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SUMMARY

Geographical Information Systems are multifuncti@ystems where all type of geographical
data are efficiently used, stored, updated, andlym®l the final products are presented as
maps. The main purpose of creating and using irdtion systems is to develop geodatabase
system with all concerned data in which stored|yaea with the users’ demand and request.
From the beginning of 90’s, geodetic surveys witbdynamic purposes have been performed
in regions of high seismicity by Geodesy DepartmehtBogazici University, Kandilli
Observatory and Earthquake Research Institutetieobest visualization and performance,
all products of these geodynamic studies are ozgdniand stored in a Geographical
Information System with relative metadata. Designia geodetic database involving
inhomogeneous and time-dependent data from diffeneasuring techniques and disciplines
is challenging. This study is a good example fodradsing the importance of GIS in
geodynamic studies. The database design and sosmbigo analysis examples will be
presented in this paper.
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1. INTRODUCTION

Geographical Information Systems (GIS) are multfional systems where all type of
geographical data are efficiently used, stored,atgmti analyzed and the final products are
presented as maps. GIS is a computer-based sydtah i8 composed of five components.
These components are hardware, software, systeta, atad people. Moreover, these
components must be well integrated in order to GER efficiently. In many countries, GIS
are essential tools in education, government, mofitporganizations and business case
studies. GIS plays important role to develop daibzeth solutions that help many
organizations visualize, analyze, interpret andgg@mé data. The field of earth science is one of
them.Thousands of earthquakes have been recordédimae and scientists try to learn from
these events to construct analytical and numemcalels and predict the future distribution of
earthquakes in space and time. This requires dutanmederstanding of historical earthquake
events and a combination with field data. Visudiaa of spatial information plays a
prominent role in this process and GIS can be asea powerful tool to visualize earthquake
data. GIS is increasingly used to visualize eles@ssociated with seismicity. It enables an
efficient interactive exploration and spatial amsédyof attributed geographical data. GIS
provides a convenient platform for data collectioorganization, and research with
multidisciplinary datasets. As more groups adopS Glpplications, the earth sciences
community will be in a position to prepare a urdfiglobal database for more efficient,
productive, and rewarding research (Seber, 1997).

Its immense capacity makes GIS process all typecashplex geo-location data. High

technology brings about GIS usage not only in texily development but also using and
merging with different disciplines data (Ulugtekand Bildirici, 1997). GIS data come from

different sources and in a variety of formats. l[Eombining multiple files on the same

display, data must be in the same spatial refereystem. GIS is an ideal technology in order
to use with multidisciplinary topics and issuegy{ie 1).
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Analysis Output

Figure 1: GIS input, analysis and output

2. STUDY AREA

Turkey is situated in tectonically active regionatthexperiences frequent destructive
earthquakes. 96 percent of the land containing&6emt of the active faults is affected by
earthquake hazards and 98 percent of the popullties in these regions (Garagon Dogru,
Toz., 2008). Earthquakes are associated with etremmdespread disruption that occurs
suddenly, without reliable short-term predictionftek 17 August 1999 and 12 November
1999 earthquakes in Marmara region, earthquakerg@seand studies have been increased
dramatically in our country. Both of them occurrexa segments of the well-known North
Anatolian Fault Zone (NAFZ) (Figure 2), the mostpiontant active fault zone in Turkey.
These earthquakes were brought about thousandseablep death and millions dollar
economic losses.
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Figure 2: The North Anatolian Fault Zone and acfaudts in Turkey

GIS and its techniques have been applied extensivelearth science studies such as
earthquake disaster prediction, decision makingasier region layout and so on for many
years. In order to understand the earthquake mesrhaprocessing and analysing all data
which are obtained from different disciplines sugé geodesy, geophysics and geology
(Garagon Dogru, Toz., 2007). Thus merging diffeidiatiplines data and multiple sources in
GIS is the significant progress for the earthquasearch.

From the beginning of 90’s, geodetic surveys wighdynamic purposes have been performed
in regions of high seismicity of Turkey by GeodeBgpartment of Bogazici University,
Kandilli Observatory and Earthquake Research listi{Sabuncu A. et al., 2011). For the
best visualization and performance, all productsheke geodynamic studies are organized
and stored in a Geographical Information Systerh vatative metadata. Figure 3 displays the
four GPS networks, NAFZ and the submarine faula detsed on Armijo in the Marmara Sea.
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Figure 3: Submarine fault in Marmara sea, NAFZyfG&S networks

3. GEODATABASE SYSTEM AND APPLICATIONS

To facilitate the management of a large amountatiected data a GIS structure has been
developedThe database is essential for using modern GIShalfitgeodatabase, mapping

TSO9E - GIS Algorithms, 5950 4/15
Asli Dogru, Haluk Ozener, Taner Selcuk, Asli Sabunc
Multidisciplinary GIS for Geodynamic Research

FIG Working Week 2012
Knowing to manage the territory, protect the enviment, evaluate the cultural heritage
Rome, Italy, 6-10 May 2012



would be largely a drawing process, with little lgss. GIS with powerful database is
performing valuable data visualization presentatibmere are numerous reasons in order to
design and install the comprehensive geodatabasensyor the Geodesy department studies.
The expected benefits of this system are;

Designing sites locations and network geometryemidynamic GPS networksfor the
field works,

Forming a base frame for future studies,

Integrating multidisciplinary data,

Temporal and spatial analysing with long term d&ier instance, using NEMC
earthquake data, querying different attribute detd making analysis of earthquakes
in terms of time and location. Figure 4 shows th&tdgram of the earthquakes
occured in the study area.

Additionally, the intended geodatabase providesuber several queries. These queries
allow the user to filter the data in a map layesdghupon criteria are specified.

File Edit View Bookmarks Insert Selection Geoprocessing Customize

DeEs ik ®-
2 G [F]0 315« + -

1:8.000.000

ST

Windows  Help
HEED 5,
:

k@ FEILRS S
Table Of Cantents 7 x Gakall
:Ei\f 83 (ii‘smuu Buzau fp
B PASANS - | Plotesti
1PASA_20055
IPASA_2007§
B IPASA 20098
[ IPASA 20108
5 [ CAUsers\A Sabuncull
= [ SayfalS Events

i
Budharest

B8 Sayfals
= B C\Users\A Sabuncui

Krasnodar Stavropol

Maij ko

nstanta

LA
LY
e, Nal'chik
3 4
LT -
Sokhing
A
i

Vikaadik ayl

o & seismicity$ Events [ seismicity

Magnitude

« 4,000000 - 4,600 GEORGIA
# 4600001 - 5,300
8 5,300001 - 7,600

B seismicity$
(= [ C\Users\A Sabuncul\[|
= O velo_strainS Event:

* LA )
B at' s~

fl Seismicity Thilis

= [ 63 1e. 43)

10243 46)

ER velo_straing
= 3 CAUsers\A Sabuncu\l
(= O areas Events
=

-
Count

B2 areal
(7 5 G\Users\ASabuncui[|

9 O doguSEvents ||

o
B dogus o

(= 3 C\Users\A Sabuncuhl|
= T Placemarks
= & Amije

[4:43) [46,49) 15255 [E861) [6467)
Magnitude

73786

Figure 4: The histogram of the earthquakes in #stezn Anatolia (M- 4) 1900-2008

3.1 Data Analyzing and GIS Applications

The concept of database system is the native thaietige and the primary data format used
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for editing and data management. Additionally, geatdase system is a warehouse in which
is stored by set of different type of data for thesage aims mentally and physically.
Geodatabase offer numerous benefits to project®agahizations. These benefits are;

— Convenience

— Flexibility

— Decrease redundancy and error
— Standardization

The structural elements of a geodatabase, are sbrtiee elements used to develop a rich
GIS, such as

— Attribute data

— Geographic features

— Satellite and aerial images (raster data)

— CAD data

— Surface modeling or 3D data

— Utility and transportation systems

— GPS coordinates

— Survey measurements

The major aim is to generate and use the databesens is to form a geodata base with
existing data. The main goal of this multidisciglip GIS project is to combine all type of
data in a GIS environment. The most outstandingeiss this context is integration of data
from different disciplines in the same structureotder to avoid the struggles of this issue is
to make a standardization of the data.
The existing and new data sets are stored and changbe same well-condition warehouse,
is the major purpose of this study. For this puey@gc Catalog software is used. Arc Catalog
is the interface application due to the maniputatiector and raster data by ESRI. The
following steps are performed by Arc Catalog.

— Form Arc GIS data format

- Visulization data and data management

- Form geodatabase field and determine attribute

3.2 Data Type and Acquisition in the Study Area

In this project, the study area covers the highrsmity regions of Turkey. These regions are
Aegean, North Anatolian Fault Zone and East AnaiolFault Zone. Raster and vector
geographic data types are used in this study. Veletta is spatial data represented as points,
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lines and polygons meanwhile raster data is aktakata such as aerial imagery and digital
elevation model. These data come from differenrcsiand in a variety formats. All data

should be in the same formats and spatial refersystem due to combine the multiple files.

Table 1 shows the data type and data set in tloy.sko this study, most of the GIS data was
collected from the field study (Figure 5). Turkegpwith SRTM data displays in Figure 6.

Data Set Data Type Data Source
Boundaries, rivers, lakes, roads Vector GTOPO30
Earthquakes (Historical & instrumental) Vector KRIENEMC
Fault Line Vector GDMRE (Saroglu et al 1992)
GPS & Levelling Stations Vector KOERI-Geodesy Dépent
Displacements by GPS Vector KOERI-Geodesy Departtmen
Stations Photo Raster KOERI-Geodesy Department
DEM (SRTM 90 m resolution) Raster NASA -

Table 1: Data types and datasets

Dataset
—t———

L5
velocities ‘ o
Foeooo

o Leveling

Long | Lat

Year

40,870325| 32,651916|80lant Turgut, Ash Ssbuncu] 2011 GRS 151
40,874347| 32,653550|Balant Turgut, Ash cul 2011 5Ps 150/161
40,874202] 32,658086/ B ulent Tu cul 2001 GPS 150/161
[ 20,867638] 32,659125 Bule 15abuncu] 2011 GPS 161
40,871072| 32.666025|Bulert Turgut, As cul 2011 [ 161
40,872416 32,663633 |Blent Turgut, Ash Ssbuncu| 2011 GPS 160/161

Figure 5: Type of the datasets (Ozener et al., P011
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Figure 6: DEM of Turkey derived from 90 m resolutiSRTM data

A geodatabase was developed as an initial stepeidévelopment of a comprehensive data
system for Kandilli Observatory and Earthquake Redge Institute Geodesy Department.
GPS campaigns were carried out along the North ghaat Fault Zone. During GPS
campaigns, different types of data set were obtkifibese data sets were formed as table in
Microsoft Excel initially. Table 2 displays the gifjcant earthquakes of the study area. Using
Arc Scene interface, focal mechanism solutionmarepresented in Figure 7.
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No Location Latitude Longitude | Magnitude Depth Date Time
N (deg) E (deg) Mw (km) d/mly h/m/s

1 Askale 40.05 40.70 5.6 16.4 25032004 19:30:54.6
(Erzurum)

2 Askale 40.07 40.74 5.6 189 | 28.03.2004 03:51:16.3
(Erzurum)

3 Sivrice 38.50 39.09 5.6 14.3 11.08.2004 15:48:30.1
(Elazig)

4 Karliova 39.42 40.79 5.6 16.1 12.03.2005 07:36:15.0
(Bingol)

5 Karliova 39.44 40.77 5.8 12.0 14.03.2005 01:56:01.6
(Bingol)

6 Karliova 39.42 40.71 5.6 15.1 23.03.2005 21:44:56.4
(Bingol)

7 Karliova 39.44 40.87 5.6 15.4 06.06.2005 07:41:33.9
(Bingol)

8 Karliova
(Bingol) 39.48 40.75 5.4 20.3 10.12.2005  00:09:54.5

9 Karliova
(Bingol) 39.49 40.78 5.0 15.0 02.07.2006 19:39:44.2

Table 2: Focal mechanism solutions of earthquakesroed
during East Anatolia GPS project
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Figure 7: The focal mechanism solutions for theanaprthquakes in Turkey (30 years)

For the GPS stations layer, further field attrilsutgere added. These attributes are GPS
station name, GPS Station ID, latitute, longitusie@yeyors, survey type, year and day of year
information (Figure 8) (Sabuncu A. et al., 2011).

TSO9E - GIS Algorithms, 5950 10/_1
Asli Dogru, Haluk Ozener, Taner Selcuk, Asli Sabunc
Multidisciplinary GIS for Geodynamic Research

FIG Working Week 2012
Knowing to manage the territory, protect the enviment, evaluate the cultural heritage
Rome, Italy, 6-10 May 2012



By Arcataiog - A

A cu\Deskioplarcgis |
File Edit View

coprocessing  Customize  Windows

o elp
flmm @ x QEEET 3, :
Location: C:1sers'A Sabuncu'\Deskiop'arcgis_project_samph : mdb -

EBB A
Catalog Tree ® ¥ |[contents | Preview | Descrption |

oidér Connectinns OBJECTID: | SHAPE® Stationid Latitude_|_Longitude Doy | ¥| SurveyT
Ci\Users\ASabuncutDesktopharcgis_projeft | [y Tront

2 | Paint SOLH 38,959 59 GPS C\JsersiA Sabunct p\bap. gutarcgistdogu_strain.jpg | C:\UsersiA.
3 | Point KRPR 39,182 9 GPS Cisersia erdastdoguiarcgisidogu_strainjpg | C\UsersiA.
4 | Point GENC 38,758 5 GPS CMsers\A Sabuncu\D: p dogularcgisidogu_strain.jpg | C\Users\A
= 5 | Foint ATAP 38,215 ; & GPS C\Wsers\A Sabunc P \doguarcaisidogu_strain.jpg | CAUsersiA
- € | Paint usvT 39,039 4033 | 259 GPS CilsersiA, P gutarcgistdogu_strain.jpg | C:\UsersiA.
= eastGeodeticlpfrastructure 7 | Point KLKY 38,949 40,105 | 259 GPS CiUsersia, erdas\dogu\arcgis'dogu_strain,jpg | CUsersia,
= [T gendesy 8 | Point KAKO 38,963 40,052 | 259 GPS Cisers\A p guiarcgisidogu_strain.jpa | C:\sers\A
| 5 | Foint BLVM 35,43 40,038 | 259 GPS C\Wsers\A Sabunc 13 \doguiarcaisidoau_strain.jpg | CAUsersiA
[ 6PS 10 | Paint KTAS 39,538 39,857 | 259 GPS Cillsers\A Sabunc oplbap_erdas\dogutarcgis\dogu_strain.jpg | C:\sers\A
11| Point SRYB 38,737 39,91 | 259 GPS Cisersia erdasidoguiarcgisidogu_strainjpg | C\UsersiA.
@se's 12 | Paint KCMZ 33,824 39,524 | 259 GPS CMUsers\A Sabuncull P “doguharcgistdogu_strain jpg | C\Users\A
=) SeismicStation 13 | Point KLKT 40,151 39,42 | 259 GPS C\Wsars\A Sabunc P \doguarcaisidogu_strain.jpg | CAUsersiA
%] veloStrain 14 | Paint SRTS 39,35 39,258 | 258 GPS Cillsers\a p_erdas\doguarcgisidogu_strain.jpg | CaUsers\A
@ & depth 15 | Point HZAT 39,074 39217 | 259 GPs CiMsersia erdastdogularcgisidogu_strain,jpg | CUsersiA,
B @ enst ity 16 | Point KIMAH 38,613 39,164 | 259 GPS Cisers\A p quiarcgisidogu_strain.jpa | C:\sers\A
= 2 17 | Point CHG1 38,025 33831 | 259 GPS C:\Wsers\A Sabunc 13 \doguarcaisidoau_strain.jpg | CAUsersiA
&) east_depth 12 | Paint DBAS 39,31 38,645 | 259 GPS Cilsers\A Sabunc op\bap_erdas\dogutarcgisidogu_strain.jpg | C:\Jsers\a
east_gis 19 | Point Lic 38,987 40,673 | 259 GPS CiMsersia erdasidoguiarcgisidogu_strainjpg | C\UsersiA.
seismic_station 20 | Point DIVR. 38,178 38,264 | 259 GFS CMJsars\A Sabunculli p doguiarcgisidogu_strain.jpg | CAUsers\A

udim_east
welo_strain_east
| & velocityEast
1 B Ci\Users\ASabuncu'\Desktopharcgis_project,
@ @] Toolboxes
[ [ Database Servers
& EGl Database Connections
@ [ GIS Servers

Figure 8: The geodatabase for the eastern Anatolia

All type of data were added in Arc Catalog then Map was used for the visualization.
Velocity and strain maps were calculated from GR& dvere added into database as new
layers. After adding all different layers in Arc Maidentify tool can be used in order to
inform the users. Figure 9 shows the map displagenGIS environment.

Arc Catalog is a module of Arc GIS desktop thabwl us to manage GIS and related
datasets. In other words, Arc Catalog helps us garend organize all the geographic
information from simple tables to large datasetscomplex maps. Arc Catalog provides
numerous tools such as

— viewing available GIS data sets in a catalog tree

- looking what the data looks like (preview tab)

— reading available documents which comes with tha.da

— viewing and updating metadata

— managing databases of all kinds
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Figure 9: The map display for the Eastern Anatsiialy area.

All layers can be seen in Figure 10.
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Figure 10: GIS overlapping layers

4. CONCLUSION, DISCUSSION AND FUTURE WORKS
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— The use of the information technologies and Gl$hm geodynamic studies are not
optional as it increases the efficiency. GIS shduddused to combine data different
disciplines and multiple sources for a long timarsp

— This study has been inspired from the necessiguoh a project needed to be initiated
with the collaboration of the Earth science insiins to create a system for
integrating, modernizing, and expanding earthquatated studies. Distribution of
accurate information and analysis facilities radat® earthquakes is vital for
scientists as well as for decision makers. Dataagament in many fields of Earth
sciences in Turkey is still in a period of trarmiti There is an overflow in all of the
branches of science today, especially in Eartmse® The most important thing here
is the harmonisation of data. Because the harmimisaf data in GIS layers is one
step on the road from “discovery to inter-operayiliAnd the best way to harmonise
data sets is to share them and to work on themthtegeScientists have to make
harmonised and quality geographic information @dd for the purpose of
formulation, implementation, monitoring and evalaatof community policy-making.
Harmonising methodology is also vital for assessialgerability. As such IT studies
increase in the field of Earth science, better wedtogies will be continued to be
produced.

In this study, a GIS was designed and implemertddxbtused for the tectonic geodesy studies
in our department. New data will be continued td ado the system. In addition to, a web
application is going to be developed which provitteprocess GPS data and visualize them.
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