. Spatial distributions of mean annual precipitation (mm) by interpolation methods 
used 

 

CONCLUSION AND RECOMMENDATIONS 

In this study, eight different interpolation methods (T, IDW, NN, S, RBF, LPI, GPI and 
SK) are considered to model spatial distribution of mean annual precipitation in Akarcay 
basin and evaluated by cross validation in terms of RMSE performance criterion. 
According to the results, best methods are SK and LPI with min RMSE (53 mm) and worst 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

465 
 

method is T with max RMSE (107 mm) for mean annual precipitation in study area. NN 
and RBF with close RMSE values to SK and LPI can used for spatial precipitation in the 
basin. The results show that SK, LPI, NN and RBF can be regarded as optimal 
interpolation models; it can be said that IDW, S, GPI and T have poor performance models 
for Akarcay basin. 

It can be stated that interpolation accuracy is higher in lowlands due to more dense station 
network in comparison of highlands. When stochastic and deterministic methods with solid 
performance used in this paper are compared, it is seen that they have no clear advantages 
to each other in study area. When smooth transition between rainfall gauge locations is 
evaluated, all methods except T method have sufficiently smoothness. Only RBF, LPI and 
SK have sharp transitions in northeast of the basin. 

In Akarcay basin, determination of spatial precipitation distribution is essential drought 
analysis, reservoir operating, irrigation and ecology of Eber and Aksehir Lakes. In 
addition, importance of precipitation spatiotemporal distribution for hydro-meteorological 
studies as hydrological modeling, climate change and land use effect is great. Accordingly, 
spatial distribution of other climatic variables such as air temperature can be analyzed. 
Temporal distribution of various hydro-meteorological factors can be considered. Effects 
of using auxiliary data such as elevation, vegetation and temperature on spatial 
interpolation performance can be searched. Univariate and multivariate analyses in 
precipitation spatial distribution can be compared. The performance of interpolation 
methods in spatial distribution of precipitation can be compared, evaluated and integrated 
with satellite based and radar products besides of ground based observations. The 
interpolation model performance can be enhanced by some techniques as updating, 
correction factor and downscaling. Furthermore, spatial interpolation performance of 
precipitation can be tested by using a hydrological model. The success of hydrological 
model is a very strong indicator of accuracy and robustness level of spatial precipitation, a 
basic input data for the model. 
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ABSTRACT 

Drought, as the considerable affair brought by global climate change, is one of the most 
important environmental problems. It can affect large areas and has devastating effects on 
environmental, social and economic sectors. Remote sensing is an effective tool for 
finding, evaluating and refining convenient drought monitoring methods, by providing 
near real-time and accurate data throughout long-term periods, especially for large areas. 
Among many human-related sectors, which are adversely affected by drought, agriculture 
is the first and most vulnerable one. In this study, Aegean Region of Turkey has been 
selected as a case study of agricultural drought assessment in growing seasons (from May 
to October) of the time interval between 2007 to 2016. For this purpose, 16-day composite 
250 m spatial resolution Normalized Difference Vegetation Index (NDVI) and 8-day 
composite 1 km spatial resolution Land Surface Temperature (LST) data derived from the 
Moderate Resolution Imaging Spectroradiometer (MODIS) sensor were compiled and the 
most common agricultural drought monitoring indices Vegetation Condition Index (VCI), 
Temperature Condition Index (TCI) and Vegetation Health Index (VHI) were applied. The 
results of applying the TCI, VCI and VHI to the drought-prone areas have been 
investigated for all months and years one by one in the mentioned region.  

 

INTRODUCTION 

Among the other environmental threats, drought is the most complicated one because of its 
nature. It can occur anywhere and anytime by illustrating the sign slowly and affecting 
large areas having devastating effects on environmental, social and economic sectors.  

According to the literature, drought can be classified into four types depending on the 
parameters used. These are; (1) meteorological drought, which can be described as the 
amount of rainfall over a long period to remain below the average amount of precipitation 
belonging to that region, (2) agricultural drought, which can be occurred when  the value 
of the soil moisture is lower than the required for growing and developing the plants, (3) 
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hydrological drought, which specifies a decrease in the amount of water in surface and 
underground water resources as a result of long-term insufficient precipitation, and (4) 
socioeconomic drought, which describes the effects of drought on living, agriculture, water 
resources and the industries benefiting from it (Wilhite and Glantz, 1985; Wilhite, 2008; 
Mishra and Singh, 2010).  

Various tools and methods are in use for drought detection and monitoring. Traditionally, 
meteorological based drought indices have been used for drought monitoring with 
historical data. Additionally, these indices are mainly calculated from measurements of 
weather stations. However, when weather stations are scarce or not homogeneously 
distributed this approach gives unsatisfactory results (Rhee, 2010; Ji and Peters, 2003). 
Furthermore, apart from traditional meteorological based drought indices, satellite remote 
sensing with their wide spatial coverage and near real-time acquisition gives fast and 
reasonable results for drought analyses in recent years.  

The most commonly used remote sensing based drought indices are certainly the 
Normalized Difference Vegetation Index (NDVI; Tucker, 1979) which was first applied to 
drought monitoring by Tucker and Choudhury (1987) utilized August-September from 
1984-1986 using 4-km AVHRR data. In this way, different vegetation indices (VIs) were 
developed for drought monitoring and the Vegetation Condition Index (VCI; Kogan; 1990) 
is relied on by modifying NDVI. Kogan (1990) concluded that the VCI supplies an 
enhancement for analysis of vegetation conditions with weather impact, especially in non-
homogeneous areas. On the other hand, he considered that only the VCI was not adequate 
for drought monitoring. Thus, in addition to the optical sensors, Land Surface Temperature 
(LST) parameters derived from thermal bands were also utilized to develop drought indices 
as the Temperature Condition Index (TCI; Kogan, 1995). Then, the Vegetation Health 
Index (VHI; Kogan, 1997) which rely on combination of VCI and TCI was developed.  

This study focuses on evaluating agricultural drought impacts by using the Moderate 
Resolution Imaging Spectroradiometer (MODIS) satellite data over the Aegean Region of 
Turkey for ten years (2007-2016) growing seasons. 

 

MATERIALS and METHODS 

Study Area 

The Aegean region, one of the most popular agricultural and industrialized regions of 
Turkey, considered as a case study area. The region is located in the west part of the 
country inside the Mediterranean climatic regime (Türkeş, 2011) and consist of eight cities 
named İzmir, Manisa, Aydın, Denizli, Muğla, Uşak, Kütahya, Afyonkarahisar as shown in 
Figure 1.  

According to the Turkish Statistical Institute (TUIK) last year statistics, in the Aegean 
region, the total agricultural area is  2774259.5 ha that accounts for %11.67 of Turkey. In 
this region, cereals and other crop products (sown area and fallow land) cover 16.352.994 
da (58.95%); vegetable gardens, fruits and Ornamental Plants Area cover 1.369.343 da 
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(4.94%), 8.134.488 da (29.32%) and 17.629 da (0.06%), respectively (Topçu and Ozkan, 
2017). The statistics belong to previous years are shown in Table-1. 

 

 
Figure 1. Location of the study area.  

 

Table 1. The statistics of agricultural of the region compatible with research years (Source: 
Turkish Statistical Institute-TUIK, 2017).  

Year 

Area(ha) 

 

Cereals and other crop 
products Vegetable 

Fruits, 
beverage Ornamental 

Total Sown Fallow land gardens and spices Plants 
2007 2 925 786.1 1854 916.9 194 718.3  143 368.5 732 782.4  no data 
2008 2 893 222.1 1 808 503.4 194 852.9  148 474.0 741 391.8  no data 
2009 2 791 944.3 1 765 920.8 132 229.8  144 670.9 749 122.8  no data 
2010 2 839 761.5 1 773 588.9 160 542.9  146 146.6 759 483.1  no data 
2011 2 752 324.8 1 686 592.1 147 907.5  144 086.1 772 876.2  862.9 
2012 2 799 935.8 1 702 213.3 171 252.9 145 348.1 780 028.3  1 093.3 
2013 2 809 454.0 1 704 522.2 178 628.5 140 432.4 784 674.8  1 196.1 
2014 2 784 683.0 1 689 871.1 166 809.0 138 775.9 787 701.5  1 525.5 
2015 2 795 303.8 1 677 988.4 180 016.9 137 958.2 797 760.5  1 579.8 
2016 2 774 259.5 1 635 299.4 186 814.1 136 934.3 813 448.8  1 762.9 

[Land under permanent meadows and pastures are not included]. 

 

Remote Sensing Data  

National Aeronautics and Space Administration (NASA)’s product MODerate Resolution 
Imaging Spectroradiometer (MODIS) satellite, which has 36 spectral bands (optical and 
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thermal) ranging in wavelength from 0.4 µm to 14.4 µm and at varying spatial resolution 
of 250 m, 500m and 1 km, was selected for this study. In the study, Terra-MODIS eight-
day composite LST (MOD11A2, collection 5) and sixteen-day composite NDVI 
(MOD13Q1, collection 5) products spanning from 2007 to 2016 in the growing season 
periods (about April 23 through  October 31)  were used. Data specifications are shown in 
Table-2. The data sets were acquired from United States Geological Survey (USGS) 
Center for Earth Resources Observation and Science (EROS) using webmrt tool. A total of 
120 images covering the growing seasons of 2007-2016 were reprojected from the 
Sinusoidal to World Geodetic System (WGS84). 

 

Table 2. The satellite data basic specifications. 

Satellite Product name Temporal 
resolution 

Spatial 
resolution  

MODIS/Terra MOD13Q1 Vegetation indices 
(NDVI) 

16-day 
composite 250 m 

MODIS/Terra MOD11A2 Land surface 
temperature (LST) 8-day composite 1000 m 

 

The eight-day composite LST data was averaged into the sixteen-day composite, which 
matches the period of the NDVI data. 250m spatial resolution NDVI data was resampled to 
1000 km spatial resolution in order to be compatible with LST data by using nearest 
neighbor resampling method that uses the values of the closest pixel to assign to the output 
pixel value. The sixteen-day composite NDVI data sets Julien date and the related time 
interval given as an example of 2007 year for the growing season from the beginning of 
May to the end of October in Table 3.  

 

Table 3. 16-day composite data time used for this study (an exp.2007). 

 

 

 

 

 

 

 

 

 

  

 

Julien Date Time Interval 
NDVI07_113 23 Apr 2007 - 08 May 2007 
NDVI07_129 09 May 2007 - 24 May 2007 
NDVI07_145 25 May 2007 -  09 Jun 2007 
NDVI07_161 10 Jun 2007  -  25 Jun 2007 
NDVI07_177 26 Jun 2007  -  11 Jul  2007 
NDVI07_193 12 Jul 2007   -   27 Jul 2007 
NDVI07_209 28 Jul 2007  -  12 Aug 2007 
NDVI07_225 13 Aug 2007 - 28 Aug 2007 
NDVI07_241 29 Aug 2007 - 13 Sep 2007 
NDVI07_257 14 Sep 2007 -  29 Sep 2007 
NDVI07_273 30 Sep 2007 -  15 Oct 2007 
NDVI07_289 16 Oct 2007 -  31 Oct 2007 
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Drought indices 

Normalized Difference Vegetation Index (NDVI) that uses the near-infrared (NIR) and 
visible (VIS) bands of the electromagnetic spectrum and analyzes whether the target being 
observed contains live green vegetation or not (Rouse, 1974; Tucker, 1979). It is defined 
as:   

𝑁𝐷𝑉𝐼 =
𝑅𝑁𝐼𝑅 − 𝑅𝑅𝐸𝐷  
𝑅𝑁𝐼𝑅 + 𝑅𝑅𝐸𝐷

                                                              (1) 

                   

where RNIR and RRED

Vegetation Condition Index (VCI) was designed for definite improvement in the analysis of 
vegetation conditions especially in non-homogeneous areas while extracting the weather 
impact on vegetation while removing the ecosystem signal from the NDVI (Kogan, 1990). 
It is calculated with the following formula;  

 are the reflectances in the near infrared and red bands refer to the 
reflectance of MODIS band1 (620–670 nm) and band2 (841–876 nm), respectively (Huete 
et al., 2002).  The values of this index range from -1 to + 1 according to being unhealthy to 
healthy vegetation conditions. 

𝑉𝐶𝐼 = 100 ∗
𝑁𝐷𝑉𝐼𝑖 − 𝑁𝐷𝑉𝐼𝑚𝑖𝑛  

𝑁𝐷𝑉𝐼𝑚𝑎𝑥 − 𝑁𝐷𝑉𝐼𝑚𝑖𝑛  
                                              (2) 

 

where NDVIi is absolute, NDVImin and NDVImax

Temperature Condition Index (TCI) that uses land surface temperature (LST) derived 
thermal infrared bands. It is related with the altered response of vegetation to temperature 
and calculated using following equation; 

 are multi-year minimum and NDVI 
values for each pixel, respectively. The VCI values vary between 0 and 100 (Kogan; 1990, 
2001). 

 𝑇𝐶𝐼 = 100 ∗
𝐿𝑆𝑇𝑚𝑎𝑥 − 𝐿𝑆𝑇𝑖  
𝐿𝑆𝑇𝑚𝑎𝑥 − 𝐿𝑆𝑇𝑚𝑖𝑛  

                                                   (3) 

 

where LSTi, LSTmin and LSTmax

Vegetation Health Index (VHI) is based on the combinations between VCI and TCI and 
calculated using following equation;  

 mean the absolute, minimum and maximum LST values 
for each pixel, respectively, calculated from multiyear time series data. While high 
temperature shows unfavorable or drought conditions, low temperature commonly shows 
favorable conditions (Kogan, 1995).                                                       

 

                         VHI = α * VCI + (1- α) * TCI                                                          (4) 
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where α and (1- α) is related to the weight of VCI and TCI from 0 to 1. If contributions of 
indices are unknown, it is commonly used as 0.5. VHI values similarly vary between 0 and 
100. If VCI, TCI, and VHI values are larger than 70, that means the conditions are 
favorable and the vegetation is healthy. In contrary, if VHI values below 40, vegetation is 
stressed (Kogan, 1997; 2001). 
 

 
Figure 2.  The results of VCI maps with 250m spatial resolution for 10 years  

(09 - 24 May 2007 to 2016). 

 

RESULTS AND CONCLUSIONS  

The study efforts to assess the spatio-temporal extent of agricultural drought over the 
Aegean Region of Turkey by using remote sensing based Vegetation Condition Index 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

473 
 

(VCI), Temperature Condition Index (TCI) and Vegetation Health Index (VHI). For this 
purpose, MODIS sensor data, which is mostly utilized for drought monitoring research 
globally and regionally because of high temporal and wide spectral resolutions, was used. 

The results of the VCI in the period of 2007 to 2016 of May are shown in Figure 2. As 
reflected in the results, drought impact has been observed in the years of 2007 and 2014 
more than the others. All results have been confirmed by VHI indices as well. To illustrate 
this impact, 2007 and 2013 years’ results are given in Figure 3.  

In Figure 3, the Vegetation Health Maps of the growing seasons (beginning-May through 
end of October) of 2007 and 2013 were selected to represent the drought year and the non-
drought year, respectively. The values below 40 that indicate drought-prone areas can be 
seen spatially distributed around Izmir, Manisa, Aydın and partly Usak in 2007 (with dark 
red colors).  

 

 

Figure 3. VHI maps produced by VCI and TCI with 1 km spatial resolution 09 - 24 May 
(a) 2007 as a drought year (b) 2013 as a normal year 

 

It can be concluded that remote sensing based-methods can perform near real-time 
agricultural drought monitoring at appropriate spatial and temporal resolution. In addition, 
because MODIS data has only been available since 2000, another satellites data such as 
Landsat, AVHRR can be applied for observing historical drought conditions depending on 
coverage of area and sufficient spatial resolution. 

In further research, amount of crop yield statistic might be used for validation compared 
with the results. Also, the correlation between remote sensing-based drought indices (VCI, 
VHI) and traditional station based-drought indices (SPI, PDSI etc.) might be investigated 
for more accurate outcomes. 
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ABSTRACT 

Extreme events are described with the maximum and minimum measurements of 
atmospheric variables that can be expected to occur at a certain place and time a long 
period of observations. The extreme events are affected by the measured physical 
attributes of weather or climatic variables or the vulnerability of social systems. 

In this study, we determined extreme temperatures in both summer and winter seasons at 
the meteorological stations in the Mediterranean coastal areas of Turkey. In the study, the 
data of 16 meteorological stations for the daily maximum and minimum temperatures of 
the period from 1966-2015 were used. 

In this paper, we examine the variation of regional extreme temperatures (tropical nights, 
summer days, frost and ice days) that would potentially be due to the heat-cold wave 
effects in Mediterranean coastlines of Turkey.  

Spatial clustering has searched using the Arc-GIS statistical package. The association 
between station indices has obtained by calculating the Anselin Local Moran’s I index. The 
Cluster and Outlier Analysis (Anselin Local Moran's I) tool describes concentrations of 
high values, concentrations of low values, and spatial outliers. Furthermore, we also 
plotted the winter and summer temperature trends during the last five decades. Our results 
are interpreted on the basis of frequency and intensity of extreme hot events increases 
while cold extremes decrease during the past ten years.  

 

INTRODUCTION 

Recent work outlined at IPCC’s 2007 report has made striking impact on the climate 
studies which suggests that atmospheric greenhouse gases due to the human activities have 
been increasing since 1960’s. In more recent report published 2012, Managing the risk of 
extreme events and disasters to advance climate change adaptation report (IPCC, 2012) 
recommend that the disaster risk management and climate change adaptation literature 
describe “extreme weather” and “extreme climate” events. Their relationship simply 
involves in “extreme impacts” and its disastrous consequences. Extremes are defined with 
                                                           
* Corresponding Author 
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the maximum and minimum measurements of atmospheric variables that can be expected 
to occur at a certain place and time (Rohli and Vega, 2012) that established a long period 
of observations.  

As well as this, the classification of extreme events, extreme impacts and disasters is 
affected by the measured physical attributes of weather or climatic variables or the 
vulnerability of social systems. 

For example, Beniston et al. (2007) suggests that regional surface warming causes the 
frequency, intensity and duration of heat waves that increases over European continent. 
Also, the authors postulate that by the end of the twenty first century, especially central 
Europe countries will suffer the same number of hot days as are currently experienced in 
southern Europe. The intensity of extreme temperatures increases in southern Europe more 
rapidly than in central Europe. 

Current studies also aim to explain the temperature anomalies in the Mediterranean region 
(Unkasevic and Tosic, 2009; Beniston et al., 2007; Baldi et al, 2006). Hertig et al. (2010) 
suggests that mostly insignificant trends for the 5th percentile of minimum temperatures in 
winter during the period 1961–1990. They have analyzed significant increases of the 5th 
percentile of minimum temperatures (marked with filled triangles) occurred mainly at 
stations in the central-northern Mediterranean area with values of more than 2°C in some 
cases (e.g. Palermo, Italy or Istanbul, Turkey). In addition, the 95th percentile of maximum 
temperature trend is recorded with mostly in the western Mediterranean area and such 
trend conversely decreases in the eastern Mediterranean region. While Turkey 
encompasses a large region in the eastern section of the Mediterranean basin, unfortunately 
there has been less published work on the extreme temperature conditions for the last three 
decades. 

In this paper, we examine the variation of regional extreme temperatures (tropical nights, 
summer days, frost day and ice day indices) that would potentially be due to the heat and 
cold events in Mediterranean coastlines of Turkey. Furthermore, we also plotted the 
temperature indices trends during about the last five decades. Our results are interpreted on 
the basis of extreme hot temperature anomalies (in summer season) that would likely be 
owing to the northward migration of the monsoon circulation. Cold extreme events (frost 
and ice days) occur under the control of northern circulation. 

 

DATA AND METHOD 

The study area is spread southern part of Anatolian Peninsula, Turkey. The temperature 
records are collected based on daily maximum and minimum temperatures data provided 
by Turkish State Meteorological Service. Temperature data recorded from 16 stations in 
southern part of Turkey during the period of 1966- 2014 (Figure 1).  

This paper concentrates on indices that refer to cold and warm extremes, i.e. which 
investigate the characteristics of the southern part of Turkey climate with respect to intense 
events and changes in the daily temperature. A list of the indices is shown in Table 1. The 
temperature indices describe warm and cold extremes in summer and winter seasons. As 
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well as this, a linear trend in the warm days and cold night is determined with Mann-
Kendall rank correlation test. 

 
Figure 1. The geographical distribution of meteorological stations that provides 
temperature data used in this study.  

 

Table 1. Definitions of the minimum and maximum temperature indices used in this study.  

ID Indicator name Definitions Units 

TN Tropical nights Annual count of days when TN (daily minimum temperature) > 20o Day C. 

SD Summer days Annual count of days when TX (daily maximum temperature) > 25o Day C. 

FD Frost days Annual count of days when TN (daily minimum temperature) < 0o Day C. 

ID Ice days Annual count of days when TX (daily maximum temperature) < 0o Day C. 
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The numbers of tropical nights, summer, frost and ice days are determined by specifying 
the threshold values for summer temperature change in Mediterranean region of Turkey. 
As well as this, the trends in the number of temperature indices are determined with Mann-
Kendall rank correlation test. According to Mann-Kendall test τ is a value that indicates 
magnitude of the observations. The P statistic is calculated by; 

𝑃 = �𝑛𝑖

𝑁−1

𝑖=1

 

Mann Kendall test statistic τ is calculated as follows; 

𝜏 =
4𝑃

𝑁(𝑁 − 1) − 1 

The value of the test statistics is normal for all N values, larger than 10. The significance 
test is calculated as follows; 

 
Where 𝑡𝑔 value is the requested probability point in the normal distribution (two sided). a 
positive value of τ indicates an upward trend, a negative value of τ indicates a downward 
trend (Mann, 1945; Kendall, 1975). u(t) and u'(t) values are used to determine the trend in 
the time series. Similarly to the calculation of progressive rows of statistics u(t), the 
retrograde rows of statistics u'(t) are computed backwards starting from the end of series. 
u(t) is significant at a desired level of significance, one can decide whether it is an 
increasing or decreasing trend depending on whether u(t) > 0 or u(t) < 0. 

Spatial clustering has searched using the Arc-Gis statistical package. The association 
between station indices has obtained by calculating the Anselin Local Moran’s I index. The 
Cluster and Outlier Analysis (Anselin Local Moran's I) tool describes concentrations of 
high values, concentrations of low values, and spatial outliers. Positive value means a 
perfect positive correlation, negative value means negative correlation. The zero displays 
exactly random spatial pattern.  

 

RESULTS 

This study focuses on observed trends in temperature indices in summer and winter 
seasons during 1966-2014 in Mediterranean coastline of Turkey.  

Tropical Nights: Tropical nights (TN) represent the number of days with daily minimum 
temperature above 20 °C. The TN has steadily risen eastern part of study area. The 
numbers of TN reach average 75 to 87 days in Mersin, Karataş, İskenderun and Antakya 
stations (Figure 2).   
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Figure 2. Spatial distribution of tropical nights in Mediterranean coastline of Turkey. 

 

Summer Days: Summer days are corresponded to the days with maximum temperatures 
above 25°C. Generally, SD shows similar patterns for the distribution number of the days. 
The number of days varies between 90 and 92 in stations (Figure 3) that shows a 
homogeneous distribution for summer day index. 

 

 
Figure 3. Spatial distribution of summer days in Mediterranean coastline of Turkey. 

 

Frost Days: FD represents the number of days with minimum temperature below 0°C. The 
FD index shows quite a different distribution in the stations. The sum of the number of FD 
(1966-2014) ranged from 495 to 5 days (Figure 4). The numbers of FD has experienced 
less than 90 days in most of the stations the period of 1966-2014. This index is over 150 
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days at the station Antakya and Köycegiz. At these stations are frequently experienced 
frosty days in winter.  

 

 
 Figure 4. Spatial distribution of frost days in Mediterranean coastline of Turkey. 

 

Ice Days: ID represents the number of days with maximum temperature below 0°C. The 
number of ice days, there is not any difference between the stations. Finike station has 
experienced icy days only one time in 50 years (Figure 5). Winter season is quite warm in 
the Mediterranean coastline stations. 

  

 
Figure 5. Spatial distribution of ice days in Mediterranean coastline of Turkey. 
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MANN-KENDALL TEST 

 The index Tropical nights (TN) displayed with positive trend at the stations, evidencing an 
overall increase in the annual number of days when the minimum temperature was higher 
than 20°C. In 1993 is the change point for the tropical night index. This index displays a 
statistically significant increase trend since 1994 (Figure 6).  

 

 
Figure 6. TN indices time series and Mann-Kendall statistics over Mediterranean coastline 
stations. 

Summer maximum extreme variability for the SD index is calculated and illustrated Mann-
Kendall tests over Mediterranean coastline stations of Turkey. The numbers of summer 
days in Mediterranean coastline during the 1966-2014 with linear regression is present in 
figure 7. There has been generally no-trends in summer day value. The warmest period and 
years have experienced in Mediterranean coastline such as, 1999 to 2006, 2008, 2010-2011 
(Figure 7).  
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Figure 7. SD indices time series and Mann-Kendall statistics over Mediterranean coastline 
stations. 

The index Frost Days showed with negative trends, showing that the annual number of 
days when the minimum air temperature was less than 0°C is decreasing (Figure 8). In 
1983, severe cold weather has experienced in Mediterranean Coastline stations. Ice days 
have not experienced in the Mediterranean coastline region (except Finike). Therefore, any 
assessment for the ice day index could not made this section. 

 

 
Figure 8. FD indices time series and Mann-Kendall statistics over Mediterranean coastline 
stations. 
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CLUSTER ANALYSIS 

The Anselin Moran’s I clustering analysis is applied to classify 16 stations to obtain 
homogeneous groups and resulting are displayed in figure 9 to figure 12.  

Dalaman, Fethiye and Köycegiz stations are similar clustering extent. These stations 
display high positive. Iskenderun, Antakya and Karataş stations have significantly positive 
correlation. In this region, TN condition has been dominated by the similar features likes 
this Dalaman, Fethiye and Köycegiz. On the other hand, the other stations display 
nonsignificantly negative and positive value. This area has very different TN value than its 
neighbors (Figure 9). 

 
Figure 9. The results from scattering of Anselin Moran’s I for TN indices. 

 

All of the stations are similar clustering extent. These stations display nonsignificantly 
negative and positive value. Summer Days values in the neighborhood display similarity 
the overall the study area (Figure 10).  

 
Figure 10. The results from scattering of Anselin Moran’s I for SD indices. 
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All of the stations are similar clustering extent in the frost and ice day values. All of 
stations display nonsignificantly negative and positive value. Frost and ice day values in 
the neighborhood display similarity the overall the study area (Figure 11 and Figure 12). 
Exclusively, Finike station differs from the other stations in ice days.  Statistically 
significant negative value indicates that the feature is surrounded by features with 
dissimilar values. 

 

 
Figure 11. The results from scattering of Anselin Moran’s I for FD indices. 

 

 
Figure 12. The results from scattering of Anselin Moran’s I for ID indices. 

 

CONCLUSIONS 

Generally, physical and geographical factors controlling summer climatic conditions over 
the Mediterranean basin have identified latitude, longitude, interaction of land-sea and the 
most important general atmosphere circulation. 
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Based on temperature indices, the study is determined warming in minimum summer 
temperatures than that of maximum temperatures in most of stations. Significant increasing 
trend displays in TN. SD index shows a significant increase in some period or years, while 
the index included a generally downward trend. FD and ID indices show no-trend during 
1966-2014 period. At the stations have not experienced remarkable frosty days except for 
some cold years such as; 1973, 1983, 1985, 1990 and 1992. 

Tropical nights have a significant positive spatial autocorrelation with high cluster pattern 
in western and eastern part of study area. These areas shows similar characteristics with 
neighbouring stations. Dalaman, Fethiye and Köycegiz stations experienced a low number 
of tropical nights that this stations shows a different characteristic feature of Mediterranean 
Climate of Turkey. This area is open to the effects of the Etesian wind. Therefore, the low 
number of tropical nights when the refreshing effects of the wind is most important factor. 

Antakya, Iskenderun and Karataş stations, where a high number of tropical nights are 
prominently affected from the southern circulation during summer season.  The results of 
this section displayed that tropical nights from under influence of atmospheric circulation 
(etesian wind and the influence of the monsoon connected the southern circulation). 
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ABSTRACT 

There are many mass events around the world. One of these mass events is disasters. A 
disaster is a natural phenomenon that occurs suddenly, is difficult to prevent by people 
after it starts, and causes loss of life and property. The events that cause the loss of life and 
property created by people are considered as human disasters. Disasters affect countries 
economically, socially and psychologically. During these disasters, the most important 
point is measures to be taken during risk and crisis management. One of the things to be 
aware of when these precautions are taken is the number of individuals affected by these 
events. In disasters, there is a great loss of time during the detection of individual numbers. 
It provides assistance such as search and rescue, health care, housing, and food. 

In this work, it is aimed to employ electronic infrared human counter used for commercial 
purposes to prevent this loss of time. The infrared human counter uses advanced image 
processing technologies to count people passing wherever they are. In stores, shopping 
centers, every kind of public area offers a complete, efficient, economical and quick 
solution due to its high accuracy and counting reports. These can be accessed anywhere in 
the world and instant recording of these data. This enables the creation of a building 
management model during extra-ordinary events that take place in the buildings in the 
targeted buildings. Using the artificial intelligence and artificial vision algorithms, the 
system can work without loss of performance in crowded entrances and exits, and also 
even shadowy environments. Persons close to each other can distinguish between persons 
who pass in different directions at the same time. With its flexible infrastructure, it has a 
high performance ratio with its fully multi-language interface, reporting pages and user-
definable infrastructure that makes it possible to create panoramic images by combining 
images taken from multiple cameras at the same time. 

By means of instantaneous transfer of the report data provided by this counter system to 
the GIS environment, a public institution and foundation building management model is 
designed so that the search and rescue activities can be successfully carried out efficiently 
after a possible natural disaster. Because the proposed building model allows the 
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identification of the numbers and locations of the individuals in the building at the moment 
of disaster, it is possible to determine the possible time losses in a concrete way. Finally, a 
workflow will be provided for the GIS-based building management model for natural 
disasters. 

 

INTRODUCTION 

Disasters are natural phenomena that cause unpredictable, often sudden, loss of life and 
property that has no clear time ahead. Disasters are classified into two categories; natural 
disasters and human-induced disasters. Natural Disasters: Rapid winds, earthquakes, 
sellers, fires, tsunami and coastal landslide, landslide, slip, avalanche, volcano eruption, 
drought (Kanlı and Ünal, 2004). These kinds of disasters are sudden, unpredictable, sudden 
occurrences of nature. 

Disasters Caused by Human Deaths: Fires, explosions, mine accidents and explosions, 
environmental pollution, traffic accidents, radioactive rays, thermo-nuclear wars, wars 
(Sengezer and Kansu, 2001). These are situations in which people have somehow 
contributed in some way. Sometimes it suddenly occurs with time. The consciousness of 
people and their contribution influence the situation. 

Disasters are a natural phenomenon. People who have had a nomadic life have passed into 
settled life over time. Especially, these harmless nature events have increased in the affects 
with the passing of established faults. The disaster that occurs in all the regions that are 
experienced varies according to the damages. In some regions earthquake is effective in 
some regions landslide, volcanic eruption, flood, etc. nature events are effective. Over 
time, with the increase in losses created by these effects, people have tried to find solutions 
to these unwanted, unexpected, and unusual effects of disasters. It has been noticed that the 
precautions to be taken before the disasters, the moment of disaster and the loss of the 
correct and quick intervention after the disaster are the least. In return, disaster 
management was needed. 

Disaster management can be gathered in two stages: pre-disaster (risk management), 
disaster moment and after (crisis management). However, there are other classifications for 
disaster management stages in the literature. The most common is the classification that 
states that an ideal disaster management should cover three stages, defined as "pre-disaster, 
post-disaster and post-disaster" (Gökçe and Tetik, 2012). 

Pre-disaster: aims to take necessary precautions in order to minimize disaster damage, to 
prevent them when possible, to enable effective emergency rescue and relief work when 
not possible, to spread disaster damage reduction studies at every stage of development and 
to educate people on these issues (Gökçe and Tetik, 2012). 

During the disaster, the disaster management aims to ensure that the objectives of the 
disaster, to get information and transportation possibilities again, to save the maximum 
number of people, to protect the human life and property from the additional risks and risks 
that disasters may cause, to carry out all kinds of evacuation and evacuation, and 
destroying these homes if necessary, to ensure that communities affected by disaster meet 
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the vital needs as soon as possible and that life returns to normal as much as possible. The 
realization of these aims can be achieved by pre-disaster planning and preparatory work, 
when the organizations providing disaster services are effectively acted at the moment of 
disaster. 

After the disaster, the disaster management aims to minimize the economic and social 
losses that the disaster may cause, or to correct the effects in the shortest time, and to 
provide a safe and developed new life environment for affected communities (Gülkan et 
al., 2003; Erkol and Evalliyurt, 2009) 

We are aiming to use this work actively in all phases of disaster management mentioned 
above. 

Some Disasters in Turkey; before 1944, natural disasters, and especially earthquakes, seem 
to extend to the ancient history of helping people. The first written example in this regard 
is seen in the Istanbul earthquake that took place on 14 September 1509. After this 
earthquake, which was reported to have killed 13,000 people, 109 mosques and 1,407 
buildings had been destroyed, Ottoman Sultan II.Beyazit of the period donated 20 gold to 
the family in order to rebuild the house. In addition, 50.000 masters were recruited for the 
reconstruction of Istanbul after the earthquake, and men between 14 and 60 years of age 
were ordered to work in construction works. It is prohibited to build houses on the fill 
floors near the sea and the wooden carcass is encouraged to be built (Özalp, 2000) 

The government of Republic of Turkey, the day after the earthquake of Niksar-Erbaa, 
Adapazari-Hendek, Tosya-Ladik, Bolu-Gerede, the death of 43 thousand 319 people, the 
injuries of 75 thousand people and the destruction of 200 thousand buildings, which took 
place on 26 December 1939 after the Great Erzincan earthquake, on July 18, 1944, the Law 
No. 4623 on Measures to be Taken Before and After the Earthquakes, arriving at the 
judgment that the problems that he had caused must only be solved by making a new house 
instead of being demolished and that some work should be done to reduce earthquake 
damages in our country. Measures such as the determination of earthquake hazard areas of 
the country, making certain special sanctions for the buildings to be constructed in these 
regions, preparation of aid and rescue programs in provinces and districts to be 
implemented in emergency situations and not allowing new residential areas without 
geological surveys have been introduced. the duties and responsibilities of both the 
administrator and the public have been described. Work in order to reduce natural disaster 
damages in the real sense in our country started with this law (Suna, 2000; Özalp, 2000) 

1992 Erzincan earthquake; At 6.4 (M), 653 people lost their lives and 3850 people were 
injured. While 3200 housing units and 850 workplaces were heavily damaged, 12000 
dwellings and 700 workplaces were moderately and slightly damaged (Şengezer, 1999). 

1995 Dinar earthquake 6.2 (M) 90-100 people lost their lives and 170-230 people were 
wounded. 2727 houses were heavy, 1417 houses were medium, 2166 houses were few, 282 
were heavy, 231 were medium, and 148 were slightly damaged (TMMOB, 1998). 

1998 Adana-Ceyhan earthquake 5.9 (M) according to the earthquake 145 deaths and 
according to 06.07.1998 damages, 1113 houses and 11 workplaces were demolished, 9067 
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houses and 210 workplaces were damaged and 21051 houses and 581 workplaces were 
mild (Disaster Affairs General Directorate, 1998). 

After two major earthquake disasters that took place on August 17 and November 12, 
1999, disaster management and society were not adequately prepared and responsibility 
consciousness did not occur, and disruption, regret, helplessness and coordination disorder 
occurred after the disaster. After two massive earthquakes, where 18,000 citizens lost their 
lives, tens of thousands of citizens were hurt, 75,000 houses, 12,500 workplaces were 
destroyed, thousands of official buildings were destroyed or damaged, 150,000 families 
were left homeless and Turkey was in control of extraordinary situations (Ozturk, 2003), a 
more comprehensive system is needed. 

An earthquake of 7.0 (M) size occurred on the morning of October 23, 2011 at 13.40, 
including the headquarters of the village of Tabanlı, connected to the Van center. Two 
weeks after this depression, a new earthquake of 5.7 (M) occurred in the town of Edremit, 
16 kilometers from Van center, on Wednesday, November 9, 2011, at 21.20. After the 
main earthquake that came to the plaza, for a month, an average of 180 aftershocks had 
come to the scene. In total, more than 11 thousand aftershocks were recorded. Due to the 
earthquake, 644 people lost their lives and 1,966 people were injured. Erçis district was the 
most lost district. Approximately 187 thousand structures have been examined within the 
scope of damage assessment studies. Nearly ruined / severely damaged structure has been 
identified. Immediately after the earthquakes, the search and rescue operations began 
quickly and wrecked a total of 252 people. Due to the earthquake, 36,203 dwellings, 2,884 
workplaces and 9,602 branches were destroyed or seriously damaged (Republic of Turkey 
Prime Ministry Disaster and Emergency Management Directorate, Ankara, 2014) 

 

MATERIAL AND METHOD 

It is understood that all these earthquakes and natural phenomena are caused by physical, 
economic, social and psychological losses. With our work, we aim to reduce all these 
losses especially physical and economic losses. During the calculations of individual 
numbers in the area affected by disasters, there is a huge loss of time. In addition, after the 
search and rescue operations in regions, high economic losses occur. It is aimed to use the 
electronic infrared person counters used for commercial purposes to prevent these losses 
coming to the square, by utilizing the geographic information system. 

The infrared human counter uses the advanced image processing technology to count 
people everywhere. In shopping malls, shopping malls offer easy access to the system, 
which is connected to everywhere in the world with high accuracy rates in all kinds of 
private and public areas, counting reports, efficient, fast and economical service. 

These counters were initially intended to be placed in public institutions. In this respect, 
the public institution; 

• Which is intense between the hours, 

• Which is the density in the floors, 
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• The density ratio at the inlet-outlet doors, 

• The density ratio of the building on different dates, 

• The intensity ratio of the building at different times, 

• The busiest day of the week 

• Peak hour of the week 

• A monthly density average of the building, 

• Comparison of desired date and time 

• We can reach many places like the building corridor density ratio 

All these data devices can be accessed with a continuous stream of data graphically 
displayed on the system to which they are connected. The system is vulnerable to 
modification. We also aim to reach the instantaneous data on the map by adding a 
Geographic Information System product to our system with our work. The administrator of 
the institution and those who deal with the system can access the instant data when they 
want for 24 hours. 

Figure 1.Person counter instruments and infrared people counting system (URL1, URL2) 

 

RESULTS 

In case of any disaster, it is planned to reach the number of persons on floor and building 
basis in the public Karum institutions in the city with the current data from the system. In 
this case, an earthquake, fire, etc. will prevent the search and rescue works in empty 
buildings, and the economic and human loss losses will be minimized by providing the 
appropriate number of assistance to that building. 

• Accuracy rates of 95 percent are available. 

• It works successfully inside and outside the building. 

• We can place the devices where we want the appropriate spot. 
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• If there are more than one devices in the building, they can all be monitored via a 
single system. 

• It counts people who are side-by-side properly, 

• Easy to install 

• In some models adults and children are separated. 

• In general, most of the devices on the market are not affected by electricity 
interruption. This situation gives us an advantage during disasters. 

• The crowd has been successful in counting people. 

Due to these features, the device is suitable for use. The devices receive data from the 
sensors installed in the form of usage, which is stored in memory and served to the users 
on the network system. 

For example, hospitals, schools, dormitories, some public institutions, etc., can be used in 
the study by placing the device in the corridor for the data of the entrance and exit doors 
and then for the data of the floors in the first place, transferring them from a single network 
to a map of the geographical information system, management model. Intervention aimed 
at the number of people affected by any earthquake, flood, fire, terror, etc. In empty 
buildings, time and economic loss will be tried to be avoided. 

 

 
Figure 2. Directional Customer Counter (URL 3) 

 

Another important element of this study is the geographic information system. 
Geographical Information Systems includes all kinds of data related to the earth by 
transferring them to the computer environment and storing, classifying, comparing with 
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each other, analyzing, updating and visualizing them as maps, graphics and tables as 
required by special programs used in these data . With this state, GIS is not merely 
transferring and storing various kinds of data in a computer environment. The most 
important feature that distinguishes GIS from other database systems is the storage of all 
data on earth according to their location and the possibility of various spatial associations 
between them, i.e. various analyzes. GIS provides the most important information that can 
be used in disaster related researches and disaster management studies (Demirci and 
Karakuyu, 2004). It allows these various analyzes and interrogations and provides all 
results and data for displaying in a map. GIS, which has such an effective place in disaster 
management, will provide easy and simple access to our work for us. The GIS program, 
which we will use to modify the device, will support the operation of the system. 

 

DISCUSSION 

Various methods are being developed and used in the world and our country to minimize 
disaster damage. At the beginning of these methods, it is necessary to put out the disaster 
danger situation of that region and make the existing plans accordingly. Geographic 
Information System (GIS) techniques are seen as a preferred tool in terms of reliable, fast 
and easy use in disaster reduction. The reason for using GIS in disaster management is to 
control destruction, to help reduce the damage caused by disaster, and to help protect lives 
and resources (Aydınoğlu et.al., 2009) We aim to benefit from the geographic information 
system as a support system in reducing the negative consequences of our work. 

 

CONCLUSIONS 

There are many mass events around the world. Disasters are at the beginning ofthese mass 
events. The occurrence of disasters cannot be clearly predicted in advance and cannot be 
given a definite time, so it is a difficult event to be prevented by people. Since they cause 
serious loss of life and property, trying to withdraw the most loss before and after the 
disaster by various solutions. When these solutions are sought, appropriate disaster 
management will not be done, or serious physical, economic, social and psychological 
losses will occur if the management style is not implemented in appropriate ways. We are 
aiming to reduce these losses with our work. 

When implementing disaster management steps, the number of affected people is 
important. Often times these people cannot be predicted, so the disruptions and losses 
occur during management. A geographical information system based building management 
model for the number of people has been developed. With this management model, 
electronic scales used for commercial purposes will be placed in public institutions and 
organizations, instantaneous data will be taken on the basis of buildings and floors and 
these data will be transferred to the geographical information system and the number of 
active persons will be reached. With these numbers, it is aimed to provide services to the 
appropriate number of people with high data in areas such as health care, shelter service, 
food and clothing service, education service in search and rescue phase after disaster. In 
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this way, unnecessary economic, physical and time losses will be prevented. 
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ABSTRACT 

Turkey is a country, where many natural disasters occur and loss of lives and properties 
emerge. In order to minimize those losses originating from natural disasters and to take 
measures, various methods and techniques are utilized. From the aspect of creating the 
position-based maps, the leading one among those methods and techniques is the 
Geographical Information System (GIS). In this study, by using the Geographical 
Information System technologies, it is aimed to obtain the natural disaster risks of Kayseri 
City and the web-based risk maps regarding those risks. During this study, for Kayseri 
city, the earthquake, landslide, rock fall, and avalanche maps to shed light to the policies 
for preventing the natural disasters and selecting the locations were prepared. Moreover, 
the study will also be guiding in terms of determining the natural disaster danger and risk 
status of Kayseri city, to prepare the base maps that city and region planners would need 
for revising the plans, and to convey true, fast, reliable, and momentary information to 
administrator in decision-maker position. 

 

INTRODUCTION 

Disasters are destructive natural events that occur abruptly, are unpreventable when they 
start, and cause loss of life and property (Olowu, 2010; Durduran ve Yağcı, 2015). 
Disasters not only cause loss of life and property, but also lead to huge material damage on 
agricultural fields (Yiğiter, 2008).  

Geographical Information Systems (GIS) are the systems that collect, store, control, 
process, analyze and display earth-referenced data (Aranoff, 1989; Yomralıoğlu, 2000; 
Valacich and Christoph, 2010; Geymen, 2016). GIS is one of the most important 
technological tools that can help in the process of healing wounds caused by natural 
disasters (Konu, Mızrak ve Memeoğlu, 2015). GIS provides effective solutions in 
management systems before, after and during the disasters in Turkey as well (İlter ve 
Özkeser, 2007). There are many studies conducted regarding disasters in our country. A 
study by Turoğlu et al. (2010) sought answers for how today's technologies can be used as 
most efficiently as possible in performing interventions properly and quickly during and 
after possible disasters that can be experienced in Istanbul.  They offered suggestions for 
identifying damaged areas in a rapid and right way by using GIS, making interventions in a 
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healthy way and minimizing losses of life and property caused by natural disasters 
(Turoğlu et al., 2010). Reis and Yomralıoğlu conducted a study in 2005 and suggested that 
"natural disaster" fact is the most essential environmental hazard in areas, such as Eastern 
Black Sea Region, receiving heavy rain and having a sloping topographic structure. They 
also suggested that, first of all, it is required to determine potential landslide sites at 
regional level, and then to determine the most appropriate urban development areas by 
taking these areas into consideration in order to reduce landslide risk and to plan proper 
settlement areas (Reis ve Yomralıoğlu, 2005). Furthermore in the study conducted by 
Yağcı and Durduran in 2015, analyses have been performed for the types of earthquakes 
occurred in Konya between the period of 2000 and 2011, the usage types of buildings and 
their resistance to earthquake intensity, the number of casualties caused by earthquakes, 
and to determine safe areas for homeless people injured during the earthquakes (Yağcı ve 
Durduran, 2015). A postgraduate study conducted by Özdilek in 2007, the real-time 
systems, one of today's most advanced disaster management technologies and their 
combinations with GIS are examined (Özdilek, 2007).  

 

MATERIALS & METHODS 

In Figure 1, some digital data are required to obtain maps for natural disasters such as 
avalanche, flood, rock fall, landslide and earthquake occurred in metropolitan area of 
Kayseri selected as study area. In the study, firstly the province, district and neighborhood 
borders obtained from Kayseri Metropolitan Municipality are transferred to the computer 
environment according to the specified object catalog.  Afterwards data regarding natural 
disasters occurred in the province of Kayseri such as flood, rock fall, landslide, earthquake, 
avalanche and bereavement are received from the Provincial Disaster and Emergency 
Directorate of Kayseri and the data is processed on GIS database. It is ensured to make 
visual interpretation and have an opportunity to make a more efficient and quicker decision 
due to the characteristic of being expressed as geographical of tables and statistics. 

 

Figure 1. Study area 

 

 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

498 
 

RESULTS & DISCUSSION 

Borders of district and neighborhoods in the province of Kayseri are taken as a base for 
ensuring the maps of natural disasters. Some spatial analyses are carried out by using 
ArcGIS 10.4 software and relevant maps are obtained. 

First of all, the district layer of Kayseri province is displayed on the ArcGIS software and 
then density analyses are used to create maps for rock fall in Figure 2, and landslide in 
Figure 3. It was found that the rock fall is most densely seen in Melikgazi district and 
landslide is most densely seen in the district of Develi.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Areas that rock fall is the highest on a district base 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 3. Areas that landslide is the highest on a district base 
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Secondly, the neighborhood layer of Kayseri is displayed on the ArcGIS software, an input 
layer is obtained to be used in density analysis by using Tools- Features - Polygon to Line 
instructions. Afterwards density analysis maps of disaster types related to the relevant 
neighborhoods are obtained by using the instruction 'Line Density' from Density section of 
the Spatial Analyst Tools. 

These analyses performed on neighborhood basis showed that landslide disaster type was 
seen in 20 neighborhoods, rock fall and flood/deluge disasters were seen in 57 and 28 
neighborhoods, respectively. Figure 4 shows flood/deluge disaster map on a neighborhood 
basis as an example. Moreover, it is observed that earthquake disaster is seen in Burhaniye 
and Kardeşler neighborhood of Bünyan district, Güneşli neighborhood of Kocasinan 
district. Bereavement and avalanche disasters are seen in Şen neighborhood of Akkışla 
district and Kayaönü neighborhood of Pınarbaşı district, respectively. 

 

 
Figure 4. Flood/deluge disaster map on a neighborhood basis 

 

CONCLUSIONS 

Data on natural disaster is sustained from Kayseri Provincial Disaster and Emergency 
Directorate and processed on ArcGIS software and thus some spatial analyses are able to 
be conducted in the study. Two main purposes and the results obtained from these 
purposes are presented in the study:  

a. As a result of monitoring, examining, analyzing and assessing natural disasters seen 
in the province of Kayseri such as flood, rock fall, landslide, earthquake and 
bereavement by using GIS, mapping these disasters on a district and neighborhood 
basis.   



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

500 
 

b. Within the frame of these results, it is aimed to forecast events such as disasters that 
can happen in the province of Kayseri by using GIS and to minimize damages, 
dangers, and losses of life and property which will be experienced during and after 
these disasters.  

Both technology and all services provided by technology have the aim to serve humanity. 
Especially life safety and services related to that have first-degree importance.  However, 
there should be planned, realized and prepared sources in advance in order to perform 
services especially during the disasters. For the most efficient management of these 
sources, information system usage is inevitable. 
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ABSTRACT 

Forest fire is one of the abiotic factors that have an effect on the forest ecosystem. Forest 
fires have significant local effects on soil degradation, soil erosion, natural habitat and 
biodiversity. However, since greenhouse gases have a significant share in gas emissions, 
forest fires have global impacts. Spatial analysis by GIS (Geographic Information System) 
provides a tool for accurately zoning the area with high potential risk of forest fire. 
Through GIS spatial analytical procedure, forest fire risk ranging from high to low is 
derived, according to its sensitivity to fire or fire-inducing capability. In this study, 
vegetation (vegetation type, vegetation density), topographic (elevation, slope, aspect, 
topographic wetness index), climatic (average precipitation of the warmest quarter, area 
solar radiation WH/m2

 

) and human-made (distance from settlements, distance from roads) 
parameters were used as causative factors of fire to determine the risk by using 
combination of GIS in spatial analysis and multi criteria evaluation in Bakircay Basin, 
Turkey. Each causative factor was classified and weighted according to its own fire 
sensitivity and fire-inducing potential. Spatial resolutions of these biophysical and human-
made parameters were set as 30 meters. Protection measures for forest fires can be taken 
beforehand and the results of this study were very useful in determining the potential 
hotspots. In addition, this study also demonstrates the potential of multi criteria analysis 
integrated with GIS which is an effective tool in assessing “where and when” forest fires 
are likely to occur frequently. 

INTRODUCTION 

Fires, one of the abiotic factors that damage the forests, is one of the processes that cause 
considerable effects on the ecosystems (Food and Agricultural Organization [FAO], 2007).  
Forest fires, which lead to significant local effects such as soil degradation, soil erosion, 
natural habitat and biodiversity, have global impacts due to the fact that forests have a 
significant share in greenhouse gas emission (Chuvieco, 2008).   

                                                           
* Corresponding Author 
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Risk must be considered with a status of danger; not in the context of an ordinary 
probability or estimation concept. Accordingly, risk is not just a probability or estimate, 
but the possibility of emergence of a danger. (Ozmen, 2010). Within this framework, fire is 
a danger with its impacts on the ecosystem, and the possibility of emergence of a fire 
means the fire risk. According to FAO terminology, fire risk is the presence or activeness 
of any factor and the possibility of start of a fire (FAO, 1986).  

Forest fires is a risk that affects all the forest ecosystem. Fires, directly or indirectly, have 
multidimensional; local, regional and global effects (Chuvieco et al., 2010). As a result of 
impacts observed specifically on a local scale, there are changes in soil conditions and the 
impact of rain drops on the ground change. Besides this, locally, the impermeable layer 
formed by the ashes of the burned material reduces the infiltration, and causes rain waters 
to move into surface flows, and this increases the erosion. If fire occurs in the areas where 
water resources are present, hydrological functions of the forests might be affected 
negatively (Kucukosmanoglu, 1995). According to Goldammer (1999), forest fires on a 
local scale impact the soil microbial processes, and may change the soil and plant structure 
and compound. Also, death of young plants depending on the increase of terrestrial 
radiation, extinction of nutrients and organic substances in the soil is another local effect of 
the forest fires on the ecosystem (Yildiz et al., 2010).  

One of the most significant regional effects of the fires is the dispersion of aerosols and 
other chemical particles into the atmosphere.  Aerosols and particles might affect the 
terrestrial radiation and atmosphere chemistry (Andreae and Merlet 2001), air quality 
(Hardy et al., 2001) and human health (Brauer 1999) negatively. Forest fires at regional 
and global scale might have an impact on the climate. Studies show that there is strong 
correlation between the climate and fire regime. It’s known that destruction of dead and 
living vegetation of the forests by the forest fires leads to changes in climate features by 
causing; change on the average and extreme temperatures depending on the increase in 
ground solar radiation, earlier start of vegetation cycle, decrease of relative wetness, 
increase in the speed of air movements, reduction of interception and increase in 
evaporation (Cepel, 1975).  

First, places with high risk of fire must be determined to be able to fight against forest 
fires. The areas with high risk in this respect are the fields where natural and human 
processes with an impact on the occurrence of forest fires exist together with certain 
priorities. Priority of factors changes on the basis of their capacity to have an impact on 
fire. In other words, determination of the areas with high risk of fire depends on a process 
requiring categorization of all factors by their degrees of effect and discussing them on a 
joint basis. In this respect, Multi Criteria Analysis Techniques (MCAT) are characterized 
as an ideal approach for determination of areas with high risk of fire, as it has a nature that 
allows analyzing multiple variables together by specified priority status (Prasad et al., 
2009; Erdogan, 2012; Karabulut et al., 2013). Analysis capability of GIS, combination of 
MCAT approach provides a wide usage opportunity for solution of spatial problems.  

The purpose of this study is to determine the fields where the possibility of occurrence of a 
fire is the highest in Bakircay Basin by using MCAT. In the study, danger analysis, which 
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is the first stage of fire risk analysis, was performed. In this direction, the study seeks an 
answer for the following question: Which fields have the highest risk of fire in Bakircay 
Basin? 

 

MATERIAL AND METHOD 

Study Area:  

Bakircay River Basin is located in the northern side of Aegean Region, Bakircay area of 
Aegean Part, between the east longitudes 27o-28o and north latitudes 39o-40o at large 
(Figure 1). Length of the river, originating from Kocadag, named Bakircay upon entering 
in Kirkagac Plain by passing through Karakurt Strait of Gelenbe Stream, is 129 km. 
Supplied by Madra Mountain in north and Yunt Mountain in south throughout its linear 
flow, fed by many branches, Bakircay has a drainage basin area of 3356 km2

 

 according to 
the spatial analyses we performed.  

 
Figure 1. Location map of Bakircay basin 

 

Data:  

Data used in the model for fire risk analysis has been obtained from various organizations 
and institutions. Meta data of the primary and secondary data used in the study are as 
follows. 1:25,000 scaled digital vector topography maps generated by the General 
Command of Mapping (GCM) have +-5 m vertical location accuracy in UTM ED 1950 
projection system. Contour lines obtained from these 1:25,000 scaled topography maps 
were used at generation of Digital Elevation Model (DEM). DEM was generated at 30m x 
30m spatial resolution. For determination of climatic characteristics and climate type of 
Bakircay Basin, measurement data of Akhisar, Dikili, Bergama and Soma meteorology 
stations (1998-2013) were assessed. Another primary data set used in the study is the 
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1:25,000 scaled vegetation maps procured from the Ministry of Forestry and Water Affairs. 
For human data, 1985 and 2013 population data of all settlements obtained from the 
Turkish Statistical Institute (TSI) was also included into the fire risk analysis process. 

 

Method: 

In this study, the factors with an impact on the fire risk at Bakircay Basin were determined 
by considering the methods developed by Prasad et al, (2009) and Erdogan, (2012). 
Determined variables and their weights by the capacity of creating a fire risk were 
displayed in Table 1. Fire risk analysis was performed in the Bakircay Basin by means of 
the formula provided below:  

FR= 8* Sc +5* (Cc +Dr +Ds) +3*(E +S +A+TWI+Sr +Ap) 
Where FR - fire risk, Sc - species composition, Cc - crown closure; Dr - distance from 
roads, Ds - distance from settlements, E - elevation, S - slope, A - aspect, TWI - 
topographic wetness index, Sr - solar radiation and Ap - average precipitation.  
Definition of the parameters employed for determination of the areas with fire risk and the 
methods used are as follows: 
Vegetation Parameters consist of two parameters as Sc and Cc. In this context, vegetation 
features of the Bakircay Basin were obtained from the stand maps, and divided into risk 
groups by considering the flammability features. Categorization of groups was performed 
by considering the studies performed by Dimitrakopoulos and Papaioannou, (2001), Dinc 
Durmaz, (2004) and Kucuk, (2004). Fields with high vegetation per km2

 

 in Cc were 
determined to be the fields with high risk of fire. 

Table 1. Risk Values and Criteria Weights of the Variables Used at Fire Risk Analysis. 

 
Parameters 

Classes Risk 
Degree 

Factors Weight Explanation 

Sc 

Other 

Agriculture 

Oak &Cedar 

Black pine 
&Oak&Grass 

Brutian pine -
&Peanut pine 

EH 5  
Sc, the flammability degree of the natural vegetation, 
is one of the significant factors that affect the fire 
behavior. Categorization of risk groups were 
performed by considering the studies performed by 
Dimitrakopoulos and Papaioannou, (2001), Dinc 
Durmaz, (2004) and Kucuk, (2004).  

 

H 4 8 

M 3  

L 2  

EL 1  

Cc (%)  

0-10 H  5  

Cc indicates the stand crown closure, because high 
stand crown closure means high flammability (Prasad 
et al., 2009). 

11-40 M 4 5 

41-70 L 3  

>70 EL 1  

E (m) 
0-200 L 2  It has significant effects due to the fact that it shapes 

the behavior of wind, affects the precipitation received 
and the relationship with the surrounding lands 

201-400 EH 5  
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401-600 H 4 3 (Rothermel, 1983).   

601-800 M 3  

801-1212 EL 1  

S (o

0-5 

) 

5.01-10 

10.01-20 

20.01-30 

>30 

EH 

H 

M 

L 

EL 

5 

4 

3 

2 

1 

3 

S is significant as burning occurs faster at sheer slopes 
and it affects the direction of fire (Kushla and Ripple, 
1997).  Such that, spreading speed of fire in areas with 
a slope of 55% or more is approximately four times 
more than the fields with a slope up to 5% 
(Rothermel, 1983). 

 A 

Level 

North 

East 

West 

South 

EH 

H 

M 

L 

EL 

5 

4 

3 

2 

1 

3 
A has a strong impact on the fire behavior as it causes 
variation in insolation.  

TWI 

12.01-23 

10.01-12 

7.01-10 

5.01-7 

3-5 

EH 

H 

M 

L 

EL 

5 

4 

3 

2 

1 

3 

Forest fires may be influenced by hydrogeological 
conditions (Conedera et al., 2003). Tdetermines the 
degree of wetness of an area and topographically, the 
areas with high soil wetness area the areas with low 
risk of fire (Moore et al., 1991). 

Sr (kW/m2

417.11-475 

) 

476-550 

551-625 

626-700 

701-805 

EH 

H 

M 

L 

EL 

5 

4 

3 

2 

1 

3 Sr is significant because fields with high  solar 
radiation duration are more susceptible to a fire. 

Ap (mm) 

 

31.01  - 33.1 

30.01 – 31 

29.01 - 30 

28.01 – 29 

26.2 – 28 

EH 

H 

M 

L 

EL 

5 

4 

3 

2 

1 

3 
Ap is favorable for fires as it would increase the 
wetness values of the fuels on the surface of the lands 
with high precipitation. 

Dr (m) 

>400 

301-400 

201-300 

101-200 

0-100 

EH 

H 

M 

L 

EL 

5 

4 

3 

2 

1 

5 

While being favorable for fires by sectionalizing the 
progress of the fire, it provides the ambient conditions 
to lead to occurrence of human related fires due to the 
fact that people determine movement routes. 

Ds (m) 

>2000 

1501-2000 

1001-1500 

501-1000 

0-500 

EH 

H 

M 

L 

EL 

5 

4 

3 

2 

1 

5 
Regions near the setlements are areas with high 
human-induced burn.  

* EH: Extremelyhigh risk, H: High risk, M: Medium risk, L: Low risk, EL: Extremelylow risk,  
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Topographic Parameters consist of E, S, A and TWI. E, S and A were generated from 
DEM at 30-meter resolution. TWI, one of the parameters, was obtained according to the 
equation provided below:  

(([FA]+1) / ([S]+1)).Log 

Accordingly,FA (Flow Accumulation) indicates how much body of water flows through 
the unit area while S (Slope) indicates the flow speed of the water (Tagil, 2006). ArcGIS 
Hydrography Tool was used for performance of the analyses. 

Climatic parameters consist of Sr and Ap.  Sr is calculated at 1 W/m2

Human parameters, Dr and Ds, were used.Settlement and road maps obtained from 1: 
25,000 topographic maps were used for calculation of the variables. Euclidean Distance 
function was used for distance analysis.  

 unit by means of 
the solar radiation analysis included in the ArcGIS software. Huge majority of the forest 
fires in Turkey start between June and October, when dry summer takes place (Doganay 
and Doganay, 2003). In this context, the dates June 1-October 31 in 2013 were considered 
for calculation of the solar radiation values. Ap was calculated by using the amount of 
precipitation occurred in the hottest periods from 1999 to 2013 at Akhisar, Soma, Bergama 
and Dikili meteorological stations. Spatial modeling was performed by using kriging 
interpolation method. 

 

RESULTS AND DISCUSSION 

Topographic parameters, one of the variables analyzed for determining the fields with risk 
of fire in the Bakircay Basin, are provided in Figure 2 (a). When the study area is inspected 
topographically, conversion of the elevation related vegetation from agricultural areas to 
the Pinus Brutia and Pinus Pinea increased the risk; however, reduction of human 
activities after a certain elevation caused the risk to fall.  Therefore, the fact that 0-200-
meter elevation gradient consists of a rather agricultural land in the basin base has led these 
fields to be considered within the group with relatively lower risk (34.7%). As it covers the 
areas where human factor is most intensely experienced, elevation gradient with the 
highest risk of fire was taken as 200-400-meters elevation gradient (31.6%). 400-600 
meters are the fields where both pinus brutia and settlements are intense, and regarded as 
high risk zone (21.4%).  After 600 meters it’s considered to be the less risky zone as 
human activity component is less although pinus brutia, with flammability feature, is the 
common vegetation. Topographically, southern slopes where Sr is high were categorized 
as the parts with the highest risk of fire while northern slopes where low Sr and TWI are 
high were categorized as the parts with the lowest risk of fire in the Bakircay Basin (Figure 
2.c).  The study area being in the E-W direction causes wide areas to be covered by areas 
in North and South direction in general at site. 38.9% of the land consists of southern 
slopes. And this is a very high value in terms of fire risk. 16.4% of the remaining lands are 
covered by slopes in west direction with a high risk, 12% by slopes in east direction, which 
is regarded as medium risk, and 32.7% by slopes in north direction, which have relatively 
less risk. Delta area and plain base with high level of ground water in the study area are the 
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parts with high TWI and low risk of fire (3.2%). On the other hand, slopes with less TWI 
causes high risk of fire (33%). The fact that wetness is a restrictive factor against 
occurrence and spreading of fire has an impact on it (Figure 2.d). 

 

 
Figure 2. Fire risk maps in each variable a) elevation, b) slope, c) aspect, d) TWI. 

 

Flammable material is defined as any material in or on the soil which may ignite and burn, 
available for burning and ignition (Omi, 2005). Flammable materials constitute a ground 
for start and spread of fire (Bilgili et al., 2001). Resistance of tree species against fire 
varies. When vegetations in the study area are categorized by their flammability capacities, 
forested lands with climax specie of the region, Pinus Brutia and Pinus Pinea species are 
the sites with the highest risk of fire (29.8%).  On the other hand, the sites with the lowest 
risk of fire by stand type (6.4%) consists of surfaces such as settlement areas, stony areas, 
dune areas, water surfaces and mining areas (Figure 3.a). High Cc have flammable surfaces 
on which living and dead canopy layer with plenty of dry and dying materials, and so they 
are the areas with high risk of fire (Dinc Durmaz, 2004). The areas with the highest level 
of Cc (>71%) are the areas with the highest level of fire risk, and  this areas cover 8.8% of 
the total study area. 75.5% of the basin has low risk in terms of Cc in general (Figure 3.b). 

Another parameter that has an impact on the fire risk is the climatic factors.  Sr and Ap 
were investigated as climatic parameters.  In these areas, which cover 20.8% of the study 
area and where Sr is very high, so high is the risk of fire due to Sr, (Figure 4.a). On the 
other hand, areas with less risk are 63% and indicate that Sr in the basin might pose a risk 
in general.  Study area is under the effect of continental air mass during the fire period 
from June to October. Thus, considering the precipitation values, the highest Ap value is 
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observed to be 33.1 mm. These sites, covering the upper course of Bakircay Basin, have 
relatively higher values than lower basin and thus lower risk of fire (46.2%). In the lower 
basin between Dikili and Bergama, the lowest summer precipitation is observed. 
Therefore, they are the riskiest areas in terms of fire risk. The areas with the highest risk 
stand out by 19,6% (Figure 4.b). 
 

 
Figure 3.Fire risk maps in each variable a) flammabil species composition and b) stand 
crown closure. 

 

 
Figure 4.Fire risk maps in each variable  a)  solar radiation and  b) average amount of 
precipitation during fire period (June-October). 

 

The main cause of the forest fires is the human factor. Within human activities, Dr and Ds 
are investigated as the factors leading to fire risk (Chuvieco et al., 2003). The site with a 
distance less than 100 meters to the roads in the Bakircay Basin are areas with high risk of 
fire, and cover 12,6% of the study area (Figure 5.a).The decrease in road density 
accordingly decrease the risk of fire as moved from the basin towards the perimeter.  On 
the other hand, a 500-meter risk limit was determined to cover all of 245 
village/neighborhood and town settlements in the Bakircay Basin (Figure 5.b).  Sites 
remaining outside the limit were considered to be areas with relatively lower risk of fire. In 
this context, 38.9% of the study area is of 500 m distance to the settlements at most and has 
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human related potential fire risk. Areas with high risk and the highest risk cover an area of 
58.2%. 

As a result, map of fire risk in the study area is provided in Figure 6.  The areas with the 
highest level of fire risk were determined to be the forested lands on the high mountainous 
masses surrounding the basin base in the north and south (Figure 6). Those sites are the 
areas with the highest potential risk of fire both because they are close to the human 
interactions and due to the natural features they have. Since significant ecological 
destruction is to occur in case of a potential fire on these sites, they are characterized as the 
areas required to be prioritized during ecological risk analysis. 

 

 
Figure 5. Fire risk maps in each variable a) distance from road  and b) distance from 
settlements  

 

 
Figure 6. Fire risk map of bakircay basin. 

The slopes connecting the high masses and the basin base to each other in the study area 
are included in the risky category. When land cover and usage features of these sites are 
investigated, it is observed that they are planted agricultural and maquis lands in general. It 
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is a fact that land is covered densely by the maquis affects the fire behavior significantly. 
Making a fire during agricultural activities in the planted agricultural areas affects the 
possibility of occurrence of a fire. In this respect, such areas have medium risk as they are 
areas with high level of human activities but relatively less ecological features. Lands in 
this class are included in areas where human factors stand out, from place to place in basin 
base. The areas, especially on the route of roads and also in the basin base where 
agricultural activities are performed are included in this category, which we might call 3rd 
degree risk areas. 

Basin floors were identified as areas with low and lowest fire risk. Due to absence of 
natural vegetation, elevation, slope, exposure and high ground water level, these areas are 
included in the class of risk free areas. Although human activities prove to be intense in 
such areas, non-adjacency to the areas with ecological importance causes risk value of 
these areas to decrease.  

Also, vicinity of Kosedag and Denisin on the south side of Soma are observed to have low 
risk in the study area since mining sites located on the high mountainous masses are not 
included into the analysis. Mining sites were considered within the scope of ecological risk 
analysis, in land cover and usage analysis. The fact that these areas have low risk at fire 
risk analysis is to lead to errors in ecological risk analysis. Thus, for the purpose of 
avoiding errors in analyses due to the inclusion of such areas, these areas are exempted 
from the fire risk analysis and included into ecological risk analysis. 

 

CONCLUSION  

In Mediterranean type ecosystems, which have an apparent summer dry cycle, fire affects 
ecosystem dynamics significantly. In this research, the sites with high risk of fire in the 
Bakircay Basin within the Mediterranean type ecosystem were determined.  Topographic, 
vegetative, climatic and human parameters were considered for determination of fire risk. 
Fire risk maps obtained within the framework of these parameters are to help decision 
makers during management and planning works. As a result, this study demonstrates the 
potential of GIS technology. It is an exemplary study demonstrating integrated use of multi 
criteria analysis techniques, which is an effective tool in assessment of “where and when” 
forest fires might occur, and GIS. 
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ABSTRACT 

In this study, landslide development monitoring approach based on an unmanned aerial 
vehicle (UAV), data acquisition, data processing, analyzes and results were presented. The 
development of the landslide that took place in Sarıcaeli Village in Çanakkale Province 
were tracked and monitored by using a digital camera integrated UAV and a Global 
Positioning System (GPS) receiver. Three consecutive measurements were performed on 
May 2016, October 2016 and January 2017 and digital elevation models (DEM), digital 
terrain models (DTM), three dimensional models and orthomosaics were produced by 
using photogrammetry methods based on the aerial images. The displacements on the 
landslide were evaluated based on these datas. 

 

INTRODUCTION 

Landslides are natural events that are seen around the world and that have negative 
economic impacts and result in loss of lives. High slope, lack of stability of the ground, 
ground water and human effects are some of the factors that cause landslides. Data can be 
gathered easily in difficult weather and terrain conditions using digital cameras supported 
by Unmanned Aerial Vehicle (UAV). The fact that data collection is fast and less costly is 
an important reason for using this technique.  

In this study, the studies the Global Navigation Satellite Systems (GNSS) and UAV 
techniques were evaluated in the landslide area that took place in 2012 in the Sarıcaeli 
Village in Çanakkale Province. The landslide observed over a year and the aerial images of 
the landslide area were at different campaigns. Ground control points (GCP) were 
established before taking aerial images and the coordinates of the ground control points 
were measured with the geodetic GNSS receiver. The aerial images were processed using 
photogrammetric techniques in order to create high accurate three dimensional digital 
models of the landslide. 

Using the photogrammetry methods and software along the study, the DEMs, the DTMs, 
orthomosaics and three dimensional models of the landslide area were successfully created. 
Moreover, the area, volume and orientation of slip mass for the landslide were determined 
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and its development was monitored. Furthermore, some derives were obtained from digital 
elevation models such as surface gradient, slope orientation. Finally, the slope direction 
and accumulation area of the landslide were determined by examining the global cell 
relationships of the DTMs in the GRID form. 

 

STUDY AREA 

The Sarıcaeli Landslide is located at coordinates of 40°7 '14.48'' N and 26°26 '0.94'' E and 
altitude of the landslide is approximately 100 m above the sea level. The current activity of 
the Sarıcaeli Landslide is deep seated rotational slip. It is far 1 km from the Sarıcaeli 
Village Center and 7 km from the Çanakkale Province Center. The landslide extends over 
a horizontal distance of 150 m and lenght of it is 45 m. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The Sarıcaeli Landslide 

 

METHODOLOGY 

Data Acquisition 

In data acquisition stage, a quad-rator UAV and a digital camera which is integrated on the 
UAV, a Global Positioning System (GPS) receiver and five GCPs were used. GCPs, which 
were used to transform coordinate systems, were located at upper side of the landslide. The 
GCPs and their locations were chosen to be easy to see. The coordinates of the GCPs were 
measured with the geodetic GPS receiver. After the coordinate measurement, flight 
mission was carried out. The flight height was 50 m and interval beetwen the locations, 
where the aireal images were recorded, were 5 m. The flight mission was carried out 
covering the whole landslide area, approximately 6000 m². Size of images are 4000x2250 
pixels. Three consecutive measurements were performed on May 2016, October 2016 and 
January 2017. 
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Figure 2. Left – An Unmanned Aerial Vehicle, Right – A GPS Receiver 

 

Data Processing 

The procedure and the methodology were the same for all the campaigns so only the 
assesment of the first campaing was mentioned here. 

In data processing stage, all the images taken by the UAV were opened by using a 
photogrammetry software. Camera alignment was performed after uploading the images. 
In this stage, the software searches and matches the common points on the images and it 
finds the camera position and orientation for each images and refines camera calibration 
parametres. As a result a sparse point cloud and a set of camera positions are formed by the 
software. 

Next stage was to build dense point cloud. It was built based on the images and estimated 
camera positions. Based on the camera positions, the software calculates the depth 
informations for each camera to be combined into a single dense point cloud. 

 

 
Figure 3. Left – Sparse Point Cloud, Right – Dense Point Cloud 

 

3D polygonal mesh was built after the dense point cloud has been built. This mesh 
represents the object surface. It is built based on the sparse or the dense point cloud.  

After all these operations were completed, the DEM, the DTM and the orthomosaic were 
produced. The DEM can be built based on the sparse point cloud, the dense point cloud or 
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the mesh but the DEM which is produced based on the dense point cloud gives the best 
result. The DEM shows the current situation of the landslide area and also objects like trees 
are represented in this model. This causes problems during analyzes. Therefore the DEM 
was not used in analyzes. To build the DTM which was used in analyzes, the dense point 
cloud should be classified to determine points that represent ground. To do this, the dense 
point cloud was classified automatically by using the software. There were also cases 
where the classification could not be done automatically. In these cases, the classification 
was done manually. The ground points in the dense point cloud were classified by using 
the colours related to ground. As a result the DTM was built in GRID form. The resolution 
of the DTM is approximately 7 cm. 

 

 
Figure 4. The Classified Dense Point Cloud 

 

After the DTM has been built, a high-resolution orthomosaic was created based on aerial 
images. This data is very usefull when the detailed view of the landslide is needed. The 
resolution of orthomosaic is approximately 2 cm. 

The produced DTM and orthomosaic have a geographic projection system and have a 
datum in World Geodetic System 1984 (WGS 1984). Datum transformation was performed 
by using the GCPs. Transformations to Universal Transvers Merkator (UTM) 6° Projection 
and International Terrestrial Reference Frame 1996 (ITRF96) Datum was done by using 
the coordinates of GCPs. 
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Figure 5. Left – Digital Elevation Model, Right – Digital Terrain Model 

 

 
Figure 6. Left – Digital Terrain Model, Right – Orthomosaic 
 

ANALYSIS 

The produced datas were opened in a geographic information system (GIS) software. 
Before starting analyzes, the resolution of the DTM resampled to 50 cm. The analyzes 
without doing this did not give healthy results. 

By examining the global cell relationships of the DTM, the slip direction and accumulation 
area of the landslide were determined. Before this operation, “Fill Sink” function was 
applied to the DTM to eleminate sink errors which may occur in the data. If a cell has less 
height value than the eight cells around it, the flow accumulation does not occur. Therefore 
sink errors should be eleminated. 
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Figure 7. Fill Sink 

 

After performing “Fill Sink” function on the data, the flow direction of the landslide was 
determined by using “Flow Direction” function. In this function, height values of the cells 
are compared to the eight neighbor cells. The flow will be to the cell which has less height 
value. 

 

 
Figure 8. Flow Direction 

 

Also the derivates of the DTM like slope and aspect datas were produced in the GRID 
form. Their resolutions are 50 cm as well.  Also contours were produced with equidistance 
of 50 cm. 
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Figure 9. Left – Slope Map, Right – Aspect Map 
 
To make comparasion between the datas which were produced based on the collected and 
produced datas in different campaigns, a grid net, which has the same cell size and extend 
as the DTM, was built. The development of the landslide, the last situations of the natural 
objects in landslide area and displacements were  monitored on this grid. 
 

 
Figure 10. Landslide Progression, Left – Campaign 1, Middle –Campaign 2,  Right – 
Campaign 3 
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Figure 11. Landslide Progression, Left – Campaign 1, Middle –Campaign 2,  Right – 
Campaign 3 

 

CONCLUSION 

Meteorological datas provided from the Meteorology Directorate in Çanakkale show us the 
amount of the precipitation beetwen May 2016 - January 2017. The amount of the 
precipitation was high especially November 2016 and January 2017. 

 

Table 1. The Amount of Precipitation per Mounth (kg/m²) 

MONTH PRECIPITATION in 2016 (kg/m²) PRECIPITATION 2017 (kg/m²) 
January 110.2 174.3 
February 88.4 56.8 

March 53.6 22.1 
April 15.0 14.9 
May 26.8 20.9 
June 39.9 36.8 
July - 17.2 

August - - 
September 1.8 - 

October 8.6 - 
November 209.0 - 
December 28.6 - 
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The ground in the study area is watery and the structure of the rocks composed of 
conglomerate-sandstone-mudstone intercalation observed in the study area consist of units 
that pass and do not pass ground and surface water. This, combined with the high slope 
factor, creates a suitable environment for the landslide development. 

Based on the performed analyzes, detailed analysis of the orthomosaics, structual and 
environmental factors in the landslide area, it has been found that the landslide is 
continuously growing.  
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ABSTRACT 
Geological structure of Turkey contains many natural disasters and the effects that they 
shall cause. Millions of our people face with the risk of being exposed to and suffering 
from the effects that natural disasters shall cause. The first step of responding to potential 
risks and making through them with minimum damages is to be prepared. All technological 
solutions must be considered to minimize the potential damages against the destructive 
effect of nature. Regardless of the natural disaster to occur, the preparations to be made 
shall always minimize any potential damage. Inter-regional differential land structures 
lead to the requirement of making a separate preliminary preparation for the risk born by 
each region. In the face of differences in lands structures and the risks that they pose, the 
contribution of the information to be saved the Geographical Information System in the 
disaster plans to be prepared for reasons such as risk of earthquake, landslide etc. is 
incontrovertible. 
Emergency response plans against any potential disaster are primarily based on the time 
for arriving at disaster area for response. Faster people arrive at the disaster area, more 
important steps shall be taken for minimizing the losses of life and property. First of all, 
Geographical Information Systems must be studied for regions, then geographical systems 
must be created for the locally different areas, and information on these areas must be 
considered within the disaster planning. Using this information in the disaster 
management planning shall make serious contributions toward making quick and accurate 
decisions in the process of solution against the disaster occurred. 
Risks to which Turkey is exposed regarding disasters require disaster management to be 
perfect. Presence of a specialized geographical information expert within emergency 
response units in the stage of Disaster management would be a substantially 
complementary solution for response to a disaster. 
 

INTRODUCTION 

Human life has become complicated due to the factors such as increased domestic 
population, complex and unplanned urbanization, etc.  High-rise buildings and the 
settlements that are not suitable for the land structure and located at topographic risk zones 
comprise the factors being effective in increasing the possible losses in cases of disaster. 

mailto:mnkarakoc@hotmail.com�
mailto:oerdogan@bezmialem.edu.tr�
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After each disaster suffered, it is understood that more efforts should be made in the action 
plans and for decreasing the damages from disaster.   

The disasters and emergencies occurred lead to very severe financial losses in addition to 
the losses of life. Considering the investment in technology and man power as a financial 
burden and trying to keep up with the technology only with a time-dependent slow 
momentum lead to more damages.  Time is the most precious thing while responding to a 
disaster or an emergency. Loss of life and property increases in direct proportion to the 
time elapses during the intervention. The interventions performed with missing data will 
cause unnecessary waste of time, money and man power.  

The increase in the information types to be accessed has become one of the factors making 
it difficult to access the information correctly and timely. Having a good command of 
information and technology and using it properly for disaster recovery make up an 
important factor in minimizing any damages.  Utilizing the conveniences brought by the 
technology at the right time and at an adequate level became inevitable in reaching a 
solution. Particularly when the conditions of the human life are considered, all available 
opportunities should be seized. Collecting the available data correctly, using the 
opportunities offered by the technology to assess them accurately as soon as possible, and 
the active role played by the specialists are all very important factors in reaching a 
conclusion by evaluating the processes together and correctly. 

Regarding the disaster and emergency recovery, Geographic Information System is an 
important assistive technology used to measure, map and analyze the areas under the risk 
of disaster. In other words, GIS can be defined as an organization consisting of hardware, 
software and personnel components that fulfill the functions of collecting the geography-
related graphical and non-graphical data from various resources as well as storing, 
processing, analyzing, managing and submitting them as a whole so as to meet the user 
needs (Çelik, et al., 1997). It makes serious contributions to disaster management planning 
in the phase of preparation against natural disaster. The fact that the natural disasters affect 
the geography shows how much all information and solutions to be obtained are needed. 
Minimizing all eventual losses can be possible by utilizing this technology properly and 
efficiently.  

 

NATURAL DISASTERS AND THEIR EFFECTS 

We can call the natural events that result in loss of life and property and are caused by 
natural phenomena briefly as Natural Disasters. Although human factor plays an important 
role in the loss of life and property caused by them, the main factor in their occurrence is 
the natural phenomena. Natural disasters are a reality of the earth, and the mankind must 
sustain their lives with these realities. Natural disasters emerge unexpectedly and affect the 
lives of all communities and living beings that live at the suffering area. They lead to the 
results that damage the general imperative means of life such as settlement, production, 
infrastructure, transportation and communication. While avoiding from the costs of the 
measures to be taken, the costs of the eventual results are heavier; however, adequate 
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measures cannot be taken in this regard. Natural phenomena are the inevitable behaviors of 
the earth. They are impossible to be prevented; however, mankind is able to prevent such 
events to turn into a disaster or minimize the damages as much as possible. Just taking 
steps that will not go beyond these natural phenomena and trying not to act superior to the 
nature are enough. 

“The number of the deaths caused by natural disasters in 2015 was doubled (approx. 10 
thousand people) compared to 2014. The number of deaths in this assessment was 
individually calculated by us through daily monitoring of all disasters around the world 
from the resources, and the following table was created (Table 1). As it is seen in the 
following table, the number of deaths caused by natural disasters was calculated to be 
19,241 in 2015. (Ersoy, 2016). 

 

Table 1. Deaths caused by natural disasters in year 2015 

Disaster Type Loss of Life 

Earthquake 9640 

Volcano N.A. 

Landslide 1147 

Avalanche 341 

Flood and Deluge 1751 

Heavy Winter Conditions 38 

Heavy Temperature Wave 4704> 

Cyclone, Typhoon, Hurricane 884 

Tornado 549> 

Lightning 35 

Dust Storm 8 

Rip Current ~139 

Meteor Fall N.A. 

Total Loss of Life 19,241 

 

We can classify the natural disasters in three groups: 

1. Terrestrial (Geological) Natural Disasters: Earthquake, landslide, rock fall, tsunami, 
volcanic eruption. 

2. Atmospheric (Meteorological) Natural Disasters: Flood-overflow, excessive snow, 
avalanche, fog, frost, storm, lightning, drought. 

3. Biological Natural Disasters: Epidemics, insect invasion. 
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The types of the natural disasters frequently occurring in our country are Geological and 
Meteorological natural disasters. Their rate of occurrence is as follows: 

– Earthquake 61%, 

– Flood 15%, 

– Landslide 14%, 

– Rock fall 5%, 

– Fire 4%, 

– Avalanche 1%. 
THE CONCEPT OF DISASTER MANAGEMENT 

Disaster Management is a very extensive management type that requires utilizing all 
institutions and organizations of the society as well as its resources for a common purpose 
so as to plan the activities to be carried out in the damage reduction, preparation, 
intervention and improvement phases of a disaster in order to prevent the disasters and 
decrease their damages (Kadıoğlu and Özdamar 2006).  As it is understood from the 
definition, disaster management should be conducted through the joint operation of many 
parameters. 

It is not proper to limit the disaster management only to the interventions at the time of the 
disaster and taking steps in this direction to reduce the losses of life and property.  Any 
preparation work to be made before disaster constitute the most important step in reducing 
the activities during and after the disaster and minimizing the loss of life and property.  
This means that disaster recovery starts not during the disaster, but before its occurrence; 
and it is the most effective recovery method. 

Disaster Management is a management model that is achieved through the coordinated 
operation of 4 basic concepts (Figure 1). Disaster Management system is obtained by 
planning and managing each individual phase correctly and then, assessing them in a 
holistic manner. The correct structuring and management of each individual phase directly 
influence the whole and the result. 

 

 
Figure 1. Disaster Management Cycle 
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1. Preparation 

We can consider the preparation phase as the planning, training and implementation before 
and during the disaster. At this point, all risks are identified and set forth, and training and 
planning are ensured for those to be carried out during the disaster. All necessary planning 
is performed by taking measures against all hazards to arise from the disaster, and it is 
aimed to use the time in the most proper manner against all interventions. To that end, the 
personnel to be in charge during the disaster as well as their authority and responsibility 
are identified, organization chart is created and regular implementations and exercises are 
performed. All available technology, equipment and personnel should be availed in the 
preparation phase and their trainings should be followed up carefully. Those to be 
experienced during the disaster should be assessed by realizing various disaster scenarios, 
and all possible troubles should be identified earlier. Remember that each step from the 
bottom to the top unit of the management organization is very important. The most 
important step in minimizing the possible damages is that the organization reaches and 
responds to the tiniest point during the disaster. 

 

2. Damage Reduction 

Within the Disaster Management system, damage reduction should be assessed together 
with the subsequent preparation phase. The infrastructure to be created in the damage 
reduction phase constitutes the basis of the preparation part. The basic rule in damage 
reduction is to eliminate all risks that are possible to be prevented or to take measures to 
minimize them. All technological, scientific and technical R&D activities to be needed in 
such works should be evaluated. It is necessary to focus on technological solutions against 
unpredictable troubles and benefit from all available opportunities. The data to be obtained 
in a short time should be assessed again in a short time, thus they are ensured to make a 
contribution to planning and management. The legal regulations, organizational harmony 
and infrastructure works related to the damage reduction activities planned to be carried 
out as well as their implementation should also be remembered. 

 

3. Intervention 

Shortly, it means utilizing all personnel, equipment and resources to minimize the possible 
losses of life and property during a disaster. In the intervention phase, meeting all 
evacuation, food, drink and accommodation needs of the disaster victims should also be 
considered. The continuity of the communication and transportation networks should be 
ensured.  

 

4. Improvement 

In this phase, the basic purpose is to make efforts which restore the daily life after disaster 
to the condition before disaster. Providing temporary accommodation, meeting the needs, 
sustaining the education and health care systems and providing the disaster victims with 
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psychological rehabilitation are included in the important works in the improvement 
process. For the recovery to the normal life, making plans for the government institutions 
to return their normal activities and implementing them urgently are quite important in this 
phase.  

 

DISASTER MANAGEMENT AND GEOGRAPHIC INFORMATION SYSTEM 

Natural disaster management is a process which can be conducted correctly by combining 
many parameters. As the purpose is to protect the human life against the disasters and 
minimize the loss of life and property, the more accurate the available information and data 
are, the more correct the target to be achieved by the recovery is. When the phases before 
and after disaster are assessed, it is seen that the disaster management is a composition of 
works. It is the effort of the mankind to minimize the destructive effect of the nature, and 
this can be possible with a multi-phase disaster management system. It should be 
conducted under the joint responsibility of the institutions and organizations such as 
international organizations, states, local authorities, NGOs and universities. GIS is a 
correct technological infrastructure both as an international and as a local joint scientific 
field.  

The term Geographic Information System embodies three words: Geography, information 
and system. Geography deals with all processes occurring on the earth and their properties. 
Information is in the heart of the geographic information system and mostly covers the 
storage and analysis of the data. Consequently, system is a structure which tells the 
network of relationships among the computer, data and human by asking questions and 
exploring new answers (Ludwig and Audet, 2000). 

The most important property distinguishing the GIS from other database systems that it 
stores all data in relation to their space on the earth and enables to make a variety of spatial 
associations, i.e. several analyses among them. Thus, the GIS, which allows for various 
analyses and queries as well as enables to view all results and data in the form of a map 
associated with the area, constitutes the most important information system that can be 
used in the disaster-related researches and all works related to the disaster management 
(Demirci and Karakuyu 2004). As it is seen, the fact that the GIS has the meaning of a 
scientifically common language also makes the international information and data sharing 
easier. By assessing the data and information of the natural phenomena in a country, it is 
possible to evaluate the behaviors of those events in another country, to make risk 
analyses, to draw risk maps and to use them in all phases (Preparation, Damage Reduction, 
Intervention, Improvement) of disaster management.  

We can group the contributions of the GIS to the Disaster Management under the 
following headings: 

 

1. It Provides a Fast Information Flow:   
The collaboration among the institutions is very important when creating the geographic 
database. Thus, the results obtained following the cooperation will be more clear and 
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available to use. In this regard, it is important that all parameters used should be standard. 
It is necessary for the institutions and organizations taking part and being in charge in the 
disaster management to access these data as well as share their works easily. The data 
being in the same format with the GIS are collected in a common base and stored in a 
manner where they can be used instantly by the organizations. Analyzes can be made by 
benefiting from these data at any time, and they can be instantly shared with other 
institutions and organizations.  

 

2. It Provides Accurate and Effective Information Sharing: 
As the GIS is technology-based, this increases the accuracy of the results such as maps, 
analyses, tables, etc. obtained from the data and information entered in the system and 
minimizes the margin of error. Likewise, the possibility to obtain the computer-based, 
instant printouts of these data saves a significant time in disaster management. Many 
different parameters are needed in disaster management and the ease of reaching them can 
positively affect the disaster recovery process.  

 

3. Ease of Updating: 
The change in the social conditions getting faster day by day is the most important reason 
for the requirement of updating the available data continuously. The first step for reaching 
the correct data and information is that the structural changes both in the urban and in the 
rural areas as well as the changes to the settlements are up to date. If the available data and 
information are missing or incorrect during the disaster, it may result in the chain of 
incorrect decisions and interventions in the management process. However, the operation 
of the GIS system on a common database with all institutions and organizations enables all 
users to receive the instant updates immediately.  

 

4. It Provides Increased Efficiency: 
In the disaster management, the human factor is one step forward no matter how advanced 
the technology you have. Assigning specialist people and directing these people with a 
correct planning ensure both to reach the correct data and to achieve it in a very short time. 
The fields of work and the distributions of tasks of the specialists are more clearly 
specified by using the GIS, thus everybody has adequate time to work in their fields of 
specialty. This prevents unnecessary labor loss and avoids the loss of time being the most 
important thing in disaster recovery. As the GIS system provides the time enabling to 
assign correct people at right places, this also increases the efficiency significantly.  

 

CONCLUSION 

Disaster recovery must be one of the primary national targets in our country which always 
faces with the disaster risk and was occasionally subject to severe losses of life and 
property. Due to its geographic location, the losses caused by all the natural disasters are 
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accordingly high. All technological opportunities should be used so as to struggle with 
such a great risk correctly and timely, and efforts should be made to develop them. Against 
these risks, Turkey should not only use the technology, but also develop this technology by 
adapting it to its conditions. Being an important technology in natural disaster recovery, 
GIS is a correct solution point for that purpose. Turkey should not only use the GIS, but 
also develop it against these risks. It should be developed according to our institutions, our 
communication system among the institutions and our natural disaster recovery system, 
opportunities enabling its use by the individuals should be provided and necessary 
trainings should be offered. 
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ABSTRACT 

Biodiversity of a region is directly depends on biotope variation and environmental 
comfort for the life. Biotope variation is caused landscape complexity and this situation is 
provided life condition for many various types of living organisms. In this research, 
biodiversity of the Bendimahi Basin that is located around Van Lake, was predicted using 
landscape complexity and bird species by a simple biodiversity index (SBI) in GIS 
environment. Research designed in three stages to be; Land use cover classification to 
define habitats in 30m spatial resolution, habitat definition of the birds using interactive 
open source spatial and literature based maps to weight the habitat priorities and 
fuzzyfication and weighting the all habitats in 300m spatial resolution. A biodiversity 
mapping model was developed using areal diversity of the biotope in a grid (%), priority 
degree of the biotope (defined from birds) and biotope variation in a grid (biotope count).  
Biodiversity map of the region was produced between 0 and 1 values in 300m spatial 
resolution. Mapping results showed that particularly wetland areas and diverse natural 
landscapes were richer than other places on biodiversity. Pure alpine areas was of the 
worst biodiversity degree in the region.  

 

INTRODUCTION 

Biodiversity is described shortly to be variety of the species in a Landscape (biome, basin, 
ecosystem etc.). Biodiversity is included three factors that are directly related each other as 
ecological variability (topography, land form, Land Use Cover etc.), climate variability, 
and interactions between species (Çetiner, 2010). Therefore, landscape complexity per area 
can be an indicator of the biodiversity. According to the Conception et al. (2008), 
Landscape complexity and biodiversity have a sigmoidal relationship in positive way, and 
if a landscape of an area has complex structure, biodiversity of the region can be higher 
than less complex landscapes (Figure 1).  

 

                                                           
* Corresponding  author 
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Figure 1. Biodiversity vs. Landscape complexity theoretical chart (“1” homogenous 
landscape, “2” complex landscape)   

 

There are many biodiversity index directly related with living organisms in the world such 
as Red List Index (RLI) and Living Planet Index (LPI). Also satellite remote sensing 
techniques are allowed to monitor the landscape variation including biodiversity, 
vegetation and physical structure (Saatchi et al. 2008, Nagendra et al. 2010). A complex 
landscape is contains many different biotopes. However, all biotopes have various 
biodiversity capability. Only defining the landscape complexity is not enough to see the 
real biodiversity. For example, some landscape metrics like shannon’s landscape diversity 
index (SDI), is showed only habitat richness in a grid, but it is not identified species 
variability.  

Nowadays, biotopes or habitats can be detected using appropriate remote sensing 
techniques easily (Şatır and Berberoğlu 2012). However defining biological capability of a 
biotope is needed in situ measurement or monitoring. In this point, bio indicators are 
commissioned. An effective bio indicator must be countable, easily obtainable, reliable, 
understandable and analytical (Gregory et al. 2003). In this point, birds are outshined in the 
literature because of their capability as a bio indicator. Variability of the birds in a region is 
indicated that there might be many food sources and habitats in a region, and this condition 
is provided living area for the life (plants, mammals etc.).  

The purpose of the paper was to map the biodiversity considering habitat variability and 
bird species in GIS environment. In this extent, Land Use Cover (LUC) image of the study 
area was derived from a previous study using remotely sensed data.  

 

STUDY AREA AND DATA 

Bendimahi River Basin is a part of the Van Lake Basin that is located in Eastern Turkey. 
Total area is approximately 175194 ha. Typical terrestrial climate is dominant, and alpine 
climate and lands are stated in higher than 2200 m. Dominant LUC is grassland and rocky 
areas. Topography is variable and elevation range is 1645 – 4000 m (Figure 2).  
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Figure 2. Location of the Bendimahi Basin (Study area) 

 

The main dataset of the study was LUC map of the region that was produced from Multi-
Temporal Landsat 8 dataset using object based classification approach. This LUC map was 
obtained from Şatır et al. (2017).  

Another dataset was bird monitoring records. These records were integrated from Turkey’s 
bird bank interactive database (TBB, 2015), Bird guide of Turkey (Eken and Çağlayan, 
2005), Turkey and Europe Birds (Heinzel et al. 1995), and E-bird android application.  

 

METHOD 

In this study, a simple biodiversity index (SBI) was developed for the Bendimahi Basin. 
SBI are contained three main variables to be areal diversity of a habitat in a grid (A), 
priority of the habitat on biodiversity (P) and habitat variability in a grid (H). Simple model 
established as following:  

SBI = A * P * H           (1) 

Land use cover data was obtained from Şatır et al. (2017) with a very good accuracy 
(kappa = 0.92) in 30m spatial resolution. LUC are included six main habitat as settlement, 
grassland, agriculture, bareground, rocky and mountain regions and wetland. All habitats 
were aggregated to 300X300m resolution and areal diversity of each habitat in per grid was 
calculated.  

In second stage, total habitat counts in a grid was determined and priority of each habitat 
was derived from total bird species of habitats.  



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

535 
 

RESULTS 

Results were presented in three stages; i) habitat variability analyses in 300m spatial 
resolution, ii) defining the areal diversity of the each habitat, and iii) detecting the weights 
of habitats based on bird species.  

i) Habitat variability analyses; It is not possible to obtain general biodiversity value of a 
landscape in very high spatial resolution because of various living organism requirements 
like habitat bigness and variability. So in this study minimum grid scale was defined to be 
300X300m. Mapping scale of the LUC image is 30m spatial resolution and this image is 
aggregated to 300m resolution following a simple fuzzyfication process. So that each grid 
may be contained more than one habitat. While the habitat counts of a grid is high, it is 
mean that biodiversity is high due to landscape complexity (Table 1, Figure 3).  

 

 Table 1. Habitat counts and total areal coverage in the study area (300m spatial Res.)  

Habitat count(s) Area (ha) Cover in total study area (%)  

1 40365 22 

2 78201 43 

3 55592 31 

4 6552 4 

5 90 <1 

 

 
Figure 3. Habitat count(s) in a grid  

 

On the other hand, ii) defining the areal diversity of the each habitat was a very important 
stage and only habitat variability was not enough to evaluate the biodiversity of a region. 
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In this point we need to know the habitat priority and areal diversity of each habitat. In 
fuzzy form, habitat areal diversity in a grid was calculated as percent cover (%) (Figure 4). 

 

 
Figure 4. Areal diversity of the habitats (%) (a: wetlands, b: bareground, c: grassland, d: 
rock and mountainous areas, e: agriculture, f: settlement).  

 

iii) Detecting the weights of habitats based on bird species; was the third stage. Bird 
species counts were obtained from various interactive and hardcopy sources for the each 
classified habitat. In total 147 bird species were integrated with the habitats that were 
existed in the study area (Table 2). Weights of the habitats were derived from bird species 
counts in each habitat.  

 

Table 2. Distribution of the bird species in habitats and habitat weights for SBI. 

Habitat name Bird species count Priority degree (weight) 

Agriculture 38 0.16 

Wetland 60 0.26 

Grassland 24 0.11 

Bareground 32 0.14 

Rocky and mountainous landscape 40 0.17 

Settlement 38 0.16 

TOTAL  232* 1 

  * Some birds can be located more than one habitat so it is more than monitored bird’s 
counts.  
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Model was created like equation (1), and SBI run using the user friendly raster model 
maker tools. SBI results are between 0 and 1, and “1” refers high biodiversity and “0” low 
biodiversity.  

In the study area, the highest biodiversity was predicted around the wetlands and the 
fragmented sub-alpine regions. Whereas the lowest values were at the bareground and 
monotype grassland areas (Figure 5).  

 

 
Figure 5. SBI values of the study area in 300m spatial resolution.  

 

CONCLUSIONS 

In conclusion; this research mentality was based on a positive relationship between 
landscape complexity and biodiversity. This was the preliminary results, and validation 
progress is still needed. For this study, field measurements of the bird species were used 
and according to the preliminary results, SBI has an impressive accuracy. Only LUC data 
and bird species according to the habitats were enough to create this simple model. Also 
this index was derived globally comparable result between 0 and 1. So that SBI values of 
the other regions can be used to identify the biodiversity difference, but same LUC 
classification scheme and same methodological procedure must be followed.  
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ABSTRACT 

In this study, two different dimension reduction methods namely Principle Component 
Analysis (PCA) and Non-Linear Principle Component Analysis (NLPCA) were applied to 
Indian pines hyperspectral test data acquired by AVIRIS airborne platform.  The 
performance of each method was evaluated in terms of reconstruction errors and Support 
Vector Machine (SVM) classification accuracy. Results of the study demonstrated that 
hyperspectral data could be better represented with non- linear components compared to 
linear components. SVM classification of NLPCA using 4 components provided higher 
accuracy with %70, when compared to SVM classification of PCA which provided %68 
accuracy using 4 components for the 16 LCLU classes defined in reference classification 
data. In addition, SVM classification accuracy tend to increase with increased number of 
components for both methods. Moreover, reconstruction of the data from NLPCA 
components resulted with less erroneous pixels than reconstruction from PCA components. 
Similarly, reconstruction efficiency increased with increased number of components for 
both methods. Lastly, the computation cost for NLPCA method is higher than the PCA 
method due to its complex structure thus, it is recommended to consider the processing 
performance and hardware requirements to apply the method in further studies.    

 

INTRODUCTION 

Hyperspectral sensors acquire images including hundreds of spectral bands with narrow 
wavelength ranges acquired from different wavelength portions of electromagnetic 
spectrum. Each pixel in image has a detailed and unique spectral signature that represents 
the spectral characteristics of the surface This important property of hyperspectral images 
makes them to be appropriate data source for various application such as crop type 
identification, tree species determination, mineral identification, and thematically detailed 
land cover/use (LCLU) mapping (Melgani and Bruzzone, 2004; Chang, 2003; Chang 
2007). 

While high spectral resolution is important advantage for information extraction 
considering the valuable spectral information that could be obtained from different bands 
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for different land categories, high storage space and computing power requirements are 
regarded as the main disadvantages of hyperspectral data processing. Moreover, increase in 
the spectral bands brings out complexity in analysis performance. Hughes (1968) reported 
that classification accuracy decreases when the input information amount exceeds a certain 
threshold.  

Therefore, dimension reduction for hyperspectral data is an important preliminary step 
before applying further image processing techniques in order to minimize these 
disadvantages and problems (Landgrebe, 2005). Dimension reduction methods aim to 
transform the high dimensional original data space to a lower dimension vector space with 
minimum loss of information. 

Principal Component Analysis is a statistics based technique widely used in remote sensing 
applications that converts the data from high dimension vector space to low dimension 
vector space (Journaux et al., 2006).  This method uses the eigenvalues and eigenvectors 
from the variance – covariance matrix of the data and defines linear shaped principal 
components that perpendicular to each other and oriented towards the regions where the 
variance is large (Abdi and Lynne, 2010). Non-Linear Principle Component Analysis 
(NLPCA) is a modified version of PCA that components are now defined with curves 
instead of linear lines. Components are calculated by use of auto associative neural 
networks in this approach (Kramer, 1991; Scholz, 2005).   

The efficiency of PCA for representation of hyperspectral images in low dimension vector 
space has already been approved by recent studies (Lennon et al. 2002; Journaux et al., 
2006). This study, additionally investigates the performance of NLPCA method in 
dimension reduction of hyperspectral images within comparison to PCA method. 
Comparisons were performed using reconstruction errors and classification accuracy 
values.  Support Vector Machine (SVM) was selected as the classification method to 
investigate the classification accuracies of the data produced by NLPCA and PCA 
methods. SVM algorithm asserted to provide higher performance and accuracy in satellite 
image classification in several researches (Hermes et al., 1999; Melgani and Bruzzonne, 
2004).  

In summary, this study investigates the efficiency of NLPCA and PCA methods in 
dimension reduction of hyperspectral images. Efficiency comparisons were performed by 
reconstruction errors and classification accuracy of the data. Processing time was also 
taken into account in order to discuss the efficiency – cost relationship for the methods. 

 
DATA 
The Indian Pines hyperspectral image data acquired by AVIRIS airborne platform in 1992 
was used in this study. Data has a size of 145x145 pixels and consists of 220 spectral bands 
acquired between 400 – 2500 nanometer range of the electromagnetic spectrum. Image 
data is distributed with ground based reference data that consists of 16 classes 
(Baumgardner et al., 2015). Original hyperspectral data is presented in Figure 1 and class 
information of the reference data is given in Table 1. 
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Figure 1. Original Indian Pines hyperspectral image. 

 

Table 1. Class names and number of samples in the ground based reference data. 

No Class name (# of Samples) No Class name (# of Samples) 

1 Alfalfa (46) 9 Oats (20) 

2 Corn-notill (1428) 10 Soybean-notill (972) 

3 Corn-mintill (830) 11 Soybean-mintill (2455) 

4 Corn (237) 12 Soybean-clean (593) 

5 Grass – pasture (483) 13 Wheat (205) 

6 Grass-trees (730) 14 Woods (1265) 

7 Grass-pasture-mowed (28) 15 Buildings-Grass-Trees-Drives (386) 

8 Hay-windrowed (478) 16 Stone-Steel-Towers (93) 

 

METHODOLOGY 

Principal Component Analysis (PCA) 

PCA method aims to express high dimensional data in a lower dimension space with 
minimum loss of information. Components can be derived from the eigenvalues and 
eigenvectors of variance-covariance matrix (Abdi and Williams, 2010). In other words, 
PCA can be explained as follows in order to relate it with NLPCA. 

If Y is considered as the matrix defining the hyperspectral image data (n x m, n: band 
amount in image data, m: total pixel amount in one band of the image), PCA factorizes the 
Y matrix in optimum way to form T (n x f, f: component number) score matrix and E (n x 
m) increment matrix. Process can be defined with following equation (Kramer, 1991): 

Y = T PT

Optimum factorization condition of Y matrix is satisfied when Euclid norm of E matrix is 
minimized. P (mxf) matrix in Equation (1) represents the eigenvectors corresponding to 
biggest eigenvalue (f) in Y matrix (Kramer, 1991). 

 + E                                            (1) 
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According to these information, PCA can be defined as a transformation function that 
transforms the original data space to f dimensional vector space. This transformation can 
be presented as Equation (2):  

 

                               T = Y P                                                              (2) 

In Equation (2) Y represents a row in Y matrix while, T represents the coordinates of this 
row in f dimensional new vector space. In this form P represents the linear transformation 
coefficients (Kramer, 1991). Loosed information due to this transformation (E) can be 
regained with reconstruction process.  

                            

                                Y’ = T PT 

          E = Y – Y’                                                       (4) 

                                                        (3)
   

In Equation (3) and (4) Y’ corresponds to coordinates of T component (gathered by 
transformation) in original data space Reconstruction error (E) can be derived by 
calculating the difference between Y and Y’. Euclid norm of the E will decrease with 
increment in component number (f).  

 

Non – Linear Principal Component Analysis (NLPCA) 

With a similar approach of PCA, NLPCA aims to transform the original data space to a 
lower dimension space. However, a non-linear transformation function is proposed in 
NLPCA method (Kramer, 1991) where PCA uses a linear function. Proposed 
transformation is described in Equation (5): 

  

                  T = G(Y)                                                   (5) 

When Equation (5) is compared to Equation (2), G represents the coefficients of the non-
linear transformation function which is represented by P (coefficients of linear 
transformation function) in Equation (2). Moreover, reconstruction function for PCA given 
in Equation (3) can be modified for NLPCA as presented in Equation (6): 

 

     Y’ = H(T)                                                (6) 

Where H represents the coefficients of reconstruction function and it consists of non-linear 
function coefficients likewise G. 

The E matrix related to NLPCA transform is also calculated by use of Equation (4). The 
selection of G and H vector functions is performed according to the condition which 
minimizes the Euclidian norm of E matrix. Construction of the G and H functions can be 
performed by use of artificial neural networks that is defined in Equation (7): 
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   𝑉𝑘 = � 𝑤𝑖𝑗𝑘𝜎�∑ 𝑤𝑖𝑗1𝑢𝑖 + 𝜃1
𝑁1
𝑖=1 �

𝑁2

𝑗=0
                                  (7) 

Equation (7) defines the general form of forward feed artificial neural network which can 
be used to solve any form of non-linear equation with an acceptable approximation to 
desired accuracy (Cybenko,1989). N1 defines the number of bands in original 
hyperspectral image while N2 defines the number of intermediate layers that are composed 
of non-linear activation functions. wijk

Tangent sigmoid activation function was used in this study to obtain the non-linear 
components as outputs (Equation 8): 

 is the relative weight coefficient between I cell in k 
layer and j cell in k+1 layer. 

𝜎(𝑥) = 2
1+𝑒−2𝑥

− 1                                                                                  

Tangent sigmoid function provides results between [-1, 1] range which is suitable as an 
activation function in this study as normalized data inputs are used. 

(8) 

 

Support Vector Machine (SVM) Classification 

SVM is a commonly used classification method in remote sensing applications (Alganci, 
Sertel, Ozdogan, & Ormeci, 2013; Melgani and Bruzzone, 2004; Huang, Davis, & 
Townshend, 2002). Main purpose of SVM is to transform the original data space into a 
bigger dimension space with use of kernel function and define the hyperplane which 
maximizes the distance between the samples collected from different land cover/use 
classes (Mountrakis, Im, and Ogole, 2011). In this research, reference class samples for 16 
classes were selected over 3 data sets namely original hyperspectral image, PCA 
transformed images (2-3-4 components) and NLPCA transformed images (2-3-4 
components). Then, SVM algorithm was applied on data sets, selecting the radial basis 
function as kernel. 

 

RESULTS AND DISCUSSION 

In this research, performances of PCA and NLPCA were evaluated by reconstruction and 
classification processes. Firstly, components derived from PCA and NLPCA 
transformations were reconstructed and compared with the original data in order to 
determine how efficiently transformed components preserve the original information. 
Reconstruction error can be calculated by counting the pixels that has different value from 
the original data and can be considered as a metric of data preservation success.  
Reconstruction errors were calculated for components (1-7) of PCA and NLPCA 
transformation and results were presented in Table 2. 
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Table 2. Reconstruction errors of PCA and  NLPCA methods. 

Number of Components 1 2 3 4 5 6 7 

PCA 56019 14188 11527 10065 9932 9208 8563 

NLPCA 37838 12585 10479 9994 9920 9912 9905 

 

According to Table 2, NLPCA outperformed PCA in reconstruction process performed for 
the first 5 components by demonstrating lower reconstruction errors. While lower 
reconstruction error achieved for 5 components in NLPCA approach, it is clearly seen that 
reconstruction error values converged each other.  Thus, it can be strongly asserted that 
NLPCA transform preserves the original information comparatively better than the PCA 
transform method for the first 5 components. While reconstruction errors keep improving 
in PCA approach, they are approximately same as the 5 

As a second comparison method; original image data, PCA transformed data (2-4 
components) and NLPCA transformed data (2-4 components) were classified by use of 
SVM algorithm. Same sample set was used for whole classification process to prevent 
effects of sampling in results. Figure 2 presents the results of classification with reference 
class description. 

components result in NLPCA 
approach for 6 and 7 components. This comparison show that NLPCA approach gives 
significantly better results when small number of components are used.  

 

 
Figure 2. SVM classification results: reference classes (a), original image classification (b), 
4 component NLPCA classification (c), 4 component PCA classification (d).  
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After classification process, accuracy assessment was performed for each classified image 
with same reference class data. Results of the accuracy assessment were given in Table 3. 
According to accuracy assessment, NLPCA again outperformed the PCA method with 
around 2-3% improvement and providing closer accuracy to original image classification 
results. Moreover, increasing the component number directly increases the accuracy of 
classification for both NLPCA and PCA methods. 

 

Table 3. Overall accuracy and kappa results of SVM classification 

 

 

 

 

 

 

 

 

 

 

Another important factor to evaluate the efficiency of methods is the processing time. For 
this study, PCA transformation method required less time to produce components when 
compared to NLPCA method. PCA method required seconds to produce 4 components 
from original data while NLPCA needed hours to produce 4 components with a mid-range 
desktop computer. Time consumption of the NLPCA method is directly related to its 
iterative calculation steps. Reducing the iteration number reduced the time consumption 
but also reduced the classification accuracy. 

 

CONCLUSIONS 

Results of this study proved that, NLPCA method represents the original data better than 
PCA method. Dimension reduction with LPCA method resulted with better classification 
accuracies when compared to PCA method. Moreover, reconstruction from NLPCA 
transformed data was more successful than the PCA transformed data. However, NLPCA 
method consumed considerably much time to transform the data which is an important 
drawback of the method. Integration of deep learning techniques into NLPCA method is 
planned for further studies to overcome this drawback. A faster modified NLPCA method 
is anticipated by preparation of a training data set from several hyperspectral sensor data 
and deriving parameter weights from this training data set to be applied in transformation.     

 

Number of Components 2 3 4 

PCA 
Overall 
Acc. 58% 65% 68% 

Kappa 52% 60% 64% 

NLPCA 
Overall 
Acc. 61% 67% 70% 

Kappa 55% 63% 66% 

Original 
Data 

Overall 
Acc. 74% 

Kappa 70% 
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ABSTRACT 

Hyperspectral images offer detailed colour information owing to their high spectral 
resolutions. These images are being used in many practical applications for better 
interpretation of the surface of the earth. One of the biggest disadvantages of this type of 
images is that they include repetitive information, which may be considered redundant for 
most classification applications. In such cases, it is more reasonable to reduce the data to 
minimize the computational load while increasing the classification accuracy. Another 
procedure that may be useful to increase the classification accuracy is the integration of 
complimentary data like texture information to the hyperspectral image to be classified. In 
this study, the Gabor and Grey Level Co-occurrence Matrix (GLCM) based texture 
information is exploited together with Principle Component Analysis (PCA). The 
performance of classification is evaluated with the Support Vector Machines (SVM) 
classifier to investigate whether or not the texture information is capable of increasing the 
classification accuracy. In this study texture information is used not only for increasing the 
classification accuracy, but also for analysing useful texture features according to their 
capability to classify different regions on hyperspectral images of different areas like 
urban, rural or suburban. In order to evaluate and compare the results with other studies, 
publicly available hyperspectral images are used in this study. Results show that texture 
information can improve classification performance over what is achieved by using 
spectral information or data itself.  

 

INTRODUCTION 

Land cover mapping is beneficial in many application areas. It facilitates the easier and 
comprehensive interpretation of the surface of the earth. Classification of remotely-sensed 
images is a common way of land cover mapping. Various image classification algorithms 
have been reported in the literature. The Artificial Neural Networks (ANN), Random 
Forest (RF), Rotation Forest (RTF) and Support Vector Machines (SVM) algorithms are 
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some of the state-of-the-art classifiers. Multispectral images are often used to create 
thematic maps owing to their advantages to enable the analysts to benefit from multiple 
wavelength intervals. However, classification of land cover features may not always be 
possible with multispectral images, especially in terrains with features having similar 
spectral characteristics. In such cases, it would be more reasonable to use hyperspectral 
images, which offer a huge number of spectral bands. This, of course, enables the easier 
separation of features with similar colours. The main disadvantage of hyperspectral images 
is that they mostly contain redundant information, which should be avoided for the sake of 
the ease of the processing. Principal Component Analysis (PCA) is a commonly-used data 
reduction method used in many remote sensing applications in order to reduce 
hyperspectral images to smaller-dimension ones that include majority of the image content. 
Lim et al. (2001), Radarmel and Shan (2002), Cheng et al. (2004), Fauvel et al. (2006), Du 
and Fowler (2007,2008) and Chen and Qian (2011) were just some of the researchers who 
used the PCA method on hyperspectral images. One other way to enhance the 
interpretability of the surface of the earth is to use texture information, which is helpful to 
identify objects or regions of interest in images (Haralick et al., 1973). In the literature, 
many studies utilized texture information to increase the interpretability of remotely-sensed 
images (Haralick et al., 1973; Weszka et al., 1976; Permuter et al., 2006; Bau et al., 2010; 
Huo and Tang, 2011; Su et al., 2015; Mirzapour and Ghassemian, 2015; Imani and 
Ghassemian, 2016; Li et al., 2017).  

The aim of this study is to increase the performance of the SVM classifier by means of the 
PCA transformation and texture features extracted from the Gabor and GLCM (Grey Level 
Co-occurrence Matrix). Detailed information about the used methodology and explanations 
of the used texture features are given in the following section. 

 

TEXTURE EXTRACTION 

The GLCM aims extracting texture information by means of the relationships among the 
grey values in an image (Tso and Mather, 2009; Akar, 2013). A GLCM contains the 
conditional-joint probabilities of all pairwise combinations of grey levels in an image 
(Clausi and Jernigan, 1998). Images with a number of homogenous areas include 
neighbouring pixel pairs having similar grey values. In such cases, similar grey values 
seem as relatively greater values gathered around the diagonals (Tso and Mather, 2009; 
Akar, 2013). Haralick et al. (1973) proposed a set of 14 textural features that can be 
derived from a GLCM. These features contain information regarding such textural 
characteristics as homogeneity, contrast, grey level linear dependencies, complexity of the 
image etc (Haralick et al., 1973). In this study, 8 of the textural features are used, which 
were given by Haralick et al. (1973) as; 

• Mean: The local mean within the processing window. 
 

• Variance: ��(𝑖 − 𝑢)2𝑝(𝑖, 𝑗)

𝑁𝑔

𝑗=1

𝑁𝑔

𝑖=1

 (1) 
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• Homogeneity: ��
1

1 + (𝑖 − 𝑗)2
𝑝(𝑖, 𝑗)

𝑁𝑔

𝑗=1

𝑁𝑔

𝑖=1

 (2) 

 

• Contrast: � 𝑛2 ���𝑝(𝑖, 𝑗)

𝑁𝑔

𝑗=1

𝑁𝑔

𝑖=1

�

𝑁𝑔−1

𝑛=0

 (3) 

 

• Dissimilarity: � 𝑛���𝑝(𝑖, 𝑗)2
𝑁𝑔

𝑗=1

𝑁𝑔

𝑖=1

�

𝑁𝑔−1

𝑛=0

 (4) 

 

• Entropy: − � � 𝑝(𝑖, 𝑗) log�𝑝(𝑖, 𝑗)�

𝑁𝑔−1

𝑗=0

𝑁𝑔−1

𝑖=0

 (5) 

• Second Moment: � � {𝑝(𝑖, 𝑗)}2
𝑁𝑔−1

𝑗=0

𝑁𝑔−1

𝑖=0

 (6) 

 

• Correlation: 
∑ ∑ (𝑖, 𝑗)𝑝(𝑖, 𝑗) − 𝜇𝑥𝜇𝑦

𝑁𝑔−1
𝑗=0

𝑁𝑔−1
𝑖=0

𝜎𝑥𝜎𝑦
 (7) 

 

where, 𝑝(𝑖, 𝑗) is the (𝑖, 𝑗)P

th

The Gabor filter is another widely-used texture extraction method. The aim of the Gabor 
filter is to extract edge information in a specific direction and scale. Mirzapour and 
Ghassemian (2015) stated that scale-direction filters ℎ𝑠,𝑑(𝑥,𝑦) are obtained by using 

 entry in the GLCM and 𝑁𝑔 is the number of distinct grey levels 
in the quantized image (Haralick et al., 1973). 𝜇𝑥 and 𝜇𝑦 are the mean of the 𝑝𝑥, whereas 
𝜎𝑥 and 𝜎𝑦 are the standard deviations of the 𝑝𝑦. Note that 𝑝𝑥 is the marginal-probability 
matrix derived by summing the rows of the 𝑝(𝑖, 𝑗). 

 

ℎ𝑠,𝑑(𝑥,𝑦) = 𝑎−𝑠𝜙(𝑋,𝑌) (8) 
 

from a mother wavelet, 

 

𝜙(𝑥,𝑦) =
1

2𝜋𝜎𝑥𝜎𝑦
𝑒𝑥𝑝 �−

1
2
�
𝑥2

𝜎𝑥2
+
𝑦2

𝜎𝑦2
� + 2𝜋𝑗𝑈ℎ𝑥� (9) 

 

in which, 
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𝑎 = �
𝑈ℎ
𝑈1
�

1
𝑁𝑠−1

 

 

𝜎𝑥 =
(𝑎 + 1)√ln 4
2𝜋(𝑎 − 1)𝑈ℎ

 

 

𝜎𝑦 =

�ln 4 − � ln 4
2𝜋𝑈ℎ𝜎𝑥

�
2

2𝜋 tan � 𝜋
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ln 4

𝑈ℎ(2𝜋𝜎𝑥)2�
 

 

𝑋 = 𝑎−𝑠 �(𝑥 − 𝑥0) cos �
𝜋𝑑
𝑁𝑑
� + (𝑦 − 𝑦0) sin �
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𝑁𝑑
�� 

 

𝑌 = 𝑎−𝑠 �−(𝑥 − 𝑥0) sin �
𝜋𝑑
𝑁𝑑
� + (𝑦 − 𝑦0) cos �

𝜋𝑑
𝑁𝑑
�� 

(10) 

 

where, 𝑠 ∈ {1, … ,𝑁𝑠} and 𝑑 ∈ {1, … ,𝑁𝑑} are the scales and directions of wavelets, 
respectively. 𝑥0 and 𝑦0 define the centre coordinates of the filters. 𝑈1 and 𝑈ℎ are the 
minimum and maximum centre frequency of filters, respectively (Mirzapour and 
Ghassemian, 2015). 

Scale-direction filters are applied to images by employing sliding windows. Application of 
Gabor filters to a single-band image results in a feature vector with 𝑁𝑑 × 𝑁𝑠 elements for 
each pixel (Mirzapour and Ghassemian, 2015). Mirzapour and Ghassemian (2013,2015) 
stated that 4 directions and 6 scales are appropriate for most cases.  

 

IMAGE CLASSIFICATION 

The SVM algorithm, which is based on the statistical learning theory (Vapnik, 1995), is 
used in this study to classify the images. The SVM classifier aims to find the optimum 
hyperplane that maximizes the margin between classes (Tso and Mather, 2009). In cases 
where classes are linearly separable, the algorithm generates two parallel planes 
maximizing the margin between classes and the optimum hyperplane is placed in the 
middle of these parallel planes (Vapnik, 1995). However, in most cases, classes are not 
separated linearly. In such cases, the separability between classes is increased by projecting 
the data onto a higher-dimensional space by means of non-linear functions such as linear 
kernel function, polynomial function, radial basis function, sigmoid function etc. In this 
study, the radial basis function (RBF) is used with the SVM classifier. The RBF is given 
as; 

 

𝐾�𝑥𝑖, 𝑥𝑗� = 𝑒𝑥𝑝 (−𝑔‖𝑥𝑖 − 𝑦𝑖‖2) (11) 
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where, 𝑔 is the gamma term (ENVI Field Guide) and {𝑥𝑖 ,𝑦𝑖} is the training set consisting 
of 𝑘 training samples (𝑥 is an 𝑁-dimensional space and 𝑦 is the classes’ labels). Further 
information about the SVM classifier can be found in Vapnik (1995), Sherrod (2003), 
Oommen et al., (2008), Tso and Mather (2009), and Kavzoglu and Colkesen (2009).   

 

EXPERIMENTAL DATA 

In this study, the Indian Pine hyperspectral data is used, which was acquired by the 
AVIRIS sensor in 1992. The data has 220 spectral bands (145 x 145 pixels) with a spatial 
resolution of 20 m. The study area includes a mixture of forest and agricultural features. 
The dataset includes 20 water absorption bands (bands 104-108, 150-163 and 220), which 
should be discarded from the dataset to avoid their possible adverse effects to classification 
result. Visual examination of all bands of the dataset revealed that 37 of the bands (1, 57, 
61, 75, 80, 89-91, 103-107, 143-147, 151, 152, 188-200) contained a huge amount of 
noise. These noisy bands were discarded from the dataset. As a result, 167 bands were 
decided to use. A false-colour image and ground truth map are shown in Figure 1. The 
study area consists of 16 land cover classes, which are given in Table 1. Note that the 
classes with few samples were ignored and only the classes shown in bold were used in 
this study. 

 

  
Figure 1. False-colour image (left) and ground truth map (right) of the study area. 

 

Table 1. Land cover classes with their number of samples. 

Class Samples Class Samples 
Alfalfa 46 Oats 20 

Corn-no till 1428 Soybean-no till 972 
Corn-min till 830 Soybean-min till 2455 

Corn 237 Soybean-clean 593 
Grass-pasture 483 Wheat 205 

Grass-trees 730 Woods 1265 
Grass-pasture-mowed 28 Buildings-Grass-Tress-Drives 386 

Hay-windowed 478 Stone-Steel-Towers 93 
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METHODOLOGY 

In order to reduce the computational load, a PCA were performed to the 167-band dataset 
(HS=Hyperspectral Image). The PCA transformation enables the dataset to transform into 
another space in which the correlations between the transformed bands are minimized. The 
first principal component of the transformed image contains most of the total variance, 
which means that it may represent most of the details in the dataset. Hence, the GLCM and 
Gabor texture extraction procedures were conducted on the first principal component. 
Different combinations of the 167-band dataset, and GLCM and Gabor texture features 
were classified with the SVM algorithm to see if these texture extraction algorithms were 
able to increase the performance of the SVM classifier. Note that 150 training samples 
were used for each class to train the SVM classifier and the optimum parameters (C=215 
and γ=2-2) of the SVM were found with a two-fold cross-validation technique. The ENVI 
software was used to perform the GLCM texture extraction. The software uses eight 
features as the mean, variance, homogeneity, contrast, dissimilarity, entropy, second 
moment and correlation, which were aforementioned before. The software computes the 
GLCM features with three parameters; processing window, which was set to 11x11; co-
occurrence shift, which was set to [0 1]; and grey scale quantization levels, which was set 
to 64.  The Gabor filter was performed by using the MATLAB script developed by 
Haghighat et al., (2015). The script uses six parameters to operate; d1 and d2

 

, which are the 
factor of downsampling along rows and columns, were set to 4; u, which is the total 
number of scales, was set to 6; v, which is the number of orientations, was set to 4; m and 
n, which define the size of the image, were set to 145 and 145, respectively. 

RESULTS AND DISCUSSION 

Table 2 shows the classification results of different combinations. As seen in the table, the 
SVM algorithm classified the HS dataset with an accuracy of 77.45%. Classification of 
eight GLCM features gave an accuracy of 41.24%. As seen in the table, the classification 
of 24 Gabor features yielded an accuracy of 82.97%, which was higher than that of the HS 
data. Adding the GLCM features to the Gabor features did not increase the accuracy 
significantly. The classification of the combination of the HS data and GLCM features 
yielded almost the same accuracy as HS data itself. Compared to the accuracy of the HS, a 
significant accuracy increase was obtained when the HS, GLCM and Gabor features were 
combined. This combination resulted in an accuracy of 89.56%. The maximum 
classification accuracy (92.3%) was obtained by the classification of the combination of 
HS and Gabor features. As can be seen, the accuracy increase was most likely due to the 
addition of the Gabor features. The classified images are given in Figure 2. 
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Ground Truth Map 

 
HS  

(Accuracy=77.45%) 

 
HS+GLCM 

(Accuracy=78.61%) 

 
HS+GLCM+Gabor 
(Accuracy=89.56%) 

 
HS+Gabor 

(Accuracy=92.30%) 
▬ Corn-min till 

▬ Soybean-no till 
▬ Woods 

▬ Soybean-clean 
▬ Grass-trees 

▬ Soybean-min till 

▬ Corn-no till 
▬ Grass-pasture 

▬ Hay-windowed 
Figure 2. Ground truth map and classified images. 

 

Table 2. Classification accuracies of different combinations. 

Method No. Features Accuracy (%) 
HS 167 77.45 

GLCM 8 41.24 
Gabor 24 82.97 

GLCM+Gabor 32 79.67 
HS+GLCM 175 78.61 

HS+GLCM+Gabor 199 89.56 
HS+Gabor 191 92.30 

 

CONCLUSIONS 

In this study, it is aimed to increase the performance of the SVM classifier by combining 
the HS data with texture information extracted from the GLCM and Gabor features. The 
results showed that adding the GLCM and Gabor features to the HS data increased the 
SVM accuracy by 15.6%, whereas combining the HS data with just Gabor features yielded 
an accuracy increase of 19.17%, which was the greatest increase achieved in this study. 
The parameters used by the SVM classifier have a direct effect on the classification 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

555 
 

accuracy. Hence, much care should be taken to find optimum parameters for the SVM 
classifier. Future studies will focus on increasing the overall classification accuracy with 
less number of features. 
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ABSTRACT 

The aim of this research was to develop empirical models to estimate and quantify 
variability of water transparency in Bou-Ismail Bay, using satellite bands for Landsat 
sensors. are followed using Landsat 5 Thematic Mapper (TM) scenes, Landsat 7 Enhanced 
thematic Mapper (ETM), and Landsat 8 Operational Land Imager (OLI). For this we 
persisted over synoptic and seasonal time scales over a 32-year time-series from 1984 to 
2016 during the different months, to improve our understanding of coastal climate 
processes. 

Tthe process describes interannual variability, of secchi disc depth (SDD)  , chlorophyll a 
(CHL a) and suspensed particul metter(SPM) the results showed that the good 
performance with R B G , and panchromatic bands , and the correlative analysis have a 
consistent and optimal shape for most processed images showing more or less reliable 
results. 

 

INTRODUCTION 

Various human activities such as hydrological transformations and terrestrial nutrient 
loading have had significant impacts on ecosystem health of water (Pereira et al., 2009; 
Roselli et al., 2009). Water clarity (or transparency), as the color of seawater and water 
quality are determined by the presence of materials in water such as chlorophyll a, And the 
suspensed particulate matter.  It is a common measure of water quality (Carlson, 1977). 

Detection of changes in transparency of the water column is essential for understanding the 
responses of marine organisms to the availability of light. Water transparency models 
determine long-term geographic and depth distributions, while acute reductions cause 
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short-term stress, potentially mortality, and may increase the vulnerability of organisms to 
other environmental factors. 

 Several studies have shown that monitoring water clarity, which is well correlated with 
water quality, is a good way to manage water quality, however, it is impossible to monitor 
the clarity of water in a large area for long periods because of the expense and the time 
required (Nelson et al., 2002). 

The use of satellite remote sensing is a cost-effective way of collecting the information 
needed for regional water quality assessments. 

The objective was to establish multi-temporal analysis and use of remote sensing 
technology, in particular the integration of in situ measurements with remote sensing data 
(Al-Yamani, et al., 2004; Nezlin , et al., 2007). 

The goal of this study preliminarily tried estimating the water clarity, Chlorophyll-a and 
Suspended particulate matters in Bou - Ismail bay using Landsat series, also: 

- To investigate the relationship between in situ measurements and reflectance or 
luminance variables of the bands; 

 

 STUDY AREA    

Our study area corresponds to the Bay of Bou Ismail, which extends from the meridian of 
Mount Chenoua to the West (2 ° 25 'E and 36 ° 38' N) to that of the Ras Acrata in the East 
(2 ° 55 'E and 36 ° 48' N), the Mitidja plain to the south and the Mediterranean Sea to the 
north. It is located in the Wilaya of Tipaza, 30 km west of Algiers. The bay of Bou Ismail 
has an area of 509 km2, with a coastline of more than 48 km. It is oriented from South East 
to North East (Figure 1).  

 

 
 
Figure 1. Satellite image of Bou-Ismail Bay. 

 
DATA AND METHODS 
Data processing in this study is divided into several stages and the process is shown in  
(Figure 2). 
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Figure 2. Structure and methodology of work 

 

In situ measurements 

Four sampling campaigns was conducted during periods of March, April and May 2016, 
includes 13 stations across the bay in a manner to cover the entire bay and especially the 
most affected by pollution zones and human activity.  the choice of the sampling period 
was in the late summer when the water mass of the components are relatively constant The 
samples are taken according to standardized techniques, using a shaped bottle “Niskin” 
type of five liters. The samples are stored at 4 ° C in coolers filled with cold accumulators 
and then they are sent to the laboratory to carry out the physicochemical analysis. 

 Secchi disc was used to measuring depth transparency. The analyzes are carried out using 
the methods described by (Rodier, et al., 2009): Suspended particulate matter (SPM) 
(membrane filtration), Chlorophyll-a (spectrophotometer). 

 

Remote sensing data 

 The images download correspond to the various sensors of the Landsat series, An archive 
of 68 Landsat (TM, ETM,and OLI) daytime images covering the central coast of Bou-
Ismail Bay was acquired , spanning the time period from May 27, 1984 to May 19, 1996. 
All images were visually inspected for cloud and fog, however, arrangement of the images 
by year-month –day (Table 1) and taking a climatological approach to their analysis allows 
dominant and/or recurrent features within an annual cycle to be characterized. all images 
treated are devoid of clouds in the marine part of the study area. 

The images selected for the assessment of water quality in Bou Ismail Bay were high 
quality cloudless images during the period (Table 1). 
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Table 1. Date and sensors of Images processed 

Date of Images 
processed 

Sonsors   Date of Images processed Sonsors   Date of Images 
processed 

Sonsors   

27/05/1984 TM  18/11/2004 ETM 04/08/2012 ETM 
16/09/1984 TM  04/12/2004 ETM 02/10/2013 OLI 

27/03/1985 TM  05/01/2005 ETM 03/11/2013 OLI 

12/04/1985 TM  21/01/2005 ETM 06/01/2014 OLI 

01/03/1987 TM  09/02/2006 ETM 23/02/2014 OLI 

24/08/1987 TM  19/07/2006 ETM 11/03/2014 OLI 

09/09/1987 TM  11/01/2007 ETM 01/07/2014 OLI 

20/11/1990 TM  28/02/2007 ETM 24/12/2014 OLI 

29/07/1995 TM  20/06/2007 ETM 09/01/2015 OLI 

14/08/1995 TM  03/04/2008 ETM 21/08/2015 OLI 

15/03/1998 TM  09/08/2008 ETM 29/08/2015 OLI 

05/11/1999 ETM 21/03/2009 ETM 22/09/2015 OLI 

25/02/2000 ETM 08/05/2009 ETM 16/10/2015 OLI 

06/10/2000 ETM 24/05/2009 ETM 09/11/2015 OLI 

11/02/2001 ETM 13/09/2009 ETM 11/12/2015 OLI 

16/04/2001 ETM 16/11/2009 ETM 27/12/2015 OLI 

21/05/2002 ETM 12/06/2010 ETM 05/02/2016 OLI 

15/12/2002 ETM 31/08/2010 ETM 13/02/2016 OLI 

05/03/2003 ETM 02/10/2010 ETM 24/03/2016 ETM 

06/04/2003 ETM 07/02/2011 ETM 17/04/2016 OLI 

12/08/2003 ETM 28/04/2011 ETM 03/05/2016 OLI 

11/06/2004 ETM 25/01/2012 ETM 19/05/2016 OLI 

13/07/2004 ETM 19/07/2012 ETM   

 

All processed images are arranged in tables of data organized according to the type of 
sensor, the period (date) and season (Table 2). 

 

Table 2. Characteristic of images processed 
Type of 
Landsat 
satellite 

Number of 
downloading 

images 

Number 
of images 

treat 
Parameters treated Corrections applied 

TM 11 11 SPM, CHL, SDD Radiance, reflectance 

ETM+ 37 37 SPM, CHL, SDD Radiance, reflectance 

OLI 20 20 SPM, CHL, SDD Radiance, reflectance 

 

Image processing 

Radiance calibration  

At-sensor radiances measured at a wavelength region is stored in Digital Numbers (DNs) 
.and DN values have no unit and any physical connotation; therefore, need to be converted 
to radiance (Ghulam, 2010). 

𝑳𝝀 = � 𝑳𝑴𝑨𝑿𝝀−𝑳𝑴𝑰𝑵𝝀
𝑸𝑪𝑨𝑳𝑴𝑨𝑿−𝑸𝑪𝑨𝑳𝑴𝑰𝑵

� ∗ (𝑸𝑪𝑨𝑳 − 𝑸𝑪𝑨𝑳𝑴𝑰𝑵) + 𝑳𝑴𝑰𝑵𝝀……..(1) 

Where L_λ  the cell value as radiance, LMIN and LMAX is are the spectral radiances for 
each band at digital numbers 1 and 255. DN is the pixel DN value, λ is the wavelength,   
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QCALMAX-QCALMIN are the minimum and maximum values quantified for a pixel 
corresponding to LMIN and LMAX. 

 

Reflectance Calibration 

According to (USGS, 2016), the reflectance calibration of the satellite image is similar to 
the luminance conversion, 16-bit integer values in the product level 1, can also be 
converted to Top of Atmosphere (TOA) reflectance. The following equation is used to 
convert the level values 1 to DC TOA reflectance (Eq. 2): 

𝝆𝝀′ = 𝑴𝝆 ∗ 𝑸𝒄𝒂𝒍 + 𝑨𝝆………..(2) 

Or : ρλ'  is TOA Planetary spectral reflectance, uncorrected for solar angle. (No unit), Mρ is 
reflectance multiplicative scale factor for the band, Aρis additive reflectance scale factor 
for the band. ρλ

𝝆𝝀 = 𝝆𝝀′
𝑺𝒊𝒏 (𝜽)

……….(3) 

' is converted to the true TAO reflectance According to the following 
formula (Eq. 3): 

Or 𝜌𝜆is TOA the true reflectance after calibration, 𝜃 is elevation angle of the sun. 

 

Statistical analysis 

Statistical techniques have been used to investigate the correlation between spectral bands 
or band combinations and the desired water quality parameters (Ritchie et al., 1976; 
Verdin, 1985; Lathrop and Lillesand, 1986; Baban, 1993; Allee and Johnson, 1999; Nelson 
et al., 2003). 

Calibrated satellite images from the in situ measured data provide a quantitative and 
continuous information on the aquatic environment and can be used to estimate with 
reasonable approximation, the factors affecting water quality (Houma, et al., 2004; Muelle, 
2000), 

 

Correlation 

Most of the samples were taken on the same day of Landsat overpass as previous studies 
suggested that ground observations coinciding with the image yield the best calibrations 
(Kloiber et al. 2002), however, other studies concluded that a few days difference (3 to 10 
days) between satellite overpass and ground sampling does not pose a problem (Wu et al. 
2010). In our work Landsat satellite images were downloaded and respectively with an 
interval of ± 3 days between the imaging and sampling date. 

The procedures for estimating the measured parameters (depth transparency, suspended 
particulate matter and chlorophyll a in the Bay of Bou-Ismail, Through Landsat satellite 
imagery are carried out using correlation tests and Regression statistics on the reflectance 
and radiance values of the spectral bands.  
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 The choice is made on the best fit, which corresponds, to the R2, which tends towards the 
one. We also correlate the spectral bands of the same sensor to each other, in order to find 
in which band the satellite information relating to the seawater parameter is located. 

 

RESULTS 

After processing and analysis of satellite data and data from campaigns at sea, we counted 
many families of results, that allowed us to map the measured parameters, to trace 
histogram and which led us to create a basic digital and scalable GIS data. 

The advantage of this result is to determine which are the specific bands to determine the 
different transparency parameters of the water. 

 

Radiance values 

During the correlation of the values of the parameters measured in situ with the radiance 
and reflectance values recovered by remote sensing, we have taken into consideration that 
the offshore stations (1,2,8,9) which are far from being influenced by the terrigenous and 
The sources of pollution in order to eliminate any disturbance 

The colors in the following tables, meaning, Blue: high positive values; Green: high 
negative values; Yellow: low values. 

 

Between TM bands 

Table 3. Correlation between Landsat TM spectral bands. 

   B1 B2 B3 B4 B5 B6 B7 

B1 1,00 -0,12 0,08 -0,61 -0,69 0,37 -0,24 

B2 -0,12 1,00 0,64 0,57 0,71 -0,71 0,19 

B3 0,08 0,64 1,00 0,52 0,58 -0,76 0,30 

B4 -0,61 0,57 0,52 1,00 0,89 -0,63 0,59 

B5 -0,69 0,71 0,58 0,89 1,00 -0,80 0,49 

B6 0,37 -0,71 -0,76 -0,63 -0,80 1,00 -0,40 

B7 -0,24 0,19 0,30 0,59 0,49 -0,40 1,00 

 

The radiance values of the bands (B2, B3, B4, B5) are strongly correlated with each other 
and vary in the same direction (table 3), inversely with the thermal band (B6) which 
represents a strong inverse correlation with respect to them, which means a relationship of 
dependence between the radiance values. 
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Between ETM bands 

Table 4. Correlation between Landsat ETM spectral bands 

 

B1 B2 B3 B4 B5 B6-1 B6-2 B7 B8 

B1 1,00 0,54 0,76 0,78 0,52 0,33 0,54 0,73 0,58 

B2 0,54 1,00 0,85 0,53 0,08 -0,16 -0,07 0,49 0,63 

B3 0,76 0,85 1,00 0,83 0,53 0,19 0,36 0,77 0,76 

B4 0,78 0,53 0,83 1,00 0,81 0,23 0,50 0,81 0,67 

B5 0,52 0,08 0,53 0,81 1,00 0,45 0,66 0,66 0,39 

B6-1 0,33 -0,16 0,19 0,23 0,45 1,00 0,92 -0,03 0,51 

B6-2 0,54 -0,07 0,36 0,50 0,66 0,92 1,00 0,23 0,61 

B7 0,73 0,49 0,77 0,81 0,66 -0,03 0,23 1,00 0,28 

B8 0,58 0,63 0,76 0,67 0,39 0,51 0,61 0,28 1,00 

 

The linear correlation of the bands B1, B3, B4, B8 represents a dependence between the 
radiance values that vary in the same direction, so they correlate strongly correlate 
positively with each other (table.4), inversely with the thermal bands (B61-B62 ) Which 
represents a low correlation with respect to them, which means an independence relation 
between the radiance values. 

 

Between OLI bands and in situ measurements 
Table 5. Correlation between Landsat OLI spectral bands and in situ measurements 

  

B1 B2 B3 B4 B5 B6 B7 B8 B9 B10 PDS (m) SPM 

 (mg/l) 

CHL a (µg/l) 

B1 1.00 0.80 0.63 0.74 0.56 0.54 0.51 0.58 0.03 -0.03 -0.49 0.50 -0.64 

B2 0.80 1.00 0.93 0.93 0.84 0.67 0.66 0.89 0.35 0.53 -0.68 0.70 -0.53 

B3 0.63 0.93 1.00 0.92 0.84 0.66 0.66 0.92 0.31 0.70 -0.57 0.56 -0.57 

B4 0.74 0.93 0.92 1.00 0.93 0.86 0.85 0.87 0.15 0.56 -0.44 0.47 -0.66 

B5 0.56 0.84 0.84 0.93 1.00 0.93 0.92 0.84 0.09 0.70 -0.43 0.36 -0.47 

B6 0.54 0.67 0.66 0.86 0.93 1.00 0.99 0.65 -0.19 0.49 -0.24 0.13 -0.55 

B7 0.51 0.66 0.66 0.85 0.92 0.99 1.00 0.62 -0.16 0.50 -0.25 0.12 -0.50 

B8 0.58 0.89 0.92 0.87 0.84 0.65 0.62 1.00 0.18 0.75 -0.60 0.58 -0.59 

B9 0.03 0.35 0.31 0.15 0.09 -0.19 -0.16 0.18 1.00 0.26 -0.24 0.45 0.34 

B10 -0.03 0.53 0.70 0.56 0.70 0.49 0.50 0.75 0.26 1.00 -0.34 0.26 -0.17 

PDS (m) -0.49 -0.68 -0.57 -0.44 -0.43 -0.24 -0.25 -0.60 -0.24 -0.34 1.00 -0.81 0.13 

SPM (mg/l) 0.50 0.70 0.56 0.47 0.36 0.13 0.12 0.58 0.45 0.26 -0.81 1.00 -0.27 

CHL a  (µg/l) -0.64 -0.53 -0.57 -0.66 -0.47 -0.55 -0.50 -0.59 0.34 -0.17 0.13 -0.27 1.00 

 

The linear correlation, the bands B2, B3, B8 with Secchi disc depth (SDD) represents a 
dependency between the values of radiance which vary in the opposite direction, so they 
are highly negatively correlated (Table 5).  the chlorophyll values are inversely correlated 
with the visible bands (R,G,B) and the bands B6, B7, B8, therefore it has a dependence 
which varies in the opposite direction. 
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According to the correlation analysis of radiances values  TM band, ETM, and OLI each of 
them and through this, we found that almost all of satellite information of the seawater is 
concentrated in the first strips and especially the strips of the visible (R; G; B). This 
indicating a strong positive correlation between the first satellite band and also a strong 
negative correlation to the thermal bands so provide contributions and quantify the 
relationship with the dominant values of radiance. 

Also the highest radiance values correspond to the stations which present pollution 
anomalies (Oued Mazafran, Oued el Nadour) may explain reflect information about the 
presence of the compositions in suspension in the shallow water column.. It is apparent that 
higher radiance values are observed on winter time than on the summer and autumn period. 

 

Reflectance values 

Several studies have shown a strong relationship between the Landsat series (TM, ETM, 
and OLI) data and ground clarity observations of water and chlorophyll (Brown, et al., 
1977; Lillesand, et al., 1983; Lathrop, et al., 1986; Cox, et al.,1998). 

The target reflectance represent potentially useful information about the state of water. The 
greater the amount of total suspended particulate matter (SPM) in the water, the murkier it 
appears and the higher the measured turbidity. The reflectance values found for each 
Landsat band, after atmospheric correction. Such values represent the spectral 
characteristics of Bou-ismail bay in different season. 

According to the results obtained in Table 6, the choice of the ratios is applied to the 
bands, which have a strong correlation with the parameters measured in situ, The 
regression equations most suited to the processing of the parameters are summarized in the 
following (Table 1). 

 

Table 6. Regression models and Determination Coefficients (R²) 

parameters Independent  

(Landsat OLI Bands)  

R² Regression equations  

 

Chlorophyll-a 

Chl (a)  

Band 4/band2 0,7056 Chl (a) = -24,801*(Band 4/band2) + 12,028 

Band 2/band4 0,7207 Chl (a) = 5,2332*(Band 2/band4) - 10,775 

Band 1/band4 0,6929 Chl (a) = 3,2511*(Band 1/band4) - 7,7875 

Suspended 
particulate matter 

 (SPM) 

Band 1/band 2 0,5486 SPM = -2657,5*(Band 1/Band2 ) + 3301,5  

Band 2/band 1 0,6065 SPM = 4312,9*(Band 2/Band1 ) - 3498,8 

Band 3/band 1 0,459 SPM = 1566,5*(Band 3/Band1 ) – 723,77 

secchi disc depth 

(SDD) 

Band1/ band2 0,6339 SDD= 123,06* (Band1/ band2) - 135,52 

Band2/band1 0,4380 SDD= -157,87* (Band2/ band1) + 144,1 

Band2/band3 0,4955 SDD= 26,964* (Band2/ band3) - 30,88 
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Regression equations relating Landsat data to Ocean Color parameters are given in Table 6 
which give results of bivariate models analyses show better R².  Among the regression 
models, we choose the best models for each ocean color parameter and estimate. 

 
 In situ measurements Remote sensing estimation 
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Figure 3. Mapping of measured and estimated parameters  

 

The values of the in situ measurements are correlated with the reflectance values extracted 
from the image 2016-05-19 and which corresponds to the sampling days closest, to 16 and 
22 May 2016 with 13 stations distributed over the entire bay. Ocean color parameters from 
the image. Chl-a, SPM and SDD was mapped with using Landsat-8 OLI, it has around 
60% accuracy. 
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CONCLUSION 

From these results, we can notice that the color and quality of the marine waters of Bou-
Ismail Bay is characterized by a marked deterioration during the period 1984-2016, it is 
mainly due to human activities and terrestrial inputs. Faced with this situation is the direct 
consequence of the disappearance of several spaces. We tested various regression models 
using combinations of bands, and generated maps with best model. The regression models 
and maps showed acceptable correlation and accuracy,  This work allows the constitution a 
basic georeferenced data integrated into a geographic information system. We confirmed 
that the visible bands (R.G.B) are the most useful in our study. All treatments and analysis 
and the correlative study allows us to create models which facilitates the task of calculating 
radiance, reflectance, in a specific area.  While emphasizing the limitations of the method 
and the estimation errors in the colors followed and the water quality of Bou-Ismail Bay 
was penalized by the low spatial resolution of Landsat images (15 m) to our disposition. It 
will be interesting in the future to use high spatial resolution images. also the number of 
sampling stations must more important to have more reliable results. 
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ABSTRACT 

Mapping and monitoring wetlands is critical for planning ecosystem management and 
sustainable regional development. Remote Sensing has proven to be a useful application in 
wetland management over the last few decades. Number of Earth observation satellites is 
growing with the development of the Remote Sensing. In this paper, the potential of the 
recently launched Sentinel-1 SAR (Synthetic Aperture Radar) satellite for mapping and 
monitoring wetlands was investigated. For this purpose, one Sentinel-1 image downloaded 
from the Copernicus Open Access Hub and one WorldView-2 image were used. As a study 
area in this paper, one of the biggest wetlands of Turkey that lies on the Sakarya River, 
and it is located 30-40 km south of Sivrihisar, Balikdami wetland, has been chosen. After 
the data have been calibrated, terrain corrected and filtered, visual inspection with 
different scenarios have been applied in order to estimate the different combination of VV 
and VH polarizations. For the accuracy assessment high resolution WorldView-2 image 
and field work data have been used. The results show that the combination of the two 
polarization increase the accuracy against the use of single polarization. The results are 
significant for the wetland remote sensing since SAR images can be used when 
meteorological conditions do not allow acquirement of optical data.  

 

INTRODUCTION 

Wetlands provide huge number of environmental and socioeconomic benefits such as their 
ability to store floodwaters ad improve water quality, providing habitats for wildlife and 
supporting biodiversity, as well as aesthetic values (Ji 2007). The complex hydrology of 
wetlands controls the source, amount, and temporal and spatial distribution of sediment 
and nutrient movements, and influences distribution of flora and fauna (Ustin 2004). The 
loss of wetlands has gained considerable attention over the past few decades (Ji 2007), 
more than 50% since 1900 (WWAP 2003). Remote sensing technology has proven to be a 
useful and frequent application in monitoring and mapping wetlands (Adam et al. 2010; 
Bartlett and Johnson 1985; De Roeck et al. 2008; Klemas 2014; Zhao et al. 2006). Remote 
sensing techniques are often less costly and time-consuming for large geographic areas. 
Over the years, different sensors and data have been used for wetland monitoring such as 
optical sensors, LiDAR data (Huang et al. 2014), DEM (Li and Chen 2005), and 
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microwave data (Moser et al. 2016; Morandeira et al. 2016; White et al. 2015), as well as 
their combination (Rodrigues and Souza 2011; Ruan et al. 2007) have been used for 
wetlands monitoring. 

However, Synthetic Aperture Radar (SAR) data have the unique abilities to penetrate 
vegetation cover and are sensitive to wet soil and flooded conditions that may exist beneath 
a canopy (Bourgeau-Chavez et al. 2009). A combination of wavelengths, polarization, or 
incidence angles provides the most useful information about the wetland and have the best 
ability to effectively map wetlands (Bourgeau-Chavez et al. 2009).  

Currently available SAR data are of three different wavelengths: L-band (⁓23 cm 
wavelength); C-band (⁓5.7 cm wavelength); and X-band (⁓3.5 cm wavelength). In sub-
tropical regions, longer wavelengths such as L-band are more useful than C-band or X-
band. C-band is best for discriminating emergent wetlands from agricultural and 
herbaceous uplands (Bourgeau-Chavez et al. 2001). 

The latest SAR satellite developed by the European Space Agency, Sentinel-1, is an 
imaging radar satellite at C-band consisting of a constellation of two satellites, Sentinel-1A 
and Sentinel-1B. Their main cover applications are: monitoring sea ice zones and the arctic 
environment; Surveillance of marine environment; Mentoring land surface motion risks; 
Mapping of land surfaces:  forest, water and soil, agriculture; Mapping in support of 
humanitarian aid on crisis situation (Attema et al. 2008; Torres et al. 2012). 

In this paper, an investigation of Sentinel-1 abilities for mapping and monitoring wetlands 
was made. For this purpose, visual inspection of the different polarization combination has 
been made. For the accuracy assessment high-resolution WorldView-2 pan-sharpened 
image was used. As a study area, Balikdami wetland located in the Anatolian part of 
Turkey has been selected. 

 

MATERIALS AND METHODS 

Study Area 

As a study area in this paper, Balikdami wetland which is located in the Anatolian part of 
Turkey, in the Eskisehir province, has been selected (Figure 1). The area of the wetland 
Balikdami is approximately 1.470 km2 and it is 140 km away from the city Eskisehir. The 
area has been chosen for its special, unique and rich flora and fauna. In this area, also 
known as bird paradise, more than 235 different bird species can be found. It is known that 
this area has been losing its value since 1980s.  
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Figure 1. WorldView-2 satellite image (RGB: 432) – Balikdami Turkey 

 

Materials 
In this paper the capability of Sentinel-1 for mapping wetlands was investigated. For that 
purpose, a single date Ground Range Detected (GRD) Interferometric Wide (IW) swath 
Sentinel-1 image from 30 August 2016 over the Balikdami wetland in Turkey, was 
downloaded from the Copernicus Open Access Hub for free. Details about the used image 
are given in Table 1.  

Table 1. Sentinel-1 image specifications 

Specification Sentinel-1 image 

Acquisition date 30 August 2016 

Imaging mode IW 

Imaging frequency C-band 

Polarization VV-VH 

Coordinate system Ground range 

Bits per pixel 16 

Pixel spacing rg x az m 10x10 
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Figure 2. Sentinel-1 composite image (VV, VH, (VV+VH)/2) 

 

For the accuracy assessment, WorldView-2 high-resolution optic satellite image acquired 
on 16 August 2016. The resolution of the multispectral bands in 1.84 m, but it has been 
increased to 0.48 m with pan-sharpening techniques.  

Methods 

The Senintel-1 image has been pre-processed before its application. After the download of 
the image, radiometric and terrain calibration, as well as speckle reduction has been 
performed.  The product has been filtered with Lee Sigma filer 5x5 window size. For the 
terrain correction a Range Doppler Terrain Correction with a digital elevation model of 30 
m has been used. The pre-processing has been performed in the SNAP software by ESA 
using the Sentinel-1 toolbox. The digital number values have been converted into 
backscattering values in decibel (dB) scale following Equation 1. 

𝛽°𝑑𝑏 = 10 ∗ log10(𝛽°)                                                          (1) 
Where 𝛽° is the digital number value of the image, and 𝛽°𝑑𝑏 is the backscattered value in 
dB. 
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Also the WorldView-2 satellite image used for the accuracy assessment in this paper has 
been preprocessed. The resolution of the image has been increased to 0.48 m with fusing 
the multispectral bands with the panchromatic band. For this purpose, the Intensity-Hue-
Saturation method has been used. 

The IHS technique is one the most commonly used techniques for image fusion. The 
technique used in this study, called Modified IHS resolution merge, combines high-
resolution panchromatic data with lower resolution multispectral data. The tool integrated 
into Erdas IMAGINE provide an implementation of the method proposed by Y. Siddiqui 
(Siddiqui 2003). 

Different combination of the available variables has been made and compared. First, an 
inspection of the single polarizations, VV, VH has been made. Afterwards, combinations 
of the polarization have been performed as in (Abdikan et al. 2016). The details about the 
combination are given in Table 2. 

 

Table 2. Variable combinations details 

Combination Variables 

1 VV 

2 VH 

3 VV;VH 

4 (VV+VH)/2 

5 VV;VH;(VV+VH)/2 

6 VV;VH;(VV-VH) 

          7 VV;VH;(VV+VH)/2;(VV-VH);(VV/VH) 
 

Considering the variables in Table 2, a visual inspection comparing the different SAR 
images with the high-resolution optic image has been made.  

 

RESULTS  

In this paper, different polarization combinations have been studied in order to investigate 
the abilities of Sentinel-1 for mapping and monitoring wetlands areas. After the SAR 
images have been preprocessed, seven different combinations have been observed for 
wetland monitoring and have been compared with a high-resolution optical satellite image. 
The results showed that using single polarization cannot separate wetlands from vegetated 
areas and shadow. Also, a two-band combination, did not showed good results in 
separating wetlands from the other areas. In the scenarios where three or more bands were 
combined, vegetated areas and wetland areas can be separated one from another. The SAR 
images were compared to a WorldView-2 pan sharpened satellite image (Figure 3) taken in 
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the same period as the Sentinel-1 image. For the accuracy assessment of the pan-
sharpening, statistical analyses have been made and they are presented in Table 2. 

0 30 6015
m  

Figure 3. WorldView-2 pan-sharpening results: Left – 1.84 m resolution; Right – IHS pan-
sharpening methods results   

 

Table 2. IHS pan-sharpening results 

Band  Mean Std Dev RMSE MSE CC UIQI RASE ERGAS 

Avg -33.181 -51.970 39.889 2274.493 0.957 0.879 2.467 1.716 

 

CONCLUSIONS 

In this paper a visual inspection of Sentinel-1 SAR imagery was made in order to inspect 
its ability in separating wetland areas from the other areas. It can be concluded that with 
combination of more than three bands of the given variations, wetland areas can be 
separated from vegetated areas as well as from shadows. Since in this paper only visual 
inspection has been made, for future studies classification of the images as well as 
accuracy assessment should be made.  
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Appendix A. Different combinations for wetland observation  
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ABSTRACT 

Geographic Information Systems (GIS) have been used in many different disciplinary 
applications and studies in recent years. In this study, models were developed to adjust the 
costs of firm and satisfaction of passengers in urban transportation planning and 
integrated into GIS. For this purpose, passenger boarding graphics and reports according 
to stops, line voyage report, elaborate passenger boarding report, instant vehicle tracking 
and instant route tracking systems have been studied in detail. Thus, the number of stops in 
Canakkale, the distances in the stop intervals, the density of passengers (for each stop), 
bus routes, fleet size, capacities, bus service frequency, fuel consumption for each bus, the 
demands of passengers and firm have been evaluated. The obtained data are modeled by 
the linear programming approaches. While the models were being created, linear 
programming was employed for simultaneous multi-objective validation. Then the existing 
situation was evaluated with the created models and the regression analyzes were made. 
When comparing the results, there is no need for a part of 103 buses of the 21 lines that 
actively work in the city of Canakkale and the others can be reduced in the frequency of 
the bus service. As a result, it is seen that the appropriate bus service times and stop 
intervals for passengers were determined and the firm increases the gain. Thus, while the 
transportation plan and the tariff regulations are made so as to meet the demand of the 
passengers, an effective decision support system is presented to the firms and managers at 
the same time. As a result of the contribution of GIS, the transfer and evaluation and 
analysis of these spatial and non-spatial data are carried out easily. Finally, the proposed 
approach will make public transportation more attractive in terms of passengers. 

 

INTRODUCTION 

A geographic information system (GIS) is a computer system for capturing, storing, 
querying, analyzing, and displaying geospatial data. Geospatial data, or geographically 
referenced data, describe the locations and characteristics of spatial features (Horner and 
Grubesic, 2001). The ability of GIS handle and process geospatial data distinguishes GIS 
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from other information systems. It also establishes GIS as a technology important to 
geoscientists, cartographers, environmental engineers, and urban and regional planners 
(Lu, 2003). The GIS based transportation system got many advantages which include 
analytical capabilities, visual power, efficient data storage, integration of spatial database, 
and capabilities for spatial analysis (Sarsam and Motasher, 2015). 

In the assessment of Canakkale urban transportation, the data which were obtained from 
Canakkale Private Public Buses database were processed and analyzed. The number of 
vehicles and their capacities were evaluated between 2013 and 2016 in the office work. 
Accordingly, when the current vehicle situation in 2013 was examined 81 buses are 7-
meters with a capacity of 46 passengers, 7 buses are 9-meters with a capacity of 66 
passengers and 10 buses are 12-meters with a capacity of 104 passengers. There are 98 
vehicles in total. In 2013, the vehicle that leaves the garage in the morning is 84. By the 
year 2016, the number of cars leaving the garage increased to 94. The numbers of vehicle 
and capacities were revised remarkably in 2017. Currently, there are 45 buses are 7-meters 
with a capacity of 46 passengers, 7 buses are 9-meters with a capacity of 66 passengers and 
50 buses are 12-meters with a capacity of 104 passengers. Thereby, the increase of vehicle 
capacity is 47% and the increase of public transport capacity is 60% between 2013 and 
2016. However, the increase of the daily vehicle is 13%; current status can not bear the 
expenses. When the each of the bus lines is examined with GIS databases containing real-
world information in Canakkale, it is seen that these lines have very long and complicated 
routes. The survey results show that local residents complain about the extended time of 
the travel time in the vehicle and the complexity of the lines. All of these factors are 
dissuading from public transport. 

This paper studied passenger flows intensity and transportation within the city of 
Canakkale. The expectation and satisfaction of passengers are the most important elements 
of urban transportation system. It has been detected that investors have increased the 
number of vehicles, their routes and bus stop numbers in order to satisfy the increased 
demand for transportation over time. Nevertheless, both passengers and investors were not 
able to make the desired profit. In this context, bus stops and bus rotations have been 
determined for a pilot zone where was chosen. Subsequently, these have been assigned on 
digital map of Canakkale by using Geographic Information Systems. Data which were 
obtained in case study were transferred to GIS databases. Thus, density maps have been 
created with the numbers of passengers for each bus stop and bus intervals. The 
mathematical model of the problem has been created by using linear programming. It is 
planned that the analyzes will be a decision support system for managers. 

 

LINEAR PROGRAMMING MODEL 

Linear programming (LP or linear optimization) is a mathematical method for determining 
a way to achieve the best outcome (such as maximum profit or lowest cost) in a given 
mathematical model for some list of requirements represented as linear relationships.( 
Kumar at all,2014) 
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 A Linear programming problem can be expressed in the following standard form: 

 

Max/Min  𝑧 =  𝑐1𝑥1 +  𝑐2𝑥2 +  … +  𝑐𝑛𝑥𝑛          (4) 

 

Subject to 

𝑎11𝑥1 + 𝑎12𝑥2 + ⋯+ 𝑎1𝑛𝑥𝑛   ≤ 𝑏1 

𝑎21𝑥1 + 𝑎22𝑥2 + ⋯+ 𝑎2𝑛𝑥𝑛   ≤ 𝑏2 

   .     .            …        .              .           (5) 

   .            .            …        .              .  
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𝑎𝑚1𝑥1 + 𝑎𝑚2𝑥2 + ⋯+ 𝑎𝑚𝑛𝑥𝑛 ≤ 𝑏𝑚 

 

𝑥1                                                    ≥ 0 

                 𝑥2                                 ≥ 0           (6) 

        … 

                𝑥𝑛 ≥ 0 

 

 Objective functions: overall performance measure  

                                                    𝑐1𝑥1 +  𝑐2𝑥2 +  … +  𝑐𝑛𝑥𝑛                                            (7)        

 Constraints: 

𝑎𝑖1𝑥1 + 𝑎𝑖2𝑥2 + ⋯+ 𝑎𝑖𝑛𝑥𝑛   ≤ 𝑏𝑖      ,∀i = 1,…,m     (Functional constraints)   (8) 

𝑥𝑗 ≥ 0 

 

               ,∀j = 1,…,n       (Nonnegativity constraints) (Turkay, 2016)          (9) 

STUDY AREA AND APPLICATION 

The city of Canakkale is located between 40°9'16" north latitudes and 26°24'19" east 
longitudes. In this paper, the region where the passenger density is highest is examined. It 
have been studied only the case of one direction as from SSK to Bolge Traffic. This 
direction goes to the center of Canakkale.  Figure 1 illustrates the location of study area in 
Canakkale. 

 

                                         
 

 Figure 1. A Study Area from Canakkale 

 

The decision variables of mathematical model have been made of the number of each bus 
travel.  The system constraints have been created by taking into consideration that the total 
capacity of 6 bus routes shouldn’t be less the total passenger demands and the each bus the 
total time (240min) in the region. While it was creating mathematical model, it was 
considered range from 8:00 am to 12:00 pm as a time constraint. 

The Boundary of the Study Area 
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The system constraints; 

 

Si*Ci ≥ Ki                                                                                    

 

  (10)    

Si  :   The frequency for each ith

C

 bus routes 

i 

K

 :   The values of capacity for each bus type  

i 

 

 :  The passenger demands of each route (Alp 2008). 

Time constraints; 

 

∑ 𝑡𝑖 6
𝑖=1 𝑋𝑖1 ≤ 𝑇 ∗ 𝑁1                      

 

∑ 𝑡𝑖 6
𝑖=1 𝑋𝑖2 ≤ 𝑇 ∗ 𝑁2                (11)     

 

∑ 𝑡𝑖 6
𝑖=1 𝑋𝑖3 ≤ 𝑇 ∗ 𝑁3                             

 

𝑡𝑖    :  The travel time for ith

𝑋𝑖𝑗  :  The number of travel which has i

 bus routes 
th bus routes for jth

T    :  Total time (240min)  

 bus type 

𝑁𝑖   :  The total number of ith

Travel constraints; 

 bus type.(Uludağ, 2010) 

 

∑ 𝑋𝑖𝑗 ≤ 𝐹𝑖3
𝑗=1               ,∀i = 1,…,6       (12) 

𝑋𝑖𝑗 :  The number of travel which has ith bus routes for jth

Fi   : The total travel number for i

 bus type 
th

Objective function; 

 bus routes 

Max z = ∑ ∑ 𝐶𝑖 3
𝑗=1

6
𝑖=1 𝑋𝑖𝑗          (13) 

𝑥𝑖𝑗 ≥ 0                            ,

 

∀j = 1,…,6 and ∀j = 1,…,3      (14) 

The information about an each route is shown as bus route, headway, travel time, number 
plate and bus capacity in Figure 2. 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

585 
 

 
Figure 2. The information of the bus routes 

 

It have been utilized from Automatic Toll Collection and Vehicle Tracking System in 
order to attain the number of the passenger boarding per a day in July  (Figure 3). 

 

 
Figure 3. The Passenger Boarding Graphics of the July 

 

The passenger flows were determined during the period between 08:00 am and 08:00 pm 
which are divided into 3 time periods (08:00 am - 12:00 pm, 12:00 pm - 04:00 pm and 
04:00 pm - 08:00 pm) on 14 July 2017. Simultaneously, the weighted average of the 
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number of passengers was taken so that passenger flows intensity was detected between 
the intervals of the two stops for a time from 9:30 am to 10:00 am and from 13:30 to 14:00 
and from 17:30 to 18:00 in the study area. The dataset have been created by the means of 
collected information. Afterwards, these dataset have been transferred to database by using 
GIS. Then, the density analyses were performed with the aid of ArcGIS Spatial Analyst 
Toolbox.  

 

Figure 4. The density of bus intervals (a,b,c) and bus stops (d,e,f) 

 

Figure 4 shows that the passenger flows intensity of the two bus stops interval for C1 
which was chosen as an example has the enormous demands. The same analyses have been 
done for each bus routes and bus stops in this region.  



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

587 
 

The mathematical model in the study has been solved by using LINGO. At the end of the 
solution, the number of travel which has 6 bus routes for 3 bus type has been obtained. The 
results are shown in the Table 1. 

 

Table 1. The result of the model  

Variable Value Variable Value Variable Value Variable Value Variable Value Variable Value 
X11 15 X21 13 X31 18 X41 10 X51 12 X61 12 
X12 0 X22 0 X32 0 X42 0 X52 0 X62 0 
X13 0 X23 0 X33 0 X43 0 X53 0 X63 0 
 

CONCLUSIONS 

In this study, data have been attained with the aid of Automatic Toll Collection and 
Vehicle Tracking System and case studies. According to created map, the demands of the 
passengers have been seen where passenger has high density. Thus, the distribution 
passengers for each bus routes have been analyzed. Afterwards, the number of travel for 
bus routes with different capacities has been obtained by the means of the created linear 
programming model. Consequently, the methods of the linear programming have quite 
solutions with Geographic Information Systems.    
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ABSTRACT 

Solid wastes are one of the environmental problems that arise due to accelerated and 
unplanned urbanization today. The sum of the stages from the collection to the disposal of 
solid wastes is called waste management and is generally the responsibility of local 
governments. Problems such as air, soil, and water pollution arise from the poor 
management of solid wastes, threatening human health. One of the common methods used 
for the disposal of solid wastes is regular storage. In regular storage, waste is buried in 
pre-prepared and environmentally controlled areas in a controlled manner, and the 
associated environmental and human health hazards are minimized. However, the process 
of site selection for regular storage of solid wastes is quite troublesome. The site selection 
criteria include many factors such as proximity to settlement areas, ease of access, 
distance from historical and cultural sites, wind direction, and topographic conditions. The 
eastern Black Sea region in Turkey is very complicated in terms of both topography and 
natural environment. Particularly in Artvin, selected as the study area, it is very difficult to 
identify locations even for settlement, and this difficulty also negatively affects the 
identification of areas for depositing solid wastes. For the purpose of this study, a 
suitability map showing possible landfill sites with a potential life of 20 years was 
produced for Artvin city center using the ArcGIS 10.2 program. Seven parameters 
including slope, land use capability classes, distance from settlement areas, distance to 
roads, distance to rivers and dam lakes, and distance from the national parks were 
considered in the study. After removing all the forest and pasture areas, the generated 
suitability map was categorized into five classes ranging from very high to very low. The 
produced suitability map indicated that there was only one suitable area for solid waste 
landfill with a moderate degree and this outcome can be associated with the high coverage 
of forests, very steep terrain and poor connection to existing roads in the study area. 
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INTRODUCTION 

Along with developments such as industrialization, rapid population growth, change of 
urbanization and consumption habits, as well as the scarcity of natural resources such as 
energy and raw materials in the world, rational use of resources has become a necessity 
and causing the environment to be rapidly polluted. As a result of industrialization and 
urbanization, many environmental problems such as the damage of public areas and rivers, 
air pollution, water pollution and solid waste generation occur. It is seen that the amount of 
industrial production processes and the amount of waste increasing more than the 
population has a significant share in this pollution. The amount of waste materials, the 
types and the effects on the environment reach dangerous extent (Akdoğan & Güleç, 2007; 
Yılmaz & Bozkurt, 2010). Looking at the definition of the solid waste, it defined as the 
solid matter and treatment mud which should be disposed regularly, wanted by its producer 
to be removed and in terms of peace of society and protection of environment (Gökçe et 
al., 2015). One of the most important problems in urban areas has been the management of 
solid wastes. Solid wastes included in the existing pollution, in case they are not disposed 
of, transform into environmental pollution, which is the first thing to be noticed by the 
people living in cities. The effects of solid wastes on the environment can be biological, 
chemical and physical. Diseases such as leprosy, cholera, dysentery, tuberculosis, rabies, 
malaria, which can be transmitted directly or via vectors, are examples of biological 
problems; Leachate and gasses in garbage storage areas can cause chemical and biological 
problems (Demirarslan & Demirarslan, 2016). These wastes leading to environmental 
pollution are mainly; food waste, paper-cardboard, plastic, nylon, metal-tin, glass, leather, 
bone, rubber, stone-soil, wood, textile, garden wastes and fine grained garbage (Demirbağ 
& Güngörmüş, 2012). It is called as solid waste disposal to have these wastes processed 
through various physical, chemical and biological processes according to the type and 
characteristics, until the end product is obtained, without causing adverse effects on 
environment and human health (Özaydın Şenol, 2017). Commonly used methods for the 
disposal of solid wastes; regular storage, wild storage, composting, incineration, pyrolysis 
and recycling. Regular storage is one of the most commonly used methods. Stored solid 
wastes are stored taking precautions in order not to harm the ground and ground waters or 
atmosphere (Gülmez, 2016).  

In this study, it was planned to select a solid waste landfill site of Artvin Provincial Center, 
which is located in the easternmost part of Turkey's Eastern Black Sea Region and has a 
different geographical and climatic structure. In this study, the regular landfill site selection 
for Artvin city centre, which could have a life of 20 years, was determined using the 
ArcGIS 10.2 program. Seven parameters consisting of slope, land use capability class, 
distance to road, distance to river and dam lakes, distance to residential areas and distance 
to national park were used in the study. 

 

MATERIAL AND METHOD 

Artvin province, the study area, is between 40,35 and 41,32 northern latitudes and between 
41,07 and 42,00 eastern longitudes and is located on an area of 7367 square kilometers. 
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The industry sector is quite low level in the province. Enterprises operating in the 
industrial sector have a structure predominantly of food, mining and forestry products, 
which act mainly to utilize the natural resource potential of the province. There are no 
organized industrial zones in Artvin (Demirarslan et al., 2017). For this reason, only 
household solid wastes are created in the province center. 

 

Study Area Population Projection 

It is envisaged to design a 20-year storage facility in order to be able to regularly store 
solid wastes from the field in the study area. The amount of solid waste after 20 years must 
be calculated in order to plan the installation. For this reason, a 20-year population 
projection was made for the study area. 

While making the population projections, Provincial Bank Method, Arithmetic Increase 
Method and Geometric Increase Method are used and the population after 20 years is 
calculated by taking the average of the results. Population change in Artvin city center is 
given in Figure 1. 

 

 
Figure 1. Population exchange of Artvin (2007-2016) 

 

By taking the averages of the population projections made with all three methods, 20-year 
population data for the study area were obtained (Table 1). The amount of waste produced 
per person in the province of Artvin was found to be 1,002 kg/person per day according to 
the "Average Municipal Waste Amount per Person" of the Statistical Institute of Turkey 
(TUİK, 2017). The amount of waste by years in light of this data is given in Table 1. 
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Table 1. Population and waste projection of the study area  

Year Polulations Waste amount (kg/day) Waste amount (kg/year) 
2019 28817 28875 10539241 
2020 29280 29338 10708452 
2021 29752 29812 10881199 
2022 30234 30294 11057359 
2023 30725 30786 11237054 
2024 31227 31289 11420529 
2025 31739 31803 11608026 
2026 32262 32327 11799181 
2027 32796 32862 11994603 
2028 33342 33408 12194048 
2029 33899 33967 12397881 
2030 36468 36541 13337442 
2031 35050 35120 12818715 
2032 35644 35715 13036080 
2033 36251 36324 13258200 
2034 36872 36946 13485318 
2035 37507 37582 13717313 
2036 38156 38232 13954672 
2037 38819 38897 14197273 

 

According to Table 1, at the end of the 20th year, 14197273 kg (14197.273 tons) of waste 
is created annually. Although solid wastes vary in density, they are reported in the 
literature as 700-1000 kg/m3 after being compacted in landfills (UNEP, 2017). If the value 
of 850 kg/m3 is taken as average, the annual amount of garbage in 2037 can be found to be 
approximately 16703 m3. Regular storage landfills are large structures with heights ranging 
from 10 m to 150 m (Gao, et al., 2018). According to this, when the height of waste to be 
stored is selected as 10 m, a storage area of 1670 m2

 

 is needed. 

Landfill Area Selection 

In this study, seven parameters consisting of slope, land use capability class, distance to 
road, distance to river and dam lakes, distance to residential areas and distance to national 
park were used in the stage of landfill area selection.  

One of the most important parameters used in solid waste landfill area selection is the 
distance to residential areas. Various environmental problems arise in storage areas near 
residential areas. Especially, because of bad smell and noise, storage areas are required to 
be away from the residential areas. In the manual of "Designing, Site Selection and Saving 
of Wild Storage Areas of Regular Storage Areas", prepared by the Municipalities Union 
Waste Commission of Turkey, in 2014 (TBB, 2014; Baran et.al. 2015, 2015), it is required 
that II.  and III. class regular storage facilities are at least 250 m away from settlements. 
For this reason, buffer zones are formed around the settlement areas in the study area and 
these zones are scored between 1-10 points according to the distance (Table 2). 
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On the other hand, solid waste regular storage areas should not be made in agricultural 
lands. For this reason, digital soil maps of the study area were obtained from the General 
Directorate of Agricultural Reform and the land use capability classes (LUCC) map of the 
area was produced using land use capability classes. There are no I. and II. class 
agricultural lands in the study area. It is not appropriate to build a storage area in III. and 
IV. class lands due to soil characteristics. For this reason, VII. and VIII. class lands in the 
study area are designated as suitable storage areas (Table 2). 

In order to ensure that the solid waste regular storage areas are not located both in flood 
areas and to be located in a distance not to affect surface waters (such as rivers and lakes) 
in terms of pollution, the distance parameters to rivers and dam reservoirs have also been 
used in the study. Buffer zones were created around the rivers and dam lakes and areas 
nearest to the surface waters were scored 0 and the farthest areas were scored 10 (Table 2).  

 

Table 2. The main and sub-criteria used in the study 

Criteria Weight Sub-criteria Score 

Distance to settlements (m) 0.3393 

0-250 1 
250-500 2 
500-750 3 

750-1000 4 
1000-2000 5 
2000-3000 6 
3000-4000 7 
4000-5000 8 
5000-6000 9 
6000-8461 10 

LUCC 0.2597 

No Data 0 
3 1 
4 1 
6 6 
7 9 
8 10 

Distance to rivers (m) 0.1308 

0-100 0 
100-200 1 
200-300 2 
300-400 3 
400-500 4 

500-1000 6 
1000-2000 7 
2000-3000 8 
3000-4000 9 
4000-5724 10 

Distance to dam lakes (m) 0.1308 

0-250 0 
250-500 1 
500-750 2 

750-1000 3 
1000-2000 4 
2000-5000 6 

5000-10000 7 
10000-15000 8 
15000-20000 9 
20000-24247 10 
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Table 2. Cont. 

Distance to roads (m) 0.0721 

0-100 10 
100-200 9 
200-300 8 
300-400 7 
400-500 6 

500-1000 5 
1000-2000 4 
2000-3000 3 
3000-4000 2 
4000-9846 1 

Slope (o 0.0423 ) 

0-10 10 
10-20 8 
20-30 7 
30-40 6 
40-50 5 
50-60 4 
60-70 3 
70-80 2 

80-89.55 1 
Criteria Weight Sub-criteria Score 

Distance to protected sites 
(Hatila national park) (m) 0.0249 

0-250 0 
250-500 1 
500-750 2 
750-1000 3 

1000-2000 4 
2000-5000 6 

5000-10000 7 
10000-20000 8 
20000-30000 9 
30000-32774 10 

 

Slope is one of the important parameters in the selection of solid waste landfill areas. Since 
the slope of the land directly affects the construction and excavation costs, areas where the 
slope is high are not preferred for site selection. For this reason, in the study, Digital 
Elevation Model (DEM) of Artvin Central District was produced first by using the contour 
lines included in the digital topographic maps of 1 / 25.000 scale, and then the slope map 
of the study area from DEM in ArcGIS environment was obtained. The slope of the study 
area ranges from 0 to 89.55 degrees. The generated slope map was then divided into 9 
classes with 10o intervals, and these classes were scored as 10 points for areas where slope 
is low (0-10o) and 1 for areas where slope is very high area (80-89.55o

One of the important parameters to be taken into account when choosing a solid waste 
storage area is the proximity to the road. Regular storage areas should be located at a 
location accessible by alternative roads in all weather conditions and should not be located 
too far from existing road networks to avoid expensive construction of the link roads. For 
this reason, buffer zones were formed around the roads in the study area and 10 points 
were given to the areas nearest to roads (0-100m) and 1 point to the areas farthest from 
roads (4000-9846m) (Table 2). 

) (Table 2).  
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Protected areas such as national parks and archaeological sites are not suitable areas for 
solid waste disposal areas. For this reason, buffer zones were formed around the Hatila 
National Park within the study area, giving 0 points to the nearest places (0-250 m) to the 
national park and 10 points to the farthest places (30-32.77 km) (Table 2). 

Thus, the sub-parameters and scores used in the study were determined. The weights of the 
main parameters were determined by pairwise comparisons according to the AHP method 
(Table 3). Judgments in the pairwise comparison matrix were determined by examining 
expert opinions and similar studies in the literature. The consistency ratio (CR) of the 
pairwise comparison matrix is calculated as 0.067. 

 

Tablo 3. The pairwise comparisons matrix and weights of main criteria  

 

RESULTS 

Seven criteria were determined in the determination of the location of landfill site of the 
study area, and these criteria were weighted against the pairwise comparison method used 
in AHP and then the solid waste storage area suitability map of the study area was 
produced in ArcGIS 10.2 software by using these weights. The suitability map produced 
was classified into five different classes to show very high, high, moderate, low and very 
low suitable areas (Figure 2). As can be seen in the suitability map in Fig. 2, 4 areas were 
identified for the solid waste storage area. There are no high level suitable areas where 
solid wastes can be stored in the study area. The main reasons for this are; the fact that a 
large part of the land is covered with forest, the slope being is very high in the area general 
and transportation problems.  

 

Criteria P1 P2 P3 P4 P5 P6 P7 Weights 

P1 1 2 3 3 5 7 9 0.3393 

P2  1 3 3 4 6 8 0.2597 

P3   1 1 3 4 5 0.1308 

P4    1 3 4 5 0.1308 

P5     1 3 4 0.0721 

P6      1 3 0.0423 

P7       1 0.0249 

𝜆𝑚𝑎𝑥 = 7.5309,𝐶𝐼 = 0.088,𝐶𝑅 = 0.067 

P1: Distance to settlements, P2: LUCC, P3: Distance to rivers, P4: Distance to dam 
lakes, P5: Distance to roads, P6: Slope, P7: Distance to protected sites (national park) 
 1.000 
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Figure 2. Solid waste storage area compliance map 
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When the area indicated by the number 1 and determined as highly suitable in the 
suitability map in Fig. 2 is examined, it is understood that the area is 150 m closer to Hatila 
National Park which has the national park status and that there is no connection to the 
neighboring roads. This area is not preferred, especially if the area in question is selected, 
due to new road works causing problems in terms of both economic and environmental. 
Area number 2, shown in the suitability map in Fig. 2, is a medium level suitable area in 
terms of solid waste storage. When this area is examined, the proximity to the city center 
stands out. However, no suitable way to reach this point, and also the mountain houses in 
the vicinity which are used more actively in summer, makes this area impractical. Again, 
areas 3 and 4, which are medium level suitable areas, are more suitable areas than areas 1 
and 2. The passage of the high voltage line near the area 4, 7923m from the city center, 
makes it impossible to use this area. Area 3 is at a distance of 9542 m from the city center. 
Also, link roads are available to here and there are no settlements nearby. A research was 
conducted by going to area 3 and it was determined that the area belonged to the Treasury 
and the Village Legal Entity. In addition, it has been determined that a road passes right by 
the area and Artvin city center has an area of sufficient size (about 19,000 m2) to store 
solid wastes. Other medium level suitable locations seen in the map in Fig. 2 are ignored 
because of the difficulty of transportation, the distance from the city center and also other 
factors (topographical, energy transmission line, etc.).  

 

CONCLUSIONS 

In this study, suitable areas for 20 years long solid waste landfill facility for Artvin city 
center which is the easternmost of the Eastern Black Sea Region have been determined. In 
the study, the population projections were made according to the Provincial Bank Method, 
the Arithmetic Increase Method and the Geometric Increase Method, and the averages of 
the results were taken and the population after 20 years was calculated. The population of 
the province center of Artvin in 2037 was calculated as 38819 people and the amount of 
solid waste collected was found to be 141972.73 tons / year. When the density of the solid 
waste is considered as 850 kg / m3, the annual amount of garbage in the year 2037 is 
calculated to be approximately 16703 m3. It has been determined that 1670 m2 of storage 
space will be needed when the height of waste to be stored is 10 m. In this study, seven 
parameters consisting of slope, land use capability class, distance to road, distance to river 
and dam lakes, distance to residential areas and distance to national park were used in the 
stage of landfill area selection. The weights of the main parameters were determined by a 
pairwise comparison according to the AHP method in accordance with expert opinions. 
Sub-parameters were again scored in the range of 1-10 points in accordance with expert 
opinions. Using these weights and scores, a map of the solid waste storage area of the 
study area was produced in ArcGIS environment. According to the suitability map created, 
4 points where the solid waste storage area can be constructed in the study area are 
determined. First area was removed from consideration because of the proximity to the 
national park and the lack of connection with the existing roads, and the second area due to 
the distance from the roads and the houses used as summer houses in the vicinity. Area 
number 4 was removed from selection due to the high voltage line passing nearby. Thus, 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

597 
 

area number 3 was concluded to be more suitable for solid waste storage. However, the 
geological and hydrogeological characteristics of the area must be examined in order to 
make the final decision. 
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ABSTRACT 

Decision-making is a process that starts with the problem of detection and covers activities 
that are carried out up to the recommendation. All decision-making processes start with 
the diagnosis and identification of a decision problem. The ability of data storage, 
management, administration and analysis of Geographical Information Systems (GIS) is a 
great support in the course of problem definition. The spatial multi-criteria analysis is 
sharply distinguished from traditional multi-criteria decision-making methods due to its 
geographical component. Spatial multi-criteria analysis requires not only the values of 
alternatives but also their geo-references, unlike traditional multi-criteria decision-making 
methods. Spatial multi-criteria analysis can be considered as the process of reaching the 
final decision by combining and transforming the geo-data used as input. Data is 
processed to enable decision making using GIS and multi-criteria decision-making 
methods. Analytic Hierarchy Process (AHP), which is one of the multi-criteria decision-
making methods, is a general measurement theorem. It has been used in broadly in many 
various decision and planning projects. The rationality of the AHP; to focus on the 
problem-solving goal, to develop an integrated model of the relationship and effects of the 
problem, to know and experience those who have dominant and prior influence among the 
relations in the structure, to reach the best agreement by permitting among the differences. 
As an example of spatial multi-criteria decision-making methods, the site selection analysis 
of solid waste landfill site has been carried out using AHP and GIS methods for Istanbul 
province in Turkey. A total of 11 factors were used in the study, under the two main 
classification parts like environmental and economic. Environmental factors; land use, 
geology, settlement areas, surface waters, population density, airports and protected 
areas. Economic factors are a slope, solid waste transfer stations, land values, and 
highways. The identified factors are separated by sub-criteria according to the 
appropriateness of solid waste landfill site, and values are assigned. As a result of the 
study, using the power of GIS functionality, the digital data sets leading to the decision-
makers were created. 
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INTRODUCTION 

Today, in order for societies to carry out a qualified lifestyle, the needs, methods and 
principles are determined first and they are tried to be applied with the most appropriate 
resources, techniques and methods in the most appropriate way according to their targets. 
Urban solid waste management, which has an important place in environmental services in 
this context, is a serious issue in the whole world. Geographical Information Systems 
(GIS) is one of the most important technological tools used to solve environmental 
problems and has an effective role in processes where spatial information is directed 
(Yomralıoğlu, 2000). The urgent solution of environmental problems has been understood 
more in recent years and much effort has been made to produce realistic solutions to the 
problems. Instead of material-minded thoughts, studies involving multi-criteria methods 
are seen (Hokkanen and Salminen, 1997). In developing countries, the increase of human 
population and related human activities accelerated urbanization (Sumathi et al., 2008). As 
a result of increasing population, change of consumption patterns, economic growth, 
change of income, urbanization and industrialization, solid waste production and diversity 
have increased (Ngoc and Schnitzer, 2009). Waste management and waste disposal 
alternatives are a complex process involving decision makers and related parties. Choosing 
the most suitable landfill site; administrative constraints and regulations, as well as 
physical process conditions and environmental, economic, health and socio-cultural effects 
(Sadek et al., 2006; Yıldırım, 2012).  

In the work done by Monsef (2015), an alternative landfill site for the Red Sea, a rapidly 
growing tourist area in recent years, has been identified by using GIS and AHP methods. 
Different criteria such as transportation routes, airports, surface waters and residential 
areas were used in the study. As a result of the study, three alternative landfill sites were 
identified. In the study carried out by Djokanovic et al. (2016), a complex process, the 
determination of the landfill site, has been evaluated from the viewpoint of geological 
engineers. In this study, alternative landfill sites for Pancevo region of Serbia were 
identified using GIS and AHP methods. As a result of the study, it was determined that 
62% of the region was unsuitable and 12% was very suitable. Nascimento et al. (2017) 
used MCDM and GIS methods to conduct a study within the US state of California. 61 
landfill sites in the area were evaluated. Using the developed model, 61% of the landfill 
sites are found to be in suitable and very suitable classes. 

 

MATERIALS AND METHOD 

In this study, a region covering the administrative borders of Istanbul, which is the most 
populous province of the country, located in the northwest of Marmara region of Turkey, 
was selected as a study area. The same limits were used for all criteria used in the spatial 
analysis. Figure 1 shows the elevation map of Istanbul, which was selected as a study area. 
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Figure 1. Istanbul province elevation map (Guler, 2016). 

 

In the study conducted, the criteria used in the AHP method were evaluated by the 
literature survey together with the restrictions specified in the country's regulation. In 
addition, the criteria to be used were determined considering the characteristics of the 
study area. 11 criteria were used in the study, with two main categories, environmental and 
economic (Guiqin et al., 2009; Şener et al., 2010; Donevska et al., 2012; Vasiljevic et al., 
2012; Yal and Akgün, 2013; Shahabi et al., 2014; Baba et al., 2015; Yıldırım and Güler, 
2016). Environmental factors; land use, geology, settlement areas, surface waters, 
population density, airports and protected areas. Economic factors are a slope, solid waste 
transfer stations, land values, and highways. Values are assigned in the range of 0 to 5 to 
meet the standard for all criteria. The appropriate AHP hierarchy model created in the 
study is shown in Figure 2.  
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Figure 2. Hierarchy model of landfill suitability. 

 

The geological data for Istanbul was obtained from Orr & Associates, Australia. Data 
containing population density was obtained from Istanbul Metropolitan Municipality 
(IMM). The existing airports in Istanbul for the airport criteria and the coordinate 
information for the new airport planned for operation in 2018 were obtained via Google 
Maps and the layer to be used was created by transferring to the GIS environment. Spatial 
data for protected areas in Istanbul were obtained from the General Directorate of Nature 
Conservation and National Parks. The slope classes were formed by analyzing the digital 
elevation model of ASTER fitting in GIS. Data on solid waste transfer stations in Istanbul 
have been obtained from IMM Waste Management Directorate. Information including land 
values was created by processing and adapting the data shared by the Revenue 
Administration. Data for roads have been obtained from the EU project named Trans-
Tools. In the study, each set of geographic data corresponding to each criteria was 
produced separately and subjected to spatial analyzes. The weight matrix for the criterion 
is shown in Table 1.  
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Table 1. Criteria weights of all factors. 

Goal A Hierarchy B Hierarchy C W 
A B1 C1 0.10477125 
  C2 0.08172525 
  C3 0.13240050 
  C4 0.14761500 
  C5 0.04514850 
  C6 0.11738175 
  C7 0.12095775 
 B2 C8 0.13515775 
  C9 0.06337700 
  C10 0.02935350 
  C11 0.02211175 

 

Since the Consistency Ratios (CR) obtained in the comparison matrices formed in the 
AHY are below the desired value of 0.10 in the theorem, the calculated weights can be 
evaluated and used significantly. 

The "Model Builder" module included in the ArcGIS software used in the study has 
created a model for the landfill site. The model is prepared according to the instructions 
used in the study. Different studies will be able to perform site selection with different 
criteria using the same model. 

 

RESULTS 

In this study, using the 11 criteria, the most suitable alternative landfill site for Istanbul 
was selected. With the help of GIS-enabled spatial analysis, result maps in raster data 
format have been produced. In the study, the pixel size was taken as 30X30 meters. Areas 
obtained as a result of analysis; classified as unsuitable, less suitable, appropriate and very 
appropriate. In the light of legal restrictions, 80% of the study area is classified as 
unauthorized area. 1% of the study area is not suitable, 4% is less suitable, 13% is suitable 
and 2% is very suitable. As a result of the evaluations, the most suitable area in terms of 
land use and environmental conditions was determined as Silivri district of Istanbul near E-
80 highway and Çerkezköy districts. The presence of a highway near the area will also 
reduce costs for solid waste transported from stations. The area is far away from 
settlements. Figure 3 shows the current Silivri Yemen Landfill Site opened in 2016 near 
the area indicated by number 1. As it is aimed to find alternative sites for the future, area 1 
has a high degree of suitability when the other existing fields lose their function. 

A total of three landfill sites are currently operating in Istanbul. These are Kömürcüoda on 
the Anatolian side and Odayeri and Silivri Seymen on the European side. The landfill sites 
that are in use are made to service by choosing the location according to the environmental 
and legal features in the construction years. Whether or not the existing landfill sites are 
included in, the appropriate areas found in the results obtained in the study are also 
examined. İstanbul-Odayeri landfill site is located within the appropriate region obtained 
as a result of the work. The Silivri Seymen landfill site is in the forest area from the 
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characteristics of land use in operation. For this reason, there are areas classified as 
unauthorized areas in the study. The current site is located at a very short distance to the 
appropriate areas obtained in the study. The landfill site in Kömürcüoda is also located in 
the forested area like Silivri Seymen and is not allowed. The area where the landfill site is 
located in Kömürcüoda very close to the less appropriate classification obtained in the 
study. 

 

 
Figure 3. Istanbul province alternative landfill site suitability heat map (Guler, 2016). 

 

The pixel values of the data used in the study and the pixel size according to the studies in 
the literature were chosen as 30X30 meters. Analysis results were obtained by 
transforming the data of the criteria of highways, airports, solid waste transfer stations and 
protected areas in the vector data format into raster data of 30-meter pixel size. The model 
was resampled and the model was resumed by selecting the pixel size 100X100 meters. 
When the result data generated by the model is examined, it is seen that the classification 
values generated by the 30-meter pixel size are very close to the 100-meter pixel result of 
the percentages in the study region. 

In the AHP approach, environmental criteria were calculated at 75% and economic criteria 
at 25%. These weights determined by examining the studies in the literature were changed 
in the name of model analysis and the results were also re-evaluated. Considering the 
creation of an economic scenario, the environmental criteria were taken into consideration 
as 25% and the economic criteria as 75%, and the weights of the sub-criteria were 

1 
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recalculated. The model was reworked by recalculating the weights and yielding results for 
the economic scenario. 

 

CONCLUSIONS 

Today, with the rapid population growth, the urbanization process is accelerating and it is 
seen that the amount of solid waste in social consumption is increased as a natural result. 
In order to solve the environmental problems that arise in this context, regular storage, 
which is one of solid waste disposal methods, is preferred. However, the most appropriate 
location for this purpose is a complex and difficult positional problem for decision makers. 
In this study, alternative location selection analyzes of the landfill site were carried out 
with effective analysis capacities of geographic information systems. By creating a 
dynamic model with GIS based, it is possible to provide faster and more accurate results. 
The province of Istanbul is taken as an example and the suitability of the existing landfill 
sites by the output obtained from the model is examined. It can be seen that in case of work 
to be done, it can be beneficial by arranging the created model according to the working 
region or the properties of the data to be used. It has once again been confirmed that GIS is 
an important tool in solutions to environmental problems with its large volume 
geographical availability. The GIS-integrated AHP has been found to be an effective 
decision support method, particularly for the detection of landfill sites. 
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ABSTRACT 

The advertising method that is most connected with urbanization is outdoor advertising 
which involves the publicity of products in various forms such as billboards, posters, 
screens, totem, zeppelin as well as through the press organs in the city. In addition, 
advertising elements are considered a part of city furniture. Therefore the design and 
implementation of outdoor advertisement should be aesthetically, environmentally and 
culturally aware to preserve the historical and cultural particularities of the areas and 
prevent pollution. The most important feature that distinguishes the advertising elements 
from the city furniture is that it is rented by the relevant municipality to obtain advertising 
revenue.  However, there is no standard in advertising revenue collection and archiving 
systems of related municipalities in Turkey. The geographical locations of the advertising 
elements are not available in the municipal databases. The problems also arise in the 
control part of the advertisement elements with the declaration given for getting 
advertisements. For this purpose, this study aimed to bring a different perspective to 
archiving the advertisement data and monitoring the advertisement tax. All parameters 
were found to respond to positional queries and were visualized on the map. Considering 
all these problems, a database design has been realized in which spatial queries can be 
made by integrating advertising elements and tax. An interface that works integrated with 
ArcGIS is designed by Using C # programming language. Through the designed database, 
it is possible to display in which region the number of the advertisement element is found. 
Finally, the list of taxpayers with tax debts can be displayed by entering text in any of the 
fields. The results not only show the tax amount owed by a specific taxpayer, but also give 
the total tax debt and the number of people that have not paid their tax. 

 

INTRODUCTION 

From the past to the present, throughout the course of history, humans have been arranging 
the environment that surrounds them, building up villages, towns and cities. Meanwhile, 
cultural structure of societies has also been reflected to the cities. Big cities have become 
the symbols of civilizations. Each society has exhibited its own culture in the city through 
architectural works of art. Worldwide, changing technologies, altering lifestyles and 
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therefore the alternating social structure gave way to a variety of urbanization phenomena 
depending on such socio-economic issues as industrialization, migration and rapid 
population growth (Korkmaz, 2001). Phenomena of urbanization that change over time can 
be exemplified with, namely, the Agora, Forum, city squares in the Middle Ages, city 
squares in the Renaissance, the Baroque city squares and modern squares (Susmus, 1999). 
In order to build cities that meet the lifestyle of modern societies, designers tend to make 
research and offer their services to match the needs. For this reason, urban spaces are not 
merely public spaces open to people but also areas used by urban dwellers for recreational, 
entertainment and socialization purposes (Kuang et al, 2013). Various studies have been 
conducted in order to define and most effectively use these spaces. These studies priorly 
targeted the detection and classification of city squares, as well as their aesthetic 
conformity with the city and the identification of the issues encountered in city squares and 
communal areas (Kılıc, 2001; Korkmaz, 2001; Susmaz, 1999; Moughtin, 1992; Holden, 
1996). The subsequent studies were directed towards more specific subjects rather than 
general public areas. In this respect, studies involved with the functionality of urban 
squares for children, elderly and people with disabilities or with the most convenient use of 
green spaces, recreational areas, historical artefacts in urban squares were adopted later on 
(Ocak, 2006; Ergen, 2000; Yavas, 2002; Curran, 1983). 

The urban elements that facilitate life and express certain amount of aesthetics in these 
defined urban areas are the city furniture. City furniture should be known by people, have 
the quality to meet the physical requirements and serve for safety and comfort of people 
using them (Altıncekic and Koc, 2003). Additionally, city furniture can also be defined as 
service equipment and structures placed in all outdoor urban spaces with specific functions 
targeting the users (Hacıhasanoglu, 1991). For this reason, they can be regarded as a whole 
as systems produced according to certain standards and conditions that aim to serve for the 
people in the city, facilitate urban life and can be live, dynamic, meet the needs and 
provide information (Akyol, 2006). Researchers have carried out certain studies for the 
production of city furniture according to the needs of urban dwellers, their classification, 
the material used for them, their position at the city squares and their aesthetic conformity 
with the surrounding area (Akyol, 2006; Hacısalihoglu, 1991; Durmus, 2008; Surmeneli, 
2015).  

Especially the improper positioning of the advertising elements and information boards has 
caused positive and negative impacts both on the aesthetics of the cities and the people 
living in cities (Kartal, 1978). Some of the universities including Brunel, Monash and 
Nottingham conducted researches on the impact of the roadside and pavement positioning 
of advertising elements such as large billboards on the drivers and pedestrians. According 
to researches, more than 10% of accidents are caused by illuminated signs on crossroads or 
roadsides (Young et al., 2009; Edquist et al., 2010; Crundall et al. 2005; Wallace, 2003; 
Norgate, 2012).  Outdoor venues play a significant role in reflecting the social and cultural 
structure of a society (Isbir, 1991). Advertisements and promotional elements displayed in 
various places of the city should constitute a whole with the urban life. Furthermore, 
advertising should be designed to feature the urban identity without disrupting the urban 
pattern. Advertising elements of different colours and sizes cause visual pollution resulting 
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in unhealthy and irregular urbanisation (Yomralıoglu and Uzun, 1995). For this reason, 
advertising elements that are a component of city furniture should be placed correctly on 
city squares, roadsides and pavements (Surmeneli, 2015). 

The advertising method most connected with urbanization is outdoor advertising, which 
involves publicising products through media such as billboards, posters, screens, totems 
and zeppelin. Advertising elements that are part of the city furniture consist of fixed and 
non-fixed road panels, banners, billboards, electric poles, wall roof advertisements, Light-
emitting diode and unlit signs, cloth banners and bulletins. The design and implementation 
of outdoor advertising should be aesthetically, environmentally and culturally aware to 
preserve the historical and cultural particularities of urban areas and to prevent pollution. 

In Turkey, advertisement activities have a commercial dimension for municipalities, which 
are responsible for the administration of tax revenue. Advertisements generating important 
income are taxable under the law. The determination, tracking and management of this 
revenue are extremely important for municipalities. In Turkey, the current relevant 
regulation (‘Regulation on Advertisements and Promotions’) needs further revision, as the 
regulation is insufficient for taxation of advertising elements. In addition, it is necessary to 
create the visual maps of the existing advertisement elements to determine their optimal 
positions and to track them easily. While the Directorate of Urban Design controls the 
advertising elements, advertising taxes are collected by the Directorate of Revenue in 
Istanbul Metropolitan Municipality. There is no common database system between the two 
departments. Moreover, a geographical information system (GIS)-aided archiving system 
is not available. 

This study aimed to bring a different perspective to archiving the advertisement data and 
monitoring the advertisement tax. For this purpose, a positional database based on a 
geographical information system was created using the advertisement and tax data from a 
district of Istanbul, Turkey. All parameters were found to respond to positional queries and 
were visualized on the map. 

 

ADVERTISING ELEMENTS 

Advertising elements consist of fixed and non-fixed road panels, banners, billboards, 
electric poles, wall roof advertisements, Light-emitting diode and unlit signs, cloth banners 
and bulletins. In Turkey, advertisement activities have a commercial dimension for 
municipalities, which are responsible for the administration of tax revenue. Advertisements 
generating important income are taxable under the law. This tax constitutes a significant 
source of income for municipalities to provide services for their citizens such as urban 
planning, building construction, transportation, infrastructure and mapping (Geymen and 
Yomralioglu, 2010). Therefore, the determination, tracking and management of this 
revenue are extremely important for municipalities. In Turkey, the current relevant 
regulation (‘Regulation on Advertisements and Promotions’) needs further revision, as the 
regulation is insufficient for taxation of advertising elements. In addition, it is necessary to 
create the visual maps of the existing.  
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Advertisement elements to determine their optimal positions and to track them easily. 
While the Directorate of Urban Design controls the advertising elements, advertising taxes 
are collected by the Directorate of Revenue in Istanbul Metropolitan Municipality. There is 
no common database system between the two departments. Moreover, a geographical 
information system (GIS)-aided archiving system is not available. So many problems have 
been identified in Istanbul Metropolitan Municipality such as the low quality of data and 
services, slowness, and the concerns about the accuracy of the information and date 
updated that there is an urgent need for a new system to handle better the recording and use 
of information. For this purpose, geographical information systems will be used in the 
framework of Regulation on Advertisements and Promotions rules that define ads elements 
in outdoor area, which are part of the city furniture and which provide income to the 
country's economy. It will also be determined by the geographical coordinates of the most 
suitable advertising area so as not to damage the aesthetic texture of the city. A design has 
been realized which aims to implement the advertising signboards in a way that will create 
an integrity in terms of visual aesthetics. In addition, all the parameters were found to 
respond to positional queries and were visualized on the map. 

 

DESIGN AND DEVELOPMENT OF SYSTEM: A CASE OF ADVERTISING 
ELEMENTS 

The design phase consists of requirements analysis, determination of the study area, 
determination of data, determination of data types and design. An analysis of the 
requirements is the first phase of the design and development of a database. This phase 
involves the determination of the requirements for data collection and queries to create an 
appropriate database structure (Alkan and Bulut, 2010). They are listed in the order of the 
items to be used below in accordance with the determined purpose.  

• The size and type of the advertising board.  
•  The location of the hanging advertising signs and their photographs.  
• A digital base map of the study area.  
•  The current unit price list. 
• The amount of tax payable by taxpayers. 
• Querying and displaying the advertising signs in a specific region on the map. 

Displaying the fixed advertising signs on the screen and the map. 

Study Area 

In this study, Istiklal Street in Beyoglu (Figure 1) was chosen as the study area to design 
and develop a GIS database. For the creation of the GIS database, Istiklal information 
related to the location of buildings and road names were obtained from the GIS laboratory 
in Yildiz Technical University. The attributes of the fixed signboards on the main section 
of Istiklal Street were obtained from Istanbul Metropolitan Municipality Directorate of 
Revenue. In addition, the photographs of all signs and buildings in the study area were 
taken. The attribute data of the advertising signs were matched with the position data of the 
buildings, and then converted from Excel to DXF (Drawing eXchange Format – file 
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extension for a graphic image often used with AutoCAD). All the photographs were 
transferred to the GIS. 

 

 
Figure 1. Study area 

 

Determination of Data and Data Types 

Geometry types of point, line and polygon can be used in the representation of city 
furniture. For example, city furniture, which has a closed area such as parks and stations, 
pools, is represented by a type of polygon geometry. Some city furniture are represented by 
point geometry type such as Advertisement elements, Electrical poles and bouquets. 
Finally, elements such as boundary barriers can be represented in the database by line 
geometry type. Fixed advertising elements will be displayed on the map according to our 
designed models. This is because it is difficult to determine the location of moving 
advertising elements such as brochures. The locations of the advertising elements will be 
marked on the map by their geographical coordinates. The advertising elements will be 
stored in the point geometry type in the database. A photograph of each advertising 
element will also be displayed on the map. In addition, the full addresses of the advertising 
elements will be placed in the database. 

Implementation of Design  

This package was situated in the following five packed: Locations subject to advertisement 
tax, Address data, Taxpayers data, Accrual system, Tax credit system. In these packets, 
many different data were stored in several classes using attribute information such as the 
AdvertisementLocation ID, Geographical Coordinates, Address ID, 
AdvertisementWorkPlaced ID, TaxPayer ID and AdvertisemenetLocationPhoto ID. The 
AdvertisemenetLocation class that allows geo-coordinates of ad elements placed in squares 
to be shown on the map. The full addresses of the advertising elements are kept in the 
address class. AdvertisemenetLocationPhoto class which will display the photo of the 
advertising elements on the map. It is the TypeofActivity class in which the types of 
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advertising elements (board, digital led, etc.) are kept. The municipality responsible for the 
advertising element is the AdvertisemenetLocation class and AdvertisemenetTaxTable 
class where the information of the organizations is kept. Finally, it consists of Accural 
classes in which legislation or legislation that constitutes the basis for placing advertising 
elements in the outdoor is included. The classes were located at the ends of the relationship 
between 0 .. * 1 .. * 1 and were represented by the multitude of expressions. Figure 2 
presents the main packages in the database design with their relationships. 

 

 
 
 
 
 
 
 
 
 
Figure 2. Overview of database design 

 

Development of the Interface Design 

On the basis of the results of requirement analysis, the database design was created using 
an entity–relationship (ER) model. A relationship between the attribute and spatial data 
was established over the ‘Object_id’ (available in all tables). The attribute queries were 
carried out by way of SQL. When spatial data were involved in the query, ArcMap was 
used. Some of the important queries for design are given in Figures 3 and 5. These queries 
help municipalities easily monitor and manage the data. In this study, the application 
interface was designed using the C# programming language in the MS Visual Studio 
(Microsoft Visual Studio) development environment. Windows Forms were utilised to 
create user interface elements. MS SQL Server was chosen as the database management 
tool. The application data model designed. 

 

TESTING THE DESIGN 

The proposed application allows displaying the advertising elements in a specified area 
(Beyoglu, Hüseyinaga) according to the type of advertisement. Demonstration of 
advertisement signs and tax debts for business places which have the same activity in a 
region. The produced map is presented in Figure 3. 

Locations 
subject to 

advertisement 
tax 

Address 
data 

Taxpayers 
data 

Accrual 
system 

Tax credit 
system 
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Figure 3. Representation of advertisement sign of the same activity in a region. 

 

In the second example, a subtype of the advertising elements on a street was selected and a 
query was made. There are 10 DigitalLEDs on that street. Displayed on the map of signs 
classified by the type of advertisement in a specific region. The produced map is presented 
in Figure 4. 

 

Figure 4. Light-emitting diode advertising displays in Asmalımescit. 
 
In the last example, a photo of any selected advertising elements such as sign can be 
displayed (Figure 5). 
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Figure 5. Displaying the photograph of the advertising sign on the screen. 

 

RESULTS AND RECOMMENDATIONS 

The city furniture is the smallest part of the city that should be in an aesthetic harmony 
with the city. Studies related to urban furniture have been examined within the scope of our 
studies. In our studies, a design has been realized for the advertising elements which are 
part of the urban furniture in the direction of the existing data. The first objective of this 
study was to reduce the problems regarding the monitoring of the advertising tax 
payments. The second purpose of the design is to display the advertising elements on the 
map with photos and geographical coordinates. In addition, the design can be query 
according to the region, street and advertising elements. The analysis results obtained by 
system design and application in this study are given below.  

• The system used by the municipality is difficult to control signboard data and check 
the tax. This situation is also causing time loss. But, with this designed system, all 
the advertising signboard data will be kept in the system in a totally. It will also be 
able to respond to many queries. 

• It is also possible to display all the advertisement signs on the map by associating 
the advertisement sign data with the current map. This will ensure that the location 
and address of the boards will be correctly and quickly detected. 

• Organizations that need signboard data for a particular area have to wait a long time 
due to the current system when they request data to the municipality. Apart from 
official correspondence, the selection of the requested data from the existing system 
causes both the need for more staff and the waste of time. However, the designed 
system allows field or street-based interrogation for signage data. So that in a very 
short time the desired data is obtained in a more healthy way. 
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• Advertising signs with photos of the declaration during the application can be kept 
in a system designed with matched ad spaces. When a query is made, the location 
of the advertisement is shown both on the map and the photograph where the 
hanging is showed can be displayed on the screen. 

• In addition, the billboard can be photographed and transferred to the system. In this 
way, it is possible to check the correctness of positioning by comparison with the 
photographs given on the front or the accuracy of information given to the brain 
(without light, without light etc.). 

• Finally there is no standard among the regulations. Different standards are applied 
by each municipality. In this case, the advertising elements disturb the integrity in 
terms of elements. 

Some things need to be evaluated for the paper that can be done in the continuation of this 
study is available. These particulars are given below.  

• In this study it is only intended to be questioned on the map, maintaining a database 
of advertising elements. However, the design can be elaborated further and all city 
furniture can be kept in a common database and questioned.  

• In addition, city furniture is placed by different institutions with different 
regulations. Each institution has different methods to keep the city furniture with its 
own data. This situation both damages the aesthetics of the city and makes data 
sharing between the institutions difficult. 

• For this purpose, a unique legislation for all city furniture should be established. 
City furniture should be placed in the areas in accordance with the legislation to be 
formed. In addition, city furniture maps should also be created. 
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ABSTRACT 

In this study, it is aimed to define parameters affecting residential real estate value and 
their degree of significance in Artvin city center possessing limited landed property and 
zoning area because of its steep topographical terrain by using one of the widely used 
methods, Analytic Hierarchy Process (AHP). In identifying suitable parameters for 
residential real estates selected as the subject of this study, we utilized the list of 
parameters already determined for all property types within “Land Valuation” prepared 
as the 4th component of the Land Registry and Cadastre Modernization Project initiated 
by the General Directorate of Land Registry and Cadastre in 2008. Out of approximately 
80 parameters, 41 of them were chosen for this study and an expert group currently 
working on real estate and appraisal processes in Artvin was consulted to determine 
parameters and their degrees of significance. A total of 25 parameters -with 14 structural 
and 11 spatial- were identified as effective on the value of real estates in Artvin. Then, the 
weights of these efficient parameters were estimated and applied to the sample residential 
real estates sold in Artvin city center in 2015. The results of valuation for the sample 
houses were examined with their actual sale prices. 

 

INTRODUCTION 

Real estate related activities, such as leasing, sale and purchase, taxation, expropriation, 
nationalization, privatization and banking, which play significant roles in the economy of a 
country, are based on being aware of the values of immovable properties (Yılmaz and 
Demir, 2011; Yalpir, 2014; Emek and Öztürk, 2015). Real estate valuation is the 
identification of the potential value of a real estate, a real estate project or rights and 
benefits of the real estate on the day of its appraisal, based on independent and objective 
measures (Yılmaz and Demir, 2011). 

Nevertheless, it is a fact that the real estate market is heterogeneous both for the real estate 
and for the buyers/sellers and every real estate has some distinctive characters. These 
distinctive characters result in a different value and pricing of the real estate (Yayar and 
Demir, 2014). As is known, immovable properties are classified as land and residence 
                                                           
∗ Corresponding Author 
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(such as housing, working place etc). Within this scope, residential properties are observed 
to be the most transacted properties in Turkey when immovable properties are considered 
as an investment (Türkay, 2015). A total of 1341000 houses were sold in 2016, while in 
2015 it was 1289000 (TurkStat, 2017). Therefore, in this study we have focused on 
residential real estate. 

Houses, as symbols of cities, have the characteristics of a cultural artifact in the process of 
urbanization (Uysal and Yiğit, 2016). Houses are not only shelters but also a relatively 
profitable investment tool. At the same time, the right to housing is one of the most 
fundamental human rights.  

At this point, a realistic prediction of real estate sales prices is important for buyers/sellers 
and for those who want to invest in real estate (Bin, 2004); however, it is quite difficult to 
predict the exact value of a residential real estate because it includes a variety of features 
(environmental, spatial, structural, quality of materials used inside a house, etc.) that are 
difficult to measure and gather information about. Consequently, establishing the 
parameters involved in determining the value of residential real estate and their degree of 
importance have recently been the subject of many studies (Bin, 2004; Yılmaz, 2010; 
Yalpir, 2014). Examining these studies reveals that there is no standard for the selection of 
parameters and their application.  

In this context, several scientific and institutional research studies have been carried out in 
recent years; however, as yet there is no sound basis. One of these studies was the Land 
Registry and Cadastre Modernization Project (LRCMP) initiated by the General 
Directorate of Land Registry and Cadastre in 2008 with the support of the World Bank. 
The Land Valuation Component is regarded as the fourth part of the relevant project. In 
2011, a report was published focusing on the work aimed at determining the parameters 
affecting the value of real estate, according to its type and designating specific standards 
for this (GDLRC, 2014). Within the scope of the same project, pilot implementations were 
carried out in Mamak, Ankara and Fatih, Istanbul. It is very important that these studies are 
extended throughout the country, since it is well known that the parameters affecting the 
value of real estate are shaped in line with local features.  

In this study, our aim was to determine the parameters affecting the value of residential 
properties in the case study of Artvin Province and their significance level, taking into 
consideration the parameters of real estate for residential purposes specified within the 
scope of the LRCMP, using the Analytic Hierarchy Process (AHP) method. In this context, 
the parameters, which were defined in accordance with the topography and residential 
features of Artvin Province, were scored by a group of experts who were engaged in 
housing appraisal for this province, so as to determine the parameters and weights that are 
effective on housing and subsequently develop a model for their appraisal. This model was 
applied to 66 residential real estate that were put up for sale in 2015 in Artvin city center 
and, as the final step of this study, testing its accuracy.  
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MATERIALS AND METHODS 

Determining Parameters Affecting Residential Real Estate Value  

The accuracy and consistency of the appraisal studies depend on the accurate construction 
of the model, which relies on the accurate determination of parameters affecting the value, 
as well as of their impacts. Therefore, it can be said that the most important step in the real 
estate appraisal process is the selection of the parameters affecting the value of the real 
estate and their impact levels.  

This study seeks to determine the parameters affecting the value of residential real estate in 
Artvin city center and their degree of significance, by applying the Analytic Hierarchy 
Process (AHP). The parameters to be used in this study are selected from the list of 
parameters already determined for each property type within “Land Valuation Component” 
prepared as the 4th component of the Land Registry and Cadastre Modernization Project 
(LRCMP) initiated by the General Directorate of Land Registry and Cadastre in 2008. This 
project lists approximately 80 parameters that may be influential on the value of the real 
estate (GDLRC, 2014). In two pilot implementations conducted within the scope of this 
particular project, a total of 48 parameters were used in Fatih, Istanbul for residential real 
estates and 46 parameters were used in Mamak, Ankara (GDLRC, 2014).  

Likewise, taking into consideration the geographical features and physical structure of 
Artvin, which was selected as the case study for the present research, 41 parameters are 
found to be applicable to this study. According to this, the parameters concerning the 
distance to the sea, subway/metrobus/suburbs/trolleys, shanty settlement and solid waste 
disposal area were excluded due to the scope of this study. Thus, a total of 41 parameters -
18 of them being structural and 23 of them being environmental- were determined (Table 
1).  

 
Table 1. Parameters determined for residential real estate in LRCMP 

Structural Parameters (SPİ SP15 ) occupancy permit EP11 distance to elementary 
school 

SP1 position of the flat SP16 independent unit gross open 
area EP12 distance to high school 

SP2 type of heating SP17 number of floors EP13 distance to university 
SP3 floor SP18 ownership share EP14 area of storage space  
SP4 direction of frontage Environmental Parameters (EPi EP15 ) slope 

SP5 physical condition of the 
building EP1 parking area EP16 distance to bazaar  

SP6 age of the building EP2 neighborhood EP17 distance to market place 
SP7 floor area EP3 development level EP18 distance to shopping mall 
SP8 number of balconies EP4 distance to city center EP19 distance to mosque 
SP9 elevator EP5 road/street EP20 distance to hospital 
SP10 number of rooms EP6 position of the plot EP21 distance to cultural areas 
SP11 independent hall EP7 main road facade EP22 distance to recreation areas 
SP12 number of facades EP8 distance to main road EP23 facility management 
SP13 en-suite bathroom EP9 street width   
SP14 facade material EP10 distance to bus station   
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Determining Weights of Parameters Affecting the Value of Residential Real Estate by 
Using AHP  

The value of real estate is affected by local characteristics and the social and economic 
structure of the appraisal area, together with the structural and environmental features of 
the area. Thus, as stated by Kauko (2002), it is important to obtain the opinions of real 
estate appraisers, who are familiar with the area, in determining the factors and impact 
levels affecting value. Within this context, 41 parameters, which were understood to be 
effective on housing, were scored by a group of 10 real estate appraisers working in Artvin 
and having examined Artvin’s real estate market in depth, and the parameters and weights 
affecting the value, were identified using the AHP method.  

The Analytic Hierarchy Process (AHP), one of the Multi-Criteria Decision Analysis 
(MCDA) methods, is a theory of measurement through pairwise comparisons and relies on 
the judgments of experts to derive priority scales (Yalpir, 2014). It can be thus said that the 
AHP is an appropriate method for studies of real estate value, in which many objective 
criteria are required for consideration in the process of appraisal identification, and is 
widely used research on real estate (Kryvobokov and Williamson, 2007; Yılmaz, 2010; 
Yalpir, 2014). In scoring, the preference scale suggested by Saaty is used and a pairwise 
comparison matrix is created (Saaty, 1980).  

In this present study, a three-step application was conducted to determine the parameters 
and weights influencing the value of real estate. In the first step, by taking the geographical 
and physical features of Artvin city center into account, the appraisers group scored the 41 
parameters listed on a scale of 0-100 with regard to their impact on residential real estate. 
Analyzing the parameter scores obtained, the group took 16 parameters, the main score for 
which remained below 50, and excluded these from the study. The study then continued 
using the remaining 25 parameters.  

In the second step, the remaining 25 parameters were divided into two groups according to 
their qualities as structural and environmental parameters (14 structural and 11 
environmental), and the group of appraisers scored these parameters in accordance with the 
9-unit scale and pairwise comparisons (Saaty, 1980). Thus, the pairwise comparison 
matrixes for both the structural parameters (Table 2) and the environmental parameters 
(Table 3) were created to determine the weights of parameters according to the AHP 
method. It was found out that the structural parameters are five times important than 
environmental parameters when these groups were compared. The weights of the structural 
and environmental parameters were thereby found to be 0.8333 and 0.1667, respectively. 
The consistency of the pairwise comparisons was analyzed as the final stage of step two. 
According to this, the consistency rates (CR) for structural and environmental parameters 
were found to be 0.0665 and 0.0846, respectively. These comparisons are considered to be 
sensitive in a consistent and acceptable manner, as the CR values that were calculated were 
found to be less than 0.10 (Saaty, 1980). 
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Table 2. Pairwise comparison matrix of the structural parameters 

   Max. eigenvalue (λmax) = 15.3567                   n =14               Random index (RI) = 1.57 
   Consistency index (CI) = (λmax - n)/(n-1) = 0.10436               Consistency ratio (CR) = CI/RI = 0.0665. 
 
Table 3. Pairwise comparison matrix of the environmental parameters 

 
0.1667 EP1 EP2 EP3 EP4 EP5 EP6 EP7 EP8 EP9 EP10 EP11 

Weights 

EP1 1 2 2 3 3 5 5 7 8 8 9 0.2410 
EP2 1/2 1 1 2 2 3 4 6 7 7 8 0.1595 
EP3 1/2 1 1 2 2 3 4 6 7 7 8 0.1595 
EP4 1/3 1/2 1/2 1 1 2 3 5 6 7 7 0.1083 
EP5 1/3 1/2 1/2 1 1 2 3 5 6 6 7 0.1066 
EP6 1/5 1/3 1/3 1/2 1/2 1 2 4 5 5 6 0.0729 
EP7 1/5 1/4 1/4 1/3 1/3 1/2 1 4 5 5 6 0.0610 
EP8 1/7 1/6 1/6 1/5 1/5 1/4 1/4 1 3 4 5 0.0365 
EP9 1/8 1/7 1/7 1/6 1/6 1/5 1/5 1/3 1 2 3 0.0226 

EP10 1/8 1/7 1/7 1/7 1/6 1/5 1/5 1/4 1/2 1 2 0.0181 
EP11 1/9 1/8 1/8 1/7 1/7 1/6 1/6 1/5 1/3 1/2 1 0.0140 

      Max. eigenvalue (λmax) = 12.2774                   n =11         Random index (RI) = 1.51 
      Consistency index (CI) = (λmax - n)/(n-1) = 0.12774         Consistency ratio (CR) = CI/RI = 0.0846 
 
In the third and final step of the study, the attributes of the parameters (sub-parameters), 
for which the weights were already determined, were scored on a scale of 0-5 by the same 
group of appraisers. Table 4 shows the sub-parameters as well as the number of residential 
real estates (n) classified within each sub-parameter.  

Taking the local conditions of Artvin into consideration, the weights of the parameters 
affecting the value of the residential real estate (Wi) as well as the scores of their sub-
parameters (Si

 

) were identified, and a real estate value estimation model (1) was specified 
for Artvin city center. 

 

 

0.8333 SP1 SP2 SP3 SP4 SP5 SP6 SP7 SP8 SP9 SP10 SP11 SP12 SP13 SP14 Weights 

SP1 1 1 2 3 3 3 3 4 5 5 7 7 9 9 0.1788 
SP2 1 1 2 3 3 3 3 4 5 5 7 7 8 8 0.1768 
SP3 1/2 1/2 1 2 2 2 2 3 4 4 5 5 7 7 0.1186 
SP4 1/3 1/3 1/2 1 1 1 1 2 3 4 6 6 7 7 0.0860 
SP5 1/3 1/3 1/2 1 1 1 1 2 3 3 5 5 6 6 0.0792 
SP6 1/3 1/3 1/2 1 1 1 1 2 3 3 5 5 6 6 0.0792 
SP7 1/3 1/3 1/2 1 1 1 1 2 3 3 5 5 6 6 0.0792 
SP8 1/4 1/4 1/3 1/2 1/2 1/2 1/2 1 2 2 4 4 5 5 0.0528 
SP9 1/5 1/5 1/4 1/3 1/3 1/3 1/3 1/2 1 2 4 4 5 5 0.0432 
SP10 1/5 1/5 1/4 1/4 1/3 1/3 1/3 1/2 1/2 1 4 4 5 5 0.0395 
SP11 1/7 1/7 1/5 1/6 1/5 1/5 1/5 1/4 1/4 1/4 1 2 3 4 0.0224 
SP12 1/7 1/7 1/5 1/6 1/5 1/5 1/5 1/4 1/4 1/4 1/2 1 3 3 0.0195 
SP13 1/9 1/8 1/7 1/7 1/6 1/6 1/6 1/5 1/5 1/5 1/3 1/3 1 2 0.0132 
SP14 1/9 1/8 1/7 1/7 1/6 1/6 1/6 1/5 1/5 1/5 1/4 1/3 1/2 1 0.0117 
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ScoreAHP = [0.8333* ((SSP1*WSP1) + (SSP2*WSP2) + (SSP3*WSP3) + (SSP4*WSP4) + (SSP5*WSP5) + 
(SSP6*WSP6) + (SSP7*WSP7) + (SSP8*WSP8) + (SSP9*WSP9) + (SSP10*WSP10) (SSP11*WSP11) + 
(SSP12*WSP12) + (SSP13*WSP13) + (SSP14*WSP14))] + [0.1667* ((SEP1*WEP1) + (SEP2*WEP2) + 
(SEP3*WEP3) + (SEP4*WEP4) + (SEP5*WEP5) + (SEP6*WEP6) + (SEP7*WEP7) (SEP8*WEP8) + 
(SEP9*WEP9) + (SEP10*WEP10) + (SEP11*WEP11

 
))]                (1) 

Table 4. Scores of sub-parameters 

parameters sub-parameters score  n parameters sub-parameters score n 
SP1 front 5 46 EP1 parking garage 5 10 

back side 3 20 parking lot 4 48 
SP2 centrally heated 5 65 absent 0 8 

stove-heated 1 1 EP2 Çarşı 5 7 
room heater 2 0 Orta 3 13 

SP3 top floor 4 11 Çayağzı 3 8 
below of the top floor 5 12 Dere 2 10 
Intermediate floor  4 38 Çamlık 4 10 
ground floor 2 2 Balcıoğlu 3 8 
Basement floor 1 3 Yeni Mahalle 3 10 

SP4 south, south east, south west  5 18 EP3 
 
 

good                           5 23 
east, west 4 35 medium   3 30 
north east, northwest 2 11 poor 1 13 
north 1 2 EP4 

(m) 
 
 
 
 

0-500 5 2 
SP5 great 5 38 500-1000  4 3 

well 4 15 1000 – 1500 3 10 
medium 3 8 1500 - 2000 2 21 
uncared 1 5 2000 – 3000 1 22 

SP6 0 (new) 5 43 > 3000 1 8 
1-5 4 6 EP5 road 5 18 
6-10 3 3 street  3 48 
11-15 2 4 EP6 corner 5 50 
16-20 2 5 intermediate 3 16 
≥ 21 1 5 EP7 present 5 9 

SP7 
(m2

0-60  
) 

1 1 absent 2 57 
61-80 2 3 EP8 

(m) 
0-100 5 30 

81-100 3 16 100-200 4 6 
101-120 4 14 200-300 3 8 
121-149 5 24 300-500 2 4 
≥ 150 5 8 > 500  1 18 

SP8 ≥ 2  5 37 EP9 Single lane one way 2 8 
1 3 28 Double lane two 

way 
5 58 

absent 0 1 EP10 
(m) 

0-100 5 45 
SP9 present 5 54 100- 200 5 10 

absent 0 12 200-300 4 6 
SP10 2 2 1 300-400 3 2 

3 4 20 400-500 2 - 
4 5 37 >500 1 3 
≥ 5 4 8 EP11 

(m) 
0-400 5 35 

SP11 independent hall 5 64 400-800 4 19 
dependent hall 2 2 800-1200 3 7 

SP12 
 

1 1 6 1200-1600 2 2 
2 4 51 >1600 1 3 
3 and 4 5 9     

SP13 1 2 42     
≥ 2  5 24     

SP14 uninsulated overcoat 2 16     
Insulated overcoat 5 50     
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Case Study  

In this section of the study, the model was applied to and tested in Artvin city center. There 
are a total of seven neighborhoods in the city center area, comprising Balcıoğlu, Çamlık, 
Çarşı, Çayağzı, Dere, Orta and Yeni Mahalle. Therefore, the material for this study 
constitutes residential real estates sold in 2015 on the basis of these seven neighborhoods. 
Firstly, this sales data were obtained from Artvin Directorate of Land Registry for the 
period between January 1, 2015 and December 31, 2015. According to this data, total of 
584 real estate properties (house, office, land, plot etc.) were sold in the city center.  As 
stated by several researchers (Yahşi, 2007; Türkay, 2015), the sales prices registered by 
Land Registry Directorates are lower than their market value. Therefore, the real estates 
offered for sale, which were used for residential purposes to include every neighborhood 
and were able to reach its actual sales value, were selected. Accordingly, the accuracy of 
the studies will be affected by the use of these registered values, which do not reflect the 
market. Therefore, in this study, the use of actual sales prices obtained from the residential 
real estate buyers/sellers through face-to-face interviews was preferred. In this context, a 
total of 66 residences were selected in proportion to the number of residences put up for 
sale in each neighborhood, and the data on 25 parameters for each residential real estate 
detailed above was collected from the relevant institutions and organizations.  

In this context, the numbers of the cadastral islands, parcels and independent units (flat), 
the dates of sales, sales prices and the type of real estates sold were obtained from the 
Artvin Directorate of Land Registry. Next, the cadastral and the city maps for the study 
area were accessed from the Artvin Directorate of Cadastre and from the Municipality of 
Artvin, respectively. The data regarding the environmental parameters was identified from 
these maps. The distances of the real estate from facilities such as schools and the city 
center were calculated in meters, based on the roads currently used, which are digitized in 
the city maps by using ArcGIS 10.2 GIS software. The structural characteristics of the 
residential real estates were obtained from the Occupancy Permits accessed from the 
Municipality of Artvin, and from in situ observations.  

By using all the data acquired, the AHP scores of each residence were calculated using the 
formula (1) stated above. Then, the sales value of each house, equivalent to AHP unit 
price, was ascertained by dividing the actual sales prices into the calculated AHP scores 
(actual sales prices / AHP score). The Pope test was applied for the acquired values, 
revealing that 3 of the residential values from the data set were found to be incompatible 
and were accordingly removed from the study. The remaining data set, consisting of 63 
residential real estates, were randomly selected and 25 of these were re-ordered as a 
sample set, while 38 of them were re-ordered to be an appraisal set. Subsequently, the 
estimated sales prices of the appraisal set were determined using the data acquired from the 
study sample set (Table 5).  
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Table 5. Analyzing results for appraisal set with appraisal level and appraisal uniformity 

No 
Actual Sales 

Prices 
 Valuation 

Prices 
Ratio 
(%) 

│Ratio-
median│ No 

Actual 
Sales Prices 

Valuation 
Prices 

Ratio 
(%) 

│Ratio-
median│ 

1 105000.00 131509.96 125 0.2367 20 90000.00 104505.53 116 0.1454 
2 75000.00 76167.69 102 0.0002 21 150000.00 127927.05 85 0.1630 
3 130000.00 125649.27 97 0.0493 22 120000.00 144936.12 121 0.1920 
4 135000.00 152215.12 113 0.1117 23 120000.00 138223.04 115 0.1361 
5 135000.00 134403.16 100 0.0202 24 150000.00 148529.64 99 0.0256 
6 115000.00 149778.18 130 0.2866 25 165000.00 157322.44 95 0.0623 
7 110000.00 142789.21 130 0.2823 26 145000.00 157322.44 108 0.0692 
8 110000.00 135676.45 123 0.2176 27 205000.00 160060.02 78 0.2350 
9 120000.00 132394.19 110 0.0875 28 170000.00 144653.17 85 0.1649 
10 155000.00 152459.16 98 0.0322 29 165000.00 157166.81 95 0.0633 
11 100000.00 127997.79 128 0.2642 30 145000.00 147323.55 102 0.0002 
12 140000.00 153728.92 110 0.0823 31 160000.00 144433.88 90 0.1131 
13 125000.00 143188.88 115 0.1297 32 135000.00 143111.07 106 0.0443 
14 115000.00 141137.47 123 0.2115 33 160000.00 149541.20 93 0.0812 
15 105000.00 144706.22 138 0.3624 34 185000.00 143899.81 78 0.2380 
16 155000.00 133625.04 86 0.1537 35 130000.00 141501.77 109 0.0727 
17 159000.00 159172.25 100 0.0147 36 150000.00 136567.76 91 0.1053 
18 140000.00 140893.42 101 0.0094 37 180000.00 148710.02 83 0.1896 
19 135000.00 151691.65 112 0.1078 38 225000.00 165857.04 74 0.2787 

Median Arithmetic Average Weighted Average COV COD PRD 

1.0158 1.0432 1.0144 0.13 13.05 1.03 
 
At this point, it is important to control at what rate the estimated sales values reflect the 
specified actual sales values. Consequently, a ratio study, as applied in the literature 
(Yılmaz, 2010; Yılmaz and Demir, 2011; IAAO, 2013; Kim and Kim, 2016), was used. A 
ratio study is a general concept to evaluate the appraisal success in sales-based studies 
(Yılmaz and Demir, 2011). In order to measure the success of the appraisal study 
conducted within the scope of this study, the appraisal level and appraisal uniformity were 
analyzed. The appraisal level is the ratio of the value estimated through the AHP to the 
actual sales value, thus revealing how close the estimated value is to the sales value. 
Central tendency measurements, which were calculated as median, arithmetic and 
weighted averages, are used to determine the appraisal level. Appraisal uniformity 
indicates the consistency of the estimated values. In other words, it indicates that at what 
rate the real estates, of which the appraisal was made, gets closer to their sales values and 
in which direction the deviation from the sales values lie. In determining the appraisal 
uniformity, the coefficient of dispersion (COD), coefficient of variation (COV) and price 
related differential (PRD) are used.  

In this context, after analyzing the appraisal models from the perspectives of the appraisal 
level and uniformity, it can be concluded that the appraisal level is acceptable and 
uniformity has been achieved, due to the fact that the analyzed data is at the same standard 
as that set by the IAAO (2013); the COD values under the title of Single-family 
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residential- Older or more heterogeneous areas are between the range of 5-15; central 
tendency measurements are between the range of 0.90-1.10; and PRD value is between the 
range of 0.98-1.03. In conclusion, the appraisal model can be said to be usable as a result 
of the rate study. 

 

FINDINGS AND RESULTS 

According to the overall examination of the results, 25 out of 41 parameters (Table 1), 
which were determined by taking into consideration the estimated parameters for 
residential real estates within the scope of the LRCMP, were determined to be effective on 
Artvin-specific real estates. These 25 parameters were analyzed in two groups, as structural 
and environmental, and their weights were determined in accordance with expert opinions. 
Accordingly, the three most important structural parameters out of 14 (Table 2) were found 
to be as follows: position of the flat (SP1; 0.1788), type of heating (SP2; 0.1768) and floor 
(SP3; 0.1186), respectively; while, the three least important parameters were facade 
materials (SP14; 0.0097), en-suite bathroom (SP13; 0.0110) and number of facades (SP12; 
0.0195), respectively. Likewise, the three most important environmental parameters out of 
11 (Table 3) were parking area (EP1; 0.2410), neighborhood and development level (EP2-
EP3; 0.1595) and distance to city center (EP4; 0.1083) respectively; while the three least 
important parameters were distance to elementary school (EP11; 0.0140), distance to bus 
station (EP10; 0.0181) and distance to main road (EP9; 0.0226), respectively. As stated in 
several studies (Yusof and Ismail, 2012; Ayan and Erkin, 2014; 2015; Daşkıran, 2015), the 
parameter of distance to city center is reported to be one of the most significant parameters 
affecting property values. Likewise, the floor parameter, one of the most significant of 
structural parameters (the storey on which the flat is situated), is among the most important 
parameters affecting property value in many studies in the literature (Mirasyedi, 2006; 
Kryvobokov and Wilhelmsson, 2007; Daşkıran, 2015). In contrast, for this study an en-
suite bathroom was in the three least important structural parameters; nevertheless, in other 
studies it has been identified as one of the most significant. Additionally, when Table 3 is 
analyzed, it can be seen that the impact of parameters such as distance to elementary 
schools/hospitals/bus station/main road were found to have less influence on residential 
values. The reason of this may be that Artvin is a small city and reinforcements are located 
at an accessible distance.  

When the structural and environmental parameters are compared, structural parameters are 
found to be 5 times more important than the environmental parameters (Wstructural= 0.8333, 
Wenvironmental

In the second step of this study, the real estate appraisal model, which was created using 
the weights and attribute scores of parameters affecting the residential property values in 
the Artvin case study, was analyzed. In this model, the AHP values of the residential real 

 = 0.1667); however, in a study by Yalpir (2014), environmental features 
(0.70) were reported to be more important than structural features (0.30). In this context, it 
is recognized that each parameter affects the determination of house prices of each 
province in a different way. This also emphasizes the importance and necessity of carrying 
out city-based studies.  



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

627 
 

estates are determined to be in the range of 2.1535-4.7116, and that 1 AHP score is about 
TRY 35369.25 when the study sample set is considered. The estimated sales values of an 
appraisal set (38 houses) were calculated using this value (Table 5). When Table 5 is 
analyzed, the ratio of appraisal prices/actual sales prices are found to vary between 74% 
and 138%, and its average is 104%. Likewise, the total of the actual sales prices and the 
total of the appraisal values are found to be TRY 5314000.00 and TRY 5390776.41, 
respectively. It can be seen that the values are quite close to each other and the same 
situation was observed in the study of Yılmaz (2010). In conclusion, the test results of this 
study can be considered acceptable in terms of the appraisal level and appraisal uniformity 
in accordance with the standards set by the IAAO (2013), and therefore, the appraisal 
model can be used. 

 

CONCLUSIONS 

In this study, the structural and environmental parameters affecting residential real estate 
values and their degree of significance in Artvin city center have been determined using 
the AHP method. In identifying these parameters, we have utilized the list of parameters 
determined within the Land Registry and Cadastre Modernization Project, initiated by the 
General Directorate of Land Registry and Cadastre in 2008. Thus, a total of 25 parameters 
-with 14 structural and 11 environmental- have been identified as effective on the value of 
residential real estate in Artvin. Subsequently, the weights of these efficient parameters 
were estimated by consulting a group of experts. Thus, a real estate value estimation model 
was created for Artvin city center and the estimated sales values of selected real estates 
were calculated using the weights computed. When the estimated sales values and actual 
sales prices were compared, the values were observed to be quite close to each other. This 
situation shows that the appraisal model can be used for Artvin city center. In this context, 
it is quite significant to expand the real estate appraisal studies by developing them, which 
were firstly initiated by General Directorate of Land Registry and Cadastre in 2008, of 
which infrastructure and standards were tried to be settled, however, not built on a solid 
ground yet, and to designate real estate value maps by urgently determining the parameters 
affecting the residential value and their significance level on an urban basis, and to serve 
them all studies which require value. Therefore, the results of this study on the 
management of the real estate market, could be informative for all actors in the sector, such 
as real estate owners, real estate agencies and specialists. 
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ABSTRACT 

Transportation is one of the most important factors that effects our life in every manner and there 
are also a lot of factors that effecting transportation. Once these factors are identified, using 
developed methods and GIS, these factors can be analyzed and problems can be discovered thus 
solutions could be achieved. In this paper, the robustness of the transport network is analyzed via 
accessibility indicators. Within this study, this robustness is tested via a selected scenario where 
disruption of the road network due to natural disasters, maintenance or accidents is analyzed and 
vulnerability is determined on a selected study area in Istanbul, where twelve districts of Istanbul is 
included. As the network data, the Open Street Map (OSM) is used, which is open source. 
Furthermore, population statistics per district is utilized that is received from TUIK. Only the main 
roads have been selected from OSM for analysis and transportation capacities are defined as 
equal. Using re-edited road data, information about nodes has been derived with setting Arc-Node 
structure in network analysis. Origin- Destination (OD) matrix is calculated and robustness of the 
network is determined. The accessibility of road has been tested. As a result of this research, 
520km road and 382km2

 

 area in test area have been analyzed and accessibility is determined. 

INTRODUCTION  

Transportation is a challenge for metropolitan cities such as Istanbul. Demand for 
transportation is high. For obtaining economic development and regional integration, the 
traffic networks should be designed efficiently and less costly. However, transportation 
system affects the land use, and changes the eco-social environment. Economic 
globalization and regional integration require the support of efficient traffic networks to 
reduce factor costs (Wang, 2017). There are different ways of transportation including 
roads, seaways, railways, and airways. A physical access to personal possessions, target 
locations or services is commonly defined as transportation, while it means a relative 
flexibility to reaching a determined point or are, in the fields of geography and urban 
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economics. Social planners use this term as individual’s capability to use services and 
opportunities. (Mavoa, 2012). The main ‘product’ of a transport system is accessibility.  

A city’s transportations system affects the comfort of travelling and the development of the 
city. Thus, by improving the social quality, it makes the city more appealing to tourists. To 
offer a better transportation service to the individuals, the road network must be in 
equilibrium with the population density. To measure the accessibility is a demanding 
request because it is hard to meet the people’s needs in transportation (Acheampong, 2015; 
Van, 2015). When accessibility is calculated, the environmental and economic factors are 
usually taken into account (Murray, 1998). Accessibility is calculated according to these 
factors and the distances between roads.   

In this study, the accessibility of Istanbul urban transportation network is calculated with 
using open-source geo-data, where only the accessibility on the roads is studied. 
OpenStreetMaps’ (Haklay, 2008) are used and only the main transportation network and 
crucial roads are determined and used in this project. Additionally, the determined roads 
are generalized in order to be processed. Origin destination (O-D) flows from traffic counts 
in a road network are calculated with a one-stage network observer named accessibility 
(Chen, 2009). We calculated the shortest distance between two different points using O-D 
COST matrix. Due to the transportation capacity on the test area is not known, all 
capacities assumed equal in the process. The data gathered from TUIK are district-based. 
That reduces the precision of this study. Individual’s travel behaviors are affected by the 
population in the business and residential areas in a settlement zone (Etminani-
Ghasrodashti, 2016). Population data is used to detect the popularity of different regions. 
Especially in big metropoles such as Istanbul, there are traffic problems in over-crowded 
areas. In the calculations, it is assumed that the denser population leads to a worse road 
accessibility. 

The aim of this study is to test robustness of the network, where one scenario is designed 
for the test. Disruption of the road network due to natural disasters, maintenance or 
accidents is selected as a scenario and vulnerability is determined on a selected study area 
that covers twelve districts of Istanbul. 

 

STUDY AREA AND DATA 

Twelve districts those have a high density of population and road network in Istanbul are 
chosen as the study area. The area is 382 km2. 

   

The road network is denser at some zones 
compared to the others. Those differences allowed the study to carry out different 
scenarios. The total length of the road network is 520 km. In order to obtain more precise 
and systematic results, the district is divided into 1 km x 1 km grid network. Study area 
and center points of the grids are presented in Figure 1. Besides, the districts and the road 
network obtained from OSM are shown in figure 2.  
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Figure 1. Study area and center point of grids. 

 
Figure 2. The districts and the road network. 

 

METHODOLOGY 

The OD cost matrix used in calculations computes the shortest distance between selected 
origin and destination points and detects the length of the route. Because all the road 
capacities and traffic densities are assumed equal, the drivers are thought to choose the 
shortest road. 

To calculate the accessibility, the area is divided in to grids. The total number of grids is 
298. The shortest distances between the centers of every 2 different grids are calculated. 
Therefore, the accessibilities of every grid is calculated. Apart from these calculations, the 
population values of every grid are taken into account and the population data is introduced 
as parameter in to accessibility analyses. 

After every grid’s accessibilities are calculated, some roads are assumed unusable and new 
accessibilities are calculated. These processes are made with and without using the 
population data. Therefore, the effects of an unused road on a test area is detected.  Since 
the population data is district-based, the population values of grids are calculated 
proportionally with the number of grids in a district. Figure 3. Represents the population 
values of grids. The darkest areas are the most intense populated areas which are harder to 
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reach than less populated areas.  Table 1 shows the district based populations and the 
population per grid.  

 

 
Figure 3. Population of grids. 

Table 1. Population of grids and districts. 

Districts Population of Districts Number of Grids Population per Grids 

Basaksehir 369810 92 4020 

Bakirkoy 222437 23 9671 

Beylikduzu 297420 27 11016 

Avcilar 430770 27 15954 

Esenyurt 795010 32 24844 

Bayrampasa 273148 10 27315 

Zeytinburnu 287897 10 28790 

Gungoren 298509 10 29851 

Kucukcekmece 766609 23 33331 

Esenler 457231 13 35172 

Bagcilar 751510 20 37576 

Bahcelievler 598097 11 54372 

Total 5548448 298   

 

 

RESULTS AND DISCUSSION 

Following the methodology described, shortest distances between every two different grid 
is calculated with OD cost matrix and the sum of those values gives the grid’s accessibility. 
Figure 4a. represents the shortest distances. It can be seen in the figure that the 
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accessibility reduces as moving away from the center of the grid. Additionally, the results 
with the population included can be seen on Figure 4b. Because the population is 
calculated approximately, the calculations are made with new coefficients. These 
coefficients are distributed proportionally to make the most populated grid value to be half 
of the least populated grid value. Thus, with the population effect, the accessibility is 
reduced in the most densely populated areas.  

  
a) b) 

Figure 4. Results of accessibility. 

The effect of a removed road to the grids’ accessibility is investigated. The calculations are 
made by removing two different roads one by one. The results are obtained from the 
shortest distances calculated with and without the population effect. The achieved results 
should be handled cautiously, where the results depend upon the assumptions pre-
described in this manuscript. 

 

 
Figure 5. Excluded routs. 

Figure 5. shows the removed roads. Road 1 is an important road that has no alternative in 
the network. Road 2 is a road with an alternative in it’s area. This situation weakens the 
importance of the road 2.  
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a) b) 

  
c) d) 

Figure 6. Result of vulnerability. 

 

The system’s response to road 1 being taken off is shown on Figure 6a. The red grids show 
the most vulnerable areas and the green grids show the least vulnerable areas. Also, figure 
6b. illustrates the results of road 1 being removed with population effect included. The 
response of the neighborhood of the removed road is affected most highly.  

On the road 2, similar to road 1, the effect is steadily decreased moving from the center to 
the other zones. This is demonstrated on Figure 6c. With the population effect, the results 
are illustrated on Figure 6d.  

 

Table 2. Results of extra distance. 

 

Extra 
Distances 

(km) 

Extra 
Distances 

(%) 

Max 

Distance 
(km) 

Min 
Distance 

(km) 

Unaffected 
Number of 

Grids 

1 73492.1 5.75 221.2 0 13 

2 328.6 0.025 64.4 0 113 
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Table 2 shows the system’s change. These results show the extra distances, most, least and 
non-affected grid numbers when roads 1 and 2 are excluded from the system. The 
accessibility reduced proportionally with the extra distances. The decrease in accessibility 
is %5.75 and %0.025 respectively, when road 1 and road 2 were taken off from the 
transportation network. 

 

CONCLUSIONS 

In this study, by using shortest distances calculated with OD cost matrix the accessibility 
values are determined. To make a more comprehensive result, every grid in the grid 
network should be evaluated and critical elements should be identified. There are many 
reasons that affect the operational accessibility. The results show that accessible areas are 
both central and less populated regions. Besides, the critical importance of a road can be 
calculated with the extra distances, in the case of that road being eliminated from the 
system.  
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ABSTRACT 

Urbanization is a major driving force of landscape change besides, this change is neither 
uniform nor constant. Geographical and historical trends should be considered as well as 
planning scenarios that shape the urban forms.  

This study aims to analyse landscape change in terms of sustainability by considering the 
land use decisions such as master development and environmental plans in Bursa, Turkey. 
In this frame, subjected study focused on the aforementioned plans plus remotely sensed 
data between the period of 1924 and 2013. Analyses of urban landscape change are 
maintained by the comparison of Central Metropolitan Planning Zone plans and land use 
land cover map acquired by classification of remotely sensed data. Comparisons and 
assessments were made within GIS (geographical information system). Considerable 
change was observed especially between the years of 1975-2010. The commercial and 
industrial areas, mainly housing, have expanded more than 100% between the years 1976 
and 2005. Until 2015, 113 km2 agricultural area was shifted for urban use. Also, 10 km2 
area was degradated for agricultural use from the forest areas. The factors such as 
topography, transportation network, slope and decisions on urban policy were the 
dominant factors of the spatial growth pattern for the defined time periods. The greater 
agricultural land loss was observed when development was restricted by the steeper 
slopes. 

The results confirmed that the urbanized landscapes are highly dynamic, complex and 
multifunctional. Therefore, detailed inventories of landscape conditions and monitoring of 
change trends are urgently needed in for the sustainability of urbanization. 

 

INTRODUCTION 

Urbanization is one of the most pressing environmental issues of our time. Many countries 
are about to enter an era in which not only the urban population is greater than the rural 
population, but also the lands occupied by urban expansion compete with the lands for 
agriculture. Therefore, the main objective of this study is to contribute to the improvement 
of the sustainable urban planning by integrating multi-temporal- spectral remotely sensed 



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS                                                                  ISGGG-2017                                                                                                                 
IN GEOGRAPHY AND GEOSCIENCES 
 

640 
 

data with the historic municipality maps to better deal with multi-dimensional components 
of urban areas. 

Landscape monitoring datasets are scarce for many parts of the earth’s surface. In situ data 
is not always available and often have limitations. Earth observation data from spaceborne, 
airborne and ground-based sensors have a major role to play in improving monitoring 
systems by providing several types of information. The various phases of environmental 
policy require up-to-date and synoptic spatial information at various spatial scales on the 
state of the environment and the extent and magnitude of environmental and policy 
impacts over larger areas. So, urban observation is well suited for this as a large number of 
data set relevant to environmental policy can be remotely detected with the integration of 
municipality maps. Moreover, remote sensing permits repeated and consistent assessment 
and monitoring of the environment (De Leeuw et al., 2010). It is therefore a powerful tool 
for monitoring landscape status and change. Change analysis is a fundamental part of any 
monitoring system providing the mechanism for determining whether policies and actions 
are having the desired effect. They are also designed to communicate simple and clear 
messages to decision makers (UNEP, 2013). Land use/ land cover (LU/LC) change in 
urban areas can contribute to improved management of existing and potential development 
areas and can also be useful to identify landscape fragmentation and degradation to focus 
efforts to produce a set of effective land-cover/use scenarios that meet the needs of the 
urban community. For the study, different dated remotely sensed data and municipality 
maps such as environmental layout plans (1/100.000), master development plan for the 
metropolitan area (1/25000) and complete city and immediate plans (1/25000) were 
compared and overlaid in order to evaluate physical change and policy decisions over the 
city. Change detection was performed on considering the recent dated images such as 1979 
satallite image and 1976 city map in the GIS (Geographical Information Systems) 
environment. The rate of loss/gain of main land use/land cover classes were identified.  

The land use of the Bursa City is intensive and is dominated by agricultural, urban and 
tourism activities. The use of urban and rural landscaping has varied and therefore cultural 
landscapes have changed in an unsustainable manner. It is concluded that in order to be 
able to put forward sustainable urban development strategies, the changes in land use/cover 
and conflict between the planning scenarios and anthropogenic effects should be analyzed. 

 

MATERIAL AND METHOD 

The main materials of the study comprises Bursa Regional maps including: (i) 1/25000 
scaled City Plans for the year 1976; (ii) 1/5000 scaled Master Development Plans for the 
year 1990; (iii) 1/25000 scaled Master Development plan for the metropolitan area for the 
year 2005 and different dated remotely sensed data including 1979 Corona air photo, 1989 
SPOT satellite data and 2013 RapidEye with the 10 m spatial resolution. Different dated 
and resolutions of data were used for the study area. Therefore, a precise rectification was 
performed by considering the 2013 RapidEye image and the resolution were resampled to 
a common cell size of 10 m. 
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Bursa city and the near environment were subjected to the study. Bursa is located in the 
southeast of Marmara Region between 28° 10´ and 30° 10´ north latitudes and 40° 40´ and 
39° 35´ east longitudes (Anonymous, 2007)(Figure 1). The city of Bursa is the fourth most 
populated city in Turkey with a population of 2.8 million, of which 1.7 live in the 
metropolitan municipality. 

Bursa is facing with the rapid urban change with the intensive urban regeneration studies 
that cause the irreversible landscape changes. This subversive process constitutes the main 
motivation of the study. The reflections of change over time and space were analyzed via 
city plans and remotely sensed data in the GIS environment. Firstly, all city maps were 
registered to the UTM WGS 84 coordinate system and rectification was performed 
according to the orto-rectified remotely sensed data. Traditional digitizing process for the 
city maps was performed. The areas of LULC classes including current settlement, 
commercial, industrial, public, potential development area, parks, recreation, forest, zoo, 
woodlands, cemetery and agriculture were calculated. For the remotely sensed data, 
supervised classification was performed for the subjected classes. 

 

 
Figure 1. Study Area 

 

After generating the thematic data, some classes were combined and finally three main 
classes including urban, open area and agriculture were acquired. Urban class was masked 
out from the classification images for further analysis in order to evaluate comparatively 
urban development of the Bursa City. The quality and the quantity of urban, open area and 
agriculture classes were calculated. The city plans are evaluated in three main stages. The 
first stage displayed the increase of the sizes that are subject to planning. Second stage 
determined the increase of the urban area uses. The third stage included the comparison of 
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the separate plans with the remotely sensed data and the analysis of the urban change. 
However, the quality and the quantity of change was calculated by considering two city 
maps (1976 and 2005) and  remotely sensed data (1979 and 2013). 1968 and 1990 maps 
and images were only used for the visual interpretation of the urban development trend. 

 

RESULTS 

The urban change of the Bursa city was evaluated with the different dated and sourced data 
in terms of urban sustainability. 1976 complete city and immediate area plan was prepared 
in the process when Bursa plain was threatened by rapid urbanization, industrialization and 
shanty establishments and aimed to preserve Bursa Plan which has a high agricultural 
value. When 1976 plan is compared to Piccinato’s Plan, it is seen that the increase in urban 
area continues by spreading towards east, west, north and northwest (Figure 2)(Atanur, 
2011). Piccinato plan was prepared in 1968 and has significantly affected the macro form 
of the Bursa City. This plan was only used for the evaluation of the urban development due 
to lack of satellite images belongs to 1960’s.   

 

 
Figure 2. Comparison of the 1968 and 1976 city maps (Atanur, 2011). 

 

The digitization was performed on the 1976 and 2005 city maps. 1979 urban class was 
masked out from the supervised classification data. The overlay analysis of the mentioned 
data was given in the fig.3.  
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Figure 3. Comparison of the 1976 city map via 1979 urban class. 

 

After the year 1976, a 1/5000 scaled Master Development Plan was prepared in 1981 and 
was revised in 1990 (Figure 4) and 1995.  

 

 
Figure 4. Comparison of the 1990 city map via 1989 urban class. 
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Master Development Plan for the year 2005 was prepared for the six metropolitan zones. 
Absolute and marginal agricultural grounds were not identified and natural sources were 
not protected.  The plan was applied without the decision of a Ground Commission (İlkme, 
2009) and still in use. Therefore, 2013 urban map was overlaid with the 2005 master plan 
(Figure 5).  

 

 
Figure 5. Comparison of the 2005 city map via 2013 urban class 

 

Table 1. Comparison of the LU/LC classes 

LULC (ha)   1976 1979 
 

2005 2013 
Total 
Urban 

Current Settlement 

6844 
3648 

  

28838 
15704 

 
Commercial 

 
 

Industrial 
 

 
Public (healt/education) 

   Potantial Development Area  -   - 
Open Area Parks  

3489 3041 

 

9568 7949 
 

Recreation 
 

 
Forest 

 
 

Zoo 
 

 
Woodlands 

   Cemetery   
Agriculture   17897 32585 

 
15323 18361 
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After the overlay analysis for urban change, comparison of the city maps with the 
classification data was performed (Table 1)(Atanur, 2011; Akın 2016). For the comparison, 
three main LU/LC class was evaluated. The study is mostly focused on the urban 
development. However, degredation of the natural lands and cultivated areas such as green 
areas and agricultural lands are also important in order to evaluate the effect of the urban 
growth.  

The most considerable change was observed on the urban class. 1976 and 2005 maps are 
also includes the potential urban development areas. 1979 and 2013 classification maps 
present the active urban use. However, this difference is an effective way of comparison. 
In other words, 28838 ha area was calculated as urban for the year 2005. The active urban 
use for the year 2013 is calculated as 15704 ha. Despite the potential urban development 
areas in the 2005 plan, the city could not reach the planned urban scenario. Even though 
eight years difference, plenty of potential urban area was reserved for the future. This is 
one of the main drivers of the future urban sprawl and very typical in Turkish cities (Akın, 
2016; Erdoğan, 2011; Atanur, 2011). Congruently, 1979 urban use could not reach the 
planned urban scenario. Agricultural lands were mostly occupied with the urban. This 
explains the decrease in agricultural areas between the years of 1976-2013. In the 1976 
map, plain areas were determined as protected lands, however, 2013 urban classification 
maps indicated that the city is growing through these productive plains. Macroform of the 
city is still under the effect of Piccinato Plan. The slope of the Uludağ Mountain restricts 
the urban development and a natural zone for the urban sprawl. However, the greater 
agricultural land loss was observed when development was restricted by the steeper slopes. 
Therefore, the city witness to organic growth and has a linear structure.  

The difference of the agricultural lands between the city maps and classification data is due 
to the potential urban areas. There is 14688 ha difference between the 1976-1979 time 
periods. In the complete city and immediate area plan of 1976, 1368 ha area was reserved 
for the potential urban. Finally, there was an increase in the open area for the 1976-2013 
time periods. New green and woody areas such as university campus, botanic garden and 
zoo, contributed to the urban green. 

 

CONCLUSIONS 

In the 20th century, Bursa has been faced with the rapid urbanization movements due to 
developed industrialization opportunities. Nowadays, Bursa is an industrial center of 
attraction with the extensive automotive and textile sectors. The city has a strategic and 
geographic importance due to closeness of the other developed industrial centers such as 
İstanbul and Kocaeli. Besides, Istanbul Environmental Layout Plan and Osmangazi Bridge 
transportation route will increase the pressures on Bursa city for industry-centered use and 
accelerate the LU/LC degradation. 

Commercial and industrial areas, mainly housing, have expanded more than 100% between 
the years 1976 and 2005. The same expansion is observed in the use of open spaces 
defined in the plans. While the areas reserved for agriculture and public use have 
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decreased. The comparison of planned and actual urban use have clearly emphasized that, 
plenty of new urban areas are reserved for the potential urban growth which is actually 
more than required.  Also new spreading centers were observed during the 1979-1990 time 
period. Besides, protected lands which are described as natural protected areas were 
occupied with the urban use for the 1990-2013 time periods. Productive plains and 
agricultural lands were determined as the most degradated land uses for the 1968-2013 
time periods. Degradation of landscapes due to rapid urban growth or urban sprawl is a 
common problem all over the world and this is especially true in developing/new 
developing countries such as Turkey. So, it is important to track and monitor temporal 
landscape changes in order to develop more sustainable, objective, rational and effective 
urban policy decisions.  

In this frame, the study evaluated various data types for the different time periods and 
detected the conflicts between planned and existing urban uses. Also the quality and the 
quantity of the landscape changes degradated by the urban were emphasized. Remotely 
sensed data enables to monitor temporal changes of landscapes all over the world. We 
hope this study will help to develop more sustainable planning decisions for the Bursa city 
and other cities. 
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ABSTRACT 

3D city models are digital models of urban areas that represent terrain surfaces, sites, 
buildings, vegetation, infrastructure and landscape elements as well as related objects 
belonging to urban areas. 3D city models support presentation, exploration, analysis, and 
management tasks in a large number of different applications such as urban planning, 
disaster management, facility management, logistics, security, telecommunication, 
location-based services, real estate portals as well as urban-related entertainment and 
education products and 3D spatial analysis. Silhouette analysis, one of 3D spatial 
analysis, is important for urban and landscape planning. Silhouette analysis is especially 
used to protect the silhouette of historical buildings in cities. ArcGIS is one of the most 
popular software in GIS market. It has “3D Analyst Tools” with functions such as 
construct sight lines, intervisibility, line of sight, skyline, shadow, viewshed and visibility 
analysis. However, 3D Analyst Tools does not have a function that will create a silhouette 
view of 3D buildings. In this study, a silhouette analysis tool is developed using python 
programming language for ArcGIS software. The silhouette analysis tool creates silhouette 
view of the buildings in 3D city model. This newly developed silhouette analysis tool 
calculates the maximum height floor number of new buildings and analyses whether the 
new buildings will distort the silhouette of the historical or cultural buildings.  

 

INTRODUCTION 

In general, Geographic Information Systems (GIS), defined as "the whole of software and 
hardware elements designed for spatial database management" (Masry and Lee, 1988), are 
widely used in location-based decision making processes to solve complex social, 
economic and environmental problems around the world. Apart from the display and 
presentation of spatial data, GIS, thanks to the two-dimensional (2D) and three-
dimensional (3D) data modeling, query and analysis functions support decision makers on 
making the most appropriate decisions in various fields such as tourism, environment, 
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energy, agriculture, forestry, transportation, disaster and emergency management, vehicle 
tracking, urban planning, urban management and land-use practices.  

2D maps, produced by representing spatial data in a 2D plane, are used as a base in many 
studies using GIS. However, it is observed that 2D spatial data and analyzes performed on 
these data are inadequate in applications related to noise estimation models (Kluijver and 
Stoter, 2003), air pollution models, flood models, geological models (Van Wees vd., 2002) 
and real estate market (Stoter and Zlatanova, 2003; Stoter and Ploeger, 2003); (Stoter and 
Zlatanova, 2003). The increase in demand for 3D database in applications, parallel to the 
development in hardware and computer graphics, has led to focus be on the third 
dimension in the spatial data model (Zlatanova vd, 1998). In this way, "3D City Models" 
were produced in the computer environment by representing the objects such as energy 
transmission lines, lighting columns, roads, trees and buildings located on the land. 3D 
spatial modeling and analysis together with the expansion of application areas where 3D 
urban models are used, have become important research topics in the field of GIS today.  

There are many studies in the literature which contribute to the planning and management 
of urban areas using 3D city models. In a study conducted by Sadek et al. (2002), a 3D city 
model was created for city planners to use for 3D visualization of cities. In another study 
Czerwinski et al. (2007) conducted, noise analysis and noise emission calculations were 
performed for buildings modeled as 3D in North Rhine-Westphalia, the city with the 
highest population in Germany. With the ViSuCity project designed by Ban et al. (2011), a 
web-based interactive viewer was designed to support sustainable urban and environmental 
planning. Lamberti et al. (2011) have worked on lighting streets and avenues using the 3D 
city model (Mao, 2011). Schulte and Coors (2008) developed an application in the field of 
disaster management by simulating the flood with 3D designed buildings. Lee and 
Zlatanova (2008) have worked on 3D modeling of buildings and 3D topological analyzes 
to determine appropriate evacuation routes in situations where people should be evacuated 
urgently, such as fire.  

Noise analysis, air pollution analysis, network analysis, shadow analysis, visibility analysis 
and silhouette analysis as well as spatial analysis etc. can be presented as examples in 
which 3D GIS applications are needed. Visibility analysis, has been used in the GIS 
applications since the 1970s (Yang vd., 2007). Visibility analysis is widely used in 
applications like urban planning, environmental regulation, landscape planning and 
identification of ares for base stations, wind turbines and solar energy systems.    

The silhouette analysis included in the visibility analysis has great importance in terms of 
protecting city architecture in urban planning and making the appropriate decisions in the 
production of development plans. Güney et al. (2012) have provided two separate 
silhouette definitions in their studies. In the first, the silhouette is defined as "the line and 
horizon that the earth and the sky meet; representation of this in a painting or in another art 
form”. In the latter, silhouette is defined as "the draft of one building or a series of 
buildings or other objects seen in the skyline". Urban silhouette or city silhouette can be 
described as an image of buildings in urban areas seen from one point. In the literature, 
there are various studies that produce the silhouettes of buildings in the urban areas. For 
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example, there is a study of by Nasar and Terzano (2010) that compares silhouettes of 
natural and urban areas through digital photos. There have been studies for the protection 
of silhouettes of Kuala Lumour by Yusoff et al. (2014) using a 3D urban model. In a study 
conducted by Czyńska (2015), the impact of high-rise structures in urban areas on 
historical structures have been studied. In the study made by Tafahomi et al. (2016), 
silhouettes studies have been made on the buildings in the city of Mashhad, Iran's second-
largest city. Tavernor and Grassner (2010) studied the visual impact of the towers in 
London on the Waterloo Bridge and the St. Paul's Cathedral. Akdag et al. (2010) examines 
the impact of high-rise buildings located on the Zincirlikuyu-Maslak road in Istanbul on 
the silhouette change of the Bosphorus. Güney et al. (2012) in their studies, emphasizing 
the importance of urban silhouettes in the planning of urban areas, developed a 3D city 
model of the work area that was established by setting a pilot region around Levent district 
of Istanbul. The visibility of the work area was examined from key points of the city such 
as, Bosphorus Bridge, Fatih Sultan Mehmet Bridge, Harem and Çamlıca Hill, and various 
3D analyzes were performed.  

Although today widely used GIS softwares -with commercial or open source- make it 
possible to perform various analyses with their 3D analysis functions, they remain 
insufficient in respect to carrying out the silhouettes analyses. The inadequacy of the 
silhouette analysis leaves unanswered questions such as "which buildings distort the 
silhouette, and which do not, where and how much high the building should be constructed 
so that the silhouette does not distort, and how the silhouette changes when viewed from 
different points". The availability of a software that enables urban silhouette analyzes 
during the planning of urban areas and development plans will help decision makers to 
make correct decisions by finding answers to such questions.  

ArcGIS software provides many functions and modules such as data entry, processing, 
query, analysis, and presentation and it is widely used all over the World. ArcGIS software 
can represent data as 3D and provides various spatial analysis with its "3D Analyst" 
module. The visibility analysis sub-module of the 3D Analyst module; has various 
functions used in visibility analysis such as construct sight lines, intervisibility, line of 
sight, observer points, sun shadow volume, viewshed, visibility, skyline, skyline barrier 
and skyline graph. Many of these analysis functions usually allow the determination of 
areas that can be seen or not be seen from a point, taking into account the land surface, 3D 
building models or other 3D objects. It is not possible to create silhouette views of 3D 
buildings or calculate how high should be the buildings to be newly constructed and how 
many floors they should have not to distort the silhouette of buildings with historical or 
cultural importance by using such analysis functions above. In this study, it is aimed to 
design and implement a new module that enables the analysis of silhouettes in ArcGIS 
software using the Python programming language.  

 

METHODOLOGY 

In this study, the following steps were followed in order to develop a module that has the 
ability to perform silhouette analysis using the 3D city model.  
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• Producing the building layer and Digital Elevation Model (DEM) of a sample study 
area, 

• Producing 3D building models with CityEngine program, 

• Transfer of 3D building models to ArcGIS environment, 

• Development of the silhouette analysis module with Python programming language 
and with the PyScripter program, 

• Designing the toolbar for the silhouette analysis module with the ArcGIS Python 
Add-In Wizard program and integrating it into the ArcGIS program, 

• Producing a silhouette view of the buildings in the study area using the developed 
silhouette analysis module and obtaining the analysis messages. 

 

The operations listed above are discussed and explained under four main headings: i) 
producing 3D building models of the sample study area with CityEngine program, ii) 
developing a silhouette analysis module that will perform silhouette analysis using the 
Python programming language for the buildings produced in 3D model, iii) designing a 
toolbar to integrate the developed silhouette analysis module into ArcGIS software, iv) 
Finally, demonstration of the operating principle of the silhouette analysis module and the 
analysis outputs with a sample application. 

 

3D Building Model Production 

Firstly, DEM of the study area was created and 2D building layers in DXF format were 
obtained in order to perform silhouette analysis in the ArcGIS program. The DEM used in 
the study is produced by using the contour lines on 1/1.000 scale maps. The number of 
floor attribute has been added to the building layers converted into ESRI Shape format and 
floor number of all buildings are entered in the table of attributes. Then 3D building 
models belonging to the building layers of the study area are produced with CityEngine v. 
2015.2 program by using the floor numbers. In CityEngine program, after the completion 
of the production of 3D models, the data need to be exported in order to make spatial 
analysis. Therefore, the produced 3D building model is exported in multipatch data 
structure for use in ArcGIS environment. 

 

Development of Silhouette Analysis Module 

ArcGIS program allows to be extended by using object-oriented programming language 
Python. ArcGIS program presents its users IDLE Editor together with desktop GIS 
software. However, in this study PyScripter editor is considered to be more practical and 
required codes for silhouette analysis are encoded. With the silhouette analysis module 
developed within the scope of this study, silhouette views of a certain points which will be 
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determined by the users and certain buildings on a sight line in 3D urban areas can be 
produced. In addition, a silhouette analysis is carried out between the building where the 
silhouette is to be preserved and the building to be constructed by selecting the building 
which is important for preserving the silhouette. With this analysis, the maximum height of 
the building and the maximum numbers of floor can be calculated so that the new building 
does not distort the silhouette of the preserved building. Thus, by applying a silhouette 
analysis when building a new building in urban areas, the silhouette condition of the new 
building can be interpreted both visually and numerically. 

 

Toolbar Design for Silhouette Analysis Module 

The ArcGIS Python Add-In Wizard program allows you to design toolbars easily. In this 
study, a tool bar named "Silhouette" shown in Figure 1 for silhouette analysis module was 
designed and presented in ArcMap program for use.  

 

 
Figure 1. Silhouette toolbar 

 

Application 

In this study, in order to produce 3D building models belonging to the region where 
silhouette analysis will be made, 17 different building models were produced in different 
structures as block models of the Lod 1 level according to the DEM and CityGML 
standards. The 3D building models created using the 2015.2 version of CityEngine 
program are shown in Figure 2 in ArcGIS 10.2 program view. The building, which is 
mentioned as a new building in the silhouette analysis of the produced 3D building models 
and whose silhouette condition will be evaluated, is shown in red color. 

 

 
Figure 2. 3D building models in ArcGIS 10.2 software 
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With this application, only silhouette view of existing buildings and silhouette view of 
existing buildings together with new building are produced on acertain point and a 
determined silhouette line. In addition, the building which is important for preserving its 
silhouette of existing buildings is selected by the user and a silhouette analysis is 
performed between the building where the silhouette is to be preserved and the new 
building to be built. With this analysis, it is evaluated whether the silhouette of the new 
building distorts the existing building that should be preserved.  

If the new building does not distort the silhouette of the preserved building, an information 
message is presented that the new building does not distort the silhouette of the preserved 
building. If the new building distorts the silhouette of the preserved building, an analysis is 
performed between the new building and the preserved building. Thus, in order to prevent 
the new building from distorting the preserved building silhouette, the maximum building 
height required and the maximum number of floors that can be constructed are calculated 
and these values are presented with another information message. The process steps of the 
silhouette analysis module are explained below. 

1. The user uploads the DEM into the map window using the combo box named Layer in 
the toolbar (Figure 1). 

2. The user then uses the Observation Point button in the toolbar to determine the point to 
be observed where the user stands (Figure 3).  

3. The user specifies the silhouette line in the sight area using the Silhouette Line button 
in the toolbar (Figure 3). 

4. The user selects the building layer in the multipatch format, from which the silhouette 
will be produced according to the determined silhouette line. 

 

 
Figure 3. Determination of Observation Point and Silhouette Line 
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5. A SVG format silhouette view of existing buildings are produced using the Silhouette 
button in the toolbar and displayed as a new window on the screen (Figure 4). 
 

 
Figure 4. Silhouette view of existing buildings in silhouette line 

 
6. The new building layer in the multipatch format is selected using the combo box 

named New Building. 
7. A silhouette view of the new building to be constructed and existing buildings is 

created and displayed using the button named NewSilhouette (Figure 5). 
8. The building that is to be preserved is selected using the combo box named Protected 

Building. 
 

 
Figure 5. Silhouette view of new building and existing building 
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9. The building to be constructed and the silhouette of the building to be preserved are 
evaluated in terms of silhouette by using the button named Analysis. If the new 
building does not distort the silhouette of the preserved building, an information 
message indicating that the silhouette is not distorted is displayed.  If the silhouette is 
distorted, the maximum building height and maximum floor number that the new 
building should have to comply with the silhouette of the preserved building is 
calculated and displayed on the screen in an information message (Figure 6).  

 

 
Figure 6. Silhouette analysis message 

 
RESULTS 

In this study, a new silhouette analysis module has been developed which determines 
silhouette impact of new buildings that are planned to be built in the same area. The 
module generates a silhouette view of the buildings that are within a certain field of view 
from the observation point. Thus, it is aimed to solve the problems arising from the urban 
siluette distortion seen in the urban planning process and the implementation of the 
development plans. 

Silhouette analysis module, was developed using the Python programming language to be 
run in ArcGIS GIS software. The 3D buildings used in the study are modeled according to 
CityGML standards so that it will work in LoD 1 detail level. Because as the LoD level 
increases, architectural details such as the roof structures, building textures, wall details 
and balconies of the building models will also increase. Therefore, the detail points of the 
multipatch geometry type will also increase. Thus, repetition of the point coordinates on 
the surface sections representing the multipatch object will both cause problems in 
determining the point to be used in the process phases and slow down the developed 
module in terms of performance. The difference in the visibility analysis functions 
provided by ArcGIS from the developed silhouette analysis module and the work done in 
the literature using these functions is explained in the following parts. 

By using the visibility analysis functions of ArcGIS software, various visibility analyzes 
can be performed in 3D urban areas. However, the analysis of the presented functions and 
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the analysis of silhouette situation in urban areas requires both a large number of 
procedural steps and parameters, and the obtained result is visually interpreted, as well. 
Visibility analysis functions offered by ArcGIS software can be manufactured only with 
similar graphic images to the silhouette. Through visual interpretation of the graphics it can 
determined whether the silhouette is distorted or not. From these graphs, information such 
as, the height or the floor number of buildings that are visible, can not be reached from the 
point where observation is made. From the graphs generated, it can be determined how 
many objects from how many angles and distances are visible from the observation point. 
In the literature, there are some silhouette studies conducted by using the visibility analysis 
functions provided by ArcGIS software. For example; in the study conducted by Güney et 
al. (2012), the 3D city model of Levent district of Istanbul was produced and both the 
visual skyline analysis and the temporal skyline analysis of the study area were performed. 
In the study, visual skyline analysis and silhouette change was analyzed using 3D city 
models of 1999 and 2008 of Levent district. In the same study, the visual impact of the 
high-rise buildings constructed, was evaluated by the Levent district's temporal skyline 
analysis developed from four important points of the city such as the Bosphorus Bridge of 
Istanbul, Fatih Sultan Mehmet Bridge, Harem and Çamlıca Hill. Similar to another study 
conducted by Yusoff et al. (2014), studies on preservation of Kuala Lumpur's silhouette by 
using ArcGIS software. After completing 3D city model production, silhouette views of 
existing buildings were produced from 3 different observation points through ArcGlobe 
program. Then, three new buildings to be built are produced from the same observation 
point and viewpoint. In this way, the impact of the new buildings on the city silhouette 
were evaluated.    

When the results of the studies and the 3D analysis functions used are evaluated, the 
diversity of the analysis of the visibility analysis presented and the lacking of completion 
of analysis of data produced in ArcGIS software in a single platform (ArcMap, 
CityEngine, ArcScene and ArcGlobe) make it difficult to use the software in silhouette 
studies. Therefore, only the visual impact of the models can be evaluated with the studies 
made in the context of silhouette analyzes. Through the skyline analyses mentioned as 
silhouette analysis, only limited spatial information is available. Apart from these, since 
different silhouettes will be formed from different observation points, so as the observation 
point changes, the workload will increase and analyzes will need to be recollected.  

 

CONCLUSIONS 

3D urban model production, data representation and spatial query and analysis, are active 
research areas in GIS. In this study, silhouette analyzes, one of the visibility analyzes, were 
examined using 3D building models. Whether in the planning process of urban areas or in 
the process of granting licenses to newly built buildings in the implementation of 
development plans, there is a need for the production of silhouette views of urban areas 
and monitoring of changes in the urban silhouette. Current GIS softwares used today do 
not provide direct functions for silhouette analysis, but it allows the generation of 
silhouette-like graphics with the visibility analysis functions they have. In addition, the 
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functions provided by the existing GIS softwares are inadequate in determining how new 
buildings will affect the silhouettes of the buildings required to be preserved and the 
existing buildings, and determining the maximum heights and number of floors of the new 
buildings intended for the preservation of the silhouette. In this study, a silhouette analysis 
module that can perform silhouette analysis on 3D building models was developed. The 
developed module generates a silhouette view of a 3D buildings from a standing point 
which is a point of observation that can be determined by the user from the screen and 
calculates the maximum height and number of floors that the new buildings should have 
not to distort the silhouette. The silhouette analysis module has been designed and 
developed to be simple and functional so that users of the development directorates of the 
municipalities can easily use it without too much technical knowledge requirement. 
Through the developed silhouette analysis module, silhouette views of mega cities such as 
Istanbul can be produced and the temporal change in the silhouette can be analyzed. 
Moreover, the impact of the new buildings to the silhouette can be determined for the 
preservation of historical heritage in these big cities through the developed module. For 
example, if such a module had existed, silhouette analyses of the 16/9 towers in 
Zeytinburnu could have been performed while the project was still in plan phase before 
construction and it would not cause the deconstruction of the towers due to damage to the 
silhouette. Therefore, it is considered that the developed module will make a significant 
contribution to the municipalities. 
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ABSTRACT 

In topographic maps, meaningful groups of buildings form various patterns. Those 
buildings are generalized in a way as to retain significant pattern characteristics during 
contextual generalization. One of the main problems in this process is that those patterns 
are not available in datasets. For this reason, they need to be recognised with appropriate 
approaches. In this context, clustering methods in data mining are used quite commonly. 
So, this paper investigates the effectiveness of relatively new Hierarchical Density-Based 
Spatial Clustering of Applications with Noise (HDBSCAN) algorithm for recognising 
building patterns based on several geometric and structural characteristics. HDBSCAN 
uses unsupervised learning to find clusters of a dataset. In experimental tests, urban blocks 
were created by means of road networks as a topological constraint for buildings. Visual 
evaluation of the results indicated that HDBSCAN had some potential for discovering 
collinear and curvilinear building patterns, especially in well-structured urban blocks 
according to Gestalt factors. In case of u-shaped and unstructured building patterns, the 
results were not sufficiently successful. 

 

INTRODUCTION 

Cartographic generalization is responsible for reducing complexity in a map in a scale 
reduction process, emphasizing the essential while suppressing the unimportant, 
maintaining logical and unambiguous relations between map features, and preserving 
aesthetic quality (Weibel 1995). As a part of topographic map generalization, building 
generalization is a complex operation due to the complexity of the spatial configuration of 
buildings (Li et al. 2004, Basaraner and Selcuk, 2008, Yan et al., 2008). A group of 
buildings constitute various patterns depending on their distribution characteristics. Those 
patterns of buildings are generalized with contextual generalization operators (Basaraner 
and Selcuk, 2008). The critical issue with respect to the generalization is to extract 
meaningful patterns from topographic datasets. One of the most common methods within 
this scope is to apply clustering methods offered by data mining community. 
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Different approaches for recognizing building patterns exist in cartography and GIScience 
literature. Minimum spanning tree (MST) is used for pattern recognition intensively (Zahn 
1971). Regnauld (1996) employs this technique to detect building clusters for map 
generalization. However, building patterns recognized with this technique do not meet the 
needs except some tree-like clusters. Allouche and Moulin (2005) obtain different clusters 
of buildings with Kohonen’s self-organizing maps (SOM) approach by setting different 
distance thresholds in order to provide multiple representations of the same data set at 
different scales. Yan et al. (2008) use Delaunay triangulation to detect topological 
adjacency relations of buildings and generated 2-building groups firstly, and then 
constructed larger, intermediate groups according to a set of rules. After aggregation and 
separation of intermediate groups owning common buildings, final groups were created 
which can be used as a basis for generalization. Cetinkaya et al. (2015) compare four 
clustering algorithms, Minimum Spanning Tree (MST), Density-Based Spatial Clustering 
Application with Noise (DBSCAN), CHAMELEON and Adaptive Spatial Clustering 
based on Delaunay Triangulation (ASCDT) to extract groups from a building dataset based 
on proximity. Their findings show that DBSCAN and ASCDT are superior to the other two 
methods. Deng et al. (2017) present a comparative analysis of nine typical building 
grouping approaches, including three approaches that only consider proximity principle 
and six approaches that consider multiple grouping principles. Those approaches are 
gathered under four categories: natural principle-based, partition-based, graph-based, and 
region merging approaches. Although the previous efforts produce some solutions to the 
building pattern recognition problem, none of them works perfectly. Therefore, this paper 
investigates the effectiveness of Hierarchical Density-Based Spatial Clustering of 
Applications with Noise (HDBSCAN) algorithm in the building pattern recognition based 
on several characteristics of buildings. 

 

IDENTIFICATION OF BUILDING PATTERNS 

Principles 

Various criteria are taken into account to identify patterns in maps. In this respect, Gestalt 
principles describing human visual perception of groupings of objects have a guiding role 
(Li, 2007). There are six principles that can be utilized for grouping the building features 
(Deng, 2017): (1) Proximity: Objects that are close together appear to form a group; (2) 
Similarity: Objects of similar size, shape, and orientation are more likely perceived as a 
group; (3) Continuity: Oriented objects tend to be regarded as a whole when regularly 
aligned with each other; (4) Connectedness: Connected or overlapping objects can easily 
form a group; (5) Closure: Objects tend to be grouped together if they are parts of a closed 
figure. (6) Common region: Objects in same region tend to be grouped together.  

 

Geometric and structural characteristics of buildings 

Regarding Gestalt principles, a number of characterics that are of geometric and structural 
nature can be defined for buildings. Both geometric and structural characteristics derived 

http://chrome.tureng.com/search/intensely�
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by means of coordinates or metric properties of features; however, structural 
characteristics, describing shape, need meaning for the interpretion of a geometry. 
Location (x,y), size and orientation and nearest road distance are main geometric 
characteristics of buildings. Shapes of buildings are measured with various indices such as 
convexity, rectangularity, squareness, circularity and elongation (Burghardt and Schmid, 
2010; Basaraner and Cetinkaya, 2017). 

 

Typology of building patterns 

Building patterns can be defined in a hierarchy, considering Gestalt principles (Figure 1). 
At the top level, the building clusters consisting of spatially close features with similar 
geometric (e.g. spacing, size, orientation), structural (i.e. shape) properties take place. At 
an intermediate level, the building clusters are distinguished as linear alignments and 
nonlinear clusters in terms of ‘group shape’. In general, the linear alignments appear to be 
more elongated and their constituent buildings can be organized by a linear path, while the 
nonlinear ones appear to stretch in two dimensions. At a finer level, the linear alignments 
are subdivided into collinear, curvilinear, and align-along-road patterns; the nonlinear 
clusters consist of grid-like and unstructured patterns (Zhang et al., 2012). 

 

 
Figure 1. Typology and illustration of building patterns (Zhang et al., 2012) 

 

HDBSCAN CLUSTERING ALGORITHM 

Density plays an important role in statistics and data mining. Therefore, density-based 
clustering is one of the prominent approaches in cluster analysis. It works by identifying 
“dense” clusters of points, allowing it determine outliers in the data. DBSCAN is the most 
well-known density-based clustering algorithm (Ester et al. 1996). DBSCAN transforms 
the space according to density, then identifies for dense regions as clusters. All points are 
not forced to have a cluster. DBSCAN determines non-globular clusters well, however, 
variable density clusters become a problem. HDBSCAN extends DBSCAN which can 
handle variable density clusters. DBSCAN uses single-linkage clustering (Campello, 
Moulavi and Sander 2013). Thus, a point may act as a bridge between two clusters by 
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accident, such that they are characterised as a single cluster. HDBSCAN avoids this by 
transforming the space according to the density/sparsity. For this purpose, it calculates core 
distance denoted as corek(x), which is point x’s distance from its kth nearest neighboor. 
Then, it defines new metric based on corek

 

(x), called  mutual reachability distance (MRD) 
denoted with . MRD is defined as follows: 

 
 

where  is the original distance, defined by metric parameter in HDBSCAN, 
between a and b (Figure 2). 

 
Figure 2. Mutual reachability distance for k=3 (a, b: core points) 

 

 
Figure 3.  HDBSCAN main steps 
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Briefly stated, HDBSCAN works as follows: (i) transform the space using so-called mutual 
reachability distance metric, (ii) generate minimum spanning tree of the MRD weighted 
graph (Figure 3(b)), (iii) build a cluster hierarchy of connected points (Figure 3(c)),  (iv) 
condense the cluster hierarchy based on minimum cluster size which is principal parameter 
of the algorithm (Figure 3(d)), and (v) select the stable clusters (Figure 3(e), 3(f)). The 
algorithm has two main parameters that affect the results substantially: minimum cluster 
size and minimum sample. The former states minimum number of points to be included in 
a cluster. The latter is the number of samples (points) in a neighbourhood for a point to be 
considered a core point. 

 

GENERAL STRATEGY 

Our strategy, briefly, is to (i) generate blocks based on roads, (ii) compute several 
geometric and structural characteristics (attributes) of buildings (iii) use these characteriscs 
in the HDBSCAN algorithm as inputs (by applying normalization when more than one 
attribute is used). 

Urban blocks were generated to restrict clustering operation from topological aspect. 
Otherwise, the buildings within different blocks would have possibility to be included in 
same cluster. Therefore, buffering operation was applied taking road width into account. 
There are many characteristics that can be included in clustering process but using too 
many characteristics make the process very complex. So, in this study it was limited with 
several geometric and structural characteristics. In this context, location (x, y), i.e. 
building’s center of gravity, size, i.e. area of building and orientation, i.e. direction angle of 
long axis of minimum area bounding rectangle (MABR) of a building were used as 
geometric characteristics while convexity, i.e. the ratio of the area of a building to the area 
of its convex hull and elongation, i.e. the ratio of the length of the MABR’s short axis to 
long axis as structural characteristics. In the experimental study, various combinations of 
these characteristics were used in the clustering in order to understand their influence on 
the results. In addition, statistics about the obtained clusters were given.  

 

EXPERIMENTAL STUDY 

Data and Software 

A large-scale topographic dataset was used in experimental tests. A QGIS add-in was 
developed with Python to carry out experimental study. 

Implementation 

Three sample blocks were selected for the experiments. At the beginning, urban blocks 
were generated through road network as mentioned above. Geometric and structural 
characteristics were then computed. After that, the parameters for HDBSCAN algorithm 
were determined in the following way. The minimum cluster size value is set to 2 and the 
minimum sample value is set to 1 since a building pattern contains at least two buildings 
and it is sufficient to have at least one building nearby so that a building can form a cluster. 
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Finally, the following combinations of characteristics (attributes) were experimented in the 
clustering process: (i) location, (ii) location, size, (iii) location, elongation, (iv) location, 
orientation, (v) location, convexity, (vi) location, size and orientation, (vii) location, size, 
elongation, orientation. Min-max normalization was applied when multiple attributes were 
used. Location parameter is used in every scenario since proximity has a significant role in 
finding groups of buildings from geographic and cartographic aspects (Basaraner and 
Selcuk, 2008).   

 

RESULTS AND DISCUSSION 

Depending on the parameters, different clustering results were obtained and shown in 
Table 1 for the selected blocks. These clusters were evaluated visually and three clustering 
results and statistics which give the optimum result in this regard were presented in detail 
in Figure 4 and Table 2, respectively. 

It was observed that the sizes of the clusters were very large when the location parameter 
was used alone (Table 1(a1)). This makes sense only in case that the buildings in a cluster 
were approximately same in size and same in shape (as in Block 322 in Figure 4). In those 
blocks, it became largely possible to reveal linear and curvilinear patterns successfully.  

In every scenario, when another parameter used in addition to “location”, clustering results 
were affected negatively in the blocks consisting of buildings with similar/close attribute 
values (as in Block 139 and 322 in Table 1) because the normalization process seriously 
increases the standard deviation of these values. 

When typologically assessed, linear and curvilinear building patterns were quite 
successfully determined when we considered the above criteria. It was thought of as a 
coincidence that building patterns aligned along the road were successfully identified, e.g. 
in block 322 and  partly in block 83 (Figure 4) because the clustering process does not 
contain any information about the alignment of buildings along the roads. This was 
particularly owing to the regular arrangement of buildings along the roads. 

 

Figure 4. Sample clustering results. Buildings with same colour/number represent a cluster 
except black buildings (with the number -1) which are outliers and not assigned to any 
cluster by the algorithm. 
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Table 1. Clustering results obtained by using different combinations of buildings 
characteristics. Buildings with same colour represent a cluster except black ones which 
shows outliers. nbld: number of buildings, ncls: number of clusters, nout

Block 

: number of outliers. 

Characteristics 
Block 83 
nbld

Block 139 
:49 nbld

Block 322 
: 23 nbld: 55 

Location 

ncls
n

: 4 
out

n
: 3 

cls
n

: 6 
out: 2 

ncls
n

: 8 
out: 0 

Location, Size 

ncls
n

: 6 
out

n
: 0 

cls
n

: 6 
out

n
: 4 

cls
n

: 18 
out: 9 

Location, 
Elongation 

ncls
n

: 10 
out

n
: 6 

cls
n

: 5 
out

n
: 1 

cls
n

: 14 
out: 8 

Location, 
Orientation 

ncls
n

: 10 
out

n
: 0 

cls
n

: 7 
out

n
: 3 

cls
n

: 14 
out: 6 

Location, 
Convexity 

ncls
n

: 12 
out

n
: 11 

cls
n

: 5 
out

n
: 6 

cls
n

: 16 
out: 11 

Location, Size, 
Orientation 

ncls
n

: 10 
out

n
: 1 

cls
n

: 6 
out

n
: 5 

cls
n

: 16 
out: 7 

Location, Size, 
Elongation, 
Orientation 

ncls
n

: 12 
out: 5 

ncls
n

: 6 
out

n
: 4 

cls
n

: 17 
out: 9 

 

(a1) 

(c1) 

(a2) (a3) 

(b1) 

(d1) (d2) 

(c2) 

(b2) (b3) 

(c3) 

(d3) 

(e3) (e2) (e1) 

(f1) (f2) (f3) 

(g3) (g2) (g1) 
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Table 2. Statistical results of sample blocks presented in Figure 4 (std: standard deviation). 
B

lo
ck

 

C
lu

st
er

 
n

Size (m
bld 

2 Orientation (degree) ) Elongation Convexity 

min max mean std min max mean std min max mean std min max mean std 

Block 83 49 95.7 1340.9 456.9 337.57 2 121 85.1 41.23 0.20 0.82 0.51 0.17 0.85 1.00 0.96 0.04 

83 0 3 983.9 1177.5 1070.1 98.55 8 28 18.7 10.07 0.30 0.34 0.32 0.02 0.92 0.98 0.96 0.03 

83 1 20 95.7 181.7 150.5 24.27 93 121 107.1 11.27 0.51 0.82 0.67 0.06 0.94 0.99 0.97 0.02 

83 2 2 476.2 504.2 490.2 19.80 93 94 93.5 0.71 0.20 0.26 0.23 0.04 0.94 1.00 0.97 0.04 

83 3 2 472.7 479.5 476.1 4.81 2 3 2.5 0.71 0.62 0.62 0.62 0.00 0.86 0.86 0.86 0.00 

83 4 5 287.1 415 325.4 55.45 3 4 3.2 0.45 0.31 0.35 0.33 0.02 0.90 1.00 0.97 0.04 

83 5 2 1057.1 1340.9 1199.0 200.68 93 93 93.0 0.0 0.29 0.37 0.33 0.06 0.95 0.96 0.95 0.01 

83 6 2 483.7 486.5 485.1 1.98 90 93 91.5 2.12 0.65 0.66 0.66 0.01 0.85 0.86 0.85 0.01 

83 7 2 462.6 501.4 482.0 27.44 93 93 93.0 0.00 0.20 0.25 0.23 0.04 0.92 1.00 0.96 0.06 

83 8 7 507.4 818.2 680.2 107.85 119 120 119.14 0.38 0.41 0.69 0.51 0.09 0.98 0.98 0.98 0.00 

83 9 3 826.6 989.1 933.9 92.97 93 96 94.0 1.73 0.35 0.42 0.37 0.04 0.97 0.98 0.97 0.01 

Block 139 23 333.5 536.6 439.5 66.88 0 164 65.0 48.51 0.21 0.36 0.29 0.05 0.87 0.94 0.92 0.02 

139 0 6 464.2 536.6 489.9 25.42 0 45 90.0 17.71 0.21 0.28 0.26 0.02 0.89 0.94 0.91 0.02 

139 1 2 416.2 473.6 444.9 40.59 90 93 91.5 2.12 0.25 0.29 0.27 0.03 0.93 0.94 0.94 0.01 

139 2 2 519.1 533.5 526.3 10.18 90 93 91.5 2.12 0.21 0.22 0.21 0.01 0.87 0.90 0.89 0.02 

139 3 3 391.8 494.2 449.9 52.60 90 93 92.0 1.73 0.25 0.29 0.27 0.02 0.9 0.91 0.91 0.01 

139 4 2 364.5 372.3 368.4 5.52 3 39 21.0 25.46 0.33 0.35 0.34 0.01 0.92 0.94 0.93 0.01 

139 5 4 357.9 367.8 362.2 5.07 90 93 91.5 1.73 0.33 0.35 0.34 0.01 0.91 0.94 0.92 0.01 

Block 322 55 126.5 201.3 165.3 19.67 0 175.0 75.3 65.23 0.46 0.94 0.76 0.11 0.87 1.00 0.94 0.04 

322 0 11 140.4 193.1 165.5 18.50 0 175 109.3 76.27 0.54 0.92 0.75 0.13 0.88 1.00 0.93 0.04 

322 1 6 135.6 184.1 163.3 15.66 3 4 3.5 0.55 0.46 0.94 0.73 0.17 0.90 0.95 0.93 0.02 

322 2 5 166 201.3 181.6 13.51 3 5 3.6 0.89 0.64 0.76 0.70 0.05 0.87 0.97 0.91 0.04 

322 3 6 136.4 192.3 163.5 22.72 81 172 113.2 45.69 0.64 0.91 0.81 0.1 0.88 1.00 0.95 0.04 

322 4 14 126.5 185.2 158.5 20.73 4 173 72.1 67.45 0.60 0.92 0.78 0.1 0.90 1.00 0.96 0.03 

322 5 6 137.9 191.3 166.9 19.63 4 111 81.7 38.67 0.58 0.88 0.79 0.11 0.90 0.98 0.95 0.03 

322 6 3 130.7 198.1 173.0 36.85 31 144 91.3 56.89 0.66 0.84 0.77 0.1 0.88 0.98 0.92 0.06 

322 7 4 153.7 183.5 165.15 12.84 94 164 112.0 34.67 0.66 0.85 0.76 0.08 0.88 0.96 0.93 0.04 

 

CONCLUSIONS 

This paper presented an approach for revealing building patterns from large-scale 
topographic maps, mainly for use in cartographic generalization. In this context, relatively 
new HDBSCAN clustering algorithm was employed. Several geometric and structural 
characteristics of buildings were selected and used as inputs in the clustering algorithm. In 
the study, at first, blocks were created by means of roads to prevent clustering process 
from producing topologically incorrect patterns. After that the geometric characteristics 
(location, size and orientation) and the stuctural characterictiscs (convexity and elongation) 
were computed.  

Experimental study showed that the linear and curvilinear patterns were obtained quite 
succesfully when appropriate parameters were used. In case of u-shaped patterns, the 
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results were unsatisfactory; however, location parameter produced relatively less worse 
results when used alone. Therefore, it appears that this kind of patterns requires 
incorporating more specific characteristics into the clustering process. Clusters extracted 
from the unstructured patterns did not produce meaningful results. Besides, it seems that 
normalization process can increase or decrease the effect of some characteristics in some 
cases when a few characteristics were used together. 

Future works will possibly focus on applying clustering algorithm by assigning a weight to 
each characteristic of buildings. In addition, successive clustering might offer some 
potential in this context. 
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ABSTRACT 

Mobile LIDAR systems is currently one of the most popular topic in the LIDAR industry 
and evolving measuring technology. These systems can be integrated on Mobile platforms 
to provide highly accurate 3D point data for different application areas. Mobile LIDAR 
systems consist of many different subsystems such as IMU, GNSS, laser scanner, camera 
and control units. In this study, detailed information provided about Mobile LIDAR 
technologies and detailed information about positioning, scanning and imaging devices 
used in these systems and how to integrate these devices into Mobile LIDAR system. In 
addition, the advantages and disadvantages of these systems compared to the airbonre 
LIDAR , terrestrial LIDAR, photogrammetry and classical measurement methods are 
explained. In this study, it is aimed to test the possibilities of using Mobile LIDAR systems 
for corridor mapping, inventory mapping.  For this purpose, Mobile LIDAR data collected 
from urban area was used. As a result of this work road surface geometry, including the 
road shoulder, and all objects on, above or near that surface, like road sides, road 
markings, trees, traffic lights, traffic signs, crash barriers were extracted. 

 

INTRODUCTION 

High-precision maps contains 3-dimensional, highly detailed and highly accurate data. 
These maps have been developed to create the map infrastructure required by autonomous 
car technology. They require a detailed knowledge of the road in order to ensure safely and 
comfortably drive. These road knowledge: 

• Road inclination and curve information 

• Road lane boundaries, strip geometry and speed limit 

• Precise locations of traffic signs and signs 

These maps are much more detailed maps than the classic navigation maps. For this 
                                                           
* Corresponding Author 
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reason, advanced measurement methods are needed for the creation of these maps. Mobile 
LIDAR systems has become one of the most important measuring systems used in the 
creation of these maps (https://www.mercedes-benz.com). 

 

MOBILE LIDAR SYSTEMS 

Mobile LIDAR systems (MLS) have emerged as an important mapping technology 
developed in recent years. Mobile LIDAR systems are installed in vehicles and scan the 
profile on a certain line so that high accuracy three-dimensional point clouds from 
surrounding objects can be obtained. The data obtained with this system provides 
information such as trees, buildings, bridges, traffic signs and signposts, energy 
transmission lines, road lanes and road geometry. In addition, MLS systems can be 
customized for different tasks by being mounted on different types of moving vehicles. All 
of these features make this system an indispensable part of the road-related work (Kukko 
(2012)). 

Figure 1 shows the mobile LIDAR system mounted on the vehicle and the components 
forming this system. Mobile LIDAR systems is a complex measuring system consisting of 
a combination of different systems. These systems mobile platform, positioning and 
navigation component, laser scanners, digital cameras and control systems(Computer, Data 
Storage Devices). As mentioned above, Mobile LIDAR systems can be used with different 
measuring platforms to adapt to changing working areas. Position of mobile vehicle 
determined by positioning and navigation component. Positioning and navigation 
component consist of Global Navigation Satellite System(GNSS), Inertial Measuring 
Unit(IMU), Distance Measurement Indicator(DMIs). The GNSS system is the basic tool 
for positioning system. GNSS system gives position information in centimeter level in 
WGS-84 system. Inertial Measurement Unit(IMU) provides location and attitude of mobile 
vehicle. DMI measures wheel rotation and calculates travelled distance. Camera systems 
are used to visualize the point cloud data obtained by MLS. The point cloud can be 
colored(RGB) with the data obtained with the camera systems. Computer and data storage 
systems are used in the storage and processing of data obtained with the MLS system 
((Olsen (2013), (Puente (2013)). 

 

 
Figure 1. Mobile LIDAR System mounted on vehicle (Williams (2013) and system 
component ((Olsen (2013) 
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Mobile LIDAR systems have some advantages over other systems (especially Airborne 
LIDAR System) as part of road inventory applications. These systems provide good 
visibility of the road surface and vertical view of the road. High density point cloud data 
can be obtained with this system and this system is best captured on the ground surface and 
surrounding objects because it is close to the ground surface and the objects on this surface 
(Olsen (2013). The calculation of the coordinates of any object within MLS data is called 
geo-referencing (Guan (2016). Figure 2 contains the formula used to calculate a point p in 
the object obtained by MLS and the information of the parameters in this formula. 

 

 
Figure 2. Equation and parameters used in geo-referencing MLS data (Guan (2016) 

 

MOBILE LIDAR SYSTEM IN CORRIDOR MAPPING AND ROAD INVENTORY 

Mobile LIDAR data can be used in various road inventory information extraction 
applications. These applications can basically divided into 3 category. 

• Extracting the path geometry 

• Extracting road surface features (road lane information and cracks on the road) 

• Extracting  pole-like objects around the road (such as traffic signs and signposts) 

The geometrical design parameters of the roads are needed when renovation or editing 
work on the old roads is to be carried out. However, most of the time this data is not 
available. Extracting of the path geometry by using MLS data is needed in such cases. 

For this purpose, a number of path recognition and extraction algorithms have been 
developed. These algorithms basically work in 3 different ways (Guan (2016). 

• Algorithms using the geometric properties of the path 

• Algorithms that use LIDAR data features as well as path geometry 

• Algorithms that use extra data sources(Photogrammetry, Airborne LIDAR) 

Different approaches have been developed in the derivation of the road geometry as 
mentioned above. Some algorithms extract the road surfaces directly while others detect 
the road edges and extract the road geometry. With the algorithms directly extracting the 
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road surface from the LIDAR data, the road lane information is obtained directly from the 
point cloud data. The processing time is very long in these algorithms. An example of 
these algorithms is the Hough transformation algorithm developed by Takashi and 
Kiyokazu (2006) or weighted least-square linear fitting algorithm developed by Yuan et al. 
(2010). Another way is to extract the road surface by detecting the road edges. These 
algorithms are based on the extraction of road information by detecting the road edges 
instead of determining complete road surface to increase the calculation efficiency. These 
algorithms use altitude difference, altitude change, mean values calculated from point 
cloud data (Yoon and Crane (2009)). Some algorithms that detect road surfaces use 
properties of path geometry as well as LIDAR data properties such as point distribution, 
intensity, and laser beam return information. 

Road surfaces include information such as road signs, roger covers, sewer wells and grills. 
In particular, road signs have important functions in traffic management systems, steering 
drivers and pedestrians, and informing autonomous vehicles about the road. This is why it 
is very important to extract this information. The intensity features of the LIDAR data is 
used to extract this information. For this purpose, image processing algorithms such as 
hough transformation and morphology are used (Guan (2016). 

Finally, it is an important process to extract pole-like objects such as electric poles, traffic 
signs and lamp poles. Traffic signs and signpost are made up of highly reflective surfaces. 
Chen et. al(2007) used intensity value to detect traffic signs and signposts 

 

MATERIAL AND METHODS 

In this study, it is aimed to extract some geometrical features of the road surface, to drawn 
the as-built maps of the road and its surroundings and to carry out the processes of 
classification of powerlines with Mobil LIDAR data. The data used in this study was 
obtained from a specific region of the Isparta-Antalya highway with the Riegl WMX-450 
MLS system. This system is seen in Figure 3. The technical specifications of this system 
are shown in Table 1. 

 

 
Figure 3. RIEGL VMX-450 (9) 
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Table 1. RIEGL VMX-450 technical specifications 

 

 

 

 

 

 

 

 

 

 

 

In this study, approximately 700 m of the data obtained from Isparta-Antalya highway was 
used. Figure 4 shows the data used in this study. Table 2 contains statistical information 
about the study area shown in Figure 4. As can be seen from the table, very dense point 
cloud data is obtained with the MLS system. The point cloud data includes the road 
surface, traffic signs and signposts, trees, certain corners of buildings and powerlines. All 
these data provide valuable information that will form the basis for the editing, 
management and updating of structures of roads and their surroundings. Global mapper 
18.1 and NetCAD software were used in this study.    

 

 
Figure 4. Test area  

 

Table 2. Statistical Values of Test Area                                                              
 

 

 

 

Effective Measurement Rate 1.1 MHz 

Max. Measurement Range 

natural targets p ≥ 10 % 

natural targets p ≥ 80 % 

 

140 m 

220 m 

Minimum Range 1.5 m 

Accuracy 8 mm 

Precision 5 mm 

Max. Effective Measurement Rate 1100 000 meas./sec 

Line Scan Speed Up to 400 lines/sec 

Point count 7.689.576 

Point Density 170.70 samples/m2 

Min. Elevation 969.245 m 

Max. Elevation 1050.994 
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Within the scope of extraction of geometric parameters of road surface with MLS data, 
profile information from specific area of the road surface. This was done following a 
specific procedure. Firstly, the original data was reduced by five percent, due to the high 
data intensity. All kinds of objects outside the path axis are excluded from the data set. 
This data has been transferred to NetCAD software for processing. Finally, these points 
triangulated and profile created profile along the road midline. This profile section seen in 
figure 5. 

  

 

 
Figure 5. Profile section of road surface 

 

The data obtained by MLS is used to generate as-built maps of the road environment. In 
order to create these maps, a digital elevation model was created from the raw point cloud 
data. Roadside lines, refugees, trees and electricity poles were drawn using these digital 
elevation models. The road and refuge boundaries are determined by a detailed 
examination of the elevation model. A perpendicular profile is created along the specified 
boundaries. Road and refuge borders are marked with a dot at certain intervals along the 
profile. The software extracted lines automatically using these points. The powerlines and 
trees are digitized on the 3D image of the point cloud. The as-built map produced as a 
result of these studies is shown in Figure 6. 
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Figure 6. As-built maps from MLS data 

 
Finally, powerline extraction from MLS data was performed. The Lidar module of the 
Global Mapper software used for this study. First, the ground data of the study area needs 
to be determined, then the power lines can be extracted. For this purpose, work area is 
divided into user defined parts. Ground points are determined separately for each part. 
Threshold values are used to determine the ground points. To increase the accuracy of the 
detected ground points, the expected height and slope change parameters for the work area 
are entered. Since these parameters vary according to the study area, it is necessary to 
make experiments in order to reach optimum values. After the optimum parameters for the 
ground data were determined for our study area, the process of extracted the powerlines 
was started. Since the powerline are flat surfaces covering small areas, high density point 
cloud data is needed to be accurately detected. The aim here is to find linear patterns 
between the points above the ground. For this purpose, the minimum height value on the 
ground on which powerlines are located must be specified first. Once these linear dots are 
detected, threshold values are used to determine whether they follow random dots or a 
specific pattern. For our study area, these parameters were tested one by one and the most 
optimum values were determined. Figure 7 shows powerlines that automatically extracted 
from work area. 
 

 
Figure 7. Powerlines of work area 
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CONCLUSION 

Based on the information above and our study, it has been found that Mobile LIDAR 
Systems have a significant potential for extracting road inventory information in terms of 
security, efficiency, flexibility and data density. Moreover, it has been shown that these 
algorithms produce erroneous results at different ratios. Accordingly, errors were 
encountered in the powerline classification study conducted within the scope of this study. 
Some objects such as trees and buildings are incorrectly classified. It has been seen that 
comparative studies of the advantages and disadvantages of software or programs should 
be tested in order to determine best algorithm or software to extract the objects of the road 
and its surroundings. Furthermore, during the as-built study the data obtained by MLS 
alone were not sufficient. Especially in specific applications such as as-built, it is seen that 
in addition to the MLS system, the data obtained by different measurement 
methods(Photogrammetry, Airborne LIDAR) can be used as supportive features. 
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ABSTRACT 

GIS can be used in the different issues of the environmental planning process. Especially, 
GIS is very useful applied for the landscape planning in the process of getting, processing, 
developing, analyzing, visualizing and mapping of data. The aim of this study is to present 
the application areas of GIS in landscape planning studies used in different purposes. 
Firstly, the application areas of GIS have been taken as examples from a study based on 
European Landscape Typology applied in Turkey. In another study, the role of GIS in the 
analysis of landscaping measurements based on the patch, unit and diversity of the spatial 
pattern of the cypress (Cupressus sempervirens L.) forest is considered. At the 
classification of landscape types for first example study was used LANMAP recommended 
across Europe for landscape classification. The layers in LANMAP are overlayed to each 
stage according to GIS-based hierarchical order. Different layers are used in each stage 
respectively. Totally, three layers are used to classify the landscape in this study. In 
another study, spatial pattern analyze of cypress forest biotopes in the National Park 
Köprülü Kanyon was realized by measuring of area, density and diversity metrics. The 
Patch Analyst application, which is compatible with GIS studies, was used to calculate the 
landscape metrics in this study. 

 

INTRODUCTION 

One of the most important challenges Landscape ecologists face is that it is not possible to 
provide landscape data at various scales with existing analytical tools. The collection of 
consistent data at different scales and features is difficult, time consuming and expensive. 
Large data volumes have also complicated the operation at the same time, making 
integration more difficult. Fortunately, most of these difficulties have come to the fore of 
most of these difficulties with the availability of computer-based systems to process 
geographic or spatial data, called 'geographic information systems' (Haines-Young, et al. 
1993). To assess the structure and functioning of the landscape are used spatially dispersed 
ecological data on various spatial and temporal scales. The best planning of a landscape 
requires knowledge of its structural and functional characteristics. Landscape planning 
aims generally to sustainable development by creating planning principles that will enable 
future generations to live in an ecologically environment. Regarding to the design this 
approach it has been developed a planning system based on analytical processes. Planning 
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objectives will be derived from scientifically based analysis and normative goals (Pietsch, 
2012; von Haaren, 2004). As an information technology, GIS can help to improve the 
landscape planning process and to use the results in the future for existing information 
systems (Arnold et al. 2005; Lang and Blaschke, 2007). The areas where GIS is used in the 
landscape planning process are identified below: 

1. provide a database structure for efficiently storing and managing landscape data over  

large regions (Pietsch, 2012);  

2. enable aggregation and disaggregation of data between regional, landscape and plot  

scales (Burnett and Blaschke, 2003);  

3. provide priority areas, ecologically sensitive or suitable areas for conservation 
(Fairbanks and Benn, 2000; Orsi and Geneletti, 2010);  

4. support spatial statistical analysis of ecological distributions (Wagner and Fortin, 2005);  

5. capabilities to extract, improve and integrate remote-sensing information into planning 
process (Burnett and Blaschke, 2003);  

6. provide input data/parameters for ecosystem modelling, valuing and characterizing 
ecosystem services and functions (Diaz-Varela et al. 2009); 

7. design methods and its applications (e.g. decision support systems, agent-based  
modeling) (Volk et al. 2010) and; 

8. representation of the results (e.g. visualization techniques, animations, simulations) 
(Lerouge et al. 2017; Pietsch, 2012). 

The power of GIS in landscape planning stems from the fact that data from any 
combination of different layers of data can be used to solve a specific problem. In addition, 
when problems change, the data can be processed in different ways to address different 
issues in a highly flexible manner. With the ability to process spatial information in the 
form of a map important, GIS can also store non-geographic attribute information that can 
be associated with various map features in a type of database management system. This 
data can also be used to access map information (Haines-Young, et al. 1993).  

 

Study 1: European Landscape Typology applied in Turkey 

With the European Landscape Convention (ELC) is aimed the preservation, management 
and promotion of the planning of European landscapes at the organisation of European 
cooperation (CoE, 2006). ELC provides countries that are developing and protecting their 
landscapes with principles, strategies, guidance and instruments (Butler and Berglund, 
2014). LANMAP is suggested as a coherent landscape classification system for the 
European scale the context of the ELC (Wascher et al., 2005). The aim of this study is to 
present the application areas of GIS during the applicability of the European approach to 
landscape classification studies at the local scale (Turkey, Çakırlar basin) within the 
context of the LANMAP.  
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Study 2: GIS in the analysis of landscaping measurements based on the spatial 
pattern of the cypress (Cupressus sempervirens L.) forest 

Landscape is made up of the area patches of parts (patches). Abiotic factors, vegetation and 
land-use-based characteristics are mainly attributed to the formation of these landscape 
parts. These properties make up ecologically homogeneous units with the values they have 
at a certain scale (Pickett et al., 1999). In this study, the analysis of the spatial pattern of 
the cypress biotops (Cupressus sempervirens L.) distributed in Köprülü Kanyon National 
Park was carried out by landscape measurements based on patch, unit and diversity 
metrics. In this way, it is aimed to analyze the landscape structure of unit and class levels 
of cypress biotopes. 

 

METHODOLOGY 

Study Sites 

The study site 1 is the Çakırlar drainage basin, where is located to adjoining Antalya city 
centre. The study site 2 is the natural cypress forests of the Köprüçay basin which is 
located on the Antalya province boundaries of Köprülü Kanyon National Park (Figure 1). 

 

 
Figure 1. Location of study sites  

 

European Landscape Typology applied in Turkey 

Landscape types are grouped hierarchically in four stages (Figure 2). The whole of the 
study area is characterized by the climate type – Mediterranean – in the first stage. Five 
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altitude ranges were used as a layer for the second stage. Five bedrock classes were used 
for the third stage. Finally, nine land-cover types were used at the fourth stage. The 
classification of altitude used the same classes as LANMAP (Mücher et al., 2003). The 
maps of parent materials and land cover were classified more specifically to refer to the 
study site. GIS-based overlapping methods have been used to overlay the stages. All of the 
maps have been produced with a 20 × 20 m raster cell size. Güngöroğlu (2017) was used 
for the material and method of this study. 

 

 
Figure 2. Hierarchical classification of landscape types 

 

GIS in the analysis of landscaping measurements based on the spatial pattern of the 
cypress (Cupressus sempervirens L.) forest 

Biotope types formed in a hierarchical structure by Güngöroğlu (2010) were used as 
material (patches) in this study. The hierarchical levels for analysis of cypress biotope 
types is given below.  

1.Cypress Forests (Cupressus sempervirens) (Landscape Level) 

1.1 Pure cypress forests on deep and narrow valley hillsides (Class Level) 

1.1.1 On the hillsides with less insolation impact (Unit Level) 

1.1.2 On the hillsides with many insolation affects 

1.2 Mixed cypress forests on deep and narrow valley hillsides 

1.2.1 Cypress dominated calabrian pine (Pinus brutia T.) forests 

1.2.2 Cypress dominated calabrian pine and oaks forests  

1.2.3 Calabrian pine dominated cypress forests 

1.2.4 Calabrian pine dominated cypress and oaks forests 

1.3 Cypress forests on the upper slopes of the valleys, open to cold air streams 

1.3.1 Cypress dominated calabrian pine mixed forests 

1.3.2 Calabrian pine dominated cypress mixed forests 
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The classification codes used to construct biotope types are the basis for the systematic 
classification of cypress landscapes. This basis is shown as the reduction of the complex 
structure of the landscape in the present case, thanks to the model-like systematically 
formed shapes (Knickrehm and Rommel, 1995). In this study, cypress forests were 
classified and mapped by GIS supported remote sensing methods in three hierarchical 
layers (landscape, class, unit) based on homogeneous characteristics of each layer for 
vegetation, habitat and land uses. Güngöroğlu and Sabuncu (2008) investigated surface 
characteristics of slopes, elevation and elevation of cypress forests according to the 
mixture of tree species. In their study, it is stated that all cypress forest types spread on 
very sloping and in steep terrain. 

 

RESULTS 

European Landscape Typology applied in Turkey 

All layers are overlayed in hierarchical order. Eighteen landscape units are classified at the 
third level (Figure 3). MK is the biggest unit in this classification with a surface area of 
3771.27 ha. On the other hand, LK is the smallest unit with a surface area of 22.13 ha. 
There are 120 patches related to landscape units. The smallest patch is 4.099 ha and the 
biggest patch is 3075.044 ha. The average patch width is 197.888 ha. There are 101 
landscape units classified at the fourth level (Figure 3). 

 

 
Figure 3. Coding landscape types and their classification at different levels 
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GIS in the analysis of landscaping measurements based on the spatial pattern of the 
cypress (Cupressus sempervirens L.) forest 

The polygons of the biotope types are combined at the unit and class level (Figure 4). The 
number of polygons (patches) (NP) and size of area (SA) of unit and class level biotopes 
were determined. Metric values of the spatial structure analysis of landscape created by 
cypress biotope types are also shown in Table 1. When these data are examined, it is seen 
that the Shannon Diversity Index (SDI) values are higher in the classes with higher tree 
species diversity. Compared to the mixed service forests in the deep and narrow valley 
hillsides (1.2), understand that the pure cypress forests (1.1) are more fragmented 
regarding to NP (Table 2), SA, average mean size of cypress biotopes at the unit level 
(AMU) and standard deviation of mean size between unit-level cypress biotope types 
(SDMU) values (Table 1). The total class area of the cypress forests on the upper slopes of 
the valleys (1.3), which is open to the cold airstreams, is closer to the pure cypress forests, 
but with a smaller NP compared to them. It is also remarkable that the average unit size of 
this class code is higher than the other classes, and the unit size variation coefficient is also 
lower than the other. This can be explained by limiting the environmental conditions of 
this class to a wide range of environmental conditions (Güngöroğlu, 2010). This class is 
limited at high altitudes, sunny aspects and steep terrain. Linear similarities between the 
values of AMU and SDMU of pure and mixed forests have been noted which are located in 
the deep and narrow valley hillsides. It can be interpreted that these two classes coexist in a 
mosaic in the same environmental growth conditions and that especially the exposition, 
sloping and altitude play an important role in their local distribution (Güngöroğlu, 2010). 

 

 
Figure 4. Dissolve of cypress biotopes at unit and class level 
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Table 1. Metric values of landscape spatial pattern 
Level of Analysis SDI AMU NP SDMU SA 

1.1 - Landscape 0,5408 5,0663 32 11,6019 162,1213 

1.2 - Landscape 0,8478 8,9436 55 20,7993 491,8972 

1.3 - Landscape 0,6920 11,8331 11 17,9497 130,1645 

All units - Landscape 1,6749 8,0019 98 18,1071 784,1829 

All classes - Landscape 0,9165 13,7573 57 39,5596 784,1661 

 
Table 2. Number of polygons at hierarchical levels 

Class Code Unit Class 
1.1 32 26 
1.2 55 27 
1.3 11 4 

 

DISCUSSION 

While the landscaping units by LANMAP methodology are being identified, the 
comparison of unit numbers and widths emerges as a point to be considered. It appeared 
sliver polygons which are less than <0.01 ha. Although it is possible that there can be 30 
units by number of layer polygons in the first-level classification and 270 units in the 
second-level classification, given the combination of environmental factors, in reality, 
there are 18 units in the first-level classification and 101 units in the second-level 
classification. This similar situation has been encountered with classifications at European 
level (Mücher et al., 2010). The study area includes partial forms of high mountainous 
areas in particular. When the parent materials in the partial form are added, large and small 
units start to appear from the third level. Later, it is determined that land-cover types 
related to land-use conditions, which the third level serves, provide an irregular large and 
small distribution. It is understood that a variety of land-cover types play an important role 
in the number of units in local classification of landscapes with LANMAP methodology. 
Therefore, grouping land-cover types suitably according to the structural properties of 
land-use types enables higher content characterization at the local level. 

Deep valley hillsides reveal a pattern in which the cypress is spreading purely and mixedly. 
Pure cypress biotopes are distributed in smaller areas and partly in mixed cypress forests 
which are a more complete unity than pure biotopes. Care should be taken to ensure that 
the largest units in these two classes are narrowed down due to human use and that their 
fragmentation does not increase, particularly regarding to the protection of cypress genetic 
resources. In addition, habitat functions such as hiding, reproduction and nutrition of wild 
animals are higher than smaller units. Open mixed cypress forests to cold air flows are 
more uniq in terms of fragmentation, number of units, and area size than other classes. 
However, these areas are more precisely limited in terms of the site conditions for the 
growing and they have a narrower area width in terms of total area. In this respect, they are 
highly sensitive to external influences. 
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CONCLUSIONS 

It is also understood in two studies that GIS is a useful tool for gathering, analyzing and 
evaluating different environmental conditions that are geographical distributed. It has a 
capability to find homogeneous areas, where different factors bring together, provides an 
assessment of their number and spatial extent. It has also been found to play an important 
role in establishing the ecological characteristics to be considered in terms of planning and 
management. 
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ABSTRACT 

A consistent surveillance and modeling of oil spills which is taken place from ships, 
offshore platforms and accidents is very important in terms of public safety, urban 
modelling and environmental protection. It is also necessary to detect spillage, spread 
from the source to nearby coastal areas. In this context, Sentinel-1 data was processed for 
detection and monitoring of oil spills which have received great interest due to wide-area 
coverage, day and night availability and usage in all weather conditions. In this study, the 
oil spill incident was investigated at the Ilıca and Paşa ports that are the most of the 
favorite beaches of Çeşme occurred in December 18, 2016. A simple and relatively quick 
approach for oil spill detection has been employed to VV polarized Sentinel-1 imagery 
before and after the incident. Moreover, the obtained results are discussed taking into 
account oil spill area. The processing steps for the oil spill detection were carried out 
using Sentinel Application Platform (SNAP). The results indicate that the Sentinel-1 data 
can be used efficiently for oil spill detection. In the future study, a semi-automatic or 
automatic strategy based on the relevant methodology will be developed for detection of 
oil spill with timely and cost effectively. 

 

INTRODUCTION 

A consistent surveillance and modeling of oil spills which is taken place from ships, 
offshore platforms and accidents is very important in terms of public safety and 
environmental protection (Lawal et al. 2016; Caruso et al. 2013; Gade et al. 2013; Hua et 
al. 2010; Topouzelis et al. 2009; Migliaccio et al. 2005; Noriega, 2005; Del Frate and 
Salvatori, 2004; Alpers and Melsheimer, 2004; Jackson and Apel, 2001; Fiscella et al. 
2000; Hovland et al. 1994) 
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In this study, the oil spill incident was investigated at the Ilıca and Paşa ports that are the 
most of the favorite beaches of Çeşme occurred in December 18, 2016. A simple and 
relatively quick approach for oil spill detection has been employed to VV polarized 
Sentinel-1 imagery before and after the incident. The processing steps for the oil spill 
detection were carried out using Sentinel Application Platform (SNAP). The results 
indicate that the Sentinel-1 data can be used efficiently for oil spill detection. 

SEA VESSEL INCIDENT 

While the cargo ship in motion was manoeuvring to avoid hitting the fishing boat, it sit on 
the rocks near the Fener Island, Cesme, Turkey (Figure 1).It has led to the greatest 
environmental disaster in the history of Cesme. 

 
Figure 1. Location map of the study area, A snapshot from the coast after Sea Vessel 
Incident on December 18, 2016 in Ildır Bay, Izmir, Turkey 

 

Oil was leaked to the sea due to the torn in the body of the ship. When the situation is 
reported, the crew arriving at the region has set a barrier to prevent leakage of the oil on 
board. However, due to the weather conditions, the rescue of the ship and environmental 
clean-up work could not be started. Figure 2 shows the photograph indicating the slick of 
the oil spill on the sea surface that was taken from the coast of Ildır Bay (Izmir, Turkey) 
after sea vessel incident on December 18, 2017. 

After the storm, the leaking oil from the ship was quickly taken under control. When a 100 
person cleaning work was carried out, 30 ton of 50 tons of oilslick were cleaned. The city 
of Çeşme has returned at the brink of a much greater catastrophe. Even thoughthe barriers 
around the ship controls the oil spill, it exploded in the second storm on December 22th 
causing a new pollution spreading 50 tons of fuel oil.Starting at 10:00 am on December 
27th

A commercial ship hit the rocky place, the fuel oil leaking into the sea as it landed spread 
over a large area. A team of 80 people, including divers, and municipal teams started to 
work against extreme pollution, on the sea and on the shore, respectively. However, it is 

, the ship was able to be unloaded from the rocks as a result of 12 hours of work.Then, 
the ship was towed to safe region between the south of Fener Island and the west of Celebi 
Island, and it was anchored here for conducting an investigation.Two officials from the 
Marine Accidents Investigation Commission, established under the Undersecretariat for 
Maritime Affairs, came in and started work to ensure both damage detection and safe 
return of the ship to our territorial waters. 
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estimated that nearly 130 tonnes of fuel oil leaked as a result of the accident. Nearly 40 
tonnes of oil has spread rapidly due to storms and sea currents. The main motivation here 
is to develop a method based on SAR data so that the oil slick can be monitored with high 
accuracy both temporally and spatially to prevent hazardous environmental disaster. 

 

METHODOLOGY 

Sentinel-1 is a team suite consisting of two conjugate satellites with C band SAR imaging 
which is a successor to ESA's ERS and ENVISAT satellites.33 ENVISAT was launched in 
2002 with 10 instruments aboard and at eight tons is the largest civilian Earth observation 
mission. Two Sentinel-1 satellites in the same orbit help to increase the imaging frequency 
as the temporal resolution is reported to be 12 days. 

Table 1. Technical specifications of Sentinel-1A 

 

 

 

 

 

 

 

 

 

 

 

The pulse of the electromagnetic energy is transmitted by the antenna with the horizontal 
or vertical. The Sentinel-1A is a dual polarization SARsystem. Thepolarizationis possible 
in 4 different combinations for sending and receiving radiation as follows: 

 • HH-horizontal sending / horizontal receiving, 

 • VV-vertical sending / vertical receiving, 

 • HV-horizontal sending / vertical receiving, 

 • VH- vertical sending / horizontal receiving 

Imaging type Center 
Frequency 

Resolution 
Range 

x 
Azimuth (m) 

Reflection 
Angle 

Frame 
Size 
(km) 

StripMap 

λ:18 cm, 
FRQ:5.405 

GHz 

5 x 5 20-45 80 
Interferometric WS  

5x 20 >25 240 
Extra WS 

25 x 40 >20 400 

Interferometric WS  
25 x 80 - 240 

Wave (WM) 20 x 5 / 20 x 20 23/36.5 20 x 20 
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Figure 2. Dampening effect of oil spill 

MATERIAL AND ANALYSIS 

Sentinel-1A data were used from the monitoring of the oil spill after the sea vessel incident 
on Dec 18, 2017 in Ildır Bay, Izmir, Turkey. The data acquired by Sentinel-1A can be used 
for the surveillance of the marine environment such as ship detection and oil spill 
monitoring in case of an emergency situations. The Sentinel-1A data were acquired at 
Ground Range Detected (GRD) processing level and in the Interferometric Wide (IW) 
swath with dual polarization VV+VH mode.  

 

Table 2. The list of Sentinel-1A data 

 

 

 

 

 

 

 

 

 

 

 

 

 

Date  
(Month, Day, Year)  Time  Product type  Mode  Polarization  

12.14.2016  16:06:48.901  GRD  IW  VV+VH  
12.19.2016  16:15:17.886  GRD  IW  VV+VH  
12.20.2016  04:14:51.333  GRD  IW  VV+VH  
12.25.2016  04:23:16.849  GRD  IW  VV+VH  
12.26.2016  16:06:48.562  GRD  IW  VV+VH  
12.31.2016  16:15:17.476  GRD  IW  VV+VH  
01.01.2017  04:14:49.902  GRD  IW  VV+VH  
01.07.2017  16:06:47.026  GRD  IW  VV+VH  
01.12.2017  16:15:15.981  GRD  IW  VV+VH  
01.13.2017  04:14:49.417  GRD  IW  VV+VH  
01.19.2017  16:06:46.547  GRD  IW  VV+VH  
01.24.2017  16:15:15.713  GRD  IW  VV+VH  
01.25.2017  04:14:49.167  GRD  IW  VV+VH  
01.30.2017  04:23:14.689  GRD  IW  VV+VH  
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Figure 3. The work flow used in the study 

RESULTS 

Oil spill is one of the environmental hazard that have a damaging effect on the coastal 
environment. Coastal data should be analyzed to determine the extent of oil spill along 
coastal waters and likely spread directions will be affected. For this purpose, the Sentinel-
1A IW GRD products were chosen for the period before and after the ship incident. Five 
interesting cases have been chosen for monitoring the following stages of oil spill around 
the Ildır Bay where the ship's accident occurred and the immediate vicinity:  

Case 1. Clean sea data before the accident. 

Case 2. The ship incident and oil spread on 12.18.2016. 

Case 3. Barriers preventing faster spread of oil shredded due to bad weather conditions on 
12.22.2016. 

Case 4. Removal of the ship from the rocks and cleaning work on 12.27.2016. 

Case 5. The ship left Ildır Bay on 01.21.2017. 

 
Figure 4. The 2nd result from the data acquired on 12.20.2016 between Case 2 and Case 3 
and the 3rd result from the data acquired on 12.25.2016 between Case 3 and Case 4 
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Figure 5. The results from the data acquired on: a) 01.01.2017, b) 01.07.2017,                              
c) 01.13.2017, and d) 01.19.2017 

 
Figure 6. The result from the data acquired on 01.25.2017 

CONCLUSION 

Satellite-based remote sensing is an effective tool for emergency situations where it is not 
possible to perform fast and effective on-site measurements.There are different satellite 
missions to monitor the Earth. One of this mission is Sentinel 1 SAR platform that can be 
used to detect oil spill monitoring.Monitoring of the direction and magnitude of spilled 
oils, on the surface of the sea, especially due to accidents involving marine vessels, is very 
important in terms of ecosystem and environmental effects.In this study, SAR satellite 
images were used to determine the efficiency of oil spill detection. It is an effective tool for 
emergency situations. SAR satellite images were used to determine the efficiency of oil 
spill detection. The oil spill area can be identified by using Sentinel 1A data using VV 
polarized images. Different scenarios, such as weather events and marine waves, should be 
taken into account in the analysis for monitoring oil spills. 
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