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ABSTRACT

COASTAL VULNERABILITY ASSESSMEN T FOR MERSIN AND
K S KE ND E BAYN, NORTHEASTERN MEDITERRANEAN

Aykut, Fahri
Master of SciengeDceanography
SupervisorAssist.Prof. Dr.Devrim Tezcan

February 2021108 pages

Coasts are sensitive and dynamic areas against natural influencesssweles,
winds, currents, and tides. Pressure of human activities also accelerate the change of
coasts. Climate change and global sea level rise are other factors affecting the coasts.
Therefore, the identification and protection of coasts, which areriapt in terms

of sociaeconomically and natural environment, becomes an important issue.

One of the main purposes of this study is to classify Masind Ks kaywder un
coasts according to their vulnerability to natural forces and anthropogenic factors
using the Coastal Vulnerability Index (CVI) methods. In this study, five different

CVI methodsare usedo evaluate the vulnerability of coasts.

To eady adapt all these methaalGeographic Informations Systel@IS) tool has

been developedrlhis GIS tool will facilitate researchers for CVI calculatioris
addition, this toolwill help decision makerso take the necessary precautions to
protect coastand to increase their resistance to natural and human effects on the

coasts.

According to thecoastal vulnerability analyse451 km of the coastal zone is

classified as very high vulnerable, 147 km as high vulnerablgé km as moderate



vulnerable and 138m as low vulnerabldn this studythe main parameters to affect

the vulnerability are the coastal slope, lars# and populatiordigh and very high
vulnerable coasts occurred in coastal plains with low slope, weak geological and
geomorphlogical struates, high socieconomic values. These high and very high
vulnerable coasts are mainly located between Silifkevandmur t al ék coast s.

Keywords:CoastaNMulnerabilitylndex, Vulnerability, Mersin, GIS
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KUZEYDOJU AKDENKZ MERSKN VE KSKENDERUN
K¢ KN KIYlI SAL KIRILGANLI K DEJERLENDKF

Aykut, Fahri
Yuksek LisansOk i nogr af i
Tez YoneticisiDr . ¥ ] MDevrimh iezxani

kub at,1l08yal

Keyeédaalrg,a, r¢zedar, gdkantdeo,] ade ledekjiilkekreen k a
al anlKanrsaaenr aktiviteleri de keéyeéelar ¢zerin
hézl andéer makt adeéerk.,r kel msdeijsiewii yleisjii yw& s
etkileyen dijer faktkXohemdkr veDdlogdwnéséel

°neml i ol ar ak kéyelar én tanémlanmasé vV €
gelmektedir.

Bu -al ékmanén temelr sama-viea rkKésrnkdeannd ely iurni sKi®,r
Keyeésal Kerélganl ek Kndeksi (KKK) y°nt eml
kaynakl é& faktorlere karké kérélganl ékl at
keyéelarén kereélganl éekéree KKK gP heedir ek
TimKKK® nt eml er i ne kyabilnekic-ai nu ybuint sCojlraa f i Bi
(CBS) aracée geliktirilmiktir. Bu CBS ar
kol ayl akt éracakteéer . Ayr éca blerine kraa Kk € k € y ¢
diren-lerinin arttereéelmasée ve keéeyeéelareéen
karar vericilere yardéemcé ol acakter.
Keyeéesal kérélganl éek analizlerine g°re,

derecede, 147 km'si yuksek derecede, 153 km orta derecede ve

derecedk ér €l gan ol ar abBu s-éanl & kl eaénddacr led JmE ke tékri. |

Vil



par amet satdjeirm,k éayréa z i k u | Yulesek évenéok wilsekn ¢ f ust ur .
derecede kérélgan olaweké¢eoelmar fodogkdik gjapml |
sosyge konomi k dejerleri y¢ksek kéyée oval ar énds
y¢ksek kérélgan kéyélar genell i kle Silifke

al makt adeéer .

Anahtar KelimelerK é y ks a é | fharelk &81,g aknél ré k , Mer sin, CBS
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CHAPTER 1

INTRODUCTION

1.1. Coasts

Coastal zones are the most important areas for hundhacanomic activities and
ecosystem. Vulnerability of the coastal zones against the natural impaatd be
carefully examined to protedh¢ nature of the coastA.significant part (~37%) of

the global population live in the coastal zone (The Ocean Conference, UN, 2017).
Similarly, the population density of the coastal zones in Turkey is intense; 4bou
million people (54.8 % of the Turkey population) live in coastal cities.

Coasts have significant resources for economic activities. For instance, coastal
waters are the highways of the global trade. About 90 percent of the global goods are
transportedby ship (WOR, 2017)In addition, narine and coastal tourisis a
significant economic sectorRecreational activities such as swimming, fishing,
surfing, boatingttract make the coasts an important tourist destination. It is reported
coastal and maritimmtourism ighe Europe's largest tourism sséctor and alsthe
largest single maritime economic activity in terms of jobs (3,2 million jobs) and
value added (over 180 billion Euros) in EU countries in 2014 (EC Report 2016).
Moreover, fsheries sector i@ key contributor to the global econontiyis estimated

that 906 of fishing vesselsare operated in coastal watelThe General Fisheries
Commission for the Mediterranean (GFCM) estimated that Mediterranean fisheries
had a collective worth of US$3.2 lidh in 2016 (Randone et al., 201The ®astal

areas with alluvial accumulation plains providéavorable soil and climatic
conditions for more productive agriculturd-urthermore, castal agriculture

provides food and also livelihood support to coastpltations.



The wmashl areasare important not only for high economical value but also
biologically. As being a transition zone between sea and ldey, éncompass great
species diversity which play a significant role for ecosystefigy provide
nourishnent for a wide range of biodiversity such as important bird populations,
mangroves and seagrass, which provide nursery grounds for fish.

The mastalzonesare sensible and dynamic habitdatkere areshapectontinuously

by natural forces such as wind, wayéides, and current3hey are also under
pressure of human activities. Climate changes related drivers result in more severe
and often natural events such as storms. This vulnerability of the coastal areas to
these natural impacts increase with the humeated drivers such as uncontrolled
land use, unbalanced population density, environmental pollution and misuse of

coastal resources.

1.2. Climate change

Climate is defined as the conditions of atmosphere including temperature,
precipitation, and windAlthough most of discussions focus the last centutiesate
changethe climate has oscillated throughout the history of the e@lithate change
evidences argreservedin marine and lake sediments&nd ice sheetsThe cores
drilled through the ice sheetgroduced a record of polar temperatures and
atmospheric compositiolor the last800,000 years in Antarctiq&igurel1.1; Luthi

et al., 2008) About 3.2kilometer continuous ice core from Antarctica contains a
record of past atmosphe concentrations of carbon dioxide and methane as the ice

accumulates.
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Figure1.1. Carbon Dioxide (C@) record of the past 800,000 years (from Lithi et
al., 2008).

The temperatures anomalies show tleatesal cycles of glaciahterglacial periods
occurred in the last 800,00@ass. Thelast glacialperiod ended up about 11,000
years ago and the Holocene, the most recent interglacial period, started.

The variationsin climate hae been affectedby many natural factors such s
changes in solar energy, variations in E&thrbt, volcanic eruptions, and even the
movement of tectonic plate&lthough these natural factors are the main contributors
of the pastlimate changesiuman activities have accelerated the changes in climate

including warming.

Intergovernmental Panel onli@ate Change (IPCC)established in 1988, is a
worldwide group of atmospheric and climate scientists sponsored by the United
Nations Environment Programme and the World Meteorological Organization. IPCC
has studied the human effects on climate changeglabal warming. IPCC reports
(2007, 2014) showhat anthropogenic greenhouse gas emissions have increased
since the préndustrial ergFigurel.2). It is thought that some gases such as carbon
dioxide (CQ), metham (CHs) and nitrous oxide (PD) cause the Earth to overheat

by preventing the reflection of the radiation from the Sun to space and trapping the
heat i n t he EHumans ars altaringngtisapchineate ety are



producing significant impactsnophysical and biological systems worldwitg
adding emissions to the atmosph@rRCC, 2014).

Globally averaged greenhouse gas concentrations
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Figure 1.2. Atmospheric concentrations of the heat trapping gase=en lineand
dotsrepresentarbon dioxi@ (CO.) concentration, orange line and dots represent
methane (Chk) concentration, red lines and dots represent nitrous oxid®)(N
concentration. Lines determined from direct atmospheric measurements. Dots
determined from ice core da@CC, 2014)

As aresult of the climate change, the globally average surface temperature has
increased 0.85 C° over the period 1880 to 2(Higure 1.3). In addition, ocean
warming dominates the increase in energy stored in the global climate system
accountsfor more than 90% of the energy accumulated between 1971 and 2010
(IPCC, 2014)As aresult of global warmingt has been observed in different events
such as melting of ice sheets, decreasing snow cover extent and earlier blooming of

plants in springKarl et al., 2009).
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Figure 1.3. Globally averaged combined land and ocean surface temperature
anomaly in 1850 to 2012.ines with different colours show different data sets.
(IPCC, 2014)

1.3. Theimpacts of the Climate Change

The coastal zones are under threat of many natural and anthropogenic factors.
Climate change increase the effects of natural impacts such as sea level rise, ocean
temperatureThe potential impacts of the climate changespresented irFigure

1.4. Climate change has madyect and indirecimpacts on the environmeas well

ashumans.

The change of the precipitation patterns is one of the consequences of climate
change.Precipitation is related totrmospheric circulation patterns, presence of
moisture and land surface effeciss the first two of these factors affected by

temperaturgglobal warming is expected to change precipitation patterns.

Global warmingw i | | intensi fy t lae wit ancrdasa he wat er
evaporation. Increased evaporation will result in more frequent and intense storms,

but will also contribute to drying over some land areas.

As a result of the increasingarbon dioxide concentration in the atmosphare,
increase ofthe wetland production is observed. In addition, because the ocean

absorbs carbon dioxide from the atmosphere, sea water becomes less alkaline and



this phenomenon is called ocean acidificatibraffects the process of calcification
by which living thingscreate shells and skeletons in the coastal zone. Moreover, it
adversely affects some plankton species and coral(teafset al., 2009).

Increasing the @ean surface temperature is another impact of the climate ctfenge.

a result of the increayy the sea surface temperatuie rapidgrowthin the algae
population is observed, and this causes large amounts of nutrients to enter the water
system, depletion of oxygen levels and blocking the sunlight from reaching other
organismsOn the other hand, increes in sea surface temperature make a stress for
coral reefs. Therefore, algae which provide 90% of the energy of corals, are extracted
from the coral tissue@ove and HoegiGuldberg, 2006)Corals turn white when

they lose their algae. This process ilethcoral bleachingCoral bleaching may

cause corals to die (Karl et al., 2009).

With climate change, extreme wind events, higher ocean waves and more intense
storms have been observed. These changes affect the coastal areas negatively. Major
impacts ardeach rotation, benthic damage, infrastructure damages and storm surges
in the coastal zond&igurel.4; Short and Woodroffe, 2009)

CLIMATE CHANGE
Precipitation CO2 Sea surface Sea-level Wind Storm
run-off temperature rise wave intensity
Sediments Wetland Algal Coastal Beach Infrastructure
Nutrients production blooms erosion rotation damage
Coastal Ocean Coral Inun!ation Benthic Storm
flooding acidification bleaching damage surge

\ \ \ \

Figurel.4. The potential impds of the climate changes on coastal zqS®rt and
Woodroffe, 2009)



1.3.1. Sea Level Rise

One of the important impacts of climate changes on coastal areaslévelease.

The maincauseof the sea level rises the global warming. Because of the global
warming, the glaciers and the ice sheets are melting and adding water to the ocean
that rise the sea level. On the other hand, as the sea water warms, the volume of the

ocean is expanding. This process is catletmal expansion.

Coastal zones are among thest vulnerable areas to climate change. Sea level rise,
as one of the most critical climate change impacts, has a wide range of physical and
ecological effects on coastal zones. These include inundation, flood and storm
damage, loss of wetlands, erosisaltwater intrusion and rising water tables. Higher

sea water temperatures, changes in precipitation patterns and changes in storm
tracks, frequency and intensity are the other climate impacts that affect coastal

systems.

Escalation of coastal erosion aindreased risk of inundation as a result of sea level
rise combined with storm surge may lead to loss of habitat in ecosystems, as well as
damage and loss in settlements and infrastructure. Although sea level rise is a major
driver, other climatic and nedimatic stresses should be considered within a
vulnerability and adaptation assessment. Rising sea surface temperatures, changing
current systems and water mass properties and acidification may also change the
costal structure as well as the biodiverditly coastal species. Rapidly growing
population and economy within the coastal zone also increase the vulnerability of
the coastal system3he assessment of thasks and vulnerabilt of the coastal

systemsare essential for coastal managers to dealtivébe impacts.

IPCC producedsome greenhouse ga®ncentrationscenari@. Greenhouse gas
concentration path is defined as a Representative Concentration Pathway (RCP).
There are several RCP scenandsich are used for the future climate predictions.
These future predictions are relative iastobservationgIPCC, 2014). According

to RCP 2.6, the carbon dioxide (@@missions start declining by 2020 and go to

zero by 2100Future predictions show that the global sea level will be higher than



40 cm thanpresentsealevel, according to RCP 2.6 which is the most optimistic
scenarioOn the other handRCP.8.5 which is the worst scenarimdicates that C®
emissions continue to rise throughout the 218¢ording to RCP 8.5, the global

sea levelin 2100will be 1 meter higher thate sea level in 2000F({gure 1.5).
Consequently, even the most optimistic scenario suggest that the sea level will
continue to rise throughout the 2100. In additieigure 1.5 indicate that even if the

precautions are taken now, mitigation of the sea level will show their effect after

many years.
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Figure 1.5. IPCC Climate Change2014 Synthesis ReporEealevel Rise Future
Projections

Sea Level Rise will affect millions of people because there would be many impacts
which are coastal inundation, erosion, unexpected natural events, saltwater intrusion
into groundwater and some threats for coastal ressurof it. While the global
temperature increasing, seawater has expanded, glaciers have melted, therefore Sea
Level risen and observed unusual natural patterns. These changes have some effects

on human and natural systems.



1.4. Coastal Vulnerability

Coastalzonesare under pressure of mamgaturaland human induced impacts.
Understandinghe effects of thesenpactsis importantto protectthe coastsThe
impactsneed tobe carefully analyzed tassess how they affect/damage the coastal
zones. To do that coastzonesshould be identified and classified regarding their

vulnerability to naturahnd anthropogenifrces.

Although there are margefinitions the winerabilityto climate change igenerally
described as a function of the exposure, sensitivityadagtive capacityAccording

to IPCC, a system is vulnerable if it is exposed and sensitive to the effects of climate
change and has only limited adaptive capacity (IPCC, 2007). Here we define the
vulnerability for the coastal zones is a degree of capdoitycope with the
consequences of climate change and accelerated sea level rise based on IPCC (2007)

definition.

To assess the coastal vulnerability several indices have been developed (Gornitz
1990,Gornitz et al. 1997, Thieler and HammakKlose,1999. The main objective of

the index approach in these methods is to simply the complexkabedparameters

that are represented with different data types (McLaugtmthCooper 2010). The
physical properties of the coastal areas such as elevation, islopantitative.
However, some other physical properties such as lithology, geomorphology can be
expressed qualitatively. Similarly, the human related coastal zone properties can be
represented either quantitatively (population, income) or qualitativelyugeall
heritage, landise).In this way, the authorities such as the decisimakers, coastal
managers can use the index methods as a management tool. Although the
vulnerability to climate change includes many impacts, here we assessed the

vulnerability tosea level rise and weather events such as storm surges.



1.4.1. Coastal Vulnerability Index (CVI)

Coastal Vulnerability Index (CVI) is a tool for classification of the coastal areas
regarding their vulnerability.CVI methods use physical and so€ioconomic
paramegrs to calculate the vulnerability of the coast against the sea levélsiag.

the CVI methods, coastal regions can be compared or ranked based on their
vulnerability. Therefore, CVI can be used as a coastal zone management tool,

because it transformeda ny par amet er 6s data to informat.

In one ofthe pioneeringstudies Gornitz (1990) usesevenphysical parameters
(elevation, local subsidence trend, geology, geomorphology, mean shoreline
displacement, maximum wave height and mean tidal )arnge asses the
vulnerability ofthe eastoastsof US for future sea level riselt was explained that

the CVI can be calculated as either the sum or product of the parameters (Gornitz,
1990).After trying several indicespfir CVI formulaswere developed in theuly

(CVlz; (1.2), CVly; (1.2) CVl3; (1.3) and CVE; (1.5)). The statistical comparison of

the results of these four CVI mettwimdicates a very high degge of correlation.
Therefore, it was concluded that each of the CVI methods can be used as an indicator
of coastal hazards. After that, the last CVI of method of Gornitz (1990), the square
root of the geometric mean, was used to calculate the coastalahilitg of the all

US coast (Gornitz, 199 (1.5)).

Gornitz et al. (1997)levelopedwo moreformulas (CVl4; (1.4) and CVE; (1.6)) to
calculate tb CVI. They indicated that the C¥/imethod showed lower sensitivity

overall to misclassification errors and missing d&arnitz et al., 1997).
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Where, nis the parameter numberX1l is the mean elevation, X2 is the Local
subsidence trend, X3 is the geology, X4 is the geomorphology, X5 is the mean
shoreline displacement, X6 is the maximum wave height, X7 is the mean tidal range.

Although, there are numersstudies with different parameters and CVI calculation
methodsthe study byGornitz (1990) is one of theast important studiesgarding
CVI that assessthe East Coasts of U.S.A.

Thieler and HammakKlose (1999) adapted the Ghethod of Gornitz (1990with
different parameters to assess the vulnerability of the coasts of tAdejBused six
parameters: coastal geomorphology, coastal slope, historical shoreline change, mean
tidal change, mean wave height and rate ofleeal rise. They indicated th#éhese
selected parameters to calculate the CVI are more accessible and applicable for
vulnerability assessmentdue to the availability of data for the parameters Thieler
and HammaiKlose (1999) method has been commonly used by many researchers
around he worldsuch as Greece (GaRiapanastassiou et al., 2010), Ghana (Addo,
2013), Alaska (Gorokhovic et al., 2014), India (Kunte et al., 2014), Argentina (Diez

et al., 2007).

Some of the researchers applied the modified version of the Thieler and Hammar
Klose (1999) methodFor instance, Gorokhovic et a2014) considered three
physical parameterggeomorphology, coastal slope and shoreline erpsicare
sufficient for vulnerability analysis in Alask@®n the other hand, Kunte et al. (2014)
increasedhe nunber of parameters by adding two new seedmnomic parameters:

the sum of population and tourism density.
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The methods developed I§ornitz (1990, Gornitz et al.(1997)and Thieler and
Hammar Klose (2000)include only physical variableslowever, it is rported that

the vulnerability is also influenced by socieconomic factors (Boruff et al., 2005)
Szlafsztein and Sterr (2007) assessed the vulnerability using both physical and socio
economic factors Brazil. It is reported thadocioceconomic changesappen more
rapidly than the natural or physical chang®zlafsztein and Sterr, 2007). Kunte et

al. (2014) used not only seven physical and geologic parameters but also used
population and tourist density as socio economic parameters for vulnerabilky inde
in Goa, India. It was stated that those parameters are important for Goa coasts
becauseof the state's growing population and significance of the tourism for the
Goa's economy (Kunte et al., 2014). As a result, the study aimed to make a model

which wouldbe useful for policy and decisiamakers.

Mclaughlin and Cooper (2010) used a CVI sub index method which slightly differs
from the other formulas. They defined the vulnerability as a function of coastal
characteristics(geology, shoreline type elevation, etc), coastal forcing(wave

height, tidal range,etc) and socieeconomic parameter§population, cultural
heritage, roadstc) forming three sulindices for CVI. Each sulmdex is calculated

first by the sum of the vulnerability score of each varigtblen the results are worked

out as a percentage of the range of scores for normaliz&iime some sulmdices

may have more parameters than others, the normalization is necessary to obtain equal
contribution from each suindex. The final coastal vulkerability is computed by

averaging the percentage scores of threarmibes (Mclaughlin and Cooper, 2010).

Palmer et al (2011) developed a CVI method by sum of the variables. The five
variables that they defined as the most suitable indicators for coaktarability
assessmelih South Africaare beach width, dune width, distance to the 20m isobath,
percentage rocky outcrop and distance (width) of vegetation behind the back beach.
They also described the firstrée variables as the most critical iratiars for highly
vulnerable sites. In order to emphasize these variables, Palmer et al (2011) added an
additional weighting of 4 if they all three have high scores. Also, they added another

weighting (4) for the area where estuarine mouths exist.
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Denner etal. (2015) applied the method in Palmer et al (2011) with a little
modification They replaced one of the critical parameters, the distance to the 20m
isobath with a parameter for coastal slope. They explained that as the Loughor
Estuaryin South Wales, W is subject to different coastal processes, the coastal slope

is more critical (Denner et al., 2015).

Ozyurt and Ergin (2010), developed G8LR method. In this method, parameters

are divided into 2 groups which are human influence parameters and physical
parameters. Physical parameters are rate of sea level rise, geomorphology, coastal
slope, significant wave height, sediment budget, tidal range, proximity to coast, type
of aquifer, depth to ground water level above sea, river discharge and water depth at
downstream. Human influence parameters are reduction of sediment supply, river
flow regulation, engineered frontage, groundwater consumption, land use pattern,
natural protection degradation, coastal protection structures. This method uses
parameters toaiculate 5 suindexes that are impacts of sea level rise. These sub
indexes are coastal erosion, flooding due to storm surge, inundation, salt water
intrusion to groundwater resources and salt water intrusion to river/estuary. Physical
and human influenck parameters which affect the smdlexes are evaluated
separately. For example, inundation sub index was calculated with rate of sea level
rise, coastal slope and tidal range (physical parameters), natural protection
degradation and coastal protectiomstures (human influenced parameters) ranking
values. So unlike other methods, this method highlights the most vulnerable areas by
directly matching numerical and qualitative data with specific physical effects
(Ozyurt and Ergin, 2010)n Indonesia, Joedawati et al. (2019), use the G8LR
method to develop vulnerability model of the effect of SLR and to describe the
magnitude of the impact of SLR in Tuban Regency coasts-SI¥R method is
generally performed in local study areas because of the spgufiacheters used for

the calculation of the suindexes. For this reason, this method was not used in this
study. This method was not used in this study, since it is difficult to collect special
parameters data such as sediment budget, depth to grounigwaltabove sea, river

flow regulation in the smaller scale study areas.
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1.5. Study Area

The study area covers the coastal zone of the Cilician Basin (Iskenderun Bay and
Mersin Bay) in NorthEastern MediterraneaifriQure 1.6). The stug area includes
the coastal parts oMersin Adanaand Hatay provinces. These provinces are

important for natural environment, human population and economic potential of the

region.
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Figurel.6. Study Area

The Taurus Mountains extend along the coast. Between these mountains and the sea,
there are important flat areas such as Cukurova and Goksu. Cukurova has been
formed by alluvial deposits that transported from Seyhan, Ceyhan and Tarsus rivers.
The Goksu Ded is a coastal plain formed by the alluvium carried by the Goksu
River. These plains have important lagoons, wetlands and areas that accommodate
to some endangered animals. In Hatay province, Amanos mountains lies in North
South direction. There are plaisach as Erzin, Dortyol, Payas and Arsuz plain in

the coastal regions between Amanos mountains and the sea.
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The total length of the coastline of the study aredaut 600 kmThe studycoastline

is located bet weernFiglh@l®mur and Samandaj

1.5.1. Population

The study area is a significant area regarding the high population density. The total
population of the 3 provinces represents about 7% of the populaticurkdyrand

more than 50% of the population of the Mediterranean regiguiel1.7). Flat areas

between the sea and mountains (Taurus and Amanos) are narrow in Mersin,
Iskenderun and Arsuz. For this reason, high populated citilecaeed at coastal

zone. I|In addition, population of the Mer
Samandaj coast s, is doubled in the summe:]

POPULATION STATISTICS OF THE MEDITERRANEAN REGION

KAHRAMANNMARAS

r ADAMNA

OSMANIYE
5%

MERSIN
17%

ANTALYA
23%

Figure 1.7. Population satistics in the Mediterranean region. (Turkish Statistical
Institute (TSI), 2018)

1.5.2. Economic potential

The region has important economic sectors such as agricuburesm, fisheries,

industry and transportatioRor instance His region is a suitableea for agriculture,
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due to convenient climate conditions, large and fertile alluvial plains. Agricultural
activities contribute significantly to the national economy. Products with high
economic value such as citrus fruits, strawberry, watermelon anchdaaa
produced in this region. For example, 73% of citrus production in Turkey is carried
out in this regionKigure1.8).
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Figure 1.8. Citrus Production in 2018 according to prasés Turkish Statistical
Institute citrus production in provinces, 2018

Total coastline of thestudy region is about 600km. Hence, there are many
recreational and attractive areas for tourists. In addition, the number of sunny days
is higher than otheroastal regions which causes thgorableclimatic conditions.

Due to the long summer seasons, this region became a more preferred area for
vacations. According to tourism statistics in 2018, There are 469 tourist facilities in
Mersin. Hence, Mersin ishe 4" city regarding the number of tourist facilities in
Turkey. In addition, it is the'8largest capacity province according to its bed capacity
(Ministry of Culture andTourism, 2018) In addition, here are many secondary

residences on the coasta\dérsin, Adana and Hatay. Visitors from theighboring
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cities spend the summer season in these secondary residences. The secondary
residences are concentrated mainly alon

Samandag, Tarsus coasts are other regions whayedsey residences are intens

Maritime transportation is another significant economic sector for the study area.
There are several international ports, piers and oil pipeline buoys for oil storage
facilities. For instance, Mersin International port ie thd harbour regarding the
container handling in Turkey{gurel.9).

Container Handling of Turkey International
Ports

2,500,000
2,000,000

1,500,000

1,000,000
0

AMBARLI a9w{ Thrh/ ! 9EBYTwS5! FT! F!

Number of the Container
Handling(Number/year)

Figure1.9. Number of the container handling of Turkey ports in 2019 (Ministry of
Transport and Infrastructucd the Republic of Turkey, 2019)

In addition, Botas, Iskenderun and Mersin port regions are in firistt&rms of total
cargo volume of Turkey port&igurel.10). A significant increase of cargo volume

of theseinternational ports is expected in the future.
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Total Volume of Cargo Handling
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Figure 1.10. Total cargo handling volume of Turkey ports in 2019. (Ministry of
Transport and Infrastructure of the Republic of Turkey, 2019)

1.6. Aim of the study

The mainaim of the study is to assess the coastal vulneraldditycoastal zone
managemenin the study arewhi ch extends from Anamur
purpose, physical and soes@onomic data related to the coastal zones have been
compiled.The castal vulnerability indexs calculated with different methods and

can be used for Integrated Coastal Zone Management (ICZM) to help reducing
negative impacts of the climate change as well as the human activities on coastal
zone. This index will providenformation for local authorities and decision makers

to manage the coastal zone and to use marine resources effectively.

The otheraim of this study is to discuss the results of the different coastal
vulnerability index methodg:ive different methods havmeen used to calculate the
coastal vulnerability indexAll of these methodsise physical parameters such as
coastal slope, geomorphology, mean tidal range, but only three of them use the socio
economic parameters. They atdiffer from each other by theontribution of socie

economic parameters to coastal vulnerability index. In this way, it is aimed to see the
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differencebetween the methods to decide which one or more are suitable for the

study area.

Thefinal aim of the study is to develop GIgodeltoal to assess the vulnerability
for any coastal areal'he endusers will be able to calculate easily the vulnerability
using all the five methods with this GIS Model tool.
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CHAPTER 2

MATERIAL and M ETHODS

The coastal vulnerability can be identified by ewilng the resilience of the coast to

the effects of some physical processes such as sea level rise, extreme weather events,
storm surges. These processes can damage the coast in various ways. The physical
properties of the coast and the human activitietheroastal zone strongly affects the
vulnerability.

The assess the coastal vulnerability several methods were developed. The details of
these methods will be given in the next section. A powerful GIS software, ArcGIS
Desktop is used to apply these methon Cilicia Basin coasto easily adapt these
methods in different places with different parameters, new geoprocessing tools were
created in ArcGIS environment. Tools are designed with Model Builder tool in ArcGIS
and modified using Python. These toodn be executed in a sequence, feeding the
output of one tool to the input of anoth€o use these CVI tools, the coast is dividing

into cells of which the size can be assigned by users. Therefore, users will be able to
assigndifferent cell size; big sed cells than means coarse resolution can be used for

a long coastline, and small sized higgsolution cells can better describe short

coastline.

2.1. Parameters and Data Source

Coastal Vulnerabilityndex (CVI) methoduse ranked parameters accordingheir
relative vulnerability tonatural events such &sosion, inundation, flooding and sea
level rising.Several CVI methods were developed tloe needs oflifferent places.
These methods ustkfferent physical and soci@conomicparameters to calculate the

CVI values.

In this studyfive different CVI assessment methodsre applied and testddr the

study area. Each method ug#gysical and/or socieconomicparameters to assess

21



coastal vulnerability. All parameters and data sources are described below.

Vulnerability ranking tables aighownin the results section.

2.1.1. Coastal SlopeData

Coastal slope is an important parameter when considering the inuneéatsionand

sea level rise

Shuttle Radar Topography Mission (SRTM) was an international space mtssio
obtain high resolution land elevation datar(Fet al., 2007). SRTM offers a 1 Arc
Second resolution (about 30m) elevation data that covers about 80% of therfand
on the earth (Figure 21). The data is freely available at

https://www?2.jpl.nasa.gov/srtm/Coastal slopewas computedfrom the SRTM

elevation dataKigure2.2). The Slope tool in ArcMAP calculates the maximum rate
of change in value fra that cell to its neighbors. It identifies the steepness of the
terrain; The lower the slope value, the flatter the terrain; the higher the slope value, the

steeper the terraimitps://desktop.arcgis.com/en/arcmap/latest/tools/spatallyst

toolbox/howslopeworks.htn).

In the slope mapHigure2.2), low values indicate the flat areas like Cukurovamlai

on the othehand steepeslopes show the mountainooshilly terrains.
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2.1.2. Geomorphology Data

The geomorphology datia obtained from satellite imagaes Google Earth Kigure
2.3). Theestuariesand deltasalluvial plains and cliff are defined ggsomorphologic
landformsfor this study These landfrms that located at the coastal zones were
digitized on satellite images. The digitized polygons were titzrsformedo gridded
data set to be used ArcMap for the CVI calculations.

Legend e Y e T i GEOMORPHOLOGY
@ Aluvial Plain "B ! s z ’

@ Beach

§ # Estuary, Lagoon, Delta

# @ Rocky, Cliff

100 km

Figure 2.3. Geomorologic landforms digitized from the Google Earth Satellite
ImagesRedpolygonsshow the rocky and cliff areas, orange polygons show beaches,
dark green polygons show estuaries, lagoon and deltas, light green polygons show the
alluvial plains.
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2.1.3. Geology

The geology parameter includes the general rock types of the study area. Rock types
are related to the resistance to coastal erasiderms of hardness of minerals. For
instance, coastal areas with beach, dunes and alluvium fan geologic formations have
less resistance to erosion. On the other hand, ophiolitic rocks are hardest and most
resistant geological formations in the study area. Therefore, the beach and dunes coasts

are considered more vulnerable to natural hazards than the coast with ophiic ro

Geology datas obtainedf r om t he fAGeoScience MapVi ewe
operated byGeneral Directorate of Mineral Research and Exploraffiogure 2.4).

Geological formations were digitizagsing the polygon tool in thiapplication and

exported irkml format This kml formatted file were imported in the GIS environment

to use in coastal vulnerabilipssessment$he simplified geologic formations used in

this study is shown ifrigure2.6.

GeoScience MapViewer and Drawing Editor TOoRKGE" ENGUSH

MAP DISCLAIMER REFERENCES ABOUT

e~ Fh EODEEw

1 M GEOLOGICAL FORMATION

!

EPSG:900913 | X 3556226885 Y: 3757404539

Figure 2.4. Geology data editor froreneral Directorate of Mineral Research and
Exploration(http://yerbilimleri.mta.gov.tr/anasayfa.agpx

25


http://yerbilimleri.mta.gov.tr/anasayfa.aspx

Q Undifferentiated Quaternary - Carbonate rocks

& Alluvium fan, slope debris, cone of dejection elfc. H Marbie, recrystallized limestone
T oo sorare TR -

m, Clastic and carbonate rocks - Quartzite, marble

Neritic imesione - Ophiolitic melange
1‘::::#!?;::',::: Limestone - Gabbro, dunite efc. {cumulative rocks)
- Clastics and carbonate rocks - Perldotite

Figure25.Mai n geol ogi c alGedSoianceMapViewersanddDfawihgh e f
Editordin the study areéFigure 2.4).

H | -
M- A

Geology

Alluvium fan

- Beach and dunes
- Clastic rocks
Clastic,carbonate rocks
B Vvarbe
Neritic Limestone
I orhiolitic melange

‘ - Quaternary

Quaternary Basalt

e\l &s

Yayladag:

0 10 20 40 60 80
-:-:—:—Kilomet?s

Sources: Esri. HERE, DeLonme. increment P Corp., NPS. NRCan, Ordnance
Survey. © OpenStreetMap contnbutors. USGS. NGA. NASA, CGIAR. N Robinson,
NCEAS, NLS, OS, NMA, Geodatastyrelsen, Rykswaterstaat, GSA, Geoland, FEMA,

Figure2.6. Simplified geologic formations of the study area
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2.1.4. Shoreline Erosion/ Accretion Rate

The shorelineerosion/accretiorparameterns obtained fromthe historical trend of
coastline change The sandy coasts, especially the beaches experience sediment
movemens. The remweal of sediments indicates erosion and the sediment deposition
suggests accretiofhe shoreline erosion/accretion rate data is derived from historical
satellite images by using Google Earth.

The erosiorand accretion datsetare assessed by means of salveatellite images
between 1984 and 2020 in Google Eatfithe digitized shorelinefor different years
arecomparedo each other to identify the erosive and depositional aB&awseline
change is generally observed around the river mouths and finebsantes in the
study areaAn example of coastline changes in two different years is showigume
2.7 and the interpretation iRigure2.8.

Figure2.7. An example ofshorelinechangesn Goksu Delta.Google EarttBatellite
images iNL984 (eft), and 2016Right).
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Figure2.8. Coastal areas classified according to their historical changes in coastlines
like coastal areas in Goksu delta.

2.1.5. Mean Wave Height

Wavesare the one of main factors of coastal sediment transportatiach drive

coastal erosioand depositionSignificantmeanwave height isised as a parameter

for coastal vulnerability As a result of wve height increasing, wave energy will
increase. Therefore, waves, which have high energy, transport more coastal sediment.
Hence, coastal areas, which are exposed to high wave heights, more vulnerable than

low wave heights.

For the study area signifine wave height data is found in Zodiatis et al. (2014).
Zodiatis et al. (2014) used an integrated very high resolution atmospheric/wave
modeling system for simulating the atmospheric circulation and the sea waves
evolution in the area over a period of gars (20042010) to investigate the wave
energy potential in the Levantine Basin, Eastern Mediterranean. The statistical
analysis of 10 years mean significant wave height is shovgire 2.9. However,

the result is very coars®loreover,there is no irsitu measurements for the Cilician

Basin to justify the results.

28



Although significant wave height is accepted one of the fundampatameter®f
coastal vulnerabilitya good quality significanivave height data for the coastaine
in the study area is unavailablelowever, a Ph.D. study (Buyruk, 2019) that
investigated the wind and wave climates in Turkish &astlculated the mean
maximum wave height and monthly mean wave height date8@station®f which
17 are locatedh our study are@Figure2.10). The data is shown ihable2.1. The data
conforms with the significant wave high data of Zodiatis et al. (2014).

Monthly mean wave heigliata Buyruk, 2019)s used for castal vulnerability index
calculations in this study.

Mean Significant Wave Height
2001-2010

Laotitude

28E 7% € 3E 32 B3 ME 35E 36€
Longitude

Figure 2.9. The 10 yearsmears significant wave height in Eastern Mediterranean
based on statistical analysis (from Zodiatis et al. (2014)).
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Table2.1. The monthly meawave height data for the study area from Buyruk (2019).
Monthly mean wave height datebtained as a result of applying CEM method to
ECMWEF operational archive wind data

Point Station Longitude(E) | Latitude(N) Vcﬂglrgh:ggﬁ? (nm)
Al {FYlYyRI 36.1 35.88 1.11
A2 TA1SYRS 36.5 35.93 0.62
A3 . dzY dzNJi | 36.8 35.93 0.7
A4 Dértyol 36.76 36.08 0.59
A5 Antakya 36.33 35.73 0.95
A6 TalSyRS 36.63 36.13 0.56
A7 ., dzY dzNJi | 36.64 35.73 0.94
A8 Y NI GI 36.42 35.56 1.05
A9 Y NI GI 36.53 35.41 0.91
A10 Y NI GI 36.48 35.24 0.91
A1l Y NI G 36.58 35.01 0.78
A12 Mersin 36.69 34.68 0.66
Al3 AlataErdemli 36.4 34.75 0.93
Al4 AlataErdemli 36.55 34.45 0.75
A15 Silitke 36.35 34.18 0.83
Al6 Silitke 36.23 33.85 0.97
Al7 Anamur 36.07 32.97 17

2.1.6. Mean Tidal Range

Tides are rise and fall of sea levels caused by gravitational forces between the moon

and the sun. Tidal range is the vertical difference between the low tide and high tide

Tide-gauge datas obtainedfrom Turkish National Sea LevdWlonitoring System
(TUDES). The network includes 18 Tide gauge stations to collect automatic sea level

data and other physical paramet@snav et al, 202; Figure2.11). Four of thes¢ide
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gauge stationare locatedh ourstudyarea Iskenderun, Erdemli, Tasucu and Bozyaz
(Figure2.11).

The last 5yearssea level dataforeh | skender un, Egtatomsalei , and Bo
presented ifrigure2.12 Er de ml i and Baged5cam differersce bettveem n s

hide and | ow tides -gaugeatatienrhasgreasurdd sdowg 60d er un t i
cm difference betweehnide and low tides.

Figure 2.11. TUDES (Turkish National Sea Level Monttimg System)Stationsin
Turkey(Simav et al, 202).
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2.1.7. Relative Sea Level Change

Sea level rise has not sian trends all around the world because of some efterts

as amospheric pressure, steric effect and local land moverniéese effects have
different contributiongo sea levetlependingonthe geographical positiosea level

is changing at differemtates in different coastal regions as a result of these effects.
The local sea level change is known as relative sea level change including the local

effects in addition to the global sea level change.

The long-term evaluation of satellite altimetry datalicates a continuous sea level
rise in theEastern MediterraneaiCazenave et al., 2001; Hebib and Mahdi, 2019).
Hebib and Mahdi (2019oncludes that the coastal Mediterranean Sea level has risen
during the period of the altimetry era (192815) with aclear increasing trend in the
Eastern Mediterranean baskigure2.13). It is reported that the averagateof the

sea level rise is approximately 20 mm/year in Eastern Mediterranean-20d 5

mm/year in Western Mediterranan @aave et al., 2001).

On the other hand, the tectonics and stratigraphic stumiisate the differential
tectonic subsidenci the Cilician basin(Aksu et al, 1992). The average subsidence
rates are computed 0.26 m/kyear for Cilicia Basin and 0.3 m/Kgedskenderun
Basin (Aksu et al, 1992).

The subsidencécreaseshe effectsof the sea level rise in the coastal zones of the
study areaThereforethe relative sea level rise is consideregigsificantparameter

to increase the coastal vulneralilit
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Figure2.13. Rates of the Mediterranean Sea level change iryearidetween January
1993 and December 2015 (from Hebib and Mahdi, 2019)

2.1.8. Population

Population is one of the most important seeemnomicvariables about the coastal
vulnerability. There aretwo different considerations abouhe impacts of the
population. Firstly, population can have negative impacts on the coastal sites, because
human pressure affects environment. Therefore, coastal #neashave high
population, are more vulnerable than the other areas. However, other idea claimed that
high population can be decreased the vulnerability. Because, in densely populated
areas there are more infrastructures or sources to protect the envitdrone SLR

and other natural hazards. Nevertheless, first approach can be more convenient for the
study area. Althoughsources and infrastructures try to protect coastal environment
from the SLR and natural hazards, there are huge human pressureoestaareas.

Hence, these sources and infrastructures are not enough for the protection.

Population datas obtainedfrom the Turkish Statistical Institut¢2015. The datais
publishedas a gridded data sttbm the GIS portalof the Ministry of Environment
andUrbanization(Figure2.14; Figure2.15)

The datais given the population density per KmTo use in this study the data is
resampled to 0.01 Kn
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2.1.9. Land-use

Another socieeconomic pameter for vulnerability indels landuse According to
land usagesuch as human and economic activities, some padadtal areas may be
vulnerable toSLR. For instancecontinuous urban areas ariskier to flood or

inundation events than rural argagarding to population number.

Coastal areas should be evaluated according to their economical values. For example,
industrial units, continuous urban, touristic places and agricultural lands have high
economic values. Therefore, if there will be anyunaitor anthropogenic hazards in
these placeghesecan be damaged more than other land use types. Hence, coastal

areas classified according to their usages.

Land-use datas derived from satelliteising theGoogle Earth softwar@-igure2.16).

All coastal areasveredigitized regarding their usages. Coastal aezaslassified as
agricultural land, beach, continuous urban areas, discontinuous urban areas, forests,
industrial units, lagoons, ports or piers, unclaimed areas arer Wwatlies.For the
vulnerability index, thesé@andusetypesare divided into fivecategoriesonsidering

their vulnerability to SLR.

Legend
Agricultural land
@ Beach

@ Continious urban
@ Discontinuous urban by
@ Forest 1
# Industrial area
(7 Lagoon

@ Port and Harbour
@ Unclaimed area
(7 Water bodies

Google Earth

L

100 km

Figure2.16. Land-usetypes digitized irGoogle Earth software
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2.1.10. Roads

The oadshavea major rolein human and economic activities in Turkeyefeis a

total of 68 231 km road network that are motorways, state highways and provincial
roadsin Turkey Especially, along the coast of the Mediterranean the roads are very
closeto the coastline because of the geomorphol&gyufe2.17). The short distance

to the sea makes the roads vulnerable to the flood or inundation events and SLR.

Because of the economic valude roads are considered as an imparsotic

economic parameter for the coastal vulnerability.

The ads datas obtained as a shapefiteom Mapcruzincom The shapefile is a
vector format that can be used directly in ArcGIS environment. Only the main roads

such as D400 are used for thener@ability index calculation.
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Figure2.17. Road network othe study arealata sourcewww.mapcruzin.conand

www.OpenStreetMap.org)
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2.1.11. Protected Areas

Nature and atural resources are under threat because of the usage unconscious and
uncontrolled usage of the resources. Therefore, protection of the natural areas has
become an important issue for different organizations and goverahbeates.

Protected areameddined as a geographical place which are managed in accordance
with legislations in order to protect biological diversity, natural and related cultural
resources by International Union for Conservation of Nature (IUCN).

In Turkey, legislations for the prottion of protected areas are implemented by the
Ministry of Environment and Urbanization and Ministry of Agriculture and Forestry.
These protected areas classified as National Park, Nature Park, Nature Monument,
Nature Conservation Area, Wild Life Consetiga Area, Ramsar Area, Wetland,
Protection Forest, City Forest, Gene Conservation Forest, Seed Orchard and Seed
Stands. The number distributions of tiiéferent types ofrotected areas shown in
Figure2.18.

Number of Protected Areas

350 - 325 315
300 - 247 l
250 - = 202
i 20 165 134
s ] U 0 | | 147 12
= N O S N Q * d QA QDD
& ¥ & & &S Y& M)
-\\\Q'bé@sx.d‘@&vo N év\@ 52"0&2’*(&0*&0’*@2*\ &
TSI SF LTS 20 D 2 ¢
<2 ‘6‘& < *,50 Q@é‘ o° \\/z} Y $°& & \\0@6\@
K2 00\ 4 sﬂ& . \‘\ $O* <0 ,00
3 ) & <0

Figure2.18. Number of protected areas in Turkeyw(Kish Statistical Institute201%)

There are several protected areas in the study area based on the information taken from

the GIS portal of the Ministry of mvironment and Urbanization. Wild life
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conservation sites, national parks, nature parks and also two RAMSAR sites exist
along the coast of the study aréag(re2.19).

Protected areas datapsblished apolygon shapefiles in éhGIS portal.

] PROTECTED AREAS IN THE STUDY AREA |

Legend
& Milli Parklar
Tabiat Parklari

Tabiati Koruma Alanlari

B Ramsar

[J MahOnHaSuAl

UlOnHaSuAl 0 125 25 50 75 100
-——

[l Yaban Hayati Geligtirme Sahalari Es4/ HERE, Garmin, (<) OpenStreetMap contributors, and the GIS user commurnity

Figure2.19. Protected Area map of the study afeam theGIS portal of the Ministry
of Environment andUrbanization.

40



2.2. CVI methods

Coastal vulnerability is calculated based on physiealdd socieeconomical
parameters. Although there are maiifjerent, the most common physical parameters
arecoastal geomorphology, coastal slope, mean wave high, tides, relative sea level rise
rate and sediment erosion/accretion rateaddition, socio eonomic parameters are

used for the CVI assessments. However, parameters such as land use, protected areas,
roads and population are the mgeeferredsocic-economicparameterdor CVI

assessments.

The approache$or the differentmethodsare given in thentroduction partAmong
many different CVI calculation methods, five of therareapplied in this study. These
five methods are different from each other according to parameters and the calculation

formulas.

2.2.1. Thieler and Hammar -Klose method

The Thieler and HammaikKlose method was developetbr the vulnerability
assessment of the US cogdikieler and Hammar Klos€000) This method is based
on a researchy Gornitz et al. (199). However, Thieler and Hammar Klose method

used just 6 physical parametérsassess the coastal vulnerabi(yl)

4 »0 (2.1)

Where a is the geomorphology, b is the coastal slope, c is the relative sea level rise
rate, d is the shoreline erosion/accretion rate, e is the mean tidal nahnige the mean

wave height.

An advantage of this method is thia¢sephysical parameterssed in this methodan
be obtainedrom various sourceeelatively easily For thisreasonthis method has
been used for many coastaliinerability studiesarond the world.One of the

disadvantages of thimethodis that theonly physical parameterare usedo assess
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the coastal vulnerabilityAnother disadvantage is the lack of weighting coefficients;

all the parameters have same degree of importance.

2.2.2. CVls method

CVle is aweighted methodb calculate the coastal vulnerability index (Gornitz et al.,
1997). CVk methodincludes? physical parameterfn this method, the grameters
haveweighting coefficients(2 or 4 according tatheir contribution to vulnerality
(2.2).

BOO 1O 1O Ccd & 10 o 0 2.2)

Where X is the mean elevation or coastal slope,s<the Local subsidence trend or
relative sea level rise ratez ¥ the geology, Xis the geomorphology, s{s the mean
shoreline displacement or shoreline erosasoretion rate, Xis the maximum wave

height, X is the mean tidal range.

Gornitzet al. 1997) used mean elevati@s gparametefor CVI calculation Although

the slope is calculated from the elevatidatg coastal slopas most preferable
parameteiin recent vulnerability studie§ he reason is thatoastal slope allows to
evaluate not only the relative risk of inundation, but also the potential rapidity of
shorelineretreat(Denner et al., 2015)Coastal areas where have low slope values
should retreat faster than steepeasts. Similarlycoastal slop@arameter isised for

the CVI calculation instead of elevation data in this study.

The maindifferencebetween CVd method and Thieler and Hamméose method, is
the mathematical operatiorie calculate the vulnerability indexCVI results are
calculated by multiplyig the parameteris Thieler and Hammar Klosavhereas the
resultsare computed bsummingthe parameteris CVls method.Gornitz et al. (1997)
claimed that the C\dlmethod is less sensitive to misclassification errors and missing

data than the product of the parameters.
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2.2.3. Relative CVI method

Relative CVI method (Palmer et al., 201es physial parameters and 2 additional
weighting parameters for the coastal vulnerability analysis. The physical parameters
are selected based on the properties of the study areas. For instance, Palmer et al.
(2011) described that the distance to 20 m isobath®raeofthe most important
parametergor vulnerability in South Africa. However, Denner et al. (2015) changed
this parameter to coastal slope based on the physical properties of the study area in
South Wales, UK

According to this method if the three tazal parameters defined specifically for the
study area have high scores, an additional weighting of 4 is adtded if there are

high vulnerability areas such as estuaries or river mouths, another wegune¢4)

for the area is addeth this stug, the parameters for the Relative CVI method were
defined as geomorphology, coastal slope, relative sea level rise rate, shoreline erosion/
accretion rate, mean tidal range and mean wave height similar to the previous methods.
As a critical socieeconomic parameter, the protected areas were selected for
additional weighting score. In other words, if a cell intersects a protected area,

additional weighting score of 4 is add&i3).
YQaho®O®D © o Q Q Q0 Q (2.3)
Where a is the geomorphology, b is the coastal slope, c is the relative sea level rise

rate, d is the shoreline erosion/accretion rate, e isné@n tidal range, f is the mean

wave height, g is the additional weighting score is the cell intersects a protected area.

2.2.4. Total Vulnerability Index

Total vulnerability Index method differs from the previous methothe evaluation
of socioeconomic paragters (Szlafsztein and Sterr., 2007). In this method the
physical and the socieconomic parameters are assessed separately, then, coastal

vulnerability is calculated by taking the average.

The reason to assess the physical and the-sgoibomic parameterseparately is to

remove the artificial effects of the number of variables. For instance, if the number of
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the physical parameters are more than number of the-socimomic parameters,

physical parameters may affect the CVI results more.
O'@i @D 1 £ OQI | OW ODHGBOEB U (2.4)
YE QMMOEE EAQODOOD RODMAIEB 0 (2.5)
0@ Q@E@E Qi ¢ap WD W
DRI QOOadi £ O | Odi QO (2.6)
7. Oi AIARBEUOEAAI 001 AAOO6.
YE OBE'R aBah £ QI GOb VOO ®
YEDOQEQOEEEAQOODI QOG (27)

T. Oi AiAml AET AAT T T i EAB6AO
"Y€ pd{)"@ B B B B B
Bo@i Quad wd a® VIQa@BiBaREQ weé € € d Quwo o (2.8)
C

Where, % is the physical parameters,¥s the socieeconomic variables, n is the
number of the physical parametersis the number of the soeeconomic parameters,

W is the weighting coefficient factors which are defined different for each parameter.

Another difference of this method are the weighting coefficients of the parameters.
All the physical and soci@cononic parametersre assigned eoefficientbased on

their degree of the contribution tthe coastal vulnerability. The range of the
coefficients value is definethetweenO and 0.5 The weighting oefficients are
determined by considering the effects of pagtars on coastal vulnerability in the
study areausually by expert opinionsMore critical parameters have higher values

than othersThe weighting coefficient used in this study are givefmable2.2.
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Table2.2. Weighting coefficientsof the parametenssed inthis studyfor the total
vulnerability index method

Parameters Weights ‘
Coastal Slope 05
Relative Sea Level Rise 0.3
Geomorphology 04
Geology 0.2
Shoreline Erosion/accrdion rate 0.2
Mean Tidal Range 0.3
Mean Wave Height 0.3
Population 04
Protected Areas 05
Road 0.1
Land use 05
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2.2.5. CVI SubIndex

CVI SubIndex method was developed by Mclaughlin and Cooper (2010) to assess
coastal vulnerabilityt different scalesuch as local, national and global. This method
uses physical and soeexonomic parameters such &se previous method.
Mclaughlin and Cooper (2010) suggested also to assess the physical and socio
economic parameters separately. Moreover, they also sepaggphysical parameters

into two classes: Coastal Characteristic (geology, elevation,etc.) and Coastal Forcing
(Significant wave height, tidal range,etc.).

The parameters are evaluated as separatmdiges at firs(2.9). Ead sub index has
several parameter¥ulnerability score of the parameters are summed for each sub
index separately then normalized by using the maximum and minimum scores sub
indexes can haveThen the sum of the parameters evaluated a percentage of the
vulnerability score range for each simoex (2.10). Then percentage of sufidexes

summed and the result divided by three for Coastal Vulnerability I(@i2%).

The parameters have not weighting coeffitsein this method, because according to
Mclaughlin and Cooper (2010), weighting can have subjective judgements that

strongly affects the CVI result.

Addition of subindexa X1+ Xo+ X3+ Xa+ Xs+ € X, (2.9

#600AET AAD

| AAEOEDORET AAQET EI Ol . (2.10)
“AGET OI TET ET OI pmn
#63©)j3 ,,,,,,,,,,

#6QOAET &#600AET AA@6QOAET AAD (211

o

Where X1is the one of the parameters in a-gudex, n is the number of the parameters
in sub index CVI subindexis the coastal forcing sub index, CVI singex, is the
coastal characteristics sub index, CVIsuthex is the socieeconomic sub indebn
this study, we used three sintices (Table2.3)
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Table2.3 Subindices and theirgrameters

SubIndex

Parameters

Coastal Characteristic

Coastal Slope
Geomorphology
Geology

Shoreline Erosion/Accretion Rate

Coastal Forcing

Mean Wave Height
Mean Tidal Range

Relative Sea Level Rise

SocioEconomic

Population
Land-Use
Roads

Protected Areas
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CHAPTER 3

RESULTS

In this study, we uséve different CVI calculation methods to identify the coastal
vulnerability of Mersin and IskenderuBays. All these methods use the physical
properties of the coast to define the vulnerability. The physiaggrties include
coastal slope, geomorphology, shoreline erosion/accretion rate, significant wave
height, mean tidal range and relative sea level change rate. Moreover, some of them
use also soci@conomic parameters in addition to physical parametersio-Soc
economic parameters are land use, population, protected areas and Tioads.
vulnerability of 100m x 100m cells was calculated within 500 meters along about 600
km of the coast of study areath GIS tool.

3.1. GIS Model Tool

A special GIS tool has been déyeed for this study to calculate the CVI values. This
tool has capabilities to resample and reclassify the data, create a coastal zone mask and
calculate the index value for coastal vulnerability with five different metheidsiie

3.1). The calculation of Coastal Vulnerability Index can be complicated: the method,
the diversity of the data, the expected resolution of vulnerability, the resolution of the
data, the weighting coefficients, the width of the mask are could/shouldfinedie
over and overTo overcome this complexity, a GIS tool have been developed using
ModelBuilder application and python script language in ArcGFgyre 3.2).
ModelBuilder is a visual programming language for building geopsitgs
workflows (https://desktop.arcgis.com/en/arcmap/latest/analyze/modelbuilder/what
is-modelbuilder.htrn
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Figure3.1. Simplified structure of the GIS modelol
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Figure3.2. The diagram of the developed CVI calculation tool in ModelBuilder

3.1.1. Raster Data

Raster data is defined as a matrix of cells oelgixrganized into rows and columns
where each cell contains a value represent information such as elevation. Raster can

be a digital aerial photograph, satellite images, digital pictures or thematic maps
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(https://desktop.arcgis.com/en/arcmap/10.3/mamtda/rasteandimages/whais-

rasterdata.htn). Rasterdata can include both quantitative and qualitative data or

information. For instance, &lation rastedatah ave el evation valwues fro
surface. On the other hand, land use thematic raster files have land cover categories

such as agriculture, forest and settlements. The area or surface represented by each cell

consist of the sameidth and height. It is an equal part of the entire working area

represented by a raster. For instance, a raster representing population may cover an

area of 100 square kilometers. If there were 100 cells in this population raster, each

cell would represertt square kilometer of equal width and height which is 1km x 1km.

In this study, all parameter's data was transformed raster formats due to their simple

data structure and the ability to analyze complex datasets of raster files. In the GIS

t ool , psaataanmestskouldbe raster form to calculate CVI values.

3.1.2. Resampling

The physical and socieconomic data can la any resolution. To use them in CVI
calculation with a predefined resolution, they should be resampledHigstr¢ 3.1).
Resampling is the process of interpolating pixel values while transforming raster data

set. This ArcGIS tool is wused when the pixel size changes

(https://desktop.arcgis.com/en/arcmap/10.3/tools/environments/resampling

method.htipn Becausethe CVI calculations are made by using the pixels of the

overl appi ng pdataiamehensatical €xpresaigns i€ important for

CVI calculations that the pixels of all parameters arthe same sizdn this study,

the cell size is defined 100 meters. AlIl the
rasterdatafiles. However, the cell size can be changed by users thélG1S tool.

There are some methods to resample the raster files such as nearest, bilinear and cubic.

In this study, nearest resampling method was used, since it will not change the values

of the cells while the interpolation process. In addition, this nearest is tiestfas

interpolation method.
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3.1.3. Reclassify

The par msteedatafiled Bave different kinds of values or attributes. The
coastal slope, mean wave height, mean tidal range, and population parameters were
considered quantitively. For instance, the coastalesdata has values between 0 and

78 degrees. Mean wave height values are between 0 and 1.52 meters. On the other
hand, other parameters were considered qualitatively. For example, geomorphology
data has 4 geomorphological landforms such as beach awmélafilains. Land use
parameter has 10 different types of usage such as industrial units, continuous urban,
agricultural land. In order to use all these parameters in the Coastal Vulnerability Index
calculations, they should be classifiadcommon index,rébm 1 to 4in this study
according to their values or attributes. This process is called as Reclassification
Reclassification toothange cell values to alternative (new) values in a raster. It is
generally used to simplify the information in a rasterregroup raster values

(https://pro.arcqgis.com/en/piapp/latest/tocteference/spatial

analyst/understandingeclassification.htin For example, there are 10 classes in terms

of land use. Some similar land uses can be grouped into a group.

In this study, reclassifications are based on the userfopaach parametemhenew
valuesfor the parametershould beleterminedy usersn remap.txt filegFigure3.1).

In the first line of the these remax files, reclass field namm the raster datasetust

be specifiedIn the second line, the number of thew classes numbehould be
written. Then, old values and new values of the raster file should be written
respectivelyon the lines with a space between thém.example oflhe remap.txt file

for the land use parameter is showirigure3.3.

In addition, raster fies with numerical values can be classified according to value
intervals. For example, raster values of coastal slope parameter were classified
between €1, 1-4, 410, 1890 intervals. In this case, minimum and maximum values
of the intervals should be widtn in old values section with a space between them.

Coastal slope remap.txt files in this study is showRigure3.4.

Separate remap.txt files for all parametesBould be determined by users.

Reclassification dol creates new raster files for all parameters according to their
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remap.txt files. These raster files have values between 1 and 4 and they become ready
for mathematical operations of CVI calculations.

1 (CLASS

2 10

3 Agriculture 3
- Beach 3
Continuous 4
Discontinuous 3
Forest 2
Industrial 4
Lagoon 2

10 Fort 4

11 Unclaimed 1

1z Wanerbodiss 1

Figure33Remap . t xt file of the |l and use paramet e
the field name. Second line indicates the number ofnthe classesOther lines
represent the old values and new values of the raster pixels.

1 Value
24
014
4 143
5 4102
10 so J

Figure 3.4 Remap.txt file of the coastal slope parameter's raster file. First line
represents the field name. Second line indicates the number rdhelassesOther
lines represent the old interval values and new values of ttex pasels.

3.1.4. Buffer

Another user input is buffer size in this GIS model tool. Buffer is for creating the

polygons between the coastline to a specified distance from this coastline. In this study

buffer size was selected 500 metarsgdward(Figure3.5).A1 | par amet er 6s r ast
are restricted by this buffer polygoWith the huffer polygonthe rasterdata ofall

parameters should be in the same boundaries and overlap.
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—— 500 m parallel line
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Esri) HERE, Garmin, (c) OpenStreethap contributors, and the GIS user community

Figure 3.5 An example of the buffer zone for this study. Red line represents the
coastline. Black line represents the 500 meters parallel to the coastline. Blue area
represents the buffer zone.

3.1.5. CVICalculations

After the previous data processing, the raster datd paemetes that have values

between 1 and areready to calculatéhe CVI values. The CVI valuegecalculated

with Raster Calculatotool. Raster calculator tool is used mwake mathematical
operationsusing multiple rasterdata In other words, tlsi tool mathematically

evaluates the values cells in the same location in multiple raster. As an example, the

value of two raster cells is summed and the new value of that cell is calculated for the
outputrasterfileAl | of t he CVI meuatedwtdtsistooiduree s wer
3.6). However, he calculation of the CVI values of either one method or all the

methods can be selectiedm the GIS tool that has been developed for this study.
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| C:\Usersimyuser\Desktopitez\Resample\CVI_results_3\CVImethods{TH |
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Cancel Apply Show Help ==

Figure 3.6 Raster calculator tool interfac@he raster filesthat can be used for
calculationsare shown in the upper left. On the upper right, there are mathematical
operabrs. The formula for the Thieler artldammarKlose method is showmithe
middle row. The bottom line includes the output location.

The calculated CVI values are classified to create a CVI map for each mEttpoi (

3.1). In the process of producing CVI maps, all CVI values haen lassigned to a
coastline both for a better view and to express the coastline. In other words, the raster
file with the specified coastline and CVI values is overlaid and all calculated CVI
values are displayed on the coastline. In addition, after gtatisalculations of CVI

result raster files and coastline are made, tables are created for each parameter and CVI
calculation method results. Therefore, the distributions of vulnerability classes are
calculated automaticalip the developed GIS tool. Meover, this tool caaccept user

input such as the classification table for each dataset, the ranking range. An interface

is created for user interactioRigure3.7).
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Figure3.7. The GIS tool interface

3.2. Physical Parametes

The vulnerability ranges of the physical parameters are giveéhaibie 3.1. The
previous studies listed in introduction part were mainly used to determine the ranges.
Someof the ranges were determined based on the expert opifibasparameters

with numeric values are divided into 4 ranges. Some parameters were evaluated in 4

classes, while others were evaluated in 3 or 2 classes.

Coastal slope is an important parametbewconsidering the inundation and sea level

rise. Coastal areas that have gentle slope retreat easily than steeper coastal areas. In
coastal plains larger areas will be affected than steeper areas by inundation and rising
of the sea level. Thuspastal aeas that have gentle slope values are more vulnerable
than steeper coast¥he gentle slope is considered as very high vulnerable and

moderate slope (>10) is considered as low vulnerdtalblé3.1).

Geology paranter identifies rock types of the coastal areas according to their

resistance to natural effects. High resistance rock types such as ophiolitic, are
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considered as low vulnerable. Coastal areas with beach and dune rock types are ranked
as very high vulnerabl(Table3.1).

The shoreline change parameter is an indicator that demonstrates the vulnerability of
coasts to natural hazards. Some studies in the literature, Erosion/accretion parameter
is evaluated quantitivelynfm/ year). In our study, this parameter was ranked
gualitatively such as Diez et al. (2007). Historical satellite images were used to
describe the coastline change in the study asa result of this comparison, some
areas have significant erosion, sonadatively little. Areas with high erosion rate
evaluated as very high vulnerable and low erosion rate as high vulnéalilee other

hand, depositional or accretionary coastal areas are less vulnerable than others. Thus,
they were ranked as low vulnéite.

Mean wave heighis depenihg onthewave energy potential. For this reason, coastal
areas withlarger mean wave height have movelnerableto erosion.Mean wave
height less thaf.5 metersare ranked al®w vulnerable. On the other hand, areas that
have more thaid metersMean wave height areonsidered asery high vulnerable

areas.

Although the high tidal ranges defined as highly vulnerable transport in respect to
sediment transport capacity in some stud@srfitz et al., 1994; Diez et al.0Q7;

Yin et al., 2012 Duriyapong and Nakhapakorn, 20ddo, 2013, we believe that

low tidal rangeis the most vulnerablas the sedevel is always close the high tide

level that increase the erosion because of the waves and storm surge. Thislstea is a
supported by many studies (GaRapanastassiou et al., 2010; Karymbalis et al., 2012;
Gorokhovich et al., 2014) including one study in Goéksu Delta (Ozyurt and Ergin,
2010). Therefore, areas with a tidal range of less than 0.5 meters were classified as

very high vulnerable.

Sea level rise is a threat fthie coastal area$atellite altimetry data shows clearly the
significantsea level rise in the Eastern Mediteean (Figure2.13). Relative sea level

rise includes also locaffects in the coastal areas. Different rates of subsidence, an
important local effect for the sea level, are reported in the study area (Aksu et al, 1992).

The relative sea levéd ranked based on the subsidence rates.
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Table3.1. The vulnerability classification offfysicalparameters

Low Moderate High ﬁ
Parameters/Vulnerabilit
1 2 3 4
Coastal Slope (%) >10 104 4-1 1-0
. . Estuary,
Geomorphology Clit, AIIU\."aI Beach Delta,
Rocky Plains
Lagoon
Neritic
Limestone,
Clastic and .
Ophiolitic | carbonate AIIu_wum F_an, Beach and
Geology Undifferentiated
Rocks rocks, Quaternar Dunes
Quaternary y
Basalt,
Marble
Shoreline . . . Major
Erosion/Accretion (m) Accretion Stable Minor Erosion Erosion
Mean Wave Heightm) <0.5 0.50.75 0.751 >1
Mean Tidal Rangém) >1 0.751 0.50.75 <0.5
Relative Sea Leve Low Subsidence High
Change subsidence Subsidence
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3.2.1. Coastal Slope

The coastal slope parameter identifies the relative risk of inundation or flooding and
potential rapidity of coastline retredNageswara Rao et al., 2008). L®ping

coastal areas are retreated faster than steeper areas. In the study area, there are many
low-sloping plains between the mountains and the Iseagest coasts of the Mersin

and eat coasts of the Hatay, steeper coasts exist.

Entire study area was classified according to their slope vdkigare 3.8). The

Taurus mountains are very close to the sea in the western parts of the study area.

Between Anamur an8ilifke, the mountains lie along the coast creating steep slope.

G°ksu River has formed a |l ow slope alluvial
Silitke. Afterward, the distance between the Taurus mountains and the sea increases

towards Mersin. Then,ery wide Cukurova plain start covering the coast between

Mersin and Dortyol. Relatively narrow coastal plains exist in Iskenderun and Arsuz

at the base of steep Amanos mountains. In the eastern part of the study area, Amanos

mountains extendtothesemarnd Samandaj and Yayladajé. Thu

high on these coasts.

Coastal plains with slopes less thahwere considered as vetyigh vulnerable
corresponding taie 2% (~73 km) of the coastline in the study area. Themeg high
vulnerable aremare locatel in Silitke coast (Goksu Delta), Tarsus coasts (around

Seyhan river mout hBigure3d Yumurtal ék coast (

The42% (about 27 km) of the coastline is characterized as high vulnerable where the
slope values rangedm 1 to 4 degrees. These high vulnerabieasare mainly the

coastal plains.

Coasts with a slope between 4 and 10 degrees exhibits al¥ut~225 km) of the

entire coastlineThese areas aodassified as moderate vulnerable.

146 km of the coastline (#b) was considered as low vulnerable. Coastal cliffs or
rocky coasts with slopes higher thar? Were classified as low vulnerable areBise

low vulnerable coasts iterms of slope, are generally present in the west (such as
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Figure3.8. Coastal vulnerabty classification based orape parameter. The classes
range the coastal areas (%) and coastline length (% and km) are given in inset table.

3.2.1. Geomorphology

Coastal areas have different degree of the resistance to natural forces, according to
their landbrms. The erodible areas such as an estuary or a delta have highest risk. On
the other hand, strength landforms such as rocks and cliffs, have low sensitivity and

low risk regarding the erosion.

The 35% (~208 km) of the shoreline is categorized as lowevale in terms of
geomorphology Kigure 3.9). These coastal areas are mainly located around
Yekil ovaceéek, Aydéncék, bet ween Er deml i

Yayl adaj e. Il n thesemsexstas rocky and cl i f
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Alluvial plains, which are evaluated as moderate vulnerable, represent the 42% (about
250 km) of the coastline in the study area. Alluvial plains are the most common
l andform in the study area. Mersipats Yumurt al
of the Samandaj coasts ar eFigore3®si dered as mod

About 81 km (13%) of the entire coast is defined as beach in terms of geomorphology.

These beaches are ranked as high vulnerable $ecduheir sensible nature. Most of

the distribution of the beachs are appeared in Goksu Delta (Siliftke), some areas

bet ween Mersin and Kar at @igure89.d some parts of

Coastal areas with high etfible landforms (estuary, lagoon,delta) are categorized as

very high wvulnerable. These areas especially appear around the wetlands in
Yumurtal ék, Tarsus and Silifke. Estuary, | a
10% of the entire shoreline which compesds about 60 km of the coastliffégure

3.9).
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Figure 3.9. Coastal vulnerabilty map based omeomorphology. The
geomorphological landforms and corresponding wahiity classes are given in inset
table.
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3.2.2. Geology

Geology parameter is related to the resistance of the geological formations in coastal
areas. Ophiolitic, metamorphic, volcanic and sedimentary are observed often in the
study area. The region is clasgifiaccording to resistance of these rock types. For
instance, areas with ophiolitic rocks have the highest resistance to natural hazards.
Thus, these areas classified as low vulnerable. Beach and dunes which are sedimentary

rocks, are ranked as very highverable because of their sensitivity to natural forces.

Coastal areas with ophiolitic rock characteristics are considered as low vulnerable due
to their substantial geological features. Low vulnerable coastlines represent about 4%
(=25 km) of the total legth of shoreline. These kind landforms exist on the coasts

bet ween SamanHKgarg3.1@d.nd Ar suz (

The 38% (about27 km) of the study area is classified as moderate vulnerable in terms
of geology. These geolaml features are neritic limestone, clastic, carbonate rocks,
basalt and marble. The distribution of the moderate vulnerable areas is generally

|l ocated in the western part of the study
Erdemli and Silifke). Somegpr t of Kar atak coast s, area
D°rtyol and Yayladajé coasts ar Egual so c
3.10).

Alluvial fan and undifferentiated quaternary sedimentary rocks arefaasas high
vulnerable in terms of geology. These rock types comprise about %27KrD2of
the entire coastline. Hi gh vulnerable ar

Kskenderun, and someFgoraxld).s of Samandaj c¢

The 21% of the study area is defined as very high vulnerable. Beach and dune rocks
type is the most insubstantial geologic feature in the study area. They are generally
located around the lagoons and deltas. The most prominentuligdrable areas are

in Silifke (Goksu Delta), Tarsus (coasts around the Seyhan River mouth, and

Yumurt al EBdurexl®ast s (
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Figure3.10. Geology classification ap of the study area

3.2.3.

Shoreline erosion/accretion rate

The shorelines in different years were digitized from the satellite images from different

years (1984, 1994, 2004, 2014 and last satellite images). The changes in the coasts

were evaluated by comparinthese shorelines. After the comparison, erosive,

depositional and stable coasts are classified qualitatively classified in the study area.

Accretional areas, classified as low vulnerable, correspori®dmf the coastline

(about 44 km). These areasre loated mainly in Goksu Delta Mersin, Tarsus,

Yumurt al

Yumurt al

e

e

k
k

and

coast s

Kskender un

ar e

eval

coast s.

uat ed

as

Some part

depositio

of sediments transported IB6ksu, Seyhaand Ceyhamivers respectivelyFigure

3.11).

Coastal areas with shorelingigh rate oferosion are categorized as very high

vulnerable areas. These areas represent about 10% (~60km) of the total coastline

(Figure3.11). Erosional areas are locatethinly in Goksu delta, Seyhan river mouth
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inTarsusjnt he coastal part of the Akyatan Lag:¢

The coastal areas where only a minor erosion observed are ranked as high vulnerable
that corresponds 32 of the coastlineKigure3.11).

Thevulnerability ofthelongest(51% =~306km) part of the coastlinm the study area
is defined agnoderate vulnerable. In this part the sediment movemestaide it

wasnot opbrsiaendepasition or erosio(Figure3.11).
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Figure3.11. Shoreline Erosion/accretion classification map.

3.2.4. Mean Wave Height

The coastal vulnerability based on mean wave height are represeffibed dlasses
based on thdata(Table2.1).

About 8% (~ 46 km) of the coastline is characterized as low vulnerable where the wave
height values are less than 0.5 met&igure 3.12 shows that the low vulnerability

areas are |l ocated only in Takucu bay.

About 317 km of the coastline (~%@ is considered as moderate vulnerable. Coastal

plains such as Goksu Delta and Cukurova are examples of the areas of moderate
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vulnerability. Despite the high slope values, the coastal zone between Anamur and
Takucu | ®rateaulsesablento daves. The reason is the lack of natural
protection against the waves from the open sea.

The high vulnerable areas, aboutd 7103 km) of the coastline are located in the
Yumurtal ék side of the i nnechlokascdletweerr un Bay
Seyhan Rivero6s mouth and Mersin city.

The very high vulnerability (Z&: 134 km of the coastline) is observed at two edges
of the Kskenderun Bay. It I's believed that

prevailing wind.
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Figure3.12. Coastal vulnerability classification based on mean wave height values.

3.2.5. Mean Tidal Range

Study area is considered as a micro tidal coastal region based on the short range
between high and low tideFifure2.12). As the sea levat always close to the high

tide, low tidal range increase the risk of erosion and inundation related to the storm
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surges. For this reason, the low tidal range is considered as more vulnerable for the

coastl zones.

Based on the datfeom the tidegauge stationgwo vulnerability classes are defined

in the study area. The eastern part
considered as high vulnerable (41%, about 247 km of the coastline). Thdrocoast
Anamur to Karat ak, 59% of t he coast
vulnerable Figure3.13)
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Figure 3.13. Mean tidal range mapased on theTurkish National Sea Leve
Monitoring System data.

3.2.6.

Relative Sea Level Change

of

i ne

As one of the main impacts of the climate, sea level rise is a significant threat for the

coastal areas. Satellite altimetry data shows clearly the significant sea level rise in the

Eastern Mediterranedfigure2.13). Relative sea level rise includes also local effects

in the coastal areas such as atmospheric pressure, steric effect and local land

movement.
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Vertical land movement is a prominent local effect for the sea iie\ibé study area.

Aksu et al, (1992yeporteddifferential tectonic subsidence in Cilician Basin and
Kskenderun Bay based on the marine stratiagr e
Amanos mountains are not depositional environment, it is believed thatitidence

is very small or negligibleThevulnerability forrelative sea levas ranked based on
the subsidence rates.

The higher subsidence occurs in Cilician Bas
Karatak is consi der 88kmadb% of thercyastimédgptnerv ul ner a b |
40% of coastline is marked as moderate vulnerable. Hieagwhere the Taurus and

Avanos mountains are very close to the coastiesubject to low subsidence. The

Yumurtal ek side of t h% oft#fsdoasthnd)asrclasaifieBasy (125 Kk
high vulnerable because of the relative subsidencekajere3.14).
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Figure3.14. Relative sea levalhange ratenap
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3.3. SocicEconomic Parametes

Beside the physical characteristics, sestmnomic variables are also very important
for vulnerability assessmerithe existence of socieconomic features such as the
infrastructures, the residences, roads increase the caaseability. The populéon
density is also directly related to the vulnerability of an area. The more the population
is dense, the more vulnerable an aredlie protected arsare the safe habitats for
many plant and animal species. They increase the vulnerability of teeakcaeeas
against the natural impact$he vulnerability classification of the soes&onomic

parameterss given inTable3.2.

Table3.2. The vulnerability classification afocioemnomicparameters

Moderate High ﬁ
Parameters/Vulnerabilit
1 2 3 4
Population
0-20 20-100 100-200 200-300
(people/0.01 ki)
Water Agriculture, Continuous
) Lagoon, . . Urban,
Land use bodies, Discontinuous .
) Forest Industrid
Unclaimed Urban Beach .
Units, Ports
Roads Absent Present
Protecteehrea Absent Present
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3.3.1. Land use

Land use parameter are divided into 4 classes according to theiresociomic

importance. Continuous Urban, Industrial units and Ports, which are considered as

veryhigh vulnerable, represent about 15% of the study area. They are generally located

around Mersin, Erdeml i and Kskenderun coast s
areas. Coast s bet ween Kskenderun and D°rty
significant forthe industrial facilities. For this reason, these coasts are classified as

very high vulnerable.

Figure3.15 shows that agricultural land, discontinuous areas and beaches, which are

considered as high vulnerable, make up about &43@ km) of the entire coastline.

I n Erdeml i, Kar at ak, Yumurtal ek, D°rtyol,
discontinues urban areas and beaches, which are commonly used for summer seasons,
exist. The region bet ween ademndgsirialdistriccd Kar at ak
Productive areas between Mersin and Karat ak,

bet ween Kskender un agnalturAlacsivitiess. ar e used for th

Lagoon and Forestreconsidered as moderate vulnerable according to land use. The

26% (~1% km) of the coastline arassigned amoderate vulnerable coasts. In most

of the coasts in western part of the study a
bet ween t he Sawmaramnldaag s iafnide dArassu zf or est . Some p

and Goksu Delta (in Silifke coasts) are considered as lagoons.

There are small areas in the working area that are not included in any usage class.
These areas are classified as unclaimed areas. Unclaimed and water bodies are rated
as low vulnerable. Goksietla (Silitke) coasts are the most common low vulnerable
areas in the study ardaigure3.15 demonstrate that low vulnerable areas characterize

about 8% (~50 km) of the entire coastline.
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Figure3.15. Land use classification map of the study area

3.3.2. Population

Population parameter divided into 4 classes according to human settlem@r@lper

km?. High populated areas are evaluated as the most vulnerable.

Kskender un

population density (206800 peopleéd.01 knf). The very high vulnerable coastal areas

a n de covigidersd as very dighsvuliseralde due to high

represent & (about 35 km) of théotal coastline. Coastareas with a population

density between 100 and 200 peopl knt? are classified as high vulnerable.

Erdeml i, D°rtyol

and the coast

S

bet ween

discontinuous areas, are classified as high vulnerable. These areas are categorized 19%

(113 km) of the entire coastline.

I n

Kar ant aka satnds iid e

of t he

Yumurt al

é k

population density is ranked as low vulnerable-{20 p0.01 knf). Some minor part

of the coastline of the study area are evaluated as moderate vulnerable. However, the

distribution of he moderate vulnerable coast is scatteFéglife3.16).
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The largest distribution of the population class is low vulnerable coasts. These coasts

ar e commonly represented I n Aydénceék, Yeki
Yumurtaée k , D°rtyol, Yayladajé coasts and coast s
vulnerable coasts characterize 56.71% (~354 km) of the study area.
33°Q0"E 34°Q0"E 35°Q0"E 36°Q0"E
Population i ’
1
=Z
2 2
5 & i
3 /; R
Z ‘.~'“ Dortyol 7. =,
4 /’/Mmm ‘v\ jum“m"k % 5
[2ets Iskenderun:
& Erdemli ’ 5
4 Karatas .
< Arsuz 5
v’ \
3 J J‘“/ silitke
z Anamir = W Aydincik Yesilovacik Samandag"{__ g
;g- Vulnerability/ Moderate(2) | High(3) el 8
8 Population bt
(People/0.01 km2)
Area(%)
Coastline 0 1020 40 60 80
Length(%) [ o e Kilometeifrs
Coastline Sowcesr Esfi. HERE. DeLorme'. increment P Corp., NPS, NRCan. Ordnance f
Length(km) e e e
35°0'0"E 36°0'0"E
Figure3.16. Population Classification Map of the study area
3.3.3. Protected Areas
In the study area different types of protected area such as natural parks, wetlands, and
wild life conservation areas and national park exist. These protected areas are
considered as very high vulnerable. The 37% of the coastline which istecizdut
221 km is covered by protected areas. These protected areas are located in Anamur,
Aydéncék, Yekil ovaceéek, Silifke, Tar sus, Kar
Arsuz and Samandaj

The remaining 63% of the coastlifebout379km) doesnot have protectedreas and

they considered as low vulneralflégure3.17).
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Figure3.17. Protected Areas Map for the study area

3.3.4. Roads

Road data is classified in 2 group like the protected areast&@aecas that intersect

roads are more vulnerable than other areas. The 22% (~131 km) of the coastline is
considered as very high vulnerable because of presence of the roads in the coastal zone.
These kinds of coasts are generally occurred in westets parthe study area

especially coasts bet wdFRgare3tl8).e Yeki |l ovacel
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Figure3.18. Road Classification Map of the Study area
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