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ABSTRACT

RELATIONSHIPS BETWEEN TOPOGRAPHY
AND KERKENES (TURKEY), A GIS ANALYSIS

Atalan Cayirezmez, Nurdan
Ms, Department of Settlement Archaeology
Supervisor: Assist.Prof. Geoffrey D. Summers

Co-Supervisor: Dr. Arda Arcasoy

September 2006, 117 pages

This study investigates the effect of topography in ancient“Eigrkenes”
using Geographic Information Systems (GIS).

Kerkenes, an Iron Age city located on a batholith in Yozgat province, Turkey,
was chosen because of its exceptional size, short life and thebditgiof extensive
data. Approximately seven kilometres of city wall in Kerkenesluding towers and
seven gates, enclose 2.5 kmz,

The research comprises topographic analysis and settlemenarddyais.
Elevation values collected by Global Positioning System (GR&)1&25000 scaled
topographic maps are used to create and analyze elevation, slopspact maps.
Basic statistics of the city wall, towers and gatescateulated and a procedure is
then followed to examine the city wall, towers and gates to utadherseasons for
the line of the city wall, the uneven distribution of gates, the ipasibf each
individual gate, the positions and spacing of towers, and the water catchments.

Advantages of the elevated site of Kerkenes for the foundation ofva ne

capital within the region are demonstrated.



The GPS data do not show statistically significant differertbes the
1:25000 scaled topographic maps in regional scale, especially analyzitgyvtteon
and slope data.

Topographic analyses reveal that approximately 75% of the city wa
coincides with the topographic divide which shows the city walls seaye both for
urban water collection and for defence.

City wall has divided into two as East section and West@etty a north-
south axis from the north end point of the city. There are 41 and 27 teweers
detected on the West and East section, respectively. Towers orelies&¢tion are
more closely spaced than the East section. There are alsmtiviive gates in the
West and East section, respectively. The East section of yhevalit overlaps with
the topographic divide only in the northeastern part. This situatiomatbe traced
along the southeastern part of Kerkenes which may be the reasoalude the
strategically important two higher altitude areas (Kiraeknahd Kale) inside the city.
The city wall in the West section, however, runs along the topogrdphéz which
affects the number and the distribution of the towers.

Keywords. Kerkenes, GIS, City Wall, Topography, Turkey
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TOPQGRAFYA ILE KERKENES (TURKYE)
ARASINDAKI ILISKi, CBS ANALIZI

Atalan Cayirezmez, Nurdan
Yuksek Lisans , Yerkem Arkeolojisi Bolimu
Tez Yoneticisi: Yrd. Dog. Dr. Geoffrey D. Summers
Ortak Tez Yoneticisi: Dr. Arda Arcasoy

Eylul 2006, 117 sayfa

Bu calsma, top@rafyanin eski bir yerigm yeri “Kerkenes”e olan etkisini
Cografi Bilgi Sistemleri (CBS) yontemleri ile agiarmaktadir.

Tarkiye’de Yozgat ilinde bir batholit Gzerinde bulunan Kerkenes dga
secilmstir. Yaklasik yedi kilometre olansehir duvari, kuleler ve yedi kapiyi
icermekte ve yakkak 2.5 knf lik bir alani kaplamaktadir.

Bu aragtirma topg@rafik ve yerlgim verisi analizlerinden okmaktadir.
Kiresel Konumlandirma Sistemi (GPS) ve 1:25000 06lgekli gagdk haritalardan
elde edilen veriler yukseklik,gem ve baki haritalari Gretilmesinde ve analizlerinde
kullaniimistir. Sehir duvari, kuleler ve kapilar iceren temel istatistik elgi
hazirlanmgtir. Sehir duvari, kuleler ve kapilar ilgehir duvar hatti, kapilarin
dizensiz dahmi ile her bir kapinin konumu, kulelerin pozisyonlar ilesdian! ve
su toplama havzalarini incelemek igin bir yontem izletimi

Bolgedeki yeni bgkentin temeli olan yuksekte kurulmuKerkenessehrinin

avantajlari gosterilngtir.
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GPS ile 1:25000 olcekli togoafik harita bilgileri arasinda 6zellikle bolgesel
anlamda uretilecek yukseklik vesim verileri agisindan istatistiksel anlamda bir
farklilik bulunmadgi belirlenmitir.

Topagrafik analizler sonucundaehir duvarinin %75 oraninda tgpafik
bolum cizgisini takip etfii anlagilmis ve bu 6zellgin sehir suyu toplanmasi wehir
savunmasina hizmet ditidtstintlmektedir.

Sehir duvari Dgu ve Batl olmak Uzere duvarin kuzey ucundan kuzey-giney
dogrultusunda bolunmgilr. Batl kesimde 41 adet, Bo kesimde de 27 adet kule
oldugu ve Bati kesimde kulelerin daha sik araliklarkaiedildikleri tespit edilnsiir.

Bati kesimde 2, du kesimde ise 5 adet kapi ofdubelirlenmgtir. Sehir duvarinin
Dogu kesimi topg@rafik bolim cizgisini sadece kuzeyglo kesiminde takip
etmektedir. Kerkenes’in guneygio bolimlerinde bu durumun izlenmemesi alanda
stratejik 6neme sahip olgu distintlen iki adet yiksek alanin da (Kiremitlik ve
Kale) sehrin icine katilmak istengi sonucunu dgurmustur. Sehir duvarinin Bati
kesimi ise topgrafik bolim cizgisi ile tamamen Oxfinektedir ve bu durum Bati
kesimdeki kule ve kapi sayilari ileg@hmlarini etkilemektedir.

Anahtar Kelimeler: Kerkenes, CBSSehir Duvarlari, Topgrafya, Turkiye
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CHAPTER 1
INTRODUCTION

1.1. PURPOSES AND SCOPE:

The purpose of this thesis is to demonstrate the connection betiveen
topographical characters of the Kerkenes region with the anctédetsnt pattern at
Kerkenes using remote sensing methods with Geographic InformatioenfSyst
(GIS). Kerkenes is an Iron Age city which is located in Yozgat preyimc Central
Anatolia (Figure 1.1). The site is registered &slégree of Archaeological Site by
the Kayseri Kiltiir ve Tabiat Varliklarini Koruma Kurbilin 1989 granted by the
article of 16.8.1989/481.

Remote sensing methods have been used at Kerkenes since 1993. These
remote sensing methods at Kerkenes have revealed evidence of cityghahich
includes a network of streets, a zone of public buildings, walled arstéerurban
blocks and sophisticated water system.

In this thesis GIS analysis is applied to remote sensing datacteallfrom
archaeological remains on Kerkenes, for understanding the relativwede
topography and the location of Kerkenes and city wall. The research sempri
topographic analysis and settlement data analysis. Topography of Kedtehés
region were analyzed using two data sets to create elevationasld@spect maps.
A method is developed to examine the city wall, towers and gataaderstand
reasons for the line of the city wall, the uneven distribution afgyahe position of
each individual gate, the positions and spacing of towers, and the utbameats.
To do this the city wall, and the areas, elevations, and slope and \aigés

between towers are evaluated and basic statistics applied for analysis.

! The Board for the Protection Culture and Naturalitdge of Kayseri
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Figure 1.1. Location map of Kerkenes



In this study the location of Kerkenes is analyzed using GIS to uaddrghe
reasons that lay behind the choice of this particular place andiolocand
distribution of the towers and gates along the city wall. This stullyog/ithe part of

a wider research.
1.2. STUDY AREA
1.2.1. Kerkenesand itsregion

Kerkenes is an Iron Age 76" centuries B.C.) city located on a low granite
batholith in Yozgat province, Turkey (Figure 1.1). It is in the tenyitaf Sahmurath
village (Figure 1.2) which is located at a distance of 12 km f8mrgun, Yozgat.
The city is surrounded by approximately seven kilometers of city walicqueby

seven gates and enclosing an area of 2.5 km? (Figures 1.3 and 1.4).

Figure 1.2Sahmuratl village from the Kale. (Photographed hyrdin Atalan)

The Kale (Figures 1.5 and 1.6) commands the best panaromic view over the
region and in good weather conditions the view extends as far as tjiesHpeg
near Kayseri (Figure 1.7). The landscape which spreads fromaleetévards the

west (Yozgat) and north is mountainous with higher peaks surmounted by. tumul
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Figure 1.3. A detailed map of Kerkenes.



Source: The Kerkenes Project Archive-93sihb0233

Figure 1.4. Balloon photograph showing Kerkenes tfia middle) and its
surroundings. Photograph was taken from Cloud Q&adgpcia Hot Air Balloon
in 1993.

Figure 1.5. Kerkenes from the road of Sorgun Sahmuratl village.
(Photographed by Nurdan Atalan)



Figure 1.6. The view of the Kale froahmurath village (Photographed by
Nurdan Atalan)

Source: The Kerkenes Project Archive-02dpjv0811

Figure 1.7.View from the Cappadocia Gate, Erciyeg €an be seen.



The largest tumulus, which is called G6zbaba, lies southward amsibike from the
Kerkenes. The Konak Su flows with its many tributaries from Kerkenlee EBri Oz
Suyu valley which lies on the north of the Kerkenes channels snow iandiater
coming from the mountain (Summers et al. 2001: 341).

Numerous tumuli can be seen on the mountains as well as on the cidipe
Kerkenes. A steep mountain called SivrigQmotrudes from the plain at about 23 km
from the site (Osten 1928: 86).

Figure 1.8 shows the map of the Kizilirmak region which includes Keske
That can be seen from the map, Kerkenes has a special locaiidn sgems to be

the center of the Kizilirmak (Halys) region.

i
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Source: Adapted from Tubinger Atlas des Vordereiei@s (TAVO) 1991

Figure 1.8. Tubinger Atlas des Vorderen Orients YOA map of the Kizilirmak
region shows settlements between 700-500 B.C.

1.2.2. Geology and Geomor phology of K erkenes

Central Anatolia is in the Alpine-Himalayan system. The Cerfratolian
Crystalline Complex (CACC) is the combination of magmatic, metphic and
ophiolitic rocks and includes Kirikkale, Yozgat, $ahir, Sivas, Nesehir, Kayseri



and Ngde triangle. The Upper Cretaceous on the northern part of this corsplex i
highly fractured due to continuous deformation. The CACC can be dividedet t
principal lithologic units; Central Anatolian Metamorphics, Centfalatolian
Ophiolites and Central Anatolian Granitoids. Among these granitoidsnddenthe
geology of the CACC: the Yozgat batholith comprises predominantly igraoaks

and covers an area of about 750 km2. Kerkenes granitoid belongs to the ¢@mposi
Yozgat batholith group and it is the north-eastern sub-unit of thgatdmtholith

and covers an area of about 130 km2. (Figure 1.9). The walls and rtinessae lie

over the Kerkenes Granitoid (Figure 1.9) (Demirel 2004: 11-13 and 16, 20akde
Goncliglu 1996: 718).

Source: Aydin 2004: Figure 1.2

Figure 1.9. Map showing the geology, main drainsggtem and major faults at
the Kerkenes region.

The distribution of the rock units in the region are controlledheyNE-SW
trending faults. As granitoids are highly resistant to erosion theyaaced to be
raised by the faults and therefore occupy topographically high erosioaalsareh as
hills. The formation of a very steep slope on the eastern edge &ult zone is due
to a large vertical displacement. The terrain where the @inciy is located has a
gentler slope and dissected by surface water and tributariasit€3r are generally
weathered and lower areas are covered by granitic soil. Fadtéracture systems
also control the water resources (Erler and GOglaid96: 715, 715 and 718).



1.2.3. History of Research at Kerkenes

The earliest description of Kerkenes was given by J.J.C. Anderson in 1903,
he identified it with Galatian Mithradation. H.H. von der Osten Erdl Blackburn
visited the site in 1926 and in the following year they produced a rebharka
accurate map in three days (Figure 1.10) (Osten 1928:91). E. Foitenl the site in
1926. In 1928 Erich Schmidt, who was working for thes@iHOyUlk expedition,
was granted a permit for preliminary excavations in Kerkenes antl4ltrgnches in
a week (Schmidt 1929: 223).

Although a number of scholars visited Kerkenes after Schmidt's gpbrom
publication of his results, however no work was carried out until 1993. yidzat
Geoffrey and Francoise Summers began the first survey seasoa witiall team
(Summers and Summers 1998: 25).

Blimp photographs of the site were taken from Helium blimp using remote
controlled camera and high altitude photographs of the site wereftakeiCloud 9
Cappadocia hot air balloon in 1993 to get a general view of archaeolsgeal
(Figures 1.4) (Summers 1995: 569).

To use aerial photographs for archeological sites photographs need to be
corrected to avoid camera distortion, so that the plan of thensman be used for
the studies. This process is called photorectification. The photogragahification
programme AERIAL was donated to the Kerkenes Project by John lghighe
University of Bradford. The Balloon photographs were first rectiiad mosaiced
over a digitized base map by Levent Topakiaing this program (Summers et al.
1998: 630). In 1996 detailed measurements of the city wall were takdiothy
Station (Summers et al. 1998: 627).

Dr. Lewis Somers of Geoscan Research started a gradioswatezy at
Kerkenes and he established the survey strategy in 1993. A gradisuetey
covered a portion of the city during the three survey seasons in1B3&3(Aydin
2004: 13). Because, natural (convenient geological structure) and acgheaol
(destroyed settlement by a large fire and the depth of archaeodlogmains is
generally no more than 80 to 100 cm) conditions at Kerkenes were cedsider

suitable for the conduct of a geomagnetic survey (Aydin 2004: 12-13).
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Figure 1.10. First map of Kerkenes, drawn in thadegs by H. H. von der
Osten and F. H. Blackburn in 1927 using a plankfarcurately showing
the city wall.



The gradiometer survey expanded to include almost the entire sitgy dur
1998-2002. The Kale, the Kiremitlik and the city wall were excludéw Hale and
the city wall were not surveyed due to rubble and bedrock outcrops as high
background noise prevented the gradiometer from recording the fealures.
existence of a Byzantine settlement at Kiremitlik resultethé omission of this area
as this period remains beyond the scope of the Kerkenes Project (Aydin 2004: 14).

Areas were created for groundtruthing and archiving purposes accéoding
the site grid. These areas are used to create compositdofilench area from
approximately 6000 gradiometer grid files (Aydin 2004: 15).

An accurate and detailed topographic map of 10 to 25 cm and coordinates
were prepared by conducting a Global Positioning System (GPS) sutviei w
started in 1997 and ended in 2000. A terrain model was created fronthraoré.4
million collected data points (Branting 2004: 61).

The first resistivity survey was done by Dr. Lewis Somers of Geos
Researchat Kerkene§Summers and Summers 1998: 179). Harald von der Osten
conducted the resistivity survey in 2001 and got successful results. sratral.
2003: 449). The resistivity survey is still continuing every spring season at Kerkenes.

Geophysical survey produce a city plan for nearly the entire sitay ma
buildings can be identified from the map. Test Trenches (TT15 to Tollb%ving on
from Schmidt’s trench numbers) were excavated by Mr. Musar)zeho was then
the director of the Yozgat Museum, and Geoffrey Summers in 1996stothe
geophysical survey results, to understand the function of the buildings andito obt
the micromorphological and dendrochronological samples (Summers et al. 1998:
633). In 1998 after discovering illegal digging in the site testctres (TT20 and
TT21) were excavated by Mr. Musa Ozcan and Geoffrey Summersaasaterial
culture (Ozcan et al. 2000: 219). Clearance Trenches were excavat@d9 and
2000 at what has been dubbed as the Cappadocia Gate to understandttive sif
the gate and at the so-called Palace Complex. Geoffrey Sumvasrgranted an
excavation permit by the Ministry of Culture of the Turkish RepuBetween 2001
and 2005 Summers dug trenches to understand the function of the structines
city. Between those years excavations revealed the Phrygian fimswipnd small

scale relief pieces at the Palace Complex.
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Scott Branting studied transportation using Geographic Informatioer8gst
for Transportation methods (GIS_T) at Kerkenes (Branting 2004)ttmee Test
Trenches (TT22-TT24) were dug by Branting in 2004 to test aspects of his study.

1.3. METHOD OF THE STUDY

The author was a member of the Kerkenes Project from 1998 to 2005 and
worked as a team member conducting the GPS and geophysical siMuesisf the
thesis, however, was completed after that time as an offick supplemented by
research field trips to Kerkenes itself.

Office work involved using computer utilities to transform procesd a
analyze the data. The following software packages were used coudinge of the
research (Table 1.1).

Table 1.1. Software packages used in this study.

SOFTWARE NAME PURPOSE OF USAGE

Word (Office) Word processing, page layouts

Excel (Office) Making histograms

Autocad 2000 and 2004 Digitizing maps

ArcGIS 8.x to 9.x Transformation of data, creation of
maps, data analysis

SPS$11.x Creating databases and grouping the
data

Photoshop Finalizing the images

To do the topographic analysis the elevation, slope and aspect maps were
produced for Kerkenes and its region. Kerkenes is analyzed usingfteremti data
sets; the GPS data of Kerkenes, and the extraction of Kerkemmas 125000
topographic maps of the Kerkenes region. The surrounding area of Kerkases w
analyzed using 1:25000 topographic maps. The maps are produsBECG1S 9.x

software and exported as jpg and finalized in Photoshop.

2 Statistical Package for the Social Sciences (SPSS)
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The results of the elevation slope and aspect maps are denemhstrat
histograms. Intervals of 20 m were chosen to create histogmarfefkenes, which
is in the local grid system that was used for balloon photography amddheut as a
20 m grid for the geophysical survey of the ancient city. Interval856f m are
chosen for the Kerkenes region because 20 m would be too detailed fottithe e
area which has to be analyzed and displayed at a smallertbaal the area of the
ancient city.

20 m and 250 m grids were overlaid on map#\ioGIS 9.x program. The
data were exported txcel from ArcGIS 9.x and imported into th&PSS program.
The variables in the data were grouped in SPSS and new histograensreaed in
Excel.

The data intervals for the elevation histograms are set aetrsifor the bar
charts. The data interval for the slope and aspect histogramssisntigeas that given
in their map classifications.

Terrain profiles samples were taken from inside Kerkenes rieroto
understand and quantify the marked differences in elevation within the city.

To analyze the city wall, due to the hardware and problems whilegsiog
GPS data, the GPS data was overlaid with the wall plan (mashmeasured with a
total station and drawn in 1993), and buffered at 30 meters to rduieenpbunt of
the data for the processing. The towers were drawn by combining Eweesis
from the wall plan with the GPS data for the entire ckgept the Kiremitlik Area.
Normally, the remains of the city wall and the towers are visible¢he ground and
the remote sensing data; however the city wall is not cleasigleiat the Kiremitlik
Area Where it is overlain by later, principally Byzantine, occupation).

The topographic divide at Kerkenes is drawn from 1:25000 topographic maps
of the city to determine the relation between location of the wall and the
topographic divide.

Analyzing the towers was not easy because no original tower is fully
preserved on the city wall. The city wall was deliberateltheamid first millennium
BC and further eroded by time and shepherds who continue to useries §br
building enclosures for their animals on and near the city wall.aRemof the

original towers have been drawn from total station survey dateoeerdhid with
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GPS survey data outputs. 75 polygons have been drawn as towers including 14 gat
towers. Each gate is assumed to have had two towers (although thab&dmd
Cappadocia Gates had more and are of complex design while the peasafast

Gate only one). Two functions are given to the towers: 1. Tower; 2. Taater.
However accepting two towers for each gate for the analysis thlegs affects the
results for basic statistics. For example gate towers wesercthan other towers in
distance analysis so that the central points were placed imittdle of the gate
centroids and accepted as being one tower, a process whiclkedatiecnumber of
towers to 68 (for the purpose of analysis). The towers are labelled as T1, T2.

Terrain profile samples are taken from the city wall to fintitbe location of
the city wall.

Elevation, slope and aspect maps are created from the GPShdapaiats
were put in the center of the towers (polygons). Elevation, slopaspett values
are calculated for the central points of the towers for thiysisaand histograms are
created for all towers along the city wall.

The area of each tower is calculated\nGIS9.x.

Lines were drawn from the central points of the towers to deternthe
distance between towers, and segments are classified as T1-T2, T2-T3.

To understand the distribution of the towers and their placement along the
city wall basic mathematic formula was applied. Measuringlibiance between the
centroids of the towers gave the direct distance (which isthotreal distance
because it does not account for slope). To find out the real distadcelevation
differences between towers in addition to slope a formula is applied.

Formula implemented in the tower analysis so as to obtain dbe shlues
between two towers is:

Ay Elevation _difference_between two _towers
Slope=m=—= :
AX Distance_between two_towers

The average number of towers along the city walk vealculated and
compared with the eastern and western sectiorigedfity wall.
Elevation differences between two towers, slopaiesmland angle between

two towers are calculated.
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To find out the angle values between towers simplyline was drawn
between T1 to T2 and another drawn between T2 & dhe angle between those
lines is calculated idutoCAD.

Visibility analysis was applied to the gates inattempt to understand the
reasons for the precise location of each gate. iShimportant in understanding the
layout of the city defenses as a whole becauskeof/éry uneven distribution of the
7 gates within the 7 km of the defensive circuit.

Photographs were taken during the field trips.

1.4. GISIN ARCHAEOLOGY

There are different definitions of GIS, some ofrthgiven below:

A GISis a sophisticated database management system designed for the
acquisition, manipulation, visualization, management, and display of
spatially referenced (or geographic) data (Aldenderfer and Maschner
1996: 4).

A computer-based technology and methodol ogy for collecting, managing,
analyzing, modeling, and presenting geographic data for a wide range of
applications (Davis 2001: 13)

A GIS is an organized collection of computer hardware and software,
with supporting data and personnel, that captures, stores, manipulates
analyzes, and displays all forms of geographically referenced
information (Sabins 2000: 407).

GIS differs from Computer Assisted Mapping (CAM)da@omputer Aided
Design (CAD) software as it has a database managesystem and manipulates the
data using lots of operations. GIS can produce #tiermaps in a short time and also
allows statistical analysis of selected geograpliata. On the other side, combining
paper maps manually is problematic, time consuraimg) expensive to produce and
difficult to update (White 2002:11).

GIS can be applied to archaeology, because aragieal data can usually be
stored in the map format. Archaeological materals be displayed on the maps and
interpreted in GIS. Therefore archaeologists chotmseuse GIS and begin to
understand the complexity of the data. Althoughhaeologists are attracted by the
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visual products of GIS, it can be problematic duenisinterpretations of the results.
Topographic, environmental and paleo-environmendata are parts of the
archaeological GIS and provide information in sedyviproblems (Gaffney et al.
1996: 133).

The context of GIS applications within archaeolagicesearch has been
connected to the physical analysis of the landscmitbement traces. During the
1960’s and 1970’s physical analysis of landscaestaken place in archaeological
studies (Gaffney et al. 1996: 133-134).

Already aerial photography was being used in arclogg in the 1930’s and
still plays a major role today. Also the settlemeattern approach was developed
and connected to the ecological approach afted &&®’s. With the advent of new
archaeology in the 1960’s explanation, quantitatibenking, and scientific
perspective of the past became important and utigedarchaeologists to turn to
other fields like geography, tools and ideas foatish analysis. Spatial analytical
techniques (Von Thunen model of agricultural larse,ugravity models etc.) were
borrowed and quickly integrated into the archaeickdgieldwork (Aldenderfer and
Maschner 1996: 8).

Launching of the LANDSAT 1 satellite in 1972 waso#rer significant
technical innovation which made the regional-sctilglies possible by using remote
sensing data and archaeologists took advantage (@ldenderfer and Maschner
1996: 9).

Until the early 1990's mostly the North Americanclaaieologists were
interested in GIS in archaeology. In 1986 Trevorrldapioneered the GIS in the
British archaeological literature and consequeh#gl a position in the United States.
The European archaeologists started to get ineztestGIS as Gaffney and Stancic
used and represented the value of GIS in the ird&jon of the regional survey
data. The number of archaeological projects whiseduGIS for regional survey
analysis and spatial modeling are increasing sieady 1990s (Wheatley and
Gillings 2002: 20).

These researchers had the theoretical conceptinf spatial data, new
technology and analysis for their study, but theeze still gaps between the desire

to work on a larger spatial scale and the abiliydo it in a practical manner. This
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was the stage when GIS was introduced to archaiealagquiry (Aldenderfer and
Maschner 1996: 9).

The applications of GIS in archaeological reseamrle given below;
(Aldenderfer and Maschner 1996: 9)

a) Regional data management (Cultural Resource Managemcultural
anthropology)

b) Management of remotely sensed data

c) Regional environmental analysis

d) Simulation

e) Locational modeling (Predictive modeling, site tebent analysis,

The archaeologists recognized geomorphology withpliegtions of
perspectives and methods, for understanding tedagation, function and duration.
The perspective and utility of archaeological ggglbave been extended during the
late twentieth century by the incorporation of desmmistry, geochronology and
geophysics (Garrison 2003: 2).

People needed some tools to characterize the gebimmoand geologic
context of a archaeological site or sites. In tagitning these were basic tools such
as maps (geographic, geological and hydrologicsdduwith the rock hammer and
compass. Today satellite images, GPS and GIS aee ndwer tools. The
archaeologist uses the most suitable techniqueabita have a better understanding
of a site’s choice in a particular landscape (Garri2003: 3-4). Earlier landscapes
are usually concealed by subsequent settlementhwigicessitate the understanding
of both the modern and ancient times.

Mapping techniques for the identification of a laodpe are different in
archaeology. There are planimetric maps, remotsisgrdata (such as aerial or
satellite imagery) and ground survey.

Archaeologists generally concentrate on the nuntferthe persons or
material (population, arrowheads, stone etc) ahdble estimates are best made by
using statistical techniques. These include panatneteasures of central tendency
and dispersion such as mean and standard devi@amison 2003: 247).

Viewshed analysis is one of the most frequentlydusgaplications of the GIS

in archaeology. GIS calculates the visible area®igytal Elevation Model (DEM)
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and one specific point of the site which is namedoaserver point. Cumulative
Viewshed analysis is usually applied to an arclagoal site for understanding the
relation between the monuments and landscape (\20@2: 16, 20).

Predictive modeling within a GIS for archaeologiciles is one of the
earliest (from 1970s) and the most common apptioati Through this time there is
still active debate on predictive modeling. Induetmodel (empirical or correlative
model), deductive model and coupled model (botluétile and deductive model)
are the three models of the predictive modeling ihased for locating sites on the
unsurveyed areas. By using predictive models ft analysis it is sufficient to
answer “where”; however it is difficult to answéret“why” or “how” without some
theoretical base (White 2002: 22, 30).

The city Mantineia is an example of GIS application an archaeological
site which is located in the centre of Peleponeené&sreece. The city has 4
kilometers of fortifications in elliptical formattowith 10 gates and 126 towers. A
number of watchtowers stand on the surroundingopsl of the Mantineian plain
since 18' century. The defensive network of the ancientesatént and its potential
coverage will be studied with GIS. Viewshed, sl@mel aspect analysis performed.
All the towers at Mantineia had been almost equsisgced with 10 gates. The gates
connect the Mantineia with neighboring sites (Topat al. 2001: 5-6).

In the study of Mantineia 84 topographic (scaleO0® and two geological
maps (scale 1: 50000) were digitized and total a@snearly 1000 km2. To find the
positions of the defensive constructions very aateuGPS data was collected. The
coordinates of the four corners of each tower widatermined by GPS receivers.
DEM model was created and visibility analysis wppli@d after the combination of
the data (Topouzi et al. 2001: 7-9).

The results of the viewshed analysis confirmed tiatdefensive monuments
in the Mantineian plain formed a defense networlcambination with the city’s
fortification walls. The reason for the construatiof watchtowers in specific places
would have been to control the areas where anotas pass and to cover gaps in
places, which were not directly visible from theéega(Topouzi et al. 2001: 14-15).

Slope and aspect analysis showed that the cityssgaere built on almost

flat ground (slope 0-6 degrees), while the watclet@and a small fortress were built
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on top of hills (slope max. 39 degree) which inthsathe defensive nature of the
sites (Topouzi et al. 2001: 17-18).

1.5. ORGANIZATION OF THE THESIS

Chapter 2 defines the data used in this studyhan ¢hapter, three different
kinds of data and coordination systems are intreddor analysis.

Chapter 3 presents the data analysis to underdtandelation between
topography and Kerkenes. It includes the topoggbhanalysis (slope, aspect and
elevation) and settlement analysis that includés wall analysis with towers and
gates.

Chapter 4 reviews the interpretations of the rasult

Chapter 5 is the discussion and conclusion sedcfidime thesis.

Chapter 6 comprises recommendations for futureesud
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CHAPTER 2
DATA

This chapter provides information about the data and data formats, coerdinat
systems and input data that used in this thesis. Figure 2.1 shoflestlobart of the
data which is the fundamental system of GIS.

The data and data formats (raster and vector) are defined first, then coordinate
systems such as Universal Transverse Mercator-World Geodgsiens 1984
(UTM-WGS84) and Kerkenes local coordinate system is explained, fadldy the
input data (topographic, remote sensing and archaeological) which isigiveis

chapter. Table 2.1 presents the creation of GIS Data Sets.

| Data Collecton ‘

=

4""--\.,--"'”

Data Input

1L

Data Storage Drata Mamipulaton
Management and and Andysis
Eetneval

Drata Cutput:
Wisualization and
Reporting

Source: Adapted from White 2002: p.13

Figure 2.1. Fundamental Systems of GIS.
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Table 2.1. Creation of GIS Data Sets

COORDINATE

SYSTEM

PROCESSING

RESULTS

DATA
FORMAT

digitized
topographic Six sheets were Elevation,
maps of Geology Department merged and Slope and
1:25.000 UTM WGS 84 ) Raster
Yozgat Area at METU interpolated as TIN | Aspect
(133b3, 133c2, and created DEM Maps
I34a3, 134a4,
134d1, 134d2)
. Elevation,
(digital scale) )
The Kerkenes Point data Slope and
GPS Accuracy 10-25 Broiect Archi UTM WGS84 interpolated as TIN Raster
om roject Archive and created DEM. Aspect
Maps
Total Station The Kerkenes Kerkenes Local Towers,
digital scale) . . . ) Vector
Survey Data Project Archive Coordinate System City Wall




2.1. DATA AND DATA FORMATS

There are different definitions of the data given below.

Data is representation of facts, concepts, or instructions in a
formalized manner suitable for communication, interpretation, or
processing by humans or by automatic means. Any representations such
as characters or analog quantities to which meaning is or might be
assigned (http://www.its.bldrdoc.gov/fs-1037/dir-010/_1401.htm).

Individual measurements; facts, figures, pieces of information,
statistics, either historical or derived by calculation, experimentation,
surveys, etc.; evidence from which conclusons can be inferred
(http://indicators.top10by2010.org/glossary.cfm).

The data isas a collection of facts in the database; multiple
entries. It isthe plural of the word ‘datum’ (Davis 2001: 30).

In common use data is both singular and plural (Davis 2001: 31). The use of
data in this study is both singular and plural.

In GIS, data are illustrated as layers or themes and eachHagespecific
information that describes the environment within the context of thielgm under
study. The layers can be two distinct formats: raster and veEiguré 2.2)
(Aldenderfer and Maschner 1996: 4).

Raster data is a landscape scene which has a grid datarstrared each cell
in the grid has a single feature identity as a number or aaest (Davis 2001: 63)
(Figure 2.2). The cell in the grid shows three pieces of infoamaéi unique position
defined by two grid co-ordinates and a value to be displayed (Lock 2003: 15). The
grid cell resolution is important in raster data. Closer andemdetailed
representations of a landscape are executed more efficiently byhigmgpatial
resolution in raster data (Wheatley and Gillings 2002: 52).

Vector data is the series of points that can be joined to dieate which
represent the feature. Each point has x, y coordinates of the location. The three vector

feature types are a line, a point and a polygon (Figure 2.2) (Lock 2003:15).

22



REAL WORLD

ol 01 0 R0 40 0] T 80 =D P 2
ﬂn!-:IEIﬂJ'ﬂnmuuum HIEY
[0 1 260 B ) S E 0 = (=0 R
['ll']"lﬂﬂ'ﬂ".lﬁll!-"]l!-"] 1 mn':lma
B[] 1 EE G 0 G R L Ll l.l:t-:II:']iJ
[ £ 70 [0 [0 0 63 50 3 =1
[s3 01 (02 [ 11 (=] s ISF O] 7
[50:083 EiE 01 £V (0 E=T D 1
L'JII!JI:'.'II'_*IIIIIHLIH

{20
ML ']

f'lr'lFllJT.'II'J!
il ".!['l[llF.I[I]'ﬂl'.Iqi ]

Vector

Image 2: Point Features

1 3 4656748810
alolofalolodojo ol
slefojafelolofife jofe
ajejo|lalaledefole ialo
‘-I]I:I!:lﬂ'DlDIJE:IE
slojalafelelolalafaln
tlofolefofelofalafolo
rlofalalofefelalolaTo
Elofo|ofofalofolo[o]o
OO0 RORERE
wojafefofofofo]elofela

Wells: Raster

Source: Davis, 2001: Figure.3.-2

Wells: Vector

Figure 2.2. Representation of the real world wétster and vector data formats.

The raster and vector data formats each have their advantages and

disadvantages.

The raster data sets are convenient for continuous surfaces agésim

whereas the vector line is useful for detailed line drawings ssclsite plans.
Archaeologists use both of them with different software packages (Lock 2003: 15)

The vector data usually produce smaller files while raster glaiduce bigger

ones because it has a value in each cell. In raster datheetisaipe of the feature
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turns into grid cell, but in vector data sets features are reypegese a more realistic
way (Figure 2.2). Vector maps can be more understandable for ordirgig plean
raster maps (Davis 2001: 85-91).

Remote sensing imagery produces raster data sets such as G#Sstudy
both raster and vector data sets have been used like GPS and 1:25000 topographic
maps with total station survey data.

The vector data sets are used for the city wall drawings. IRietie sets are
used for topographical analysis to produce the elevation, slope and @spscfor
the region.

The Digital Elevation Model (DEM) is the representation of the togyaiy
of the earth or another surface in raster format using elevadioie (Davis 2001:
289). Construction of a valid DEM needs an efficient interpolation akgoyi
because different algorithms can cause differentiation of tivateda value for the
same space. The DEM for landscape superficially appears tariarsafter the
application of various algorithms but are both quantitatively and qtisadiya
different. Unfortunately, there is no specific interpolation metlowcafchaeological
studies in the literature (Hageman and Bennett 2000: 113-114).

Interpolation can be defined as the procedure which finds out theofatue
unsampled area using existing points. Some interpolation methods for DEMs are;

a) Ordinary Kriging

b) Universal Kriging

c) Inverse Distance Weighting

d) Triangulated Irregular Network (TIN) (Hageman and Bennett 2000: 115).

TIN interpolation is used for analysis in this study. TINs arenoftsed to
produce DEMs for predictive modeling studies. It generally needfiesnstorage
requirements. TIN represents the surfaces as a connected netwdnikngfes
between points. Most TIN generation algorithms use Delaunay Tridmglthat is;
if a circle is defined by the vertices of each triangle theloés not contain any other
point in the data set (Hageman and Bennett 2000: 117).
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2.2. COORDINATE SYSTEMS

Since GIS is the presentation of the earth then the data u&¢8 must have
a real-world coordinate system. Latitude and longitude are thed veodrdinate
system. The term georeferencing stands for fixing the data to a rstarmtadinate
system. If a map is georeferenced to a specific coordinaensythe GIS still needs
to know the map projection system to give proper spatial chasitierio the
features. Projection is the conversion of spherical data frorgldhe into flat, 2D
presentation. Different global projections are being used in GlsaibMercator and
Robinson (Davis 2001: 131,135).

The data that is used in this study comes from differamtces such as the
archives of the Kerkenes Project and the Department of Geotolyyddle East
Technical University (METU). The data sets have two differentdinate systems.
One coordinate system is the Universal Transverse MercatoM)UWorld

Geodetic System 1984 (WGS84) and the other is Kerkenes local coordinate system.

2.2.1. UTM-WGS84 (Universal Transverse Mercator - World Geodetic System
1984)

UTM coordinate system is based on Transverse Mercator projection.

UTM is widely used in map projection system that divides the glotoeGO
north and south zones of which the longitudinal span of each zone is 6°. Tibal vert
lines are measured from the Greenwich meridian and the horizmrgal from the

equator for the grid (http://www.colorado.edu/geography/gcraft/gloss/glossaly.ht

The World Geodetic System defines a fixed global reference frame for the
Earth, for use in geodesy and navigation. The latest revision is WGS 84
dating from 1984 (last revised in 2004), which will be valid up to about
2010. It is currently the reference system being used by the GPS
(http://en.wikipedia.org/wiki/WGS84).

In this study 1:25000 topographic maps of the Kerkenes region and the GPS
data of Kerkenes are in UTM WGS84 coordinate system.
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2.2.2. Kerkeneslocal coordinate system

Kerkenes local coordinate system was based on zero point soutiowest c
outside the city wall (Figure 2.3). The zero point was arbitratilysen during the
project in 1993. The site was gridded using the zero point. Each 300 by 288 met
were named Al, A2 etc. At the site 1000 m, 1500 m. and 2100 m. pointsixeere
along in the north axis using a total station and crosses markkdmhite lime
(Summers and Summers 1996:103).

Reference points that were used for GPS measurements at Kerkere
named Hans Points (HP) after the topographer Hans Birk who sk&blthem
(Figure 2.4).

2.3. INPUT DATA

2.3.1. Topographic Input

Six 1:25000 digitized sheets of the topographic maps of Yozgat area (133b3,
133c2, 134a3, 134a4, 134d1, and 134d2) were obtained from the Geology Department
at METU. In this study six sheets of topographic maps (900 km2 aeza)akiosen
due to the availability of the data. Those six sheets coverestubg area and no
additional topographic maps were digitized (Figure 2.5). The topograppE wexe
in the UTM WGSS84 coordinate system. Triangulated Irregular Netwdikl)
models were created from the merged data (the Kerkenes remionused to

produce elevation, slope and aspect maps for overlay analysis.

2.3.2. Remote Sensing I nput

Excavation is a destructive method for archeology. Some archeologists
started to think about “non destructive archeology”. Some methods weliedato
collect the data from the archaeological sites without destroyiagsite. Those
methods called remote sensing. Some of the remote sensing techaiguasrial

photography, satellite imagery, geophysical and GPS data (Fagan 1991:185).
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Figure 2.3. Map of Kerkenes with local coordinagdgws 100 meters crosses.
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Figure 2.4. Map of Kerkenes, shows Hans Pointsgretiblue points)

and 500 meters crosses.
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Figure 2.5. Location of six sheets of topographapm (133b3, 133c2, 134a3, 134a4,
134d1, and 134d2)

2.3.2.1. Global Positioning System (GPS) survey data

NAVSTAR/GPS (Navigation Satellite Timing and Ranging / Global
Positioning System ) is a satellite — based navigation systeains developed and
maintained by the US Department of Defense and allowed for ceilResople who
have a receiver can determine the location with GPS. Also iteédblnavigation
tracking and timing activities. For archeological survey GPS duaislly become an
important tool (Kahveci and Yildiz 2001:2 and Lock 2003:11).

GPS Survey was initiated by Scott Branting and collected betvineeyetirs
1997 and 2000 at Kerkenes. This survey was based on local referencecadieds,
Hans Points (HP). Intensive continuous kinematic survey was condusiad,the
UTM WGSB84 coordinate system, with 4600 LS Trimble equipment. One dbtine
receivers was set up over a Hans Point as a base statioheanthér three were
roving receivers. Roving receivers were mounted on individuals who walked ove
the surface on the ground along transects. Individuals were 1 or 2 rapést while
walking. The receivers took a measurement every 2 seconds. The wabtegcdi
depended on topography so sometimes it was closer than 1 meter Egurall
the data was downloaded and cleared from errors after processing. 1.400.000
readings were collected. This data was considered as acaul&e€5 cm due to the

stability of the roving receivers and the GPS satellites (Branting 2004: 61-63).
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Figure 2.6. Conducting GPS survey at Water Gateot@graphed by Nurdan Atalan).

3D simulations of the site were created from the GPS daaré-2.7). The
GPS data can function as a platform for all the other survey Eigtaré 2.8), and it
also forms a basis for GIS analysis (Branting and Summers 2002: 639-640).

Source: The Kerkenes Project digital archive

Figure 2.7. 3D map of Kerkenes, created from GR&. da
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Source: Branting and Summers 2002: p.640

Figure 2.8. Northend of Kerkenes from the aeriatpgraphy (top) and GPS
data (bottom).
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2.3.2.2. Total Station Survey Data

Total Station equipment has been used at Kerkenes since 1993. The data
collected in a local coordinate system using Hans Points at iesk@0 x 20 m.
grids were set out with a total station for geophysical survensRiathe site were
made from the total station surveyed points. The city wall wsthoivers and gates
was surveyed with total station in 1996 (Summers et al. 1998: 627)hleVisi
structures and terraces were measured with total statiaaCs al. 2000: 215). At
Kerkenes, trenches with archaeological findings and architecemsins are still

being measured by using total station to get coordinates and depth of the remains.
2.3.3. Archaeological I nput

Clearance trenches at the Cappadocia Gate started in 1999 kainé<er
Clearance helped to understand the glacis, towers and the entratiee @Ghte
(Summers et al. 2001: 340). In 2000 Clearance work at the Cappadaea Ga
continued. Twin towers were cleaned and a reconstructed plan ofafiadbcia
Gate was redrawn (Summers et al. 2002: 440-441).

In 2003 the inner chamber of the Cappadocia Gate was partially claade
that resulted in some evidence for the internal structure winiclided raised
wooden flooring. Due to the significant erosion of the Cappadocia Gategdhe
excavations it was found that North-West side of the passage ordegolie had
threatened to undermine the passage way. To prevent this, NortbriVeiste that
had been supported by the stones along part of the gully edge. The exsavathe
Cappadocia Gate show that it was repaired during its use (SuraneiSummers
2003: 61).

It was noteworthy that the work in 2005 revealed the passage itisde
Cappadocia Gate as being unobstructed by buttresses or architrbges.id no
evidence for the exact position of the wooden doors in the CappadociaxGapt a
passage of six m wide which should require at least two sets of dibadnie. The
passage which opens to the interior gate is wider than the passhgeegferior gate

and would have provided a space for the defenders to move from plalee¢cand
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this space should have been immediately behind the doors if thesdyaexisted
(Summers and Summers 2005: 38).

In the inner side of the Cappadocia Gate a stele, an anicoreseepation of a
Phrygian deity atop was revealed with excavation in 2002. A tu# stat in a bad

condition and on a stepped monument (Summers and Summers 2003: 60).
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CHAPTER 3
DATA ANALYSISand GIS

This chapter provides information on the nature of the data sets and
productions.

Topographic data is used to create the elevation, slope and aspsdboiia
for Kerkenes and the Kerkenes region.

The relation between the city wall and topography is analyzed including

towers and gates.
3.1. TOPOGRAPHIC DATA ANALYSIS

In this study the elevation, slope and aspect maps are produceerkenks
and its region. Kerkenes is analyzed using two different datatset§&PS data of
Kerkenes, and the extraction of Kerkenes from 1:25000 topographic maps of the
Kerkenes region. The surrounding area of Kerkenes is analyzed using 1:25000
topographic maps. The maps are produced in ARCGIS 9.x software and éx@sorte
jpg and finalized in Photoshop.

The results of the elevation slope and aspect maps are denemhstrat
histograms. Intervals of 20 m were chosen to create histogmarfefkenes, which
is in the local grid system that was used for balloon photography amddheut as a
20 m grid for the geophysical survey of the ancient city. Interval856f m are
chosen for Kerkenes region because 20 m would be too detailed fortitieeagea
which has to be analyzed and displayed at a smaller scalththarea of the ancient
city.

20 m and 250 m grids were overlaid on map#\ioGIS 9.x program. The
data were exported téxcel from ArcGIS 9.x and imported into th&PSS program.
The variables in the data were grouped in SPSS and new histograensreaed in

Excel.
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The data intervals for the elevation histograms are set ae&rsifor the bar
charts. The data interval for the slope and aspect histogramssantieeas that given
in their map classifications.

Basic characteristics of these outputs are explained below.

3.1.1. Elevation Map

Elevation is the height above mean sea level. GIS uses contosiralngke
points to create the three-dimensional (3D) representation ofdadape. Each line
has a value of the elevation for the contour lines. On the other hahd,point data
each point has an elevation value. Usually DEMs are using to prddudee
elevation maps because they are reasonably accurate and can laehtagra
variety of GIS software (Davis 2001: 289).

The elevation maps and explanations are given in the next sectfotheir

histograms in Figures 3.1, 3.2, 3.3, and 3.4.
3.1.1.1. Kerkenes (GPS Data)

Elevation map is given in Figure 3.1. The elevation ranges between 1255-
1488 m at Kerkenes (Figure 3.4A). The highest points are the Kale hand t
Kiremitlik areas (Figure 1.3). The northern section is the lowest part oityhe c
3.1.1.2. The Kerkenesregion

The elevation ranges between 984-1522 m in the outlying areas around
Kerkenes (Figures 3.2 and 3.4B). Kerkenes and the area at itsrevéle anighest
points of the region.

3.1.1.3. Kerkenes (1: 25000 topogr aphic maps)

The elevation ranges between 1250-1460 meters in Kerkenes adeelxtrac

from 1:25000 topographic maps of the region (Figures 3.3 and 3.4C). The highest
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points are the Kale and the Kiremitlik areas. The area omadhih is the lowest

section of the city.
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36



SEAETR S50 l-hFHIH'FFH BRUERR TR LLARTE ML LTS
I 1 L

B E
¥ 8
5 L3
£ ¥
- ¥
S E
¥ .
= =3
: ;
-]

-} -
- 5
F= B
£ £
B B

T TAETE SEIRL e, — T

N Elesnticn map of the Kerkenea mgion

Bl 00 e =L m

[ REHETE ] L1388 m

B st [ 13501400 m

I roorsm [ 001450 m

5 B 1501200 [ 14201900 m
S— 120012580 m [ 1500-1558

3! Keericonen peviuere ol e mup

Figure 3.2. Elevation map of the Kerkenes regiamdpced from six sheets of
1:25000 topographic maps as a TIN Model.

37



10 OlEE BTV pOdbiE BT MO0
1

Figure 3.3. Elevation map of Kerkenes produced feotnacted of six sheets of
1:25000 topographic maps as a TIN Model.

38



30

25 -
20
$ 15
10
5 4
0
B 8 8 8 8 8 8 8 B8 38
s 4 2 9 3 3 8 3 3 49 Min 1255,78
o o o o o o o (@) o o
8 8 & ¥ 8 & &8 &8 8 <2 Max 1488,64
— — — — — — — — — —
elevation (meter) Mean 1367,15
Std.Dev. | 60,1988
A) Elevation histogram of Kerkenes from GPS Data.
25
20 -
15
R
10 -
5, i
° | | Min 984,52
o o o o o o o o o o )
[Te) o o o n o n o n o
s 4 32 89 3 3 8 3 3 9 Max 1522,88
S & o & & & & & o o
8 8 3 8 8 & & & 8§ =2 Mean 1172,35
— — — — — — — — — —
Elevation (meter) Std.Dev. | 97,27

B) Elevation histogram of Kerkenes region from D@8 topographic maps.

30
25
20
15
10

5

0 ‘ ‘ ‘ ‘ Min 1250
Max 1460
Mean 1357,4
Std.Dev.| 58,34

%

1000-1050
1050-1100
1100-1150
1200-1250
1250-1300
1300-1350
1350-1400
1400-1450
1450-1500

evation (meter)

C) Elevation histogram of Kerkenes extracted fra@5000 topographic maps.

Figure 3.4.Elevation histograms.



3.1.2. Slope Map

Slope determines the steepness, gives clues for environmental awhditid
affects the land cover and land use so it is an important componeraniyn GIS
applications. Slope is one of the factors considered as crucetlensents and slope
maps help the city planners to find a suitable place for seitle Areas having a
steep slope are not very suitable for construction. Slope is yisstlulated as a
degree (0-90) (Davis 2001:295).

The slope maps and explanations are given in the next section with their

histograms in Figures 3.5, 3.6, 3.7, and 3.8.

The slopes in this research are classified as;
0-2 degrees: nearly level

2-5 degrees: very gentle slope

5-10 degrees: gentle slope

10-20 degrees: moderate slope

>20 degrees: steep slope
3.1.2.1. Kerkenes (GPS data)
The slope amount varies between 0 and 74 degrees in Kerkenes (Bi§ures
and 3.8A). The steep slope areas are around the Kale and in theVesitaxis of
the city. The areas on the north of the city have gentle slopes.
3.1.2.2. The Kerkenesregion
The slope amount changes between 0-89 degrees in the Kerkenes region

(Figures 3.6 and 3.8B). Most of the areas are between 0-20 dedrmbsmeans
they are not steep slope areas. Kerkenes and its west are steep slope areas.
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3.1.2.3. Kerkenes (1:25000 topogr aphic maps)

The slope amount changes between 0 and 72 degrees in Kerkenescéedextra
from 1:25000 topographic maps of the region (Figures 3.7 and 3.8 C). The steep
slope areas are situated around the Kale and in the South Wesif dkles city.

Gentle slope areas are in the northern part of the city.
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Figure 3.5. Slope map of Kerkenes produced from GRIA.
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3.1.3. Aspect Map

Aspect is the direction of the slope faces and presented as degree (0-360) or as
directions (North, Northwest etc). Aspect is important for receivingighnfor
houses, wind direction and vegetation (Davis 2001:295).
The aspect maps and explanations are given in the next sectiorhaiith t
histograms in Figures 3.9, 3.10, 3.11, and 3.12.

Table 3.1. The aspect ranges applied in this study

Degree Direction

-1 degree Flat

0-22,5 degrees North
22,5-67,5 degrees NorthEast
67,5-112,5 degrees East

112,5-157,5 degrees SouthEast
157,5-202,5 degrees South
202,5-247,5 degrees SouthWest
247,5-292,5 degrees West
292,5-337,5 degrees NorthWest
337,5-360 degrees North

3.1.3.1. Kerkenes (GPS data)

Aspect values are variations between 0-360 degrees in Kerkagase6 3.9

and 3.12 A). These are usually the areas in the city facing North West and West.

3.1.3.2. TheKerkenesregion

Aspect values are changes from -1 to 360 degrees in the Kenegies.
(Figures 3.10 and 3.12 B). The areas usually face to North East, East and South East.
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3.1.3.3. Kerkenes (1: 25000 topogr aphic maps)

Aspect values are changes in Kerkenes extracted from 1:25000 topographi
maps of the region between -1 and 360 degrees (Figures 3.11 and 3.12 C)r8hese a
usually the areas in the city facing North West and West. Somasama&ble results
such as flat surfaces are gathered from the extracted topograppicdoe to
interpolation of the data.
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Figure 3.9. Aspect map of Kerkenes produced frors Gata.
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3.1.4. Terrain Profile

A terrain profile is produced by drawing a line across an etavaheme
display, reading elevation values along the line and plotting the “sfrosii a
horizontal view to represent the shape of the land (Davis 2001: 291).

Terrain profile samples were taken inside Kerkenes every 500s1iEtgure
3.13, profiles 1 to 8) and a random terrain profile sample was takerthee&ale

(Figure 3.13, profile 9).The terrain profiles (Figure 3.14) show the wbeva
differences in the city.
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3.2 SETTLEMENT DATA ANALYSIS

In this part of the thesis the relationship between the cillyand topography
will be analyzed including city wall and its components such as gates and.towers

Approximately 7 km of stone walls, 7 gates (Figure 3.15) and 75 towers (with
gate towers) are included in the analysis of the city wall at Kerkenes.

To analyze the city wall, due to the hardware and problems whilegsiog
GPS data, the data overlaid with the wall plan which was drawh983, and
buffered at 30 meters. The towers were drawn from the waill ot the GPS data
for all city except the Kiremitlik Area. Because, normally thea#s of the city wall
and the towers are visible from the ground and the remote sensindnaatver at

the Kiremitlik area the city wall is not visible.

3.2.1. City Wall

The city wall (fortification and defensive wall) have a towansl gates for
the architectural and defensive purposes.

The Iron Age city wall at Kerkenes is analyzed by its lengtig the
positions of towers and gates in addition to its relation viiéhtbpographic divide
(The ridge of the land surface that provides a boundary betweenrddjatersheds
or basins defines as a topographic divide (http://www.brown.edu/CoursE8&E

Iweb2revised/webglossary/tdef/topographicdivide.html)).

3.2.1.1. Characteristics of the city wall

The city wall encloses an area of 2,49 km2. The total circeméer of the
city wall is nearly 6300 meters, excluding the Kiremitlik aseal measuring the
distance between tower centroids. However, the length of the altyingreases to
6800 m. when it is measured from the outside of the remains.

In this study; the first, measurement that is the distanteebke towers is

applied to the whole of the city wall analysis.
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Figure 3.15. City wall and gate plans of Kerkenes.



The height of the city wall could be with its sloping glacis approtelga/
meters (Branting 2004: 47-48).

The defensive system of Kerkenes is constructed from graniticoddedr
(Figures 3.16 and 3.17). The wall itself is some 4.5 to 5m. wide aré¢iserved top
(Summers and Summers 1996: 103).

] : & f i | & “.;

Source: The Kerkenes Project archive-01dpjv1908

Figure 3.16. The city wall of Kerkenes.

Figure 3.17. The city wall of Kerkenes. (Photogreghby Nurdan
Atalan)
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The studies in 2000 at Kerkenes revealed that the entire cityamglseven
city gates were constructed exclusively from stone. Althougkdtien kilometers of
city wall were impressively and powerfully built there must hdesen some
problems of defence. There is a considerable space betweaty thaltand houses.
The width of this space is not accurately established buthbisght to be 5.00 m.
minimum. Such a space must have been useful for the manoeuvres ofdibes s
during attack as this sort of arrangement facilitated the atispient of the army
from one place to another (Summers and Summers 2003: 8).

According to Summers:

If this interpretation is found to contain any merit, it should be noted that
the surface of this "military road" was never made sufficiently smooth
and level for mounted fighters, either on horseback or in chariots. Foot
soldiers on the other hand could be quickly despatched from one place to
another (Summers and Summers 2003: 8).
The topographic divide at Kerkenes is drawn from 1:25000 topographic maps

of the city to determine the relation between the location ofcttye wall and
topography that proves the city wall lies on the topographic divide (Sduis to

3.20). The city wall defines five catchment areas in the city.

Table 3.2. Catchment Areas of Kerkenes.

Catchment Area 1 2058988 m?
Catchment Area 2 248038 m?2
Catchment Area 3 38965 m?2
Catchment Area 4 68241 m?
Catchment Area 5 74502 m2
Total Area 2488734 mz

The northern part of the city has a drainage basin that consists ofiaane
stream with small tributaries (Figures 3.21 to 3.24) of which 60%adksed by the
city wall (Table 3.2). This is named as Catchment Area hignstudy (Figure 3.18).
The main stream trends SSE-NNW, it joins with tributaries and flows amighrthe
Water Gate before joining the Kale Dere outside the city viladjufe 3.24). This
area has two reservoirs (Figures 3.21 to 3.26). Catchment Area 1drasage
channel through the city wall that is called the Water Gatgu(és 3.24, 3.26 and
27).
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Source: The Kerkenes Project archive-93bwhb0229

Figure 3.19. Aerial view of Kerkenes.

Figure 3.20. Aerial view of the southern part ofkenes.

57



Figure 3.21. Catchment Area 1 at Kerkenes.
(Photographed by Nurdan Atalan)

Source: The Kerkenes Project archive-02dpjv0606

Figure 3.22. Northwest of Kerkenes. Looking frone th
Kale to the West.

Source: The Kerkenes Project archive-93bwhb0128

Figure 3.23. Aerial view of the northern part ofrkenes.
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Figure 3.24. The Kerkenes map, which shows streardseservoirs. The areas
colored in pink show possible places for channetbé city wall.
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Source: The Kerkenes Project archive-93bwhb0401

Figure 3.26. Aerial view of the northwestern pdrKerkenes.
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Figure 3.27. The Water Gate, showing the interrlatig and the external
reservoir. Identification of this structure as d&ega open to question.

The city wall at the Kiremitlik area encloses anothertoaent area which is
Catchment Area 2. Between Kiremitlik and East North East Gateity wall goes
on very steep slope hills and constitutes another catchment area @wthment
Area 3. Catchment Areas 4 and 5 are on the east of theKgleds 3.18 and 3.28).
Those Catchment Areas should have a drainage channel inside thaltiiike the
Water Gate, to prevent the damage on the city wall by erosion and flow.

The city would be smaller than its actual size if those cagcih areas (Area
2-5) were not included. In that case the two high points; “the Kale” “Hrel
Kiremitlik” would be excluded (Figure 3.18). Probably higher sectionb@férrain

were included inside the city wall to increase the range dfiligi(Figures 3.28 to
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3.30). Catchment Areas 3-5 had a level road for walking around the IKéh®se
areas were not included to the city then people would have to d¢igrikaie to reach

the Cappadocia Gate and the Palace Complex.

Figure 3.28. One of the catchment areas of Kerkenes
(Photographed by Nurdan Atalan)

e

Figure 3.29. The Kale. Looking from the Kiremittix the
North. (Photographed by Nurdan Atalan)

Figure 3.30. Outside of Kerkenes. Looking from the
Kiremitlik to the South. (Photographed by Nurdamlan)
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Terrain profile samples are taken from the city wall randoffigure 3.31).
Figures 3.32 and 3.33 have shown the profiles and the sketch plan of thd oitigina
wall. The profiles taken from the city wall shows that thg wiall was built on slope

areas.

Figure 3.31. Sample terrain profiles along the wig/l.

63



Profila 1

ik

Lk

k)

t"':”"n L1i} {f] |e'.|:|
FProfile 2

Profile 4

TS|
(TF]
1
(TET]
b

“mh b LH [} L]
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Figure 3.33. Sketch plan of the towers accordingta@in profiles.
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3.2.1.2. Towers

Analyzing the towers was not easy because no original tower is fully
preserved on the city wall. The city wall was deliberateltheaxmid first millennium
BC and further eroded by time and shepherds who continue to useries fbr
building enclosures for their animals on and near the city wall.aRemof the
original towers have been drawn from total station survey dateoeerdbid with
GPS survey data outputs. 75 polygons have been drawn as towers including 14 gat
towers. Each gate is assumed to have had two towers (although thab&dmnd
Cappadocia Gates had more and are of complex design while the pealsapast
Gate only one). Two functions are given to the towers: 1. Tower; 2. Taater.
However accepting two towers for each gate for the analysis thlees affects the
results for basic statistics. For example gate towers wesercthan other towers in
distance analysis so that the central points were placed imittdle of the gate
centroids and accepted as being one tower, a process whiclkedatiacnumber of
towers to 68 (for the purpose of analysis). The towers areddbadl T1, T2 (Figure
3.34).

Elevation, slope and aspect maps are created from the GPShdataiats
were put in the center of the towers (polygons). Elevation, slopaspett values
are calculated for the central points of the towers for thiysisaand histograms are
created for all towers along the city wall (Figure 3.35). Theatiens of the towers
are between 1244 m minimum and 1470 m maximum (Table 3.3 and Figure 3.35A).
The height of the most of the towers is between 1250-1450 m (Figure 3.18 A)
Slopes of towers vary between 2 and 54 degrees. Most of thestaweebuilt on
steep slope areas (Figure 3.35B). The tower aspects are betwewh3Bbalegrees,
including all directions. Most of the towers face to the west anthwest. (Figure
3.35C).

The area of each tower is calculatedAncGIS 9.x (Table 3.3). The smallest
tower is 15,57 m? and the largest 2993,52 m? (Figure 3.36). The smallest tow
would probably have functioned as a gate tower as the plan of G6zbabdifteate

from the other gates. If this was the case then the sintmlesr would have an area
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of 101,89 m2. The two largest towers, one has an area of 2390 m2 and thenether

has 2993,52 mz2, are situated on the SE section of the city wall.

CAPPADCCA GATE

T41 (EOUTH-EAST ZATE)
Tad
Tig
T38
—— Gty Wall
rar * Gale Centroids
Ta6 [ Towers
T35
500
51 | ] m
T30
T8
T28

Figure 3.34. Towers of Kerkenes.
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Table 3.3. Elevation and area values of the to\leakc and bold ones are the gate towers.
Elevation difference between two gate tower is dddp and divided into 2 to find the
average elevation value for the gate).

Name of the Elevation
Tower X Y Area (m?) (meter)
T1 1004,98 2714,32 669,31 1299,63
T2 1061,29 2633,16 805,38 1298,33
T3 1111,66 2542,65 731,74 1292,77
T4 1181,55 2466,06 0 1299,61
5 1298,85 2366,53 582,82 1323,24
T6 1400,22 2272,30 1131,01 1347,83
T7 1553,22 2119,52 0 1365,58
T8 1602,97 2068,72 1124,34 1379,46
T9 1648,32 1905,78 488,11 1374,71
T10 1645,52 1806,37 1362,18 1368,62
T11 1637,02 1747,28 0 1361,79
T12 1811,20 1703,79 752,21 1351,10
T13 1773,40 1499,20 535,99 1353,88
T14 1782,90 1447,27 0,00 1374,58
T15 1672,90 1183,83 101,89 1382,91
T16 1663,21 1137,94 971,08 1386,94
T17 1475,25 1062,97 667,49 1392,70
T18 1371,37 998,36 0 1402,42
T19 1364,52 818,93 1057,47 1409,55
T20 1250,35 705,04 904,38 1412,52
T21 1175,38 621,97 2993,52 1407,41
122 1084,18 549,37 2390,79 1402,19
T23 1019,63 518,38 676,58 1402,54
124 994,83 472,66 618,43 1414,88
T25 967,76 400,54 910,71 1436,49
126 942,42 289,71 794,34 1468,35
T27 866,16 255,48 1072,20 1470,12
128 557,14 258,82 393,56 1466,49
T29 530,80 322,48 542,96 1463,42
T30 535,80 354,95 449,91 1458,62
T31 555,68 463,70 0 1449,08
T32 554,04 490,36 15,57 1448,64
T33 500,53 528,87 508,73 144757
T34 432,98 561,35 328,51 1445,32
T35 322,78 583,64 1332,80 1454,80
T36 300,31 621,13 498,41 1454,01
T37 311,97 713,86 589,92 1448,92
T38 280,90 799,44 527,24 1428,46
T39 257,03 858,50 618,08 1416,68
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Table 3.3. Continued

Name of the Elevation
Tower Y Area (m?) (meter)
T40 271,14 1009,94 437,29 1371,93
T41 255,48 1090,82 648,19 1356,51
T42 245,01 1167,80 622,17 1347,66
T43 229,95 1241,11 810,39 1344,12
T44 227,14 1295,31 673,44 1341,87
T45 229,34 1340,51 672,70 1338,53
T46 263,39 1471,87 797,61 1323,94
T47 227,18 1562,78 725,15 1308,26
T48 212,05 1607,27 812,01 1302,85
T49 205,12 1659,88 477,68 1301,20
T50 208,79 1704,44 938,12 1302,27
T51 238,44 1743,63 379,41 1303,92
T52 278,88 1782,94 383,42 1300,03
T53 324,15 1903,21 961,97 1283,06
T54 325,44 1947,98 0 1275,67
T55 319,42 2004,83 905,96 1276,52
T56 323,59 2064,97 624,06 1271,88
T57 338,57 2119,79 779,81 1264,05
T58 372,35 2178,42 360,64 1253,49
T59 392,91 2197,57 337,80 1251,24
T60 429,23 2221,09 347,18 1245,58
T61 467,86 2234,59 549,10 1244,24
T62 591,37 2355,72 262,24 1259,03
T63 633,41 2404,78 662,66 1271,34
T64 694,14 2457,64 763,42 1280,45
T65 741,05 2503,42 682,67 1286,88
T66 805,37 2532,92 574,89 1286,58
T67 923,00 2614,04 568,88 1292,95
T68 963,30 2674,39 712,40 1296,85
£ 3B
§ 30
@ 25
52 )
z 15 Min 15,56
5 ! | Max 2993,51
° 0-500 500-1000 1000-1500  2000-2500 2500-3000 M €an 7 3 1 ! 4 5
m? Std.Dev. | 451,83

Figure 3.36. Histogram shows area of the towers.
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Lines were drawn from the central points of the towers to déterthe

distance between towers, and segments are classified as T1-T2, T2-T3 (RFgure 3.

ToE-TaT,

TEh-1
B4 TEE
£3.T54
JEI'E-CE- TR
THO-TS1
T51-T52
£6.T5D
15149
47-T48
T4ETAT
"
T-15-T-1E:|-'
JTas-Tas
4T
T-Ta3
Ta1.-TdZ|
.
T40-T 4 EII
[
T.'!-B-T-ﬂl:li
738 ra&*
Ty
TarTaEY,
TagTey  TBATIS
TIE-T36 T35 14
T32-T33
Tai-Taz
T30-T31)
T28-T30
T28-T24 :..

T8-T10
.I'IEI-T 1"

-

T11-Ti2

[T12-T13

1I.T1 3-T14
/
"'|IT1-'I-T15

JTISTIG

T6-T17

rnr-na
T1B-T18

Figure 3.37. Segments between towers of Kerkenes.
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The elevation and area values of the towers were calculat@ct@IS 9.x
program and results were shown in Table 3.3.

To understand the distribution of the towers and their placement along the
city wall basic mathematic formula were applied. Measuringdis&nce between
the centroids of the towers gave the direct distance (which itheatal distance
because it does not account for slope). To find out the real distadcelevation
differences between towers in addition to slope a formula peab(Figures 3.38
and 3.39).

-S.—-

Figure 3.38. Towers of the Alanya Kalesi. (Photpéed by Nurdan
Atalan).
TOWER 1 .
X,Y..2,) Distance Ax) [run]
o< ||
90°
Z1-Z; (Ay)
[rise]
TOWER 2
(x,,Y,,Z,)

Figure 3.39. Triangle explains slope formula.
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The formuld used in this study is given below:

Sope or gradient is the measurement of the steepness, incline or grade of
a straight line. It is the ratio of the “rise” divided by the “ run” between
two pointson a line

WhenA is the change or the difference and m is slope.

m:ﬂ: y2—-yl
AX x2-x1

rise
m=——
run

Rise means how many units you move up or down from point to point. (y)

Run means how far left or right you move from point to point. (X)
0=Degree of slope

The angle 6 a line makes with the positive x axisis closdly related to the slope
mvia the tangent function
m=tan ¢ and 9=arctan m

Formula implemented in the tower analysis so ashbtain the slope values
between two towers is:

Ay Elevation _difference_between two _towers
Slope=m=—"= g
AX Distance between two _towers

Calculated arctan (m) in radyan and turned ingree.

Histograms are created fay, Ax and for slope (Figures 3.40 to 3.42).

The elevation difference between two towers is mimmil meter maximum
45 meters. Usually between 1-10 meters (Figure 3.40).

The total length of the city wall which is measufesin the central points of
the towers is 6288,34 meters. To find the average aumbtowers along the city
wall; the length of the city wall divided to theabnumber of the towers that is 68.

Total _length_of _the_city _wall 628834
Total _number _of _the_towers 68

92

Averagenumberof towers=

! General information for slope taken from http:/Aeikipedia.org/wiki/slope and
http://www.wtamu.edu/academic/anns/mps/math/mafimtatalgebra/int_alg_tutl5_slope.htm
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Figure 3.40. Histogram shows the elevation diffeemnbetween towers.
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Averagenumberof towersalongtheeasterrsection= Length_of _the_east_sedion — = 327856 =12143
towers_number _on_the east sedion 27

Averagenumberof towers alongthewesterrsection= Length_of _the_west_sedion — = 300978 =7341
towers_number _on_the_west _sedion 41

Table 3.4 representsx, Ay, slope and angle measurements.

Table 3.4. Slope and angle values of the tower satgn

Elevation
difference Distance
Name of the between two between two Slope Angle (degree)
segment towers (meter) towers @AXx) ((WICERER)
(Ay) (meter)
(Z1-Z,)
T1-T2 1,31 98,78 0,76 0
T2-T3 5,56 103,58 3,07 6
T3-T4 6,84 103,69 3,77 13
T4-T5 23,63 153,83 8,73 7
T5-T6 24,59 138,40 10,07 3
T6-T7 17,75 216,22 4,69 2
T7-T8 13,89 71,10 11,05 1
T8-T9 4,75 169,13 1,61 30
T9-T10 6,09 99,45 3,51 17
T10-T11 6,83 59,70 6,52 84
T11-T12 10,70 179,53 3,41 86
T12-T13 2,78 208,05 0,77 86
T13-T14 20,70 52,80 21,41 21
T14-T15 8,33 285,48 1,67 33
T15-T16 4,03 46,91 491 11
T16-T17 5,76 202,35 1,63 56
T17-T18 9,72 122,34 4,54 10
T18-T19 7,13 179,56 2,27 56
T19-T20 2,97 161,26 1,05 43
T20-T21 5,10 111,90 2,61 3
T21-T22 5,22 116,57 2,56 9
T22-T23 0,35 71,61 0,28 13
T23-T24 12,34 52,01 13,34 36
T24-T25 21,62 77,04 15,67 8
T25-T26 31,85 113,69 15,65 8
T26-T27 1,77 83,59 1,21 53
T28-T29 3,63 68,90 3,02 31
T29-T30 3,07 32,86 5,34 2
T30-T31 4,80 110,55 2,48 14
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Table 3.4. Continued

Elevation
difference Distance
Name of the between two between two Slope Angle (degree)
segment towers (meter)  towers Ax) (m)(degree)
6\ (meter)
(Z1-25)
T31-T32 9,54 26,71 19,65 51
T32-T33 0,44 65,93 0,39 10
T33-T34 1,06 74,95 0,81 14
T34-T35 2,25 112,44 1,15 48
T35-T36 9,48 43,71 12,24 38
T36-T37 0,79 93,46 0,48 27
T37-T38 5,09 91,04 3,20 2
T38-T39 20,47 63,70 17,81 27
T39-T40 11,78 152,09 4,43 16
T40-T41 44,75 82,38 28,51 3
T41-T42 15,42 77,69 11,23 4
T42-T43 8,84 74,84 6,74 8
T43-T44 3,55 54,28 3,74 6
T44-T45 2,25 45,25 2,84 12
T45-T46 3,34 135,69 1,41 36
T46-T47 14,59 97,85 8,48 3
T47-T48 15,69 47,00 18,46 11
T48-T49 541 53,06 5,82 12
T49-T50 1,64 44,71 2,11 32
T50-T51 1,07 49,14 1,25 9
T51-T52 1,65 56,40 1,67 25
T52-T53 3,89 128,51 1,73 19
T53-T54 16,98 44,79 20,76 7
T54-T55 7,39 57,17 7,36 10
T55-T56 0,85 60,28 0,81 12
T56-T57 4,64 56,83 4,66 15
T57-T58 7,83 67,66 6,60 17
T58-T59 10,56 28,10 20,60 10
T59-T60 2,25 43,27 2,98 14
T60-T61 5,66 40,93 7,87 25
T61-T62 1,34 172,99 0,44 5
T62-T63 14,78 64,60 12,89 8
T63-T64 12,31 80,52 8,69 3
T64-T65 9,11 65,54 7,91 20
T65-T66 6,44 70,77 5,20 10
T66-T67 0,30 142,88 0,12 22
T67-T68 6,37 72,57 5,02 12
T68-T1 3,89 57,71 3,86 0
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Histogram forAx (Figure 3.41) shows the distances between towers. The
distances between towers are between minimum 27, roaxir@85 meters.
Considering all the towers were equally spaced albagity wall then one tower is
expected every 92 m. The towers were not equallgespan the city wall. The
towers are much closer on the western section of diktlxan the eastern section.
Average number of towers along the eastern sectiolisnieters, but 73 meters
along the western section.

The angle between the towers is measured in AutoO©&Wease (Figure
3.43). The angle of the segment T1-T2 is acceptedeas Zhe line from T2 is
extended and the angle between this line and threes®glr 2-T3 are measured (Table
3.4). The angles between the towers are acuteghmtiveen 0-90 degrees. Most of

the angles are between 0-20 degrees (Figure 3.44).

“4T5

Figure 3.43. Angle between towers at Kerkenes.
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Figure 3.44. Histogram shows the angle betweenrtowe

3.2.1.3. Gates

The application of a specific analysis for the gatesed a problem as
understanding the external and internal effects @fgites becomes crucial. Farming
and grazing areas and the trade routes are impaxéenal factors for economic
and social activities.

This study could help in answering some of the questionclarify the
function and position of the gates and their relatiith topography.

In this section brief information on the gates at kémes is given with
specific analysis.

Summers (1994) identified seven original city gatéggyre 3.15) and
suggests this was the total number for the gates agathes clearly visible for most
of its length. Later additions such as breeches, sya#édls and openings can also be
observed along the course of the wall (Summers andrigus 1996: 104).

The seven original gates are: (Figures 1.3 and 3.15)

Karabg (North) Gate
North-East Gate
East-North-East Gate

East Gate

Cappadocia (Southeast) Gate

GoOzbaba (Southwest) Gate
West Gate
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As explained in the 3.2.1.3 section, gates have beented as one tower for
the tower analysis along the city wall. However fodividual gate analysis, each
gate is assumed to have had two towers (although tlzbaBé and Cappadocia
Gates had more and are of complex design while thieaps has East Gate only
one).

In contrast to Hittite Gates which usually follow arsfard plan (Figure
3.45), each gate at Kerkenes would have been indilhidplanned (Figure 3.46) to
increase its function for particular situations (Sunmsyard Summers 1996: 104).

Source: Tanju et al 2004
Figure 3.45. Aerial view of Hatyas shows gate.

The function and importance of the gates vary andewdome gates are
specifically used by the inhabitants in everyday ditivities such as taking cattle to
pasture, the others which are particularly resereedaiportant personages are aptly
designed.

According to Branting’s (Branting 2004) GIS-T studyetcity compounds
and gates at Kerkenes, the traffic between urbankbleeas widely spread but
restricted between the gates with smaller segmentsoanelsr (Branting 2004: 121)
The Simulation of the traffic between the gates shtvat most of the traffic flowed
from the Go6zbaba Gate through the Palace Compokiglirées 3.47 and 3.48)
(Branting 2004: 130) The simulations show that higtffic volumes were around
the Palace Complex, Buyuk Gol and the gates. It l@geals their public character
(Branting 2004: 131). Branting sorted and groupeddity compounds according to

their place and closeness of the gates. People usedaths in transit and the
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proximity or remoteness of the gates to their dwedlimgas not an issue. Branting’s
study investigates the relation between the gatedhandesidential area in the city
and calculates the percentage of the urban blockénvihieir related gate catchments
(Table 3.5 and Figures 3.49 and 3.50). Accordinggytain gates have smaller
catchments and others bigger. For example the Eastwa$ the smallest one,
although it is the only gate all along the west sideich do not have large

catchments. The Cappadocia and the Gozbaba GatestHevargest catchments
(Figures 3.49 and 3.50) (Branting 2004: 135).

N outside \utme
city & city

NORTH GATE A NORTH-EAST GATE

0 10 20m 0 10 20m
: city
outside

WEST GATE EAST-NORTH-EAST GATE
0 10 20m D 10 20m

city
outside

GOZ BABA GATE EAST GATE
0 10 20m 0 10 20m

CAPPADOCIA GATE
0 10 20m

SourceThe Kerkenes Project archive-drawn by Niliifer Bayaglu and Omur Harmagah

Figure 3.46.Gate plans of Kerkenes.
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Figure 3.47.Simulation of the traffic volumes fadestrians between the gates
(energy minimizing).
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Figure 3.48.Simulation of the traffic volumes fadestrians between the gates
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Figure 3.49.Compounds in each Gate catchment (gmeirgmizing).

Source: Branting 2004: Figure 42
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Figure 3.50.Compounds in each Gate cathcment (iimamizing).
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Table 3.5. Percentage of Total Urban Blocks in €aate Catchment Area.
Source: Branting 2004. Table 4

Gate % of Total Blocks % of Total Blocks (Time

(Energy Based) Based)

1. The Karabgor The 8 9

North Gate

2. The North-East Gate 11 7

3. The East-North-East 13 14

Gate

4. The East Gate 4 5

5. The Cappadocia or Th 24 22

South East Gate

6. The Gozbaba or The 24 19

SouthWest Gate

7. The West Gate 16 24

The Karabas (North) Gate: It is located on the northern part of the city wall
and leads towards North-East. The width of the enér@é8 meters. The entrance of
this gate is wider than other gates.

The North-East Gate: The gate positioned on the northeast of the city wa
has access for traffic coming from the north and wesbably via the large mound
at Kwsakli. It also gives access to the Kargldich is an extramural temple near
Kerkenes. This gate has a direct link to the mairdesdial area of the city and the
Southern Gate (Summers and Summers 1996: 107).

The East-North-East Gate: This Gate is located on the North of the Kale
between the North-East Gate and the East Gate. Tranee of this gate is 7 meters
wide. It leads to North or slightly East of North.

The East Gate: A road on a gentle slope leads to the East Gate fnem
Sahmurath village. Modern bulldozers changed theeapgnce of the eastern
approach while carving the original route. Visitoosning to the East gate follow the
street and pass the Cappadocia Gate to reach thee Ratewaplex. Other fanciful
appellations of this gate are “Hamadan” or “EcbataBate (Summers and Summers
1996:107).

The Cappadocia (Southeast) Gate: Excavations and clearance at the
Cappadocia Gate revealed the towers of the Gateur@-ig.51). The plan of the
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Cappadocia Gate is drawn by using recent data (Fg&@) and 3D reconstruction

of the Gate becomes possible (Figure 3.53).

Source: Summers et al. 2000: Figure 9a

Figure 3.51. The Cappadocia Gate and the Kale.

IRRRR

CAPPADOCIA GATE GLACIS

WV B &M _ S 300

Source:
http://www.kerkenes.metu.edu.tr/kerk1/16imfiles/dfurbanarc/defence/00cgphgm.htm

Figure 3.52. Plan of the Cappadocia Gate.
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Source: Summers et al. 2003: Figure 4
Figure 3.53. 3D reconstruction of the CappadociteGa

The configuration of this gateway differs from théneat gates. It has an
internal passage and chamber towers at the innetmaistAlso the gate commands
a beautiful view overlooking the northern part @ppadocia and Erciyes P&on a
clear morning) (Figures 3.54 and 1.7). Thereforenitst have been one of the
important gates of the city as one of the roads wihasugh the plain up to the gate
and leads to the most important area of the city. @agr street joins the northeast
gate coming along the steep side of the Kale, anatiygortant street joins the east
gate and the stone facade of the Palace complexni®tsrand Summers 1996: 105-
106). —

Source: The Kerkenes Project archive-01dpjv1614

Figure 3.54.View from the Cappadocia Gate.
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The Gozbaba (Southwest) Gate: There is a heavily fortified gateway on the
southwest of the city with complex outworks of whitie appearance was changed
by later tumuli and shepherd’s shelters. The road atarbkis Gate to the Gdzbaba
Tumulus which is the largest tumulus of the area (Sarmrand Summers 1996: 107-
108).

There are streets inside the city with large enclasore either side of the
Palace complex. One of the streets is aligned towdwelast-west and west and
does not end with the Gozbaba Gate because thissgadsitioned slightly towards
the North and leads to the Gb6zbaba Tumulus. This wstcet which looks like is
aligned to capture the view of the rising and setting, the palace and the tumulus
which is left outside the boundaries of the city sbobhve served a ceremonial
function (Summers and Summers 1996: 107-108).

TheWest Gate: It is located on the western part of the city walll avidth of
the entrance is 6 meters.

In this study, to understand the placement of thiesyahe city wall is divided
according to the gates (Table 3.6) and the resultgiaea below:

Table 3.6. Name of segments according to the gates.

Segment Name Description

Segment A Between theWest and the Kaggbmrth) Gate

Segment B Between the Karalfdlorth) and the North-East Gate

Segment C Between the North-East and the East-Nkash-Gate

Segment D Between the East-North-East and the East Gat

Segment E Between the East and the Cappadocia €astitiate

Segment F Between the Cappadocia (Southeast) andGtababa
(Southwest) Gate

Segment G Between the Gozbaba (Southwest) and the®dée

Table 3.7 shows the number of the towers on each seégmédrihe length of
the segments. 75 towers and the length of the city ®&84,823086 meters
considered in this part of the thesis because Gater§awe included the towers and
the Kiremitlik area is drawn to connect the betwdenCappadocia and the Gdzbaba

Gates.
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If the gates were equally spaced along the city Walh there would have

been a gate at every 969, 26 meters.

Length_of _the_city_wall 6784823086

Averagenumberof gates=
Number _of _the_Gates 7

=969,26

Table 3.7 and Figure 3.55 show the gates that arequally spaced along
the city wall.

Table 3.7. Distance and the number of the towensden gates.

Segments Number of Towers Length (meter)
A 19 1427,626749
B 4 510,8194306
C 5 414,0402318
D 4 469,0359112
E 5 702,6317512

F 13 1518,686221
G 25 1741,982791
Total 75 6784,823086

The total number of towers on each segment dependseolength of the
segment. The longest segment is G, (between the Goapabthe West Gate) and
has 25 towers and the shortest segment is C, (betlweaxarth-East and the East-
North-East Gate) has 5 towers.

2000

1500

1000 -

length (meter)

500

A B C D E F G

segments

Figure 3.55. Histogram shows the distance betwespss

Table 3.8 shows the area and the elevation valugékeofgate towers. The
elevation difference between two gate towexg)(and the distance between two

towers (AX) are given in Tables 3.9 and 3.10
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Maximum elevation difference between two gate t@wer5,84 meters that is

the East Gate towers (Tables 3.9 and 3.10)

Table 3.8. Area and the elevation values of the tmatvers

Gate

Gate_name Y Elevation Area

Tower
The G6zbaba
Gate GGT1 548,76 446,80 1447,42 m 91,51 m?
The Gozbaba
Gate GGT2 562,57 481,04 1450,75 m 120,15 mp
The Cappadocia
Gate CGT1 1359,47 995,57 1402,44 m 206,82 m?
The Cappadocia
Gate CGT2 1377,61 1006,13 1402,40 nj 288,95 m?
The East Gate EGT1 1780,18 1437,47 1377,50 m 181267
The East Gate EGT2 1780,39 1456,69 1371,66 m 104271
The East-North-
East Gate ENEGT1| 1632,65 1741,54 1361,48 m 66,90 m?
The East-North-
East Gate ENEGT21633,40 1755,95 1362,11 m 67,88 m?
The West Gate WGT1 329,07 1943,30 1275,52 m 95201 m
TheWest Gate WGT2 328,83 1962,38 1275,82 m 81,59 mt
The North-East
Gate NEGT1 | 1554,49 2114,19 1365,26 nj 77,69 m2
The North-East
Gate NEGT2 | 1542,99 2126,00 1365,89 nj 122,43 m?
The North Gate NGT1 1194,31 2459,23 1301,23 m BB
The North Gate NGT2 1180,18 2471,15 1297,98 m Bh7

Table 3.9 Elevation and distance differences beatviwe towers

Elevation difference Distance between

Gate Tower SRR (97E G two gate towersAX) DRI G e
towers (meter)Ay) entrance of the Gate
(meter)
(Z21-2>)
GGT1-GGT2 3,33 m 36,92 m 4m
CGT1-CGT2 0,04 m 21,53 m 6m
EGT1-EGT2 584 m 19,22 m 6 m
ENEGT1-ENEGT2 | 0,63 m 14,43 m 7m
WGT1-WGT2 0,30 m 19,08 m 6 m
NEGT1-NEGT2 0,63 m 16,49 m 6m
NGT1-NGT2 3,26 m 18,48 m 8m
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Table 3.10 Descriptive Statistics of table 3.9

Minimum M aximum Mean Std. Deviation

Elevation
difference
between two
Gate Towers
(meter) (Ay)
(Z1-Z3)

0,04 5,84 2,00 2,18

Distance
between two
tower s (AX)

(meter)

14,43 36,92 20,88 7,42

To understand the location and uneven distributionthefgates on the city
wall visibility (viewshed) analysis applied for eagates and visible areas are shown
in Figures 3.56 to 3.62. Southwest and west sideeotitly does not have visibility
from the gates.

Figure 3.56. Visible areas from the North Gate.
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Figure 3.58. Visible areas from the East-North-Ezeste.
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Figure 3.60. Visible areas from the Cappadocia Gate
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Figure 3.62. Visible areas from the West Gate.
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Figure 3.63. Visible areas from all Gates.
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CHAPTER 4
INTERPRETATION OF THE RESULTS

One of the important factors effecting decision in the choice ofrtecylar
site is environmental conditions. These conditions also infeiéme distribution of a
settlement over a particular landscape. Most of the humaiitiastithat take place in
a site are associated with the context of a landscape andsdlabaity of the
resources. For example, settlement areas are generally choslegirf@roximity to
water resources or workshops near the quarries and locationsnipsitess and
butcheries are usually related with the migration routes of tivaads or water
resources (Rapp and Hill 1998: 53).

The context of a landscape provides important information on the utility of an
area within the boundaries of a city. Most of the time estabksit of a settlement is
related to the function and treatment of an area. Thereforedhgdn of a site and
the activities which take place are directly effected by laquscsetting from
regional environmental conditions to micro environmental context (Rapp dhd Hi
1998: 53).

People built fortifications for the purposes of security, to preassailants or
wild animals from intruding into their living spaces. Thereforeatmmns that are
difficult to reach are the best places for defence and havelviaatage of observing
the foe from a vantage point. For that matter when planning theiridatiiins
people chose naturally defensible sites such as hilltops. The asmowdefend the
site but at the same time escape easily in case theattanlnage to penetrate the
fort. As well as defining boundaries the city wall also represtdmsstatus and
independence of a community.

People felt the need to build defences from the early timesatola. The
construction, design and building techniques of a settlement depend dnasakia
political issues. When political situations demanded less protection, a

agglomeration of houses as seen in the Neolithic settlement adh&aika (7./6.

96



Millenium B.C.). On the other hand the city wall in Hacilar in seeond half of the
6™ Millenium B.C. was comparatively improved but still lacking gafdlaumann
1998: 328-329).

There were apparently almost no towers in the city wall igaAlin Central
Anatolia during the first half of the"2Millenium B.C. The city walls in Bgazkoy
and Mersin had towers which were arranged in a specific ordéheinHittite
Kingdom (1%" -13" century B.C.). The Egyptian paintings give an idea about the
height of the towers which is a distinctive feature of the tditirchitecture. This
type of tower construction was probably developed by the Hittites. 8$teckample
which shows the ordered arrangement of the towers in a cityisvadl Basazkoy
(Hattwas) (Naumann 1998:333).

The city walls were sometimes set up to protect naturaluress such as
streams, lakes or springs depending on the topography.

The primary need for the existence of a settlement is a supply abl@ot
water the quality of which is important for domestic use (Rapp and Hill 1998: 131).

A water resource is that the source of water which is usefplotentially
useful. Consequently a water resource is also as important quality of the water
for the settlements. There are three types of water resources:

a) Surface water

b) Subsurface water

c) Ground water

As water flows and dissolves into the granite or precipitated tnegentle
slope, people build fountains to contain the subsurface water. Morpholodpe of t
drainage basin is important for the surface water. Ground watetysmeans water
flowing under the ground and people open wells to obtain it (Interview watniét
Ekmekct).

Consequently the need for defence, protection, water resources and
independence would have urged the people to construct the wall at Kerkenes.

At Kerkenes, the city wall runs along the topographic divide which alsntr
the water system in the city (Figure 3.18) and constitutes catthareas for

obtaining water. There are five catchment areas in the@aichment area 1 is the

97



largest. The stream flows outside the city through a channel ®dbter Gate of the
city wall (Figure 3.27).

However in other catchment areas, the city wall was builinagahe
direction of the actual flow and stopped it with respect to the anudwmter. There
should have been channels in the city wall to stabilize the strusgaiast the flow
or erosion. Figure 3.24 shows possible placements of the channels ity thalciAt
Figure 3.24 the pink areas should have been especially designed such asethe Wa
Gate.

People who lived at Kerkenes would have used surface and subsurface wate
from the artificial reservoirs. So far there are two knowgdaartificial reservoirs
(Interview with Mehmet Ekmekgi). The stone lined reservoirs eitlisg pools
constitute the most important components of a centrally orgasystdm for water
control and distribution (Summers and Summers 1996: 106).

One of the reservoirs is Buyuk Gol and collects water fromCiieehment
Area 1.The other is near the Palace Complex opposite the Cappaddeiaarl
called At Gol or Suliik GdI(Figures 1.3, 3.21, 3.24 and 3.25). The dimensions of the
Suluk Gol are 32 x 56 meters. A small sounding shows the depth of theoreasr3
meters of which 1 meter is full of mud and the rest of theesgafilled with water.
These values determine the overall capacity of the reservéiB8#& m (Summers
and Summers 1999:125). The reservoirs or pools were constructed usiag ston
(Summers and Summers 1999:125 and Summers et al. 2001:7). The stona walls
the reservoirs might have an additional function as filtering titerwzefore it gets
into the reservoir.

The function of these reservoirs is still not clear. Therevaneassumptions;
one is that they might have been used for domestic purposes or to olbt&ingdri
water. The first assumption coincides with the present use @& i@ domestic
purposes.

At present the reservoirs are not covered. However for the sessmchiation
it is difficult to visualize the condition of the reservoirs durihg tife span of the

city. In case the top of the reservoirs were left open theretheaprobability of

! Assoc. Prof. Dr. Mehmet Ekmekgi, Hacettepe Uniitgr®epartment of Hydrogeology
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microorganisms polluting drinking water. Therefore the reservoirs siawe been
covered with some sort of material (wood or straw) which would Hzeen
disappeared by weathering or fire.

Also climatic conditions have an effect on the supply of water wbachd
lead to substantial decrease in the amount during summer months tiadnen
reservoirs almost dry out. Therefore additional water reservagh as tanks or
cisterns would probably have been built in the city to accumulater viax the dry
season and also to prevent of pollution.

According to Summers there are a series of stone linednssteth outside
and inside the city wall near the Water Gate. The outsiderrcistas open and
probably collected water for animals which grazed outside theTdigyinner cistern
was built from stone and probably had a roof. There was anothenacigtech was
outside the city wall at the Northeast part of the city (Suraraad Summers 1994
23).

If there were two or three cisterns at the northeast and resthsections of
the city then people occupying other parts could not have had accesseo
Therefore there should have been more cisterns or very sophistwated
distribution throughout the city which needs to be discovered.

At present, modern springs are being used for drinking water by the
shepherds at the site, but these also dry in summer.

There is only one well in the city which is called Uyuz Kuyusu dnid i
located at the western part of the site.

City walls were often fortified by gates and towers gate tower is a
structure built next to, or on top of a city gate for effective mede A wall tower
connects the curtains and by protruding outwards have the function of cotrering
curtains during attack.

The towers have two functions. One is observing the enemy from long
distance which plays an important role in defence and the wtherreinforce the

fortification.

2 Because sick people come from considerable diesafor the medicinal leeches that live in the
reservoir.

% General information for city wall used http:/feikipedia.org/wiki/Defensive_wall and
http://www.vkrp.org/studies/historical/iron-age-itary/info/gates.asp
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A gate provides access for the troops and citizens yet it |maevulnerable
section of the city wall. During peace time a gate should functificiesitly for
everyday requirements. It must be wide enough for people, animals and séticle
pass comfortably. It was also the focus of attack during a siegaroilterefore the
potential weakness of a gate should be compensated by constructingsavem
structure which should be considered as the strongest sectiom aty wall. These
massive complexes would have had multiple doors and flanking towers and
chambers between the doors (Figures 3.45 and 3.46).

There are many methods and materials for constructing walls. tbhe s
seems to be the widely chosen building material as it is moréldurean wood or
mudbrick. So it stands as one of the most important material usetthein
constructions. Coarse-grained igneous and high-grade metamorphic rocksseatre
as stone for monumental buildings for more than five millennia. Onsmetathe
stones were quarried at long distance from the settlements asgdrieed. Granite
has its advantages as there are jointing patterns on its swuitféce facilitates its
extraction and makes it easily workable (Rapp, Jr. and Hill 1998: 139)it&reas
one of the preferred building stones throughout antiquity. For example, i&gy/pt
used the Aswan granites for building Giza pyramids. (Garrison 2003: 180)

At Kerkenes the granite was the raw material for all kiofdsonstructions.
The effort and time spent on the construction process are midinbygetaking
advantage of local geomorphology such as bedrocks which should have been the
case for the city wall at Kerkenes. Bedrock, in some situatioeate natural heights
for the city walls. It can be seen in the Hittite periotiattusas (Figures 4.1 and 4.2)
and in later periods at fortifications such as the Ankara Kdkgure 4.3), the
Mamure Kalesi (Figures 4.4 and 4.5), the Softa Kalesi (Figure Bv&n a medium
sized city wall becomes invulnerable with the inclusion of geomorphalbgic
characteristics which can be seen at Kerkenes on the southesesteon of the city
wall.

One of the highest places in the region was chosen for Kerkelnexe iE a
particular elevation for this area which is between 1250-1500 meBetsthe
elevation value for the surrounding area is 980-1520 meters. The arehosas for

visibility and the two highest places which are the Kale andKihemitlik were
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included in the city. Figure 4.7 shows the elevation map of Kerkandsthe
surrounding area and places higher than 1250 meters are calculatgdacement
of Kerkenes is also convenient for the visibility of the eastern part.
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Source: Tanju et al 2004
Figure 4.1. Aerial view of Hattas shows
defence system.

Source: Tanju et al 2004
Figure 4.2. Aerial view of Hattas shows
defence system.

Source: Suluner 2005: Figure53
Figure 4.3. “Ankara Kalesi”, Ankara
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Figure 4.4. “Mamure Kalesi”, Anamur, Mersin
(Photographed by Nurdan Atalan)

Figure 4.5. “Mamure Kalesi”, Anamur, Mersin
(Photographed by Nurdan Atalan)

Figure 4.6. “Softa Kalesi”, Anamur, Mersin
(Photographed by Nurdan Atalan)
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Grazing and farming areas are also important for the inhahitdotlay the
villagers around Kerkenes still come to the ancient city to gtlagie cattle and
sheep. At present there are farming areas around the city. diear from the
geophysical maps that there was no space for farming and grazing timsiday.
Therefore people living in the city would have gone outside the city wdluae the
gates for their daily activities.

Slope can be an answer for the agricultural strategies. €srcan be found
on steep slope areas and farming areas at gentle slopes @el/&onolly 2002:
126).

According to the slope analysis most of the gentle slope areas &ne east
side of the city and the west side of the city has steep slopeopie had gone to the
west of the city they would have found streams and steep slope hiltetiges it
could have been difficult to take the cattle to fields. Also nowadlagsnearest
farming areas are used by modern farmers which lie betweeRkasteGate and
Sahmuratl village.

Since there is no fully preserved tower at Kerkenes, the cignde$ are
analyzed from the remains of the towers. According to the sesifilthe tower
analyses are;

The towers remains are not the same size. This can be egplaitveo ways;
some towers are wider than the others or some towers highestheas. It is hard to
estimate the real height of the towers, because the stonesaitytiaall were used
by the shepherds to build modern enclosures so that calculating thumtaof the
stones from the remains will be difficult. On the other hand exicasatan reveal
the width of the towers. The excavations at the Cappadocia Gatseful in
understanding the Gates and gate towers, however to explain the fumddidhea
shape of the towers some towers can be chosen for excavation #deethaidence
can be use as a guide for the other towers.

According to the survey at the city whalthe towers are rectangular.

“In 1996 detailed measurements of the city wall viaken by Total Station (Summers et al. 1998:
627).
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CHAPTER 5
DISCUSSION

The Kerkenes Project contains lots of data sets in differentdicade
systems. The conversion of the data sets and their analysiseearain problems of
the Kerkenes Project as data are still being collected indocatlinate system. Most
of the data are gathered from other sources such as Quicki@tites image and
topographic maps are in the UTM WGS 84 coordinate system.

An issue in this research was the coordinate system for thbeiaton of
data sets. The data used in this study was in different codgstems and have
different resolutions. Very accurate and detailed GPS datadeKkes in the UTM
WGS84 coordinate system does not overlay with the 1:25000 topographic maps of
the Kerkenes region which has the same coordinate system butrdifieceiracy.
The vector data in Kerkenes local coordinate system was anptbkelem for
overlaying maps in order to understand the city wall.

Also, in chapter 3, GPS Data in UTM WGS84 coordinate system isfosed
topographic data analysis. The conversion of the GPS data fromtodHérkenes
local coordinate system was done by Scott Branting in 2002, but thesemstant
error between elevation values (Interview with Scott Brantirftherefore the UTM
version of the GPS data is preferred because it provide moreatc@ievation
histograms with which to compare the result for the Kerkenes region.

In chapter 3, the GPS data is used in Kerkenes local coordysttam for the
settlement data analysis of the city wall, because allebtor data (plan of the city
wall, towers and gates) was in the local coordinate systenwdmimeasured with
total station in 1993The data is not converted to the UTM coordinate system for this
analysis. Conversion of the vector data from one coordinate system teramsot
difficult. Elevation errors are accepted as they are. Siheeglevation error is not

® Dr. Scott Branting, Associate Director of the Kemks Project and Director of the CAMEL
Laboratory, Oriental Institute, Chicago.
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constant (see p. 48) it is better to have all the data in one satgdystem and
process them.

Other problems are caused by the hardware and software. At tee autse
research ArcGIS 8.x was loaned lgiem Ltd. This version of the software was not
capable of performing some of the spatial analysis. Lakem Ltd. upgraded it to
the ArcGIS 9.x which was more efficient with newer tools.

Also processing the data in commercial GIS software crdatgger files
when dealing with large amounts of data like 1.4 million points of @G&8. Those
files consume the actual hard disc space and memory of the computgr
slowsdown the computer. This problem can be solved by increasing the rerdwa
capacity of the computer.

The digitized topographic map of the Kerkenes region is also suseetati
digitizing errors which needs to be corrected as manually digitopmhtaphic maps
may include human-made errors.

It was difficult to choose the appropriate method for the arsabfsthe city
wall. Many of the methods which are employed in the analysis of thevall which
initially seemed feasible eventually resulted in dead endshmrasonable spaces.
The first attempt involved the division of the city wall by using a caspato
directions such as North, Northeast etc. this was followed by makingiodi
according to the location of the gates. In this way sections aatecr for
comparison. However this comparison proved to be unjustifiable asntigsia
lacked evidence. It was virtually the creation of separatgoss with nothing to
compare.

As GIS was initially designed by geographers most of the contributibn st
comes from the technical sciences. The GIS analysesilare 8te initial phase for
archaeological applications (http://khalid.gourad.com/thesis/thesis.pdédefined
sets of ways and methods were settled for some of the anéikesdsg/drological
analysis for the landscape and crime analysis. However arogamblapplications
do not follow a specific method. Research on archaeological sites sheuld
encouraged to raise the standards for the archaeological applicattiGiS which
would then maximize the progress in methods of analysis in applicatidBtS in
this field.
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CHAPTER 6
CONCLUSION

Different criteria are instrumental in the choice of sitgssettlement such as
potential water resources, suitable topography, materials thabcaiéy available,
farming and grazing areas, market places etc. These factortheaindelationship
with settlements both in ancient and modern times are diffioulinderstand. It is
even more difficult to comprehend the incentive behind the choiaeafticular site
in ancient times.

The time gap can conceal long-established factors and functionseHaftar
buried underground and become a mystery. Archaeology is a disciplinenthaels
this kind of mystery. Consequently archaeologists try to find ansWoss of

questions and understand various aspects of ancient settlements.

One of the Iron Age settlements in Central Anatolia is Kerkewbgh is
considered to be unique for the characteristics of its city. Those chatadexis;

1. The size of the city and its walls of approximately 7 km.

2. Sudden destruction of the city by fire

3. One level of settlement

The archaeological research still continues with GIS survey xcal/ations

at Kerkenes try to reveal the mystery of the Iron Age city.

In this study, the effect of topography on Kerkenes is investigatedhan

followings have been achieved.

Topography:
The GPS and total station survey data are used from the reansimg data
of Kerkenes with the 1:25000 scaled topographic maps of the Kerkenes aagdion

the elevation, slope and aspect maps are produced with histogesntsRhow that
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there is a particular elevation for this area which is betwkE250-1500 meters. But
the elevation value for the surrounding area is 980-1520 m. thus thysiarsdows
that Kerkenes is located in one of the highest areas indgi@rel'he highest points
that are the Kale and the Kiremitlik have a view rangesgog an area from the
south end to the north end of Kerkenes.

The slope is very gentle in the northern part of Kerkenes but foKale
there are steep slope areas. In the Kerkenes region most ofdseaee gentle slopes
but Kerkenes is in the steep slope area. Since Kerkenes wiesllooaa hill top that
can be reason for the steep slope.

The aspect analysis shows that the areas on Kerkenes usuallyhac
Northwest and West but in the region areas are oriented towerdéortheast, East
and Southeastn this research the choice of the locatman not be explained by
aspect analysis of the site. However, further aspect analgsegive information
about the Iron age city plan and building habits such as the directiba siin light,
wind for each house and public buildings (if any) at Kerkenes.

The topographic divide lines for Kerkenes are drawn by using 1:25000
topographic maps to compare the location of the city wall with apegraphic
divide. Most of the city wall runs along the topographical divide formatghonent
areas for urban water collection.

The people who built the city wall wanted to include two uppermost piaints
that region inside the city which provided the inhabitants with the \dest to
observe the enemy and the surrounding area. When the city was builath
included the Kale and the Kiremitlik for purposes of defence witlatluition of the
Cappadocia Gate as it is linked to one of the trade routes.

Towers:

Results of the analysis of the towers shows that the toweraadrequally
spaced along the city wall. The towers are more closely spacdbdeowestern
section of the city wall then the eastern section. The cityamalhe western section
has almost the same elevation values from the exterior anéint®n the other
hand, steep slope starts just at end of the city wall on thereaectionElevation
ranges dramatically change for the exterior and interior ofithevall in this section

which explains the decrease in the number of the towerstabp slope in this area
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provides a natural defence and adopts the function of the towers. Hoovetiee
west side of the city wall the comparatively level nature eftérain requires more
towers for defence.

There is no evidence for the height and components of the walls, epoept
stones belonging to the original towers therefore calculation®ade using remains
of the towers. The results show that elevation differences batweo towers
generally vary between 1-10 meters; the slope is between 0-5 dagcedse angle
is between 0-10 degrees. The towers would probably have been constructed in
accordance with the topography. Therefore it is reasonable feouvlees to be built
on the same level. The analysis of the angles shows that thes dregyecen the
towers on the east side are larger than the angles on theideesthis is also related
with the topographical divide which suggests that the position and numlike of
towers would have been affected by the divide.

Area calculations of the towers show that towers do not have e sae.
The area of the larger tower is nearly 3000 m2 and the area sindiéest is 16 m2.
The two largest towers are situated on the southeast sectiba oity wall. In this
research the remains of the towers are measured and the gigeremains can be
explained in two ways:

1. The height of the towers would have differed from each other.

Higher towers could have been constructed in certain places.
2. The width of the towers would have been different. Some towers
could have been wider than the others.

Also, the bedrock outcrops can affect the size and the location of the towers.

Gates:

The gates are distributed unevenly. There are 5 gates on the sastesn of
the city wall; on the other hand there are only two gates orwéstern section.
However there can be more gates on the western section. Futdies seveal the
real number of the gates. Topographical analysis of the outsideyttshaow that the
eastern part of the city suitable for the trade routes becauwas lbwer places and do
not have steep slope areas. On the other hand western partity thees steep slope

areas that are not suitable for vehicles etc.
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Another important factor influencing the number of the gates is their
connection with the trade routes. The Cappadocia Gate and the Easiv&idd
probably have been used as linking the city with the trade routesth®&lsmture of
the terrain in this section accommodates the easy trandieovdhicles. Because
eastern part of Kerkenes is lower then western part of #heusit do not have steep
slope areas.

Visibility analysis applied to understand the uneven distribution of thes gat
Also the results of the visibility analysis show that the &athich are situated on
the east side have a wider range of visibility then the gates on the west side.

Data:

The study shows that the GPS data do not show statistically sigmific
differences then the 1:25000 scaled topographic maps in regional eséejally
analyzing the elevation and slope data. However GPS data gives ntiechrdssults
visually but collecting data with GPS is time, energy and money congumi
Therefore 1:25000 topographic maps would be sufficient in the applicataspett,
slope and elevation analysis. However it is better to have a GRSsB& for the
intrasite analysis.

Consequently using remote sensing data with GIS is one of the béstdset
in the research of a site like Kerkenes for understanding tlagidocof a city in
relation with topography. It is convenient to have data sets fopiiieation of GIS
in a site like Kerkenes. However collecting the remote sensing atatatheir
interpretations using GIS are not easy. The results of the resapging data and

GIS should be correlated and combined with the data obtained from the excavations.
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CHAPTER 7
RECOMMENDATIONS

Archaeology started with the collection of antiquities and peopdeanch of
valuable objects started digging archaeological sites. Consequently nignagomil
excavation techniques were improved with the introduction of theorediadies
which were followed by scientific surveys and excavations. Howeeedéltruction
caused by digging disrupted the excavations which called for other solutions.
Therefore the necessity of highly developed techniques resulted in the introduction of
aerial photography, satellite, imagery, analysis of the archaeolmgieal by using
remote sensing data and GIS. These techniques offer the archdeohegis
opportunity not to destroy the site while trying to find answers for specificigosst

The use of GIS in archaeology is a very new concept in Turkey. Thare is
big potential as predictive modeling, reconstructing ancient sites using GIS in 3D and
intra site analysis can be applied to archaeological siteSumkey. However
conducting data by remote sensing methods and using computer technology in
archaeology and interpretation of the results are not eagnfarchaeologist. Also
these processes are time, energy and money consuming. On the other hand
excavating a site is not easy for the same reasons. Neverthaigssstudies that
apply GIS in archaeological sites in Turkey will be helpful inciglating the
relationship between the settlements and landscapes.

This study can be taken as a sample for further analysis. Aspgactatabe
useful in the evaluation of constructions in a site yet theirprdéations by using
geophysical maps pose a problem. The water management system caraineexpl
by the application of hydrology analysis on the site. The resources ahadevial
around Kerkenes can be studied and it can offer explanations for the#agaments.
Further studies that focus on the ancient environments will be hdlpfiihe
discovery of some important aspects such as; farming and grazing areas.
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And this study can be combined with other studies such as GI&dy at
Kerkenes and helps to solve other archaeological problems of Kerkenes.

Studies on the geophysical maps for the intra-site analysis wilsé&kil for
understanding the life span of a city.

The dating and historical context of a city is another issue wisichot
presented in this study. There is a need for subsequent excavatialiedo rnore
evidence for understanding the history of Kerkenes.

A study focusing on the building methods used in the city wall will help in
the interpretations such as the number of the workers used duringngteuction of
the fortifications.

Further GIS studies and excavations at Kerkenes, will elucidlags aspects

not only for Kerkenes but also for the Iron Age sites in Anatolia.
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