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PREFACE

The International Symposium on GIS Applications in Geography and Geosciences
(ISGGG) was held in Canakkale 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 Yomralioglu (Istanbul Technical University, Turkey) on
“Geographical Information Paradigm”, Prof. Dr. Magdy Torab (Damanhour University,
Egypt) on “Some Applications in The Usage of GIS in Geearchaeological Researches ”,
Prof. Dr. Haluk Ozener (Bogazici University, Turkey) on “Earthquake and Tsunami
Information System at KOERI” and Dr. Fabiana Calo (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

Erhan Cahskan!

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, Caykara(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 wer e obtained. The measurements wer e performed using four different instruments:
of handheld GPS DGPS CORS and Total Sation 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 aso 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 a. 1992
and Abdi et al. 2012 and Kosmos et al. 2007), topography and cadastral forest surveys
(Soler et al. 1996, Yoshimura et a. 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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Globa Positioning System (GPS) technology is now widely used for navigation and
surveying. GPS is also essentia 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 iswell 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 positiona 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 afew metersto afew centimeters. There are techniques as
differential global positioning system (DGPS) that improve precision and accuracy under
tree canopies. Hasegawa and Y oshimura (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(Caykara) forest region of Turkey.

MATERIALS AND METHODS
Study area

Trabzon Province(Caykara) is situated between longitude 39? 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 areawere 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 positiona 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 aforest road located in the valley.
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Figure 1. Satellite view of study area (1:5000)

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

v" Garmin GPS Map 76 Csx handheld GPS,
v' Topcon GMS-2 DGPS

v' Trimble PGA-1 DGPS (CORS)

v Total Station devices (Pantex W-823NX)
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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  fied studies.

Quadratic Mean  Error amounts for each point are caculated.
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 L ocation2 Location 3

RM SE(m) RM SE(m) RMSE(m)
GPS handheld 35 4.60 9.69
DGPS 25 4.10 7.87
CORS 0.06 0.74 3.89

Location 1, according to the measurements made;

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.

Location 2, according to the measurements made;

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.

Location 3, according to the measurements made;

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.

In total, this study was carried out in aforest road network of 660 m. Measurements
were made every 20 m.
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As aresult 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 atotal 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 nvha 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 areais 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 me 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,
especidly 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; Giimiis, 2008; Caliskan, 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, Kihmaier 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 isin the era, and the
devel opment 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 i% 25 and the mean skidding distance is 250 meters.
The choice of the remova 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
apulling method with aforest tractor and pulling it out by a cable.

10
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Timber extraction by Cable Yarding System

Cable yarder systems are preferred due to the fact that the average slopeis >% 51 and the
average distance of the runway is 500 m, which means that the ground is rocky. Because
the floor isrocky, 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 irf% 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 limitsare givenin Table 1.

Table 1. Timber extraction systems and their technical limits

Timber Slope(%o) Development | Canopy Skidding Extraction
Extraction Stage Distance Direction
Methods
0-30 transport,
Man power 30-50 cont. shift., 0—3OC?n§8—19 No restriction 300 Fr%';]vl\;r? 0
50< noncont. shift
Animal power 0-33 No restriction | No restriction 500 Fr%rgvl\;ﬁ 0
0-50 sikidding, ¢, d (20-33, 500 skidding, fromtopto
Forest Tractor 50< cable pull 34<) _ 150 m cable pull bottom
Cable ¢, d(20-33 Short S00middle | oy
Yarding S S0 34<) 29 00200 directions
9> long800-2000
Monorail S. 0-100 ab.c 12 500 Both
directions
b, c (8-19 cm, - Fromup to
Log Chute S. 30-60 20-33 cm) No restriction 500 down

RESULTS AND DISCUSSIONS

The areas, slopes, lengths of the roads and the distance between the tracks were determined
with the ArcGI S software in the field study and al so 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/haroad 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

11
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the road density (YYxYA = 10000, ie YA = 10000/20 = 500 m).When opening a forest
with aroad 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 areais 6003 hatotal forest area. Thereisaroad 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

12
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Table 2. Timber extraction systems and stand type

Compartment | Stand Type | Slope Timber extraction method
Number (%)

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

112 coded road down to 470 m cable yarder s

109 Lc3 62 112 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 LKnK zGnbc2 63 116 coded road down to 400 m monorail sys.

119 coded road down to 350 m monorail sys

122 coded road down to 180 m monorail sys

138 LKnKzGnbc2 | 76 1719 coded road down to 170 m monorail sys
150 Kzl | 64 |171 oot roud down o 400m coble yorder s
s |ieom|on |3 g o iy
101 Lc3 i Eg c%%deedd rroo;(‘jd ddc:)v\\llvnntt002105(§) il |L(z;r§l}trgc “
193 L KK 2Gnbc2 60 122 kcoded road down to 500 m cable yarder s

122 coded road down to 250 m monorail sys.

119 coded road down to 400 m cable yarder s
197 LKNnKzGnbc2 54 | 121 coded road down to 250m cable yarder s
121 coded road up to 250 m monorail sys.

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

124 coded road down to 400 m log chute

201 Lc3 P 124 coded road up to 150 m tractor pull

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

126 coded road down to 450 m cable yarder s

238 -(EE = 126 coded road up to 330 m cable yarder s
126 coded road down to 500 m cable yarder s

239 Lez 45 126 coded road up to 150 m tractor pull

247 LKNnc3 53 124 coded road down to 300 m log chute

124 coded road up to 320 m cable yarder s

114 coded road down to 250 m cable yarder s
248 LKnc3 65 | 124 coded road down to 500 m cable yarder s
124 coded road down to 500 m monorail sys.

13
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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 amajor 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 a., 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 al over the world (Nair and Pillai, 1992; Kaushik et a., 2012).

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

" Corresponding Author
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MATERIAL AND METHOD

ISGGG-2017

Seydisuyu Plain, which is one of the most significant agricultural lands of Turkey, is
located in the Eskisehir Province between the locality of 38.0851 — 39.0361 north latitude

and 30.0161 — 31.0071 east longitudes (Cicek 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

Coordinates
Name of Station Latitude (m)
N E
Akin 39°20' 16.9" 30° 31'04.3" 1046
Aksakl 39° 36' 46.9" 30°44' 41.2" 924
Adanbeyli 39°27' 03.8" 30° 36' 46.9" 1069
Ayvali 39° 28 46.5" 30°37' 23.9" 1039
Bardakg1 39°19 53.7" 30°47 31.7" 1028
Begsaray 39° 26' 02.4" 30° 31' 54" 1272
Beykisla 39°41' 49.6" 30°81'57.3" 938
Buyukdere 39°35' 07.8" 30° 45'07.5" 930
Buylkyayla 39°10'52.3" 30° 33 25.6" 1135
Cevizli 39°21' 58.4" 30° 43 58" 1167
Catéren 39°19 28.2" 30°36' 31.9" 1120
Cukuragil 39°30' 0.4" 30°46' 06.2" 931
Gukurca 39°13 53.3" 30°42 12" 1210
Curdttim 39°20' 39.7" 30° 25' 10.6" 1275
Degisoren 39°33 285" 30° 40 20.4" 978
Dogangayir 39°32' 02.6" 30° 49' 50" 919
Fethiye 39° 13 49.2" 30°32' 17.4" 1070
Gemig 39°20'50.3" 30°29' 55.5" 1109
Gocenoluk 39° 20 38.1" 30°22' 24.3" 1248
Gokbahge 39°09' 36.7" 30°25' 10.6" 1106
Gokgeglney 39°12' 00.5" 30°41' 23.6" 1223
Goknebi 39°24' 30.8" 30°32' 16.6" 1193
Giimiigbel 39° 44 25.3" 30°81'41.8" 934
Idrisyayla 39°23 13" 30° 25' 06.4" 1272
Ikizoluk 39°18'19.8" 30° 24 49.4" 1275
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Karacalik 39°29' 26.7" 30°31'59.9" 1193
Karadbren 39°13'54.2" 30°34' 3.7 1054
Kesenler 39°20' 39.7" 30° 25' 10.6" 976
Kirka 39°16' 53.2" 30°31'43.9" 1043
KUmbet 39°12'35.1" 30° 36' 20.9" 1078
Numanoluk 39°18'33.3" 30°35' 42.4" 1199
Oynas 39°10' 16.7" 30° 37 417" 1110
Orencik 39°24' 22.1" 30°39' 54.2" 1038
Salihler 39° 16' 34.4" 30° 27 00.2" 1066
Sancar 39° 23 46.1" 30°44' 41.2" 1037
Sandikozi 39°23' 17.6" 30° 21' 30.4" 1219
SarayOren 39°33'19.25" 30°36' 23.47" 1092
Saricailyas 39° 20' 59.1" 30°40' 17.1" 1187
Siikranlh 39°16' 32.4" 30°40' 35.6" 1313
Tashk 39°32' 24.7" 30° 37' 50.4" 1062
Ugsaray 39° 27 07.3" 30°30' 15.6" 1248
Yapildak 39°10' 16.8" 30°39' 19.1" 1142
Y arbasan 39° 16' 56.5" 30°34' 225" 1136
Yazidere 39°29'41.8" 30°44' 09.5" 940
Y enikent 39°34'19.47" 30°44' 30.16" 929
Yesiltepe 39°22' 23.9" 30° 37 07.8" 1074
Yukarisogiit 39° 27 20" 30°34' 52.6" 1096

ISGGG-2017

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

Thetotal organochlorine pesticide (OCPs) concentrations by determining AlfaHCH, 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.

17



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

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, Yapildak, Fethiye, Sandikdzii, Ugsaray and Gemic Villages.

In astudy performed in Taihu Lake Region in the Y angtze River Basin, where is known as
asignificantly contaminated area in China, OCPs concentrations in most soil samples were
detected in the range of 100 — 200 ppb (Wang et a., 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.
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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 maor 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
propertiesin 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 terracesin 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 irrationa 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 physica
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).

. . . 4 :;’; e
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 a., 2013; Kinnaird
et a., 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 avertical wall named as “riser”; alevel surface extending behind this
“riser” which is caled 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. Thosein 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 maor agricultural crops. ssimply 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 margina 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. Aeria 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 aeria 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

Basicaly, 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).
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Figure 3. Agricultural terraces and flat fields Figure 4. Elevation map of the study area
in the study area

Table. 1. Distribution of agricultural terraces and flat fields

Terraces / Total Flat Fields / Total
Total Area (ha) Terraces (ha) Area (%) Flat Fields (ha) 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: 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). Asisvisible in Tab. 3, values
were classified in 100 m intervals. According to the table, 84,72 % of the study area
presents el evation val ues ranging between 0-400 m.

Table 2. Elevation values of thetotal area Table 3. Elevation intervals of the total

Min. Max. Mean area

Total Elevation | Elevation | Elevation Elevation Total Area Percentage

Area(ha) | (m) (m) (m) Interval (m) (ha) (%)

15.873,64 0,00 780,00 236,04 0-100 355157 2237
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 e evation 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 valueis
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.

Elevation Difference Histogram (%)
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Figure 5. Elevation difference histogram of the terraces

Table 4. Elevation values of the terraces Table 5. Elevation intervals of the
Min. Max. Mean terraces

Terraces | Elevation | Elevation | Elevation Elevation Terraces Percentage
(ha) (m) (m) (m) Interval (m) (ha) (%)
3.297,82 0,00 661,21 191,91 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

25



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS ISGGG-2017

IN GEOGRAPHY AND GEOSCIENCES

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.
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Figure 6. Slope map of the study area

Table 6. Slope values of thetotal 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.
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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 mgor 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. Koy Hizmetleri Genel Miidiirliigti, 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.

Major Soil Types
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Allavial
I Fec-srown Mediterranean
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Figure 10. Soil map of the study are
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Table 12. Mgor 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. Mgor 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
Major Soil Types Difference Histogram (%)
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Figure 11. Mgjor 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 (especialy 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 al over the study area,
the difference histogram of the major soil types indicates that the most preferred type was
TerraRosa. 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 Peninsulain 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
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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 5" century B.C) should be maximum 2000 people. Assuming that, on
average, 750 kg/ha grain was produced for the good and bad years (Oguz-Kirca 2015:
476), we can suggest that 408.000 kg grain (544 hax 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.

Relevant to the terraced land or the land used for viticulture; Tuna (1990: 350) suggests
that 1.603.411 It. 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. Oguz-Kirca (2015: 475-476) takes 25 It. as the mean capacity of a
Rhodian amphora in the Hellenistic period. Accordingly, the potential of wine production
is calculated as 6.595.640 It (20x4x25x3297,82) which is a remarkable figure for the
Peninsula especially comparing to the agricultural production potential of ancient Knidos.

The abovementioned figures propose something never echoed for the Bozburun Peninsula
before. Presumably, it was the wine with which a significant amount of surplus
accumul ation 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 agricultura 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 agricultura 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 Kerkiisti Héyiik , 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 Kerkiisti Hoyiik 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

Kerkiisti Hoyiik, 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 aimost 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
Kerkiisti 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, ImE / 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
Karacadag basalt intrusions (Yildirim and Karadogan 2010:121) are visible in various parts
of the plain. Kerkiisti Hoyiik lies on the west bank of an intermittent stream named
Kocadere that flowsin a basalt intrusion.

Figure 1. Thelocation of the study area

HALAF POTTERY of KERKUSTI HOYUK

The Halaf pottery of Kerkiisti 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 Vbl and the others in Subphase Vb2. The
decoration on a bowl showing arow of seated gazellesis 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 Kerkiisti Hoyiilk comprises seven ware types
according to fabric, paste and surface treatments. Vessels were mainly handmade. Molding
and coiling/ slab manufacture were al so 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 Vbl 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 vegeta 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: Bowlsin ten different variations, jarsin six and
plates in five subtypes.

METHODOLOGY

Prognosticative anaytic and thematic modeling are an important subject tool that alows
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
archaeologica 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

Value Intensity of Importance Gradient ratio (%) Definition Code

1 Extreme importance <1 Flattest D

2 Very strong importance 1-2 Flat D

& Strong importance 2-5 Wavy Flat DD

4 Moderate importance 5-10 Sloping Slope AY

5 Insignificant 10-20 Dip slope EY

6 Insignificant 20 - 40 Steep slope DY

7 Insignificant 40 2 Very Steep Slope  CDY

An area of 10 km radius was chosen as a study area for the determination of potentia clay
beds in the surroundings of Kerkiisti Hoytlik. The subject area is used by digitizing N44a3,
N44a4, N44b4, N44cl, N44dl, 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).
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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 archaeol ogical |ayers 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 Izmir Institute of Technology, Center for Materials
Research (IZTECH-MAM).

| 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

Severd 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 Kerkiisti Hoyiik 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 areais 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 306 317 30600 D Flat 3069 7.52 306900
km [AY _|SlopingSlope 30 031 3000] km |DD__[Wavy Flat 306 0.75 30600
EY |Dip Slope [9) 0.00] [9) m TAY S oping Slope 30 0.07] 3000
DY [Steep slope [9) 0.00] [9) EY |Dipslope [9) 0.00] [9)
CDY_[Very Steep Slope 0 0.00 0 DY [Steep slope 0 0.00 0
9647 100.00 964700| CDY [Very Steep Sope 0 0.00 0
40803  100.00 4080300

Radius Code Slope Area  Pct. (%) m2 Radius Code Gradient Area  Pct. (%) m2
TD  [Hattest 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
2m [AY__[Sloping Slope 31 0.06 3100] o DD [Wavy Flat 1662 1.02 166200
EY [Dip slope [9) 0.00] [9) m TAY |3 oping Slope 31 0.02] 3100
DY [Steep slope [9) 0.00] [9) EY |[Dipslope [9) 0.00] [9)
CDY [Very Steep Sope [9) 0.00] [9) DY [Steep slope [9) 0.00] [9)
54036 100.00 5403600] CDY [Very Steep Sope 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 438.63] 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]
5m [AY _[Soping Siope 5422 1.05 542200] o DD [Wavy Flat 53610 5.34] 5361000
EY [Dip slope 1939 0.38 193900} M TAY [Soping Slope 5422 0.54] 542200
DY [Steep slope 582 0.11 58200 EY [Dip slope 1939 0.19 193900
CDY [Very Steep Siope 86 0.02] 8600 DY [Steep slope 582 0.06] 58200
515771 100.00 51577100 CDY [Very Sieep Sope 86 0.01 8600
1003995 100.00 _100399500]

Radius Code Slope Area  Pct. (%) m2 Radius Code Gradient Area  Pct. (%) m2
TD  [Flaitest 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
10km [AY _[Sloping Siope 65404 2.83 6540400 10km 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
CDY [Very Steep Slope 1109 0.05 110900 DY [Steep slope 7164 0.18 716400]
2308107 _100.00 _ 230810700] CDY [Very Steep Slope 1109 0.03 110900

4000000 T00.00 400000000
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Table 3. The listed parameters of the site location relative to its west and east areas. (with
basalt outcrop)

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
Km DD [Wavy Flat 306 1.45 30600 Km DD [Wavy Flat [0) 0.00] [§)
AY [Soping Slope 30 0.14 3000 AY  [Sloping Siope 0 0.00 9
EY |Dipslope [0) 0.00 [9) EY |Dip siope 0 0.00 9
DY [Steep slope [0) 0.00 [9) DY [Steep slope 0 0.00 [9)
CDY _|Very Steep Slope [0) 0.00 [9) CDY _|Very Steep Slope 0 0.00 9
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}
xm DD [Wavy Flat 1413 1.77 141300 xm DD [Wavy Fat 249 0.30 24900
AY [Soping Slope 31 0.04 3100 AY  [Sloping Siope 0 0.00 9
EY |Dipslope [0) 0.00 [9) EY |Dip slope 0 0.00 9
DY [Steep slope [9) 0.00 [§) DY [Steep slope 0 0.00 9
CDY [Very Steep Slope [0) 0.00 [9) CDY [Very Steep Slope 0 0.00 [9)
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] 4253 21160400
D Flat 60503] 11.95 6050300 D Flat 95656 19.23 9565600
sm |PD__[Wavy Flat 23358 4.61 2335800 skm  [PD__[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
CDY [Very Steep Slope 86 0.02 8600 CDY [Very Steep Slope 0 0.00 9
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
10km DD [Wavy Flat 188824 9.37 18882400 10km DD [Wavy Flat 164282 8.28] 16428200
AY [Sloping Slope 46597 231 4659700 AY  [Sloping Slope 18807 0.95 1880700
EY |Dipslope 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
CDY |Very Steep Slope 1084 0.05 108400 CDY |Very Steep Slope 25 0.00 2500
2014923 100.00 201492300 1985077 100.00 198507700
g S
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Figure 4. Potentia 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 potentia 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.
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Considering the quantities of pottery ware used and/ or manufactured at the Kerkiisti
Hoyuk 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).
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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 Kerkiisti is pointed
to various geologica units. In the first subphases (Va-Vbl), the anount of lime particlesin
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 (VaVbl), Both field
observations and SEM images show that these samples have different grain size and also
different mineralogical compositions.

Frankly, EDX anayses of the sherds from the first two subphases (Va and Vbl)
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 minerdls,
there are a'so some other minerals in less amount.

45,00
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g 2% 7\ NS\
g 2090 N/ \ 7N T\
SR TN\ 7N\
’ W4 \ A ) _\[/ \
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0,00 C N O | Na | Mg | Al Si K | cCa| 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

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 Vbl
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
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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 especialy from the
eastern part of the Kerkiisti Hoyiik, 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 analysisis
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, Kizlirmak 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 (Cagirankaya 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 Deltawas 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 surfaceis 52779 ha (Figure 1).

Coexisting habitats of severa 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 adso 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).

Districts
19 Mayis
Alagam
Atakum

R, A A
7" [ Study Area &
‘:i\ { i Lake

— River

S, 0 200 400km
& ——

BT~

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 | Land use map was produced with forest management
Ingtitution, 2005 Landsat | map. Verification was made from satellite images.
ETM+
Soil Ministry of Food, Agriculture | 1/25.000 scale soil map. Major soil groups was
and Livestock considered.
Water Bafra-Forest ~ Management | Stream network, channels and lakes data were collected
surfaces Ingtitution, 2005 Landsat | and corrected from different sources.
ETM+, Esri Basemap
Population TUIK, Esri Basemap, Google | The amount of population was obtained from Turkish
density Earth vb. Stastical Institute. According to the function, settlements
Settlements divided into rural and urban areas.
Transportation | Bafra-Forest ~ Management | Road data was obtained from forest management map.
density Ingtitution, Esri Basemap 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 aresult, seven parameters affecting the ecologica 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 15x15m 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 a., 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 Weight of
classes 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
Coagtal dune 0,23
Stream bed 0,15
Bare land 0,07
Forest 0,11
Agricultural 0,03
Settlement 0,02
3 | Sail Hydromorphic 0,64 0,24
Coagtal dune 0,28
Alluvium 0,08
4 | Water surfaces <50 0,64 0,40 0,11
Riversand 50-100 0,26
channels (m) 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 0 0,51 0,07
(person/km?) 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
Rura < 250 0,56 0,30
(m) 250-500 0,26

500-1000 0,12
1000-2000 0,06

> 2000 0,00
7 | Transportation density Soil and stabilized | <200 0,57 0,30 0,03
road (m) 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 spatia distribution of these factors or criteria. In the study, Geographical
Information Systems (GIS) completed this lack of the AHP with its strong spatia 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:

Sy= ) W) (k) ®
k=1

In the formula (1), S;; reflects the ecological sensitivity valuein each cell. k=1, 2, ..., n are
the parameters effective on the ecologica sensitivity. W (k) means the importance weight
of the ecological parameters. C;;(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 atered 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. Spatia distribution of parameters and weights of classes

Parameter classes Az\rea Weight of Parameter classes Area Weight of

km’ | % Class km* | % Class
Elevation (m) Population density (person/km?)

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

100-200 431 | 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

250-500 735 | 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 2348 | 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 | 3542 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 | 157 0,39 Hydromorphic 60,85 | 12,26 0,64

Settlement 44,32 | 89 0,02 Coastal dune 18,48 | 3,73 0,28

Coastal dune 1847 | 37 0,23

Bareland 1265 | 25 0,07

Forest 12,02 | 24 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
(Ardan, 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.



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

Land Use Differentiation

Being sensitive to the changes in the circle of the natura events and to the human
activities, wetlands may easily deteriorate and lose many ecological and economic
functions. This aso leads to the extinction of the habitats and occurrence of irreversible
changes. Kizilirmak Deltais aso 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 |akes
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 aluvia 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 2¢) and serve as a
kind of protector of these areas, can be quickly affected by the external factors and
damaged. Therefore, dunes were aso 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
areais 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 a., 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 al these
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matters and that it reflects the spatia difference in Kizilirmak Delta, the sub-classes of
population density were determined and they were distributed spatially (Table 3; Figure
2e).
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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 rura settlements in the study (Table 2). Settlements create
ecological sensitivity and risk not only within their area coverage but aso on the
surrounding areas (Radeloff et al., 2005). Considering this and the studies performed
(Wang et a., 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. Ecologicaly, 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/km>.

Level of ecological sensitivity
I Non-sensitive

I Light sensitive

[ Moderately sensitive [ study Area
[ Highly sensitive : River
I Extremly sensitive [ Lake 0

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 awetland which has been aready 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 km? (%9) at and around the
lagoon lakes. A high sensitivity was determined on the area of 16.99 km? (%3.4) the
majority of which corresponded to the dunes around the delta area. Moderately sensitivity
areas were determined to be 141.75 km? (29%), light sensitivity and risk areas were
determined to be 113.66 km? (22.97%), and no sensitivity areas were determined to be
177.66 km? (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 a., 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 a., 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 (Maekmohammadi and
Blouchi, 2014). The ecological sensitivity analysis showing the areas with different
ecological sensitivity in regiona 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 coasta strip, which
constitutes 1.8% of the country (Kateb, 2003). This high concentration near the coastlineis
related to considerable economic activity in various sectors (Magnan, 2009), aso the
climate change and the high human exploitation in these coastal areas make them more
exposed to natural hazards (Simav et a., 2013). Our study area (Boulsmail 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 (Aydogan 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 a., 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 (Akpinar et al., 2012; Bottema and Beyer, 2002; Dragani
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et a., 2008; Dykes et a., 2002). This underestimation may be related to the input data
accuracy (Akpinar 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 a., 2000). GIS alows 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
alow usto better observe their behavior even in the most sheltered aress.

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 %h 18h >15h 15h %h 12h

Wind direction 280° 360° 100° 22° 40° 330°
Wave height 23m 35m 45m 4m 32m 28m
Wave periode 6.7s 9s 95s 10s 83m 8s

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

= Spatia analysis: It is a spatialized statistical analysis of data (Bachouche et a., 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 severa 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 dayscrecorded 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 afirst 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 criteriawere the subject of thisanalysis:

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
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Figure 3. Results of thefirst multicriteriaanalysis: Et > 25 kW/m & 6 <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
EMACORP project for a maximum hydraulic efficiency of approximately 27% frome the
total wave energy (Hardouin, 2016).
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Figure 4. Results of the second multicriteriaanadysis: Et >30kw/m & 6 <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, aso 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 Boulsmail zone, of which four
Breakwaters with alength of 450 m are exposed to a considerable and omnipresent energy.
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Figure 5. Results of the third multicriteriaanadysis: Et >35kw/m & 6 <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 anong 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 Boulsmail 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 geospatia anaysis and multicriteria analysis of the
hydrodynamic model results (SWAN) allowed us to select the coastal areas exposed to the
highest marine energy with alow 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 Pollutionin
Mustafakemalpasa 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-
OEYS). 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
activitiesin 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 pg/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 (H>As(V)O4 or (H-As(V)O4* depending on
the pH. At reducing conditions and over a wide range of pH, the uncharged arsenite
species ((H3AsO3") 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),), reagar (AsS) and orpiment (As,S3). Its reported that up to
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4% As levels are present in the mineral deposits of Kutahya -Emet region (Baba and
Sozhilir, 2012).

On the other hand, Boron mainly occurs as orthoboric acid in most volcanic spring waters
and as borate minerals such as borax (Na;B;07.10H20), colemanite (Ca;BgO1:.5H20)
and ulexite (NaCaBs504.8H20), (Gemici et a. 2008). Although boron is an essentia
nutrient for plants and many organisms, its reported to be toxic to aguatic and terrestrial
organisms above certain thresholds (Emiroglu et a.2010). Over 70% of the world boron
reserves are in Turkey with maor deposits in Kitahya province in northwestern turkey
(Helvaci, 2005). The existing borate deposits in the region are mined by surface or
underground methods (Helvaci 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 municipa wastewaters, and
industrial residues, boron pesticides and fertilizers among others (Dotsika et a. 2006).

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 amed at; (1) determining arsenic and boron contents in
Mustafakemalpasa stream and its tributaries (Emet and Orhaneli) and comparing with the
national and international water quality standards, (2) ldentifying 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 makersin making
informed decisionsin regards to water pollution in the catchment area.
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Figure 1. Location of Mustafakemalpasa catchment area.

MATERIALS AND METHODS
Study region
Mustafakemalpasa cacthment is located within the boundaries of Bursa, Balikesir and

Kitahya 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 km?, an area characterized by intensive
mining of Boron, Chromium, Lignite and Iron. 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 atypical 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 collection

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 m*/s, in the
main Mustafakemalpasa stream. In March, the weather is rainy and foggy with an average
stream flow rate of 115.1 m%s, in July the weather is hot and dry with a flow rate of 19.1
m>/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.
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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, al the water samples were filtered
through 0.45um filter. The total arsenic and boron concentrations was measured using
inductively coupled plasma optica emission spectroscopy (ICP-OES), a reliable method
for arsenic measurements (Rahman et a. 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).

C,= ZN:V\/i C @
d,”
W = )

2. a7

i=1
where C, is the unknown pollutant concentration; C; is the pollutant concentration at
known point; N is the total number of amount of sampling points; W, is the weighting of
each point; d; is the distance from each sampling point to the unknown site; p is the power
function, the default value of p = 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 Mustafakemalpasa 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 (10pg/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 (103ug/L) aong
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Orhaneli stream noted at about 97 km from Ulubat 1ake. The high arsenic pollution value at
this point could be due to lignite mining activities and thermal power plant in the region.

e AS
3500{ —*—B
- ASWHO guiddine
- BWHOguiddine
2000 P =sampling point code
7007
D
=
v 5004
=4
4001 po
30, -\ql T~ o~
2001 B3 PS5 /™ ~__
Bl'P;/ w’ \‘ \\./ .\./
007 i
O e

0 20 471 e & 100 120 140 160
Confluence FPoint Aowdreion  Ditance from Ulubat 1ake (km)
Figure 3. Annua average concentrations of arsenic and boron in the water of
Mustafakemalpasa and Emet streams, Data based on three field campaigns (October,
March and July).
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Figure 4. Annua average concentrations of arsenic and boron in the water of
Mustafakemalpasa 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 10ug/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 Mustafakemalpasa streams. The values change
between 10-50 and 50-100 pg/L predominantly along the other parts of the streams. The
values between 100-300 pg/L can be seen at the Tavsanli city on Orhaneli strem
Considering the Emet stream the values between 100-300 pg/L can be found in the section
of the Emet stream beginning from Hisarcik to the point where it confluence with
Orhaneli stream. The highest values (above 400 pg/L) were measured only north of the
Emet county.
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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 alowed 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 Hisarcik counties. As it can be seen from the map
that despite the clean water coming from Orhaneli stream, the boron values aong
Mustafakemalpasa 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 amed 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 ug/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 pg/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 pg/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 Mustafakemalpasa stream and has a mean value of 42.09 pg/L.

70



INTERNATIONAL SYMPOSIUM ON GIS APPLICATIONS
IN GEOGRAPHY AND GEOSCIENCES

ISGGG-2017

Giirs « N

Yildim___ 0 @
/] ‘ }

™
ilii 5 Kestel -
oy .\:].lllfe BUR 4 g

Mustafakemalpasa
stream

N Gii_‘kl’ze ‘-\

A A

oy

Orhaneli stream

o

1,200 312
1,000

< 800

=5

= 6004

Subcatchment

Legend
Boron minefields
Lignite minefields

Provincial center
County center

Provincial border
County border
Catchment border

Subcatchment border
River
Lake / Dam lake

J1gon-mx

Susurluk
catchment

Tustafakemalpas:
catchment

the

Yiduim
7]
- {fﬂﬁfe BUR
Mustafakemalpasa
stream

HO0N

oy Orhaneli stream

"

= L

10

[100.05

Subcatchment

Legend
Boron minefields
Lignite minefields

Provincial center
/. County center

Provincial border
County border
Catchment border

Subcatchment border
River
Lake / Dam lake

Susurluk Mustafakemalpas
catchment & syhcatchmen

-

Figure 8. Map of Annual averaagconcentration 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 Mustafakemalpasa
catchment is found to exceed the maximum allowable limits (10 pg/L for As and 2.4 mg/L
for B) set by nationa 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 Hisarcik town, the high boron and arsenic
pollution at this point is attributed to the mining sites located in southern part of Hisarcik
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 (Ozkul. 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 Samandagi and Narltkuyu) 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 %),
Karatas 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 isimportant 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 Giiltekin, 1992; DPT, 2016; Kozlu et a., 2002; Demirel, 2017). This study is

" Corresponding Author
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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 Samandag-Narlikuyu (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 dlit on the beach, samples were taken
with plastic gloves and heavy metal and minera contents were determined after the
representative samples were dried and reduced by quartering (Figure 1).
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Figure 1. Location mapmbEf the study
Chemical Analyses

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

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

Al | A2 | A3 | A4 | A5 | A6 | A7 A8

d50 | 0,40 | 080 | 064 | 0,27 | 0,40 | 0,26 | 1,00 | 0,30
dso | 0,70 | 400 | 140 | 0,78 | 0,70 | 0,40 | 1250 | 0,41
A9 | A10 | K1 | K2 | T-1 | T-2 | Y-1 | Y-2
ds0 | 050 | 036 | 0,23 | 025 | 0,50 | 0,25 | 0,25 | 0,50
dgo | 380 | 05 | 0,30 | 035 | 0,72 | 0,40 | 041 | 0,85
Y3 | H1 | H2 | H3 | H4 | H5 | H6 | H-7
d0 | 0,20 | 037 | 053 | 055 | 057 | 0,25 | 0,32 | 0,43
dso | 060 | 0,75 | 0,71 | 0,75 | 083 | 0,70 | 0,78 | 2,20
H8 | H9 | C1 | C2 | C3 | C4 | C5 | C-6
d50 | 200 | 050 | 0,25 | 0,26 | 0,22 | 0,36 | 0,50 | 0,31
dgo | 750 | 0,75 | 0,40 | 048 | 0,28 | 045 | 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).
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RESULTS AND CONCLUSIONS

In this study, samplings were made from east to west in Samandag-Narlikuyu (Turkey) at
26 locationa 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 Fe,O3 (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 regiona rocks. The abundance of TiO, (0,50-0,70%), Ni
(123-442 ppm) and Cr (% 2) is also due to ultrabasic (Peridodite, serpentinite) rocks.

T: High rate of silicon (55-60%), Fe,O3 (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.

K: Fe;03 (4,5%), TiO, (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: Caishigh (27% average). The Sr ratio is around 600 ppm.

H: Fe,O3 (3,44-11,04%), MgO (13,72-39,14%), CaO (2,64-20,92%), TiO, (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.

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

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 isrevealed. 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
opd, little citrin.

C: Cdcite, crystal quartz, opal.
The following suggestions can be made regarding future works on the region:

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

» The zircon concentration in Karatas 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.

e This study can be used to investigate the origins of economicaly feasible
minera/elemental contentsin 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
mor phology and possible internal zonation of mineral accumulation.

INTRODUCTION

Locating mineral occurrence isthe first step of the academic and commercia 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

" Corresponding Author
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surface needs to be searched by the experts to find possible exposed minerds, 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 signas 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 Yenikdy district,
northeast of Bayramic village, Canakkale 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 Panalytical X’ pert Pro MPD operating at 40 kV and 30 mA
using Cu-Ka 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 - Canakkale. The samples were analyzed using JEOLJSM-7100F
scanning electron microscope (SEM) at different magnifications up to 50000X. The SEM
investigations were carried out in Canakkale 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 LIT 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 Can-
Bayramic highway (Fig. 1a).

% ... TURKEY

Pliocene Bayramig Formation “‘2"'—‘ Settlement

--~| Road
Hill and Upgrade

| Ezine volcanics

3
2 Yaylacik ignimbrite ——— | Normal fault
- ~=7] Stream

; Saraycik volcanics * Opal Location

o :.':l .i’ " 4 'A‘?ﬁ""" L4 I - i
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, Saraycik
volcanics, Yaylacik 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, Saraycik volcanics consist of basic compound rocks. The outer surfaces
of Saraycik volcanic units are brownish yellow, clean surfaces gray, dark gray basalt and
basaltic andesite (Fig. 2a).

Yaylacik ignimbrites generally consist of yellowish, white colors rhyolites. On the clean
surfaces of the rocks with light gray, beige-colored aerter 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 usualy gray and pink in color. It is observed in porphyritic and
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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 afragile,
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 solutionsin the region.

Bayrami¢ 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 Saraycik volcanics, b) The ignimbrites observed
around the village of Koyll, c) Overview of andesitic lavas of Ezine volcanics,
d) Carbonated sandstones of Bayramic Formation.
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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 Yenikdy
digtrict, northeast of Bayramic village. Macroscopically, opals are beige, yellowish — beige to sub

transcluent red and brown coloured (Fig. 4a). The opa veins are fractured and more atered to clay
minerals near the surface (Fig. 4b).

Figure 4. (@) Beige, yellowish — beige to sub transcluent red and brown coloured Y enice

opals. (b) Yenice opa veins are fractured and more altered to clay minerals near the
surface.

The XRD analyses revealed that Y enice opals are composed of opal — CT, opal — C and
alpha quartz— moganite (Fig. 5).
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Figure 5. The XRD pattern of the Y enice opal.

MICROSCOPY AND GEOCHEMISTRY OF THE YENICE 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 Y enice 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 spherein size.
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Figure 6. Electron microscope image of the Y enice opals (50000X magnification).

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

Electron Image 2

Figure 7. (a) SEM image of the Y enice opal (red colour), (b) Maor — element composition
of the opal sample by SEM.

REMOTE SENSING RESULTS

In this study, Y enice 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 Y enikdy
district, the northeast of Bayramic 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 Y enice opals are
composed of opal — CT, opa — C and apha 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° 5224"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
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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 rectanglesin al 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 bandsin order to highlight different mineral composition. Thisis
the ssimple 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 a., 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 AIOH, 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 mineras. 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 acircle 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 al figures. Opa 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 spectra reflectance curves of opal
and quartz shows similar patterns. The opal index can be caculated by dividing the
ASTER band 13 to band 11. Figures 9¢ 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 AIOH 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. 9¢) 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, AIOH index takes values between 1.90 and 2.00 depict the presence of AIOH
mineral content in a square around the circle.
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Figure 8. Red (Band 3), Green (Band2) and Blue (Bandl) 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: ¢. 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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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 opa 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 areais analyzed for iron mineral as the opal mineral includes minerals such as
iron. Figure 10 shows ferrous iron index (Band 5/Band 3)+(Bandl/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.
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Figure 10. Band ratio of the (Band 5/Band 3)+(Bandl/Band2)a. at 09:18:10 on 20.09.2000,
b. at 09:14:58 on 11.09.2003.

CONCLUSIONS

Geologica mapping using remote sensing data is very important for pre-field geologica
mapping of an area, especialy where it is not easily accessible. Remote sensing data used
for this study are freely available. Therefore, pre-field geologica 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 Y enikdy district, northeast
of Bayramic village, Canakkale Turkey. The opa 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 geologica 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 alowed identification of
vegetated area, clay mineral, opal mineral and AIOH. 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. Sze of selected object is approximately 3 mx 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 temper ature of the rock surfaces.

INTRODUCTION

Rock isamineral mass or amineral-like solid which consists entirely of asingle minera 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

" Corresponding Author
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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 reaistically 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 caled 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 a., 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.
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Figure 2. Applied methodol ogy

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 um. 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 Vaue (°C)
1 36.5
2 36.5
3 36.6
4 37.2
5 325
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 vaue 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
proportiona to distance. While more weight is given to the nearest point, less weight is
given to the far point.

™
=¥
=

P, = —u (1)

Ny
™M

J 100



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

where  P; = Estimated value
P; = Measured value
d;; = Distance between measured and unmeasured point
n = Power factor

Discontinuity and roughness regions are shown as 1, 2, and 3 on the 3D model in Figure 4.
There is a breakup fracturein 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 6: 3D model created by using thermal photographs and roughness regions

3D model produced by using therma photographs were accepted as reference data to
evaluate relationship between roughness and temperature of the rock surface. The reason
of this acceptance is completely redistic 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 digita RGB
photographs. Even if these areas have more temperature, it cannot be seen differences
among themselves in terms of temperature. A radiometric thermal camerawill give amore
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, especialy when the surface is
not exposed to direct sunlight, will aso 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 camerais possible. It islikely 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 Il 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 softwar e al so 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 sel ected 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
differencesin 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 (Erenoglu et al., 2017; Yastikli, 2007; Yilmaz 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 a., 2011; Colomina and
Molina, 2014).

" Corresponding Author
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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 a., 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.
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Figure 1. Geologica map and geological cross-sections of the study area (Modified from
Karamanderesi, 1986).
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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 isfirstly called as Kestanbol (Tuzla) Pluton by Gozler et a., (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, Ongor (1973) expressed that the volcanic activity are grouped in three
volcanic centers including volcanoes of Behram, Ayvacik and Babakale (Assos). Ayvacik
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 aluvial
materials are uncomfortably covered al unitsin Tuzlaplains.

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) (spectra range: 0.52-
0.92um), and typical digital camera producing an image in the visible spectrum (spectral
range: 0.4-0.7 um) 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 spectra features of the sensors of the multispectra and digital camera
systems

Camera System Band Spectral Pixel size
number range(pum) (Lm)

Blue

Canon 650D Green 3 0.4-0.7 43x4.3
Red

Near IR

ADC Micro Green 3 0.52-0.92 32x32

Red
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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
Cdlibration 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:

e Digital and multi-spectral imagery acquisition,

e Cameracalibration using Tetracam PixelWrench 2 x64 software,
e Feature detection,

e Structure-from-motion,
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e Three dimensional point clouds by dense image matching,

e Digital and multi-spectral orthomosaic,

e Spectral indices and supervised classification from the models,
e 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).

g T e SRS, | “ﬁ_ N L
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Figure 4. Various lithological unitsin 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:
e A visible-very near infrared multispectral camerawas tested and analyzed in afield
campaign.
e 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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e 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 differencesin geological formations.
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ABSTRACT

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 fracturesis 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
mor phological 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
(DeniZi) 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
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INTRODUCTION

Travertine deposits (Ford and Pedley, 1996; Capezzuoli et a., 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, thereis
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 a., 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 19933,
1993b; Faccenna et al., 1993; Cakir, 1999; Hancock et al,. 1999; Martinez- Diaz and
Hernandez-Enrile 2001; Brogi, 2004; Mesci et a., 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 magjority of
the fissure ridges and some travertine bodies formed due to common active hydrothermal
circulation (Alcicek et al., 2015) and active and seismogenic regiona extensional
structures (Simgek 1984; Sun 1990; Westaway, 1990; 1993; 1994; Algicek et al., 2007,
McClusky et a., 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
etd., 2012).

The aim of the study is to examine the relationship between active faults and travertinesin
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 (Algicek et a., 2013).
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Figure 1. Geological sketch-map of the Denizli Basin (based on Sun, 1990, after Alcicek 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 Pamukkal e 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 isrich 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 intercal ated 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 a., 2001; Bano et al., 2000;
Meghraoui et al., 2001; Yalgmer, 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 Gokturkler, 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 centra 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 visuas 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 stageis 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
Gokturkler, 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 anaysis (c)
Optech ILRIS-3D Lidar

RESEARCH FINDINGS AND FIELD DATA

In this study the development of ridges in the shape of |enses 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). Additionaly, 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.

115



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

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 Alcigek et a., 2013 and Noten et al., 2013 explained the tectonics of thisregime
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 a., 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 a., 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 therma source was determined in the article by Alcicek et a., 2016
investigating temperature and electrical properties. All these results clearly revea the
correlation between earthquakes formed by the tectonic regime currently active in the
region and the Kamara travertine. Chemica 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 (Algicek et al., 2013; Van Noten et a.,
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 asfilling in amissing 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 asin
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-dlip 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 earthgquakes 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

122


mailto:h.coban@ktu.edu.tr�
mailto:sayil@ktu.edu.tr�

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

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
earthguakes.

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 adiscipline 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-dlip fault) and depths, since earthquakes are particularly susceptible to destruction in
strike-dlip 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 redlity, 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 thistype of fault, the blocks move sideways relative to each other

The moving block is caled 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 | eft.

Normal fault Reverse fault Strike slip fault
Fault plane Ha.ng/mg wall

Compressive "
stiess @

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 areais 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).
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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).

e .

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)

% e . g d
/ “
i ™ High: -10,4618

Low:-112,878

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 aswell as in many areas.
In this study, bedrock depth, average S wave velocity (Vs) up to 30m (Vso) and dominant
period values were obtained by geophysical measurements in Trabzon and the results were
modeled by GIS. Single Sation 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 SSVIR 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 162-2263mV/s. Vs
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 reveal ed more accurately.

" Corresponding Author
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Shear-wave velocity (Vs) 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).

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 (typicaly located in-line with the array) and propagating past the
receivers. Traditionally, passive source methods have employed two-dimensiona (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).

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 wavel engths 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 V s values. According to these values the bedrock depth was
defined and average Vs up to 30m (V s30) values were calculated. The ground was classed
by using NEHRP and Eurocode 8 classifications by V sz values. The aim of this study isto
create an example model that will alow 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), vertica components of noise vibrations are not influenced from the ground layers.
However, the horizontal components are acquired to mgor 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.
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Figure 2. Nakamura (1989) H/V ratio model. Vs and Hs are vertical and horizontal
components on the surface, Vg and Hg 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

YV V V V V

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.
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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 devel oped 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, al surface wave analysis technique
involve three steps; data acquisition, determining Rayleigh dispersion curve and inversion.
While, same techniques can be used in 2" and 3" step for ReMi and MASW, first step is
different because target depth. We try to explain data acquisition differences for both
methodsin Table 1.

Table 1. Acquisition differences between ReMi and MASW methods.

ReMi MASW
Geophone frequency 45-14Hz 45Hz
Source Passive ' Actlve_

any urban noise | hammer or weight drop

Recording time >30-50 s 0.51s
Sampling Time 1-2ms 0.51ms
Vertical stack >5 Depends on noise
Spread length Irje?fr:z!;oori 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
vel ocity-depth models computed by inversion (Figure 5).
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Figure 4. Combination of the dispersion curves obtained from MASW (red line) and ReMi
(blue line) methods.
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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 vaues obtained from MASW& ReMi
methods at 11 profiles range from 162-2263m/s (Figure 6). Kana and Tanaka (1961)
ground classification is express that the ground consisted of "rocks-dense sandy pebbles’.
V s30 values calculated by using Vs values range from 428-817m/s. As aresult 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 Kanal (1983) formula by using calculated
Vs vaues from MASW&ReMi and predominant frequency obtained by SSMR method.
The map of bedrock depth has been prepared by GIS application (Figure 7).
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Figure 6. V s values obtained from MASW& ReMi methods.
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Figure 7. The bedrock depth of the study area.
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ABSTRACT

Sope 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 Bagarasi-
Foca 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.

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

- Geological map (lithological data)

- Sope 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. Gl S-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 Bagarasi-Foga 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 generaly 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 a. (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 a. (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 a. (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 Bagaras1 and Foga 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 riversin
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the region are SW flowing Resitbey Stream, NE flowing Karaman Stream, SW flowing
Foca 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 Focaalkaline volcanic rocks,

b) Focavolcanic rocks, and

¢) 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 areais 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 vol canic tuffs.
The general geological map of the study areais presented in Figure 2.
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1
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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 aso conducted in the field (scanline mapping of discontinuities).
Block samples of HW-SW rocks were collected from the between the Bagarasi-Foca
(Izmir) State highway slope. Laboratory tests were conducted to determine the saturated
and dry unit weight, porosity and compressive strength of the rock materials.

Maplnfo 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 (geologica map, slope map and discontinuity
map) was prepared using Maplnfo 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 potentia 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-Bagarasi (Izmir) districts and its
surroundings are planar, wedge and toppling type failures, as well as complex
combinations of al these types.

Planar failure (Figure 3) occurs when the strike of the plane on which dliding occurs is
within £20° of the strike of the slope. In addition, for planar failure to occur, the failure
plane must dip a 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 asrelease 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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Stereographic projection methods (Figure 5 and 6) are useful for conducting kinematic
analyses when assessing the stability of a rock slope. The techniques were originaly
developed by Markland (1972), and have been successfully used by many authors
(Goodman, 1976; Hoek and Bray, 1981; Matherson, 1988; Kaya et a., 2015, Qi €t al.,
2016) in conducting slope stability analyses.
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Figure 6. Wedge failure analysis

Generally, wedge dliding aong 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 (¢’ and ¢') of the discontinuity surfaces. Average ¢’ obtained was 32° with no
cohesion.

Shear strength parameter determination is essential in rock slope stability assessment
(Barton, 1976). The friction angle (¢") of the discontinuities in the volcanic tuff unit was
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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 a., 1991; Ulusay and Y oleri, 1993).

Probable wedge dliding direction based on Hoek and Bray (1974) was found to be in the
E-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
Globa Mapper software and exported as Maplnfo Professional TAB/MAP format (Figure
7).
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Figure 7. Slope digitization process

Later, panoramic view of the dlope is registered using Mapinfo's command,
Raster - Modify Image Registration. The coordinates of the digital image saved in
Maplnfo format were used during the geocoding process. Discontinuity data were then
digitized with the help of field investigations and screen digitizing (Figure 8).
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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.

meters

Slope : 217/65
Discontinuity : 218/48

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 (Y ellow color represents vitric tuff units).

Figure 11. Combined potentia 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 Bagarasi-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 slopeis 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. Looserock materias 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 cal culation, 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- vel ocity 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 |eft lateral strike-dlip 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° km?
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.

Latitude (°N)

36° Longitude (°E) 38° 40°

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 agorithm is often preferred in many studies since it reveas 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.
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Figure 2. Vertica 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/Vsratio of depth cross-section get an important acknowledgement
to appear the lithological and petrological structure of the study area. We finaized 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<Vg7.4 km/s) and upper
mantle layer (> 32 km depth, Vp>7.4 km/s); respectively.
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ABSTRACT

This study revealsinitial results of the crustal structure of Western Anatolia from the Local
Earthquake tomography (LET). Study area spans 26-30°E longitudes and 37.5-39.5°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, ¢). 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.

" Corresponding Author
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We report from our initia 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 CO, 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).
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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 middie
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. Thistransition is characterized by an undulated shape, and intrusive bodies
are imaged beneath the main geothermal systems (Ozer and Polat, 2017c).
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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 shalow areas (<3-5 km)
are identified as quaternary aluvium. Furthermore, we used Vp/Vs ratio to interpret
petrological features such as geothermal gas, fluid contents beneath present or potentia
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 rolein 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 POl has address information in real world

" Corresponding Author
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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 regionsin 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 POIls 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).
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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

5h).
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Figure 5. Map views of reference hotelsin 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 agorithm 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 thiswork, 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 actua status in spite of that they have
not done yet in especialy 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 datais 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 Vaues (CSV) format and in which printouts can be taken in
PDF, Scalable Vector Graphics (SVG) and JPEG formats (Zervas et al., 2009). SedMaob 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
Selcuk and Gokgoz (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
AutoL ISP 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 institutionsin 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 al iPhone models. These
devices have a Global Navigation Satellite System (GNSS) receiver. Other hardware
specifications of the device are givenin 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 tota 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 datain 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
2D maps
Mapkit On-Board Map and
satellites
: Cloud based
Firebase Externa Database database
iOS [0S basic
Foundation On-Board application | functions
basics and design
10S iOS basic
Ulkit On-Board application | functions
basics 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 devicesis one of the
ams of this study, rather than a local database such as SQLite, a cloud-based database
management system was preferred in iZemin application. Firebase i0OS 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.

= Firebase iZemin ~ Belgeleregit i F

Realtime Database (7]

VERILER KURALLAR  YEDEKLER  KULLANIM

iiiiii

|- Altkot: 18

[ Isim: "orhana’
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1
2
3

=

= oordinat
| Boylam: 28.892625
| Enlem: 41.8239746
Yukseklik: 113

SondajiD: “sondajei”

Figure 1. Firebase database management web interface

NoSQL has been developed as an dternative 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 relationa 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 datain the database are automatically created by the
database management system of Firebase. Borehole data and corresponding data types are

givenin Table 3.
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Formations

Formation1
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Borehole3

BoreholelD

Region
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Latitude
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Formations

Formation1

Formation2

UagElolil

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

Table 3. Borehole data typesin database

Items Data Type
Boreholes Array
Borehole Dictionary
BoreholelD 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).
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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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Model View Controller (MVC)

Controller,;

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 iZemin
application is developed, UlView objects correspond to interface and UlViewController
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.

Libraries View Controller
Component Interface View
CorelLocation |- Class Classes
= Map View | d
Mapkit m. Ll' Map Module

Firebase mE=

T | Borehole View
Foundation
Database
Module
| Formation View

UIKit

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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iZemin

iZemin

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 generaly 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
Tavsanli 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 alows obtaining precise
coordinates in rea-time thanks to which it finds wide application in numerous aress,
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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 a., 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. Essentialy, as the
distance between the rover and the reference station increases; the atmospheric conditions
a 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 Tavsanli, 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 Kiitahya, which is situated 300 km south of Istanbul.
Eight arbitrary points were selected in the Tavsanli 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 Tavsanli 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 Tavsanli and the reference point (TVSN)
vary approximately from 1 km to 35 km. The TV SN 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 (Giirel and Erkaya, 2010; Bahsi and Hosbas, 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.

o
TVSN ®
A °
2 o
3 o
4 ®
5
o
.6
7 8

Figure 2. The distribution of the test pointsin 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 al 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 vaues 1.3-3.2 (Gurel and Erkaya,
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2010; Bahsi and Hosbas, 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 (Gurel and Erkaya, 2010;
Bahsi and Hosbas, 2010).

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

Point XiTre Sd.(mm) Yi1re (M) Sd (mm)
TVSN 4379000.189 456279.660
1 4380120.024 1 454506.420 1
2 4383555.266 6 449434.017 6
3 4386587.094 5 445324.140 5
4 4388737.431 7 441701.182 7
5 4393683.987 170 432218.997 170
6 4391353.218 11 438213.159 11
7 4393927.422 8 427685.152 8
8 4393665.228 427799.640
hyre (M) Sd (mm)
TVSN 894.057
1 863.989 2
2 901.019 11
3 1023.072 8
4 1022.255 10
5 840.421 16
6 891.265 13
7 710.399 19
8 693.319 20

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

Point Specifications

1 the clear line of sight

under tree

the clear line of sight

under the forest

the clear line of sight

under tree

close to the urban environment

QO N O O B~ W DN

the clear line of sight

RESULTS

This test was amed 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 a an arbitrary observation time. The intent with this was to study the effect of
satellite configuration on the single baseline RTK results (Giirel and Erkaya, 2010; Bahsi
and Hosbas, 2010).
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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 loca 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 TV SN 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 horizonta
coordinates are afew mm to 2 cm. The discrepancies of the height coordinates were a few
centimetres to about 4 cm (Table 1) (Giirel and Erkaya, 2010; Bahsi and Hosbas, 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 (Giirel and Erkaya, 2010; Bahsi and Hosbas,
2010).
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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 afew
centimetres, see Figure 7 (Giirel and Erkaya, 2010; Bahsi and Hosbas, 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 vertica
direction (Gtirel and Erkaya, 2010; Bahsi and Hosbas, 2010).

For static measurements, areceiver is set up at a specific point. Points are determined over
arelatively 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 sincein 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 (Gurel and Erkaya, 2010; Bahsi and Hosbas, 2010).

TVSN1 - Static TVSN2 - Static
o ‘ T L "BYE00 o m
T . . mean(4Y)=0.013 m T \ mean(aY)=0.013 m
=] . 3 \ ] = » e . e L
- - (]
4 4
01 L 01
UW T T Uw T T
std(AX)=0.014 m std&ﬁx =0.015 m
T mean(aX}=0.011 m 3 mean(X)=0.012 m
: 0+ , [] ® ] . : D . \ L] . [] []
- - *
01 L 1
01 T ; 01 T T T T T T
std(aH)=0.041 m . std(tH}=0.062 m
7 ' , Mean(sH)=0.0%2m = . mean&ﬂ =0.054
el D 3 =
: | o .
1 ! L L L ! L 01 4 L L L L L

1 2 3 4 ] ] 7 g 1 2 3 4 5 ] 7 8
The number of points The number of points

Fig. 5. Comparison of the coordinates of the eight points In the project area between Stalic
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
TV SN 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 smaler 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 (Giirel and Erkaya, 2010; Bahsi and
Hosbas, 2010; Wolf and Ghilani, 2002).

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

AXTVSle -1119.835 AYTVSle 1773.240 AHTVSNIZ 30.068
2) Compute the absolute values of differences between the measured and fixed
baselines as
dX=  [1119.835-119.837]=0.002,  dY=  [1773.240-1773.23¢ = 0.004, dH=

[30.068 - 30.074| = 0.006

3)  Compute the length of baseline as

TVSN1= J (1119.835)? + (1773.240)? + (30.068)% = 2097.454m

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

AX-ppm= 0.002 / 2097.454 x 1000000 = 0.95
AY-ppm= 0.004 / 2097.454 x 1000000 = 1.91
AH-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 globa and regiona dynamics and deformation measurements; order
A for “primary” networks of the National Spatia reference System (NSRS), and regional
and loca 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 alowable error ratios given in these
standards imply the extremely high accuracies that are now possible with GPS (Glirel and

Erkaya, 2010; Bahsi and Hosbas, 2010; Wolf and Ghilani, 2002).

Table 3. Observed baseline vectors and ppm values

dX; | dX, dx, | dX,
Observed dY | dY, | Baseline [(ppm)4|(ppm),| Observed dY, | dY, | Baseline [(ppm)1|(ppm),
Baselines dH, | dH, Baselines dH, | dH,
[(m] | [m] | [m] [(m] | [m] | [m]
0.002|0.001 0.95 | 0.48 0.005|0.008 0.23 | 0.37
TVSN-1 0.004|0.017|2097.454| 191 | 8.11 TVSN-5 0.006|0.008|21885.97| 0.27 | 0.37
0.006|0.021 2.86 | 10.01 0.023|0.039 105 | 1.78
0.021|0.009 255 | 1.10 0.018(0.011 0.64 | 0.39
TVSN-2 |0.033|0.030(8222.628| 4.01 | 3.65 TVSN-6  |0.010|0.013|28187.45| 0.35 | 0.46
0.086|0.100 10.46 | 12.16 0.024(0.053 0.85 | 1.88
0.012|0.016 0.90 | 1.20 0.013|0.028 041 | 0.87
TVSN-3 0.001|0.002|13326.71| 0.08 | 0.15 TVSN-7 0.008|0.012|32034.59| 0.25 | 0.37
0.015|0.031 113 | 2.33 0.028|0.069 0.87 | 215
0.002|0.006 011 | 0.34 0.016/|0.013 0.50 | 0.40
TVSN-4 |0.023|0.013|17531.75| 1.31 | 0.74 TVSN-8  |0.018|0.010|32256.81| 0.56 | 0.31
0.040|0.067 228 | 3.82 0.032|0.052 099 | 161

As seen Table 3, rea-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 dlightly 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 dips, 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-| 1:50 000 20
C-2-Il 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 usua 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

" Corresponding Author
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land (Cam 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 gspatia 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. RM S of the obtained values are used
to define the surface accuracy. The formula used as follows:

RMS=+,/T A 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= + J (X A h2/n) —A k2 (1.2)

A h: algebraic average, n: correspondence points (Saygili, 2008)

DATA AND METHODOLOGY

This application was built by HGK in 1zmir 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 LM S-Q1560
lidar system were used in the test flights.
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Table 3: Parameters of test flights of Optech Pegasus HA-500 and Riegl LM S-Q1560

Flight Angle +/- Speed Density Number of overlapping
Altitude (knots) (point/m?) colon
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 awidith of 175 m is 52500 m.

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; calcul ates 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 vaue and added to the calculated
average distance. In this way the maximum distance value for the pointsis calculated. This
removes points outside the distance (URL 1).

Maximum distance= Average distance + nsigma* standard deviation

As aresult of these operations, the raw data produced on the common area were filtered
and the noises were removed. Point cloud datais 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 Izmir province. Density maps are interpreted to
fine tune the parameters before switching to process.

In order to create Digital Surface and Digita Terrain models, we used some Process
parameters.These parameters,
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e 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 aprecise result.

e 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.

e 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.

e 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

e Therecording 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.

DTM

Optech 1200 m - Riegl 1200 m Optech 2600 m - Riegl 2600 m

Figure2. 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.

Table4. 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 anaysis.
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Figure 1. DTM map (ArcScene).
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Table 5. DTM analysis (ArcScene).

Std. Dev.
0.043 0.074 -1.105 1.576
0.015 0.071 -1.180 1.396
-0.005 0.066 -1.261 1.271
-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 isanalysis of DSM. DSMs generated after process operations were compared using
Surfer 13 and ArcScene programs. The processes applied in the DSM anaysis were
applied in the same way.
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DSM

Rielg 1200 m - Riegl 2600 m

Optech 1200 m - Riegl 1200 m

Optech 2600 m - Riegl 2600 m

Figure 3. DSM maps (Surfer 13)

Table6. DTM Analysis

Median | Std.Dev.
0.062 0.020 1.352 -24.120 24.308
0.194 -0.018 1.421 -15.699 24.33
0.079 0.039 1.129 -14.917 15.727
0.212 -0.001 1.446 -15.271 24.287

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
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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.

DSM

Rielg 1200 m - Riegl 2600 m
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Figure 4. DSM map (ArcScene).

Table 7. DSM analysis (ArcScene).

Std. Dev.

0.062 1.352 -24.120 24.308
0.194 1.421 -15.699 24.329
0.079 1.129 -14.916 15.727
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.
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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 Izmir
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 usualy high in places where buildings are
located. When DTM s 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 aresult 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 adso 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 aso 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.

190



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

REFERENCES

Cam, A., Firat, O.,Y1lmaz, A., (2013). Harita Genel Komutanliginda Ortofoto ve Sayisal
Y {izey Moddli Uretimi Faaliyetleri [Orthophoto and Digital SurfaceModeling
Activities in the General Command of Mapping.]. Paper presented at TMMOB
Cografi Bilgi Sistemleri Kongresi. Retrieved from
http://www.hkmo.org.tr/resimler/ekler/00360d17e5981e4 _ek.pdf

Kraus K., 2003. Photogrammetry I (Fotograflardan ve Lazer Tarama Verilerinden
Geometrik Bilgiler), Yedinci Baski [Photogrammetry I (Geometric Information from
Photographs and Laser Scanning Data), Seventh Edition]. Trandators: Altan O.,
Kaldr S., Toz G., Demirel H., Duran Z.

Meng, X., Currit, N., & Zhao, K. (2010). Ground filtering algorithms for airborne LIDAR
data a review of critical issues. Remote Sensing Journal, 2(3), 833- 860.
doi:10.3390/rs2030833

Saygili, A. (2008). SRTM (shuttle radar topography mission) verilerinden elde edilen
sayisal yiikseklik modellerinin dogrulugunun incelenmesi [Examination of the
accuracy of digital height models obtained from SRTM data]. (Master’s Thesis),
Yildiz Teknik Universitesi/Fen Bilimleri Ensitiitiisii, Istanbul, Tiirkiye.

URLZ1: http://pointclouds.org/documentati on/tutorial g/statistical  outlier.php

191


http://pointclouds.org/documentation/tutorials/statistical_outlier.php�

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

Analysis on the Quality of High-Resolution Global Digital Terrain
Models (DTM) using GPS/leveling Data in Turkey

Mustafa Serkan Isik , Bihter Erol and Serdar Erol

Istanbul Technical University, Civil Engineering Faculty, Department of Geomatics Engineering, 34469
Maslak, Istanbul, Turkey. (e-mail: isikm@itu.edu.tr)

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 isimportant 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 measurein
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 DTED?2 are assessed using GPS/leveling data. Using three different sets
of GPSleveling 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, especidly 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 vertica datum aso 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 viatraditional 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 globa 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 Globa Digita 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 a., 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.1l). 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 aso homogenous; however, the
density of network in the mountainous areas is sparse. The description of GPS/Levelling
datasetsaregivenin Table 1.
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Figure 1. Study area (red rectangle) and the topography of Turkey.
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Figure 2. Distribution of 75 TUTGA GPS/Levelling data set.
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Figure 3. Distribution of 1204 IGNA GPS/Levelling data set.
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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
itisreleased in 2009 (NASA JPL, 2009). The SRTM mission is ajoint project of National
Geogpatia-Intelligence Agency (NGA), NASA and National Imagery and Mapping
Agency (NIMA) that aimed the collection of elevation data between the latitudes 60°N and
56°S (NASA JPL, 2013).
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Table 1. Description of GPS/Levelling data sets.
Data Set TUTGA IGNA Sakarya
size of area 3°x4° 1°x 2° 1°x 1.5°
number of 75 1204 109
BM density 1BM /45km 1BM/5km | 1BM/13km
the distribution = homogenousand | homogenous homogenous
of BMs sparse and dense and mixed
Horizontal ITRF96 ITRF96 ITRF96
datum
Vertical datum TUDKA99 TUDKA99 TUDKA99
Topography 0-2500 m 0-500 m 0-1800 m
Reference Ay(hZ%nOgt)al. Aﬁ%gé)al v Q(-zlzigoe;)al.

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 Genera 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
1" -3 1" -3 -30" 1
(arc-second)
Acquisition St_ereo—palr RADAR 25K topographic
Type Images maps
Horizontal WGSS4 WGSS4 WGSS4
datum
Vertical EGM9% EGM9% TUDKA99
datum
Projection Geographic Geographic Geographic
NASA JPL NASA JPL
Reference (2009) (2013) HGK (2017)
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Methodology

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

dH = HGPS/Levelling — model (1)

In this equation, dH is the orthometric height difference between GPS/Levelling
benchmarks and model, Heps/ievening is the orthometric height of the benchmarks and

H,p,0ae1 1S 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 (Wessdl 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/eemes 1S the orthometric height calculated using ellipsoidal height

of the benchmarks and corresponding geoid heights N derived from EGM96 global
geopotential model (see Fig.5).
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Figure 5: Geoid heights in the study area derived from EGM 96.
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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 al 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 min 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 residua heights at
IGNA benchmarks which are smaller than TUTGA and Sakarya (see Table 4 and 7).

Table 3. Statistics of residua heights (Heps/Levetiing — Hmoaer) & TUTGA GPS/Levelling
Benchmarks.

Model Name Min Max Mean Standard Dev.
ASTER 3” -4.413 36.328 9.758 7.494
ASTER 17 -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 residua heights (Hgps/Leveliing — Hmoaer) @ IGNA GPS/Levelling
Benchmarks.

Model Name Min Max Mean Standard Dev.
ASTER 3” -19.158 26.189 2.632 5.404
ASTER 17 -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
DTED21” -58.077 33.058 3.491 3.944
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Table 5. Statistics of residual heights (Hgps/Leveiing — Hmoaer) @ 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 residua heights (Hgps/eemos — Hmoaer) & TUTGA GPS/Levelling

Benchmarks.

Model Name Min Max Mean Standard Dev.
ASTER 3” -3.911 36.583 9.974 7.504

ASTER 17 -1.724 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 residua heights (Hgps/pemos — Hmoaer) & 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 residua heights (Hgps/eemos — Hmoaer) @ Sakarya GPS/Levelling

Benchmarks.

Model Name Min Max Mean Standard Dev.
ASTER 3” -7.124 25.328 5914 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 DEMswith 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
caculated from EGM96 model are used. Both comparison methods show statistically
similar results. The standard deviation of DTED-2 modé 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, a 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 DEMSs 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 devel opment
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 severa 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) (Aydimnoglu 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 (Coruhlu 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 a., 2010; Egenhofer and Frank, 1992; Coruhlu et a., 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 levelsin 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 (Coruhlu 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; Ugar and Kusak, 2002; Coruhlu et al., 2015).

In our country and the world, object-oriented modelling is intensely used a lot on the basis
of land management practices (Aydinoglu, 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 systemin
aplain 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 genera, 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 partsfulfil their functions completely so that a procedure operates in accordance with its
objective. Relation between these partsis indicated through collaboration diagrams.

Component Diagrams: Especialy 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 physica 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 aso 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).
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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."

sales transaction

Document preparation

general directorate

Th istry of ™
eregistry o o for foundations

commerce

o ~_ @
Recipient

Seller

Land registry office

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 especialy 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 asinertial drift, GNSSerror
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
Mihendislik Company is acknowledge for providing the mobile mapping systems to the
study.

INTRODUCTION

Mobil LIDAR (Light Detection and Ranging) systems include severa laser scanners and
multi-view cameras, IMU (Inertiad Measurement Unit) and GNSS (Global Navigation

“Corresponding Author
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Satellite System) systems. All of these systems work cooperatively to generate the point
clouds in three-dimensiona (3D) geodetic coordinate system. The point clouds, obtained
from multiple scans, are overlapped. Especidly, 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 scannersin 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 al 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
gpatial data. It is not an obvious issue that is the boresight aignment 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 d., 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 vehicleis 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 d., 2010)

"
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=

Figure 1. Mobile scanning of facades from different driving- and scanning directions
(Rieger, 2010).
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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 alot 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 agorithm 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 am 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) Yilmaz Akdoruk Student Dormitory were selected as
study areawhich islocated in Ayazaga Campus of ITU in Turkey. But, All of The Campus
was scanned with Riegl VM X 450 Lidar System (Figure 2).
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Figure 2. Yilmaz Akdoruk Student Dormitory
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Figure 3. ITU Ayazaga Campus Riegl VM X 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 trandation. 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
trandations, 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

Especialy, the entitled seven-parameters Helmert transformation applies to point sets pi,
gi, 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).

p = X2 Y?,Z? and 9 = XYzt (1)
XZ 1 [s, X!
Y? |=| 8, |[+sR(ay,a,,a,).| Y]
Z? 0. z!

1 z 1 ( 2)

Transformation parameters are a scale (S), three rotations R and three trandations (T;). As
a result, the seven parameters are s, R®, Ts 2 (Equation 2). If the rotation matrix (R) is
orthogonal, itsinverse is equal to its transpose. After terms of the matrix gi multiply with a
scale factor s and R rotation matrix by using this rule, translations T (6x, dy and 6z) are
added to trand ate 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 aignment with a"model” shape X. The data shape and model can be represented in
one of the allowed formats. If the form has aready 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 ada point cloud model X is shown as
below(3).

dp,X)=min=||X—p
(B, X) = min =X - p] -
The closest point in X that yields the minimum distance is represented y such that

d(p.y) = d(p,X) where Y e 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:

(4,d) =Q(P,Y) (5)

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

apply the registration vector to the point set P. The iteration is initialized by adjusting P, =
P, The registration vectors are defined according to the initial points P, so that the final
registration represents the compl ete transformation.(Besl & McKay, 1992)

The algorithm proceeds as follows (Figure 5):

Init the error to o

Y = C(PX) g '
Calculate correspondence

(rot,trans,d) g l’
Calculate alignment

»

S" = rot(S)+trans l
g\ Apply alignment
. ]
d =d
E Update error
]

If error > threshold

Figure 5. ICP agorithm proceeds (URL 2)
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When the average square error change falls below a predetermined threshold (t>0), it ends
the iteration to indicate the desired sensitivity of the recording: dx — dy+1 < 7. If a zero-

dimensiona threshold is accepted, one can replace W (z ) 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 (Yilmaz 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) Yilmaz 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 Yilmaz Akdoruk Student Dormitory stairs. These values are acceptable
results for ICP registration.

Current research about ICP Registration process helps us to understand the existing
problemsin 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. ldentification 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
Slifke/Mersin were collected and transferred to database so it is made gqueryable. 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 cultura heritage is well established in the contemporary society
(Lezzerini et a., 2016).Correct documentation is necessary not only for posterity but aso
in functionality in contemporary usage and re-evaluation of the historica buildings.
Photogrammetry uses only photographs and mathematical equations. These are important
in view of correct and accurate measurement of cultural heritage(Yilmaz, Y akar, Gulec, &

" Corresponding Author
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Dulgerler, 2007).Digital photogrammetry can significantly cut the time spent developing
the documentation and conservation plans(Waas & Zell, 2013).

Traditiona survey and conventiona architectural representation are typicaly 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 historica
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 am of digita 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, anaysis, 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 especialy 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). Finaly, 3D
model of some CHs have been generated and all dataintegrated to the GIS.

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

e Dataacquisition
e Designof GIS
e 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 aruin 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, al the roads have been
digitized with polyline tool and al 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.

4 0B @ 8 B _0 &8 &

Figure 1. Digitized boundary, roads, streams and settlements

Table has been formed with these columns; ID, CH name, settlement, UTM coordinates,
geographic coordinates, eevation, 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.
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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 compl eted.

In the above figures, Roman period CHs have been detected and network analyze has been

created among these heritages.
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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, Oterkale and
Korinth style Imbriogion monumental tombs. Polygon points were set up as closed traverse
on different places where each fagades 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 fagade 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 digita 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 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 10. 3D textured model of Oterkale

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
isavailablefor all computers that the software is not installed.
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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).

" DEMIRCILI1.pdf - Adobe Acrobat Reader DC o O X
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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 adso 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 sociol ogy.

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, agueducts, 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 aregular 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-Kriger 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-Kruger projection system has been used in 3° zones according to official
regulations for 1:5000 scale and large-scale mapping activities (HKMO, 2008). Thisis 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 scaleis 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

" Corresponding Author
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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 areawithin Turkish territory.

A similar analysis has been performed in Macedonia by Idrizi (2014).
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Figure 1. a) The projection principle of Gauss-Kruger Projection, b) The plane coordinate
system within a zone.

MATERIAL AND METHOD

Gauss-Kruger projection has been used in large-scale mapping activities for along timein
Turkey according to the large-scale mapping regulation (Article 10, HKMO 2008). It isthe
well-known Mercator projection in transversal aspect. Here, ellipsoid surface is projected
to a cylinder that is tangent to the elipsoid through a meridian. The projection is
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conformal, and causes scale change. That is why it isimplemented 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 (mg). 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.

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

3 3 5 5
y:N{Mcoswm_y(l_tzmzp%ﬁ(ﬁ(&mz+t4)+..} &)

2 4
x=G+ N{A;“ Sin¢COS¢+%Sin(DCOSE’ (p(5—t2 +97° +4774)+..} (2)

G denotes the meridian arc distance from equator to the point of interest.
G=ap—-pBsin2p+ysindp—5sin6p + ... 3

a,B,y,6 ae the coefficients that depend on the elipsoid. 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.
m, = mo(1+ %cos2 (p(1+ 772)A/12 + 2—140034 (/)(5— 4t% +14n° +13n" - 28t2772)A/14 + j
(4)

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

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

(Mg )ppy = (M—1)20° ()

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

3

y:sin¢A2,+Sin¢)COSZ§0(1+3772+2774)A§ +... (6)

Due to the average terrain height, the horizontal distance in the terrain is lager than the one
on the élipsoid. According to Fig. 2 the scale factor by topography (my ) can be calculated
assuming that the ellipsoid is represented by a sphere.
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R
De = Dt m (7)

The scale factor by topography:

=1 8
Mr =27 R+h ©
It can also be expressed in part per million.
R
(rnr )PPM :mloe 9

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

C
Rs =1 (10)

+€?cos’ @

D

2y

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

Thetotal scale factor by map projection and topography is the multiplication of both.
m=m.m, (12)

There are studies, in which specia 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, agrid isformed 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 (lliffe 2017). The
results are depicted in a thematic map. Since the Gauss-Kruger system is interrupted, the
results are shown in Mercator Projection. In the map, central meridians of Gauss-Kriiger
system are also depicted (Figure 3).
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Total Scale Distortion by Topography and TM Projection (ppm)

28

Figure 3. Distribution of the total scale factor in Turkey.
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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.
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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 aso available, with which users can create isopleths
and see the geographical distribution in a certain region. The scale factor values for any
point can aso be taken from the application.
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APPENDIX A
Ellipsoida parameters
@A Geographical latitude and longitude
a,b Semi-major and semi-minor axes of the ellipsoid
a2 Polar radius of curvature
C=—
b
o a?-b? First eccentricity
2
a
2 a’—b? Second eccentricity
=
n? =€e'%cos? p Intermediate parameter
t=tang Intermediate parameter
N c Radius of curvature orthogonal to Meridian
J1+€?cos’ g
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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 S_R 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 inter preted.

INTRODUCTION

Satellites in the Low Earth Orbit (LEO) are defined as the Earth orbiting satellites with
atitudes 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 fundamenta criteria for any satellite gravity mission has to be
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considered: Uninterrupted tracking in three spatiad 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 (CHAIllenging 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 a., 2004]. To
achieve this goa, 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 aresult 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 partia
derivatives with respect to the orbital parameters [Svehlacdddafy, 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, empirica 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 trgectories are
particular solutions of a deterministic equation of motion [Jaggi et al. 2006]. The detailed
mathematical models of related orbit determination processes followed in this study are
givenin [Bock, 2003], [Bock et al., 2005], [Jaggi et al., 2006] and [Jaggi, 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 a, 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 (Jaggi 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
[Jaggi et a., 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° m/s. Both kinematic and reduced-dynamic orbits have alength 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 a., 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
givenin 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
(GNV 1B) orbits with a sampling rate of 5 s were used.

These comparisons show that the internal accuracy of the Bernese-derived reduced-
dynamic orbit iswithin 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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Figure 1. Comparison of reduced-dynamic orbits to kinematic orbits; a) for GRACE-A and

b) for GRACE-B
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Figure 2. Comparison of reduced-dynamic orbits to GNV 1B orbits; a) for GRACE-A and

b) for GRACE-B
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Figure 3. RMS error values of Helmert Transformation between the orbits RD-KIN (on
top) and RD-GNV 1B (below) ; @) 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 aso
an independent validation tool for orbit determination in an absolute sense. Theoretical
background of SLR analysis is briefly described in (So$nica, 2014).

GRACE satellites are equipped with laser retro-reflector arrays in order to alow 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)

SLR Observation Residuals for GRACE-B
T T

————
L am
I

Dt e

Il
(] 5 10 15 20 25 30
Time (Day of Year)

RMS Errors of SLR Observations for GRACE-B
: T T

| I
() 5 10 15 20 25 30
Time (Day of Year)

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
generdly in the range of 0-3 cm. Unfortunately, SLR measurements to GRACE satellites
are usualy sparse. As a consequence, this situation may cause increasing RM S 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 10um (Jaggi, 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 GNV 1B orbits)
and the results were presented in Figure 6.

Vap=(r-ra) ——= ()

Irg—ral

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 amost coincide with GNV1B and the KBR range-rate
differences.

Comparison of Orbit Range-Rates with KBR Data Doy:5 - 2010
Calibrated Orbit - KBR Range-Rate — Reduced-Dynamic Orbit - KBR Range-Rate —— GNW1E Orbit - KBR Range-Rate|

Difference [pm/s]
A a

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 RM S 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 GNV 1B
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 overal
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 pum/s. By using KBR data together with the reduced-dynamic orbit relative
position and velocity vectors in the energy balance approach (neglecting potentia terms),
the resulting range-rate differences show significant improvement.
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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 isalineareain
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 GlSanalysisis 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 a. 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.
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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 trandating the tables into
array in order to process the numerical valuesin 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).

SPECIFY ENVIRONMENT
SETTIMGS

AT DEFINE
IMPORT e .
WODULES VARIAPLES
[THNPUT DATA, etc]

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
tranglating tables into numerica 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 specialy 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, AKS 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 Al 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-spatia positioning with global coverage. It alows 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 Globa Navigation Satellite System (GNSS) [URL1].
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The origina 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 Californiaregion (Larsen et a., 1992), (Straub et al., 1995) and (Reilinger et al., 1997)
in the Mediterranean area and (Feigl et a., 1993) and (Miyazaki et al., 1996) in Japan and
(Erdogan et al., 2009). A nationwide GNSS infrastructure network known as CORS-TR
was established in Turkey by Istanbul Kultir University (IKU), Genera 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 ideaof WT. The
WT breaks up the signa into its “wavelets’, which are scaled and shifted versions of the
“mother wavelet”. The two basic criteria for a function y(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 aso is written mathematically as follows (Calais, 1999):

[F2yp®de =0 1)
[T2p2()dt =1 R
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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 aso they
were used in this study.

time -2 -¢ -4 -z Q 2 4 v e 0 05 1

@ ®) (©

Figure 1. @) Wavelet Transform, b) morl wavelet, and c) dbl wavelet.

WT use atime-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 al time. For the
original signals x(t) and wavelet function (1) CWT is defined as (Leon, 2008):

CWT(a,b) = =7 x(Op(=2) 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 trandation 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 signa x(k) and the
wavelet function y(n), the DWT is defined as (Leon, 2008):

DWT(m,n) = J%—glzkx(k)tp(aamn — 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 caled as details. Approximations
contain main features of the original signal. Noise is generaly 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).

L]
Lot

*
W

Fe ga i.i-l

L]
B BAS

MEDITERRANEAN

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 (Glal et al., 2013). After the signal processing, 27 time series
were obtained from 7 stations. Because of data loss in AKSI and KNY A time series, they
were divided into two separate time series including AKSI1, AKSI2, KNYAL, and
KNYAZ2. 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 KNY A1 stations
are shown in Figure 3. In Figure 3, the signa change Jti) of the time series was acquired
assuming that S(t1) =0 for the time initiation of ti (i = 1). In this case, the signal change at
any time point during the time seriesisin relation to the initiation time of the signal.

A filtering procedure, Third-order Floating Weighted Average (FWA), was applied to the
seriesto partially eliminate the noise effect, also big outlier datain the raw time series. The
raw and filtered time series of the CIHA, AKSI1 and KNY A1l stations are shown in Figure
3. After thefiltering procedure, Details and Approximations are obtained with DWT.
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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 trandation, dbl 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 KNYAL, and 8 for KNYA2. In this way,
approximations and details were obtained with DWT applied for all series. Approximations
(@) 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 origina signal and approximation
decreases from Al to A9. Besides, A8 and A9 have very low correlation with the origina
signals. Figure 3 (b) shows that D1 and D2 (especialy 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 verticaly.

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 origina 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.
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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 Al to A9 and especially A8 and A9 have very low correlation with the

original signal.
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Figure 5. Cross correlations of AKHR North (A1-A9)-V.

254



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

For AKHR East series, Figure 6 shows that the correlation of the first 5 detail components
is close to O, 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.
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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 Al to A9 and especially A8 and A9 have very low correlation with the
original signal. These results are similar to AKHR North results.
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Figure 7. Cross correlations of AKHR East (A1-A9)-V.
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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.
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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 Al 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.
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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 orijina
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 trandation, dbl 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 KNYAL, 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/yil) 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 cn/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 dlip movements of earth crust and to estimate dip 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 dlip, semi-annua and annua
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 residua 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 a.,
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 commercia 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 KNY 1 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 globa climate change, and reduction in groundwater causing from excess
water use.

METHOD

Excluding artificial or co-seismic and post-seismic dlip, time series Y(t;) obtained from
GNSS measurements at t; (=1, 2, 3, ..., N) can be separated to three components generally
(Gula vd.,2013).

Y (ti)= T(ti)Trend +P(ti) eriyodict 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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Qo k4
T(ti )Trend = Z Cl; (2)
k=1

In this equation, ¢, (k=1,2,...,m) are the parameters depending on the order of the

polynomia 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-o confidence level and +ti;.,» confidence limit of t-
distribution depending on f degrees of freedom. As a result of comparing, if the
parameters are significant, there is alinear 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 Bozdag 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; Eregli Plain in east; Takkeli Mountain, Gevele Mountain, and Loras
Mountain in west (Figure 1a).

@ (b)
Figure 1. (Q)Konya Closed Basin political map (Tubitak, 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
Akgol (Eregli), Acigdl (Karapinar), Meke Tuzla (Karapimnar), and Timras Sinkhole
(Gbcmez et ., 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 KNY 1 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 ITRFO8 fixed was taken in data process. Time series in north and east
directions of KAMN, KAPN, KNYA and KNY 1 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 aso 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 c, 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 KNY 1 stationsin North and East directions.
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200

Whether the deviations of the calculated parameters from the "0" value are significant or
not is determined by a=0.05 error possibility according to t-distribution (for f>200,

T 1 00s/2=2 and for £>500, t,, ,.,, =1.96 ). Asaresult of the trend component anaysis of

GNSS dtations, it was determined that the time series of north and east coordinates of al
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 annua linear changes
(velocities) of all stations. The “c,” 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 East Linear Resultant Changes
Linear Functions Changes Linear Functions Changes (mm/y1l)/ Directions
(Y=c,t+c;) (mm/year) (Y=c,t+c,) (mm/year)
AKHR Y(trend)=0.0245t+1.7226 8.94 Y(trend)=0.0113t+1.6671 412 9.84/northeast
AKS 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 25.43/northeast
KIRS 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  Y(trend)=0.0723t-1.3919 26.39 Y(trend)=0.0079t-0.2729 2.88
days) 26.55/northeast
KNYA 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
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direction (ITRFO8 fixed). Annual mean movement or velocity of stationsis 18.88 mm. The
stations having annua 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
givenin Table 2.

Table 2. Linear functions and annual velocities of GNSS stations (Up).

Station Up Linear Changes (Ve ocities)
Linear Functions (mm/year)
(Y=c,t+c,)

AKHR Y(trend)=-0.0143t+14.3868 -5.22
AKS 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 -70.96
KNYA Y(trend)=-0.0106t-6.9657 -3.87

It is determined that up coordinate time series of al 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. Annua Vertica movement of KNY 1
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 KNY A station
time series. The cause of the maximum change in KNY 1 is decrease in groundwater level
in this region (Ozdemir, 2016). Unless annual velocity of this station is considered, the
mean value of vertical changesin 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, annua 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 thisregion (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. Asin 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 aresult 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-Selcuklu field , mean=-68
cm/year for 6 wells in Karaman field, and mean=-19.50 cm/year for 2 wells in Nigde field
in decreasing direction are obtained. It is seen that the annual change in KONYA-
SELCUKLU-MEYDAN, KARAMAN-AYRANCI-HUYUKBURUN, and KARAMAN-
MERKEZ-SUDURAGI wells according to the well data is over 1 m (Table 3). However,
the linear function of KONYA-KULU and KONYA-SEYDISEHIR well data shows
insignificant linear change at 95% confidence level. In addition, a linear increase (69.72
cm/year) was detected in the KONY A-BEYSEHIR-DOGANBEY well.

Konya -Beysehir-Doganbey
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Figure 4. Time series of Doganbey and Bulduk stations (wells).

Table 3. Linear functions and annual changes of well observations.

Name of Well Linear Functions Linear Results
y(trend)=c,t+c, Changes
(velocities)

i _ (cm/year
KONYA-BEYSEHIR-DQGANBEY y(trend)=0.0581t-17.0946 significant
KONYA CIHANBEYLI BULDUK y(trend)=-0.0109t-11.2754 -13.08 significant
KONYA-CIHANBEYLI-KARTAL y(trend)=0.0046t-24.4201 5.52 significant
KONYA-CIHANBEYLI-SIGIRCIK y(trend)=-0.0326t-22.3711 -39.12 significant
KONYA-KARAPINAR-GULFET-YAYLA y(trend)=-0.0520t-10.6263 162.40 significant
KONYA-KULU y(trend)=-0.0039t-11.3281 -4.68 insignificant
KONYA-SELCUKLU y(trend)=-0.0363t-5.4342 -43.56 significant
KONYA-SELCUKLU-MEYDAN y(trend)=-0.1098t-7.4969 113176 significant
KONYA SELCUKLU-SARICALAR y(trend)=-0.0257t+0.1759 -30.84 significant
KONYA SELCUKLU TUTUP y(trend)=-0.0398t+2.1481 -47.76 significant
KONYA-SEYDISEHIR y(trend)=-0.0003t-2.2111 0.36 insignificant
KARAMAN- AYRANCI -HUY UKBURUN y(trend)=-0.0933t-66.2993 1111.96 significant
KARAMAN- KAZIMKARABEKIR-MERKEZ y(trend)=0.0024t-7.8545 2.88 significant
KARAMAN -CENTER -AKCASEHIR y(trend)=-0.0585t-33.6459 £70.20 significant
KARAMAN -CENTER -EMINLER y(trend)=-0.0379t-2.9531 -45.48 significant
KARAMAN -CENTER -KOCAHOY UK y(trend)=-0.0610t-0.9697 L73.20 significant
KARAMAN- CENTER -SUDURAGI y(trend)=-0.0922t-23.1213 -110.64 significant
NIGDE- ALTINHISAR- CENTER y(trend)=-0.0256t-7.9697 -30.72 significant
NIGDE -BOR -BAHCELI 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 (Gé¢gmez and Isgioglu, 2004 Dogdu et al., 2007; Ustiin et al.,
2007). At some stations monthly water level data have been recorded since 1960. The
decrease in underground water level of relevant 24 wellsis observed in study of Ustin 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. Dogdu 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 (Ustiin et al., 2007). The underground water level of the wells around Karapinar is
16.9 m in September 1970 and 31.2 m in September 2003. It has been determined by
GOcmez 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 Phienwg et a., (2006), Abidin et al., (2007), Galloway and
Hoffman (2007), and Ustiin et al., (2007).
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Figure 5. Linear functions and power spectrums of well observations in Konya and
Karaman.
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As aresult of linear analysis of well datain KCB, it can be stated that at the underground
water level in this region, especidly 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-Akgasehir,
Karaman-Center-Eminler,  Karaman-Center-Kocahlylk, = Karaman-Center-Suduragi,
Konya-Karapinar-Gilfet, Konya-Selcuklu-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 aresult of cross-
correlation analysis between KAMN up coordinates and Karaman-Center-Akgasehir
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 anaysis
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.
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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-Akgasehir/Karaman-center-
Suduragi.  Correlation between KAMN station coordinates and Karaman-Center-
Kocahiyik islow (mean=0.5). Correlation between KAPN and Konya-Karapinar-Gllfet is
0.7. Correlation between KNYA station and Konya-Selcuklu-Center is insignificant.
Correlation between KAMN station coordinates and Karaman-Center-Suduragi 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
datafor thefirst 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 Name of well Lag/ Maximum Lag value of

component correlation/direction significant

correlation

KAMN North Karaman-Center-Akgasehir 0/-0.77/negative First 13

East Karaman-Center-Akgasehir 0/-0.79/negative First 13

Up Karaman-Center-Akcagehir 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-Kocahtlyiik 0/-0.48/negative First 5

East Karaman-Center-Kocahtiyiik 0/-0.48/negative First 5

Up Karaman-Center-Kocahulyik 0/0.49/positive First 5

North Karaman-Center-Suduragi 0/-0.99/negative First 16, 30-50

East Karaman-Center-Suduragi 0/-0.99/negative First 16, 33-50

Up Karaman-Center-Suduragi 0/0.98/positive First 14, 31-50
KAPN North Konya-Karapinar-Guilfet 0/-0.73/negative First 11,

East Konya-Karapinar-Gulfet 0/-0.67/negative First 10

Up Konya-Karapinar-Gulfet 0/0.68/positive First 11
KNYA North Konya-Selguklu-Center nsignificant

East Konya-Selguklu-Center nsignificant

Up Konya-Selcuklu-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.

e In horizontal, GNSS stations in Konya Closed Basin have linear movements in
northeast direction (ITRFO8 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 datais 70.96 mm in down (-) direction and this is the highest
value of vertical movements of stations in this region.

e Asin 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-SELCUKLU-MEYDAN, KARAMAN-AYRANCI-
HUYUKBURUN, and KARAMAN-MERKEZ-SUDURAGI wells according to the
well datais over 1 m. However, the linear function of KONY A-KULU and KONY A-
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SEYDISEHIR well data shows insignificant linear change at 95% confidence level. A
linear increase (69.72 cm/year) was detected in the KONYA-BEYSEHIR-
DOGANBEY well data. The majority of the water level changes of the wells in this
region has statistically significant decrease, and it isin 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.

e A cross-correlation analysis was performed between KAMN, KAPN and KNYA time
series (North, east, up) and water level changes obtained from Karaman-Center-
Akgasehir, Karaman-Center-Eminler, Karaman-Center-K ocahllyik, Karaman-Center-
Suduragi, Konya-Karapinar-Gulfet, Konya-Selcuklu-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 sourcesin
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 errorsin 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 adlarms. 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 determinesif asignal is
a multipath signal by monitoring for a characteristic change in a fading frequency of the
signal over time to determineif the first signal is amultipath 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 severa meters
which can be mitigated by signa processing techniques (Deng 2013), (Hoffmann 2000),
(Li 2015), (Parkinson 1996), (Qi 2012), (Rabbany 2006), (Y oung 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
tempora 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, tempora 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 recelver.

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 signa 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 afilter'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 filtersis directly the coefficient of the first-order term in the denominator polynomial

273



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

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 electrica 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 thefilter isa
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), (Y oung
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:
Trandation, 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 dlips, 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),
(Hilla2003), (Hilla 2002), (Hoffmann 2000), (Ogaja 2007).

MPl= Pl—(l+ile+(ijL2 =
a-1

a-1

M, +B;— 1+i m, + 2 m,
a-1 oa-1

(1)
f2

2 2
\Jnl}\ll'f‘(_jnzxz, and o=—
-1 a-1 f§

MP2= P, —| 2% L, (2% 1)L,
oa-1 a-1

where B, = —(1+

In Egs. (1) and (2) P, and P, represent the dual-frequency pseudorange observations, L1
and L, represent the dual-frequency carrier phase observations, and m; and m, represent
the dual-frequency carrier phase multipath. The MP1 and MP2 quantities vary in time
mostly due to M; and B;, where M; is the pseudorange multipath for frequency i =1, 2 and
B; isabias related to the L1 and L2 integer carrier phase ambiguities, n; and n,. TEQC
carefully monitors cycle slips and their effect on the bias terms B;. 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 al
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 aforest canopy as well as quantifying the magnitude of multipath effect. These
two experiments were performed in the Samandira 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).

Forest

Marmara Sea

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 patternsin the GPS time series. Thisis 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), (Ogagja 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 3ais 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 *.mpl 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 genera 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).
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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 4ais 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 vaues 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).
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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 anaysis, 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 thisday in this study.
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Figure 5. L1 multipath at point (P2) on 30 July 2003 (a) satellite specific patterns), (b)
traces of -0.055 Hz (bandpass filtered) multipath
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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 agenera 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.
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Figure 7. L1 multipath at point (P3) on 30 July 2003 (a) satellite specific patterns), traces
of -0.055 Hz (bandpass filtered) multipath (b)
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Figure 8. L2 multipath at point (P3) on 30 July 2003 (a) satellite specific patterns), traces
of -0.055 Hz (bandpass filtered) multipath (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 especialy 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 areceiver processing pseudorandom (PRN) code signals, such asin 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 GPSGNSS 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 GPSGNSS 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 GPSGNSS data, academic
resear ch 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

Globa Positioning System/Global Navigation Satellite System (GPS/GNSS) has become
an aternative to conventional methods such as terrestrial surveys and geometric levelling
(Gili et a., 2000). Today GPS/IGNSS 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 a., 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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283



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

landslides with campaign GPS/GNSS measurements, it can be shown in Gili et a. (2000)
and Moss et a. (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 a.,
1998).

Static GPS/GNSS observations have become a tradition to solve the great crusta
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
a. 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
vertica component. The shorter observation period, the lower accuracy. (Hastaoglu and
Sanli, 2011; Eckle et a. 2001).

According to Sanli and Kurumahmut (2008), the accuracy of GPS/IGNSS 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 landside area with the aid of established micro-
geodetic GPS / GNSS network and to determine statisticaly 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)

Typical baseline

Method Observed time Post-process Baselines planimetric error
Static Oneto severa hours Yes 50-100 km 51 mg;)r; 1-01
Rapid Static 8-20 min Yes 15-20 km 5mm+ 1 ppm
RTK 1-10s No 10 km 10 mm+ 2 ppm
STUDY AREA
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As a study area, Sevketiye landslide (Figure 1) was selected in Lapseki province of
Canakkale (Figure 2).

W

Figure 2. Sevketiye region.

The city of Canakkale, located in the northwestern part of Turkey known as Biga Peninsula
is tectonicaly 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 rainfal, the study area is prone to moderate-to-high magnitude
earthquakes. Both earthquakes and rainfalls trigger landslides in the region (Coskun, N. et
al. 2016).
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Figure 3. Geological map of the Biga Peninsula (adapted from MTA 2002).
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Figure4. Annual precipitation rates for Canakkal e 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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Va = Apx — £y Py =Kt (1)

VIPA\VA + xTx = min. (2)

The number of pointsin the network is p and G matrix:

1 1 1 1
7 0 °oF 0 0F 00 F 00
T = = = L L
G_{opooﬁooﬁo oﬁol (3)
1 1 1 1
00 F0 0 F0 0 00 %

Normal equations are obtained by minimizing the Lagrange Function and normal
equations;

N Gyx1 [n]_ [0
[GT o] [k] B [o] B [o] )
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;

Que =N*=(N+GGT)1—GGT  (GGT =1) (5)
X = Q. (6)
X=X"+4x (7)
Vy=Axx — 4, (8)
my = & [T ©
Ky = m§Qux (10)
Qs = AsQ: 4} (D
Ky = mgQa (12)
Qv =0Q;— Qg (13)

Where, x is the unknown parameters; X, adjusted coordinates of points;V,, corrections; m,
average error of unit measurement; K, Vvariance-covariance matrix of adjusted
coordinates; Q7, variance-covariance matrix of adjusted measurements; K,, average errors
of adjusted measurements; Q,,, 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, apriori and a posteriori variance
(s&) are compared. If the test value,

T—i> F,
_0_5 f,OO,l—al

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 (g¢). Standardized normal distribution test value:

Vig = |Vil/00+/ Quivi ~ N(O)21)

Baarda's method assumes that the al measurements are suspicious. If Vi, =
max (V;; 1,2, ...,n) is greater than confidence level Vi, p > Uy_q,/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
(ap) 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 al 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 globa 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, horizonta 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)

: V- V- V-
Site 1D north east up
Svol -1.26 -0.96 -7.16
Svo2 -2.04 -1.92 -6.57
Sv03 2.30 -2.24 -2.94
SVo4 8.60 -0.82 -3.44
SV05 2.70 -4.09 -1.55
SV06 -6.56 6.00 -12.89
Svo7 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
Svil 2.26 2.80 -1.00
SV12 -2.73 2.05 -1.77
SV13 -1.26 -4.07 -4.88
SvVi4 -9.94 -2.30 -6.16
SVi15 3.38 -10.33 -2.78
SV16 1.16 5.00 -10.32
SvV17 -5.21 -2.49 -6.86
Svi8 -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 avertical 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 aso 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 aong 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 dlipsoidal 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, reciproca 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 digita 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),
(Rueger 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 hydroel ectric 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 al 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 practica 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
K? 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

dope distances. Field tests show that standard deviations of <2mm/+km are achievable,
even aong 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 (al 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,

B
AHAB :ZAhIJ +tA _tB
A

D

where AH,p is the height difference between the terminals A and B, Ah; are the

individual height differences, ta and tg 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 (Z,z and Z, ) and slope distances (Cag,

and Cga) were measured for the test scenario. The height difference between A and B
points (AHag) are computed using the following section (Anderson 1998), (Ceylan 2008),

(Kuntz 1986), (Wolf 2002).
223
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Figure 1. Model of the réci procal 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 alow for an easy computation
of the horizontal positions of points. Therefore, a reference surface of regular shape,
usually a biaxial €llipsoid, 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 (0). The deviation of the vertical is defined as the spatial
angle between the elipsoid normal and the actual gravity vector. In geodetic computations,
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geoid parameters are needed for coordinate transformations and for reducing the actua
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 geoida 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) Federa 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):

Tmie=* MYK mm,

)

where Tvi 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 1), 5 (first-order class 1), 6 (second-order class I), 8 (second-order
class Il), 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 equa
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
(al sections assumed to be 250 m long), (Federal Geodetic Control Committee 1984),
(Federal Geodetic Control Committee 1988).

296



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

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 alevelling 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
isideal 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
aternating 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 aline 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 (x 55 mgon)). In the compensation range 3',
although the instrument istilt, the horizontal and zenith angle can be measured precisely.
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The GPS surveys were carried out in order to determine the elipsoidal 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).

Figure 2. Project Areaand GPS Network

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, AHpgax IS
backward levelling; AHggre is the forward levelling; AHwean IS the mean of the backward
and forward levelling; AHqyg is the height difference from reciprocal and simultaneous
short range trigonometric levelling and AHgps 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 pointsin the project area

Table 1. Comparison of height differences obtained from different methods (Note: GPS
data are corrected with the geoid undulations) (Telci 2006)

(Ordinary) Digital Trigonometric GPS
Precise Digital Levelling Levelling Levelling Levelling
AHBack AHBack
AHFore AHMean AHFore AHMean AHTriq AhGPS
-105.88519 | -105.88614 | -105.8903
>AH 105.88706 105.8837 | -105.8873 -105.878 -105.882
Misclosure | =+ 1.87 mm | Misclosure | =+ 6 mm

Ty =44/K =+ 9mm
(FGCSFirst Order Class|1)
Twise = 64K =+ 13 mm
(FGCS Second Order Class 1)

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 digita 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
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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 calcul ated the absol ute t-val ue.

Table 2. Accuracy anaysis of two height determination methods (precise digital levelling
with Leica DNAO3 and (ordinary) digital levelling with TOPCON DL-102) and accuracy
analysis and testing al height determination methods (Note: GPS data corrected with
geoid), (Telci 2006)

dpLoL dert dpi-cps
AHp_ AHp AH1_ Ahgps [mm] [mm] [mm]
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 15 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 277112 2.7711 2.768 2.767 0.02 3.12 412
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 259111 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 34 -1.6
-105.88614 | -105.8873 | -105.878 -105.882
YPd* = 14.43 362.22 1144.63
O1kM = +0.62mm | £3.09mm | £5.50 mm
OsKkM = +1.38mm | £6.86mm | +12.21 mm
Line Precise (Ordinary)
Length Digital Digital
Weight | Levelling Levelling
P@km) |d d
K [km] (1/K) [mm] [mm]
>= 231 54.09
4.934km | YPd?’= | (mm?/km) (mm?%/km)
Single run 1 km precision
+0.25mm
+1.2mm
Double run 1 km precision
+0.17 mm
+0.85mm
Double run 5 km precision
+0.55mm
+2.65mm
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‘o 0.85 - 8.15 - 4.15
10,552 + 2,652 10,552 + 6.862 10552 +12.222
=0.314 =1.180 =0.340
T {0 =0.05,f =38} 2.024

CONCLUSION

In this study, four different levelling methods are compared. Geometric levelling is usualy
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 stationsis a major disadvantage.

INTRODUCTION

The North Anatolian Fault zone, which is one of the most important strike-slip faultsin 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 Karlioava to the borders of Greece, is about 1500 m (BarkaA.A.).

Since 1900, the fact that there are no major earthquake in the Sea of Marmara except for
two magjor 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

" Corresponding Author
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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 dlip 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 severa 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
Istanbul Water and Sewerage Administration (ISKI), 10 stations belonging to CORS-Tr, 7
stations belonging to BUSKI 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).
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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 (Tiryakioglu 1.). 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 a., Mao A. et d., and Blewitt G. and Lavalée D.) and the data
evaluation period has been shortened by at least afew months.

The obtained data were processed with the GAMIT/GLOBK software package. 22 1GS
stations with good performance were selected within the 2000 km diameter around the
Marmara Region.for the processing data and the estimation vel ocities 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 evauation 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

Istasyon Dogu Kuzey | Yukari | Istasyon | Dogu | Kuzey | Yukar
Adi (mmly) (mmly) | (mmly) Adi (mmly) | (mmly) | (mmly)

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 221 -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 -1.21 534
IZMT -4.71 -1.64 0.50 YALI 0.38 -1.20 0.73
1ZNK -20.98 -3.08 -0.33 YLDZ -141 -1.45 1.75
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As a result of the strain analysis, it is observed that the region extending from the area
between Izmit and Yalova-Golcik to the west from the Marmara Sea towards the
Canakkale, is compression in the northwest-southeast direction and extension northeast-
southwest direction. Izmit and Yaova-Golclk sections extension are dominant values
while the eastern sections of the Canakkale 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.
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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 Yaova and Golcuk sides. Deformation is
observed in the regions between Iznik, Bilecik, Inegdl, between Karacabey-
Mustafakemalpasa and Gemlik-Y alova 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 a., Schmittbuhl J. et al., Hergert T. et a. and
Sengor 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 thisarm into
four segments (Figure 5, Cimarcik (Prince Islands), Kumburgaz, Center and Tekirdag
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, Cinarcik (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 Cinarcik segment and Kumburgaz segment are
not similar to these studies. As a result of the analysis, Cinarcik and Kumburgaz segments
show dlip 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.
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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 stran 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 Cinarcik 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 Tekirdag segment, it is necessary to
increase the stations in the southern and northern parts of the existing network.
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ABSTRACT

Gokceada, known as Imbros in antiquity, is the largest island of Turkey with a surface
area of 289 k. 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 Gokgeada. 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 Gokceada (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 specia 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 19" 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 (Bekiroglu, 2008). With the advent of informatics
revolution following the industrial revolution and since trekking equipment has become

" Corresponding Author

313



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

lighter and more comfortable, trekking has reached a larger population of people who wish
to get away from modern life. Trekking once referred to individua 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 (Gulbahar, 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 (WiseGEEK, 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 lan 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 (Yaralioglu, 2004). Spatial Multi-Criteria
Anaysis (SMCA), which alows 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; Cavus, 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 Gokgeada
by using GIS and AHP.

GENERAL GEOGRAPHICAL FEATURES OF STUDY AREA

Gokceada is located between Semadirek (Samothrace), Limni (Limnos) and the Gallipoli
Peninsula in the Northern Aegean Sea. The isand has a surface area of 289.5 km?, which
makes it the largest island in Turkey. Gokgeada marks the westernmost point of Turkey
and it isatown in Canakkale province (Fig. 1).
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Figure 1. Location map of Gokgeada

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 (Ozden et al., 2008). The
Aydincik Peninsula, Aydincik Gulf and the Salt Lake in the southern region apart from the
prominent plainsin 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.

Gokceada remains in the Mediterranean climate zone and aso in “the Marmara Transition
Climate” (Oztirk, 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). Magjority of the island is covered by a
Mediterranean vegetation type, i.e. maguis. 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
Gokceada 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) (Erdogdu, 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 lonians, Achaeans, Dorians, Romans,
Byzantines, Venetians, the Genoese and Turks could be found in the following periods.
The island was renamed from Imbros to Gokgeada on 29 July 1970 by the Decree 8479 of
the Council of Ministers (Hiiryilmaz, 2006).

The settlement patterns in Gokgeada 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. Kalekoy (Kastro) Village, Tepekdy (Agridia) Village,
Derekdy (Shinudi) Village, Zeytinlikdy (Aya Theodori) Village, Bademli (Gliky) Village
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are among the old villages reflecting the Greek culture. Sirinkdy, Yeni Bademli, Ugurlu,
and Eselek Villages are the settlements founded after 1980 by the Resettlement Law 2510
(Ucar, 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 Gokceada relies on agriculture, animal husbandry, fishing, and tourism.
Besides, viticulture and olive growth have aways 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 idland. Therefore, membership in the Cittaslow
organization has a vital role in the protection of Gokgeada’'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 mediavia Arc-GIS 10 software program.

Table 1. List of data and their original sources

Data Scale Source Map
-Digital Elevation Model
Topography m General Command -Slope
Pogrepry M-8 1/25 000
of Mapping -Aspect
-Elevation
Ministry of Forestry and
CORINE (2012)  Level Ili g yanad | anduse
Water Affairs
_ Genera Directorate of -
Soil map 1/100 000 -Land Capability Classes

Rural Services

Evauation 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, devel oped 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 specidists. 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), marginaly suitable (2) and not suitable (1) (Table 2).

RESULTS

Different evaluation factors were considered for the determination of the trekking areas in
Gokceada. 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 evauation 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 Kalekdy to Gokgeada city center and the areas
around Ugurlu Village in the south and the south of Sahinkaya 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 isin 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-Il lands were revealed to exhibit the lowest suitability
(8.8%), whereas class VI 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 dlot
(2.4%) in consideration of weights. The highest suitability level was obtained from the
distance between 0 and 500 m (10.8% of thetotal area). (Table 2; Fig. 2)

Table 2. Factors and criteriain land suitability analysis for ecotourism

Factors Weight
Slope (%) 0.231
Aspect 0.106
Elevation (m) 0.156
Land use 0.331

Distance to water source (m)
(waking distance)

Land Use Capability 0.048

Distance to main road (m)
(walking distance)
Distance to settlement (m)
(walking distance)

0.071

0.033

0.024
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Figure 2. Suitability classes and suitability maps for trekking areas

Trekking suitability map of Gokgeada was produced by merging weights and suitability

scores of the evaluation factorsin 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 Gokceada trekking areas

Suitability class Area (ha) %
Higly suitable 122.2 04
Moderetaly suitable 4668.5 16.6
Marginally suitable 20875.7 74.2
Not suitable 2095.5 7.4
Lake, dam 374.2 13
Total 28136.1 100

The most suitable areas were determined to be the vicinity of Ugurlu Goleti in the west, the
north of Sirinkdy Dam Lake, the environs of Sahinkaya Village and the area between
Eselek 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 Kalekdy and Kuzu Limani. It is the one and only
underwater national park in Turkey. Moreover, this area, also covering the Peynir
Kayaliklar1 (The Cheese Rocks) situated in the vicinity of the Kaskaval 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 culturaly and architecturally protect the
inhabited areas.
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Figure 3. Suitability map for Gokgeada trekking areas
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DISCUSSION AND CONCLUSION

Today, tourism and recreationa 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 (Kogak and Balci, 2010; Cakir and Cakir, 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; Cavus, 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
gpatial data, play a crucia part in spatial decision-making (Ying et a., 2007; Akbulak,
2010). GIS also alows for the presentation of analysis results on maps.

The present study aims to determine Gokgeada s suitability for trekking by employing GIS
and AHP methods. In this context, evaluation factors were determined based on the
island’s characteristics, specidists’ views, and literature review. Weights and suitability
points assigned to evaluation factors were overlaid in GIS to produce a trekking suitability
map of Gokceada.

The obtained results showed that a great majority of Gokceada's land was marginally
suitable for trekking, which is followed by moderately suitable, unsuitable, and suitable
areas. Half of GoOkgeada'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 Satistical 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. Asa 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

Traditionaly, well-being was defined as a material process determined by considering the
income variable (Conceigao 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 datais of great importance for development researchers and
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is increasingly used by social scientists in many studies (Akgis, 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 (Conceicdo 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 (Conceicao 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 evauation, Affect
and Eudaimonic well-being. Life evaluations reflect a general assessment of a person'slife
or a particular aspect of it. Pavot and Diener et a. (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 usualy
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. Eudaimonias 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 socia, the space is socialy 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 aress,
and therefore poverty and well-being are a spatia 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 4.,
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 alows 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 spatia framework
and alows 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 am of the work is to determine areas where the subjective well-being is low and
intensive, and to guide policy makersin 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 provincia 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, hedlth, education, socia 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 | 551 | 13,09
Satisfaction with relatives 81 | 776 | 960 | 880 | 3,97
Satisfaction with education 81 | 26,7 | 80,3 | 52,7 | 10,70
Satisfaction with friends 81 | 837 | 972 | 92,9 2,36
Satisfaction with public service 81 | 588 | 948 | 84,2 7,15
Satisfaction with monthly household income 81 | 21,7 | 69,8 | 44,8 [ 9,49
Satisfaction with wagesin working life 81 | 411 | 91,3 | 734 | 8,09
Satisfaction with job 81 | 639 | 916 | 78,7 | 647
Satisfaction with the number of doctors and health personnel 81 | 123 | 64,0 | 41,3 | 10,16
Satisfaction with educational services 81 | 481 | 888 | 740 | 846
Sati sfaction with pensions 81 14 209 | 10,2 | 4,34
Satisfaction with marriage 81 | 869 | 97,2 | 94,2 1,98
Satisfaction with medicine prices 81 1,8 254 | 7,37 | 3,86
Satisfaction with medicine supply 81 | 252 | 78,7 | 42,7 | 11,17
Satisfaction with personal health 81 | 591 | 80,7 | 71,9 | 4,44
Satisfaction with health care 81 | 545 | 89,1 | 774 7,30
Satisfaction with social life 81 | 215 | 80,8 | 54,0 | 11,27
Satisfaction with transportation services 81 | 501 | 942 | 781 [ 8,79
Satisfaction with garbage and waste services 81 | 331 | 8,5 | 665 | 12,70
Satisfaction with sewerage services 81 | 288 | 826 | 650 |1231
Satisfaction with network water services 81 | 30,6 | 86,8 64, 12,87
Satisfaction with public transport services 81 | 235 | 788 | 58,3 | 11,58
Sati sfaction with the amount of green space 81 | 225 | 823 | 538 | 14,74
Satisfaction with disability services 81 | 145 | 71,3 | 424 | 12,13
Satisfaction with services for the sick and the poor 81 | 153 | 734 | 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, heath 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, socia life, education and
health services.

Additivity is afeature 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 anaysis
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 apha coefficient is a general reliability coefficient that measures the
strength, adequacy, and reliability of the measure of a phenomon questioned by a scale
(Ozdamar, 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 avery high level of reliability (Table 2).

Table 2. Reliability Statistics

Cronbach's Cronbach's Alpha Based on Standardized Items N of Items
Alpha

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 Friedman's | Sig
Square  |Chi-Square

|IBetween People 65534,451 80 819,181

Between Items 965316,838 24| 40221,535| 648,531 ,000

Nonadditivity 25,740° 1 25,740 415 ,520
\Within People  Residua 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 (Dinger and Ozaslan, 2004). Principal component anaysis 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 alarge 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 / origina variance of findings in the data matrix (Ozdamar, 2016). For this, it is
required that the Kaiser-Meyer-Olkin Sample Proficiency Measurement statistic is above
0,50 (KMO> 0.50) (Field, 2000; Ozdamar, 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 isinsignificant (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.(Ozdamar, 2016). According to the results obtained, it was determined that the
sphericity test isimportant (Table 4).

Table 4. KMO and Bartlett's Test

Kaiser-Meyer-Olkin Measure of Sampling Adequacy. ,894
Approx. Chi-Square 2381,128
Bartlett's Test of Sphericity df 300
Sig. ,000

Table 5. Total Variance Explained

Component Initial Eigenvalues Extraction Sums of Squared L oadings
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 principa 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 thetotal variance (Table5).

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
Sati sfaction 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
Sati sfaction 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
generaly declines from the western side to the welfare state regularly. However,
differences can be seen in the neighboring provinces.

Subjective Well-Being

- Ist Group

0 : | 2nd Group
3rd Group
| 4th Group

- 5th Group

0 125 250
L 1 1

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 aso
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 genera 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 socia 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 islow 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
friendsis 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 heath. 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 socia 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
gpaces 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 sguare 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 Institute (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
thereis 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 aresult 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” (Turkkan, 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 (Tumertekin, 1977). The
problem of slum emerged in big cities aong with increased migration and urban sprawl
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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 (Tumertekin,
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 aresult of the increased settlements with migration.

The reasons for the emigration of the migrating population varies in time. According to a
summarized article of Saglam (Saglam, 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 (Basdogan
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 vertica 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 sguare kilometer. As seen on Figure 1, Bagcilar subprovince isin 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 Istanbul

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).

4
Population of Sillvri T
Istanbul's Districts F L
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Districts 3 : -
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Figure 2. The Population of Istanbul’ s Districts (2016)

" (1)Esenyurt: 795.010, (2)K ucukcekmece: 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 popul ation 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.

800000 /366[)37'57162 751510

700000

600000 556519
500000

400000

304478 M Bagcilar's Population

300000

200000 170818

95176
100000
9688 36875 l
O _

1970 1975 1980 1985 1990 2000 2010 2015 2016

Figure 4. Bagcilar's Population by Y ears (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
popul ous quarter in terms of population is Demirkapi (TUIK).
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Population of Neighborhoods in Bagcilar
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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 Institute (TUIK), district municipality, the Ministry of National
Education (MEB) and the Ministry of Health, and neighborhood map getting from the
municipality and provincia 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
Anatoliaregion constitute the maority of migrants (TUIK).
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Residence by Birth Place

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". 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.

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.

" (1)Bayrampasa: 39.133 per km?, (2)Bahcelievler: 35.814 per km?, (3)Giingéren: 35.579 per km?
"1t was obtained by using the formula of population density (per km?)
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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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Land Use Map of Bagcilar
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Figure 8. Land Use Map of Bagcilar, 2016

Lack or deficiency of space and socia 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. Thisis 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 m® in center
quarter. On this amount, the forest of the State Hospital has the huge impact. However, this
amount aso indicates how much remained below the standards. Much of the population
per quarter al'so plays arole in this amount.

If examined the education rates of Bagcilar, there are 144 schools of private and public
ingtitutions, 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 typesis 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.

There are a state hospital in the center quarter and also health centersin all quarters of the
district. Additionally, there are 54 public institutions and 57 private health ingtitutions
(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

340



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

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 socia spaces has also created difficulties in meeting the need of residents
for creation and socia 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, 1t 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 concentration and
distribution in the Goksu Delta. A total of 24 water wells were selected, 13 from the Goksu
region and 11 from the Slifke 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
concentration 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). GISwas 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 n terms of
agriculture or construction.

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 specia 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 aguifer 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. Evaluation of impact anthropogenic activities on the groundwater hydrology and
chemistry in Tarsus coastal plain in Mersin using GIS technique (Gller et. a., 2012). With
the helping GIS maps showing the spatia 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. Cobaner et al (2012) simulation of seawater
intrusion in Goksu Delta with SEAWAT computer program. The simulation 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
tempora changes of water quality parameters observed in 21 irrigation and observation
wells, located in Goksu 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 investigationsis
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 criterias are represented by the total dissolved solids, hydraulic
conductivity (EC) 