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GIS BASED ANALYSIS AND ASSESSMENT OF TSUNAMY RISK
CASE STUDY OF GOCEK BAY — TURKEY

SUMMARY

The event of tsunami has a high considerable impact in local and global level. The risk of tsunami
cannot be eliminated but it can be efficiently assessed and analyzed for setting a possible solution
to reduce its impact. During the hazard prevention, human lives and properties can be saved and
environmental damage can be reduced. Determine the spatial location of the tsunami and its
impacts has a vital importance for disaster management. At that stage, geographical information
system becomes a major concern with its ability to provide accurately and spatially information
about such a risk.

Geographical Information System (GIS) as “a set of tools used for capturing, storing, manipulate,
analyzing and displaying spatial data related to a spatial location for a specific problem” is used
effectively to assess and analyze the risk of tsunami and help to response strategy plan. Tsunami
event numerical data from historical document have been manipulated to determine the probability
of tsunami event which might occurred.

The aim of this study is to combine and examine different spatial data used to determine the risk
relied on tsunami hazard. The obtained results are successfully used for the area where under the
risk such as Gocek Bay in Turkey. Gocek is situated in north west of Fethiye District of Mugla
province and it is one of the most popular Turkish premier yachting locations. Its potential tourism
activity contributes on the national economic development.

Furthermore, the use of GIS technology necessitates of different types of spatial data such as digital
elevation Model (DEM), satellite imagery, and land use/land cover. The compilation of these data
generates the elevation map, land use land cover map, inundation map and the risk map depending
of different tsunami intensity values. This study combined both risk vulnerability components and
data analysis for developing a tsunami mitigation planning.

This approach is used to achieve this analysis and assessment that includes physical, social and
economic factors, developing methodology integrating hazard measure and its risk vulnerability
and apply different risk frameworks for the Gocek area. The study presents the hazard information,
the vulnerabilities and different map outputs. The risk map combined the vulnrability score and
hazard information while the inundation map is based on physical and historical data. The result
obtained in this study can be used for different relocation process in the coastal area required by
local and central government.
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CBS TABANLI TSUNAMI RiSKi HAZIRLIGIN ANALIZI VE
DEGERLENDIRMESI ORNEK: GOCEK KORFEZi— TURKIYE

OZET

Tsunami olayi, yerel ve kiiresel diizeyde 6nemli derecede etkiye sahiptir. Tsunami riski ortadan
kaldirilamaz, ancak etkisini azaltmak i¢in olasi bir ¢oziimii belirlemek i¢in verimli bir sekilde
degerlendirilebilir ve analiz edilebilir. Afet nleme ¢aligmalar ile insanlarin yasamlar1 ve miilkleri
kurtarilabilir ve ¢evresel zararlar azaltilabilir. Tsunami gibi afetlerin konum bilgisini ve olasi
etkilerini belirlemek afet yoneticisi i¢in hayati bir 6nem tasir.

Tsunami riskini degerlendirmek ve analiz etmek ve miidahele strateji planinin modellenmesine
yardimc1 olmak i¢in etkili bir yontem olan, "konum bilgisine iliskin konumsal verileri elde etmek,
depolamak, manipiile etmek, analiz etmek ve goriintiilemek i¢in kullanilan araclar kiimesi" olan
CBS (Cografi Bilgi Sistemi) kullanilir. Tsunami olayina ait tarihsel belgelerden elde edilen sayisal
veriler, meydana gelebilecek tsunami olayinin olasiligini belirlemek i¢in manipiile edilmistir.

Bu tezin amaci, Tsunami tehlikesine dayali riski belirlemek i¢in kullanilan farkli konumsal verileri
incelemek ve birlestirmektir. Elde edilen sonuglar, Tiirkiye'de Gocek Korfezi gibi risk altinda olan
alanlar igin basariyla kullanilmaktadir. Gécek, Mugla'nin Fethiye Ilgesi'nin kuzey batisinda yer
alan ve en popiiler Tiirk yat¢ilik merkezlerinden biridir. Potansiyel turizm faaliyeti, ulusal
ekonomik kalkinmaya katkida bulunur.

Ayrica, CBS teknolojisinin kullanimi, sayisal yiikseklik Modeli (DEM), uydu goriintiileri, arazi
kullanimi / arazi ortiisii gibi farkli konum verileri gerektirir. Bu verilerin derlenmesi ile yiikseklik
haritasi, arazi kullanim / arazi ortilisii haritasi, sel baskini haritas1 ve farkli tsunami yogunluk
degerlerine bagl risk haritasi iiretilir. Bu ¢aligma, tsunami etkisini azaltma plan1 gelistirmek i¢in
hem risk gilivenlik a¢i81 bilesenlerini hem de veri analizini birlestirdi.

Bu yaklasim, fiziksel, sosyal ve ekonomik faktorleri iceren bu analiz ve degerlendirmeyi
gergeklestirmek, tehlike 6l¢iitiinii ve risk agigini biitiinlestiren bir metodoloji gelistirmek ve Gocek
bolgesi icin farkli risk cergeveleri uygulamak i¢in kullanilmaktadir. Calisma, tehlike bilgisini,
tehlikeye maruz agiklar1 ve farkli harita {irtinleri sunar. Risk haritasi, giivenlik ag¢ig1 skorunu ve
tehlike bilgilerini birlestirirken, sular altinda kalma haritasi, ¢alisma alanindaki muhtemel tsunami
olusumunu belirleyen fiziksel ve tarihsel verilere dayanmaktadir. Bu ¢alismada elde edilen sonug,
yerel ve merkezi hiikiimet tarafindan gerekli kiyr bolgelerinde yerlesim degistirme islemleri i¢in
kullanilabilir.

Anadolu yarimadasi, tsunami ve deprem riski altindaki bolgeler arasinda taninmis alanlardan
biridir. Tiirkiye'de tsunami gibi dogal tehlike ge¢cmisi sirasinda pek ¢ok carpict 6rnek hasar gordii.
Daha batida, Marmara Denizi'ndeki bu depremler kiy1r seridini vuran ve ikincil hasar yaratan
Tsunamileri de baglatti. CBS ortaminda uzaktan algilanmis verilerle birlikte modern teknolojiler,
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Kriz Yonetimine yardimci olmak i¢in genis bir alan agmaktadir. Herhangi bir Kriz Yonetim
Sisteminin en Onemli bileseni, Ozellikle CBS kullanilmasmin birgok yonden katkida
bulunabilecegi bir Kriz hazirlik planidir. Kriz hazirligi, boyle bir felaket durumunda niifusun
onlenmesinde O6nemli bir role sahiptir. Kriz yonetimi, tiim vatandaslar i¢in siirdiiriilebilir bir
yardim saglamak i¢in paydaslar arasinda isbirligine ihtiya¢ duyuyor.

Calismamizda, Gocek bolgesi i¢in deprem ve tsunami riskinin analizi ve degerlendirilmesinin
muhtemel katkilarin1 vurgulamayr amagliyoruz. Tartisilan unsurlardan bazilari, halihazirda
kurulmus olan veya diinyada arastirilmis mevcut uygulamalardan, bazilar1 da Tiirkiye'nin farkl
bolgelerindeki farkli arastirmalardan alinmistir. Giinlimiizde kriz yonetimi sistemi {li¢ farkli
asamada sunulmaktadir: Krize Kars1 Hazirlik Plani, Erken Uyar1 Sistemi ve Kurtarma ve Y onetim
Eylemi.

Depremler ve tsunamiler gibi dogal tehlikeler mutlaka potansiyel bir ciddiyet olusturmaz. Risk,
doganin oldukga faal oldugu ve insanlarin bulundugu yerlerde insan etkinligi yerlerinde goriiliir.
Kentsel alanlar insa etmek. Bu insan canliligi riskinin, niifusun ve toplumun faaliyetleri ile birlikte
dogal kosullara bagli oldugu anlamina gelir.

Dogal felaketler genellikle niifusun konumuna bakilmaksizin ortaya ¢ikar. Bununla birlikte, baz1
yerler insanlarin yagami i¢in yiiksek risk tasirlar, ancak digerleri gibi yogun olarak kullanilmazlar.
Niifus artis1 ve tarimsal veya kentsel yerlesim giicii icin kullanilabilecek araziye ihtiya¢ duyulmasi,
bu gibi riskli alanlar1 kullanmak igin.

Tarihten dolayi, insanlar bu risklerin farkindaydilar; bununla birlikte, tarimdaki rekabet ve sosyal
faktorlere bagl olarak, bu gibi tehlikeli alanlara eristiler. Volkanlarin yakininda bulunan bazi
alanlar bile verimli topraklar {iretti ve ¢iftgilik i¢in cazipti. Sahil seridi, balik¢inin ¢alistig1 ve
yasadigi, hatta Tsunamiler i¢in yiiksek bir risk mevcut olabilecegi yerlerdir. Giiniimiizde esas
olarak kentsel yayilim risk seviyesini yiikseltti, ayn1 zamanda yiiksek riskli bolgelerde yasamak ve
caligmak da bir olgu haline geldi.

Muhtesem tarihi yerleri ve dogal cazibe merkezlerinin yani sira Tiirkiye, ekonomik bakimdan
onemli yerler ile dnemli bir jeopolitik konuma sahiptir. Tiirkiye, denizlerle cevrilidir ve aktif
faylarla sekillenmistir ve kacinilmaz etkilesimlerle sonuglanarak tsunami tehlike potansiyeline
sahiptir. Bu aktif faylardan bazilar1 Marmara Denizi'ndedir. Altinok ve ark. 2011 yili boyunca
Tiirkiye ve cevresindeki kiyilart M.O. 17. yiizyildan MS 1999'a kadar etkileyen 134'den fazla
tsunami vardi. Bu tsunamiler, depremler ve / veya denizalt1 heyelanlariyla tetiklendi.

Tsunami etkisinin azaltilmasi, insanlar i¢in daha hizli bosaltma saglanmasi ve yapilarin
tsunamilere karsi direngliligini ve performansini arttirarak saglanabilir. Tsunami modellemesi,
tsunami tehlike degerlendirmesinin 6nemli evrelerinden biridir. Tsunami sayisal modellemesinde,
yeterli Oziintirliikteki kaynak mekanizmalari, batimetrik ve topografik veriler ile olasi tsunami
senaryolarinin se¢imi kullanilir.

Bu yeni yonlere dayanarak ve son deniz jeofizik verilerine dayanilarak, tsunami geni depremleri,
tsunami yogunluklar1 ve giivenilirlikleri revize edilmistir. Veritabaninin giincel hali, cogu 3500
yildir Tiirk sahillerini ciddiye alan 134 olayr iceriyor. 76 olaym giivenilirlik endeksi,
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"kiyaslanabilir" ve "kesin" idi, bdylece Tiirk kiy1 bolgesi boyunca risk degerlendirilmesi ve dnleme
politikalariin uygulanmasi i¢in kullanilabilirler.

Giivenilir tsunami veri tabanlari, risk analizi ve degerlendirme, tehlike degerlendirmesi, dalga
sayisal modelleme ve halkin farkindalig1 gibi ¢ok ¢esitli tsunami yonetimi i¢in bilyiik onem tasir.
Bu tiir olaylarin sonuglari, kiy1 kentlegsmesinin artmasit bakimindan son derece ciddi olabilir.
Tiirkiye kiyilarinda yaklasik 8300 km uzunlugunda ve niifusun yaklasik iicte birinin yasadigi,
diisiik kiy1 seridi boyunca birgok toprak bdliinmesi var.

Ayrintili, gercek bir tsunami yogunlugu Olgeginin olmamasi, tsunami etkileri tanimlarmin
standardize edilmesinde ciddi sorunlar ortaya ¢ikarmakta ve bu durum siteyle siteye ve durumdan
karsilagtirilmaktadir. Uzun sismolojik gelenegi takiben, asagidaki ilkelere dayanan yeni bir 12-
dereceli tsunami yogunluk 6lgegi kurulmasini 6nermekteyiz: (a) kaynaktan kiy1 seridine kadar
dalga genligi (veya yiikseklik) gibi fiziksel parametrelerin bagimsizligi; (B) hassasiyet, tsunami
etkileri ile ilgili farkliliklar1 bile tanimlamak igin yeterli sayida yogunluk sinifinin dahil edilmesi;
Ve (¢) yapilarin insan ve dogal ¢evre ve zayifliklari iizerindeki olas1 tiim etkileri géz oniine alarak
her yogunluk derecesinin ayrintili tanima.

Bu parametrenin tiimi, riskin 6l¢iilmesine ve risk ¢aligmasi paydasinin karar verme igin gerekli
olan etkili bir hafifletmenin yapilmasina izin verir.
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1. INTRODUCTION

1.1 Background

According to the geographical location of the study area (Gocek Bay Area), historical study
and analysis show a possible tsunami occurrence for several reasons. This tsunami prone area
is representing one of the touristic and social strategy contributing the national economic
development. The economic and social representation study area is further explained in chapter
two. By that, proposing and developing a GIS based analysis and solution of the tsunami risk
analysis and assessment capable to achieve a maximum suitable and possible mitigation is our
actual deal. The methods and problem solving strategy is explained in chapter four.

Determine the event location and its possible impact is important stage for response and
recovery planning. During the hazard prevention (or mitigation), it is possible to save
environment and human lives.

Tsunamis, which mean “Harbor Wave” in Japanese are large, long water waves caused by
underwater earthquakes, submarine volcanic eruptions, or the impact of extraterrestrial bodies
or landslides. Although wave height is relatively small in open seas, but if the tsunami comes
to the shoreline, it rises to the inundation distance and can cause loss of lives and property
damage (Yalciner et al. 2005).

To deal with this issue, both physical facilities and technological settings are needed. In this
sense, information about demography, social and economic development, infrastructure and
other spatially data was used by using GIS. For example, the capability to answer spatial
queries, such as where are the affected can be and how shelters can access to that area, in case
of emergency situation, can be solved using GIS technology (Goodchild, 2006).

Therefore, since the damage from tsunami event is important, the vulnerability of any
respective area and all over the world should not be neglected. Gocek plays an important and
potential role for marinas and stops the Mediterranean voyage along the coast of Turkey.
Tsunami risk cannot be avoided but it can be analyzed and probably reduced by using tools
and models to combine information, in order to produce effective and meaningful estimation
of the tsunami risk facing the coastal area like Gocek Bay (Seda Salap et al. 2012). A tsunami
risk plan is developed to guide urban planners, emergency managers, and decision makers to
discover the impact, list the and settle the results into preparedness and urban development
planning.

A method for analyzing and assessing the tsunami risk is to model the event parameters using
Geographical Information System (GIS) technologies. GIS creates new opportunities for
managing the large amount of data (spatial, social and economic information), interact with
the interface with the external analysis programs and presenting the results in such a way that
can be useful for disaster planning strategies and risk mitigation as well.



Tsunami have an important and considerable impact on human lives. Figure 1.1 shows the
record of tsunami events in turkey from 1945. During this time there were sept tsunami events
in turkey from 1945 to 1999, then many causalities could be encountered.

Number of Earthquakes and their magnitudes in Turkey
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Figure 1.1: Number of Earthquake’s Tsunami and their Magnitudes

In general, tsunami is caused by earthquake events. Therefore, geographical and seismological
data are crucial for tsunami risk analysis and assessment.

Economic level and rapid population growth in turkey result the increase of infrastructure
developments, industrial activities, and settlements in coastal areas vulnerable to natural
hazards, especially tsunamis.

1.2 Problem Statement

Turkey has a considerable number of coastal regions (villages) that plays a considerable

role in terms of economy, administration and touristic and economic center, and also provide
a large amount of incomes impacting the annual gross domestic product specially from its
tourism sector.
Consider that Gocek Bay Area is at risk from tsunami impact, efforts have been done to assess
the tsunami risk related to this region. There is lack of data about the distribution of both
national and region based tsunami hazards. Therefore, it is important to evaluate the tsunami
potential, bring out an assessment from the physical, social and economic vulnerability
components. The research problem is illustrated in the simple line framework (figure 1.2)
presented below.

There is potential to use GIS as a tool to process data in natural hazard assessment. GIS
can make task more efficient and rational for pre-impact planning, post-event response, and
mitigation process. Moreover, GIS technology support spatial decision making which is
common to natural hazard risk assessment by using “what if” analysis - by varying parameters
and creating alternative scenario in a spatial context.
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However, there are some limitations and constraints of using GIS tools for risk analysis and
assessment. GIS capability depends on the quality and range of available input data which
determines the objective of data utilization. GIS faces problems obtaining reliable and valid
geo-reference data for the required detailed risk analysis, and how to store and maintain the
data in high quality format (Gaspar et al 2004). GIS also requires the right decision to be made
in overlaying and manipulation the data, because it cannot do all of those things automatically.
In other words, GIS use still requires a strong understanding of how the hazards relate to each
other in space and over time (Cutter et al., 2013).

No Information for
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GIS Technolog;:‘

e Local Government
. GIS Risk e Disaster Planner
SlErE ey Arej Method 4 e Emergency Manger
[ J

Local Community Yy

Vulnerable to
Tsunami Hazard 4

Figure 1.2: The problem Statement Framework

The model explained here uses data available at small scale community level of study, so that
local managers and public servants can prepare risk assessments for their respective region. In
case of disaster, information needed at this level of scientific analysis may provide more
information useful for tsunami run-up probability.

1.3 Research Aim and Objective

Because Gocek Bay Area is vulnerable to tsunami hazard, a tsunami risk analysis and
assessment has been used and is ready to be applied in other national coastal region. The result
guides local people who live in coastal area, and local authority for a tsunami mitigation
planning development including city development plan, land use zoning and regulation,
economic improvement activities, education and awareness campaigns.

The objectives of the study are dedicated on:
» Developing a solution of tsunami risk analysis and assessment that includes physical,
social, economic and infrastructure factor development that can be adapted for other
coastal location.



>

>

Proposing a spatial methodology to integrate multiple factor and measure the hazard,
vulnerability and the risk of tsunami hazard.
As case study, use the tsunami risk assessment study for coastal regions.

1.4 Thesis Outline

The thesis comprises six chapters.

>

Chapter one provides the background information and the problem statement by
explaining the vulnerability of the study area. However, this chapter gives the aims and
objectives of the study. With respect of the framework, the objective of the thesis is
shown in chapter two.

Chapter two gives a review of the tsunami risk assessment modelling that is done in
the context of disaster management. This chapter provides information about GIS
technology that is used as a tool in this hazard risk analysis and assessment. The
different risk vulnerability and assessment map is explicitly presented in chapter five.

Chapter three provides background, which explains the geographical, social, and
explains how the economic factor as vulnerability components is important in the study
area. Here, we present the impact of the socio-economical factor in the study area.

Chapter four presents the simple research framework for tsunami risk assessment used
in this study. Moreover, this chapter gives the details of the materials and
methodologies that are needed for conducting the study.

Chapter five presents the details of the results found in this study. This chapter also
provides the hazard, vulnerability, the inundation and risk maps of the study. The result
is obtained and discussion from analysis and assessment of different vulnerability cases
using historical data are explained in chapter four.

Chapter six presents a model of analysis and assessment in function of the available
results, conclusion and recommendation, which presents all assessment and provides a
discussion of their results for future use.



2. TSUNAMI RISK ASSESSMENT AND GIS

The proposed model of the tsunami risk vulnerability analysis and assessment of the
presented tsunami prone area follows national and international facts and standards. Several
studies and conferences based on mitigation of tsunami risk analysis and assessment are
conducted and provide frameworks for both post tsunami pre-tsunami hazard solution. The
result of this problem using GIS as a tools for different potential analysis methods are explained
in chapter four as well.

In recent years, many natural disasters such as floods, tsunami, earthquakes and storms have
costed lives material losses and caused a drawback on developing countries in general. Many
studies have been considered to deal with such disasters by understanding the risk and
analyzing the possible vulnerability impact and set a solution for reducing the severity of
disaster (ISDR, 2002). In Yokohama (May 2004), the World Conference on Natural Disaster
Reduction established the Yokohama framework that consists of prevention, preparedness,
reduction of vulnerability, on time warning system and disaster reduction policies (ISDR 2002,
Briceno, 2004). Furthermore, the same conference has been done in Hyogo on 18 — 22 January
2005 establishing the Hyogo Framework to identify the specific gaps and update the
Yokohama strategy. It consists of five areas: (i) governance framework, (ii) risk identification,
assessment, monitoring and early warning, (iii) knowledge and education, (iv) risk factors
reduction and (v) preparedness and recovery (ISDR, 2005).

A tsunami risk assessment requires the use of synthetic data and the mapping of the special
relationships between the tsunami hazard data and the elements at the risk such as casualties
and damaged properties. A GIS is a mapping software able to facilitate for the objectives of a
tsunami risk analysis and assessment study because of its ability to store, manipulate, analyze
and display the large amount of spatial and non-spatial data. This chapter describes the major
of tsunami risk assessment components, followed by a broad overview of GIS and concludes
with tsunami risk assessment. The data type, the processing output and assessment to
mitigation are presented in chapter four.

2. 1 Impact of Tsunami

The occurrence of natural hazards in coastal region such as Gocek Bay Area is not a recent
phenomenon, but the desire for better understanding about the potential, its risk vulnerability,
and impact is relatively new trend.

Moreover, in poor or developing countries, the impact is usually greater due to the historical
development of country wise social, economic, political and cultural setting. These factors
push up the vulnerability to natural disasters.

Tsunami risk vulnerability is much high in coastal communities and have impacted on human
settlement and ecosystem. Physically, a tsunami’s run-up, oscillation on the bay, and floating
debris facilitates and causes the event impact.



The impact and severity can vary from short term, such as injuries, death, and material loss to
long term, such as health, social and economic problem. In coastal area with ports and
industries, a tsunami can generate secondary impacts, such as fire, disease contamination.

The possibility of tsunami events occurrence in many regions of the world is important and
has serious drawbacks for human life, different infrastructure, property, economy, business
and the environment level. Highly destructive tsunamis have been recorded at a number of
location in turkey, such as in Kocaeli (1999), in Bartin-Amasra (1968), Cmarcik-Yalova
(1963), Rhodes-Marmaris (1961), Karpathos (1948), etc. effecting almost every sector of the
economy, including fishery, tourism, transportation, housing and health.

2. 2 Assessment of Tsunami Risk

Several studies have analyzed and assessed the tsunami risk for coastal communities like
the case of Gocek Bay Area. For example, we can analyze the tsunami hazard based on
historical data or assess tsunami risk based on numerical modeling while we can estimate
tsunami risk based on historical data of submarine earthquake event.

However, tsunami study area and objectives differ with respect of the researcher perspectives.

» Scientists focus on distribution, the mechanism generation and the possible frequency
of events occurrence.

> Disaster planners and emergency managers will be interested in the tsunami
characteristics such as run up, its impact, the response strategy plan, recovery and
rehabilitation strategy.

» Urban planners are mostly interested in the tsunami flood area and the vulnerability of
buildings and human land uses.

> Insurance companies will be interested in tsunami frequency magnitude relationships,
so they determine the risk and exposure, and establish suitable insurance premium
levels.

All of these concerns and interests are beneficial because the determination of hazard risk has
a practical benefit for the protection ability of the population and economic development, and
for defense (Tinti, 1991). In order to make comprehensive assessment of event risk for any
region, procedures identified in natural hazard studies can be used to create a framework (table
2.1).



Table 2.1:Hazard assessment Step (Source: Disaster management — James Cook University).

Step Source

1. Assessment of:
- Hazard identification and Frequency -
- Hazard Frequency and Magnitude -
- Hazard Potential -
- Hazard exposure -
2. Assessment of:
- Tsunami Vulnerability -
- Vulnerability and Risk Estimation -
3. Production of:
- Data integration -
- Hazard mapping of affected area -
- Social consequences -
- Risk and risk map -
- Special needs and infrastructure -
- Financial calculation 2

Cutter et al. (1997)
Zbinden et al. (2003)
Dwyer et al. (2004)
Greiving et al. (2006)

Cutter et al. (1997),
Ferrier and Haque(2003)

Cuter et al. (1997)

Zbinden et al. (2003)

Ferrier and Haque (2003)
Dwyer (2004), Greiving (2006)
Cuter et al. (1997)

Zbinden et al. (2003)

From table 2.1, it is possible to create the overall framework (figure 2.2) for tsunami hazard
assessment consisting of three important stages (hazard identification, vulnerability and risk
assessments): (i) mitigation measure to reduce the risk, (ii) analysis of existing and needed
capacity to develop and implement mitigation measures, and (iii) strategic plan developed
as action plans to reduce the risk from tsunami hazard.
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Figure 2.1: Tsunami Framework for Analyze and Mitigation



From table 2.1, it is possible to create the overall framework (figure 3) for tsunami hazard
assessment consisting of three important stages (hazard identification, vulnerability and risk
assessments): (i) mitigation measure to reduce the risk, (ii) analysis of existing and needed
capacity to develop and implement mitigation measures, and (iii) strategic plan developed as
action plans to reduce the risk from tsunami hazard.

2. 2.1 Hazard assessment

To achieve the goal of the current study, a list of steps is to be considered with respect of
developed countries available studies.
Hazard identification is an important key in hazard risk assessment. For example, in the United
States of America (USA), identification of the hazard is a basic key element in hazard
mitigation program that goes in parallel with the risk assessment (Cutter et al. 2000). The
understanding of hazard process, patterns, probability and potential are important for
preventing and reducing hazard impact (Alcantara-Ayala, 2002). In tsunami hazard
management, both tsunami and historical data of submarine earthquake are important to
determine the probability of tsunami. Moreover, historical events are used to assess hazard
frequency and geographical conditions to assess possible hazard magnitude (Clague et al.,
2003).
As tsunami can occur at any time and any place, we need to reduce the impact if a tsunami
occurs in the study area. For this region with high probability of tsunami occurrences, the
government can give funds to build seawalls to protect against future tsunami in that area.
The important questions of “when”, “where” and “why” need to be answered in hazard
identification. For example: when did the event occur? Was there any mitigation effort at that
time? what are the localized likely causes? Are there any local characteristics that prevent the
event? is any period pattern for the event? is there any building standard in the area? where is
the most vulnerable area for this event?

2.2.2.1 Historical data

In this section, we discussed the impact of the historical data on analyzing and assessing
the tsunami and its severity by using GIS technology. It is served to use tsunami historical data
in order to calculate the possible probability of tsunami occurrence. The historical data used
for the case study is explained chapter four (section 4.2).

Historical data analysis is the first step in the hazard assessment process. Various resources
can be used to achieve this, such as local library materials, newspaper archives, similar studies
and discussions with local people impacted in a past event.

Historical data can be compiled to determine the frequency of the hazard occurrence. However,
data collected within long time, is usually accurately less because of the lack of sophisticated
instruments used during measurement. The probability of tsunami occurrence can be calculated
by several methods. The probability of tsunami occurrence is calculated by dividing the
number of occurred hazard by the number of period for the same events. For example, if a
tsunami occurs 4 time in the same area over 80 years, then the probability of tsunami
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occurrence in that area is 4/80 or simply 20 per year. Some researchers calculate the tsunami
occurrence return period by inverting the calculation i.e. 80/4 = 20, meaning of, a tsunami my
probably reoccur in the same area after 20 years (Kulikov, 2005).

2. 2.2.2 Tsunami wave characteristics

It is a large wave on the ocean, usually caused by an undersea earthquake, a volcanic
eruption, or coastal landslide. A tsunami can travel hundreds of miles over the open sea and
cause extensive damage when it encounters land.

It is because of their long wavelengths that tsunamis behave as shallow-water waves. A wave
is characterized as a shallow-water wave when the ratio between the water depth and
its wavelength gets very small. The characteristics are explained in figure 2.2.

Wave Characteristics

wavelength

trough

Figure 2. 2: Tsunami Wave (Source: http://www.sms-tsunami-warning.com).

Their characteristics are:

» When the wave enters the shallow water, it shows down and its amplitude increase.

> As the tsunami approaches the coast and the water becomes shallow, the wave itself
compresses the velocity below 50 m/h.

> Because of its possible and large water displacement, individual cannot surf them.

> Since the wave has a long wavelength, the tsunami takes a couple of minutes,

When a tsunami finally reaches the shore, it may appear as a rapidly rising or falling tide, a
series of breaking waves, or even a bore. Sometimes the tsunami may break far offshore. Or
it may form into a bore: a step-like wave with a steep breaking front.

The water level on shoreline can rise many feet. In extreme cases, water level can rise to more
than 50 ft. (15 m) for tsunamis of distant origin and over 100 ft. (30 m) for tsunamis generated
near the earthquake's epicenter.

One coastal area may see no damaging wave activity while in another area destructive waves
can be large and violent. The flooding of an area can extend inland by 1000 ft. (305 m) or
more, covering large expanses of land with water and debris. Tsunamis may reach a maximum
vertical height onshore above sea level, called a run-up height, of 98 ft. (30 meters).


http://www.sms-tsunami-/

2. 2.2.3 Characteristics of Land Use

The land use management has important role in the degree of risk severity. The allocation
of buildings and infrastructures is a function of the inundation distance. The total area covered
by water depends not only on the other characteristics of the event from its epicenter but also
the building construction. Moreover, the more the distance or space in between buildings the
more penetration of water and then high inundation distance. In the other hand, the low the
space between buildings to others the less is the inundation distance as the water cannot
penetrate and occupy much area.

Moreover, the land use or construction management of the area is important for the
stabilization and protection the land. Setting a policy and regulation governing the coastal land
is an important challenge.

Since evacuation is one of the most important stages in the disaster planning, developing
functional networks of evacuation routes, vertical evacuation shelters and identification of
existing safe escape places are highly necessitated. On the other hand, development of
evacuation routes will lead proper access to the areas while construction of vertical evacuation
shelters leads to public facilities development with strategic building proposals such as
shopping complex, community centers, cultural centers, observation towers.

2. 2.2.4 Geomorphological Condition

Geomorphology is the study of the nature, history and evolution of landforms and the
processes which create them. It has a considerable impact on tsunami effect.

Even though the tsunami waves approach the study area in different patterns, the consequences
are found to be mainly dependent upon the coastal physical structure and local geographic
setting. The inundation and run-up level vary from point location to another regardless of the
tsunami intensity. The percentage of inundated area in the total coastal area varies with respect
of the geomorphology of the coast (URL?2).

The Mountains immediately behind Gocek are not particularly high. The land around
Gokeeovacikis generally around 400 — 600 m above sea level while the median altitude Turkey
is 1,128 m. What is more striking being the gradients and the depth of the sea close to land?
Final emplacement of the Lycean Nappes was around 10ma. The last mountain building event
in Britain was around 300ma.

The products of weathering and erosion will become stable at a slope of around 30 degrees.
Where there is sufficient fine material (less than 0.6 mm) to fill the spaces between the coarse
materials and there is good drainage with suction pressures will be generated and near vertical
slopes will remain stable for periods of a few months to many years. Surface water will erode
these steep slopes, water in the soil will reduce the suction and vibration may trigger a sudden
collapse.
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2. 2.2.5 Vulnerability assessment

Gocek Bay Area is vulnerable to the tsunami hazard, a tsunami risk analysis and assessment
is used as a study to create a model of the tsunami risk that can be applied not only in the study
area but in other part of Turkish coastal region. This assessment calculation is represented in
chapter four (section 4.3.3).

After hazard and its characteristic identification, vulnerability assessment is the next step to
undertake. It is critical and necessary because the impact of hazard differs from a place to
another depending on its characteristics. Vulnerability assessment depends on how close the
surface area is to the tsunami source, and their social and economic condition.

The vulnerability assessment is also important in order to make disaster planning and
mitigation activities both sensible and effectives. Mitigation is carried out effectively by
analyzing the vulnerability parameters. However, in real life, the risk manager pays less
attention to vulnerability assessments than the mitigation and preparedness.

Vulnerability is a function of three functions:

» The hazard potential
» Action to be taken during event (Risk resiliency).
» Reconstruction process (after the event severity).

There are major factors influencing social vulnerability including:

» Access to resources limitation (information, knowledge and technology)
> Political power, social capital (including social network)
> Beliefs and customs, building, age range, type and density of infrastructure.

Natural hazards vulnerability is related to the level of development and poverty of the society.
Development can raise the risk vulnerability while poverty reduction pays less attention to risk
reduction. Often a natural hazard study is highly considered when it occurs in the populated
and developed countries with high level of economic activities (Greiving, 2006). However, for
a coastal city, the development in the water-front area is unavoidable because of the function
of harbors, hotel and recreational facilities (Wood and Good, 2004). The consequence is that
coastal area have high vulnerability to disaster, they are in an economic center, it may contain
much infrastructures and high population density (Boulle et al, 1997). Therefore, a planning of
coastal zone necessitates an understandable assessment of the hazard prone area coastal in
developing zoning and land suitability analysis.

2. 2.2.6 Vulnerability components

The study area disposes a socio-economic and environmental characteristic that without a
suitable solution can be exposed to disastrous event like tsunami. The detail and choice of each
component is presented in chapter four (section 4.3.3.1).

Four are the components of vulnerability use along with the study: physical, social, economic
and environmental.
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» The physical component refers to the location of the built environment, such as a density
levels, remoteness of an area, its setting and the quality of building construction.

Density is one of the variables that determines the severity of the disaster. Where the
demography is concentrated in a limited area, any hazard event can cause more injury and
death would occur more than if these people were more dispersed (Boulle et al, 1997). But
people who live in a remote area will experience difficulties for evacuation if any hazard
occurs in that area (ISDR, 2002). The setting of the environment also determines the
severity of a disaster. For example, people who live in a hazard prone area will be more
vulnerable than live in less hazardous area (ISDR, 2002).

» The social component is related to the choice of wellbeing individuals, such as age and
gender issues. Gender characteristic, particularly the role of women is also important since
women have a well-known responsibility of assuring domestic life management. Therefor
women are more likely vulnerable in time of crisis (ISDR, 2002).

» The economic component is related to the economic level of individuals, or societies. The
poorest people having a lowest quality of house in a specific hazard location will have the
less opportunities to deal with potential disaster impact. Wealth enable communities to
absorb and recover from losses more quickly due to insurance, social safety nets and
entitlement program (Cuter et al., 2003).

» The environment component covers ecological actions of sustainable development and is
related to the reduction of disaster risk (ISDR, 2002). Furthermore, environment has an
important contribution in reducing. For example, the relation between individual and the
environment is important aspect to understand flooding hazard, this reasons encountered
when flooding has caused a risk in Manila (Philippines) when there was a lack of
environment impacts with human activities over the time.

Vulnerability is not only functional of human activity, but the interaction with natural, cultural
and political settings is considerable. Therefore, vulnerability is divided into two groups:
human and natural vulnerability — where vulnerability is related to the social, economic,
political and cultural systems, and natural vulnerability depends on the nature of the hazard
related to the geographical location of an area, such as volcanic, flooding, tsunami and cyclone
vulnerability (Alcantara-Ayala, 2002).

The hazard vulnerability in this case is a function of location based parameters such as distance
from the shoreline, depth of inundation, building construction, preparedness, knowledge of the
hazard, ability to avoid the hazard, social and economic factor. Furthermore, each coastal
location has different conditions and these conditions make the location more or less vulnerable
to the hazards.

We can use variable as indicator quantifying the social for such natural hazard vulnerability, it
can be age, income, gender, employment, resident type, household type, health insurance,
house insurance, car ownership, disability, language skill, and debt or saving (Dwyer et al.,
2004).
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For tsunami hazard assessment paradigm, building condition is another function to determine
risk vulnerability. For example, a building in a road perpendicular or parallel to a beach has a
high negative impacts from tsunamis (Bush et al., 1999). If the building is parallel to shoreline,
it is more vulnerable to the tsunami force (Papadopoulos and Dermentzopoulos, 1998).

2.2.2.7 Data and information

Disaster planners and emergency managers need a set of spatial data for spatial analysis.
This will help decision maker after analyzing and assessment stage to cope with the mitigation
procedure. GIS specialist uses several resources for data selection as input for better and
efficient analysis.

To create a vulnerability assessment for physical, social, economic and environmental factors,
a range of spatial and non-spatial data are needed; for example:

Land elevation and terrain slop — relate to the wave run-up height and inundation area
Satellite image — related to the land use and affected area

Age and population - relate to the social factors

Income is the economic status (income and political power)

Market and land use relate to economic factor used to calculate the potential for
damaged areas.

YVVVVY

The data should represent the corresponding information needed to create the vulnerability
assessment. For this assessment, synthetic data is important even it does not complete and
sufficient detailed. However, there are some parameters to consider, such as data availability,
spatial resolution (McLaugglin, 2002). Moreover, the use of geo-indicators, such as elevation,
vegetation, land sat image, slope, and soil structure type are very useful to provide sufficient
information about natural vulnerability to coastal hazards (Bush et al., 1999).

2. 2.2.8 Risk vulnerability methodology

Risk vulnerability is the actual problematic of Gocek Bay Area specially the case of
tsunami risk. The assessment method is based on the objective to reveal the physical, social,
economic, and environmental conditions that will increase or decrease vulnerability to tsunami
hazards. And this method is explained in chapter four (section 4.3). We can define eight step
assessment methods which includes:

> Definition of the study area: Stakeholders are responsible in the process of area
selection using information from the assessment, they should take part.

» Time based situation analysis: After selecting the study area, the development of the
knowledge through literature review takes place and discuss with stakeholders to gather
information about the study area.

» Causal model development: This problem describes and assesses different factors,
including interactions between factors exposed to vulnerability.
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> Indicator of exposure development: It is necessary to develop indicators that are,
meaningful, understandable by stakeholders and they can be presented by map.

» Operational model of vulnerability creation: It is produced by combination of
weighting and indicators.

> Feature projections development: Projections of variables should be on the scenarios
of values.

» Communicating the result: It should be in a two-way direction between problems
researchers and stakeholders.

There are five criteria to evaluate the vulnerability assessment: (i) the analysis knowledge, (ii)
vulnerability should focus in the study area and the analysis should be in the same spatial
scales, (iii) the results should be multiple and interactive, (iv) the assessment allows the
differential adaptive capacity and (v) the information generated should be prospective.

2. 2.2 Risk assessment

The risk for each natural hazard, including a tsunami, is different from one area to another,
depending on its vulnerability. The result of risk allows the major concerns (disaster planners
and emergency manager) to focus on limited resources on the areas and prioritize the area for
evacuation, recovery or rehabilitation procedure (Wood and Good, 2004). The goal of risk
assessment is to set different locations within different sort of risks from the hazard through
map processing. The methodology and the risk assessment with respect of the vulnerability
component is discussed in detail in chapter four (section 4.4).

Hazard risk assessment should consider three dimensions of exposure: economic, social, and
ecological dimensions.

» The economic function refers to the factor that affecting the region on economic
system.

» Social refers to highly vulnerable people such as the disabled or poor people.

» The ecological dimension presents to the ecosystems and environmental vulnerability
setting of a region.

There are some different approaches in defining the risk. However, in principle, they are the
same in their application and depend on the usability. The different risk approaches
calculations, including their explanation are presented in Table 2.2. From these methods, an
increase or decrease of each factor influences the degree of the risk. By that, the risk
assessment result should be interpreted on a specific temporal and corresponding spatial scale.

14



Table 2.2: The Risk Calculation

Risk Calculation

Explanation

1. Hazard x Vulnerability x
Manageability
(Shook, 1997)

2. Hazard x vulnerability x Value
(Papadopoulos and
Dermentzopoilos, 1998)

3. Hazard probability x
Vulnerability (Ferrier and Haque,
2003, Cutter 2000).

Hazard x Exposed Element x
vulnerability (Dwer, 2004, Tram
2009)

4. Hazard x Vulnerability x Time
(Hennecke et a., 2004).

5. Hazard probability x Extent of
impact (Plattner, 2005).

In this analysis, questionnaire is used to get
result. Participant are selected in function of
their understanding of society, the government
initiative regarding disaster.

In this case, real tsunami data and tsunami
wave numerical simulation and probability
approach to provide a good tsunami
assessment. The quantitative and semi-
quantitative assess the ‘“vulnerability” and
“Value”.

In this analysis, they determine risk occurrence
probability and result in a vulnerability to loss.

In this case, hazard refers to hazard occurrence,
and its impact. Exposed element refers to the
people, object exposed to the hazard.
Vulnerability refers to the capacity of exposed
element during the event.

Here, hazard was considered to be the hazard
probability in one area. Vulnerability
comprises the exposure of human, land and
property values. Time as variable within risk
can change a consequence of hazard
vulnerability.

Here, we define hazard as a product of
frequency of event occurrence and the extent
of its consequences.

To create a complete analysis for the tsunami risk assessment, some process or steps are to be

considered.

» Collecting and analyzing data related to various parameters influenced by tsunami
waves. Here, we use geomorphological, geological and environmental parameters to

create an environment map, road network to create a road network map.

» Analyzing the impact of the tsunami waves. We create tsunami impact map
presenting land use property damage, road damage, lifeline damage, population and

socio-economic impact.

> Develop a set of mitigation and prevention plans. Here, tsunami risk management
map is created, included the prevention and mitigation measures based on the

potential impact map.
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The tsunami risk scenario is therefore developed based on existing historical data, numerical
modeling and the worst-case scenario. For example, maximum wave run-up is expressed as
vertical or horizontal and more than 2 m of run-up is considered dangerous.

2. 2.3 Tsunami mitigation

Create a model of the tsunami risk analysis and assessment that can be applied Gocek Bay
Area means to provide not only one way but a series of effective mitigation.
Hazard mitigation is a final process when the vulnerability, and risk assessment have been
achieved. It is necessary that all results in the hazard assessment are integrated to the decision-
making process.

Strategy for natural mitigation is worldwide, but the implementation stage one must consider
the location based characteristics. The Hyogo framework identified the specific problems and
challenges from the previous strategy on five areas which is represented by figure 2.2:

Government based framework (including organizational, legal policy framework),
Risk identification, assessment, monitoring and early warning system,
Knowledge based management and education

Risk factor reduction proposition

Preparedness for efficient response and recovery.

YVVVYVYYVY

Hazard Compressive Planning

i
v v

Land Use Planning Physical Planning
| ‘ |

Strategic Land Use Planning

Division and Community J

M

\—b Tsunami Mitigation Measure

Figure 2.3: Mitigation Stages

|

In the hazard assessment process, the risk is not only influenced by manmade or natural
vulnerability, but is also a function of mitigation and prevention actions implemented before
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the phenomena. The tsunami hazard can be controlled and reduced by a mitigation policy and
in the other hand the risk can have high impact because of non-existent mitigation plans.

According to this definition, many activities can be included in the mitigation. They can be
structural — by developing structures such as seawalls; or non-structural — by developing land
use planning, preparedness and public education, hazard and risk map (Clague et al., 2003).

2. 2.4.1 Risk education

To facilitate an effective mitigation after an efficient analysis and assessment, risk type

knowledge based is necessary for all stakeholders.

Public education must be conducted regularly, especially in the area with high probability of
tsunami occurrence. Learn the characteristics of tsunami, probability and variation of tsunami
magnitude, proper response and community readiness are to be taught in the public education
especially for coastal communities (Clague et al., 2003). We can use learning materials like
pictures, maps, questionnaires, and event available scenarios are very useful in the education
programs. A tsunami prone community should comprehend the characteristics of tsunami, to
be able to manage its impact, and have mitigation plan. These actions are used as a basis for
action plans, such as:

» Providing tsunami information for all concern stakeholders,
» Evacuation alarm and network route,

» Training facility,

» Inundation maps, guidelines and zoning,

» Open meetings and workshops.

An effectiveness of public mitigation is possible if there is education and an understanding of
risks for the susceptible area and human vulnerability (Ferrier and Haque, 2003). Early warning
system is also important because if people are warned before the tsunami occurs, the possibility
to overcome the situation is high enough. However, they are only effective for tsunamis with
long distance waves; for distance less than 100 km, the signal is not effective because there is
a limit time to warn and evacuate people. Therefore, in coastal communities, people should
think of constructing high building for vertical evacuation.

2. 2.4.2 Strategic plan

To evaluate the tsunami potential, to assess and to map the physical vulnerability aspects,
disaster manager or risk planner should develop a strategic plan for mitigation.
For tsunami mitigation, the change in the natural hazard paradigm is depends on community
planning, including land use and land cover planning, inundation area management plans,
reduction of vulnerability strategy (Clague, 2003). Hazard identification is done through
scientific studies, workshops, tsunami modeling and the development of tsunami inundation
maps.
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The maps can be used as a guide for directing local investment development and specific land
uses and cover for sustainable places. In function of these information, the community will
evaluate the area vulnerability and be prepared for worst case situation. Therefore, inundation
map generation has high priority in tsunami mitigation planning.

The mitigation plan provides guidance for stakeholders for reducing risk vulnerability to
coastal hazard. Procedure is by the following steps:

» Hazard mitigation or management plan should be static for different forms of
vulnerability reduction.

» Those forms should cover activities to reduce human vulnerability, gives more facilities
to access to resources, institution based coordination, public awareness.

> As the hazard is not limited by the administrative boundary, the plan must be
communicated with the rest of jurisdictional area.

Focus open group discussion, and community surveys can facilitate the level of understanding
of coastal communities for future tsunami hazard. These surveys can be used as feedback for
the local governments for evaluating the mitigation programs. Local people will prepare
medical or emergency facilities at once. In other hand, they do not prepare because they knew
that it implies a financial budget. These condition are caused by the irregular propagation of
hazard information, the complex nature of impacts, and a low risk perception because a
tsunami is a rare event (Johnston et al., 2005).

2. 2.4 Geographical Information System

In this study, GIS technology is used. GIS is a computer based application software tools
that can store, manipulate, transform, analyze, and display the spatial and referenced data for
specific purpose (Heywood et al., 2006).

GIS data formats and their functions, including analysis tools, map productions, and modeling
data present a real life cases illustrated in chapter five.

2. 2.5.1 Data structure

Geographic data present three forms, (i) map data, (ii) attribute data, and (iii) image data.

» Map data are spatial data and contains the location data and shape of the spatial features.
GIS uses three type shapes to present features: points (building), lines (road or river),
and polygon (forest and urban area).

» Attribute (tabular data) data is the data description of what GIS relies to a map features.

> Image data can be in from of satellite images, aerial photographs or scanned maps.

In GIS, there are two main ways to display spatial data model, known as raster and vector spatial
data (figure 2.4). A group of cell creates and presents individual grid cell, and the shape and
character of an entity. The size of grid cell influences how spatial entity can be presented. A
vector data model uses two-dimensional Cartesian (X, Y) coordinates to store the shape of
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spatial data. In the vector presentation, point is the basic building block within all spatial data
are made. Therefore, the more complex the representation of a feature, the greater the number
of points required to simulate it (Heywood, 2006).
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Figure 2.4:The Raster and Vector Data Model (Source: Davis (2001))

Spatial data used here, including land use, elevation data, building stock can be represented in
GIS as features data along with their attributes. The features are represented as points, lines,
and polygon and the corresponding attributes stored in database tables.

2. 2.5.2 Analyzing and modelling capability

One of the most import function of GIS is analysis feature of both spatial and non-spatial

data. Both database management system and GIS support database analysis, but GIS also
support map analysis. It is useful to think of GIS map analysis in a layered-model context
(figure 2.5).
The layered GIS model is analogous to transparent map that can be accurately stacked upon
one another. Each layer contains one map. GIS provides a set of tools computer programs in
the form of operating commands, permit spatial inquiry, manipulation and analysis; which
allow the user to perform a specific set of operations on map and attribute data (Heywood et
al., 2006).
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Figure 2.5: GIS layered Model (Source: Hill 2006)

2. 2.5.3 GIS in tsunami risk assessment

Many studies have used GIS to assess tsunami hazard risk by creating hazard, vulnerability
and risk map. Moreover, many existing natural hazard assessment methods such as flood,
landslide and earthquake have been used for tsunami risk assessment.

In Sri Lanka, GIS has been used with numerical data and risk model for hazard assessment that
justifies the useful for post-tsunami action and plan for development. The GIS processing
includes physical data (bathymetry, topography and hydrology) and human environments data
(building, harbor facility, road and rail network and land use). The result is a maps presenting
the suitable area for reconstruction project (Garcin, 2008).

In Greece, GIS has been used to develop a tsunami risk management project pilot. Three stages
of methodology are used:

» Data collect and analysis related to the physical planning, such as land use or land
cover, road networks, and geological data.

» Quantitative details of the impact of a tsunami and

> Developing a set of approaches for preventions and measures mitigation.
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GIS has been used for vulnerability assessment approach for tsunami hazard. It integrates
factors that contributes tsunami vulnerability such as built sectors, sociological data (density
and number of people per house and per building), and physical data.

In USA, GIS has been used to assess the vulnerability of Oregon port to earthquake and
tsunami hazard by integrating the hazard characteristics, physical data, social and economic
details. Here, four groups of GIS layers have been used: (i) study portrayal layer (ii) hazard
potential, (iii) community assets (subsidence landslides, population and essential facilities),
and (iv) community vulnerability (representing the vulnerability of the study area in order to
identify the area of multiple hazards or community assets).

All data that used hazard and vulnerability components must be easy collected and scaled, such
as elevation data, land use and cover, satellite imagery, social and economic data.
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3. STUDY AREA

3.1 Geography

This study focuses on the Gocek Bay Area which conceived as tsunami vulnerable area for
several vulnerability factors. Gocek is one of the most beautiful towns in Turkey, situated at
the edge of the Taurus Mountains at the lyrical coast of the Mediterranean, with 18km from
the Dalaman airport. Moreover, in order to set out analysis and assessment study, the
geographical setting of the study area and its information are important.

Gocek is located in Mugla Province, and covers approximately 816 km? of which 345 km? is
the marine zone and has a coastline of 235 km (URL1).

Gocek has grown from a small agricultural town 15 miles North West of Fethiye into one of
Turkey’s premier yachting locations, rivaling Marmaris and the Bodrum Peninsula. This is
largely as a result of its natural advantages, being at the top of a deep gulf sheltered by the
island of the same name. The town hosts a total of no less than six marinas, Port Gocek, Club
Marina, Gocek Village Port, Gocek Exclusive, Skopea Marina, and Gocek Municipal Marina.
This area covers the Fethiye cost, spatially located in 36°45'11.00" N - 28°56'8.00" E.

The region has a typical Mediterranean climate with hot summers and mild and rainy winters.
Annual average precipitation in the region is between 1,250 and 1,500 mm. Due to the
geographical position of the area (mountains extending vertically from the sea), the interiors
receive more rainfall than the coasts and humidity is lower than other coastal zones. The figure
3. 1 shows the study area boundary in form of satellite image.

Figure 3.1:Study Area
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3.2 Social and Economic Description

Gocek Bay activities represent a considerable impact in the national economy. By that,
using GIS to setup a study on tsunami analysis and assessment of the study area means having
a global view of the social behavior and the economic level of this respective study area. The
impact of tsunami risk on the society and economic level of the region will be clearly
demonstrated in chapter four and chapter five.

Fethiye-Gocek consists of a district center having five different towns (Oliideniz, Karaculha,
Camkoy, Ciftlik and Gocek Bay). Based on 2016 census, districts within Fethiye-Gocek have
a total population of 28,492 people of which 51% are men. The reparation of the population is
given the table 3.1.

Table 3.1: Fethiye-Gocek Regional Population in 2016

Town Total Male Female
Camkoy 3,940 2,027 1,913
Ciftlik 2,620 1,358 1,262
Gocek 4606 2320 2286
Karaculha 12,794 6,452 6,342
Oliideniz 4,532 2,383 2,149
TOTAL 28,492 14,540 13,952

The population of Gocek is 4606, increasing to 5,000-6,000 in the summer. Figure 3.2 shows
the repartition of the regional population and much the study area might be vulnerable based
on its demographic factors.

Fethiye-Gocek Repartition of the population

30,000
25,000
20,000
15,000

10,000 I |I
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Camkoy  Ciftlik Gocek Karaculha Oliiddeniz TOTAL
ETOTAL m=Male =Female

Figure 3.2: Regional Repartition of the Population

The bay literacy rate is 96% for the district (compared with 94% in Turkey overall) with 7%
of the residents have graduated from university.
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The socio-economic profile of Gocek Bay town is compiled to be higher than its neighboring
settlements (town) with a growing shift from agriculture and animal husbandry practices
towards the service sector. In line with a considerable increase in demand for yachting and
tourism accommodation, the exponential increase number of restaurants and shops have
developed to support the (yacht) tourism sector. An upscale real estate market has also gained
importance in the town.

3.1 Provisioning Services

Gocek Bay area activities are based not only on production but is also able to produce
services contributing in the growth the economy. Among those services, there are:

» Food: the main food of the region is fish and other related sea products.

» Raw Materials: these products relate to the extraction of marine organisms for all
purposes other than human consumption. Marine raw materials include seaweed for
industry and fertilizer, fishmeal for aquaculture and farming, pharmaceuticals and
ornamental goods such as shells.
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4. MATERIALS AND METHODS

4.1 Research Framework

The proposed framework for the tsunami hazard assessment developed and used in this
study is based on the literature and previous studies in tsunami hazard assessment. This
framework is based on fact that there is no existing tsunami risk assessment framework that
can be used as guidance for coastal manager in Turkey, particularly in G6cek Bay to evaluate,
assess and implement tsunami risk assessments.

Three important stages represent this framework (figure 4.1): (i) hazard assessment including
tsunami potential assessment, (ii) vulnerability assessment including physical, social and
economic vulnerability and (iii) risk assessment including risk analysis. As the framework will
be simple, the assessment and its corresponding information is completed by the produced GIS
map. The general framework for these stages is presented in chapter five (section 5.1)

The concern authority has interest to know which public or private building (houses, hotels,
villas, restaurants or schools) as they may be vulnerable and at a risk to tsunami impact. People
prefers to live a safe area in case of evacuation if a tsunami occurs. The information provided
in this study permits the availability of different maps to achieve the needs.

Stage |
T Stage Il
Tsunami Potential T
Assessment | Physical
l Vulnerability
»  Assessment Vulnerability
| Economic
Vulnerability
Risk Assessment ' Stage Il
Risk Analysis

Figure 4.1: Simple Framework for Tsunami Risk Assessment
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4.2 Data Source

The principal data for this tsunami risk analysis and vulnerability assessment included:
tsunami and submarine earthquake records; geographical information including, elevation and
land use, satellite imagery and demographic, social and economic conditions as explained in
chapter two.

The detailed explanation of data used for this study includes:

» The historical data of submarine earthquakes and tsunami events.
The first of the Fethiye earthquakes was on April 24, 1957, and on the following day the
second and larger event about seven hours later having magnitude of 7.2 within
aftershocks having 5.1 of magnitude. The last 25 seconds had a magnitude of 7.1; while
another second event occurred at 04:26 hours on April 25; having a duration of 60 seconds
within a magnitude of 7.3.
The data is used for computing the possible probability of occurrence of another
earthquake and tsunami event in the same area and then for deciding the corresponding
worst-case tsunami run-up scenario.

» Elevation Data
The elevation data are derived from survey in Fethye Gocek Bay coastal areas. They
present elevation points between two different point locations. These data are used to
classify the ground elevation and the percentage of the slope in the physical vulnerability
assessment. Data is obtained in vector format and analyzed in raster format.

» Land use data
The land use data are acquired in Fethye Gocek Bay municipality on November 2006 and
August 2009 for the purpose of controlling and monitoring land use and land cover change.
The data are obtained in vector format and used for analyzing tsunami risk factors.

» Social and Economic Data

The data were collected in 2016. It is used for this study to analyze the number of people,
the percentage of females and males presented, children and elder, poor family, fisherman
and yachts in activity.

In this study, the used this data needs a considerable processing and further transformation

in order to generate the variable used for spatial analysis. All of type of data are collected
differently for the aim of providing efficient analysis and assessment.

4.2.1 Software

During the study, Microsoft Vision 2016 and Microsoft Project 2016 are used respectively
for diagram creation and thesis planning and management. For GIS spatial analysis and
network analysis, ArcGIS 10.1 from ESRI is used. Microsoft Excel was used as well for
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generating and displaying different charts. SASPLANET160707 is used for downloading
satellite images.

4.3 Methodology

After the end of the listed events, a number of measures have been taken to collect
information and set sufficient tools for analyzing and assessment. Disaster planner consider
GIS as a powerful tool to analysis of such a fact. In this study, synthetic data within the
available historical data are used to perform different results analysis and assessment.

A set of scenario has been created to illustrate the risk and inundation area depending on the
area structure by using GIS. To achieve this stage, several and different data types are used as
well such as terrain elevation, land use, satellite image and social and economic attributes.
The analysis method used in this study is explained in chapter five.

4.3.1 Tsunami potential assessment

The historical data presented in section 4.2 and tsunami events are analyzed to output the
recurrence time of possible and next earthquakes and tsunami. The probability of occurrence
for earthquake and tsunami events was defined using Cutter’s formula (1997):

NE
Po =y (4.1)
Where Po, the probability of occurrence, NE the number of events and NY the Number of years.
The historical data is used in this way to decide worst-case tsunami run-up height to set a
hazard assessment. The worst in this case is based on the maximum run-up height value
encountered in Gocek Bay area.

4.3.2Hazard assessment

The hazard is represented by the inundated zone produced by overlaying the elevation data,
the worst-case run-up scenario and the location features like building, road. etc. The inundation
zone is defined as the area perimeter between the shoreline and the contour of the highest
recorded tsunami run-up defining the inundation distance.

In Gocek Bay, the highest recorded tsunami run-up was 4m within 15 Minuit, then the
inundation zone was the area between the shoreline and the 4m contour. Table 4.1 presents the
classification of the inundation zone based on the 4m run-up scenario, including the scoring of
the neighboring zone.
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Table 4.1: The classification, scoring and weighting for inundation zones

Inundation zone Class Score  Weight Total
a.<2m High Inundation 4 100 400
b.2-3m Medium Inundation 3 100 300
c.3—4m Low Inundation 2 100 200
d.>4m Very lower inundation 1 100 100

The tsunami run-up height is function of the area structure, the shape or the water depth of the
cost line and characteristics of the tsunami wave. It means, a positive value of the run-up height
carries out the possibility to map the risk while a positive value of inundation distance means
the tsunami risk manager should take new measure of mitigation.

4.3.3Vulnerability assessment

All vulnerabilities from tsunami event depends on the location composition and wave
length of the tsunami which determines the inundation level. The social and economic
vulnerability are combined with the physical vulnerability to produce the total vulnerability.
The total vulnerability is calculated by:

TV =PV +SV +EV 4.2)

Where TV = the total vulnerability, PV = social vulnerability and EV = economical
vulnerability.

As it has been introduced in chapter two, the total vulnerability in Gocek Bay area is a
combination of those factors:

> Physical vulnerability: distance from the shoreline, ground elevation.

» Social vulnerability: total population, number of females, elders and children and
disable people.

» Economic vulnerability: number of poor families.

4.3.3.1 Choice of vulnerability factors

As the vulnerability to tsunami devastation is not consistent with the study area, many
factors were identified and information about each factor was collected to generate the
solution. The physical, social and economic vulnerability are:

> Distance from the shoreline: It is an important parameter for tsunami event
characteristic and the level of damage and casualty range depend on the distance from
the source of tsunami to the main land. The further the distance from shoreline, the less
will be the run-up height and inundation area of tsunami wave. The classification for
distance from shoreline is made from the formula:
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d=+L+I (4.3)

Where; d is the distance from source to the shoreline. L=(L1-L2)?, respective longitude of

the point source and any point of the shoreline, |=(l1-1,)? respective latitudes of the source and
the same point from shoreline.

» The ground elevation: It controls the run-up height of the event. The high the height of
the tsunami wave in the coastal area, the further the distance of inundation inland.

» Total population: Here, a large number of area population implies a difficult
evacuation process and high number of victims can be encountered. This factor was
used as social impact indicator within the study area.

» Number of elderly and children (based on age): The third of the total population are
children. Both children and elder are more vulnerable to the power of tsunami wave
and less likely saved. In this study, the definition of age group in the total number of
children (0-14 years old) and elder (> 60 years old).

» Number of poor families: This group has lower ability to have substantial house that
can be used as shelter, they have less access to health services and few resources to aid
in recovery from a tsunami event. In the other hand, high class family can quickly
recover from tsunami event loss because of their insurances.

4.3.3.2 Weighting and scoring method

The weighting and scoring method of each factor of vulnerability varied with respect of
the study area and the risk severity due to:

» Factor matching a much or low contribution in determining the tsunami vulnerability
area.
» The difference in contribution of each level in the relevant factor.

Table 4.2 presents the distance from the shoreline and ground elevation equally weighted
(40%). All those factors would have a considerable effect within the coastal area if tsunami
occurred there. The table 4.3 represents the weighting and scoring values for social
vulnerability components.
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Table 4.2: Classification, Weighting and Scoring for physical factor

Factors Class Score Weight Total
1. Distance from Shoreline
a. <400 m High Vulnerability 3 40 120
b. 400 -600 m Medium Vulnerability 2 40 80
c. >600m Low Vulnerability 1 40 40
2. Ground Elevation
a.<2m High vulnerability 4 40 160
b.2—-3m Medium vulnerability 3 40 120
c.3-4m Low vulnerability 2 40 80
d>4m Very low vulnerability 1 40 40

Table 4.3: Score and Weight for socio-economic factor. Source: Cutter and al.(1997)

Factors (a) Number Proportion (c) * Score (d) ** Weight
(b)

1. Social
a. Total Population P b/Total Population c/max. of proportion 25
b. Children Cd b/ Total Children c/max. of proportion 25
c. Aged** A b/ Total Aged c/max. of proportion 25
d. Disable people DP b/ Total disable c/max. of proportion 25

2. Economic
a. Poor family PF  b/Total poor family  c/max. of proportion 50
b. Fisherman FM b/ Total fisherman c/max. of proportion 50

* Determine the percentage of the factor in the area to total number in one sub-area
** Value of scale for all social and economic variable
*** Number of elders and children.

The method shown in this table presents one way to represents vulnerability values to a
cumulative and spatial score. For the classification of social and economic vulnerability
factors, the higher score will be more vulnerable than the lower scored value. The weight and
scored value for this corresponding area is calculated and presented in chapter five.
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4.3.4Risk assessment

The risk is a function of the hazard and its vulnerability. It does mean that a high inundation
is not automatically at high risk. On the other hand, a high vulnerability area is not necessary
or automatically at high risk. According to the International Strategy for Disaster Reduction
(ISDR,2002), the risk assessment is calculated from:

Risk(R) = Hazard(H)xVulnerabilitV) (4.4)

H = Hazard Inundation Zone Score and V = Total Vulnerability Score.

Hazard represents the location intensity and probability of the hazard, while the probability
represents the physical, social and economic component that affects the hazards.

4.4 Data Processing
4.4.1 Map preparation

Processing data for the analysis and assessment, three types of data have been used. The
details of each of them is given in the next two sections.

4.4.2.1 Digital elevation model

A digital raster data format, Digital Elevation Model (DEM) has information about
coordinate positions (x, y) and elevation values (z) in each grid pixel. It is used to describe the
topographic condition of Gocek Bay area. In this case, as started in figure 4.2, DEM is used
for analyzing the hazard and physical vulnerability assessment.
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Figure 4.2: Digital Elevation Map
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The digital elevation model is generated by analyzing elevation data. In this study, from the
topographic map, the data is derived from the spot height, and elevation points. When the data
are combined, the elevation point is computed using triangulated irregular network (TIN) 3D
analysis method because it is an appropriate way for creating elevation surface as it generates
surface through gaps between known points.

4.4.2.2 Land use and cover

The land use maps are created by serving of the urban planning maps. In this study, major
land uses, such as building (industries, residence area, etc.), public place, vegetation, grass
fields, road, etc. are the most representatives.

The land use maps were use in this case to output the area of each land use that is located
within each zone at risk from tsunami in Gocek Bay area.

4.4.2.3 Satellite image data processing

In this study, GIS used another input data which is satellite imagery. Those data are
downloaded and processed with ASAPLANET-160707. Moreover, the image data has been
rectified to get the explicit geometric and radiometric distribution features on the earth surface
(World Geodetic System: WGS84) projection. Finally, the image was edited to increase its
quality for efficient analysis processing.

4.5 Output

In order to perform effective analysis, data have been aggregated and operated and then
visualized the analyzed results. For each output map, the analysis is shown in separate map:
hazard map, risk map and the social and economic vulnerability map.

In this study, the spatial resolution that considered for data processing was grid cell within 5m
X 5m. The scale of mapping outputs used was 1:30.000. This resolution is used is for
synchronize all input data having different spatial resolution, and to create detailed maps for
the actual problem. The output map data is presented in chapter 5.
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5. RESULT AND DISCUSSION

5.1 Research Framework

The framework reflects activities needed to present assessment process. It consists of three
different stages: (i) hazard assessment, (ii) vulnerability assessment and (iii) Risk assessment.
To determine the assessment, the tsunami run-up occurred in the respective area is also to be
known as well. The vulnerability factor determines the vulnerability assessment of that study
area. This assessment includes three factors influencing vulnerability such as physical, social
and economic vulnerability. Furthermore, hazard assessment and vulnerability assessment are
combined together to determine the risk assessment.
The research framework can also be used to as a model for coastal area management for Turkey
risk assessment. The detail explanation has been shown in figure 5.1.
By that, the output map for this study has important impact and shows tsunami inundation
zone, the risk map, physical, social and economic vulnerability distribution.
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Figure 5.1: General Research Framework
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Hazard assessment framework has considered individual or institutional perception about the
risk. Therefore, for practical vision, the assessment is flexible to be used and understandable
by different local institutional managers.

5.2 Hazard Assessment and Analysis
5.2.1Risk potential assessment
5.2.1.1 Historical records

As it has been explained in chapter four (Section 4.2), data serves to determine the
probability of next tsunami event of occurrence. The historical data of tsunami and according
to submarine earthquakes are listed in table 5.1.

Table 5.1: Historical Submarine Earthquakes data

Tsunami Source Tsunami Parameters
Date Location Event Magnitude Tsunami Run-up
Dept.(km) Intensity | Height (m)
April 24, Gocek 45 g 7.20 Iy 3.00
1957 Bay
1900  Fethive 4500 6.00 I, 4.00
regions

From this historical data, it is possible to calculate the tsunami probability of different intensity
scale Ko, This intensity and the method calculation is outlined in section 5.2.2. Table 5.2 shows
tsunami result from 1900 to 1957 (57 years) that Fethiye Gocek Bay region had and shows that
during this period only one tsunami event occurred. This result and according to Cutter formula
shows that after a period of 57 years there should be a tsunami event in this study area.

Table 5.2: Tsunami Occurrence Probability Calculation

Tsunami Intensity Ko  Wave Height for Number of Probability / Retur
Intensity scale Event Period (Year).
I +1.8 1 57
I +1.3 No data No data

Hence, the historical data are much important in analysis and assessing the tsunami risk by
determining the possible risk occurrence probability. This probability helps decision maker to
move procedure to the final stage of hazard management (chapter 4).
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5.2.2Hazard assessment
5.2.2.1 Tsunami intensity calculation

Tsunami effect regardless of its causes is directly proportional to the intensity and its wave.
The idea is to relate the intensity of the tsunami wave with the possible magnitude and the run-
up value. The run-up height is functional of the structure, shape, water depth, or the structure
and wave characteristics. These tsunami variables are important and useful for risk mitigation
and planning. Whenever the tsunami intensity and run-up value are known in advance, it is
easy for the risk planners to identify the risk area, and then the mitigation can be effectively
defined and developed.

lida et al. (1967) developed the concept of tsunami intensity in function of tsunami height
defined as:

Where, | as the tsunami intensity and H is the location run-up height.

The data from historical archive permits us to calculate the corresponding tsunami intensity |
by using the formula number 5.2 as it is started from table 5.3.

Table 5.3: Tsunami Intensity from Historical Data

Use Case Magnitude Run-Up Intensity
April 24, 1957 7.20 3.00 1.585
1900 6.00 4.00 2.000

From the available case of tsunami risk in the study area, the run-up value did not exceed 4m
level because the low wave intensity from the tsunami source.

The study provides a possible next tsunami occurrence and the table 5.4 presents as started in
the risk map (figure 5.5) the intensity and magnitudes of the proposed cases. In order to present
the different cases scenario, the run-up value is assumed from 5m and above and the magnitude
varies from 5m up to 10m according to the historical data.

Table 5.4: Assumption of Possible Tsunami Intensity

Use Case Run-Up Intensity
1 5 2.322
2 6 2.585
3 7 2.807
4 8 3.000

The supposed list of scenario shows that the more the intensity I, the high the run-up of the
tsunami is considerable and the inundation distance increases. The relation between the run-
up and the inundation distance is shown figure 5.2.
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5.2.2.2 Tsunami inundation zone

Inundation area is the surface whereby from the sea level water tsunami wave penetrates
and floods it with water. This permits tsunami risk manager to determine both the run-up
height, the inundation distance and the flow depth (tsunami height). Figure 5.2 shows what
can be tsunami inundation zone, and how it impacts on determining other risk factors.

*

Tsunami Height (flow depth)

Tsunami Water Level Limit of Tsunami
Inundation

Sea Level

Inundation Distance

Figure 5.2: Inundation Distance(Source: https://walrus.wr.usgs.gov/)

Fethiye Gocek Bay April 24, 1957 tsunami event had a 35.00km of flow depth where the run-
up height was 3.00 m (table 5.1). This shows that in some cases, the higher the flow depth the
greater the value of the run-up height. In this regard, the impact of the risk event is much
considerable in such a way the mitigation and recovery become the real deal in the municipality
management processes.

Furthermore, the main problem of this research is to assess the risk effected after its occurrence.
And due to lack of reliable geo-spatial and historical data in the coastal area, the prediction and
efficiency of the result was not to notify.

Fethiye Gocek village has prepared a report of historical data in order to create database. Data
include population living in building, number of elder and children, the elevation data, etc.
Digital elevation map was prepared from 1:30 000 scaled topographic map (figure 2.2). It has
been used to determine the elevation of road and building, the number of affected building and
the building vulnerable to be affected. The figure 5.3 shows the inundation map presenting the
areas ender the risk.
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Figure 5.3 : Tsunami Risk Map from 0 up to 4 level of elevation

The area with light color has the lowest distance (height) from shoreline. The building in red
color area are affected while those in gold color are not. The result shows that the less the
distance from shoreline, the more the corresponding area is affected by the severity of the risk.

5.3 Vulnerability assessment and analysis
5.3.1Physical vulnerability

Physical vulnerability presents the lack of facility of individual group of the corresponding
study area to anticipate, cope with, resist and recover from the impact of tsunami risk. Two
factors affect this vulnerability: (1) distance from shore line, and (2) ground elevation (chapter
four). The scores of the different physical vulnerability parameter are presented in table 3.1
below.

» The distance from shoreline impacts the damage level and the event causalities. The
further the distance from shoreline, the high will be the run-up height and inundation
area of tsunami wave.

» The ground elevation in the other hand, affects the level of tsunami run-up height. The
high the tsunami wave height, the high the distance of inundation area depending on
the elevation rise.
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The result of this study shows the vulnerability rank for each and every vulnerability
component and its impact.

5.3.2Social vulnerability

The social vulnerability explained how Fethiye Gocek Bay region is vulnerable on tsunami
in function of its demography, number of age group (Children and Elders). The distribution of
the social category is respectively represented in chapter three (section 3.2) and chapter four
(section 4.3.3.2). This vulnerability data determines social category having the highest level of
vulnerability. The selected category is mostly vulnerable because of its lack of capacity to cope
with the hazard risk phenomena. Table 5.5 represents the social category repartition.

Table 5.5: Social Category Repartition (2016)

Factors (@)  Number Proportion (c=b/t) Score (d=c/Max(c)) Weight Total

(b)
c. Aged 433 0.094 0.691 25 17.30
d. Children 626 0.136 1.000 25 25.00

Total Population: 4606

With the total number of population in the area, the number of old people has less meaning
while the number of children is considerable. By that, the vulnerability effect is much high in
children population group. The vulnerability ranks of each and every social category is shown
in the graph below (figure 5.4).

Social Category vulnerability representation
5000 4606

4000

3000 2320 2286
2000

1000 626 433

Total Male Female Children Elders

Figure 5.4: Social Category Vulnerability Representation
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5.3.1Economical vulnerability

Like social vulnerability, economic vulnerability reflects how the level of life is different
from one social category to another in terms of economy. People having different income level
are affected accordingly by the same event and in the same location. In this regard, poorest
people will have much to deal with the potential disaster impact.

Agriculture, fishery and tourism are three economic activities which positively impact the
gross domestic income of all area (Fethiye). Actually the town has omitted those activities for
its attribution of celebrity and everyone is depending on tourism. Gocek has the highest
economy level of the region (Fethiye) because of its agriculture and animal husbandry
activities. In line of this, the increase of demand for yatch and tourism accommaodation, the
number of shop and restaurant has been increased. The table 5.6 shows the economic
contribution of the surrounding region in comparison of the study area.

Table 5.6: Economic Factor of the Study Area with its Surrounding Area

Area Economic Vul. Score (EV Score) TL (EV Score)% Class
Ciftlik 80 000 0.4 Figh viineraboilit
Karaculha 1105 000 5.6

Oludeniz 2 800 000 14

Camkoy 5200 000 26

Gocek 10 500 000 53 Low Vulnerability

5.1 Discussion

The tsunami assessment is the first objective of this study for providing an assessment of
Gocek tsunami event. In this study area, historical data shows that the tsunami hazard has a
considerable threat specially in coastal area. Two types of measure can be applied to reduce
the damage from the hazard. There is structural measure conceived as expensive like sea walls,
break water, etc. And non-structural measure including land use management and building
zoning and infrastructure relocation, preparedness for emergency to coastal community, and
public education facility so that local people can be able to understand the hazard and its nature.

Tsunami characteristic data are important to determine the probability of occurrence, including
the date, the magnitude of the event, the impacted area, the run-up, the maximum inundation
(chapter 4). This probability helps local government, disaster planers and emergency manager
for decision making. To make people prepared for tsunami risk, they have to be concerned on
it, and agree with the risk severity in function of the magnitude.

In this case, the goal was to provide a tsunami hazard assessment by multitude spatial data
and produce sufficient for the assessment. Some scenarios are used by using the location based
tsunami run-up value from historical data and then determine the inundation and the risk area.
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According to the result, the risk severity of next possible tsunami will be high because of the
increase number of building, industrial activity and coastal infrastructure in the coastal area.

The inundation map used to identify and evaluate the location of public infrastructure in coastal
area (figure 5.3). This can be used to identify which side of the area the relocation procedure
should be used. The map can be used to communicate the local agency, local resident, tourists
about preparedness and response in case of tsunami event.

The study used set of assessments, locates and determines the physical, social and
economic vulnerability to any tsunami hazard in G6cek region. In this study, physical aspect
determines the vulnerability area in function its physical settlement, such as distance from the
shoreline and the ground elevation. But the social vulnerability explains the vulnerability based
on the social conditions such as number of people, number of female, age group. By analyzing
those vulnerability types, local government has clear idea regarding where a new development
has to take place.

Physical, social and economic factor used here are from available parameter from municipality
and several research study in the same area of study. Furthermore, the clearer are the
vulnerability parameter, the more detailed the assessment can be developed.

The risk assessment represents the inundation map showing the possible vulnerable area
having impact on the physical, social and economic level, and the coastal infrastructure as well.
Risk assessment is important and guides the risk management stakeholders in order to know
which area, coastal infrastructure, or social group is mostly in risk of the tsunami severity.
When the assessment result is found, all parties are allowed to focus on the available and
limited resources for the evacuation, recovery or rehabilitation. Moreover, they should locate
the risk and determine the significance of the risk both quantitative and qualitative.

The risk is the expected loss from actions between the tsunami hazard and the area vulnerability
condition. The tsunami inundation map (figure 5.3) is the final result from its assessment. It
is clear from the risk distribution that the region represents some area with high risk of tsunami
because of the its increase number of female, industrial activity growth, or the lower economic
level of any social category.

For future mitigation development, risk manager should set measures of people preventing
from tsunami wave prone area. By that, GIS specialist has the responsibility of mapping the
potential exposed area at the same time with the mitigation process. Figure 5.5 show from level
of 5m of elevation the different risk area.
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Figure 5.5: Risk Map 0 - 5 Scale

This result used elevation data and physical components GIS overlay with administrative
boundary and spatial components, land use and land cover, in order to identify the risk area.
The risk analysis framework is represented in figure 4.1.
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6. CONCLUSION AND RECOMMENDATION

The historical data of different earthquake and tsunami events are used to identify the
highest tsunami run-up for the hazard analysis and assessment. According to the historical data
the worst case tsunami run-up value in Gécek Bay area was up to 4 m in April 24,1957. For
better assessment, this 4m of run-up led to 5m.

The compilation of hazard and assessment is the tsunami event risk map which results the risk
assessment. The total vulnerability combines both physical, social and economic factors. To
analysis the actual problem, the risk map is the overlaid of the elevation data with the land use
and cover satellite image to identify the impact of the event on both vulnerability factors.

Three stage are explained in the general research framework which are the hazard,
vulnerability, and its risk assessment. It serves to local government, disaster planners, and
emergency manager depending on the resource availability for decision making and strategy
plan. This framework can also be used for modeling other coastal areas. The map data played
an important role for to determine tsunami inundation zone, the event distribution analysis and
completes the assessment by improving the information.

GIS as a set of tools is used to facilitate risk assessment process, and map the tsunami hazard
in management by efficient analysis, and upgrade spatial data from existing data of this specific
study area. The map results can be used for tsunami preparedness mitigation program.

According to the present study, it is important for the Gécek area to have an effective
tsunami preparedness and its corresponding mitigation program. The local and central
authorities are recommended to:

» Consider the risk management in all type of coastal area development, social life,
economic and education activities.

» Conduct 1n both sides all type of educations about coastal prone area presenting a
considerable impact of society.

» Propose accordingly a special mitigation program framework to the exposed area and
its corresponding population.

> Analyzing risk area by proposing different cases to determine the possible event
occurrence.

» Obtain better result by using numerical and GIS technology.

This type of analysis can be used for other coastal communities and local government
jurisdiction in Gocek area, and the central authority and all tsunami vulnerable countries as
well.
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An important stage of risk management is the communication in cases of disasters. Beside the
communication between any type sensor technologies and the risk management control Center
with its geo-spatial servers, communication is needed to develop a type of alarm to vulnerable
society and to keep frequently contact with the shelter teams.

Today there is still a weak point in all over national coastal risk management. Several and good
ideas and concepts could not provide efficient solution due to lack of coastal tsunami risk data
or lack of good financial condition to handle the problem. However, it is much easier for
decision makers to start new activities, if the problem is well defined with all respective detail
in a well-balanced way. Scientists usually have a lack of knowledge how to present the results
even they have nice tools to build scenarios and simulations.
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