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ABSTRACT 

 

 

VULNERABILITY OF COASTAL AREAS TO CLIMATE CHANGE: 

PLANNING RECONSIDERED  AT THE CASE OF FETHİYE-GÖCEK 

SPECIAL ENVIRONMENTAL PROTECTION AREA 

 

 

Atasoy Özdemir, Yüksel 

M.S., Department of Regional Planning 

Supervisor: Prof. Dr. Ayda ERAYDIN 

 

May 2017, 274 pages 

 

Climate-induced natural hazards are threatened more human lives and natural 

assets than ever before which are especially concentrated in coastal areas. Low-

lying coastal areas will be exposed to the unprecedented risk from sea-level rise, 

storm surges or other sea-ward hazards as these areas are complex socio-ecological 

systems and most vulnerable places to climate change because of their 

attractiveness of various human activities such as recreational facilities, residential 

needs, and economic activities. To strengthen the resilience of coastal areas, 

potential vulnerabilities and their levels are needed to be defined clearly.  Spatial 

planning is a crucial instrument that plays a critical role in the development of 

resilient systems at various levels as an effective tool for climate change 

adaptation response. The hypothesis in this thesis is that planning for coastal areas 

has to incorporate vulnerability assessment methods to mitigate effects of climate 

change and induce sustainable development of coastal areas. The thesis contributes 

to the literature on planning for coastal areas by introducing discussions on crucial 

factors for assessment of vulnerabilities of coastal areas and summarising methods 

used for vulnerability assessment of coastal areas on the climate change. The 
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major contribution however is an integrated assessment method is proposed. 

Fethiye-Göcek coastal area. Fethiye-Göcek SEPA is selected as the case study area 

to evaluate its coastal vulnerabilities by considering the years 2000 and 2016 

comparatively, based on four dimensions (socio-economic, natural systems, built 

environment and infrastructure) and to provide a new perspective on the coastal 

areas’ planning. 

 

Keywords: Coastal Areas, Vulnerability, Climate Change, Vulnerability 

Assessment, Spatial Planning. 
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ÖZ 

 

 

KIYI ALANLARININ İKLİM DEĞİŞİKLİĞİNE KARŞI KIRILGANLIĞI: 

FETHİYE-GÖCEK ÖZEL ÇEVRE KORUMA BÖLGESİNDE PLANLAMA 

SÜRECİ ÜZERİNDEN İRDELEME 

 

 

Atasoy Özdemir, Yüksel 

Yüksek Lisans, Bölge Planlama Bölümü 

Tez Yöneticisi: Prof. Dr. Ayda Eraydın 

 

May 2017, 274 pages 

 

İklim değişikliğinden kaynaklanan doğal afetler gün geçtikçe daha fazla insan 

hayatı ve doğal kaynakları tehdit etmekte ve bunlar çoğunlukla kıyı alanlarında 

yoğunlaşmakta.  İklim değişikliği karşısında oldukça kırılgan olan ve karmaşık 

sosyo-ekolojik sistemleri barındıran kıyı alanları rekreasyonel imkanlar, barınma 

ihtiyaçları ve ekonomik aktiviteler gibi çok çeşitli insan faaliyetleri için çekim 

noktası niteliğinde olduklarından deniz yükselmeleri, fırtınalar ve iklim 

değişikliğinden kaynaklanan diger tehlikelerle karşı karşıya kalmaktadır. Kıyı 

alanlarının dayanıklılığının (resilience) arttırılabilmesi için potansiyel 

kırılganlıklarının ve kırılganlık düzeylerinin ortaya konulması gerekmektedir. 

İklim değişikliğine karşı uyumun sağlanmasında etkili bir araç olarak planlama, 

dış tehditlere dirençli mekansal sistemlerin oluşturulabilmesi açısından kritik 

öneme sahiptir. İklim değişikliğinin etkilerinin hafifletilmesi ve kıyı alanlarının 

sürdürülebilir gelişiminin sağlanabilmesi için kırılganlık değerlendirme 

yöntemlerinin planlama mekanizmalarına entegre edilmesi gereği bu tez 

çalışmasında temel hipotez olarak belirlenmiştir. Bu çalışmanın temel amacı kıyı 

alanlarının iklim değişikliğine karşı kırılganlığının tanımlanması amacıyla 
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geliştirilen kırılganlık analizlerinin tartışılması, mevcut yöntemlerin incelenmesi 

ve sonucunda bütünleşik bir analiz metodu önerisinin oluşturulmasıdır. Fethiye-

Göcek Özel Çevre Koruma Bölgesi, 2000 ve 2016 yıllarının karşılaştırmalı olarak 

kıyısal kırılganlığın sosyo-ekonomik, doğal sistemler, yapılı çevre ve altyapı 

temelinde tartışılması ve kıyı alanlarının planlamasında yeni bir bakış açısı 

kazandırılması amacıyla örnek alan olarak belirlenmiştir. 

 

Anahtar Kelimeler: Kıyı Alanları, Kırılganlık, İklim Değişikliği, Kırılganlık 

Analizi, Mekansal Planlama. 
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1CHAPTER 1 

 

INTRODUCTION 

 

 

1.1.The Context and Scope  

 

Natural hazards which are mostly related to climate change are exacerbating more 

risks than ever before.  Human lives and natural assets are facing significant 

negative impacts of natural hazards, most of which are concentrated on coastal 

areas. Communities living in low-lying coastal areas will be exposed to the 

unprecedented risk from sea-level rise, storm surges or other sea-ward hazards. 

Coastal areas are complex socio-ecological systems and most vulnerable places to 

climate change because of their attractiveness of various human activities such as 

recreational facilities, residential needs, economic activities (fisheries, ports, 

marine trade and agriculture etc.), as well as their geomorphological 

characteristics. In order to assess the sensitivity of such complex systems, 

‘vulnerability’ and ‘resilience’ are two competing and related concepts widely 

used over the last decades. These concepts have used extensively in various 

disciplines, especially related to social-economy and ecology. ‘Vulnerability’ is 

defined as a function of exposure of any system (e.g., who is at risk/ how severe is 

the risk etc.); whereas ‘resilience’ is described as the capacity to absorb external 

shocks without significant deformation (Cutter et al 2008a; Dasgupta and Shaw 

2015). Community resilience in coastal areas which covers both vulnerability 

assessment and resilience concepts requires integration and evaluation of different 

mechanisms such as social, economic, natural and physical within a complex 
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socio-ecological systems framework. So, to set the community resilience the 

degree of vulnerability of coastal communities must be indicated to decide and 

form the policies to reach the coastal resilience. 

It is widely acknowledged that spatial planning has an important role in promoting 

urban resilience and offers the potential to combine adaptation and mitigation 

measures to climate change (Stead, 2014). Similar to densely populated areas, for 

coastal regions to alleviate the adverse effects of climate change, planning policies 

and mechanisms are recently integrating coastal vulnerability measures into the 

decision-making frameworks. Especially in Turkey, spatial planning processes are 

rarely mention about climate change issues. It is hardly possible to find substantial 

interest and awareness on climate change issues and their implications on the 

levels of spatial planning.  However, in order to define the policies about climate 

change on coastal areas and the principles to be incorporated to the planning 

processes, there is need to analyse the levels of coastal systems’ vulnerability or 

resilience and prioritise measures to be followed  in order to plan resilient coastal 

areas and settlements. 

‘Vulnerability’ and ‘resilience’ are useful integrative and multidimensional 

concepts for evaluation of the potential effects of climate change; however, they 

are also complex concepts that cannot be directly measured. Over the past few 

years different researchers have formulated several vulnerability assessment 

methods proposing qualitative and quantitative indicators of climate-induced 

natural hazards on coastal areas (Cutter et al. 2010, Gornitz et al. 1994, Thieler and 

Hammar-Klose 1999, Özyurt and Ergin 2010, Wilhelmi and Morss 2013, Zhou et 

al 2014, Panray et al 2009, Eidswig et al 2014, Li and Li 2011, Fatorić and 

Chelleri 2012, Frihy 2003, Sánchez-Arcilla et al 2008, Ge et al 2013 etc.). 

Nonetheless, most of these studies do not fully consider all determinants of the 

community resilience. Field of natural hazards is not fully determined and exactly 

understood because of the unpredictable characteristics of the system or difficulty 
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to reveal the success of evaluation of the natural disaster of climate extreme before 

it happens and evaluations must be handled much earlier than the framed scenario. 

Hereby, it is necessary to identify proxy variables or indicators to operate in 

modeling. Appropriate indicators are variables that summarize or simplify relevant 

information; make visible or perceptible phenomena of interest; and quantify, 

measure, and communicate relevant information. Therefore, the success of 

assessment is related to the selection and design method of indicators and to reach 

an optimal result integrated manner of the criterion development is needed. 

This study aims to propose an integrated coastal vulnerability assessment method 

to display the vulnerabilities of a coastal area to climate change. To achieve this, 

indicators of coastal vulnerability are organized under the four dimensions; namely 

socio-economic, natural systems, built environment, and infrastructure. Theoretical 

and empirical works in the literature are investigated concerning coastal 

vulnerability assessment and indicators searched in earlier frameworks and 

grouped according to these dimensions to design the integrated assessment model. 

Comprehensive work is needed from different disciplines for application of this 

model and this evaluation method will make possible to compare different 

communities or coastal areas’ vulnerabilities. There is not generally accepted 

method to assess vulnerability to climate change and the method is necessarily 

being the area and/or hazard specific. Despite this framework model has been 

customized to the local context, it can possibly be applied to similar coastal areas 

with some adaptations. 

1.2.Main Purpose, Research Question, and Hypothesis  

Increased vulnerability to climate change implies higher impacts on low-lying 

coastal areas. Coastal cities are growing faster than their noncoastal counterparts 

and are already intensively built-in areas. Increased vulnerability to climate change 

is not only caused by the changing climate itself. A combination of sharp increases 

in coastal urbanization and population growth and increasingly severe climate 
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events place ever more people at risk. Because these areas encapsulate vulnerable 

systems of various factors; social, economic, natural and physical assets and 

developments also contribute to increased vulnerability level to climate change.  

Increasing urbanization and the pressures of various sectors such as tourism, 

agriculture, and recreation to locate in coastal areas intensify the possible effects if 

climate change over time. 

Spatial planning has been seen as an instrument and a framework that plays a 

critical role in the development of resilient systems at various scales. Moreover, 

spatial planning has a bigger role to play at the local and regional level to climate 

change issues as it effects of policy measures on spatial development and it 

possibly has the potential to act as an effective instrument for climate change 

adaptation response. To develop effective climate change policies for coastal 

areas, potential vulnerabilities and their levels are needed to be defined clearly.  

Several methods have been developed to assess climate change impacts and 

vulnerabilities: from qualitative guides for vulnerability assessment in general to 

sophisticated methods for specific hazards that involve specialized impact 

modeling and damage estimation.  

The main purpose of this research is to discuss the coastal vulnerability with 

respect to climate change underlining the impacts of the climate change on coastal 

areas. Therefore, to reveal the vulnerabilities of these areas, existing assessment 

methods of vulnerability to climate change are evaluated and the most appropriate 

and worthy method is developed in order to give inputs to policy makers and 

planners to mainstream climate change issues into their spatial planning practice at 

different levels. 

To develop the theoretical framework some research questions are defined:  

 What risks are coastal settlements faced to because of climate change? 
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  What is a vulnerability and in what ways are coastal areas vulnerable to 

floods, inundation, sea-level rise etc.? 

 Are coastal settlements vulnerable to climate change? 

 How can we assess vulnerability/coastal vulnerability to climate change? 

 What are data and methods available as a basis for quantification of 

vulnerability? 

 Which are vulnerability indicators used to derive the degree of 

vulnerability selected?  

 What kind of spatial planning policies can be developed to reach resilient 

coastal areas and how can spatial plans be assessed extent to which coastal 

vulnerability measures are addressed? 

 Are climate change policies integrated into spatial plans? 

Based on these questions, the main hypothesis in this thesis underlines that 

planning for sustainable development of coastal areas should consider and focus 

on existing vulnerabilities and threats coastal areas face and state that “Planning 

mechanisms have to integrate vulnerability assessment methods for coastal areas 

to climate change in order to mitigate effects of climate change and induce 

sustainable development of coastal areas.”  

1.3.Methodology and Outline  

This thesis is comprised of seven chapters. The first chapter introduces the 

research problem as well as the objectives utilized to address the problem. The 

second chapter provides additional contextual information pertaining to the 

research problem in the form of a literature review; this chapter reviews climate 

change issue in a brief way then the concept of vulnerability is discussed broadly. 

Definitions of climate change, vulnerability, and resilience in the literature are 

presented in this chapter and vulnerability is associated with climate change 

sphere. There are many approaches to vulnerability and most widely 
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acknowledged approaches are expressed in this part of the study.  Resilience is one 

of the most important approaches in the literature and this term associated with the 

term of vulnerability many times in this study. 

The third chapter introduces the vulnerability assessment concept to the impacts 

of climate change. The need and importance of vulnerability assessment and 

approaches are broadly discussed in this chapter. General vulnerability assessment 

methods are described with the classification of the spatial level. Lastly, as an 

important matter of vulnerability measurement, proxy indicators relating coastal 

vulnerability and methodological issues that result in the overall vulnerability are 

mentioned. 

In the first part of the fourth chapter, the theoretical frame of coastal vulnerability 

issue is examined. Empirical studies on coastal vulnerability assessment elaborated 

and compared according to their components considered, the temporal scale of 

assessment procedure, used scenarios, operated data and applied assessment 

methods. Most widely used assessment methods are discussed under two main 

headings: firstly; in the index based methods,  Coastal Vulnerability Index – CVI, 

Coastal vulnerability index for sea level rise – CVI (SLR), Composite 

Vulnerability Index, Social Vulnerability Index and Multi-scale coastal 

vulnerability index are described. Secondly, indicator-based methods are clarified. 

In the second part of the fourth chapter, spatial planning mechanisms and the tools 

for vulnerable systems are introduced and associated with climate change issues. 

Key planning dimensions are argued in this section and some proposals or 

recommendations for climate resiliency planning are developed for land use, 

ecology, infrastructure, and transportation. 

 

In the fifth chapter, case study area- Fethiye-Göcek SEPA is generally explained 

regarding coastal vulnerability. The vulnerabilities of Fethiye-Göcek SEPA are 

described and then selected criteria are briefly introduced. With reference to the 

coastal vulnerability methodologies in the literature, for Fethiye-Göcek SEPA 
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coastal vulnerability assessment method is proposed, namely Integrated Coastal 

Vulnerability Assessment (ICVA) Method for Fethiye-Göcek SEPA. By using 58 

indicators depicting study areas’ socio-economic, natural systems, built 

environment and infrastructure, vulnerability index is defined by operating 

quantitative and qualitative data. To reach the current vulnerability level of case 

area (2016) and to compare this level with past vulnerability level (2000) statistical 

data, spatial plans, scientific reports and expert views - from Ministry of 

Environment and Urbanization, General Directorate for Protection of Natural 

Assets (GDPNA) was utilized. 

    

In the sixth chapter, the research findings are evaluated and coastal vulnerability 

level of the study area is discussed and compared to the measured temporal scales. 

Climate change induced vulnerabilities and other impacts and their relative 

contributions to overall vulnerability of study area are discussed in the light of 

policies offered by spatial plans of Fethiye-Göcek SEPA. 

 

The last chapter encompasses an evaluation of coastal systems’ vulnerability to 

climate change with socio-economic and physical impacts. By revealing the 

vulnerabilities and the level of resilience of coastal systems this chapter aims to 

propose mitigative and adaptive solutions and precautions that can be incorporated 

within the planning process against climate induced hazards. Besides bringing new 

insights into both regional and spatial planning mechanisms for Turkey. 
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Figure 1: Research Methodology 
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CHAPTER 2 

 

 

VULNERABILITY TO CLIMATE CHANGE 

 

 

2.1. What is Climate Change 

Intergovernmental Panel on Climate Change IPCC Fourth Assessment Report: 

Climate Change 2007 refers to “a change in the state of the climate that can be 

identified (e.g. using statistical tests) by changes in the mean and/or the variability 

of its properties, and that persists for an extended period, typically decades or 

longer. It denotes any change in climate over time, whether due to natural 

variability or as a result of human activity”- (IPCC, 2007) as climate change.  This 

definition differs from that in the United Nations Framework Convention on 

Climate Change (UNFCCC), where “Climate change means a change of climate 

which is attributed directly or indirectly to human activity that alters the 

composition of the global atmosphere and which is in addition to natural climate 

variability observed over comparable time periods” (UNFCCC, United Nations 

1992). 

Climate change refers to changes in the average weather and weather variability of 

a region or the planet over time and measured by changes in temperature 

precipitation, wind, storms as well as sea level rise and other indicators 

(UNHABITAT 2014). The key climate change indicator that scientists look to is 

the average surface temperature of the earth. Over the past 50 years, the global 

average temperature increased by 0.65°C. Global ocean temperature is also an 

important factor to consider due to its effect on surface temperatures. The world’s 

oceans are absorbing much of the heat added to the earth’s climate system and, as 
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the ocean circulates, much of that heat is released into the atmosphere, increasing 

the warming effect over time.  

IPCC stated in 5th Assessment Report in 2013 that, “Most of the observed increase 

in global average temperatures since the mid-twentieth century is very likely (>95 

percent) due to the observed increase in anthropogenic greenhouse gas 

concentrations.” In other words, most of the global warming from the past 50 

years is caused by human activity. IPCC 2014 Synthesis Report denotes that 

“warming of the climate system is unequivocal” and following this, it is 

highlighted in this report that “human influence on the climate system is clear and 

recent anthropogenic emissions of greenhouse gasses are the highest in history and 

since the 1950s”. The increase in carbon dioxide levels in the atmosphere – 

primarily from the burning of fossil fuels and land use change – cause evident rises 

in global temperatures at a rate never before seen in human history. Human 

activities such as the combustion of fossil fuels, large-scale industrial pollution, 

deforestation and land-use changes, among others, have led to a build-up of GHGs 

in the atmosphere together with a reduction of the capacity of oceans and 

vegetation to absorb GHGs. 

Total anthropogenic GHG emissions have continued to increase over 1970 to 2010 

and with distinct rise between the years of 2000 and 2010. Besides, emissions of 

CO2 from fossil fuel combustion and industrial processes contributed about 78% of 

the total GHG emissions increase from 1970 to 2010, with a similar percentage 

contribution for the increase during the period 2000 to 2010 (Climate Change 

Synthesis Report, 2014, p:5) Intensive usage of fossil fuel sources as to the 

population growth as well as economic development constitute the most important 

drivers of the CO2 emissions’ inevitable rise. 

Surface temperature is one of the most important indicators to evaluate climate 

variability. According to IPCC Climate Change 2014 Synthesis Report, each of the 

last three decades has been successively warmer at the Earth’s surface than any 
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preceding decade since 1850. The period from 1983 to 2012 was likely the 

warmest 30-year period of the last 1400 years in the Northern Hemisphere 

(Climate Change Synthesis Report, 2014, p: 2)  

Greenland and Antarctic ice sheets have been losing mass and glaciers have 

continued to shrink almost worldwide. As another indicator of climate change sea 

level rise shows consistency with global warming. Over the period 1901 to 2010, 

global mean sea level rose by 0.19 [0.17 to 0.21] m. The rate of sea level rise since 

the mid-19th century has been larger than the mean rate during the previous two 

millennia (Climate Change Synthesis Report, 2014, p.4)  

 



 

 

 

 

12 

 

 

Figure 2: Changes in temperature and sea level  

(Source: Climate Change 2014: Synthesis Report) 
 

 

Furthermore, as it is mentioned in the White Paper 2009, the severity of the 

impacts of climate change varies by region and the most vulnerable regions in 

Europe are Southern Europe, the Mediterranean Basin, Outermost regions and the 
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Arctic mountain areas, in particular, the Alps, islands, coastal and urban areas and 

densely populated floodplains are facing particular problems and outside Europe, 

developing countries (including small island states) will remain particularly 

vulnerable. 

 

 

Figure 3: Global and continental temperature change. 

 (Source: Climate Change 2014: Synthesis Report) 
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2.2.Mechanisms of Climate Change 

From the industrial revolution up until now, human beings has been the reason for 

the huge amount of greenhouse emissions to the atmosphere, resulting in rising 

global temperature changing hydrological regime and biological diversity and 

climatic variations. Due to the climate change impacts most vulnerable groups are 

developing countries and poorest communities as to the limited resources to use 

adaptation efforts (Stern 2006). Alterations in climate system generally seen as 

climate extremes and variability threaten especially the poor people (Denton, 

2009, p.115) These effects can be apparently seen as changes in common property 

resources such as fisheries, degrading river basins, forests etc. on which they rely 

on their livelihoods. Ecosystems provide such services for many people who 

depend on their substance mostly threaten by the climate change. So, all risks on 

these ecosystem services negatively affected these poor people’s resilience. Also, 

this variability calls forth negative influences on economies. 

Developing countries with fragile environments are at higher risk of climate 

change impacts such as floods, drought, infrastructure damage and diseases. It is 

mostly related to the experiences of natural hazards; Bohle et al (1994) considered 

the most vulnerable as those who are most exposed to changes in limited coping 

capacity and less resilient to recovery. 

Until recently, mitigation of greenhouse gas emissions has been the core of debates 

on climate change. Most developing countries can do better in preparing to adapt 

the negative impacts of climate change but mostly both mitigation and adaptation 

efforts have become inadequate to overcome the impacts of climate change not 

only poor and vulnerable countries but also for all human beings. This global 

problem requires participatory evaluation at international, national and local levels. 
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2.2.1. The Concept of Vulnerability 

2.2.1.1.Definitions of Vulnerability 

There are many definitions of vulnerability in literature: Chamber (1989) defined 

vulnerability as a high degree of exposure to risks, shocks and stress and tendency 

to food insecurity. Ellis (2000) cited that vulnerability has two aspects of external 

threats to livelihood through risk factors such as climate, markets or sudden 

disasters and internal coping capabilities such as assets, food stores etc. also 

livelihood vulnerability can be described as a balance between the sensitivity and 

resilience of livelihood systems.  

IPCC Third Assessment Report (TAR) described vulnerability as “ the degree to 

which a system is susceptible to, or unable to cope with adverse effects of climate 

change, including climate variability and extremes. The vulnerability is a function 

of the characters, magnitude and the rate of climate variation to which a system is 

exposed, its sensitivity and its adaptive capacity” (IPCC, 2001, p.995) this 

definition of vulnerability would contain a number of terms that is needed to be 

interpreted according to the field of study. In an urban geography with the effects 

of climate change, the system under consideration is an urban geographical area, 

e.g. a neighborhood or a city rather than on the level of individuals, buildings or 

other elements within city areas. 

Birkmann et al. (2012) in their study defined vulnerability with its key factors 

namely exposure, susceptibility and coping capacity and vulnerability have been 

drowned out with three dimensions: social, economic and environmental 

vulnerability. Arakida (2012, p.291) describes vulnerability as a combination of 

physical, social, economic and environmental conditions that increases the 

susceptibility of a community to the impact of the hazard. These conditions 

increase the susceptibility of a community to the impact of the hazard. The 

vulnerability factors of exposure, sensitivity and adaptive capacity can either be 
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quantitatively measured or qualitatively characterized. These dimensions or 

measures can be defined as follows:  

• “Exposure is a measure of the magnitude and extent (i.e., 

spatial and temporal scales) of exposure to climate change 

impacts.  

• Sensitivity is a measure how a system is likely to respond when 

exposed to a climate-induced stress.  

• Adaptive capacity is a measure of the potential, ability, or 

opportunities available to decrease exposure or sensitivity of a 

system to a climate-induced stress (i.e., adapt)” (Füssel and 

Klein, 2006). 

Exposure relates to fixed physical attributes of social systems such as 

infrastructure as well as the human systems such as livelihoods, economies, and 

cultures. According to Khanal (2009, p.380), exposure to risk means the severities 

and frequency of a function; sensitivity is the degree of a systems’ response to an 

external event. Exposure is not only the indicator of system vulnerability because 

of the susceptibility and coping or adaptive capacity level of the specific region. 

Susceptibility relates the tendency of elements to suffer harm. 

On the other hand, coping capacity allows reducing vulnerabilities in a specified 

time period, not a permanent solution, in other words, it serves immediate response 

during a hazard event but the adaptation is needed to reduce vulnerability in a 

medium or long run. Coping strategies or mechanisms can only be understood by 

answering the questions of whom and what are at risk from what and how specific 

stress and perturbations convert into risks and impacts. 

So, primarily selected indicators are used to assess vulnerability in a medium or 

long run. So, primarily selected indicators are used to assess exposure, 

susceptibilities, and coping capacities by using specific flood scenarios. 

Exposure indicators are strongly related to the existing type and density of housing 

and business areas and buildings with regard to flood exposure and the expose 
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number of people. To test susceptibility and coping capacity indicators, household 

interviews, and micro-census data are used because these indicators can not be 

measured directly. 

The term “exposure” refers the affected people and property and “risk” can be 

expressed as the expected costs (deaths, injuries, destruction of property) as a 

consequence of hazard. On the other hand, disaster risk can be formulated as a 

function of hazard, vulnerability, and exposure. To reduce the disaster risk 

reducing the level of vulnerability and exposure level to hazard is crucial by means 

of relocating populations and property.  

 

                    Disaster risk = function (hazard, exposure, vulnerability) 

 

 

 

 

  

 

 

 

 

 

Figure 4: Formulation of disaster risk 
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2.2.1.2.Vulnerability in Climate Change Setting 

One of the clearest definitions on vulnerability is asserted by Blaikie et al, (1994) 

that: “ability to anticipate, resist, cope with and respond to hazard”. When climate 

change is a matter, vulnerability refers to the system of physical conditions as well 

as the social, economic, institutional and political ones that mediate the human 

context (Denton, 2009, p.118). Vulnerable physical conditions are strongly related 

to exposure to systems and human beings to cope with the conditions of the 

specific region. So, vulnerability assessment is not a straightforward matter that in 

an environmental change vulnerable people may not necessarily be in vulnerable 

places. For instance, poor people can live in very resilient environments while the 

rich ones in the fragile physical surroundings (Vincent, 2004).  Societies’ capacity 

to resist to the fluctuations in the living area strongly related with the vulnerability 

level. To understand the resilience of the society ability to restitute shocks and 

stress related to climate change can be the focal point. Thus to define vulnerability 

economic, social, political and environmental assets should be taken into 

consideration.   

The social and biophysical vulnerability cannot be considered as completely 

distinct attributes as one impact on the other. With regard to the climate change 

socio-ecological point of view determines socio-ecological resilience as an output 

of the biophysical and socio-economic inputs. 

To distinguish the actual harm or damage potential not only damages of extreme 

events which are climate driven or not but also vulnerabilities in society, land use 

system and infrastructure plan have crucial roles (Birkmann et al, 2012). The 

vulnerability is an internal condition of the social-ecological system that 

designates the potential harm. The term of ‘risk’ can be understood as the 

probability of the occurrence of a hazard on the other hand in a broader context it 

can be defined as an interaction of the given hazard and the vulnerability of a 
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society. Human action, internal conditions of the social systems, their coping and 

adaptive capacities are the fundamental determinants of the impact of a hazard.  

2.2.1.3. The Approaches to Vulnerability and Climate Change 

2.2.1.3.1. Risk-hazard approaches 

Risk-hazard approaches describe vulnerability in terms of the consequences 

(losses) that might be expected when exposed people and/or property are sensitive 

to a particular (external) hazard and aims to reveal to what systems are vulnerable, 

what kind of impacts may occur, when and where. This approach assumes that to 

understand vulnerability has come out/arise from natural hazard literature in 

geography and tend to consider the negative effects of change in 

temperature/precipitation or extreme weather events in the light of climate change 

and potential loss of a specifically exposed population (Eakin and Luers, 2006). 

While ‘vulnerability’ is not usually explicitly defined its realization is the residual 

or net impacts of a hazard after adaptive measures are implemented (Eakin and 

Luers 2006; Kelly and Adger, 2000). 

The Adaptation  Policy Frameworks for Climate Change Developing Strategies, 

Policies and Measures (2005) defines  risk as the combination of the probability of 

occurrence and impacts of an climatic extreme event and describes two major 

approaches for climate risk assessment: a natural hazards-based approach (Risk = 

Probability of climate hazard x Vulnerability) and vulnerability-based approach 

depending on the whether the starting emphasis is on the biophysical or the socio-

economic aspect of climate-related risk (Risk= Probability of exceeding one or 

more vulnerability criteria). 

Communities have a chance to decrease vulnerabilities either by means of 

reducing risks directly or indirectly or improving the resilience of the 

communities. 
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In the early 1990’s US Country Studies Program on climate change was carried 

out as a research to assess the systems’ sensitivity to risks and quantification of the 

possible economic and social losses result from global warming (Eakin and Luers, 

2006). These efforts aimed to measure damage by using rough proxies for 

vulnerability. After that, in the late 1990’s social aspects and institutional 

conditions became important and efforts were concentrated on to distinguish the 

impact- oriented research from vulnerability assessment (Kelly and Adger, 2000; 

Eakin and Luers, 2006). 

Within the context of climate change, the risk-hazard approach is typically 

associated with ‘top-down’ or scenario-driven vulnerability assessments, where 

global climate projections are applied (sometimes downscaled) as the ‘source of 

harm’ to assess impacts on physical or natural exposure units, such as watersheds, 

infrastructure. Thus, a vulnerability assessment drawing heavily from the risk-

hazard approach will focus on the expected net impacts of climate change, 

including their distribution over time and space; it is useful for describing the 

extent of the problem, whether in terms of financial costs, ecosystem damage, or 

human lives lost (Kelly and Adger 2000). 

These approaches aim to identify which assets are exposed to particular climate 

impacts, where and when impacts may occur, and what the consequences of 

impacts might be. The risk–hazard approach assesses what is generally known as 

an end point or outcome vulnerability. The vulnerability is the remaining impact of 

climate change after feasible adaptations have occurred. The end-point 

vulnerability is most often used to prioritize international assistance programs, and 

for technical adaptations to climate impacts. To lighten disaster risk it is an 

appropriate method that to realize the nature of risk, systems, communities, groups 

at risk and the potential of these to withstand the risk. 
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2.2.1.3.2. Political economy-Political ecology approach 

In the context of the risk-hazard assessment of impacts of climate change and 

disasters, two approaches came out for the vulnerability research. These are the 

political economy and political ecology. Eakin and Luers (2006) depicted  political 

economy perspectives on vulnerability as socio-political, cultural and economic 

factors that together explain differential exposure to hazards, impacts, and 

capacities to repair past impacts and to cope and adapt to future threats. This 

approach was developed in response to criticisms of the risk-hazard approach, 

focuses on the socio-economic processes that lead to differential exposure, 

impacts, and capacities to deal with impacts. This focus on human agency and 

capacity is important, as they can amplify or reduce impacts of hazards. 

Vulnerability in this approach is seen as a dynamic condition, determined by so-

ciopolitical, cultural and economic factors. Climate change vulnerability 

assessments stemming from the political-economy approach have more ‘bottom-

up’, characteristic, since the unit of analysis is typically smaller and more 

localized, such as households or communities. The vulnerability to current climate 

variability is crucial to understand vulnerability to future climate conditions. 

Unlike risk-hazard style assessments, vulnerability assessments will focus their 

analyses on why systems or populations are vulnerable (drivers of vulnerability) 

and why some groups are more affected by climate hazards than others 

(differential vulnerability) (Eakin and Luers 2006). By means of this, it will be 

possible to identify measures for reducing vulnerability, including the necessary 

capacity and barriers to the implementation of such measures.  

Political economy–political ecology approaches analyze the vulnerability of 

people to climate change impacts by examining how social and economic 

processes influence their social disadvantage. They seek to understand why some 

populations are more vulnerable than others, how they are vulnerable, and who in 

particular is likely to be most affected by climate change. These approaches assess 
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starting-point or contextual vulnerability and are most often used in policy and 

social development contexts. 

Alternatively, political-ecology focuses on the institutional and environmental 

dimensions of vulnerability with the importance of scale, politics and economic 

and social processes in the field of human-environmental interactions and 

outcomes. 

2.2.1.3.3. Mitigation and Adaptation Approach 

UNFCC’s international policy on climate change is divided into two major 

subjects namely mitigation and adaptation. While mitigation is interested in 

reduction of greenhouse emission level, adaptation is related to the reduction of 

negative impacts of climate change. The former is generally the issue of developed 

countries; the latter is of developing ones.  

OECD’s Development Assistance Committee has agreed on a standard set of 

international criteria to guide all evaluations of development assistance. These are: 

“relevance, effectiveness, efficiency, impact and sustainability” (Hedger et al, 

2009, p.246). 

Effective adaptation intervention will achieve reduction of vulnerability or risk, 

increase adaptive capacity and enhanced level of protection. Effectiveness both 

related with adaptation process and outcomes including capacity building, 

information exchange, and social learning. 

Flexibility; given the climate change is uncertain and impacts are related to the 

future world, successful adaptation has to be flexible, should avoid large costs on 

adaptation, rather aims to improve current climate resilience. 

Equity; vulnerability depends on socio-economic factors, which implies that 

adaptation may reduce vulnerability across groups. Adaptation has two roles such 
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as can strengthen inequalities or may allow protecting vulnerable groups.  Hedger 

et al (2009, p.249) summarize relationships between equity and vulnerability: 

 “Inequalities between sectors, e.g. ecosystems are particularly vulnerable 

to climate change because of low capacity to adapt 

 Inequalities between regions, e.g. greater impacts from climate change in 

small island states compared to developed countries 

 Inequalities between societies, e.g. cementing the voicelessness of excluded 

groups or gender inequalities in access to education or healthcare, 

lowering adaptive capacity.” 

Efficiency or cost-effectiveness generally used to compare the costs of alternative 

ways which aim the same or similar result. Communities have always faced with 

climate variability with residual risk in the future. Successful adaptation involves 

investments to reduce these risks and involves projects or programs as well as 

governments’ climate change science for designing incentives and regulations. 

Sustainability; follows the long-term viability of the intervention as well as the 

environmental, social and economic impacts of implementation. Sustainable 

adaptation covers partnership building, community engagement, education 

awareness raising and intervention. 

2.2.1.3.4. The Sustainability Paradigm  

Sustainability is another crucial term within research on vulnerability and 

resilience. Unlike risk and insecurity, the sustainability concept is characterized by 

a pronounced awareness of spatiality and, moreover, there is a partial overlap with 

the concept of resilience. For these reasons, the notion of sustainability is useful 

for the development of a socio-spatial perspective on vulnerability and resilience. 

The core principle of the sustainability concept is that the long-term prevention of 

life-sustaining natural resources needs to be linked to economic stability, without 
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disregarding social responsibilities. Ecological sustainability mentions the goal of 

preserving our nature and environment for future generations whereas economic 

sustainability focuses on the design of an economic system that is appropriate for 

to long-term and widespread societal prosperity and social sustainability aims to 

attain societal development.  

 

The sustainability concept, unlike ‘uncertainty’ and ‘risk’, has always an explicit 

spatial dimension. Crucially, sustainability is more limited in scope than the 

resilience concept and sustainable development aims, principally, to prevent the 

emergence of threats. In contrast, according to the literature, resilience frequently 

refers to the terms ‘resilience creation’ to express both a preventive approach to 

hazards as well as an adaption to expected threats.  

 

On the other hand, sustainability implies a distinctly long-term time perspective. It 

underscores the fact that all planning needs to consider the potential effects this 

action may have in the distant future. 

2.2.1.3.5. Resilience approach 

The term resilience is firstly introduced in the literature by Holling (1973) in the 

areas of ecology and stability research. According to Birkman (2012) resilience is 

related to the notion of resistance and stability and in the field of crises, it implies 

the reorganization process focusing on the interplay between robustness and 

stability. Especially in social-ecological systems, resilience notion analyzes crises 

in social environment and dynamics of ecological assets.  In the process of climate 

change, the context of resilience is the prerequisite of flexible structures to reach 

an adaptation to climatic impacts also in environmental approaches that focus 

adaptive capacity, transforming as well as a learning process. 

Resilience concept was firstly applied to natural hazard sphere by Mileti (1999) 

who suggested that resilience is the ability of a community to recover through 
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using its own resources (Cutter et. al. 2010). It refers to the adaptive capacity of 

social-ecological systems to disturbances not to be subjected to irrevocable results. 

Resilient regions in this way can stand to shocks and have the ability to restore 

preferred condition. That means resilient communities can cope with and recover 

adverse impacts of climate change. 

Resilience reflects the ability of an ecological and livelihood system to resist stress 

or shocks and a resilient community has the ability to adapt different actions as 

‘response’ which performed by a person, household and community individually 

or collectively (Khanal, 2009, p.380-381).   

According to Hudson (2010, p. 12), resilience is “the capacity of ecosystems, 

individuals, organizations or materials to cope with disruption and stress and 

retain or subsequently regain functional capacity and form”. 

Wardekker et al. (2010, p. 988), denote resilient system is that “a tolerate 

disturbances (events and trends) through characteristics or measures that limit 

their impacts, by reducing or counteracting damage and disruption, and allow the 

system to respond, recover, and adapt quickly to such disturbances”. 

Mc Daniels et al. (2008) provide the graphical definition of properties of 

resilience. (Figure 5) According to their graphic representation, the resilience of a 

system can be measured by its performance and while the disturbance occurs, 

systems’ robustness can be able to keep the core functions of a system. When a 

disturbance is ended the system reaches some level of normality called 

equilibrium, it starts to recover quickly. Resilience can be enhanced by both 

mitigation and adaptation activities. Mitigation helps to increase the robustness of 

system on the other hand adaptation can increase the rapidity of recovery. 
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Figure 5: Effects of decision-making on resilience. 

(Source: Mc Daniels et al, 2008) 

 

Adaptive capacity and mitigation techniques and planning enable a system’s or 

society’s resilience to increase. In hazard research, resilience means the ability to 

survive and cope with a disaster with minimum impact and damage (Cutter et al, 

2008). Resilience generally focuses engineered and social systems and involves 

measures to prevent hazard-related damage and losses as well as post-events 

strategies to cope with and minimize disaster impacts (Cutter et al, 2008). 

2.2.1.3.5.1.Types of resilience 

Different types of resilience that are addressed in the literature require different 

evaluation methods:  

‘Ecological resilience’ approaches view climate change as dynamic relationships 

between and within human and natural systems (or social-ecological systems). 

These approaches recognize that social-ecological systems can exist in a range of 

states, some of which may be more desirable than others. In applying ecological 

resilience to climate change the aim is to identify and avoid thresholds that might 
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move a system to a new, less desirable state, or to encourage a system on a 

trajectory leading to a more sustainable state. 

 Ecological resilience is influenced by factors like biodiversity, redundancies, 

response diversity, spatiality, and governance and management plans (Adger, 

2006, Cutter et al, 2008a) and understands vulnerability not only in relation to 

global environmental change also in relation to variety of stresses and shocks in a 

human environment systems and vulnerability is a part of a system in which 

humans are in an interaction with biophysical environment. Also, Holling (1973) 

defined ecological resilience as “ability to absorb change and disturbance and still 

maintain the same relationships”.  

 ‘Social resilience’ has an opportunity to increase through risk awareness and 

preparedness. Disaster plans, insurance systems and information sharing for aid in 

recovery process another factor that robust social resilience. Demographic 

characteristics and access to resources are also crucial for the social resilience. 

‘Organizational resilience’ involves institutions and organizations, as well as the 

assessment of physical properties of organizations such as number of members, 

communication technologies, number of emergency assets such as vehicles, 

hospital beds etc. in addition to these, measurement of organizations’ management 

structure or response to disasters, are other focal points of organizational resilience 

literature. Like organizational resilience, ‘infrastructure resilience’ also involves 

physical systems for instance number of pipelines, road miles as well as their 

interdependence on other infrastructure systems. Urban and rural communities 

depend on series of infrastructural facilities. Resilient infrastructure system as 

electricity, water, and other public services are important for decreasing the 

impacts of hazards because they require rescue and relief operations as well as 

recovery. Interdependency of infrastructure system reduces resilience because 

discontinuity in one sector impresses other sectors. 
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‘Economic resilience’ metrics are generally used for an estimation of loss 

especially property loss and business disruption after the hazard event.  Business 

disruption is strongly linked with the human role in the operation of business, 

organizational and institutional entities which occur during a long period of time 

whereas; property loss measures are taken during a short period of disaster (Cutter 

et al, 2008). 

In addition to these, ‘community competence’ is another type of resilience and 

refers to the attributes of places that promote population wellness, quality of life 

and emotional health (Norris et al, 2008; Cutter et al, 2008a) and measures 

communities’ coping capacity of pre and post-disaster. 

2.2.1.3.5.2.Resilience versus vulnerability 

“Vulnerability” and “resilience” are two competing and related concepts in order 

to assess the sensitivity of coastal systems widely used over the last four decades 

(DasGupta and Shaw, 2015). Both of these concepts serve as effective tools for 

rapid decision making and action planning and mutually exclusive; for example, 

resilient systems are assumed less vulnerable and vice versa (Norris et al. 2008; 

Miller et al. 2010, DasGupta and Shaw, 2015). The vulnerability is the pre-event, 

internal capacity or qualities of social systems that constitute the capacity for 

harm. Resilience is the social system’s capacity to respond and recover from 

disasters, as well as the ability to absorb impacts and cope with an event. Also, it 

contains adaptive processes that enable the society to reorganize, change and learn 

after the occurrence of a hazard. Compared with disaster vulnerability, disaster 

resilience is more proactive and positive expression of community engagement 

with natural hazard reduction (Cutter et al, 2008a). 

According to Birkmann et al. (2011, 25), vulnerability comprises conditions and 

processes that determine the exposure and susceptibility of a system or object to 

hazards, as well as its capacities to respond effectively to them, be they physical, 
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social, economic or environmental. It is not only external natural hazards such as 

those arising from climate change that is presumed responsible for a particular 

form of vulnerability. Instead, internal or societal variables are also decisive 

factors for vulnerability. Moreover, the definition also explicitly refers response 

capacities that thus may be separately defined as an aspect of resilience. The 

intention here is to assess the degree of vulnerability, which does not simply 

emerge from the interactions between external natural hazards and internal factors 

such as social inequality. To a great extent, it is also shaped by a system’s capacity 

to deal with threats. 

 

The concept of resilience emerged originally from ecology and describes a 

system’s capacity to absorb shocks and disturbances in order to continue existing 

with as little damage as possible (Birkmann et al. 2011, 17). Therefore the 

literature has identified three dimensions of resilience. Firstly, the resistance of a 

system with regards to shocks, or towards gradual changes secondly, its capacity 

to restore original conditions relatively quickly and finally, the capacity of the 

system to learn and adapt to changing contexts. In this context, Folke (2006) 

proposes understanding resilience as a process rather than a state and thus he 

argues for a consideration of processes of adaptation, learning, and innovation. 

Existing notions of vulnerability and resilience have generally lacked a theoretical 

footing; it is also evident that they are based upon an essentialist perspective of the 

world. While the vulnerability is understood as the de facto susceptibility of 

systems, resilience is seen as a system’s coping capacity.  

To represent relationships between vulnerability and resilience, Cutter et al. 

(2008a) developed a DROP (Disaster Resilience of Place) Model. This model 

focuses on resilience at the community level with an emphasis on the social 

resilience of places. While it is a place-based model, exogenous factors such as 

federal policies and state regulations positively affect resilience on the community 

level. DROP is designed to present relationship between vulnerability and 
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resilience contrary to some expressions that resilience and vulnerability are 

oppositional. Cutter et al (2008a) argue in this model that they are not mutually 

exclusive or totally mutually inclusive. While some characteristics affect only 

vulnerability or only resilience of a community, some social characteristics affect 

both vulnerability and resilience such as socio-economic status, education, and 

insurance. 

2.2.1.3.6. Integrated approaches 

The vulnerability is a function of the character, magnitude, and rate of climate 

variation to which a system is exposed, its sensitivity, and its adaptive capacity 

(McCarthy et al., 2001).  The potential for a system is formed by its exposure to 

external changes in climate such as temperature, precipitation, extreme events and 

its internal sensitivity to such changes and capacity to moderate or recover from 

the impacts of such changes. The integrated status of vulnerability put forth the 

multidisciplinary nature of the problem while operationalizing it remains 

challenging because the nature of identifying appropriate metrics for each of 

exposure, sensitivity and adaptive capacity and combining them to construct a 

compelling policy narrative on how to adapt to climate change (Preston et al. 

2011). 

 The risk-hazard approach and political economy approach have been combined 

and extended in various integrated approaches most notably the hazard-of-place 

model (Cutter et al., 2000; Cutter, 2003; Dolan and Walker 2006, Füssel and 

Klein, 2006). Integrated approaches to vulnerability research have their roots in 

‘geography as human ecology’ and one of their key features is the combination of 

‘internal’ factors of a vulnerable system with its exposure to ‘external’ hazards. 

This can be conceptualized as the interaction of the hazards of place with the 

social profile of communities. Integrated definitions of vulnerability are widely 

used in the context of global environmental change and climate change with 

reference to regions, communities, or other social units. Another important 
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application is vulnerability (or risk) mapping, which is a multidisciplinary 

approach for identifying particularly vulnerable (or critical) Integrated 

vulnerability assessments have traditionally focused on physical stressors, such as 

natural hazards or climate change and some efforts have assessed the combined 

effects of biophysical and socioeconomic stressors. 

Turvey (2007) defines place vulnerability as a multiple function of different 

factors and determinants (economic, geographic and socio-political) in a given 

area or geographical domain (local, state, national and regional) so conditions of 

vulnerability reflect the complex interaction between the physical and societal 

systems in a geographic space and the scale of analysis. In other words, this 

approach considers inherent susceptibilities and resiliencies of both biophysical 

and social environments as an interrelated and interdependent human-

environmental system (Dolan and Walker 2006). 

Consequently, integrated approaches are a useful tool which is engaged in 

interdisciplinary vulnerability assessments, specifically those concerned with 

climate change and for those developing formal models of vulnerability. Their 

application needs to accept that the diversity of conceptual models and definitions 

of vulnerability as a reflection of the wide range of valid perspectives on the 

integrated human–environment system (Füssel and Klein, 2006). 

Herewith, defining the situation being assessed, as well as the conceptual 

understanding of how vulnerability is shaped is important to designing and 

ultimately communicating the results of an assessment. The decision of which 

conceptual approach to vulnerability to use in undertaking an assessment will be 

shaped by a number of factors including the specific policy and research questions 

being asked, the disciplinary training of those undertaking the analysis, as well as 

available resources and capacities.  
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CHAPTER 3 

 

 

VULNERABILITY ASSESSMENT TO THE IMPACTS OF CLIMATE 

CHANGE 

 

 

 

Environmental hazards are a reality of life over thousands of years, human beings 

could not be able to predict exactly when it comes, who will be affected most and 

how severe will be the impacts. It is difficult to detect the success of evaluation of 

the natural disaster of climate extreme before it happens because adaptation 

projects are designed according to the disaster probability. Evaluations will usually 

occur much earlier than the framed scenario and the prospected effects as well as 

the uncertainty of climate scenarios regarding their climate variability and change. 

It is now generally accepted that some impacts of climate change and climate-

driven hazards are inevitable and varying degrees of regulations will be needed. 

The understanding vulnerability is central to identifying adaptation needs and 

developing adaptation policy. However, there is not generally accepted method to 

assess vulnerability to climate change and the method is necessarily be the area 

and/or hazard specific but it is crucial for the development of adaptation strategies 

and increasing sustainability of least developed nations as well as developing ones. 

3.1. Importance of Vulnerability Assessment 

Vulnerability assessment is a process for assessing, measuring, and/or 

characterizing the exposure, sensitivity, and adaptive capacity of a natural or 

human system to disturbance. A range of approaches is available for assessing 

vulnerability (Fussel and Klein 2006). As illustrated in Figure 6, an “impact 
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assessment” focuses on understanding biophysical changes in terms of the 

exposure to future change in climate and sensitivity of the environment to that 

change. Vulnerability assessment is an impact assessment with the addition of 

socio-economic considerations and non-climatic factors (i.e., all elements of 

exposure and sensitivity as well as an assessment of adaptive capacity (i.e., all 

elements of exposure, sensitivity, and adaptive capacity). This approach 

recognizes that human and ecological systems will have some capacity to respond 

to the effects of climate change which needs to be considered.  

 

 

 

Figure 6: Impact and vulnerability assessment framework. 

Source: Harley et al. 2010 
 

 

Vulnerability assessment reveals many ways of difficulties in measuring 

something before it happens so it is an ambiguous process. To manage progress 

and change, evaluation is the focal point and it is essential for many aspects: 

“provision of information, accountability, learning, impact assessment” (Denton, 
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2009, p: 117) in a context of high uncertainties. In the manner of evaluation, not 

only results but also process taken into action is important.  

According to Birkmann (2012, p.68), vulnerability impact and damage assessment 

are overlapped and confused but they generally have different meanings. While 

damage assessment features the real losses such as fatalities, economic losses, and 

physical infrastructure damage vulnerability assessment should go beyond 

damages; in addition to this impact assessment also refers positive effects on social 

groups, specific economic sectors and environment due to the hazard welded 

events. 

The difference between damage and vulnerability assessment can be interpreted 

according to the time dimension. Damage assessment is focused on a fast 

investigation to take first aids while vulnerability assessment is associated with the 

likelihood of injury, loss, disruption of the livelihood and other deficits from 

extreme events as well as interruptions in recovery. So, susceptibilities of people 

in different conditions should be defined to express vulnerability. It is also 

impossible to estimate the vulnerability by means of evaluation of past events but 

through the analyzing of past events various indicators and criteria should be 

developed and weighted (Birkmann 2012, p. 69). Thus, vulnerability measurement 

has a forward-looking perspective as well as processing of past events based data. 

Vulnerability assessment is based on social-ecological system and resilience 

research involves the natural, physical and societal capacities to withstand a short 

period of time and aims to adapt in the larger term (Duman Yüksel, 2014). The 

common part of vulnerability and resilience assessments is systems’ respond to the 

climate change. 
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Figure 7: Data Required for Baseline Assessment of Community Resilience  

(Source: Cutter et al, 2008b) 

 

 

3.2.Approaches to Vulnerability Assessment  

Assessments of climate change impacts and vulnerability vary widely, depending 

on the subject matter, time frame, geographic coverage and purposes of the 

assessments thus, a wide range of methods and tools have been developed and 

applied to facilitate the assessments, with the support of appropriate data and 

information.  

A substantial amount of studies were focused on climate adaptation using 

“General Circulation Models” which seeks to designate potential impacts with 

the very narrow addressing of regional impacts of climate change. Recent works, 

on the other hand, address the vulnerability and adaptation assessments within the 

sphere of climate change. This assessment strategy relies on current climate stress 
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as well as longer term. Because in the long term, communities which are not 

vulnerable to climate change effects may become more vulnerable whereupon 

global temperature rises and rainfall patterns etc.  So, adaptation strategies firstly 

aim to yield up current vulnerabilities issue more resilient communities and secure 

livelihoods that resist impacts of climate change.  

Peeling (1999) analyzed the flood vulnerability of urban populations living in 

coastal developments by means of economic swing and political power struggles 

to study and his survey and interview data concludes that flood vulnerability is 

strongly related with political community organization and social capital which is 

necessary to reduce household’s sensitivity to floods. 

To assess the vulnerability of Vietnamese coastal communities, Adger (1999) used 

poverty and dependence of livelihoods on climate-sensitive economic activities as 

an indicator of household sensitivity to climate impacts and he revealed that by 

means of Vietnam’s liberalization program collective coastal protection schemes 

and an increase in incomes and resilience of part of the community is achieved. 

According to Eakin and Luers (2006) case studies shows that relevance of 

indicators such as wealth, diversity, participation, equality, and local vulnerability 

is suspicious and institutional change, policy and social capital has a crucial role in 

individual and social group vulnerability. Other studies use the method of mapping 

the theoretical determinants of vulnerability through spatial distribution of 

differential capacities and sensitivities. Determining and defining of spatial scale, 

weighting and relevance of particular indicators are important steps and to 

interpret spatial relationship, surveys and interviews play a crucial role to observe 

climate change effects on local populations. 

Kally et al (1999) developed economic vulnerability including elements of 

environmental resilience (Vincent and Cull, 2014). Then Turvey (2007) integrated 

the elements of composite vulnerability index involving four sub-indices namely 
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coastal index, peripherally index, urbanization index and vulnerability to natural 

disasters(Vincent and Cull, 2014).  

Many approaches for vulnerability assessment are dealt with a relative 

vulnerability which searches vulnerability between different groups, entities, and 

geographic areas. Disaster Risk Index is one example and searches for hotspots of 

vulnerability.   These approaches focus mainly on single or composite indicators to 

measure and estimate vulnerability and risk. 

Khanal (2009; p.380) deals with one of the views on vulnerability assessments that 

is “The Participatory Vulnerability Assessment (PVA) Method” to assess 

vulnerability from climate change variability at the community level. The method 

involves a systematic process of examining potential risks, community level 

awareness informing local people on adverse impacts of climate change by means 

of encouraging participation of stakeholders. A study performed through the 

consultative process of community groups, natural resource manager experts, and 

local level project staff and based on experts’ inputs, field level discussions and 

joint work with the community group. Simple ranking matrix was used to 

determine most vulnerable areas, sectors, and people. 

PVA has also been carried out for Turkey at the local level in order to reveal the 

vulnerable areas in Turkey and to determine the impacts of the climate changeon 

those areas (The Ministry of Environment and Urbanization, 2010). This research 

is fulfilled in 2009 and 2010, and identified vulnerabilities against the impacts of 

climate change at local level in selected 11 provinces.  In this research, the impacts 

on relevant sectors or themes in changing climate conditions were analyzed; 

sustainability levels of ecosystem services and natural resources were examined 

and preparedness level against natural disasters originating from the climate was 

described. The research process was designed for active involvement of local 

stakeholders to address a climate change adaptation. The participation of the 

stakeholders was the crucial part of this methodology and it is believed that the 



 

 

 

 

39 

 

development precautionary issues through facilitated consultations can give 

insights to the framing of the local vulnerabilities. 

According to Vincent and Cull (2014) in biophysical or outcome vulnerability 

assessment it is given little attention to the human factor that people are different 

and different people respond various ways when they exposed to the same hazard. 

So, Blaikie et al. (1994) served the term “social vulnerability” to describe an 

ability to anticipate, resist, cope with and respond hazard. In disaster management, 

maps of exposure to environmental risk have been used for many years but 

recently development of spatially referenced indicators such as “Social 

Vulnerability Index (SVI)” became to be used to represent some aspects of 

vulnerability (Cutter et al 2003; Eakin and Luers, 2006; Cutter, 2008; Ge et al. 

2013; Eidsvig et al 2014). SVI evaluates changes in water availability due to 

climate change in Africa on the basis of economic well-being and stability, 

demographic structure, global interconnectivity, institutional stability and well-

being and natural source dependence. Moss et al (2001) and Vincent (2004) 

developed “Vulnerability-Resilience Index Prototype Model (VRIP)” which 

used the statistical analysis to select indicators from a wide range of variables 

covering food sensitivity, human resources, water resource sensitivity and 

environmental coping capacity. 

Brooks et al. (2005) created “Climate change vulnerability index” to test the 

significance of indicators by statistical correlation analysis and two methods were 

followed to weight the indicators in the creation of vulnerability index: first, all 

indicators are weighed equally, second indicator weights are decided after 

consultation with experts. 

To estimate and measure vulnerability, collecting reliable, exact and reachable 

data is a major problem. Often, globally available data is limited and not 

applicable to the different spatial levels. To solve this problem various ways of 

collecting data is needed to be used: tangible data including reinsurance companies 
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database on economic losses, reported materials and human loss information due 

to specific hazards, damage on houses, impact on agriculture, infrastructure, and 

lifelines; intangible data such as questionnaires or data sampling, interviews, focus 

group approaches even though it is expensive and time-consuming. 

As shown in Figure 8 below, the provision of observational data, as well as 

characterizations of future conditions on the key environmental and socio-

economic variables are essential to the assessment of climate change impacts and 

adaptation planning. In-situ field measurements and statistical data are useful tools 

to understand ongoing trends and key processes within and between the natural 

and socio-economic systems. climate change is the most important factor which 

determines the vulnerability of communities and natural systems, policy-relevant 

assessments and adaptation planning need to consider other environmental as well 

as socio-economic dimensions of vulnerability. Therefore, non-climatic 

environmental variables namely land use and land cover, natural environment, and 

air/sea pollutants, as well as socio-economic indices such as demography, 

employment status, and education level are as important as climatic information as 

inputs for policy-relevant assessments and informed adaptation decisions. 
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Figure 8: Data and information needs for climate change impacts and 

vulnerability assessments.  

Source: UN, 2011 

 

 

3.2.1. Spatial Scale of Vulnerability Approaches 

3.2.1.1.National Level 

UNDP’s “Vulnerability Reduction Assessment (VRA)” approach is an 

important element of monitoring and evaluation framework for climate change 

adaptation projects, especially at national level. It aims to measure the changing 

climate vulnerabilities of communities and to be comparable across vastly 

different projects, regions, and contexts, making it possible to determine if a given 

project is successful or unsuccessful in reducing climate change risks (Droesch et 

al. 2008). 
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The VRA is based on a composite of 4 indicator questions, focusing on 

community perceptions of vulnerability to climate change and capacity to adapt.   

Responses to the questions take the form of a numerical score, provided by the 

respondents during these community meetings. Repeated evaluations of 

community perceptions of project effectiveness and climate change risks permit an 

indication of the relative change in vulnerability. The VRA is intended to be a 

flexible methodology for assessing reduction in vulnerability to climate change in 

varying sectors and in different types of communities.  

Frankel-Reed et al (2009, p.294) also define VRA as “an evaluation tool that 

allows stakeholders to rate behaviors, vulnerabilities, capacities or practices 

through surveys or interviews on a scale from 1-10 and to provide reasons 

alongside their scores. Survey questions structured around the VRA build on the 

vulnerability and hazard factors identified by stakeholders and other assessments 

undertaken during project development phases (consideration6) monitored 

throughout a project’s lifetime, VRA scores should reveal changes in conditions 

and the reasons for these changes, as seen through the eyes of stakeholders. 

Reasons provided n these evaluations can feed into adaptive management and help 

to describe the role of project activities in progress observed.”  

Environmental Sustainability Index Report (ESI) for 2005 is another method of 

comparison between nations’ environmental protection capacity and aims to create 

a comparative index of national-level environmental sustainability for making 

environmental management more quantitative and empirically grounded. Index, 

developed in 2005, based on a compilation of 21 indicators derived from 76 

underlying data sets. Indicators enable five categories of issues and these are 

environmental systems, reducing environmental stress, reducing human 

vulnerability to environmental stress, societal and institutional capacity to respond 

to environmental challenges and global stewardship (Esty et al, 2005). In this 
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study, exact sustainable measures are not included but many aspects of 

environmental sustainability can be measured in relative terms. 

Environmental sustainability concept arose from the national resource depletion, 

pollution, and ecosystem destruction, especially after the industrial period. Other 

reasons are strongly related with the poverty induced problems of underdeveloped 

countries. ESI analysis reveals critical determinants of environmental performance 

such as low population density, economic vitality and quality of governance (Esty 

et al, 2005). 

In this ranking, Turkey is the 91st over 146 countries, environmental sustainability 

described as “long-term maintenance of valued environmental resources in an 

evolving human context” (Esty et al, 2005) measuring sustainability is a 

controversial case. Economists’ approach is closely related to accounting which 

focuses on the maintenance of capital stocks. Environmental sphere shares the 

natural resource depletion approach having the vision of sustaining current rates of 

resource into the distant future. ESI view reflects the dynamic condition of society 

with economic environmental and social senses depend on more than the 

protection and management of environmental resources. 

Parallel with this work, Duman Yüksel (2014) used Vulnerability-Resilience 

Indicator Model (VRIM) in her study that was firstly developed by Moss et al. 

(2001) to assess the vulnerability of Turkey. VRIM uses vulnerability index as the 

geometric mean of various measures of sensitivity and adaptive capacity. 

Sensitivity (settlements, food, ecosystems, health and water) sector and adaptive 

capacity (economy, human resources, environment, and governance) indicators 

with two or three proxies are used in VRIM. 

The vulnerability of a nation in the future is closely related to not only climate 

change but also development pattern (IPCC, 2001; Duman Yüksel, 2014). So, 

vulnerability assessment is crucial for the development of adaptation strategies and 
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increasing sustainability of development of least developed nations as well as 

developing ones. Duman Yüksel (2014) and IPCC (2001) states that adaptive 

capacity to climate change is strongly related to sustainable development because 

of adaptive capacity’s constructive effect on sustainable development.  

3.2.1.2.Regional Level 

Vulnerability and its components of exposure, sensitivity and adaptive capacity 

first proposed in IPCC’s 4th Assessment Report, with this formation regional 

vulnerability assessment discourse find its place in climate change vulnerability 

research (Preston et al, 2011). The aim of this assessment is to evaluate 

preliminary regional spatial vulnerability by using various indicators to identify 

regions’ exposure, sensitivity and adaptive capacity to the extreme weather events. 

Regional Vulnerability Assessment (Crick et al. 2012; Torresan et. al 2012) is a 

way to shape regional climate change adaptation decision making as developing 

the vulnerability hotspots with the exploration of different elements creating these 

hotspots. With the help of this method, not only the components of vulnerability at 

a regional level but also by focusing the key localities analysis and decisions could 

be shaped at the local level to make further investigation and to narrow the 

research from various factors to climate-related extreme events. The vulnerability 

of specific region could then be addressed by proactive decisions centered climate 

hazard planning rather than by reactive measures after the occurrence of a hazard.  

The identification of vulnerability hotspots (Crick et al. 2012) can give a vision to 

policy makers who are able to have insights about sectors, places, and people at 

risk in a variety of sectors including urban planning and coastal management. But 

this study should only be concerned as a first step to understanding the 

vulnerability of a region and allows further research to constitute adaptive capacity 

of a region. 
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Regional vulnerability research can also focus on or include stakeholder 

involvement processes, especially helpful in generating agreement on issues and 

understanding context-specific aspects of vulnerability and prospective 

adaptations. Creating scenarios is another increasingly useful method that helps 

researchers, policymakers, and other stakeholders think about the future and plan 

options for alternative futures. Current research efforts are emphasizing 

stakeholder involvement, with a dual focus on vulnerability assessment and social 

learning in the process; and scenario analyses, which may be expert-defined or 

stakeholder-driven. 

One method that assesses the regional vulnerability is “The Integrated Regional 

Vulnerability Assessment (IRVA)” in which the likely climate impacts are 

determined through the development of a region-scale climate impacts scenario. 

This method can assess the way in which the vulnerability of people is influenced 

by socio-economic institutions and activities (with a focus on the provision of 

government services) and biophysical resources (Figure 9). The IRVA process 

attempts to consider the decision-maker centrally, as the point where action can be 

taken. It offers an integrated view of the relationships people have with the 

landscape system and the changes in its components (climatic conditions, bio-

physical and socio-economic processes), and identifies links between people, 

institutions and places at a range of scales. 
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Figure 9: The IRVA assesses the vulnerability of people within the context of 

socio-economic institutions and activities, and regional biophysical resources, at a 

range of scales 

 (Source: Office of Environment and Heritage, 2013) 
 

 

The IRVA has therefore carried out a regional scale as there is scale appropriate 

climate modeling and impact information, which allows stakeholders to identify 

the likely effects of these changes on local socio-economic and biophysical 

systems. In addition, because the IRVA uses a consistent approach, findings from 

individual sector or place-based workshops can be integrated across scales. This 

allows regional vulnerabilities and capacity constraints to emerge. This type of 

analysis is termed meta-analysis. This analysis accumulates and integrates local 

study evidence to develop generic relationships, wich help inform public policy at 

a wider scale. 
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On the other hand, it is important to recognize that regions are not closed systems, 

their boundaries are ‘fuzzy’, subject to external influences, and communities often 

do not recognize administrative boundaries. 

3.2.1.3.Household Level 

The Sustainable Livelihood Approach (SL) sees poverty as vulnerability to 

shocks, aims to decrease vulnerability by using methods focusing livelihood assets 

of households, securing their access to many kinds of assets consequently 

obtaining household resilience (Osman-Elasha et. al, 2009, p.339). The study seeks 

to express potential coping and adaptive mechanism and evolving them. 

Sustainable livelihoods have a crucial role in refining resilience to climate impacts 

(Osman-Elasha et. al, 2009, p.341; Hossain et al. 2013). To measure sustainable 

development, poverty reduction, and ecosystem resilience, there should be a 

balance between qualitative and quantitative indicators. 

Macro and micro scales should support each other by means of scaling up or 

scaling out for climate change adaptation. At the macro scale, key policy processes 

are aimed to sustain such as national adaptation planning and relevant national 

decision making namely poverty reduction, disaster mitigation, biodiversity 

conservation, water resources, forest management etc to reach them understanding 

interplay between local livelihood conditions and the range of policies and 

institutions. These connections constitute the mainstream of sustainable 

livelihoods approach (Osman-Elasha et. al, 2009, p.342). 

Singh and Nair (2014) used this model to construct a livelihood vulnerability index 

for climate variability and change based on peoples’ perceptions while providing 

indicators for evidence-based decision-making. The purpose of this study was 

quantifying stakeholders’ perspectives while capturing interconnected interactions 

in order to estimate livelihood vulnerability to climate variability or change of 

poor people. The stakeholders’ perceptions are central to development planning 
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and with the contribution of this index decision makers can access indicators for 

resource allocation and prioritize development-related activities incorporating 

stakeholders’ perspectives. 

In their UNDP Project, Osman-Elasha et al (2009, p.343) were performed a case 

study research with examples of community-level initiatives through local 

resilience to drought impacts. Sustainable livelihoods measures were used to 

investigate the system resilience and community resilience that was studied by 

using community consultation, word picture construction (description of 

household circumstances by focusing livelihoods) and local informant validation. 

Community exercises utilized to develop a criterion for indicator selection. 

The tool of “Livelihood Asset Status Tracking system” involved quality of life 

indices related to measuring household resilience both qualitative and quantitative 

indicators such as income, crop productivity, livestock population, local grain 

reserves etc.) and qualitative indicators (such as access to  forest produce, 

rangelands, and fertile soil, or access to credit, seeds, and markets) community and 

individual consultations draw out the set of indicators for each five capitals-

natural, physical, financial, human and social (Osman-Elasha et al, 2009, p.346) 

then, these indicators were integrated and evaluated into assessment sheets for 

scoring of response. 

3.3. Assessment Indicators 

Birkmann (2012, pp.55-56) states that measuring vulnerability doesn’t refer to the 

quantitative approaches also targets to develop all types of methods to make 

vulnerability practical and applicable consisting qualitative criteria, quantitative 

indicators, and institutional aspects. 2005 World Conference on Disaster 

Reduction held in Cobe mention the need of indicators as: “….develop systems of 

indicators of disaster risk and vulnerability at national and sub-national scales 

that will enable decision-makers to assess the impact of disasters on social, 



 

 

 

 

49 

 

economic and environmental conditions and disseminate the results to decision-

makers, the public and population at risk(UN, 2005:9” 

According to Gallopin (1997, p.15) indicators are defined as “variables 

representing complicated functions of the primary data” based on these definitions 

Birkmann (2012, p.57) states that “a variable which is an operational 

representation of a characteristic or quality of a system able to provide 

information regarding the susceptibility, coping capacity and resilience of a 

system to an impact of an albeit ill-defined event linked with a hazard of natural 

origin”. 

Indicators can be a single variable or an aggregated measure. The UN 

Development World Water Development Report cited that an indicator can be a 

single variable or data or a processed set of data (UNESCO 2003:3, p.33; 

Birkmann (2012, p.58). 

Traditional literature on indicators characterize the features of them as 

simplification, comparison of places and situations, the foresight of future 

condition and trends, assessment of condition and trends associated with goals and 

trends (Gallopin, 1997; Birkmann 2012, p. 62). 

In the literature, there are many methodological issues to use indicators. Niemeijer 

(2002) classified these approaches as inductive (data driven) and deductive (theory 

driven). In inductive approach some related indicators are selected across a wide 

variety of indicators then, expert judgment is used to finalize the selection process 

(Kaly et al. 1999; Vincent and Cull, 2014) or statistical analysis could be used. 

Also weighing of indicators which reflect the drivers of vulnerability are driven by 

either expert judgment or by Multi- Criteria Decision Analysis. 

Data-driven indicators are served as proxy variable basic examples of which are 

deaths or financial losses from disasters. The need for testing vulnerability against 
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given outcome requires vulnerability indicators but there is no such tangible 

element of vulnerability (Vincent and Cull 2014). Deductive method could 

possibly be the alternative way by means of using existing theoretical insight into 

the nature and causes of vulnerability to select related variables. But practically 

there is limited data to test these variables. Indicators can be combined to form 

indices as composite or aggregate. This addresses to the subjectivity of indicator 

selection but reflects its characteristic of literately based and transparency. 

To develop the set of indicators it is important to formulate goals and the success 

of an indicator can be measured by its capacity to reflect the characteristic of a 

system. To make vulnerability measurement be a part of decision making, process 

indicators should enhance to integrate vulnerability reduction strategies into 

preventive planning. Indicators need to lead decision-making process thus the 

principal aim of defining and measuring vulnerability should aim to reduce it. 

The development of indicators to measure vulnerability has to be based on some 

criteria:  
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Table 1: Standard criteria for indicator development 

(Source: Birkman 2006b, p: 65) 
 

 measurable  

 relevant 

 represent an issue that is important to the relevant topic  

 policy-relevant  

 only measure important key elements instead of trying to 

indicate all aspects  

 analytically and statistically sound  

 understandable  

 easy to interpret  

 sensitivity; be sensitive and specific to the underlying 

phenomenon  

 validity/accuracy 

 reproducible  

 based on available data  

 data comparability  

 appropriate scope 

 

 

Vincent and Cull (2014) express the indicators as one method of assessing the 

vulnerability to climate change and can be designed to use at from country level to 

the smaller units: provinces, districts or communities. Community-level indicators 

especially based on household level data with the help of informed stakeholders’ 

opinion. 

Proxy or indirect indicators are used when the impact is difficult to directly 

calculate or its lifespan goes beyond the project duration. Context indicators are 

related to the scale of the study area from the household to the national level. 

Because the household level is the critical unit for poverty reduction outcomes 
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reducing the vulnerability of the climate change risks impacts. Ordered by UNDP, 

Disaster Risk Index was aimed to analyze potential links between vulnerability to 

natural hazards and levels of development (Peduzzi et al, 2009). It contains 

national level indicators while rates of access to potable water data are the local 

level indicator.  

“Composite Indicator” is manipulation of individual variables to produce an 

aggregate measure of disaster resilience (Cutter et al 2010) qualitative and 

quantitative measure of an indicator helps to simplify the complex situation and 

derived from observed facts. Individual variables or thematic sets of variables are 

transformed into composite variables through mathematical operations leads 

different dimension of concept that is completely different from the previous 

indicator which is not operated. 

Indicators are context specific and it is almost impossible to transfer to different 

types of analysis. To design clear and reliable vulnerability indicators firstly clear 

conceptual framework is needed to be developed then assumptions and sources of 

data should be established and indicators should be selected apparently (Vincent 

and Cull, 2014). According to Schroeter et al. (2005) vulnerability assessments 

should have five criteria: a knowledge base from various disciplines and 

stakeholder participation, be place-based, consider multiple interacting stresses, 

examine differential adaptive capacity and be prospective as well as historical 

(although this is not in agreement with those above that believe current 

vulnerability is an appropriately suitable proxy). 

In addition to these, due to the fact that vulnerability is multidimensional and time 

and scale specific, developing an indicator or an index at a specific time is 

impossible to reflect or display ongoing evaluation of various dimensions at the 

same time to capture the correlation between different driving forces. Thus, 

updating them regularly is needed to identify the change over time. 
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Figure 10: Standard criteria for indicator development 

 (Source: Birkman 2006b, p:64) 

 

 

1.Define goals

2.scoping

3. choose indicator 
framewok

4.define selection 
criteria

5.identify 
potential 
indicators

6.choose a final 
set of indicators

7.analyse indicator 
results

8.prepare and present 
report

9.assess indicators 
performance
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CHAPTER 4 

 

 

COASTAL VULNERABILITY AND SPATIAL PLANNING 

 

 

 

4.1.Coastal Vulnerability 

4.1.1. Theoretical Frame 

Projected climate change, including sea-level rise and associated changes in 

frequency and/or intensity of storm surges and erosion, threaten human and natural 

systems at coastal areas in various ways (EEA 2012) and expected to have 

significant impacts on the physical, social, environmental and economic 

environments of coastal cities and settlements. Low-lying coastal areas, deltas, and 

countries are generally densely populated places and their social, ecological and 

economic components are vulnerable to various threats: anthropogenic and natural. 

Anthropogenic processes can be categorized as urbanization, industrialization, and 

related effected such as pollution, water consumption, levee construction etc. 

whereas natural processes, exemplified by sea-level rise, precipitation, storm 

surges, the tide etc. 
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Figure 11: Annual averages of global mean sea level in millimeters from 1870 

based on tide gauge and satellite data. The red curve shows sea-level fields; the 

blue curve displays tide gauge data and the black curve is based on satellite 

observations.  

(Source: IPCC 2007; Burkett and Davidson 2012) 

 

Coastal areas are complex systems with their internal (which originate from inside 

of the area itself and impact it) and external (which affect the area but originate 

outside of it) processes (see figure 12) There are highly interrelated economic, 

ecologic and social components. So, threats within the specific coastal area as well 

as external threats from integrated systems and overall climate must be determined 

concurrently to specify the degree of vulnerability.  
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Figure 12: Schematic diagram showing the main impacts of climate warming and 

the effects on coasts.  

(Source: Burkett and Davidson, 2012) 

 

The IPCC-CZMS (1992) defines vulnerability of coastal zones by their degree of 

incapability to cope with the impacts of climate change and accelerated sea-level 

rise. Vulnerability assessment includes the susceptibility of the coastal zone to 

climate-induced physical changes, the expected impacts on socio-economic and 

ecological systems, and available adaptation options (Dolan and Walker, 2006). 

Wolterz and Kuenzer (2015) represented the concepts of vulnerability, resilience, 

coping and adaptive capacity in a way to applied for a coastal river delta (see 

figure 13). The socio-ecological system of coastal river delta is shown as a 

triangle. The color of the triangle designates the overall status of the coastal 

system (healthy/undisturbed/unthreatened=green, disturbed/threatened=yellow, 
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majorly disturbed/severely threatened=red). The coastal river delta in situation A is 

stable and resilient: an ‘ideal’ situation with components having the high coping 

capacity to different threats.  Situation B shows threaten coastal river delta by 

external processes (thick black arrows). In Situation C, intensifying threaten 

impacts gradually erode the coping capacity. So coastal area becomes less resilient 

and more vulnerable to these impacts, hence the degree of coping capacity is still 

above a certain threshold because of the strong interrelationships of each 

component. Situation D visualizes a recovering coastal river delta system, after 

threats seen in situation C. available resources are used (adaptive capacity) to 

restore the lost coping capacity, the degree of adaptive capacity is diminished. 

Situation E shows major threat from impacts the river delta is subject to. The area 

is now vulnerable because the coping capacity of certain components has eroded to 

almost below the threshold line without enough adaptive capacity to bolster these 

components. Finally, Situation F shows a very vulnerable river delta, indicated by 

the red triangle. The coping capacity has eroded below the threshold, may lead to a 

complete loss of the social and economic component of a delta. 
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Figure 13: A graphical representation how vulnerability and related terms 

influence the state of a river delta and its ecologic, social, and economic social 

components  

(source: Wolterz and Kuenzer, 2015) 
 

 

Coastal areas seem particularly vulnerable to climate change impacts as they are 

exposed to both extreme climate events and sea-level rise (IPCC, 2007). This 

vulnerability is exacerbated by the accumulation of multiple stressors and 

increasing human-induced pressures such as growing population and urban 

development. The rich biodiversity, land fertility and abundance of natural 

resources diverted the attention of human to the coastal areas. The increasing 

concentration on coastal areas for development purposes results increasing 

vulnerability (Cutter et al. 2007, Cutter 2008). Coastal uses to develop new 

dwelling units and recreational space, industrialization, transportation facilities 

like port, harbor etc. negatively affect the vulnerability of these regions.  
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Table 2: Climate and non-climate drivers of coastal change 

 (Source: Burkett and Davidson, 2012) 

 

 

Climate change is increasing the frequency of natural disasters with progressive 

impacts on the health and resilience of coastal ecosystems and the global economy. 

Sea level rise; extreme weather events; increased flooding; and the degradation of 

freshwater, fisheries and other coastal resources could impact so many people.  

This occurs especially in areas which are densely populated coastal zones and 

where households are highly dependent on coastal resources. Initial National 

Community plan of UNFCC in April 1999 stated that coastal zones and 

agricultural sector were identified as most vulnerable socio-economic sectors. 

IPCC Fourth Assessment projected a rise of 0.2–0.6 m sea level by the year 2100 

unless greenhouse gas emissions are reduced substantially (IPCC 2008). As sea 

level rise is happening, the ability to accurately identify low-lying lands is a 

critical factor for assessing the vulnerability of coastal regions (Gilmer and 

Ferdana 2012, p:26; Torresan et al. 2012).  

  

Climate drivers:  

 
Sea-level change 

 Waves and currents 

 Winds 

 Storminess(frequency, intensity, 

track) 

Atmospheric CO2 concentration 

Atmospheric temperature 

Water properties(temperature, pH, 

turbidity, salinity 

Sediment supply 

Groundwater availability 

Non-climate drivers:  

 
Tides 

Vertical land movement(tectonic, 

glacial isostatic, sediment compaction, 

fluid withdrawal) 

Coseismic uplift or subsidence  

Tsunami 

Human development and management 

actions 

(urbanization 
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Table 3: Summary of climate change observations and trends in coastal zone  

(Source: USAID, 2007) 
 

Coastal 

Impact 

Observations Projected Trends 

Sea 

Level 

Rise 

 For the 20th century, sea levels rose at a 

rate of 1.7 to 1.8 mm/yr 

 In the last decade, the worldwide 

average rate was measured to be 3.0 

mm/yr  

 Coastal erosion is increasingly observed 

around the world; it can be related to 

either sea level rise or subsidence, or 

both 

 Sea levels are expected to rise by at least 

0.6 meters by the century’s end; glacial 

melt is expected to increase this rise 

 Coastal flooding could grow tenfold or 

more by the 2080s, affecting more than 

100 million people per year due to sea-

level rise, especially in Southeast Asia 

 It is projected that seawater intrusion due 

to sea-level rise could severely affect 

aquaculture in heavily-populated mega-

deltas, such as in Southeast Asia  

 A 2°C increase in temperature could 

result in the loss of a number of island 

states 

Sea Surface 

Temperatu

re Change 

 Between 1970 and 2004, sea surface 

temperatures around the planet rose 

between 0.2-1.0°C, with a mean increase 

of 0.6°C  

 The Caribbean Sea has warmed by 1.5°C 

in the last 100 years  

 Observations since 1961 show that the 

ocean has been absorbing more than 

80% of the heat added to the climate 

system  

 By 2100, temperatures are projected to 

rise in the tropical Atlantic (2-4°C), 

Pacific (1.5-3.5°C) and Indian (3°C) 

Oceans 

 Increases in sea surface temperature of 

about 1-3°C are projected to result in 

more frequent coral bleaching events and 

widespread mortality  

 

Increased 

Frequency 

of Extreme 

Weather 

Events 

 Increases in category 4 and 5 tropical 

cyclones, hurricanes and typhoons 

during the 20th century have been 

reported  

 Tropical cyclone activity has increased 

since 1970, with a trend towards longer- 

lived storms and storms of greater 

intensity 

 

 Models project a likely increase of peak 

wind intensities and increased mean and 

peak near-storm precipitation in future 

tropical cyclones  

 The population exposed to flooding by 

storm surges will increase over the 21st 

century, especially in South, Southeast 

and East Asia 

Precipitatio

n Change 
 Precipitation has increased by up to 10% 

in the Northern Hemisphere and 

decreased in other regions (e.g., North 

and West Africa, parts of the 

Mediterranean and the Caribbean) 

 The frequency and severity of drought 

has increased in some regions, such as 

parts of Asia and Africa  

 Very dry areas have more than doubled 

since the 1970s  

 Australia incurred over US$13 billion in 

drought damage between 1982-2003 

 Projections for Latin America show a 

general year-round drop in seasonal 

precipitation of up to 60% with the 

greatest effects felt in Mexico and 

Central America  

 Precipitation change is very likely to 

increase the frequency of flash floods 

and large-area floods in many regions In 

Tarawa, Kiribati, it is projected that 

drought damages could reach 18% of the 

gross domestic product by 2050 

Ocean 

Acidificatio

n 

 Since 1750, an average decrease in pH 

of 0.1 units has been observed 

 It is projected that the pH of the world’s 

oceans could fall by up to a further 0.3 – 

0.4 units by 2100, resulting in the lowest 

ocean pH levels in 20 million years 
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Ramieri et al (2011) summarized biophysical effects of sea level rise in Table 5. 

These factors may induce a wide variety of socio-economic impacts on coastal 

areas such as, increased loss of property and coastal habitats, flood risk and 

potential loss of life, damage to coastal protection works and other infrastructure, 

loss of renewable and subsistence resources, loss of tourism, recreation, and 

transportation functions, loss of non-monetary cultural resources and values and 

impacts on agriculture and aquaculture through decline in soil and water quality. 

 

 

 

Table 4: Most significant bio-physical effects of sea level rise including relevant 

interacting climate and non-climate stresses.  

(Source: Ramieri et al. 2011) 

 

Bio-geophysical effect Other relevant factors 

Climate  Non-climate 
Permanent inundation Sea level rise Vertical land movement 

(uplift and subsidence), land 

use and land planning 
Flooding and 

storm 

damage 

Surge (open 

coast) 

Wave and storm climate, 

morphological change, 

sediment supply 

Sediment supply, flood 

management, morphological 

change, land claim 
Backwater 

effect (river) 
Run-off 

 

Catchment management and 

land use  

Wetland loss (and change) CO2 fertilization, sediment 

supply 

 

Sediment supply, migration 

space, direct destruction 

Erosion Direct effect 

(open coast) 

Sediment supply, wave 

and storm climate 

 

Sediment supply 

Indirect effect 

(near inlets) 

  

Saltwater 

intrusion 

Surface waters Run-off Catchment management and 

land use 

groundwater Rainfall Land use, aquifer use 

Rising water tables/impeded 

drainage 

Rainfall Land use, aquifer use 
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To protect coastal areas and their components, the degree of vulnerability should 

be assessed. In the climate change sphere, the coastal vulnerability was first 

mentioned as a major issue and the aim was to highlight the importance of 

adaptation as well as climate change mitigation (Romieu et al. 2010) then a coastal 

vulnerability assessment within globally driven coastal studies considered 

basically sea level rise impacts and storm or hurricane events. 

Briefly, assessing a coastal area’s vulnerability to the impacts of climate change 

needs to clarify: “1) the climate projections for a given region or locale, 2) what is 

at risk (climate change exposure and sensitivity), and 3) the capacity of society to 

cope with the expected or actual climate changes (adaptive capacity)”. The 

combination of these three factors gives us the vulnerability of people in a place to 

climate change (USAID, 2007). 

Climate change impacts and risks on coastal zones are strictly associated with 

regional geographical features, climatic and socio-economic conditions and impact 

studies related to these areas should be performed at the local or at most, at the 

regional level (Torresan et al 2012). 

The coastal area’s ecological, social, and economic components are vulnerable to a 

wide variety of natural and anthropogenic threats. Starting from here, in this 

research, coastal vulnerability assessment studies in the literature are classified 

according to their focus in the empirical work on ecological or, geophysical, 

social, economic and socio-economic and were depending on their spatial scale, 

temporal resolution, and numerous other research characteristics. Studies mainly 

focused on aspects such as flora or fauna species, location, and vigor of the 

wetland or coastal area and/or geophysical properties are qualified as ecological or 

geophysical assessment studies and these studies are mentioned roughly. Coastal 

vulnerability assessments based on geophysical properties are taking place 

extensively in the literature and these studies generally stand in engineering 

research and focus on the aspects of parameters of tidal range, soil type,  
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bathymetry, land surface elevations, etc.  The principal aim of this research is to 

discuss the assessment methods considering socio-economic aspects target to 

reveal the most vulnerable communities and settlements. So the location of a 

settlement, land use characteristics, population density, demographics, type of 

economic activity, adaptation and mitigation efforts etc are designated as main 

measurement parameters.  

4.1.2. Categorization of Assessment Methods 

4.1.2.1.Component Considered 

The CVI (Coastal Vulnerability Index) method that was used by Gornitz (1991), 

Gornitz et al. (1994), and Thieler and Hammar-Klose (1999) is a well-known 

method to assess vulnerability in coastal areas, and after these studies, some 

researchers have used it to assess vulnerability in coastal river delta areas as well. 

Since the CVI method originally only includes geophysical parameters, Cutter et 

al. (2003) underscored the addition of social, and economic factors related 

characteristics in to get better results. Thatcher et al. (2013) employed this method 

by including a range of economic parameter pertaining to commercial and 

residential building values, public works locations, as well as social parameters 

such as urban pixel density and population density, using datasets such as 

statistical measurements and census data, combining them with geophysical 

parameters from the CVI from a previous coastal vulnerability assessment by 

Pendleton et al. (2010). Thatcher et al. (2013) take forward CVI and designed 

CEVI (Coastal Economic Vulnerability Index). 

Pendleton, Thieler, and Williams (2010) and Pendleton et al. (2010) developed a 

CVI to designate the physical effects of sea level rise at regions of Gulf of Mexico, 

US.  According to this study a range of vulnerability assigned from low to very 

high to assess a coast’s potential susceptibility to physical change as sea levels 

rise. The local physical characteristics such as geomorphology, shoreline-erosion 

rate, tidal information, coastal topography, mean wave height, mean tidal range, 
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and local relative sea level rise rate are the determining factor of vulnerability map 

which the CVI results include.   

Ozyurt and Ergin (2010) used the method of Thieller and Hammar- Klause (1999) 

as a starting point to assess the coastal vulnerability of Göksu Delta. CVI-SLR 

method utilizes human influence parameters as well as physical parameters to 

measure the susceptibility of the delta to the sea level rise. 

The concept of vulnerability is closely connected with humans and society so 

anthropogenic effects can not be kept separately. Studies mainly based on social 

aspects are Panray et al (2009), Wilhelmi and Morss (2013), Zhou et al. (2014) are 

used Vulnerability index, Integrated Assessment of societal vulnerability and 

Social Vulnerability Index (SVI) assessment methods. Family status,  in-house 

provision, house structure, house supplies, housing age, buildings heights, and 

types of building structures, GDP, population density, savings, gender, age 

structure, education, unemployment, employment structure (primary, secondary, 

and tertiary industries), etc are the basic indicators that were chosen to evaluate the 

vulnerability of coastal areas. 

Besides the studies focusing specifically on the geophysical aspects of an ecologic 

component, other aspects of the ecologic component (also flora and fauna related 

aspects) can be seen in the literature. For example, the study of Hossain et al. 

(2013) focused on natural assets (fisheries, mangrove, deer and bird, cropland and 

grassland) of Nijhum Dwip, Bangladesh as well as human, physical and social 

assets. Hereher (2015) signified biotic component, which delineates the fauna/flora 

ecosystems that are threatened by a sea-level rise in South Sinai, Egypt as an 

ecological component. 

Firstly Hoozemans et al. (1993) highlighted the implication of socio-economic 

components focusing risk factors especially people at risk zone and wetlands that 

have been threatening to loss. Global Vulnerability Index (GVA) which is based 
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on IPCC Common Methodology was used to evaluate the study area to 

characterize future assessments of vulnerability. Parallel to this study, Eidswig et 

al (2014), Cutter et al (2003), Rufat (2013), Abdrabo and Hassaan (2015) used 

local or regional case areas comparatively assessed in a current situation.  

The study of Li and Li (2011) is an important example of socio-economic 

assessment model considers various vulnerability factors comprehensively. 

Aiming to assess the risk of storm surges in a Guangdong Province, this method 

betrays the comparison of the coastal cities’ vulnerabilities in the region to guide 

the land use of these cities in the future. Evolving from the model of coastal 

vulnerability assessment proposed by Gornitz, they developed assessment index 

system having five vulnerability assessment indicators social economic index, land 

use index, eco-environmental index, coastal construction index, and disaster-

bearing capability index. 

4.1.2.2.Temporal Scale 

Coastal studies mainly undertake the current moment vulnerability of a specific 

area or region (Frihy and El-Sayed, 2013, Frihy, 2003, Fatorić and Chelleri, 2012, 

Sánchez-Arcilla et al., 2008) but some of them assessed current and future 

vulnerabilities. Sales Jr. (2009) analyzed the vulnerability of social groups among 

the coastal population in Cavite City, Philippines, with their adaptive capacity to 

cope with the impacts of climate variability and extremes of sea level rise. As a 

data source, participatory research tools and techniques, interviews and 

consultation workshops are distinguished. Outcomes of this research reveal that 

the most vulnerable communities are natural source dependant ones for their 

livelihood because these sources are vulnerable to climate variabilities. Moreover, 

income level and dependency rates are other important factors affecting 

vulnerability but local governments’ planned adaptation activities are shown as the 

factors that increase the community resilience. Also, studies suggest a local 

framework to mainstream climate change adaptation strategies and actions for 
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integrated coastal management (Sales Jr. 2009, Yoo et al, 2011, DasGupta and 

Shaw, 2015).  

As the temporal scale considered, in their research Ge et al. (2013) analyzed the 

social vulnerability of the Yangtze River Delta in China for the years 1995, 2000, 

2005, and 2009 was calculated by using a PPC (projection pursuit cluster) model. 

Nine socio-economic parameters extracted from census data and normalized. This 

model is a technique used to seek out a linear projection of multivariate data and 

the PPC method is designed to reveal clustering characteristics in multivariate high 

dimensional data. 

4.1.2.3.Scenario Based 

Sea level rise is important to the impact of climate change and many studies 

focused their assessments based on sensitivity to sea level rise (Thatcher et al. 

2013, Ozyurt and Ergin, 2010, Li and Li, 2011, Pendleton et al. 2010) apart from 

these studies in their research Yoo et al, (2011) framed the main climate exposures 

as sea level rise, heat wave and heavy rainstorm and sensitivities to these 

components are measured separately given in adaptive capacity.   

The case study mentioned by Panray et al. (2009, p.363) assesses vulnerability and 

resilience of coastal villages of Maurutis and the assessment associates with 

climate change and sea level rise. With sea level rise Maurutis is expected to face 

with a land loss on account of beach erosion, damages on coastal infrastructure, 

degradation of coral reefs and loss of wetlands etc. 

Various sea level rise scenarios have been used in the different coastal 

vulnerability assessment studies in the literature Rao et al. (2008), El-Raey (1997), 

Torresan et al (2012), Frihy and El-Sayed (2013). For example;  Boateng (2012) in 

his study searched coastal vulnerability of Vietnam based on three sea-level rise 

scenarios firstly, IPCC (2007) scenario which is the estimation of  1 meter rise by 

the year 2100; secondly by 2100,  2 meters sea level rise according to Pfeffer, et al. 
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(2008), and the last and worst case scenario  of  5 meters (Vaughan 2008). On the 

other hand, in the work of El-Raey (1997) which was designed to assess the 

coastal zone of the Nile delta, Egypt settlements namely Alexandria, Rosetta, and 

Port-Said, for every settlement different sea-level rise scenarios was operated.  

Snoussi et al. (2008) in their study with the different worst case and best case sea 

level rise scenarios and they associated them with socio-economic impact 

scenarios.  The socio-economic impacts were based on two possible alternative 

futures: first ‘worst-case’ scenario, obtained by combining the ‘economic 

development first’ scenario with the maximum inundation level; and second, 

‘bestcase’ scenario, by combining the ‘sustainability first’ scenario with the 

minimum inundation level. 

Birkmann et al (2012) used HQ-100 scenario and its spatial coverage as basic 

information to assess the exposure of people to floods in urban areas in Cologne, 

Germany. Flood risks are mainly addressed in spatial planning through the 

designation of flood-prone areas and to determine these designated flood-prone 

areas, spatial planning at the regional scale draws primarily on the HQ-100 flood 

events. This scenario represents a flood that statistically occurs once every 100 

years.  

4.1.2.4.Data Considered 

Vulnerability assessments are often data driven so data availability determines the 

extent of the assessment. Choosing the right data sources are important for 

vulnerability assessments, as each data type has different strengths and 

weaknesses. In-situ field measurements, Census data, earth observation data, 

statistical measurements, data supplied by other sources (institutions or authors) 

stakeholder consultations, household surveys are commonly distinguished in the 

literature. 
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Earth observation data is utilized often in the vulnerability assessments like 

satellite images, specifically either multispectral data or radar data (often in the 

form of Digital Elevation Models, DEMs). Examples of assessments that use earth 

observation data are mainly El-Raey (1997) Sherly et al (2015), Mahapatra et al 

(2015), Van der Veen (2005), Ozyurt and Ergin (2010), Gornitz, et al. (1990) 

Gornitz, et al. (1994) and Frihy and El-Sayed (2013). 

Census data is used by predominantly the studies that are conducted in developed 

countries that have accessible census data and focus on socio-economic aspects. 

Studies that consider socio-economic aspects but do not have access to census data 

are more reliant on third party databases. Census data contains much data about 

socio-economic system components and is easily converted to parameters for 

vulnerability assessments.  Examples of assessments that use census data are the 

highly social focused studies such as Cutter et al. (2003), Birkmann and Fernando 

(2008), Sherly et al (2015) and Mahapatra et al (2015). 

Rufat (2013) used this kind of data to visualize socio-economic indicators like the 

proportion of persons less than 10 years old and over 75 years old, the proportion 

of disabled persons, details about employment status and Per capita income etc., in 

the study areas namely Lyon, France, and Bucharest, Romania. Also, Birkmann et. 

al. (2012) considered surveys as a main data source for Cologne to measure 

susceptibility and Coping capacity indicators. 

Other types of data that are used mainly in the coastal vulnerability assessment 

studies are in- situ field measurements and data from measurement stations. Data 

from measurement stations is used to estimate the degree of vulnerability of the 

coastal areas due to upstream natural and anthropogenic influences, such as Boori 

et al. (2010) and Torresan et al. (2012). Frihy (2003) and Sánchez-Arcilla et al. 

(2008) used in-situ field measurements to acquire a greater insight in the 

geophysical properties. 
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4.1.2.5.Methods Used  

This part of research describes the methods most commonly used to assess coastal 

vulnerability to climate change. Assessment methods can be described in two main 

categories: Index-based methods and indicator-based methods. They are 

characterized by methodological differences, although a sharp distinction is not 

always evident. 

 

Index-based approaches express coastal vulnerability by a one-dimensional, and 

generally unitless, risk/vulnerability index. This index is calculated through the 

quantitative or semi-quantitative evaluation and the combination of different 

variables. These approaches are not immediately transparent since the final index 

does not enable the understanding of assumptions and aggregations that led to its 

calculation. A clear explanation of the adopted methodology is, therefore, essential 

to support the proper use of index-based approaches. Indicator-based approaches, 

in contrast, express the vulnerability of the coast by a set of independent elements 

via indicators or variables that characterize key coastal issues such as coastal 

drivers, pressures, state, impacts, responses, exposure, sensitivity, risk, and 

damage. These indicators are in some cases combined into a final summary 

indicator. This approach allows the evaluation of different aspects related to the 

coastal vulnerability within a consistent assessment context. 

4.1.2.5.1. Index-based methods 

 

These assessment methods are based on several forms of the coastal vulnerability 

index (CVI) including some slight modifications to adapt the index to local 

specificities. The most important constraint of this method is the incapacity to 

address socio-economic aspects such as a number of people affected, infrastructure 

potentially damaged and economic costs in the assessment of coastal vulnerability 

(Gornitz et al., 1993; McLaughlin and Cooper 2010). To overcome this constraint, 

two main possible approaches are available: (i) use of the original CVI index in 
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association with other indicators and integrated indices able to more properly 

represent the complexity of the coastal system; (ii) modify/extend the original 

formulation of the CVI also taking into account socio-economic systems. Mendoza 

and Jimènez (2009) developed a methodology to assess coastal vulnerability at 

regional and local scales, focusing on the impacts of storms. More precisely, 

flooding and erosion were taken into account separately and then integrated into a 

single CVI to storms. GIS-based analysis also enables the overlap of CVI results 

with other spatial information such as layers representing coastal defense 

measures, population density, urbanization indices, and ecological and/or 

biodiversity values. Thus, GIS supports the integrated analysis which is crucial in 

coastal vulnerability assessment.  

 

4.1.2.5.1.1.Coastal Vulnerability Index – CVI 

The Coastal Vulnerability Index (CVI) is one of the most commonly used and 

simple methods to assess coastal vulnerability to sea level rise, in particular, due to 

erosion and/or inundation (Gornitz et al., 1991). The CVI provides a simple 

numerical basis for ranking sections of coastline in terms of their potential for 

change that can be used to identify regions where hazard risks are at considerable 

level. The CVI results can be displayed on maps to highlight regions where the 

factors that contribute to shoreline changes may have the greatest potential to 

contribute to changes to shoreline retreat. The first methodological step deals with 

the identification of key variables representing significant driving processes 

influencing the coastal vulnerability and the coastal evolution in general (Gornitz 

et al., 1991). As successively described, the number and typology of key variables 

can be slightly modified according to specific needs; in general CVI formulation 

includes 6 or 7 variables then quantification of key variables. Afterwards, key 

variables are integrated into a single index, proposed and tested for the derivation 

of the final CVI. 



 

 

 

 

72 

 

4.1.2.5.1.2.Coastal vulnerability index for sea level rise – CVI (SLR) 

Özyurt (2007) and Özyurt et al. (2008) developed a CVI to specifically assess 

impacts derived from sea level rise. The index is determined through the 

integration of 5 sub-indices, each one corresponding to a specific sea level rise 

related impact. The author applied this methodology to the Göksu Delta in Turkey, 

where the five considered SLR impacts were: coastal erosion, flooding due to 

storm surges, permanent inundation, salt water intrusion to groundwater resources 

and salt water intrusion to rivers/estuaries. Each sub-index is determined by the 

semi-quantitative assessment of both physical and human influence parameters and 

each parameter may contribute to the definition of more than one sub-index. A 

value ranging between 1 and 5 is assigned to each parameter, in relation to its 

severity and contribution to the vulnerability of the analyzed coastal system.  

4.1.2.5.1.3.Composite Vulnerability Index 

Szlafsztein and Sterr (2007) formulated an index combining a number of separate 

variables that reflect natural and socio-economic characteristics that contribute to 

coastal vulnerability due to natural hazards in the coastal area of Brazil. Selected 

indicators can differ in number, typology, and scales of evaluation according to the 

study area. Once selected, indicators are aggregated according to an appropriate set 

of weights. First of all, with respect to the two existent vulnerability dimensions, 

the parameters that characterize them can also be classified as natural and 

socioeconomic variables. The classification of all the coastal information has been 

greatly aided by the development of GIS applications as well as integrated remote 

sensing applications and separated GIS-layers are overlaid and the variable scores 

combined into natural and socio-economic vulnerability indices, which when 

combined represent the total vulnerability index considering the following 

‘natural’ parameters: coastline length and sinuosity, continentality in terms of 

coastline density into municipal areas, coastal feature (estuarine, beach etc.), 

coastal protection measures, fluvial drainage, flooding areas. Socio-economic 
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parameters considered were: total population and total population affected by 

floods (both divided into age classes), a density of population, non-local 

population (i.e. born elsewhere but living in considered areas), poverty, municipal 

wealth.  

Khan (2012) searched Hutt Valley’s (New Zealand) vulnerability to floods through 

scores of Statistics New Zealand and the New Zealand Deprivation Index (NZDep 

2006) by comparison of the results of principle component analysis [PCA] and 

composite vulnerability index [CVI]. Because inductive data is limited to the use 

of census data indicators are also selected from existing literature and theories. In 

total 38 initial proxy indicators are used for vulnerability assessment in the Hutt 

Valley that is varied in the categories of demographic, social and economic. 

4.1.2.5.1.4.Social Vulnerability Index 

Social vulnerability to natural hazards was firstly divided into socioeconomic and 

built environmental vulnerability in the study of Zhou et al. (2014) and using 

factor analysis, they identified the dominant factors that influence the provincial 

social vulnerability in China to natural hazards based on the socio-economic and 

built environmental variables in 2000 and 2010. They calculated Socioeconomic 

Vulnerability Index (SeVI) and built environmental vulnerability index (BeVI) 

scores for studied province, then with a simple algorithm results were aggregated 

into an SVI, where SVI = Se-VI + BeVI. 

Eidsvig et al (2014) used the SoVI (Social Vulnerability Index) method from 

Cutter et al. (2003), with improving and categorizing socioeconomic parameters 

namely  “Vulnerable elements” such as Children below 5 years and people above 

65 years of age, people with language and cultural barriers, rural populations who 

are dependent on the surrounding natural resources for their primary source of 

income, high-density populations, people without a post-secondary education, 

housing type, critical infrastructure; “Preparedness and response” for instance 
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the risk awareness of the population, the early warning capacity of the society, the 

stringency of regulation control and the extent of emergency response procedures, 

the emergency response; and lastly “Recovery” parameter with the indicators of  

Personal wealth, Insurance and disaster funds, quality of medical services. 

Orencio and Fujii (2013) proposed a new approach to creating an index for a 

disaster-resilient coastal community at the local level and developed a tool by 

prioritizing national-level components of a risk-management and vulnerability-

reduction system. They used Analytic Hierarchy Process (AHP) which is a 

methodological approach to decision-making that can be applied to resolve highly 

complex problems involving multiple scenarios, criteria, and actors. An outcome 

framework for disaster-resilient coastal communities was designed based on 

priority components which included environmental and natural resource 

management, human health and well-being, sustainable livelihoods, social 

protection, financial instruments, physical protection and structural and technical 

measures and planning regimes. 

Sustainable livelihoods model (SLA) introduced by Hossain et al. (2013) which 

was conducted to identify human, physical, financial, natural and social assets to 

analyze fishing community resilience. They suggested that SLA may play a 

leading role in analyzing adaptive capacity to climate change through livelihood 

asset analysis at the community level. The results of this study conclude that 

livelihood assets analysis related to fishermen resilience requires greater 

examination of the interaction among households on how to allocate their own 

resources and services to their family members and consideration can develop a 

better understanding of climate change adaptation in a fishing community context. 

4.1.2.5.1.5.Multi-scale coastal vulnerability index 

 

McLaughlin and Cooper (2010) introduced a multi-scale CVI, incorporating 

erosion impacts, which can be applied to other climate change induced impacts, 
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too. The index integrates three sub-indices: (i) a coastal characteristic sub-index, 

describing the resilience and coastal susceptibility to erosion, (ii) a coastal forcing 

sub-index, characterizing the forcing variables contributing to wave-induced 

erosion, (iii) and a socioeconomic sub-index, describing targets potentially at risk. 

The computation of each sub-index is determined on the basis of various variables, 

whose specific identification (number and typology) depends on the considered 

application scale. Figure 14 illustrates the variables used to derive the three sub-

indexes inNorthern Ireland (at the national scale. Authors applied the CVI index 

with their sub-indices to the regional and the local scale, too; in these cases, a 

selection of the national scale variables was used. 

 

 

 

 
 

Figure 14: Variables used for the national scale application in Northern Ireland 

 (Source: McLaughlin and Cooper, 2010). 
 
 
 

This CVI index is rather easy to calculate and can be applied to various spatial 

scales, thus supporting multiscale analysis that is important for coastal planning 

and management (McLaughlin et al., 2010). Besides the characterisation of 

physical elements, the CVI also integrates socio-economic elements. However, 

this component does not always significantly influence the overall index score, 
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probably because the socioeconomic sub-index depends on variables that in some 

or even many cases are dichotomous variables. 

4.1.2.5.2. Indicator-based methods 

Indicator based studies essentially reduce the complexity of the measuring 

progress enables comparative analysis among different places and guide decision 

makers (Cutter et al 2008a). Coastal urban areas differ from coastal rural areas in 

terms of community dependence on coastal ecosystems services so the socio-

ecological way of system resilience arises. Rural dependency on coastal areas 

particularly in declining economies often makes human-environment relation 

unsustainable (DasGupta and Shaw, 2015).  Thus, loss of coastal ecosystem 

services negatively affects rural communities’ capacity to cope with a crisis. 

Therefore, a new set of appropriate indicators is required to assess the resilience of 

the resource-dependent rural communities in the low-lying coastal areas instead of 

the traditional indicators used in the earlier frameworks (Cutter et al. 2010). 

To assess disaster resilience of coastal rural communities, more specifically in the 

low-lying Asian mega deltas DasGupta and Shaw (2015) developed a set of 

appropriate indicators along with a comprehensive framework. In this study, the 

initial phase of identification of appropriate indicators involves extensive 

background literature survey dealing with community resilience against natural 

disasters, the final list of major dimensions, indicators and variables were 

developed after an iterative discussion with the local stakeholders such as local 

government officials and community groups.  Five major indicators and twenty-

five variables were framed under key dimensions of coastal resilience namely 

socio-economic, physical (structural), institutional, coastal zone management 

(ecological) and environmental/natural resilience. By using these indicators they 

measured the intrinsic capacity of the community (community competency) with 

respect to an external stress and further, it also fasten disaster recovery. 
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Li et al (2016) developed a vulnerability assessment tool for assessing coastal 

vulnerability and making prescriptive recommendations on urban planning in 

coastal regions at a local level. The framework of vulnerability analysis of the 

Haikou coastal zone identified the assessment indicators that influenced the coastal 

vulnerability due to the aspects of exposure, sensitivity, and resilience. The results 

demonstrate that vulnerability was not evenly distributed across Haikou's coastal 

zones, which may be linked to the different stages of ongoing urban planning for 

coastal Haikou and vulnerability tends to increase with higher levels of 

urbanization. With the operation of Turner Vulnerability-Assessment framework, 

the study applies 9 indicators to analyze the vulnerability of the case area with 

quantification of the Exposure Indicator (EI), Sensitivity Indicator (SI) and 

Resilience Indicator (RI). Respectively, EI reflects the extent of human activities 

and includes data on; land urbanization, population urbanization and tourism 

development. SI reflects the conditions of the natural and geographical 

environments, in addition to traffic accessibility levels and includes data for; 

digital elevation modeling geological hazards and traffic conditions. RI represents 

the resilience of the ecosystem, which includes; natural habitats, coastal-type data, 

and services. To quantify the EI, SI, and RI, a Vulnerability Indicator (VI) can be 

assessed and compared among different communities. 

 

The study of IMHEN (2011) uses a ‘comparative vulnerability and risk 

assessment’ (CVRA) methodology and framework which is a useful approach to 

presenting quantitative estimates of the risks that climate change poses, at both the 

regional and the local level for estimating aggregate vulnerability for five 

dimensions, these being: population; poverty; agriculture and livelihoods; industry 

and energy; urban settlements and transportation. This approach is based on the 

generally accepted IPCC approach to vulnerability assessment for the natural 

system, in combination with a risk-based approach for assessing the impacts of 

natural hazards such as flooding, inundation and sea level rise on human systems. 

Placing social vulnerability within the context of risk, and viewing biophysical 
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vulnerability and risk as broadly equivalent, provides a relatively simple 

framework for assessing both the comparative geospatial and sectoral vulnerability 

on the Mekong Delta. 
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Table 5: Categorization of Coastal Vulnerability Assessment Methods 

SOURCES  

CATEGORIES 
 STUDY AREA 

 

COMPONENTS 

CONSIDERED 

 

PROCESS 

CONSIDERED 

 

SPATIAL  

SCALE 

 

TEMPORAL 

SCALE 

DATA USED 

 

METHOD 

OF 

INDICAT

OR 

SELECTIO

N 

ASSESSMENT 

METHOD 

SCENARIO WEIGHING 

OF 

INDICATOR 

 

ASSESSMENT INDICATORS 

Frihy 

(2003) 

Nıle Delta-

Alexandrıa 

Coast 

Geophysical Natural 

 

local 

 

Current 

situation 

 

in-situ field 

measurements 

    soil accretion and erosion rates (extracted through EO data), 

predicted changes in sea level, tectonic faults and earthquake 

locations and severity 

Fatorić 

and 

Chelleri 

(2012) 

Ebro Delta 

(Spanish 

Mediterranean) 

Geophysical Natural 

 

local 

 

Current 

situation 

 

stakeholder 

consultations, 

data supplied by 

existing studies, 

earth 

observation 

data, 

 

   Assessor 

 

Temperature, annual precipitation, average monthly 

wind speed, annual average wave height, sediment levels, 

relative sea level rise 

Rao et al. 

(2008) 

Andhra Pradish 

coast, India 

Geophysical Natural local Current 

situation 

 

earth 

observation data 

 coastal vulnerability 

index (CVI) 

0.59 m sea-level rise 

(IPCC,2007) 

 coastal geomorphology, coastal slope, shoreline change, 

mean spring tide range significant wave height 

Sánchez-

Arcilla et 

al. (2008) 

Ebro Delta 

(Spanish 

Mediterranean) 

Geophysical Natural 

 

local 

 

Current 

situation 

 

in-situ field 

measurements 

  1. wave direction 

(scenario W0D90) 

W0D110) 

2.wave height 

 (scenario W10D0) 

(W-10D0) 

 increases in inundation/flooding, decreases in storm return 

periods, coastal erosion, salinity intrusion, and changes in 

wave climate (wave height, direction, and storminess 

Boori et 

al. (2010) 

Apodi River 

(Atlantic Ocean, 

Northeast 

Brazil) 

Geophysical Natural 

 

local 

 

Current 

situation 

 

earth 

observation 

data, 

statistical 

measurements 

using 

assessment 

models 

coastal vulnerability 

index (CVI) 

 Expert 

 

Geomorphology, shoreline change rate, coastal slope, means 

tide range, mean Significant wave height and SLR. 

Thieler 

and 

Hammar-

Klose 

(1999) 

US coastal 

regions 

Geophysical Natural national Current 

situation 

 

 statistical 

measurements, 

data supplied by 

other sources 

(institutions or 

authors) 

 

using 

assessment 

models 

coastal vulnerability 

index (CVI) 

  coastal geomorphology, regional coastal slope, and shoreline 

erosion and accretion rates, rate of relative sea-level rise, 

mean tide range, mean wave height 

Gornitz, 

et al. 

(1990)  

Gornitz, 

et al. 

(1994) 

U.S. Atlantic 

Coast 

U.S. southeast 

Geophysical Natural Local and 

comparative 

Current 

situation 

 

In situ field 

measurements, 

earth 

observation data 

 coastal vulnerability 

index (CVI) 

 expert opinion relief (elevation), lithology (rock type), coastal landforms, 

geomorphology,  vertical land movements (relative sea level 

changes), horizontal shoreline changes (erosion and 

accretion), tidal ranges, wave heights. 

Boateng 

(2012) 

coastal zone of 

Vietnam 

Geophysical Natural 

 

national 

 

Current 

situation 

 

earth 

observation data 

 Flood risk assessment sea-level rise:  

1. 1 meter (by 2100; 

IPCC 2007), 

2. 2 meters  

(by 2100; Pfeffer, et 

al. 2008), 

3. 5 meters (worst 

case scenario 

Vaughan 2008) 

Assessor(quali

tative) and 

automatic(qua

ntitative) 

Flood layers 
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Table 5 (continued)      

Pendleton 

et al. 

(2010). 

22 National 

Park Service 

sea- and 

lakeshore 

units(US) 

Geophysical Natural 

 

national 

 

Current 

situation 

 

data supplied by 

other sources 

(institutions or 

authors) 

 

using 

assessment 

models 

coastal vulnerability 

index (CVI) 

  tidal range, ice cover, wave height, coastal slope, historical 

shoreline change rate, geomorphology, and 

Historical rate of relative sea- or lake-level change. 

Ozyurt 

and Ergin 

(2010) 

Goksu Delta Geophysical Natural and 

anthropogenic 

local Current 

situation 

statistical 

measurements, 

in-situ field 

measurements, 

earth 

observation data 

using 

assessment 

models 

coastal vulnerability 

index sea-level rise 

(CVI-SLR) 

 No weighing 

 

Physical: rate of SLR, coastal slope significant wave height, 

sediment budget, tidal range, proximity to coast, type of 

aquifer, hydraulic conductivity etc. 

Human influence: reduction of sediment supply, river flow 

regulation, engineered frontage, grounwater consumption, 

land use pattern, coastal protection structures etc. 

Frihy and 

El-Sayed 

(2013) 

 

 

Nile River Delta Social and 

Highly Geophysical 

Highly natural local 

 

Current 

situation 

 

Census data, 

earth 

observation 

data, 

statistical 

measurements, 

in-situ field 

measurements 

 

 Qualitative risk 

assessment 

Sea level rise 0.5 m 

and 1 m 

Copenhagen 

Accord 2009 

(UN/UNFCCC 

2009) 

Not 

mentioned 

Population density 

Tourism and recreation activities 

agricultural land 

ports and transportation 

Geology and tectonics 

Land subsidence 

Shoreline morphodynamics 

DasGupt

a and 

Shaw 

(2015) 

Indian 

Sundarbans 

Geophysical highly 

Socio-economic 

Natural and 

anthropogenic 

Regional and 

comparative 

 

Current survey Stakeholder 

and expert 

opinion 

composite 

resilience index 

 Survey 

respondents 

Socio economic: demography, livelihood, health, social 

capital, education and awareness. 

Physical: transportation, residential infrastructure, 

electricity, tele-communication, water and sanitation. 

Institutional: laws and policy, coordination, energy 

response, adaptive action, governance, emergency response, 

adaptive action, governance. 

Coastal zone management: embankment and shoreline, 

mangrove management, coastal bio-diversity conservation, 

coastal pollution control, coastal land use. 

Environmental/natural: frequency of natural disaster, 

climate components, geo-physical components, bio-

geochemical components 

Torresan 

et al 

(2012) 

North Adriatic 

Sea (Italy) 

Geophysical and 

Socio-economic 

Natural and 

anthropogenic 

Regional Current 

situation 

 

statistical 

measurements, 

in-situ field 

measurements 

expert 

opinion 

regional vulnerability 

assessment (RVA) 

0.6m for sea level 

rise inundation 

2m for storm surge 

flooding. 

59 cm as higher sea 

level rise scenario at 

the global scale 

expert opinion Elevation, Distance from coastline, Artificial protection, 

Vegetation cover, Coastal slope, Geomorphology, Dunes,  

Sediment budget, Mouth typology, Wetland extension, 

Urban typology, Agricultural typology, protection level  

 

Mclughli

n and 

Cooper 

(2010) 

Northern 

Ireland 

Geophysical and 

Socio-economic 

Natural and 

anthropogenic 

Local and 

comparative 

Current 

situation 

 

In situ field 

measurements, 

earth 

observation data 

 

 Coastal Vulnerability 

Index 

Coastal 

characteristics+ 

Coastal forcing + 

Socio-economic sub-

indices 

  Coastal charactheristics: solid geology, drift geology, 

shoreline type, elevation, river mouhs, orientaion, inland 

buffer 

Coastal forcing:significant wave height, tidal range, 

difference in storm and modal wave height, storm frequency 

Socio-economic attributes:population, cultural heritage, 

roads, railways, landuse, conservation status. 

El-Raey 

(1997) 

Alexandria, 

Rosetta and 

Port-Said- 

(coastal zone of 

the Nile delta, 

Egypt)) 

Highly Geophysical 

and Socio-economic 

Natural and 

anthropogenic 

Regional Current 

situation 

 

In situ field 

measurements, 

earth observation 

data, statistical 

measurements, 

survey 

 

  Various  sea-level 

rise scenarios for 

each city 

  

 

 

    



 

 

 

 

81 

 

Table 5 (continued) 

Sherly et 

al (2015) 

Mumbai, India Geophysical and 

Socio-economic 

Natural and 

anthropogenic 

local Current 

situation 

 

earth 

observation 

data, Census 

data 

 Vulnerability 

Index(VI) 

 Data 

envelopment 

analysis 

(DEA) 

Social and Socio-economic: Total population,  Number of 

households, Female population, Children < 6 years, Illiterate 

people, Illiterate females, Main cultivators, Marginal 

workers, Nonworkers, Slum, Hotels, banks, restaurants, 

malls, private companies, and buildings 

Infrastructure and critical facilities: Water treatment 

plant, School, Hospital, Institutes, Fire station, police station, 

Subway, Road, railroad track, train station, airport, harbor, 

Public building, Power station, Refinery  

Adaptive capacity: Total literate/illiterate ratio,  Female 

literate/illiterate ratio, Total workers/nonworkers ratio, 

Female workers/nonworkers ratio, School, higher education, 

Hospital, Fire station, police station, Skyway, overpass, road, 

train station, airport, harbor, public buildings, Religious 

institutions 

Mahapat

ra et al 

(2015) 

South Gujarat 

coast, India 

Geophysical and 

Socio-economic 

Natural and 

anthropogenic 

local Current 

situation 

 

earth 

observation 

data, Census 

data, statistical 

measurements 

 integrated coastal 

vulnerability index 

(ICVI): physical 

vulnerability index 

(PVI) + social 

vulnerability index 

(SVI) 

 analytical 

hierarchical 

process 

(AHP) 

physical variables: coastal slope, Coastal, 

landforms/features, Shoreline change rate, Mean spring tidal 

range, and Significant wave height. 

Social variables: population density of adjacent coastal 

villages, land use/land cover, proximity to road network and 

settlement 

Snoussi et 

al.(2008) 

Moroccan Coast Geophysical and 

Socio-economic 

Natural and 

anthropogenic 

Local and 

comparative 

Current 

situation 

 

In situ field 

measurements, 

earth 

observation data 

 

 Integrated 

Assessment (IA) 

-Sea-level rise from 

200 to 860 mm  

in 2100, with a ‘best 

estimate’ of 

490 mm Warrick et 

al. (1996) 

inundation level 

2meter and 7 meter 

-Economic 

development first 

scenario, 

Sustainability first 

scenario 

 Coastal topography, land use 

Panray et 

al(2009) 

Mauritis Social Natural and 

anthropogenic 

Local Current 

situation 

 

Questionnaires  Vulnerability index   Family status, in-house provision, house structure, 

yard/compound, house supplies, bio-geophysical and socio-

economic impacts. 

Wilhelmi 

and 

Morss 

(2013) 

Fort Collins, 

Colorado, U.S. 

social Natural and 

anthropogenic 

Local Current 

situation 

 

Census data, 

statistical 

measurements 

 Integrated 

Assessment of 

societal 

vulnerability 

  Exposure: Fort Collins precipitation data, Front range 

watersheds boundaries, NWS flash flood guidance values 

for 07-28-97 

Sensitivity: Physical disadvantages (residents with 

disabilities and over 65 years old), Linguistic disadvantages 

(linguistically isolated households) 

Coping capacity Access to resources residents living below 

poverty level) 

Outcomes: Threats and damages to people and property 

Zhou et 

al. (2014) 

China social Natural and 

anthropogenic 

National 

Provinces 

compared 

Time 

series(2000 

and 2010) 

Census data, 

statistical 

measurements 

Existing 

studies 

Factor analysis(FA), 

Social Vulnerability 

Index(SVI) = 

socioeconomic 

vulnerability 

index(SeVI) +built 

environmental 

vulnerability index 

(BeVI)  

 equally 

weighted, 

Cutter 

et al. (2003)  

housing age, buildings heights, and types of building 

structures, GDP, population density, savings, 

gender, age structure, education, unemployment, 

employment structure (primary, secondary, 

and tertiary industries), urbanization (rate), medical services, 

transportations, and 

lifelines 
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Table 5 (continued) 

Van der 

Veen 

(2005) 

South Holland 

Province 

Economic Natural local Current 

situation 

 

statistical 

measurements, 

earth 

observation data 

     

Thatcher 

et al. 

(2013) 

Northern US 

Gulf Coast (US) 

Socio-economic Natural and 

anthropogenic 

Regional and 

comparative 

 

Current 

situation 

 

statistical 

measurements, 

in-situ field 

measurements, 

Census data 

 

 Coastal Economic 

Vulnerability Index 

(CEVI) 

a mean global 

SLR of 

18–59 cm 

between 1990 

and the end of 

the 21st 

century (IPCC 

(2007)  

 

No weighing Economic: Infrastructure building value , Commercial 

building value , Residential building value , Population 

density , Urban pixel density  

Physical: geomorphology, shoreline change 

rate, regional coastal slope, relative sea-level change rate, 

mean wave height, and mean tide range 

Khan 

(2012) 

Hutt Valley, 

New Zealand 

Socio-economic Natural and 

anthropogenic 

Regional and 

comparative 

 

Current 

situation 

 

Census data existing 

literature and 

theories 

Comparison of principal 

component analysis 

[PCA], composite 

vulnerability 

index [CVI] 

 Comparison 

of with and 

without 

weight 

Demographic: Population distribution, crowding, 

gender, age, disability and migration. 

Social: Family type, education, language, Ethnicity. 

Economic :Income, source of income, employment, 

occupation, housing condition, communication 

Li and Li 

(2011) 

Coasts of 

Guangdong 

Province (South 

China Sea) 

Socio-economic anthropogenic Regional and 

comparative 

 

Current 

situation 

statistical 

measurements, 

 

 coastal vulnerability index 

(CVI)-assessment index 

system 

  social economic index: factors of population, industrial 

output value, agricultural output value, buildings, roads, 

land use index: farming, forestry, aquaculture, and salt 

industry 

eco-environmental index: factors of beaches, wetlands, and 

mangroves 

coastal construction index: factors of seawalls, harbors, 

wharfs, and coastal facilities 

disaster-bearing capability index: factors of financial 

revenue, investment of tide-prevention engineering, and 

labor population  

Sales, Jr. 

(2009) 

Cavite City 

(Philipinnes) 

Socio-economic anthropogenic Local and 

comparative 

Current and 

future 

stakeholder 

consultations 

 

  1 meter 

accelerated 

sea level rise 

 income level, employment status, gender, degree of 

dependent people, evacuation and health facilities, planned 

adaptation strategies etc. 

Yoo et al, 

2011 

Busan (South 

Corea) 

Socio-economic anthropogenic Local and 

comparative 

Current statistical 

measurements, 

survey,  earth 

observation data 

 Delphi Method –

Dimenson Index(DI) 

  Sensitivity to sea level: Percentage of flooded area, 

population density and population at age 65 and over 

Sensitivity to heavy rainstorm and heat wave: sectors’ 

sensitiveness (agricultural land, forest/wetland/ grassland, 

commercial areas, residential area, industrial area etc) 

Adaptive capacity: economic capability, area of green 

cover, medical service, water resource accessibility, 

awareness level to climate change, governance and 

institutional capability 

Ge et al. 

(2013) 

 

Yangtze River 

Delta (China) 

Socio-economic anthropogenic Local Time series census 

data 

Statistical 

(projection 

pursuit cluster 

model (PPC) 

Social Vulnerability Index 

(SVI) 

 No weighing 

 

population growth, percentage of rural and urban population, 

regional per capita GDP, average household size, percentage 

of females, GDP per square kilometer, investment in fixed 

assets per square kilometer, per capita income, and the 

number of hospital beds per 1000 inhabitants 

Birkman

n and 

Fernando 

(2008) 

Batticaloa and 

Galle (Sri 

Lanka) 

Socio-economic Natural Local and 

comparative 

Current 

situation 

 

Survey, 

 Census data, 

statistical 

measurements 

    Susceptibility and exposure: Gender and age(dead and 

missing) Exposure: housing damage inside and outside the 

100-metre zone. 

coping capacities and difficulties in recovering: Land title 

and recovery(ownership) Knowledge and social networks, 

Knowledge of the hazard, Social networks(consisting of 

networks, membership of community-based organizations, 

relationships of trust and reciprocity, and access to wider 

institutions in society), receipt of financial support after the 

tsunami 
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Table 5 (continued) 

Eidsvig et 

al (2014) 

Grevena 

(Greece), 

Andorra la 

Vella(Andorra), 

Barcelonnette(F

rance) Sla˘nic( 

Romania); 

Grevena( 

Greece), Skien 

and Stranda ( 

Norway) 

Socio-economic Natural and 

anthropogenic 

Local and 

comparative 

Current 

situation 

 

Census data, 

survey/question

naire, other 

studies 

 Socio-Economic 

Vulnerability Index 

(SoVI) 

 expert opinion 1. Vulnerable elements: Children below 5 years and people 

above 65 years of age, People with language and cultural 

barriers, Rural populations who are dependent on the 

surrounding natural resources for their primary source of 

income, High-density populations, People without a post-

secondary education, housing type, critical infrastructure. 

2. Preparedness and response: The risk awareness of the 

population, The early warning capacity of the society, The 

stringency of regulation control and the extent of emergency 

response procedures, The emergency response. 

3. Recovery: Personal wealth, Insurance and disaster funds, 

Quality of medical services 

Cutter et 

al(2003) 

U.S. counties Socio-economic Natural and 

anthropogenic 

Local and 

comparative 

Current 

situation 

 

Census data factor analysis 

(principal 

components 

analysis) 

composite 

social vulnerability index 

(SoVI) 

  Personal Wealth, Age, Density of the Built Environment, 

Single-Sector Economic Dependence, Housing Stock and 

Tenancy, Race, Ethnicity, Occupation, Infrastructure 

Dependence 

Rufat 

(2013) 

Lyon, France, 

and Bucharest, 

Romania 

Socio-economic Natural and 

anthropogenic 

Local and 

comparative 

Current 

situation 

 

Census data, 

survey/question

naire, other 

studies 

 relative vulnerability 

assessment 

  socioeconomic indicators: prop of less than 10 year old, 

prop of persons over 75 years old, prop of disabled persons 

Management, Professionals Technicians, Civil servants and 

employees, Self-employed, Skilled workers, Unskilled 

workers, Per capita income, Long-term unemployment. 

housing supply and facilities indicators: Lack of running 

water, Lack of sewerage, Lack of domestic gas, Lack of 

electricity, Lack of lavatory, Open fire installation., density,  

prop of informal or mobile homes, prop of deteriorate 

housing, prop of long-term unemployed, prop of persons 

without training, sports infrastructure, medical 

infrastructures, cultural infrastructures, education and 

administration, transport stations and malls. 

Abdrabo 

and 

Hassaan 

(2015) 

18 urban coastal 

areas of Nile 

Delta 

Socio-economic Natural and 

anthropogenic 

Local and 

comparative 

Current 

situation 

 

  Urban resilience index Three global 

SLR 

scenarios, up 

to the year 

2100. 

1. 80–200 cm  

2.50–140 cm 

3. 52–98 cm 

(IPCC, 2013). 

The averages 

of these 

ranges are 

140, 95 and 

75 cm, 

respectively. 

 Socioeconomic context: Household density; Population 

growth rates; Demographic dependency ratio, Heath status, 

Education and income levels of the community; 

Unemployment rate. 

Physicals context: Infrastructure and services rate of 

provision. 

Environmental context: Air quality, Water quality, Soil 

quality, Exploitation of natural resources. 

Institutional context:  Formal and informal institutional 

settings; Capabilities to mobilize various resources to deal 

with hazards, whether sudden or gradual. 

Climate change hazards:  Vulnerable built-up areas; 

Population susceptible to inundation 

Orencio 

and 

Fujii(201

3) 

 

Philippines Socio-economic  Local   Analytic 

Hierarchy 

Process(AHP) 

disaster-resilient coastal 

community index 

 Delphi 

technique-

paired 

comparison 

Environmental and natural resource management, Health and 

well-being, Sustainable livelihoods, Social protection, 

Financial instruments, Physical protection; structural and 

technical measures, Planning regimes 

Hossain 

et al. 

(2013)* 

Nijhum Dwip, 

Bangladesh 

Socio-economic Natural and 

anthropogenic 

Local Current 

situation 

 

In situ field 

measurements, 

earth 

observation 

data, interviews 

 sustainable livelihoods 

model (SLA) 

(resilience assessment of 

fishing community) 

 Analytic 

Hierarchy 

Process(AHP) 

The pairwise 

comparison 

matrices 

human assets (fishermen, day labor, farmer, livestock raiser and 

crab collector), physical assets (house, cyclone shelter, craft and 

gear, bazaar and road network), financial assets (fishery yield, 

crop, livestock, credit and wage), natural assets (fisheries, 

mangrove, deer and bird, cropland and grassland) and social 

assets (social harmony, fishermen association, union parishad, 

religious bond and trading system) 
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Table 5 (continued) 

Birkman

n et. al. 

(2012) 

Cologne Socio-economic Natural and 

anthropogenic 

Local Current 

situation 

 

Household 

surveys and 

interviews, 

statistical 

measurements 

From a 

research 

project  

 HQ-100 flood 

event 

scenario(flood 

statistically 

occurs  once 

every 100 

years) 

 Susceptibility: 

• Ability to evacuate without external help: key indicator, 

proxy: age-based household types (official statistics); 

• Time people need to evacuate and move to safe places: key 

indicator, proxy: age-based household types (official 

statistics); 

• Awareness of flood risks—peoples’ estimation of their own 

flood risk: locally specific indicator (survey/census); 

• Information about flood risk—flood risk information 

received/requested by people when they moved into their 

flat/house: locally specific indicator(survey/census). 

Coping capacity: 

• Potential insurance coverage: key indicator, proxy: 

household income (official statistics); 

• Flood experience: key indicator, proxy: duration of 

occupancy (official statistics); 

• Actual insurance coverage: locally specific 

indicator(survey/census); 

• Flood protection measures taken by the city and citizens: 

locally specific indicator (survey/census). 

Hoozema

ns et. al 

(1993) 

Ocean coasts 

(Atlantic, 

Pacific, 

Mediterranian, 

Indian, Asia, 

Caribbean etc.) 

Socio-economic Natural and 

anthropogenic 

Regional 

comparative 

Current 

situation 

 

other studies, 

statistical 

measurements 

 Global Vulnerability 

Assessment (GVA) IPCC 

Common Methodology 

-1 m sea-level 

rise per 

century. 

-No socio-

economic 

development 

and 30 year 

predicted 

development 

-Response 

strategy: no 

measures vs 

full measures 

Concordance 

analysis 

People in risk zone, population at risk, coastal wetlands 

remaining unaffected, wetlands at loss through development, 

wetlands potentially at loss. 

Hereher 

(2015) 

South Sinai, 

Egypt 

Socio-economic Natural and local Current 

situation 

 

earth 

observation 

data, statistical 

measurements 

 Coastal Vulnerability 

Index CVI 

Sea level rise  coastal slope, geomorphology, fauna/flora,  socioeconomic 

factors 

IMHEN 

et al 

(2011) 

Mekong Delta, 

Vietnam 

multi-component  local Time series earth 

observation 

data, statistical 

measurements, 

interviews 

 Comparative 

Vulnerability and Risk 

Assessment (CVRA) 

  Geophysical:(geomorphology, precipitation data, 

temperature, SLR, flooding events, storm surges, 

salinization, erosion, subsidence 

Socio-economics: land cover and land use, considering 

different crop types, fishing activities, industrial activities, 

energy supply, sewage disposal, water supply, infrastructure, 

population density, education and unemployment rates 

Environmental:(type of natural area, biodiversity 

anthropogenic mitigation aspects: institutions, dykes, 

hospital capacity 

Szlafsztei

n and 

Sterr 

(2007) 

state of Para, 

Brazil 

Natural and Socio-

economic 

 local  earth 

observation 

data, statistical 

measurements, 

in situ field 

measurements 

 GIS-based composite 

vulnerability index (CVT)  

  Natural dimensions vulnerability: Coastline Length (km) 

Continentality Coastline complexity Coastal features Coastal 

protection measures Emergency relief - historic cases Fluvial 

drainage Flooding areas. 

Socio-economic dimensions vulnerability Demographic 

Population density Children Population (0-4 years-old 

population) Elderly population (population older than 70 

years old) 'Non-local' population or people bom in a different 

place that they live now Poverty Municipal wealth 
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Table 5 (continued) 

Kleinosky 

et al. 

(2006) 

Chesapeake Bay 

(U.S.) 

Geophysical and 

Socio-economic 

   earth 

observation 

data, census 

data 

principal 

components 

analysis 

    

Omo-

Irabor et 

al. (2011) 

Niger delta 

region of 

Nigeria 

Geophysical and 

Socio-economic 

 local 

 

Current 

situation 

 

Questionnaire,  

satellite images, 

field survey) or 

obtained 

from existing 

data (satellite 

images 

 Vulnerability Index - 

Direct or 

Weighted Linear 

Combination 

 expert 

knowledge 

Socioeconomic Population pressure, Deforestation, Civil 

conflicts, Poverty, 

Environmental Carbon dioxide, Relative humidity, 

Temperature, Sea level rise, Precipitation, Alien invasive 

species, Pollutant input 
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4.2.Vulnerable Systems Planning 

4.2.1. Climate Change and Spatial Planning  

Planning is a crucial way to manage climate change because well-planned cities 

are better able to adapt to climate change and are more resilient to its negative 

impacts than unplanned or poorly managed cities (UN-HABITAT 2014). Urban 

planning is thus a very important approach for mitigating emissions and adapting 

cities to climate change and promotes mitigation by facilitating actions to address 

the unsustainable use of energy in buildings, industries, and transport, through 

discouraging sprawl, reducing travel distances in cities, and ensuring that building 

construction and upgrading meets acceptable standards. By creating parks and 

open spaces, urban planning can also produce multi-functional components that 

provide essential cooling in mitigation of the urban heat island effect. Moreover, 

urban planning reduces human vulnerability in cities through the range of 

adaptation actions it undertakes focusing. 

Land use planning has the ability to combine technical analysis and community 

participation to make meaningful choices among alternative strategies to manage 

changes in land use. Burby et al. (2000) state that integration of natural hazard 

mitigation into land use planning can lead more resilient communities through:  

 “Intelligence about long-term threats posed by natural hazards to 

the safety and viability of human development and environmental 

resources 

 Problem-solving to cope with imminent threats prior to, during, and 

after a disaster 

 Advance planning to avoid or mitigate harm from a future disaster 

and to recover afterward 

 Management strategies to implement plans through policies, 
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regulations, capital improvements, acquisition, and taxation” 

The World Summit on Sustainable Development in Johannesburg, 2002, 

introduced the concept of integration of climate policy and the developmental 

planning process. With the consideration of risks posed by climate change to 

cities, it is imperative that policy initiatives integrate resilience planning in the 

urban development of the cities. 

Spatial plans are the way of legally fostering the community and institutional 

vision for future socio-ecological development and controlling land use change 

and spatial development of the settlements by arranging urban or rural space 

(Kumar and Geneletti 2015). Thus, spatial planning has a crucial role as an 

effective instrument for climate change adaptation response to implement climate 

issued policies at local level. 

Ball (2012) states that, climate planning efforts are important players of climate 

change policy. According to Baynham and Stevens (2014) various research 

showed that good planning is the precondition of meaningful climate action on the 

ground. Related to this, Nelson and French (2002) revealed that high-quality 

hazard mitigation policies within comprehensive plans reduced impacts of 

damages after 1994 Northridge Earthquake in Los Angeles, California (Baynham 

and Stevens, 2014). 

In the Intergovernmental Panel on Climate Change (IPCC) the role of urban areas 

and spatial planning concerning climate change adaptation has become distinctly 

highlighted. Especially in the fifth assessment report, the chapter namely: “Human 

Settlements, Infrastructure and Spatial Planning” is treated this subject (Seto et al., 

2014). This report strongly indicates that especially small to medium-sized urban 

areas in developing countries will show great expansion trends and the expected 

increase in urban land cover during the first three decades of the 21st century will 
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be greater than the cumulative urban expansion. This trend will be resulted in the 

need of a massive build-up of urban infrastructure, which is a key driver of CO2 

emissions. As the city macro form and infrastructure are strongly related, the 

demand of new transportation networks will be inevitable calling transportation 

infrastructure provision. For more sustainable and low carbon pathways, 

mitigation options including shaping urbanization and infrastructure and 

successful implementation of mitigation strategies at local scales are required for 

rapidly developing settlements. 

Spatial planning and climate change adaptation are also recognized in the Green 

Paper and White Paper of the European Commission.  The importance of spatial 

planning at the regional level was mentioned in the documents on the other hand at 

the local level, it is asserted that to adapt climate change land use and land 

management techniques was showed to build awareness (EC, 2007; Birkmann et 

al., 2012). 

According to Birkmann et al., (2012) recent studies focus on developing strategies 

for climate change in urban areas and many projects are drawn up to relief the 

impacts of climate change by enhancing new planning tools at state, regional and 

local level. Risk reduction is at the center of these studies to strength the 

robustness and flexibility in response to climatic or non-climatic stressors. 

Climatic extreme events include floods, heat waves, and storms etc. show a strong 

relation with climate change and protection of infrastructure and shaping resource 

efficient settlements are crucial actions to decrease the impacts of climate change.  

Climate adaptation strategies can be mainstreamed into the different levels and 

stages of planning processes, such as comprehensive plans, regional plans, land 

use plans, management plans, and hazard mitigation plans to consolidate climate 

policy and planning activities.  
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Some arguments are focused on the mitigating role of urban planning. Xiao et al. 

(2011), for example, has a view of urban planning is vital for mitigating the effects 

of climate change and for increasing urban resilience. Other arguments are about 

the key role for urban planning is in promoting adaptation.  For example, Gleeson 

(2008) argues that ‘new urban scientific evidence suggests that planning’s 

principal role in the fight against warming will be one of adaptation, not 

mitigation’. 

Spatial planning offers a potential to combine adaptation and mitigation measures 

and ensure that these measures are complementary.  Z. Tang et al (2009) 

mentioned that local land use planning can attribute to reduce the adverse impacts 

of climate change with approaches: 

 “mitigation by reduction of greenhouse gas emissions by acting 

directly or indirectly on the principal sources of human origin; and 

 Adaptation by adjusting land use activities and practices so that 

vulnerability to potential impacts associated with climate change can 

be reduced or avoided.” 

Given the quantification of the regional impacts of climate change is an ambiguous 

sphere; urban environments added another layer of this ambiguity. With its 

characteristics of due to the rapidly changing variables such as economic and 

demographic indicators, land-use patterns, resources and utilization formations, 

lifestyle changes, policy regulations, urban settlements encounter a high level of 

uncertainties. For this reason, urban resilience policies should succeed to get over 

this complexity and variability to achieve resilience over the long term.  
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Table 6: Sectorial responses in various impact scenarios (TERI, 2011) 

 

IMPACTS OF CLIMATE CHANGE 

Sector  Drought Flood Sea Level Rise Health Eff ects 

Land Use  

Planning 

 

Include water 

efficiency in building 

codes and 

infrastructure plans 

Include flood 

protection in 

building codes, 

zoning 

Prevent new 

construction in 

vulnerable areas 

Promote healthy 

lifestyles with 

walking/ biking 

rout 

Water Supply 

 

Improve storage 

 Reduce leakage 

Improve efficiency 

Maintain quality 

Retain supply 

Diversify sources 

Protect supply 

from saltwater 

intrusion 

Improve potability 

and access 

Sewerage Adopt low water 

treatment options 

Prevent overflow 

 

Protect/relocate 

infrastructure 

Improve coverage 

of sewage treatment 

Storm Water 

Drainage 

 

Harvest/store 

rainwater 

 

Expand drainage 

capacity Improve 
natural catchments 

 

Protect/relocate 

infrastructure  

Protect natural 

coastal defenses in 

delta regions 

Improve drainage 

Prevent standing 

water 

Solid Waste 

 

Improve organic waste 

re-use, for compost 

and moisture retention 

Encourage low water 

processes 

Improve 

containment 

Prevent release 

Protect/relocate 

infrastructure 

Improve collection 

services 

Roads/Traffic 

 

Use pervious surfacing 

to allow for aquifer 
recharge 

 

Improve road 
drainage  

Use pervious 

surfacing to 

encourage runoff 

Establish/improve 

evacuation routes 

Protect/relocate 
infrastructure 

 

Establish/improve 

evacuation routes 

and accessibility of 

health services 

Public 

Transport 

 

Reduce water use for 

vehicle/system 
cleaning 

 

Improve adaptive 

capacity of 

infrastructure 

Establish/improve 

evacuation routes 

Protect/relocate 
infrastructure 

 

Expand coverage 

and promote equal 

access to mobility 

options 

Housing 

 

 

Improve water use 

efficiency 

Promote flood-

resistant designs 

 

Prevent new 

development in 

vulnerable areas 

Relocate highly 

vulnerable 

settlements 

Prevent 

overcrowding 

Recreation/ 

Open space 

 

Employ water-

efficient landscaping 

and maintenance 

techniques Encourage 

tree planting to reduce 

urban heat island 

Increase water 

retention capacity 

in open space. 

Manage flood-

prone areas as 

green space to 

prevent settlement 

Manage low-lying 

coastal areas as 

green space to 

prevent settlement 

Promote healthy 

lifestyles 
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Climate scientists are declaring the need for planning efforts associated with 

mitigation strategies to reduce the climate change impacts and adaptation 

measuring to prepare for these impacts (Baynham and Stevens, 2014). 

Municipalities and local governments have a key role when the climate change 

focused planning comes to the agenda. Cities are generally susceptible to extreme 

climatic events; on the other hand, those sited on the coastal terrain of 

underdeveloped countries are arguably the most at risk. Various coastal cities do 

not have the ability to build protective infrastructure and resources to safeguard 

themselves against the impacts of climate change. In its Fourth Assessment Report 

(Working Group II) for example, the IPCC (2007) shows that sea level rises will 

increase the effects of coastal erosion which is causing severe damage to the 

poorest coastal cities.  

Coastal cities are undertaken a crucial role to take an action, in the case of GHG 

emissions were ceased from now on, temperature and sea levels would continue to 

rise globally because of the GHG emissions already released into the earth’s 

atmospheric system (IPCC, 2007). Urban planning is primarily called upon to play 

an important role in adapting cities to climate change impacts, and in mitigating 

GHG emissions. The role of urban planning is critical since most municipal 

governments making urban planning decisions also have a great deal of influence 

over emission sources and the range of adaptation activities that take place. 

Coastal areas are subject to dynamic and complex physical and anthropogenic 

processes such as storm surges, sea-level rise, erosion as well as overpopulation, 

exploitation by the development and economic purposes. Global climate change 

with its negative effects is exacerbating the pressure on coastal areas by means of 

rising temperatures, sea-level rise, drought, heavy rainfalls etc. It will potentially 

lead to disruptions in systems of livelihood, including the loss of lives and 

properties. Prediction of future characteristics of coastal areas due to the limited 

ecologic and natural resources has gained importance on the agenda and 
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uncontrolled use of these resources and unforeseeable risks and threats on these 

areas necessitates the integrated management and planning practices to ensure the 

sustainable development of coastal regions. Integration of impacts of climate 

change to the planning mechanism is possible with the priority of vulnerability 

assessments to estimate and project the effects of climate change induced risks on 

coastal areas. In an urban planning point of view, identification of vulnerability 

hotspots can be useful to guide planning decisions in terms of the location of 

future development as well as the management of risks associated with existing 

sectors (Crick et al 2012). 

While many planning documents focus on physical changes raised by climate 

change, it is important to consider the risk brought about by physical changes, 

socio-economic and spatial structures and development patterns (IPCC 2012b, 

Birkmann et al., 2012). To consider the adaptation mechanisms in the region there 

must be some extend vulnerable social groups and physical structures, land use, 

infrastructure, and production systems. Sustainable spatial development is the key 

point to achieve adaptation mechanisms in the complexity of the risks of climate 

change. According to Cutter et al. (2008), community resilience is strongly related 

to the environmental conditions and the treatment of its resources. Thus, the 

concept of sustainability constitutes the base of resilience research.  

4.2.2. Climate Resiliency Planning 

A major moral principle of sustainable development is intergenerational equity, 

ensuring that present and future human needs will continue to be satisfied within 

the limits of the natural environment and in a manner that can cope with the 

certainty of change. Thus, planning for this change requires the ability to cope with 

and adapt to hazards, and the creation of decision-making and management 

approaches with the ability to operate in the face of uncertainty. 
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In order to adapt planning tools and strategies to the emerging climate change, the 

vulnerability assessment takes an important role in spatial planning mechanisms.  

Clearly, planning needs to consider the various aspects of vulnerability especially 

exposure, susceptibility and societal response capacities that highlight the 

paradigm shift from hazard identification to the vulnerability assessment 

(Birkmann et al., 2012). 

Like other policy concepts applied to cities namely sustainability or flexibility, 

urban resilience can be evaluated as guiding principle rather than end-state (Stead, 

2014). Urban resilience provides a way of conceptualizing and guiding urban 

change and evolution. But there is no single optimal state or definite blueprint of 

urban areas (Gleeson 2008, Stead, 2014). It is widely accepted that spatial 

planning has a crucial role in building resilience. Cities’ and towns’ land use and 

development attempts have many implications for strategies of adaptation and 

mitigation to the climate change. Xiao (2011) states that urban planning is 

indispensable to reduce the negative impacts of climate change and increase the 

urban resilience. 

4.2.2.1.Key planning dimensions for Coastal Resilience 

Various impacts of climate change on coastal communities are accompanied by 

urbanization patterns and population and development pressures that are placing 

ever more people and property in harm’s way. Because these development patterns 

impact and disrupt the ecological patterns of natural systems, the ability of coastal 

environments to mitigate and absorb the likely impacts of flooding, storms, and 

sea level rise is lessened, further contributing to increasing levels of coastal 

vulnerability. 

The replacement of wetlands, forests, and agricultural areas with roadways, 

rooftops, and impervious urban hardscapes is a recipe for increased coastal 

flooding. The problem of designing and planning coastal cities in the face of 
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climate change is a critical issue. Coastal settlements are growing faster and a 

combination of sharp increases in coastal urbanization and population growth and 

increasingly severe climate events will place ever more people at risk.  

To contribute systems’ resilience there has been many constituent elements and 

implies many different planning tools and policies. It suggests a profoundly new 

way of viewing coastal infrastructure—a new approach that values smaller, 

decentralized kinds of energy, water, and transport more suited to the hazardous 

physical conditions coastal communities possibly exposed. It suggests new ways 

of understanding community sustainability—arguing that sustaining, nurturing, 

and restoring coastal environments will be one of the essential fragments in 

resilience. The coastal resilience will require concerted work on the natural and 

built environments and on the social, economic, and political ones as well. 

To achieve resilient land use, three geographical classifications are needed: the 

community and regional levels, the neighborhood and site level, and the building 

and facility level. Action at each geographical level is required: 

Community and Regional Land Use and Growth Patterns 

Avoidance of natural hazards is perhaps the most effective coastal resilience 

strategy, one that can be affected by steering development away from high-risk 

locations or zones. Local and regional land acquisitions efforts can be aimed at not 

taking account these locations, and at trying to keep coastal ecosystem that 

preserves the mitigative features of the natural environment. So, coastal 

communities can prepare comprehensive plans or community land use plans that 

guide future growth away from and out of these risky locations, use land use 

regulatory tools, such as zoning, to keep the extent of density and development 

away from high-risk locations. 
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Preserving regional systems of green space, protecting those essential elements of 

a green infrastructure network, and restoring regional ecosystem functions are 

important strategies for enhancing resilience.  

Neighborhood and Site Level 

Designing and planning actions at the neighborhood or site level can enhance 

resilience in many ways. Neighborhoods can be designed and built with wind-

resistant and flood-resistant trees and vegetation and can incorporate a number of 

urban greening ideas and techniques, from rain gardens to green rooftops to 

permeable paving that will enhance resilience. 

Building and Facility Level 

Building codes and coastal construction standards aiming to decrease the exposure 

to the hazard are an essential aspect of coastal resilience. Building construction is 

increasingly recognized as providing tremendous new opportunities to reduce our 

energy and ecological demands and to enhance broader goals of resilience, such as 

less dependence on fossil fuels. The design of buildings should purpose the 

survivability of essential services in the event of a natural hazard in order to 

provide the conditions for a safe living following a disaster (daylight, natural 

ventilation, on-site water collection, etc.). There are some examples of certification 

systems that are helpful in promoting sustainable and resilient building design (e.g. 

Leadership in Energy and Environmental Design, or LEED) thus buildings can be 

designed so as to utilize natural daylight, allow natural ventilation, and include 

power generation that does not rely on the coastal power grid (e.g. photovoltaic 

panels, solar hot water heating systems) (Beatley, 2009, pp: 32).  
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Table 7: Planning for Coastal Resilience at Different Scales  

(Source: Beatley, 2009, pp: 31) 
 

SCALES DESIGN AND PLANNING ACTIONS AND IDEAS 

 
Building Energy Star house 

Passive solar design 

Local materials 

Solar water heating/photovoltaic panels 

Safe room 

Rainwater collection/purification 

Passive survivability 

Green rooftops and rooftop gardens 

Daylit interior spaces and natural ventilation 

Street Green streets 

Urban trees 

Low-impact development (LID) 

Street designed for stormwater collection 

Vegetated swales and narrow streets 

Edible landscaping 

Pervious/permeable surfaces 

Sidewalks and walkable streets 

Block Green courtyards 

Setback from ocean or high-hazard area 

Clustered housing outside of floodplains and high-hazard areas 

Photovoltaics 

Native species yards and spaces 

Neighborhood Stream daylighting, stream restoration 

Decentralized/distributed power 

Urban forests 

Community gardens 

Neighborhood parks/kitchens, pocket parks 

Greening greyfields and brownfields 

Neighborhood grocery, food center, or co-op 

Neighborhood energy/disaster response councils/committees 

Community Urban creeks and riparian areas 

Urban ecological networks 

Walking, hiking, biking trails 

Green schools 

City tree canopy 

Community forest coverage (min 40%)/community orchards 

Greening utility corridors 

Disaster shelters and evacuation capacity 

Region Conservation of wetlands 

River systems/floodplains 

Riparian systems 

Regional greenspace systems 

Greening major transport corridors 

Regional evacuation capacity 
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Resilience requires advance planning and being prepared ahead of an event. This 

means thinking systemically how the community might rebuild and redevelop 

before the hazard in ways that will reduce exposure and enhance long-term 

resilience, and that will allow for adaptation and learning and taking advantage of 

unusual postdisaster opportunities. So, climate change planning can, and should, 

improve and be integrated and mainstreamed with existing city plans, planning 

processes and development activities across all sectors. Climate change is simply 

another piece of information that should be considered during every planning 

process, or when existing plans are modified and updated. 

4.2.2.1.1. Resilient Coastal Land Use  

Careful attention to physical land use and urban form is a way for planners to 

manage and adapt to the effects of climate change.  Effective land use 

management and well-designed structures allow communities to recover more 

quickly after a disaster event. It is clear that well-designed and properly 

constructed buildings and infrastructure lead to less destruction and loss and thus 

lead to a quicker recovery. For example, planners are involved in the designation 

of land uses and can help shape settlement patterns to reduce and minimize 

exposure to lands that are climate hazards (e.g. steep and unstable slopes, flood 

zones, coastal areas subject to sea level rise and storm surges). 

4.2.2.1.2. City macro form 

The compact urban form is emerging as the central paradigm for sustainable cities, 

with New Urbanism and Smart Growth as its two very closely related factors. 

Considerable research has been carried out on the social and economic benefits of 

compact macro form but a small number of researches have been carried out on 

those specific aspects of smart growth that might lead to greater resilience to 

coastal hazards.  Proximity and compactness, if well designed, is a measure of 

urban vitality not achievable with conventional automobile-dependent, sprawling 

development. Ewing et al. (2007) state that coastal land use patterns should be 
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compact and walkable and simultaneously conserve land, reduce car dependence 

and energy consumption, and allow the possibility of healthier lifestyles and living 

patterns. Using the pedestrian ways, as the primary design standard, results in a 

high level of residential and commercial diversity within relatively short distances. 

The idea of resilience is not tied to specific urban form, but the many other 

benefits, social and physical, associated with a compact urban form, needed to be 

taken into consideration. 

4.2.2.1.3. Zoning 

Development codes for areas of high resiliency needed to have zoning districts that 

allow compact mixed use development. Building type regulations also provide 

communities with the ability to require building-specific hazard defense strategies, 

depending on the zoning district where the building is located.  

Directing particular land uses away from vulnerable areas to less hazard-prone 

locations led a community can reduce the risk to individuals and livelihoods. 

However, in a case of the particular types of development do occur in vulnerable 

areas, structural design can be operative to relieve the effects of coastal hazards. 

For example, by elevating coastal buildings and using appropriate construction 

techniques and building materials, a community can greatly reduce the potential 

impacts from coastal hazards. 

Depending on the extent of risk and vulnerability, a buffer zone between 

settlement and sea may be appropriate. This can be a landscaped and sloped area, 

helping to absorb flood water and to protect development from flooding (in 

particular due to extreme events). This planted surface may serve for the 

absorption, slowing, and filtering of rainwater runoff from adjacent development.  

So, communities and developments will possibly be located, outside of and away 

from high-risk coastal hazard zones, to the extent possible. Buildings should be set 

back a substantial distance from coastal shorelines, and developments should not 
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be allowed within 100-year flood zones as much as possible (Beatley, 2009; 

pp:73). 

4.2.2.1.4. Building code 

Design and development in climate change hazard risk areas require for planners 

to regulate and control building forms and design. Numerous location and design 

features can be encouraged to make areas and buildings more resilient to climate 

impacts. For example, living areas can be required to be located at a suitable 

height so that they are above flood hazard levels. Tree planting and other sun 

shading tools can be required to reduce urban heat island effects. Buildings can 

also be designed to withstand other potential climate change effects, including 

storm-related high winds, rising temperatures, and inundations. From a mitigation 

perspective, decision makers can encourage and promote more environment-

friendly building design to reduce energy and water consumption. 

Avoidance is ultimately the most effective and sensible approach to resilience in 

the face of physical forces. Land use planning and a variety of implementation 

tools from zoning to transfer of development rights to conservation easements and 

land acquisition can be used to steer development and people away from and out 

of harm’s way. A variety of coastal hazards are already mapped and delimited—

high-erosion zones, floodplains, and high-slope areas subject to slides etc. and 

ideally these areas should not be developed, permitted only to low-density 

developments. These are areas, moreover, where opportunities will exist for more 

resilient sustainable relocation following a disaster event. 

Design and siting of critical facilities are also important factors such as basic 

infrastructure namely sewage collection and treatment; water supply systems; 

roads and highways; and hospitals and critical medical facilities. These facilities 

are sited to avoid exposure illustrating the importance of locating critical facilities 

and response functions such as fire stations outside of high-risk locations. 
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Facilities and infrastructure can generally be designed and built to minimize future 

exposure. 

4.2.2.1.5. Ecological Resilience 

Communities’ natural ecosystems and green infrastructure represent one of the 

most important lines of resistance to natural hazards. Coastal land use policies and 

regulations should be enacted to protect, preserve, and restore ecological systems 

and natural features such as wetlands, and forests. Planners play an important role 

in protecting and enhancing environmentally sensitive areas, ecosystems, and 

biodiversity. In particular, planners can help to relocate, minimize or prohibit 

development (planned and informal) in environmentally sensitive areas like 

estuaries, wetlands, and important coastal habitats. These areas provide valuable 

natural services and orienting development out of these areas can help to improve 

a city’s protection from river flooding, marine storm surges and erosion. Green 

spaces also act as carbon sinks to mitigate carbon emissions as well as helping to 

cool the air and provide shade to help limit urban heat island effects.  

Protecting natural coastal marshes and wetlands that absorb floodwaters, dune and 

beach systems that act as natural seawalls and trees and healthy tree canopies that 

shield homes against the wind are all positive steps that will have long-term 

resilience. Examples of planning actions that might be taken to ensure the 

ecological resilience in the built environments and human communities include the 

following; ensuring sufficient wetlands buffers, existence and health of beach and 

dune systems because they are effective flood barriers, permitting coastal wetlands 

to migrate landward in response to long-term sea level rise, preserving extensive 

coastal marsh systems, retaining large amounts of floodwaters, protecting 

ecological systems and land area (landscape) sufficiently large and complex and 

diverse that any particular perturbation (storm, wildfire) will not cause irreversible 

harm (e.g., extinction of a species, complete loss of a biological community) 

(Beatley, 2009; pp:32). 
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In addition to the environmental benefits of these actions such as habitat 

protection, other climate benefits can also be realized.  Urban green spaces can 

help to cool the air and provide shade to help limit urban heat island effects and 

also these areas act as carbon sinks to mitigate carbon emissions. 

Also, urban greening and stormwater management strategies can be achieved with 

green rooftops, reduced and permeable paving, rain gardens, planting public 

spaces and other natural and green features, reserving soil, using native plant 

species, designing landscapes to minimize consumption of energy and water, and 

utilizing sustainable planting materials. 

4.2.2.1.6. Local Infrastructure and Public Facilities  

As populations in coastal areas grow, spatial infrastructure is needed to develop to 

meet higher demands, and its tendency to thus degrade can lead to increased 

coastal hazard. 

Critical facilities (e.g. hospitals, police and fire stations etc.) should be sited 

outside of high-risk locations, and in places where in the event of a major 

community disruption they will remain functional. Water and sewage treatment 

plants should be sited outside of high-risk zones and designed similarly to operate 

after a disaster event. 

Coastal lifelines include community infrastructure providing such essential support 

systems as water; wastewater collection and treatment; police and fire service; 

roads, bridges, and transport; communication; and power supply and transmission. 

Essential community lifelines and infrastructure should be designed and integrated 

into a community’s land use to reduce exposure and vulnerability and to ensure 

operability during and after community disruptions such that elevating roads, 

placing power lines underground, and shifting to distributed energy systems that 

minimize large power outages. 
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Land use patterns should emphasize the benefits of green infrastructure instead of 

traditional infrastructure systems that are more vulnerable to hazards. The green 

infrastructure comprises stormwater management; small-scale on-site stormwater 

collection and retention; green rooftops and living walls and building facades; and 

trees and tree canopy coverage, which offer cooling and shading benefits that 

minimize reliance on mechanical and energy-intensive methods. For example, 

green rooftops can help mitigate the urban heat island effect and reduce the need 

for air conditioning and “Cool City” scenario schematically shows the margin for 

climate adaptation. The main idea is to develop huge green corridors combined 

with water surfaces within the inner city, which produces airflow corridors to cool 

and alleviate climatic burdens in specific areas (Marton-Lef`evre 2012). 

Planning and improving a settlements’ stormwater management infrastructure that, 

in turn, is an important issue to handle and adapt resilient city to climate change-

related hazards such as keeping residential and working areas above flood hazard 

levels and including stormwater management features in these areas namely 

infiltration areas, pervious surfaces, impoundment areas.  

4.2.2.1.7. Transportation 

Especially in developing countries, the growth of transport infrastructure and 

ensuing macro forms are important determinators for long-run emissions 

trajectories. The transportation sector is typically responsible for a considerable 

amount of energy-related greenhouse gas production and private cars constitute 

significant proportion of that activity. As car ownership rates increase in 

developing countries and urban areas continue to spread, further separating the 

distances between the places people live, work and shop; the more greenhouse gas 

emissions will be left to the athmosphere via this travel demand and vehicle 

kilometres travelled. Planners can help mitigate greenhouse gas emissions by 

working to reduce vehicle miles traveled and urban congestion through strategies 

such as compact, high density, mixed-use development (Ewing et al. 2007).  
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Strategically planned development can also direct development to areas less 

vulnerable to climate change impacts. 

Traditional car dependent transport and mobility systems emphasize the fast 

movement of people and goods by extensive networks of ever-expanding 

vulnerable highways and roads. Respecting coastal planning, different attempts 

need to be considered in transportation infrastructure. Firstly, reliance on walking 

and bicycling should be given equal priority. Secondly, more emphasis should be 

given to transit systems, which are often more resilient in the face of natural 

disasters by means of lower levels of damage, quicker functioning and service, and 

having fewer negative environmental impacts.  And lastly, pedestrian-friendly 

neighborhoods design and planning is an essential way to reach community 

resilience (Beatley, 2009; pp: 92-93). 

In summary; resilient communities should be able to adapt to changing conditions 

without losing function, recover from random events in unexpected ways, rely on 

local and regional resources to recover from hazard events, and learn from prior 

experience to reduce future vulnerability and risk. In the face of coastal disasters, 

resilient communities should exhibit the following measures for the built 

environment. Firstly the ability to facilitate the survival of its inhabitants, second 

the ability of people to remain in the community or return quickly after an event, 

third infrastructure remaining functional or quickly repaired after an event, and 

lastly the maintenance or enhancement of community amenity values such as 

ecosystems and recreational areas. For coastal communities, resilience should 

result from a combination of good land use planning, non-disruptive engineering 

and resistance, redundancy of critical systems, and enhancement of natural buffers.  
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CHAPTER 5 

 

 

RESEARCH AREA AND METHODOLOGY 

 

 

 

5.1.Aims and Scope 

 

Settlements which are habitats for human and other species were formed by 

various combinations of vulnerable systems.  Vulnerability conveys the idea of 

susceptibility to damage or harm, but much debate remains around how to 

characterize vulnerability. Vulnerability has frequently been characterized as a 

function of both a system’s exposure and sensitivity to stress and its capacity to 

absorb or cope with the effects of these stressors (IPCC, 2001); however, clearly 

framing of these attributes and relationships between them are crucial to 

understand the vulnerability level of these settlements. Being one of the most 

important stressors climate change has been strongly affecting the vulnerability of 

many settlements with its destructive effects. Planning is a crucial way to manage 

climate change because well-planned settlements are better able to adapt to climate 

change and are more resilient to its negative impacts than unplanned or poorly 

managed cities (UN-HABITAT 2014) and Xiao et al. (2011), has a view of urban 

planning is vital for mitigating the effects of climate change and for increasing 

urban resilience. Thus, vulnerable systems needed to be identified and prioritized 

in the sphere of spatial planning to successfully plan the future settlements. 

 

Cities have been identified as among the most vulnerable human habitats to the 

effects of climate change and the accumulation of populations and assets in cities 

exacerbates their vulnerability.  Cities are generally susceptible to extreme climatic 
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events, on the other hand, those sited on the coastal terrain of underdeveloped 

countries are arguably the most at risk. Various coastal cities do not have the 

ability to build protective infrastructure and resources to safeguard themselves 

against the impacts of climate change. In its Fourth Assessment Report (Working 

Group II) for example, the IPCC (2007) shows that sea level rises will increase the 

effects of coastal erosion which is causing severe damage to the poorest coastal 

cities.  

 

Over recent years the challenges of climate change have become more prominent. 

The significant size of changes in climate and land use cause a decreasing supply 

of ecosystem services, resulting in increased vulnerability. Coastal areas are 

subject to dynamic and complex physical and anthropogenic processes such as 

storm surges, sea-level rise, erosion as well as overpopulation, exploitation by the 

development and economic purposes. Global climate change with its negative 

effects is exacerbating the pressure on coastal areas by means of rising 

temperatures, sea-level rise, drought, heavy rainfalls etc. it will potentially lead to 

disruptions in systems of livelihood, including the loss of lives and properties. 

Prediction of future characteristics of coastal areas due to the limited ecologic and 

natural resources has gained importance on the agenda and uncontrolled use of 

these resources and unforeseeable risks and threats on these areas necessitates the 

integrated management and planning practices to ensure the sustainable 

development of coastal regions.  Integration of impacts of climate change to the 

planning mechanism is possible with the priority of vulnerability assessments to 

estimate and project the effects of climate change induced risks on coastal areas. 

Planning for this change requires the ability to cope with and adapt to hazards, and 

the creation of decision-making and management approaches with the ability to 

operate in the issue of uncertainty. In an urban planning point of view, 

identification of vulnerability hotspots can be useful to guide planning decisions in 

terms of the location of future development as well as the management of risks 

associated with existing sectors (Crick et al 2012). 
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So, coastal cities are undertaken a crucial role to take an action, in a case of GHG 

emissions were ceased from now on, temperature and sea levels would continue to 

rise globally because of the GHG emissions already released into the earth’s 

atmospheric system (IPCC, 2007). Urban planning is primarily called upon to play 

an important role in adapting cities to climate change impacts, and in mitigating 

GHG emissions. The role of urban planning is critical since most municipal 

governments making urban planning decisions also have a great deal of influence 

over emission sources and the range of adaptation activities that take place. 

 

The vulnerability of coastal areas to associated hazards due to population growth, 

development pressure and climate change. It is the liability of planning authorities 

to address the vulnerability of coastal inhabitants to these hazards. This is 

especially so at the local level where development planning and control has a 

direct impact on the vulnerability of coastal communities. To reduce the 

vulnerability of coastal populations, risk mitigation and adaptation strategies need 

to be built into local spatial planning processes.  

 

Spatial planning also requires new strategies and methodologies to incorporate 

climate change as a challenge for future development. Planning also provides a 

basis for charting courses of action, so that vulnerability is reduced in ways that 

are optimal, given the unique circumstances, future prospects, and goals and 

aspirations of community residents. 

 

In order to adapt planning tools and strategies to the emerging climate change 

arena, vulnerability assessment takes an important role in spatial planning 

mechanisms.  Clearly, planning needs to consider the various aspects of 

vulnerability especially exposure, susceptibility and societal response capacities 

that highlight the paradigm shift from hazard identification to the vulnerability 

assessment (Birkmann et al., 2012). 
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Vulnerability assessment in a policy setting is a useful tool for building the 

‘country vulnerability profile’ for policy analysis and planning for development in 

a holistic way; the economic, environmental, social and physical dimensions of 

vulnerability (Turvey 2007) for classifying a region and in framing development 

policies. Findings could be used for development evaluation if the task is to set 

priorities for, and allocation of, external aid for developing countries. Also, it 

could broaden our current understanding of the nature and extent of a region’s 

vulnerability. What is being posited is that, from a policy viewpoint, the results 

from vulnerability assessments could shed light on the question of vulnerability as 

it affects an area. 

 

Another equally important task of coastal vulnerability assessment is to mitigate 

the risk of vulnerability, can set out decisions and action programs for reducing the 

vulnerability risk and the likely response pattern or strategies to deal with potential 

risks, threats, and hazards based on vulnerability assessment.  

 

The central question then becomes: How we will assess the coastal vulnerability? 

Measuring vulnerability often lacks any systematic, transparent and 

understandable development procedures. Assessing the coastal vulnerability of a 

region is not an exactly defined process and there is no universally accepted 

method to measure and monitor community resilience or vulnerability (Birkmann 

2006a, Cutter, 2008). 

 

In this chapter, the purpose was to explore empirical works in the literature on 

coastal vulnerability assessment performed until today and develop a suitable 

model for the case area to reveal the level of coastal vulnerability with 

investigating spatial plans’ contribution to the temporal change of this 

vulnerability level.  At further stages, using the findings of this research, it is 

aimed to seek the risky areas that are more vulnerable to climatic events or coastal 

hazards and subjects on whom different policies and action programs needed to 
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develop to remove the obvious effects or mitigate negative effects of these 

vulnerabilities of the region and to robust the resiliencies. 

5.2.Assessment Perspectives 

The agenda of resilient coastal communities has many constituent elements and 

implies many different planning tools and policies. It suggests a profoundly new 

way of understanding community sustainability arguing that coastal environments 

will be one of the essential segments in resilience. The coastal resilience will 

require concerted work on the natural and built environments and on the social, 

economic, and political ones as well. 

 

Resilience offers an especially relevant and useful perspective on how to design, 

plan and manage coastal communities. There is no one single thing to be done but 

rather many things that need doing together and impacts of climate change may 

necessitate a fundamental rethinking of the approach to spatial planning. 

 

The problem of designing and planning coastal cities in the face of climate change 

is a daunting one. Sea level rise, high temperatures, stronger, more frequent coastal 

storms will challenge the normalcy of coastal living and cause immense economic, 

social, and environmental disruption (EEA 2012). These significant changes in 

physical dangers a combination of sharp increases in coastal urbanization and 

population growth and increasingly severe climate events will place ever more 

people at risk. 

 

Urbanization, industrialization, tourism, residential areas and activities alike that 

lead to irregular and unplanned development that have severe impacts on coastal 

and marine areas. The pressure of fast urbanization and settlement activities on 

coastal areas leads to many problems including loss of dunes, salt beds and 
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marshes; marine and coastal pollution, deterioration of coastal ecosystems and 

sometimes habitat loss and this situation makes coastal areas are more vulnerable. 

 

To make coastal settlements more resilient in the face of climate change; land use 

strategies organized at local and regional levels like steps to move people and 

structures away from the most dangerous locations. Zoning ordinances prohibiting 

development of high hazard areas that will likely be subject to sea level rise and 

flooding should be mentioned. Coastal distance is an important determinant to 

design the area on which safer settlements can be built to lessen the effects of sea 

level rise and flooding and storm surges. Increasing the ratio of pervious areas 

another crucial item should be discussed in the planning strategies. 

 

Resilience suggests, for instance, a profoundly new way of thinking about coastal 

and transportation infrastructure, one that understands that many needs must be 

addressed. Transit-oriented community design, ride sharing programs and 

multimodal transportation strategies can be designed. Pedestrian and bicycle 

friendly transportation moods and streets to decrease GHG emissions, minimum 

fuel efficiency standards and acquisition of alternatively fueled vehicle could be 

touched upon in the planning documents. Waste and renewable energy strategies 

gain importance when we consider the buildings and transportation modes to build 

energy efficiency by means of building codes and renewable energy programs 

such as wind, solar or geothermal. At the formation of planning policies, the local 

climate should be the starting point in understanding how buildings can be 

designed to incorporate fresh air and daylight, to minimize energy and resource 

demands, and to lessen the vulnerability to a storm or disaster event.  On the other 

hand in the planning area, negative effects of traffic originated from boats on 

critical species cannot be ignored on the phase of policy design.  

 

Rising temperatures as well as changing precipitation and droughts can be seen as 

the mostly occurring effects of climatic change. Some policies focusing agriculture 
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sector and farmland can be adequate such as conservation of farmland, 

encouraging cultivation of field or discouraging dense housing on farmland. Also, 

selecting or orienting agricultural products that don’t require excessive irrigation 

and some vegetables that are compatible with temperature changes may be 

noticed. Another important economic activity of the study area is greenhouses and 

both impacts of climate change on this sector and sector’s effects on climate 

change should be regarded. 

 

Fishing strategies should be considered through the lens of coastal resilience, such 

that nourishment areas of important species which are under threat of extinction 

should be assigned as areas that are restricted to fisheries (Derinsu, 2009) or small 

scale family fisheries and quota system can be described in policies for protected 

special areas. 

 

Tourism activity is another factor that shows two-way relationships for the 

vulnerability of coastal areas to climatic changes. Rising tourism demands on 

coastal areas bring about new and various human usage pressures on these areas 

which are very sensitive places because of inherent natural characteristics. Densely 

built tourism developments and other constructions remove some species’ 

breeding and nutrition areas, for example, lighting systems of these buildings and 

noise from these developments with intensive usage of beaches negatively affect 

caretta carettas’ nesting and reaching to sea. Yacht tourism fosters the yacht 

induced pollution (Derinsu, 2009) besides by reason of the tourism buildings’ 

polluting influences, hotels’ wastewater strategies come into question. So, another 

type of tourism activity rather than mass tourism like ecotourism and nature-based 

tourism can be mentioned and encouraged as an alternative to forming the 

sustainability of coastal environments. On the other hand under various climate 

change scenarios provides important information on the relative attractiveness of a 

destination in the future, it cannot reveal estimates of the impact. These changes 

are likely to have on tourism demand climate changes, especially rising 
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temperature and precipitation have important effects on tourists choices’ and 

comfort perceptions  (Gössling et al. 2006) for example approximately 2C of 

temperature rise negatively affects the tourists’ comfort perceptions and may be 

resulted by the changes on destination points. But this increase can be resulted by 

the extension of the tourism season to the spring and autumn (Moore, 2010) via 

tolerable temperatures and decreasing precipitation. 

 

5.3. Study Area: Fethiye –Göcek Special Environmental Protection Area  

5.3.1. Description of an area  

As one of the sixteen Special Environmental Protection Areas in Turkey, Fethiye-

Göcek SEPA is located on the southwest coast of Turkey, in the borders of the 

Mediterranean and the southeast part of Mugla city (GDPNA 2016).  

 

 

Figure 15: Location of Fethiye-Göcek SEPA in Turkey  

(Google Earth, 2015). 
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The study area, Fethiye-Göcek SEPA is one of the most important preservation 

areas in Turkey. It hosts many kinds of biologic, natural and historical values 

which make the area special for living things. The natural assets and locational 

characteristics are also the main reason of the rich agricultural and fishing 

resources. These facts also increase the region’s attractiveness for many sectors. 

With its special location and coastal layout, particularly residential, agricultural, 

marine resource utilizations, touristic and recreational facilities and coastal 

activities are tending to take part here. Development of these sectors with the 

effects of global climate change as well as climate-induced hazards increases the 

pressure on coastal areas that makes biodiversity and natural values much more 

vulnerable to the excessive use of resources.  

As an ecologically rich region, Fethiye-Göcek SEPA covers significant biologic 

elements as well as the habitat for many species. It hosts 40 species of 

conservation concern in the Mediterranean listed by the Bern and the Barcelona 

Conventions as well as International Union for Conservation of Nature’s (IUCN) 

Red List. Out of the 5 sea turtle species represented in the Mediterranean basin, 3 

species (Caretta caretta, Chelonia mydas, Dermochelys coriacea) are identified in 

the waters of Turkey. Fethiye Beach is one of the nesting and reproduction areas 

for Caretta caretta, which is protected under Bern Convention and CITES (Keskin 

et al., 2011).  

 

In addition to the ecological elements, the study area is an example of important 

development areas, Fethiye covers an area of around 3,060 km2 and is a well-

developed district center and tourism destination, catering for the mass tourism 

market. Fethiye is one of the biggest settlements among Muğla Province’s districts 

and Göcek, on the other hand, can be characterized as a small town, offering an 

upmarket, small sized tourism experience centered on yacht tourism. The area is 

hosting intensive yacht tourism, especially in the Göcek section.  
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The agriculture industry is another important economic sector especially chooses a 

place intensively around Fethiye district. Peripheral locations of district center 

have fertile irrigated farming areas. This fertile land constitutes 22 percent of total 

province area corresponds to 67.300 hectares. Also with respect to greenhouse 

activities study area is one of the leading districts in Turkey. With the existence of 

natural assets, local population preferred to operate both agricultural activities with 

tourism sector different from mass tourism industry so this situation makes 

possible to create various kinds of tourism activities based on exploitation of 

ecological and natural values. 

  

The study area is also historically significant place because the initial 

establishment of the area is estimated to dates back 16th century B.C., It hosts 

significant civilizations in history hereby are one of the most important historical 

centers of Turkey. Historical ruins spread extensively over the study area from the 

Lycian, Roman and Byzantines times, also there are many historical artifacts 

belonging to Ottoman Period. Historical values contribute to the tourism potential 

of as well as the intensive usages’ pressure to the case area while negatively 

affecting vulnerability of an area to the various kinds of natural hazards.  

 

In the light of these values, with the purpose to protect the environmental, natural, 

cultural and historical values, to prevent the environmental degradation, to leave 

natural beauties and historical assets onto future generations; research area was 

granted its marine and coastal conservation status by the Decree of Cabinet of 

Ministers number 88/13019 in June 1988.  It covers approximately 816 km² of 

which 345 km² is the marine zone and has a coastline of 235 km (Derinsu, 2009). 

After this declaration, to be more operative, boundaries of the site were expanded 

two times in 1990 and 2001 consisting of Mugla Fethiye town and 6 sub-districts 

and 6 villages it has (GDPNA 2016).  
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Figure 16: Fethiye-Göcek SEPA. 

 (Source: GDPNA 2016) 
 

 

5.3.2.  Study area selection criteria 

Being a low-lying coastal area and having originally marshy land, Fethiye-Göcek 

SEPA is vulnerable to the hazards especially originated from coastal threats. 

Coastal areas are considered particularly vulnerable to the adverse effects of 

climate change in that it is widely recognized that climate change can have far-

reaching consequences on coastal surfaces and groundwater (e.g. saltwater 

intrusion), coastal ecosystems (e.g. wetlands and biodiversity loss), marine 

biological communities and commercial species (IPCC, 2008; Torresan et al 

2012). So, with the rising impacts of climate change vulnerability of the area is 

expected to rise.   
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5.3.2.1. Natural assets: 

The study area is exceptional coastal protection area having numerous natural 

assets and one of the evidence that represents the vulnerability of an area is that 

declaration of an area as a special protection region. To prevent the deterioration 

of natural, ecological, cultural and historical values that it owns, protection against 

environmental harms and to guarantee the natural and cultural values to be passed 

for future generations, this site was granted its marine and coastal conservation 

status in June 1988 by the Decree of Cabinet of Ministers.  

Ecosystem functions and biodiversity are pointed out as the elements that mostly 

affected by climate change (McCarthy et al., 2001) so Fethiye-Göcek SEPA 

represents its vulnerability with remarkable amount and quality of natural 

resources and biodiversity. 

Fethiye-Göcek SEPA’s nature and climatic conditions are the main motives of 

significant biodiversity in its coastal areas. So, it is one of the most important 

protection areas in Turkey because of its biodiversity and hosting many habitats of 

endangered and threatened species. The site hosts 40 species of conservation 

concern in the Mediterranean listed by the Bern and the Barcelona Conventions as 

well as International Union for Conservation of Nature’s (IUCN) Red List. These 

include 7 Mollusca species, 6 Porifera species, 6 Crustacea species, reptiles such 

as Loggerhead sea turtle (Caretta caretta) and Nile softshelled turtle (Trionyx 

triunguis), and mammals such as Mediterranean monk seal (Monachus monachus) 

and Bottlenose dolphin (Tursiops truncatus). Out of the 5 sea turtle species 

represented in the Mediterranean basin, 3 species (Caretta caretta, Chelonia 

mydas, Dermochelys coriacea) are identified in the waters of Turkey. Fethiye 

Beach is one of the nesting and reproduction areas for Caretta caretta, which is 

protected under Bern Convention and CITES (Keskin et al., 2011, Bann and Başak 

2013). 
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The algae species in the region are dominated by Cystoseira spinosa, a species of 

conservation concern, found on rocky bottoms between 35-40 m and whose 

habitats are affected by the intensely used bays of the SEPA (Derinsu, 2009; Bann 

and Başak, 2013). 

 

Flora and fauna and their habitats are mostly affected elements from adverse 

effects of climate change. Climatic changes pose a threat to the survival of many 

species sometimes habitat loss. Flora such as Liquidambar orientalis and 

Posidonia oceanica (seagrass meadows) as well as fauna like caretta caretta and 

celonia mydas which are at risk of extinction should be interested in a special way. 

Besides the climate-induced hazards pollutant, intensive and uncontrolled coastal 

usages and activities are harming the marine and terrestrial vegetation and 

biodiversity at coastal parts of the study area.  

5.3.2.2.Economic sectors and development: 

Agriculture is a prominent sector in the study area with 55% of the population 

involved in agriculture. Most of the agriculturally fertile areas in Muğla are 

situated in Fethiye town, which is surrounded with good quality land which can be 

conveniently irrigated. On the other hand, tourism is another important activity 

within Fethiye-Göcek SEPA and closely linked to the marine and coastal 

environment. Activities related to tourism and agriculture places a substantial 

amount of pressure on the SEPA’s coastal ecosystems. Development pressures are 

evident especially in the Fethiye section of the SEPA. In 2010, there was a 64% 

increase in building permits within Fethiye district’s urban zone (Fethiye Chamber 

of Commerce and Industry, 2011). Fethiye is a developed district center and 

tourism destination, catering for the mass tourism market. Fethiye is one of the 

biggest settlements among Muğla Province’s districts; Göcek, on the other hand, 

can be characterized as a small town, offering an upmarket, and boutique tourism 

experience centered on yacht tourism (Bann and Başak 2013). In addition to the 

residential and tourism development pressures, actually, the site has been 
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experienced to the new requests considering large-scale coastal constructions such 

as yacht harbor and a pier for cruise boats indicates a wish to promote mass 

tourism in the area, rather than to focus on conservation. 

The study area is facing intensive yacht tourism, especially in the Göcek section. 

The current use of the bays in Göcek is far beyond the carrying capacity 

determined for the area (METU, 2007). As a result, marine pollution and 

anchoring activities are harming the marine vegetation and biodiversity despite the 

launch of some government initiatives restricting the use of the Göcek. Similarly, 

in Fethiye, marine biodiversity and the natural ecosystem of the bay are damaged 

and their long-term sustainability is at risk. Solid waste pollution from marina 

activity, fisheries and houses have affected species’ distribution and fish 

population in the SEPA is threatened by illegal hunting and trawling activities. 

Also, unplanned construction and developments to accommodate tourism are 

threatening nesting population, resulting in a serious decline in nesting. Usage of 

these nesting areas is controlled and monitored at specific times, however, there 

are concerns regarding the impact of current levels of development and 

management of the turtles’ reproduction processes (Bann and Başak 2013).  

5.3.2.3. Climate effects: Climate Change in Fethiye –Göcek SEPA 

Coastal Fethiye-Göcek SEPA is low lying and significant part of an area was 

created by drying of marsh land. Via locating at the intersection of Aegean and 

Mediterranean seas, geographical characteristics of the study area reflects the 

effects of both regions and according to Turkish State Meteorology Service (2016) 

the region has a typical Mediterranean climate typology is characterized as semi-

arid, sub-humid and between steps and humid.  
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Figure 17: Climate classification of Fethiye.  

(Turkish State Meteorology Service 2016) 

 

 

 

Climatic factors and geographical location are prominent for the exposure of 

climate-induced hazards and extreme events for the case area.  Some disasters can 

be seen more widely in different regions of Turkey according to the geographic 

location, demographic and climatic situation (Figure 18 Kadıoğlu, 2012). 

Meteorological studies show that Coastal Mediterranean and Aegean Regions 

including Fethiye-Göcek SEPA are standing out apparently as the most frequent 

occurrence of natural disasters makes study area more vulnerable to this kind of 

hazards. 
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Figure 18: Spatial distribution of natural disasters based on meteorological 

characters according to Turkish State Meteorological Service  

(Source: Kadıoğlu, 2012) 
 

 

 

In addition to these, in respect of the number of meteorological events, between 

the years of 1950 and 2000 inundation deficits and risks are very high for 

Mediterranean regions including Fethiye (Kadıoğlu, 2012) (See appx at Figure A-

1)  

 

The area is settled on the Mediterranean coast of Turkey and in the climate change 

sphere Mediterranean coasts are showing significant vulnerabilities to the climate 

change via sudden inundations, temperature rises and sea level rise (White Paper 

2009), for example in the Mediterranean Sea there are regions with increases of 

more than 6 mm/year (EEA, 2016). Also, low-lying coastal location is another 

crucial factor that affects the vulnerability of a region to climate change (Gilmer 

and Ferdana 2012; Torresan et al. 2012; DasGupta and Shaw 2015). Furthermore, 

Kadıoğlu (2012) states that considering the climate change induce hazards, Fethiye 

Region is emphasized as one of the riskiest areas in Turkey considering sea level 
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rise expecting that many sectors will be affected. Also, Kadıoğlu (2012) adds that 

unstable and sudden rainfalls are commonly experienced climatic events of 

Coastal Mediterranean Regions including Fethiye town which results in floods and 

inundations. 

 

As the study area shows Mediterranean characteristics with respect to the climatic 

conditions, generally Mediterranean climate extremes and vulnerabilities were 

associated with case area in this study. Temperature values serve significant 

evidence about climate change or extremes on Mediterranean regions. Climate 

indices for Turkey inform about the extreme weather events that will negatively 

affect daily life and Figure A-2 in appx illustrates the annual changes of indices 

that are based on the ECHAM5 A2 projections. The hot spell index is defined as 

the longest number of consecutive days where a daily maximum temperature is 

higher than 35°C (The Ministry of Environment and Urbanization 2013). 

Maximum and minimum daily temperatures values were calculated for the periods 

of 2011-2040, 2041-2070 and 2071-2099. For the first period temperature changes 

are relatively small but at the end of 21st century, these values are rising in the 

coastal areas of Mediterranean.  

 

As the Mediterranean Sea is a semi-closed, very deep basin, exchanging water 

with the Atlantic Ocean through the narrow Gibraltar Strait only, evaporation 

greatly exceeds precipitation and river run-off. Therefore, salinity is one of the 

main physical parameters influencing the thermohaline circulation and sea-level 

variability in the Mediterranean basin, which may counteract the thermal 

expansion due to a rise in temperature (http://www.eea.europa.eu/data-and-

maps/indicators/sea-level-rise-3/assessment, Accessed: December 2016). 

 

As both thermal expansions on oceans and melting glaciers on Grönland and 

Antarctica, it is expected that sea level rises are inevitable. According to Kadıoğlu, 

(2012) Fethiye Region is emphasized as one of the riskiest areas in Turkey with 

http://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-3/assessment
http://www.eea.europa.eu/data-and-maps/indicators/sea-level-rise-3/assessment
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respect to sea level rise and it is stated that primarily coastal constructions, fishing, 

and tourism sectors will be adversely influenced. 

On the other hand, the map of average inundation hazards in Turkey by provinces 

between 1940 and 2010 (see appx at figure A-3) indicates that erratic rainfalls 

have frequently be seen on Coastal Mediterranean Regions including Fethiye 

which results in sudden inundations and cause significant harms economically 

(Kadıoğlu, 2012). 

 

 

 

 

 

 
 

 

Figure 19: Vulnerability of Coastal Fethiye-Göcek SEPA to Climate Change 
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5.3.2.4.Planning process 

The natural and historical assets in study area create various pressures and all these 

pressures make Fethiye-Göcek SEPA more vulnerable to the harms and effects 

especially from coastal hazards and it can obviously be seen that climate change 

will exacerbate these impacts. To minimize these impacts resources management 

strategies, conservation of natural protection areas, parks, forest, and wetlands are 

significant that should be concerned in the planning policies.  

To foster the resiliency of the study area planning instruments have crucial role via 

their regulative manner. Area’s special preservation status is crucial input and 

gives direction for planning mechanisms. Fethiye-Göcek SEPA is selected as a 

case study area to present a model which contains all related factors to assess 

vulnerability to climate change and some guiding policy principles to be 

considered by planning authorities and decision makers to diminish the adverse 

effects of climate change and encourage sustainable development. 

With the declaration of special environmental protection area, spatial plan efforts 

were started. Firstly in 1989, 1/25.000 scaled Fethiye-Dalaman Territorial Plan 

was approved by Environmental Protection Agency for Special Areas(EPASA), 

Ministry of Environment and Forestry. The aims of the plan are: (i) protection of 

natural beauties and historical ruins, (ii) ecological balance and marine ecosystem 

with passing these on to the future generations, (iii) support of special agreements 

for Mediterranean protected areas, (iv) protection of agricultural lands, (v) planned 

tourism development, (vi) assure environment-friendly architectural solutions and 

urban macro forms and (vii) prevent the disordered settlements. 

Based on this territorial plan land development plans were prepared and approved 

for the primary settlements namely Fethiye, Göcek, Ovacık-Hisarönü, Kargı and 

Karaçulha between the years of 1989 and 1991. Then, boundaries of the site were 

expanded two times in 1990 and 2001 to cover more areas that host habitats of 
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endangered and threatened species. For the purpose of preparing plans for newly 

added areas via boundary expansions and responding changing needs of an area, 

plan revisions were performed. Basically, 1/25.000 scaled territorial plans were 

revised in 1998 and 2008 and 1/5000 and 1/1000 scaled land development plans 

were revised by EPASA following these territorial plans. 

 

With the enforcement of 644 Decree Law in 2011 preparation and admission of 

these plans have become the responsibility of GPNA. 

 

Territorial and land development plans for the study area are mainly based on 

general conservation and settling principals. Besides the main conservation 

principals about natural assets of the region these plans mostly focus the 

regulations about building codes and fundamental architectural measurements that 

intend to preserve the local settlement pattern. Regulative principals about 

housing, commercial and tourism constructions can be seen at every scale 

(1/25000, 1/5000 and 1/1000). Since the study area is special protection area, both 

building heights and size are restricted to reduce the pressure of development areas 

on habitats of natural resources. However, these regulations do not cover the 

detailed application procedures on development areas that reflect the social, 

economic, natural, and spatial characteristics of these settlements.   

 

The regulations about ecologic environment partially based on scientific 

researches about the natural assets of the study area and serve the general 

procedures and guiding principals to preserve the flora and fauna. But these 

regulations are still needed to have detailed precautions to lead the physical 

applications and other activities in the region. 
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5.4. Methodology: 

Coastal areas are complex systems where each of the ecologic, social, and 

economic components is highly interrelated. Parallel to this, coastal vulnerability 

assessment is a complex process that must consider multiple dimensions of 

vulnerability, including both physical and social factors mixture of qualitative and 

quantitative methods has been employed to explain the complexity of vulnerability 

drivers and to determine which combinations of attributes best characterize the 

vulnerability of specific populations in particular places. Furthermore, the degree 

of vulnerability is determined not only by internal processes and threats originating 

from within the coastal area but also by external processes deriving from the area 

as well; overall climate is also a crucial factor that orienting both internal and 

external processes. So, all the factors framing the assessment process needed to be 

investigated and expressed thoroughly with its all mechanisms.  

5.4.1. Existing Coastal Vulnerability Assessment Models 

 

In the vulnerability research scene, there is no common framework for coastal 

vulnerability assessment to reach a method to be applicable to each region. In this 

part of the research, models used in coastal vulnerability assessment studies were 

reviewed in terms of their methods employed and methodologies operated to 

specify the study area; dimensions that reflects the social, economic, 

environmental, ecological or physical extent with their method of handling; 

operated indicators that were selected to measure the vulnerability level 

qualitatively or quantitatively with respect to the dimensions; temporal scale 

concerning assessment study in terms of measured time period(s); data types that 

utilized in these studies and their index calculation procedure to reach the overall 

vulnerability score: 
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5.4.1.1.Defining a study area and spatial level in framing a methodology/ 

Scope definition: 

A clear definition of “vulnerability” must be provided for the context of the study 

area, as it will have implications for how the study is carried out, and the types of 

results that are generated along with the geographic or administrative boundaries 

and the type of information and data available. Thus, this stage is important 

determinator for designing the method of assessment to draw the limits of the 

study area for defining the comparison criteria with other spaces. As mentioned at 

chapter 4 before, in the literature there are various amount of studies at national, 

regional and household level, on the other hand VRA (Vulnerability Reduction 

Assessment Model)(Droesh et. al.2008, Frankel-Reed et. al. 2009), Environmental 

Sustainability Index (ESI) (Esty et. al. 2005) and Duman Yüksel’s (2004) 

Vulnerability-Resilience Indicator Model (VRIM) are the methods to measure 

nations’ vulnerabilities and environmental protection capacities with  their 

sustainabilities of development. For the household level, the factor of poverty 

appears as a crucial item for measuring vulnerabilities against various shocks and 

hazards. According to this approach, the main aim is to focus on livelihood assets 

to lighten the effects of the vulnerability. In their study Osman-Elasha et al. 

(2009), emphasized the description of potential coping and adaptive mechanisms 

to achieve household resilience. In another study, Singh and Nair (2014) 

developed livelihood vulnerability index to assign the climate variabilities which is 

mainly based on stakeholders’ perceptions. 

On the other hand, firstly introduced in IPCC 4th Assessment Report, the concept 

of Regional Vulnerability Assessment find its place in regional climate change 

vulnerability assessment studies, evaluation of regional spatial vulnerability was 

aimed via using various related indicators. To assign the vulnerability level of the 

special regional unit, proactive decisions based climate hazard planning was 

performed and, areas, social groups, and sectors at risk were identified in the 

context of urban and coastal planning in these studies. 
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5.4.1.2.Dimensions: 

To assess the coastal vulnerability of a specific area, main factors that shape 

systems’ vulnerability were examined primarily in the literature. Risk factors, 

regional geographical features, physical, climatic and socio-economic conditions 

and impact studies related to the area were usually firstly analyzed (Torresan et al 

2012). In this context, coastal areas’ ecologic, social and environmental 

components’ level of robustness to the natural and anthropogenic threats were 

executed. Accordingly, depending on the nature of an area, components that 

specify the coastal vulnerability and their dimensions were identified and 

classified so as to give direction to the study. As can be seen from the theoretical 

studies, according to the focus of a study, empirical works diversified according to 

the dimensions of ecological, geophysical, social, economic, socio-economic or 

integration of these on the basis of spatial scale, temporal resolution or other 

numerous research characteristics and in the next stage vulnerability testing 

variables were accordingly take form. As an example of initial studies in 

vulnerability assessment literature Gornitz (1991), Gornitz et al. (1994), Thieller-

Hammar Klause (1999) were primarily used CVI method which is based on 

geophysical parameters of an area while, in the light of these studies Pendelton et 

al. (2010), Thieler-Williams (2010), Ozyurt and Ergin (2010) used indexes that 

purpose to indicate the physical effects of sea-level rise in their empirical studies. 

In these cases, the coastal vulnerability was defined by means of local physical 

parameters such as geomorphology, shoreline erosion rate, tidal range, coastal 

topography, mean wave height etc.  

Vulnerability is not merely a function of hazard, severity or probability of 

occurrence, certain properties of a system will make it more vulnerable to certain 

types of hazard so not only a function of the physical characteristics of climate 

events but more importantly an inherent property of a society determined by 

factors such as poverty, inequality, gender patterns, access to health care and 

housing, etc. are decisive (Young and Nobre, 2012). 
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Some other studies in the literature asserted that human or anthropogenic factors 

cannot be thought separately from the physical factors when framing the 

vulnerability concept so they included the social factors in their studies. 

Hozzemans et al. (1993) were the first study that considers the social components 

then Cutter et al. (2003), Panray et al (2009), Wilhelmi and Morss (2013), Zhou et 

al. (2014) followed this movement. Some livelihood and household structures 

were integrated into these studies and it was intended that fundamental indicators 

like family status, population density, age structures and dependence, GDP, 

employment /unemployment status needed to be influential for the vulnerability 

assessment methods. 

The nature of social vulnerability depends on the nature of the hazard to which the 

human system is exposed and influences individual and community abilities to 

prepare for, respond to, and recover from disasters (Cutter, 2008).  The aim of 

coastal vulnerability approaches is to help coastal communities adapt to risks 

(Dolan and Walker, 2006). 

Another viewpoint intended that, besides the effects of geophysical assets that 

constitute the basis for coastal vulnerability assessment, effects of ecological 

components that localities specifically possess researched and they included the 

flora and fauna related aspects in their studies. For example, Hossain et al. (2013) 

and Hereher (2015) starting with the idea of natural assets and biotic components 

on study area can be affected by sea-level rise as an ecologic component, then they 

preferred to use these variables as an indicator. 

 

Besides the geographic factors and anthropogenic elements affecting them and 

socio-economic structures; starting from the idea of determination of risky areas 

and people at risk zone are significant, initially Hozzemans et al. (1993), Blaikie et 

al. (1994) and then Cutter et al. (2003), Eidswig et al. (2013), Rufat (2013) and 

Abdrabo and Hassaan (2015) asserted that  especially rich areas with regard to 
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flora and fauna and wetlands that have been threaten to loss needed to be evaluated 

in vulnerability assessment studies locally or regionally. 

 

As mentioned above, many of the studies in the literature cover only one or more 

dimensions herewith integrated studies concerning internal factors and the nature 

of study area are limited in number. Integrated approaches are beneficial for an 

understanding of potential climate change impacts and of the role of adaptation 

options in alleviating negative consequences (Dolan and Walker 2006) that 

integrate indicators of social vulnerability with the environment and spatial 

considerations. This approach regards internal susceptibilities and resiliencies of 

both biophysical and social environments as an interrelated and interdependent 

human environmental system (Dolan and Walker 2006). One of the representatives 

of integrated vulnerability assessment studies is the empirical work of Li and Li 

(2011) in which dimensions were investigated in a comprehensive way. 

Addressing storm surges risks, with a comparison of the coastal vulnerabilities of 

various cities, the coastal vulnerability was researched under the titles of socio-

economic, land use, eco-environmental, coastal constructions and disaster bearing 

capacity and then this study substantially offered suggestions about future land use 

structures. 

Multi-component studies are very rare and one of the best examples of this kind of 

studies is IMHEN et al. 2011). This study researched on Mekong Delta and 

considered geophysical, socio-economics, environmental and anthropogenic 

mitigation aspects. The vulnerability has been assessed of key sectors in each 

studied district, namely: population vulnerability, poverty vulnerability, agriculture 

and livelihoods vulnerability, industry, and energy vulnerability, as well as urban 

settlements and transportation vulnerability. These key sectors were selected using 

the Comparative Vulnerability and Risk Assessment (CVRA) methodology, which 

is based on the IPCC approach of assessments. The vulnerability level of each 

district for each of the 5 key sectors comprehends the comparative exposure (to 

other districts) and by respective sensitivity (of the parameters).  
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5.4.1.3.Indicators: 

There is no single standardized unit of indicators available for quantifying coastal 

vulnerability. Therefore, the choices made by the assessors considering the spatial 

and temporal scale of the study, the focus of coastal area components and threats, 

data availability and selection, as well as the method used to combine vulnerability 

indicators have a major influence on the outcome and quality of the assessment 

method. 

In order to be able to conceptualize, evaluate and map the ‘dimensions of 

vulnerability’, a widely accepted approach for ranking the exposure and sensitivity 

for both natural and human systems using a range of indicators. The selection of 

vulnerability indicators was based on an assessment of the secondary literature on 

social vulnerability (including national and regional indicators for population, 

poverty, and livelihoods), and a review of what data was available at provincial 

and district levels.  

In the case of large amounts of highly correlated parameters are necessary for 

vulnerability assessments, it may be useful to initialize parameter selection method 

to avoid that certain processes or aspects are overrepresented compared to other 

processes. Statistical selection methods are widely used in coastal vulnerability 

assessment studies such as PCA (principal components analysis) (Cutter et al 

2003) and PPC (projection pursuit cluster model) (Ge et al. 2013) which are 

popular statistical parameter selection methods. Statistical parameter selection 

methods have only been used by studies that use plenty of census data in the 

assessment. However, Boori et al. (2010), Thieler and Hammar-Klose (1999), 

Pendleton et al (2010) and Ozyurt and Ergin (2010) relied on previous assessment 

models in their vulnerability assessment, stakeholder and expert opinion was 

employed by the studies of DasGupta and Shaw ( 2015) and Torresan et al (2012). 
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The majority of studies in the literature have combined a small number of 

indicators from several or all of the various ecologic, social, and economic 

components of each coastal area depending on the data available or interests of the 

experts. The ecologic components are merely considered in coastal vulnerability 

assessments, as geophysical properties (a part of the ecologic component) of areas 

are the main determinant of the vulnerability in these studies. Studies such as 

Sánchez-Arcilla et al. (2008) and Rao et al. (2008), Marriner et al. (2013), Fatorić 

and Chelleri (2012), Frihy (2003), Frihy and El-Sayed (2013) and Boori et al. 

(2010) are highly focused on geophysical aspects of the ecologic component. 

These studies used indicators about erosion, wave height, tide range, land surface 

elevations, soil type, and sea level rise etc. As such, these are highly focused 

geophysical studies and few of these assessments considered other aspects such as 

the social and economic components, in the form of national or sub-national GDP 

and population density figures. 

 

Some other studies incorporate a large amount of socio-economic parameters (20 

or more), which are reduced to a more manageable number to avoid over-

representation of particular phenomena, by means of Parameter Selection 

Methods. 

 

The CVI method used by Gornitz (1991), Gornitz et al. (1994), and Thieler and 

Hammar-Klose (1999) is a popular method to assess vulnerability in coastal areas, 

and originally only includes geophysical indicators, Gornitz et al. (1994) 

emphasized the addition of social, and economic component related characteristics 

to reach  better results via widening the scope of vulnerability. Considering more 

factors determining the vulnerability of coastal areas has been addressed by 

Thatcher et al. (2013) (amongst many others) by including a range of economic 

indicators pertaining to commercial and residential building values, public works 

locations, as well as social parameters such as urban pixel density and population 
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density, combining them with geophysical parameters from the CVI from a 

previous coastal vulnerability assessment by Pendleton et al. (2010).  

 

Other aspects of the ecologic component (i.e., not only geophysical aspects but 

also flora and fauna related aspects) are incorporated in few of assessment studies. 

For example, the study of Omo-Irabor et al. (2011) focused on the threats posed to 

mangrove forests in the Western Niger Delta with socio-economic indicators, such 

as population pressure, deforestation, poverty and civil conflicts, as well as 

environmental indicators such as carbon dioxide. The socio-economic indicators 

used were about socio-economic status, race, age, development density, renters, 

and health care institutions etc. 

 

As a multi-component study, IMHEN et al. (2011) considered indicators related to 

geophysical (geomorphology, precipitation data, temperature, SLR, flooding 

events, storm surges, salinization, erosion, subsidence), socio-economics (land 

cover and land use, considering different crop types, fishing activities, industrial 

activities, energy supply, sewage disposal, water supply, infrastructure, population 

density, education and unemployment rates), environmental (type of natural area, 

biodiversity) and anthropogenic mitigation aspects (institutions, dykes, hospital 

capacity). Using the Comparative Vulnerability and Risk Assessment (CVRA) 

methodology, the most vulnerable districts were assigned. 

 

5.4.1.4.Temporal scale: 

While drawing of the general frame of an empirical study, the determination of 

temporal scale at which the coastal vulnerability of a study area will be analyzed is 

noteworthy. There are examples of studies that used different time frames. The 

current situation of an area, time scale determined in the past or vulnerability of a 

region at a period specified in the future are some examples utilized in existing 

models. Subsequent amount of study in the literature have been formalized based 

on the current moment vulnerability of specific area (Frihy 2003; Frihy and El-
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Sayed 2013; Fatoric and Chelery 2012; Sanchez and Arcilla et. al. 2008; Panray et. 

al. 2009; Das Gupta and Shaw 2015; Gornitz et. al. 1990, 1994) whereas small 

number of studies likes Ge et al. (2013), Zhou et al. (2014) preferred the method 

that analyzes coastal vulnerability of an area at specified time periods 

comparatively. 

5.4.1.5.Source of Data- Data Processing 

In the process of vulnerability assessment study design, it is vital that the 

determination of the data will be used and this is decisive for the scope of the 

study. Besides choosing the right data sources are inevitable for the success of the 

vulnerability study, every data source inherently has strengths and weakness. 

Commonly used data types in the literature are in-situ field measurements, 

statistical data, earth observation data, consultations and household surveys. 

Surveys that were constituted mostly based on geophysical components (El Raey 

1997; Gornitz et. al 1990; Ozyurt and Ergin 2010; Frihy and el-Sayed 2013 etc.), 

earth observation data and satellite images were preferably operated to reveal the 

physical structure of an area and risk factors via sensitive measurements. Whereas 

in empirical works that are formed in accordance with socio-economic criteria, it is 

apparently seen that census data were used more reliant and can be converted 

easily (Mahapatra et al. 2015). Also for specifying especially natural and 

anthropogenic effects and to constitute greater insight for the geophysical and land 

use induced properties on assessment area, in-situ field measurements (Boori et al. 

2010; Torresan et. al. 2012; Frihy 2003; Sanchez and Archilla et. al 2008) are 

another data type frequently used in these studies. 

There is no one literally accepted method for selection of the candidate parameters. 

Depending on nature of the specific area, its components and focal points, every 

researcher formalized different combinations of parameters. This stage comprises 

one or more of the steps of the selection of candidate indicators or parameters, 

standardization, weighing of variables, determination of relative importance of 
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each variable as PCA (principle component analysis) method (as mentioned 

chapter 4) in the case of variable number is limited in number. The selection of 

variables as indicators for various dimensions was informed by the existing 

literature on vulnerability assessment and mapping (Cutter et. al. 2000, 2003; 

Preston et. al. 2008; Crick et. al. 2012) limited by the available data. On the other 

hand, expert guidance and statistical selection methods were used by some part of 

existing studies. Statistical selection methods were preferred rarely, PCA and PPC 

(projection pursuit cluster model) (as mentioned chapter 4) can be illustrated as an 

example for this method (Khan 2012; Ge et. al. 2013, Li and Li 2011; Thatcher et. 

al. 2013). For an effective application of this method there must be a plethora of 

census data but in the literature, in many of the studies due to lack available data 

statistical selection methods were not preferred (Rufat 2013, Eidswig et. al. 2014; 

Birkmann and Fernando 2008; Yoo et. al. 2011 etc.). Also, some other studies are 

relied on expert guidance or previous assessments’ initially selected parameters 

without using any statistical method for determination of indicators (Zhou et. al. 

2011; Torresan et. al. 2012). 

All stages of the vulnerability assessment are not based on quantitative criteria; to 

be practical and applicable, quantitative indicators are supported by qualitative 

ones. These indicators sometimes are a single variable or in some cases, they can 

be a processed set of data (Birkmann 2012). Niemejer (2002) classified indicators 

as data-driven (inductive) and theory-driven (deductive): According to data-driven 

approach, within a wide range of classified indicator set related ones can be 

selected then expert judgement or statistical methods can be used to complete the 

process (Kaly et. al 1999; Vincent and Cull 2014).  Furthermore, indicators can be 

weighing according to the degree of influence of overall vulnerability as well as 

the methods like Multi Criterion Decision Analysis. In the case of the data-driven 

indicators’ operation, proxy variables are generally required because there is no 

such tangible element of vulnerability then testing may lose its reliability. 

Accordingly, application of alternative method may be suitable such as theory-
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driven (deductive) methods. In this context, using the advantage of existing 

theoretical insights related potential variables can be chosen. Even though testing 

of these variables is difficult because of limited data, utilization of deductive 

method can be appropriate because of the literally based and transparent character 

(Vincent and Cull 2014).   

5.4.1.5.1. Methods Employed for Data Processing 

Standardization:  

Because the units of vulnerability indicators vary, it is necessary to make 

indicators dimensionless by standardization. This adjustment of the values 

measured on different scales to a common scale allows comparison of different 

indicators, processing of them and elimination of anomalies and aggregation. 

Many studies in the coastal vulnerability literature used this method via 

constituting a certain number of data ranges then assigned rates for each data range 

groups. For instance vulnerability scores were divided into very low, low, 

moderate, high and very high categories based on quartile ranges with 

vulnerability rates between 1 and 5 (Thieller-Hammar Klause 1999; Ozyurt and 

Ergin 2010); Crick et al. (2012), Ge et al. (2013), Thatcher et al. (2013), Sherly et 

al. (2015) standardized vulnerability index by using max and minimum values 

(value-min/max-min) and ensured that vulnerability values are ranged between 0 

and 1. 

Weighing: 

When combining the non-dimensional parameters in a vulnerability index, 

assessments studies may choose to append an additional weight to specific 

parameters or indicators in order to emphasize or depreciate them. Using 

parameter weights is a controversial issue, as there is often no scientific 

underpinning to favor specific parameters over others (Cutter et al. 2003; Özyurt 

and Ergin 2010).  However number of studies preferred to employ the method of 
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indicator weighing. Rarely applied this method can be distinguished in the 

empirical works of Sherly et al. (2015) with Data Envelopment Analysis (DEA), 

Mahapatra et al. (2015) and Hossain et al (2012) with AHP and Orencio and Fuji 

(2013) with Delphi Technique. Because these techniques have various 

disadvantages, the majority of studies did not incorporate parameter weighing 

method. Determining appropriate weighting is a challenge in vulnerability 

assessment; subjective weights reduce confidence in the results. Extensive work of 

literature review indicated that there is not generally accepted method which 

denotes obvious superiority across indicators (Cutter et al. 2003; McLaughlin and 

Cooper 2010; Thatcher et. al 2013; Ge et. al. 2013; Zhou et. al. 2013 etc.). 

 Assessment Method-Indexing: 

To be measurable and assessable; selected, arranged and rated parameters are 

required to be constituted in a form of an index then analyzing method will be 

determined. According to the components used, various indexes were employed in 

the literature. As it is mentioned in chapter 4  at “Methods Used” part in a broader 

way as, CVI method is firstly introduced and well-known method of coastal 

vulnerability assessment thus Gornitz (1991), Gornitz et al. (1994) and Thieller-

Hammar Klause (1999) initially shaped this method on matters of geophysical 

parameters and physical effects of sea-level rise. Based on this method with 

incorporating the anthropogenic effects to coastal vulnerability assessment Ozyurt 

and Ergin (2010) applied CVI-SLR method on Goksu Delta and intended to depict 

the susceptibility of the delta to sea level rise. Tackling social dimensions with 

economic effects, some of the studies like Cutter (2003), Thatcher (2013), Ge et al. 

(2013), Eidsvig et al. (2013) preferred to use SVI or SoVI vulnerability index 

method. In these indexes, the main focus is on demographic characteristics, 

income structure and distribution, indicators about recovery after a hazard, 

education level, housing infrastructure and distribution of health services etc. 

Abrabo and Hassan (2015) used Urban Resilience Index for 18 urban coastal areas 

on Nile Valley. They applied indicators about infrastructure context that evaluates 
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provision and quality of infrastructure and services, an institutional context that 

includes mobilization of sources and services mechanisms in case of hazard and 

environmental context that considers the exploitation of air, water, soil quality and 

natural resources together with the social context in their studies. Hossain et al. 

(2013) assessed the resilience of fishing communities and put forward natural 

resources in their SLA (Sustainable Livelihood Model). Hozzeman et al. (1993) 

carried out a common methodology of IPCC namely Global Vulnerability 

Assessment (GVA), within this they used indicators that proximate people at risk 

zone, the population at risk, coastal wetlands under threat of extinction because of 

development pressure. In the study of Mahapatra et al. (2014) they integrated 

Physical Vulnerability Index (PVI) and Social Vulnerability Index (SVI) according 

to assigned weights by the AHP method to compute Integrated Coastal 

Vulnerability Index (ICVI). Thus study area of South Gujarat Coast’s (India) low 

to high-risk vulnerability categories was assessed. 

Index calculation: 

The last stage of coastal vulnerability assessment is index calculation. To calculate 

the vulnerability indexes traditional methods can be used such as simple 

aggregating or simple averaging as the easiest method on which all indicators are 

equally considered. Sherly et al. (2015) measured overall vulnerability by 

subtracting the overall value of adaptive capacity index from the sum of 

socioeconomic and infrastructure vulnerability indexes. Crick et al. (2012) 

developed a total vulnerability map by combining the indices of vulnerability to 

three selected climate-related hazards of extreme heat, extreme rainfall and coastal 

hazards in their empirical research. Turvey (2007) operated simple averaging 

method for four components namely coastal index, peripherality index, 

urbanization index, vulnerability to natural disasters index. Whereas in this method 

there is a possibility to obscure high vulnerability of one indicator with a low 

vulnerability of another may arise. To avoid this, Sherly et al. (2015) used the 

method of computed maximization operation to get vulnerability score. 
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Frequently applied another calculation method is square root of the geometric 

mean of the variables (Gornitz et al., 1990; 1994; Dwarakish 2009; Parthasarathy 

and Natesan, 2015) measured the CVI for their case area by using this method for 

the variables of coastal slope, geomorphology, shoreline erosion rate, mean 

significant wave height, mean tidal range, mean annual ice cover. 

Thieller-Hammar Klause (1999) and Pendelton et al. (2010) are used simple 

aggregating and averaging technique with some weights of parameters. 

Mclaughlin and Cooper (2010) summed the numerical values of 3 distinct sub-

indices namely coastal characteristics, coastal forcing and socio-economic 

attributions in GIS environment, and averaged them. Obtained scores were 

normalized according to the minimum and maximum results and grouped under 5 

vulnerability level. Thacher (2013) operated the standardized CEVI results then 

summarized them by averaging the 1 km segments by a county for the Northern 

Gulf of Mexico coast.  

In the case of specific statistical data was not suitable or assessment process did 

not base on this type of data such as qualitative indicators are mostly required to 

evaluate vulnerability. Torresan et al. (2012) took into account expert decision 

making perspectives, then index scoring may perform via indicators’ consideration 

rate. In this study, they reached vulnerability score by means of the summation of 

each weighted vulnerability index values (Torresan et. al. 2012). 

 

To achieve composite resilience score Das Gupta and Shaw (2015) employed 

weighted mean score of 5 dimensions (socio-economic, physical, institutional, 

coastal zone management and natural environment). Total 125 variables are 

constituted under these 5 dimensions, these variables ranked from 1- very poor to 

5- very high according to the results of an interview with relevants, after weighing 

variables between 1 to 5, each weighted mean score will be calculated. By using 

weighted mean scores of each dimension composite resilience score will come out. 



 

 

 

 

139 

 

As another example, Li and Li (2011) reached composite resilience score by 

means of separately measured vulnerability scores of five sub-indexes (social 

economic index, land use index, eco-environmental index, coastal construction 

index, land disaster-bearing capability index) then square root between aggregated 

vulnerability scores of each index were calculated. 

 

5.4.2. Coastal Vulnerability Assessment Model for Fethiye-Göcek SEPA 

 

Based on several studies in the literature described above, I have defined an 

assessment model for Fethiye-Göcek SEPA as below. 

 

5.4.2.1.Multidimensional concept- ICVA methodology and framework 

Growing awareness of the complexity of climate system and the interaction with 

the human environment has resulted in the emergence of an “integrated” 

assessment approach, combining the biophysical and socio-economic perspectives 

to enhance understanding of climate change vulnerability. This type of systems-

based method requires multidisciplinary, multiscale and multidimensional 

approach provides a comprehensive evaluation of the key features of a climate 

change vulnerability assessment and their reflections for spatial planning policy 

development. 

 

The ICVA (Integrated Coastal Vulnerability Assessment) framework is a useful 

approach to presenting quantitative and qualitative estimates of the vulnerabilities 

that climate change poses, at both the regional and the local level. This approach 

considers inherent susceptibilities and resiliencies of both biophysical and social 

environments as an interrelated and interdependent human-environment system. 

However, it is important to understand the limitations of this method, such that the 

quantitative estimates are reliant on the quality of information available, while 
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qalitative ones rely on the opinions and experiences of referenced experts. In 

addition to these, the ICVA is unavoidably uncertain as it does not take account of 

changes in non-climatic factors. These include future adaptation measures that will 

influence both the baseline exposure and their sensitivity to climate effects. 

 

Climate change vulnerability assessment has been presented as an essential step 

toward predicting the impacts of climate change and assessing adaptive capacity 

within social, economic and ecological systems.  This study intends to delineate 

the coastal vulnerability of Fethiye-Göcek SEPA based on an understanding of 

how climate and other changes will influence the different driving factors that 

control the interacting formation and reduction processes acting on this low-lying 

coast in the light of planning systems’ contribution.  

 

This conceptual framework analyzes key geographic areas and sectors particularly 

vulnerable to the combined effects of climate change and sea level rise, and 

particularly the impacts of flooding, inundation, salinity, and storm surge etc. The 

ICVA incorporates a range of vulnerability indicators that cover the important 

aspects of the social, economic, biophysical and development systems that lead to 

climate change vulnerability for estimating aggregate coastal vulnerability for four 

dimensions, these being: socio-economic; natural; built environment and 

infrastructure. 

 

This concept recognizes the need to not only identify ‘who’ are the most socially 

vulnerable – but ‘what’ infrastructure and services are physically more exposed 

and vulnerable, and reflects the variation and complexity of both human and 

natural systems, and incorporates social dimensions such as population, poverty, 

income etc., as well as the bio-physical attributes of topography, natural resources, 

and physical infrastructure. 

 

The integration of the numerous approaches has seen as both a necessary and 

practical means of analyzing and understanding the numerous threats that human 
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and natural systems of the study area will face in the future as a result of climate 

variability and change, and also from non-climate hazards. Placing social 

vulnerability within the context of risk and viewing natural systems’ vulnerability 

provides a framework for assessing both the comparative spatial and sectoral 

vulnerability on the Fethiye-Göcek SEPA. 

 

Also, the integration of social, ecological, human and natural factors in overall 

vulnerability assessment significantly enhance our ability to understand the 

severity of a possible disaster and subsequently to prepare for it. It further helps to 

carefully plan and execute developmental activities before an occurrence of hazard 

in order to minimize the impacts of a future disaster. The desired endeavor of this 

particular study was to link the current socio-economic, environmental and 

ecological knowledge through an appropriate vulnerability assessment framework. 

Further, it also tried to incorporate experts’ perspectives, identify the key 

functional areas to enhance disaster and climate resilience of the people living in 

Fethiye-Göcek SEPA. All these components are crucial in terms of framing spatial 

plans for this critically vulnerable coastal area.  

 

Due to the data intensive nature of the adopted ICVA method, this study focused 

on developing a range of comparative baseline indicators for tourism and 

agriculture sector in order to provide a more detailed picture of the nature and 

extent of human settlements and infrastructure that are likely to be most vulnerable 

to future climate change, and to reveal the vulnerability level of study area that 

explicitly illustrate the comparative vulnerability for the years 2000 and 2016. 

 

The proposed model assesses the level of ICV by ranking the vulnerability on a 

relative scale (1–5). The model defines criteria for assigning a score to every 

indicator, which may be a qualitative, semi-quantitative or quantitative parameter. 

The ranking approach and unambiguous score criteria make the model easy to use. 
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So this model is simple and permits the vulnerability evaluation at a local to 

regional scale. 

 

Hereby, coastal vulnerability assessment model developed for research area has 

multiple sequential stages; determination of spatial level, assignment of 

dimensions, selection of parameters according to these dimensions, defining the 

temporal scale of a study, identification of data will be used, selection of test 

method and assessment of vulnerability.  
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SYSTEM MODEL DIAGRAM/ASSESSMENT FRAMEWORK

 

Figure 20: Coastal vulnerability assessment design of Fethiye –Göcek SEPA 
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5.4.2.1.1. Determination of study area and spatial level/Scope definition: 

The first step of the coastal vulnerability assessment model is defining the spatial 

level of the study area. As a specifically declared protection area, there are a 

number of settlements having characteristics of urban and rural with specific 

spaces hosting many types of flora – fauna, and biodiversity, case area will be 

analyzed at the regional level. 

5.4.2.1.2. Dimensions:  

The vulnerability assessment model do not only be directly associated with 

physical factors that characterize the specific area but both spatial and social 

aspects of the vulnerability of an area and its driving factors should be focused 

(Cutter et. al. 2003, Panray et. al 2009), Wilhelmi and Morss 2013, Zhou et al 

2014). In this study, beyond the effects of spatial and social characteristics, -being 

a specially protected area- ecological components have also be taken into 

consideration as several studies have already used (Hossain et. al 2013; Hercher 

2015).  

To devise a framework applicable to Fethiye-Göcek SEPA, a multidimensional 

method for assessing resilience and vulnerability was employed by using four key 

dimensions of coastal vulnerability namely: socio-economic, natural systems, built 

environment, and infrastructure and under each dimensions several indicators were 

framed. 
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Figure 21: Dimensions of ICV Index 
 

 

 

5.4.2.1.3. Indicators 

To measure coastal vulnerability, an Integrated Coastal Vulnerability Index (ICVI) 

was designed that cover approximate vulnerability indicators especially reflecting 

the characteristics of the study area. With the extensive background literature 

survey, several indicators have been chosen to be used in the index applied to the 

area but some newly contributed indicators must be added to this list because of 

the unique nature of the study area.  

Socio-economic vulnerability indicators 

The social dimension encompasses population and community characteristics that 

render social groups either more vulnerable or more adaptable to hazards and 

disasters. This dimension is partially the product of social inequalities - those 
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social factors that influence or shape the susceptibility of various groups to harm 

and that also govern their ability to respond. In the study area, because the socio-

economic conditions are not necessarily to be regarded apart from other 

geomorphological or physical factors of vulnerability, social vulnerability 

indicators related to population pattern, poverty, levels of education, employment, 

and dependency etc. are taken into consideration. 

Demographic and the social characteristics of residents make some communities 

more vulnerable than others. The most widely accepted and most often used 

indicators of social vulnerability are age, gender, socio-economic status, special 

needs populations (Cutter 2008), poverty, disabilities, and limited employment 

(Dolan and Walker, 2006). 

In this framework, indicators assigned to measure ‘socio-economic vulnerability’ 

of Fethiye-Göcek SEPA include “old age dependency rate”, “Population growth 

rate”, “Population density”, “Net migration rate”, “Literacy rate” “Household 

size”, “GDP per capita”, “Employment loss/Unemployment”, “percentage of rural 

farm population”, “Scale of  fishing sector” , “percentage of tourism population” 

and “number arrivals (international tourism) (arrivals/total population)”. 

Considering the “old-age dependency rate” indicator, as a number of studies have 

highlighted a greater vulnerability of elderly in floods or harm in that elderly 

population may need assistance or have special requirements to manage 

themselves and their resources during an emergency (Khan 2012; Cutter et al 

2008b; Zhou et al., 2014; Zhang and You 2014), it is preferred to included to the 

vulnerability index in this study. 

“Population growth rate”, “Population density” and “Net migration rate” 

indicators were used in this study to reveal the density of population and its stress 

on a study area. More crowded and densely built regions are more complicated to 

evacuate and care for during emergencies (Cutter et al. 2003; Eidswig et. al 2014). 
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Regions experiencing rapid growth lack available quality housing, and the social 

services network may not have had time to adjust to increased populations thus 

increase vulnerability all of these affect residents’ capacity to resist or recover 

from a disaster and can lead to further damage (Cutter et al. 2003; Ge et al 2013). 

Population growth in coastal watersheds has also placed stress on habitats that will 

increase with a changing climate (Burkett and Davidson, 2012). Increasing 

pressure by humans on natural resources makes environment’s capacity to provide 

essential services is being compromised worldwide thus vulnerability of 

communities increases, as they cannot rely on specific environmental resources to 

sustain their way of life, and allow them to minimize the impact or recover after a 

hazard (Renaud, 2012). All of the economically important sectors are dependent 

upon healthy and functioning coastal ecosystems to provide an environment that 

sustains natural habitats and resources for use by communities (Burkett and 

Davidson, 2012).  As a continuously developing region, Fethiye-Göcek SEPA, 

indicators related to population growth pattern and household characteristics are 

incorporated to the vulnerability index to evaluate the pressure on the natural 

assets. 

The indicator “Literacy rate” is introduced to vulnerability index because lower 

rates of literacy constrain the ability to understand warning information and access 

to recovery information (Cutter et al. 2003). Education can indicate to what extent 

people have a basic understanding of the processes, are able to understand and 

judge information material, and how they follow media and information flows.  

As to the indicator of average “household size”; large families often have limited 

finances to outsource care for dependents and thus must balance work 

responsibilities and care for family members. Large family size may also reduce 

evacuation ability and resilience to natural hazards (Ge et al 2013). 
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Also when the communities like the study area are extremely dependent on natural 

resources, socio-economic and ecological resilience normally follows an 

interdependent way of relation with increasing effect to the overall vulnerability of 

a region. Species at risk from over-harvesting, pollution, or habitat degradation 

influence the economic vitality of communities dependent upon them for their 

livelihoods and thus incur an economic loss when nature’s services are diminished 

(Cutter, 2008). Communities that rely on a single economic sector for their 

livelihoods, such as tourism, agriculture or fishing are more vulnerable than those 

communities with a diversified economic base. Rural populations who are 

dependent on the surrounding natural resources for their primary source of income: 

a singular reliance on one economic sector for income generation creates a form of 

economic vulnerability (Cutter et al. 2003; Eidswig et. al. 2014). Rural residents 

may also be more vulnerable because of lower incomes (Cutter et al. 2003). So, 

“percentage of rural farm population”, “Scale of the fishing sector”, “percentage 

of tourism population” and “number arrivals (international tourism) (arrivals/total 

population)” are employed in the index. 

As a measure for resources for recovery, the crucial indicator is “GDP per capita” 

indicating the ability to absorb losses and enhance resilience to hazard impacts. 

Wealth enables communities to absorb and recover from losses more quickly due 

to insurance, social safety nets, and entitlement programs. (Cutter et al. 2003) 

Furthermore, because the wealthier regions have greater resources and often better 

services, they have the ability to absorb and recover from losses more quickly (Ge 

et al 2013). 

Natural systems indicators 

The environment is a provider of services to human beings, and it is the loss of 

capacity to satisfy human needs that are considered as a potential to increase the 

vulnerability of communities to external or internal stresses and human impacts on 

various ecosystems. Thus by its direct impact on vital resources (e.g. water, soil), 
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environmental degradation increases the vulnerability of communities (Renaud, 

2012).  

In coastal areas like Fethiye-Göcek SEPA, natural systems represent the coping 

capacity of coastal areas to the hazards and natural protected areas such as 

wetlands and dunes offer a buffer against impending storm surges, while 

biodiversity enables the system to recover more quickly after a disturbance. 

Because of increasing pressure by humans on natural resources such as land and 

surface- and groundwater, the environment’s capacity to provide essential services 

is being threatened. Hereby, this increases the vulnerability of communities, as 

they cannot rely on specific environmental resources to sustain their way of life, 

and allow them to minimize the impact or recover after a major hazardous event 

(Renaud, 2012). So, for the study area “type of settlement/coastal landform”, 

“length of coast” “presence of species to be protected”, “size of undisturbed 

habitat (protected areas for biodiversity)”, “size of forest areas”, “land area 

where elevation is below 5 meters”, “temperature rise projections”, “CO2 

emissions”, “consideration of flora have to be protected” “consideration of 

protection of estuaries(from urbanization, agriculture and tourism)”, “creation of 

conservation zones for protection areas”, “presence of restriction zones to 

fishing”, “consideration of impacts of sand extraction”, and “lighting and noise 

on sea turtles” are assigned in 14 “natural system vulnerability” indicators. 

The “type of settlement/coastal landform” is related that landforms and the 

material that compose coastal settlements reflect their relative responses to sea 

level rise since every type of landform offers a certain degree of resistance to 

coastal hazards, inundation, erosion etc. (Thieler and Hammar-Klose 1999). The 

rocky cliffs and wave-cut benches offer maximum resistance and therefore 

vulnerability level to sea level rise is very low, whereas the soft sandy and muddy 

forms such as dunes, mudflats, mangroves that offer the least resistance are 

extremely vulnerable (Mahapatra et. al., 2015). 
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The “length of the coast” may be introduced as an important indicator for the 

study area that puts forward the settlement’s exposure capacity to coastal hazards. 

On the other hand, the coastal slope is another factor that affects vulnerability in 

that the areas most susceptible to inundation refer primarily to fluvial plains which 

do not exceed slopes over 5 m. (Young and Nobre, 2012) so “land area where 

elevation is below 5 meters” is used as a proxy indicator for vulnerability. 

Besides affecting the vulnerability of people, environmental degradation can 

contribute to the amplification or increase in the frequency of certain types of 

hazards. The IPCC report (2001) indicated that climate change could generate 

more extreme weather patterns in many parts of the world in the future. 

Temperatural changes are the primary effect of climate change for Mediterranean 

basin so temperature rise projections can be listed as an indicator for coastal 

vulnerability with its effect on various sectors. Because the study area has climatic 

characteristics of Mediterranean Basin, indicator pertinent to temperatual 

conditions (temperature rise projections) is incorporated to the vulnerability index 

to analyze coastal vulnerability level. 

Also, carbon dioxide (CO2) is the most important anthropogenic GHG and often is 

used synonymously with its contributions to climate change. The main sources of 

atmospheric “CO2 emmisions” are from the burning of fossil fuels used in 

transportation, heating, and cooling of buildings, all of which are substantial 

activities in urban areas and contributing to global warming. 

In addition to the effects of climate change, land use changes throughout the 

World have affected the characteristics and/or the likelihood of manifestation of 

some types of extreme events. For this reason “consideration of protection of 

estuaries” from urbanization, agriculture, and tourism pressures becomes 

important also for Fethiye-Göcek SEPA. Rapid urbanization frequently leads 

deforestation in some regions, which can increase erosion and decrease the 

infiltration capacity of soils, thus, generates more runoff and more local inundation 
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creates more risky conditions for protection areas. “Creation of conservation zones 

for protection areas” indicator is included in the index because as a coastal 

protection area, for the study area, conservation zones must be kept and created to 

be more resilient. 

In coastal areas, wetlands and dunes offer a buffer against impending storm surges, 

while biodiversity enables the system to recover more quickly after a disturbance 

(Cutter, 2008; Renaud, 2012; Gilmer and Ferdana, 2012; Abdrabo and Hassaan, 

2015). Therefore, indicators related to range of actions taken for the management, 

conservation, and restoration of ecosystems (“consideration of flora have to be 

protected”, “presence of species to be protected”, “size of undisturbed habitat 

(protected areas for biodiversity”, “size of forest areas”) that will help reduce the 

vulnerability and increase the resilience of coastal area are also considered in this 

study. 

Especially for Fethiye-Göcek SEPA, another indicator namely “consideration of 

flora and fauna” is important determinator for the vulnerability of coastal parts. 

Thus to keep the sustainability of these kind of assets, presence of “restriction 

zones to fishing” and existence of preventive and preservative cautions for some 

species like sea-turtles with substantial consideration on areas they intensively 

exist are important indicators namely “consideration of impacts of sand 

extraction” from breeding and nutrition spaces and, lighting and noise control 

precautions on these areas. 

Built environment indicators 

Urbanization and built environment are outcomes of the human induced 

unsustainable development of coastal areas. Increasing development pressure for 

accommodation, commercial or recreational facilities inevitably motivate 

settlements will expand to the natural spaces. With increasing populations, land 

use patterns have been changing along the coast then many agricultural and 
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previously undeveloped areas have been converted into residential, commercial, 

tourism and industrial uses. For the study area, coastal constructions and tourism 

developments are main factors that threaten resilience of coasts. Consequent 

sprawl and urbanization have affected coastal ecosystems and coastal vulnerability 

in various forms.  

In this manner “Rate of engineered frontage and constructed areas on coasts”, 

“Yacht tourism pressure”, “Average Coastal distance”,  “Rate of tourism 

developments on coasts”, “Impervious surface percent”, “Urbanization rate”, 

“Mixed use and compact development”, “Green areas per capita (m)”, “Disaster-

resistant land use and building code”, “Climatic regulations: cooling and heating 

effects; sensitive to sun and wind”, “Rate of farmland/total size”, “Irrespective of 

temperature rise and flooding”, “Orientation to nature-based tourism, ecotourism, 

culture tourism”, “Consideration of green building and green infrastructure 

standards” and “Consideration of green roofs- Installation of vegetative roofing 

materials” was selected as indicators that represent “built environment” 

vulnerability. 

Types of land use or land cover are significant factors in determining coastal 

vulnerability. Increasing pressures on coasts for development and recreation 

purposes will inevitably lead increasing vulnerability (Cutter et al. 2007, Dolan 

and Walker, 2006) with changing shoreline and increasing demand for living and 

recreational space such as yacht tourism. However, some of the vulnerability can 

be mediated by improving community resilience. So, planned adaptation (e.g. 

shoreline protection, dune restoration) can reduce built environment vulnerability 

by enhancing system resistance and resilience thereby increasing the likelihood of 

adaptation. Thus, at the indicator selection process in this study, besides factors 

controlling vulnerability of a Fethiye-Göcek SEPA, planning adaptation measures 

to decrease the effects of these vulnerabilty factors are considered in the same 

way. “Rate of engineered frontage and constructed areas on coasts”, “yacht 
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tourism pressure”,  “rate of tourism developments on coasts” as well as 

“orientation to natüre-based tourism, ecotourism, culture tourism”. 

When the impacts of coastal hazards are considered by the developments for 

housing, commercial facilities or tourism etc., their distance from the sea 

(“average coastal distance)” is another important factor that influences the coastal 

vulnerability. Birkmann and Fernando (2008) suggest that the 100-metre buffer 

‘risk zone’: housing damage inside and outside the 100-metre zone: with regard to 

the aspect of exposure, significantly higher amount of intensive damage takes 

place inside the 100-metre zone. In the study area, main developments are taking 

place in the areas near the coastal zone; “Average Coastal distance” is selected as 

an indicator to measure the vulnerability level. 

Alterations to land use for tourism and other development activities and natural 

inlets impact nutrient runoff, storm water management, and water quality; 

shoreline hardening and dredging changes coastal circulation patterns exacerbating 

shoreline erosion and the ability to attenuate flooding; and development that 

replaces land cover, disturbs habitats and species (Burkett and Davidson, 2012). 

Besides changing land uses and land cover trigger coastal storms, particularly in 

terms of coastal flooding that puts people and property at risk. 

Changes in land use and land cover affect the magnitude-frequency relationship of 

runoff by reducing the infiltration capacity of the soils (“impervious surface 

percent” and “rate of farmland/total size”). Urbanization changes the natural 

rainfall-runoff regime in such a way that large floods begin to occur more 

frequently and a stream’s hydrologic regime becomes faster than normal range – 

peak discharges get larger (Young and Nobre, 2012). Urbanization process 

narrows the natural and green spaces, creates impervious surfaces, infiltration 

capacity of the land surface decreases and water is able to run off more quickly 

(Burkett and Davidson, 2012). “Urbanization rate” and “Green areas per capita 

(m)” are important indicators to relate to the vulnerability of the study area 
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because the density of the built environment is another source of vulnerability. A 

high density of structures equates to more community assets in harm’s way 

including commercial and industrial development and the residential housing 

stock. 

On the other hand, the principle of “mixed use and compact development” for 

sustainable and resilient settlements is incorporated to the index of the study area  

as  an indicator since this type of development helps to mitigate greenhouse gas 

emissions by reducing traveled distance and lessen the development pressures on 

natural spaces. 

In fact, many argue the need to balance environmental and development issues 

while promoting safe and livable communities is the key to fostering resilience and 

this can only be done through hazard mitigation planning and managing local land 

use (Burby et al. 1999).  Alteration in the viewpoint of planning respective of 

climate change effects such as temperature rise and flooding and considering 

tourism sector orientation to nature-based tourism, ecotourism or culture tourism 

needed to be taken into account for vulnerability context in the study area. From 

the perspective of the built environment, improvement in construction practices, 

architectural regulations, green infrastructure applications, building codes, 

retrofitting and elevating homes are all measures that enhance resilience as does 

the building of redundancy in some of the critical infrastructure. In this context, 

some indicators like “disaster-resistant land use and building code”, “climatic 

regulations: cooling and heating effects; sensitive to sun and wind”, “rate of 

farmland/total size”, “irrespective of temperature rise and flooding”, “orientation 

to nature-based tourism, ecotourism, culture tourism”, “consideration of green 

building and green infrastructure standards” and “consideration of green roofs- 

Installation of vegetative roofing materials” are operated in the ICVI index in this 

study. 
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In brief, human-induced hazards namely land degradation, inappropriate 

development and encroachment and protection structures decrease (or temporarily 

increase) resistance thereby reducing resiliency of the system to respond and adapt 

(Dolan and Walker, 2006). In this context, analyzing the vulnerability factors 

resulted with urbanization process is noteworthy because the Fethiye-Göcek SEPA 

showing multiplicity of development patterns with rising trend of population. 

Accordingly, human-induced factors for development purposes on natural spaces 

are needed to be taken into consideration to measure the vunerability level. 

Infrastructure indicators 

Communities, be it rural or urban, depend on series of infrastructural facilities. 

Resilient infrastructure systems, particularly electricity, water; transportation and 

health services minimize the impacts of disasters and mainly an appraisal of 

community response and recovery capacity. In this context, potential indicators 

assigned for infrastructure vulnerability index are: “Zero waste reduction and high 

recycling strategy”, “Consideration Boat-yacht wastes”, “Waste and storm water 

management”, “Tourism formations’ waste water treatment strategies”, 

“Requirements for wind, solar, geothermal, or other renewable energy sources”, 

“Energy efficiency and energy stars”, “Total water consumption per 

capita(liter/person”, “Renewable energy consumption”, “Electric power 

consumption”, “Presence of alternative transportation strategies”, “Density of 

the total road network”, “Consideration of Pedestrian/resident-friendly, bicycle-

friendly “number of cars per 1000 inhabitants”, “Minimum fuel efficiency 

standards for municipal fleets; acquisition of alternatively fueled vehicle”, 

“Climate proofing of transport infrastructure”, “number of medical doctors per 

100.000 inhabitants” and “number of hospital beds per 1000 inhabitants”. 

Infrastructure provides key indicators for Fethiye-Göcek SEPA’s response 

capacity (e.g. public safety structures, shelters, health care facilities), as well as the 
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identification of critical infrastructure such as pipelines, roads and bridges, water 

treatment and storage, communications, and power transmission (Cutter 2008). 

Coping with the growing water needs of settlements is one of the most pressing 

challenges of this time. Settlements rely on a steady supply of safe drinking water 

and in turn have a huge impact on freshwater systems. Moreover, to meet the 

growing demand, many cities are overexploiting their water resources as such; it is 

noteworthy for the study area that protecting natural ecosystems to secure its water 

supplies makes economic sense and increase the resilience. “Total water 

consumption per capita”, “Zero waste reduction and high recycling strategy”, 

“Consideration boat-yacht wastes”, “waste and storm water management”, 

“tourism formations’ waste water treatment strategies” are identified as an 

indicator to state the water requirements as well as pressure on water resources and 

to the natural environment of the study area. 

Furthermore, many forms of energy are the result of a service provided by species 

and ecosystems. Ecosystems are also key to helping meet the growing energy 

demand, that is why we need to enhance their quality and minimize the impacts of 

energy—even renewable energy and energy efficiency options—on ecosystems. 

Consuming less energy with green infrastructure can be introduced as an example 

to enhance energy security in settlements (Marton-Lef’evre 2012). Therefore, 

revealing the renewable energy capacity of Fethiye-Göcek SEPA with the selected 

indicators such as “electric power consumption”, “requirements for wind, solar, 

geothermal, or other renewable energy sources”, “energy efficiency and energy 

stars” and “renewable energy consumption is crucial to measure the vulnerability 

level of a region.  

Public infrastructure and lifelines such as roads, water, bridges, or power are 

important sources of vulnerability; the loss of this infrastructure could place a 

large financial burden on smaller communities that lack the resources to rebuild 

after a destructive hazard. As McLaughlin and Cooper (2010) emphasized, 
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“density of the total road network” is introduced to coastal vulnerability index of 

the study area so roads were noticed as vital lines of communication and the main 

medium for transport when we considered the vulnerability of settlement to the 

hazards. 

Traditional car dependant transport and mobility systems emphasize the fast 

movement of people and goods by extensive networks of ever-expanding 

vulnerable highways and roads. Figuring out the reliance on walking and bicycling 

and transit systems in the study area is necessary because these systems are often 

more resilient in the face of natural disasters by means of lower levels of damage, 

quicker functioning and service, and having fewer negative environmental 

impacts.  Also, pedestrian-friendly neighborhoods design and planning is an 

essential way to reach community resilience thus it is useful way to employ the 

proxy indicators namely “Presence of alternative transportation strategies”, 

“Consideration of Pedestrian/resident-friendly, bicycle-friendly”, Minimum fuel 

efficiency standards for municipal fleets; acquisition of alternatively fueled 

vehicle”  to determine the vulnerability level of  the study area.  

Also, critical infrastructures can be defined as critical (care) facilities and lifelines 

that are important for the functioning of the society and have been shown to 

contribute to the impacts of natural hazards if located in the affected area. The 

quality of medical services and the access to hospital beds are inevitable for the 

population in case of large disasters (Eidswig et al. 2014). The indicators of 

“number of medical doctors per 100.000 inhabitants” and “number of hospital 

beds per 1000 inhabitants” are included for this purpose as hospitals and road 

network are necessary for the functioning of the society and dysfunctioning of 

them increases vulnerability and lengthen immediate relief and longer-term 

recovery from disasters (Cutter et al. 2003; Eidswig et al. 2014). 

So, in table 9, four dimensions that constitute the proposed ICV index for Fethiye-

Göcek SEPA and their proxy indicators takes place as a whole. 
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Table 8: Indicators that form the ICV index 

 

INTEGRATED COASTAL VULNERABILITY INDEX 

Dimensions Category Proxy Indicators Data source 

SOCIO-

ECONOMIC 

Population Old age dependency rate  Turkish Statistical 

Institute, Eurostat 

  Population growth rate(‰) *Turkish Statistical 

Institute, Eurostat 

  Population density Turkish Statistical 

Institute, Eurostat 

  Net migration rate (‰) Turkish Statistical 

Institute, Worldbank 

  Literacy rate (‰) Turkish Statistical 

Institute 

  Household size Turkish Statistical 

Institute, Eurostat 

 Socio-econ 

status 

GDP per capita(euro) Turkish Statistical 

Institute, Eurostat 

  Employment loss/Unemployment Turkish Statistical 

Institute, Eurostat 

  % rural farm population;  Report of 1/25.000 

scaled Territorial 

Plans, Turkish 

Statistical Institute, 

Eurostat 

  Scale of fishing sector Expert opinions 

  % tourism population: Tourism 

employment/total employment 

Report of 1/25.000 

scaled Territorial 

Plans, Eurostat, 

Fethiye Socio-

Economic Report, 

*Tourism Statistics- 

AKTOB(2014) 

  # of arrivals (international tourism) 

(arrivals/total population) 

Worldbank,  Muğla 

İl Kültür Turizm 

Müdürlüğü, 

Fethiye İl çevre 

Durum raporu 

(2007) 

Total 12   

NATURAL 

SYSTEMS 

 Type of settlement / coastal 

landform(Coastal/river delta 

/Lateritic Plain area/Low cliffs 

/Medium cliffs/Rocky cliffed 

/Mountainous) 

Expert opinions 

  Presence of species to be protected Expert opinions 

  Consideration of caretta-caretta 

with coastal and terrestrial 

ecosystems 

Expert opinions 



 

 

 

 

159 

 

Table 8 (continued) 

  Size of undisturbed 

habitat(protected areas for 

biodiversity)% 

1/25.000 scaled 

Territorial Plans, 

Eurostat 

  Size of forest areas 1/25.000 scaled 

Territorial Plans, 

Ministry of 

Forestry and 

Water Affairs, 

World bank 

  Length of coast/total acreage 

(m/km2) 

Vikipedi 

CIA World 

Factbook, 

GDPNA  

  Land area where elevation is below 

5 meters (% of total land area) 

Satellite maps, 

World bank 

  temperature rise 

projections(RCP4.5 scenario) 

Demircan et. al 

(2014),Akçakaya 

et. al (2013) 

  Creation of conservation zones or 

protection areas 

Expert opinions 

  CO2 emissions (metric tons per 

capita) 

World bank 

  Consideration of Impacts of sand 

extraction, lighting and noise on 

sea turtles 

Expert opinions 

  Consideration of Protection of 

estuaries (from urbanization, 

agriculture and tourism) 

Expert opinions 

  Consideration of flora has to be 

protected (sığla….) 

Expert opinions 

  Presence of restriction zones to 

fishing 

Expert opinions 

Total 14   

BUILT 

ENVIRONMENT 

Coastal 

Constructions 

Rate of engineered frontage and 

constructed areas on coasts (Ports, 

marinas, boat service areas) 

m2/total coastal length 

Satellite maps 

  Average Coastal distance(m) Fethiye Land 

Development 

Plan 

 Tourism Rate of tourism developments on 

coasts 

Fethiye Land 

Development 

Plan 

  Yacht tourism pressure Expert opinions 

  Orientation to culture or nature-

based tourism, ecotourism 

Expert opinions 

  Irrespective of temperature rise and 

flooding 

Expert opinions 
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Table 8 (continued) 

 Agriculture Rate of farmland/total acreage 1/25.000 scaled 

Territorial Plans, 

Turkish 

Statistical 

Institute,World 

bank 

 City macro 

form 

Impervious surface percent  1/25.000 scaled 

Territorial Plans, 

* World bank 

  Urbanization rate Turkish 

Statistical 

Institute, World 

bank 

  Green areas per capita (m) Fethiye Land 

Development 

Plan 

  Mixed Use and compact 

development  

Expert opinions 

 Architectural 

details 

Climatic regulations: cooling and 

heating effects; sensitive to sun 

and wind   

Expert opinions 

  Disaster-resistant land use and 

building code 

Expert opinions 

 Green 

infrastructure 

Consideration of Green building 

and green infrastructure standards.  

Expert opinions 

  Consideration of Green roofs- 

Installation of vegetative roofing 

materials 

Expert opinions 

Total 15    

INFRASTRUCTURE Waste 

strategies 

Zero waste reduction and high 

recycling strategy  

Expert opinions 

  Waste and storm water 

management 

Expert opinions 

  Consideration Boat-yacht wastes Expert opinions 

  Tourism formations’ waste water 

treatment strategies 

Expert opinions 

 Renewable 

energy 

programs 

Requirements for wind, solar, 

geothermal, or other renewable 

energy sources 

Expert opinions 

  Energy efficiency and energy stars Expert opinions 

  Renewable energy consumption 

(% of total final energy 

consumption 

Expert opinions 

 Energy Total water consumption per 

capita(liter/person) 

Turkish 

Statistical 

Institute, World 

bank 
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Table 8(continued) 

  Electric power consumption (kWh 

per capita) 

Turkish 

Statistical 

Institute, World 

bank 

 Transportation 

policies 

Presence of alternative 

transportation strategies  

Expert opinions 

  Density of the total Road network  Turkish 

Statistical 

Institute, Eurostat 

  Consideration of 

Pedestrian/resident-friendly, 

bicycle-friendly 

Expert opinions 

  # of cars per 1000 İnhabitants Turkish 

Statistical 

Institute, Eurostat 

  Minimum fuel efficiency standards 

for municipal fleets; acquisition of 

alternatively fueled vehicle 

Expert opinions 

  Climate proofing of transport 

infrastructure 

Expert opinions 

 Health services # of medical doctors per 100.000 

inhabitants 

Turkish 

Statistical 

Institute, 

Eurostat, OECD 

Health Data 2012 

  # of hospital beds per 1000 

inhabitants 

Fethiye Strategic 

Plan 2015-2019, 

Turkish 

Statistical 

Institute, Eurostat 

Total 17   

ICVI 58   

*data was adapted to the indicator or year. 

 

 

 

5.4.2.1.4. Temporal Scale: 

To decide the temporal scale of vulnerability assessment, planning systems’ 

contribution was evaluated in this study and the main purpose was to compare two 

time periods: year 2000 and year 2016. 1/25.000 scaled Territorial Plan of Fethiye-

Göcek SEPA were declared at 1998 and revised at 2008 so to observe the effects 

of these plans form the perspective of coastal vulnerability can be useful for these 



 

 

 

 

162 

 

years. These territorial plans were used as an input that provides required data to 

assign and compare the vulnerability rates of many indicators. Also these time 

periods do not reflect exact years of collected data because it was not possible to 

reach exact statistical data for every year and for every settlement level demanded. 

To get the accurate values for specific indicators proximate data had to be used in 

some cases.  

5.4.2.1.5. Source of Data: 

Availability of data is an important factor in the selection of variables to depict 

vulnerability at each scale. For the study area not all of the data for all variables 

had collected or prepared for all the time periods, and in many instances, there was 

a change in the definition of the variable. There were not available and qualified 

data at the county level; some variables simply were not collected in the earlier 

decades. In the case of suitable data cannot be attained it was also considered that 

data had to be extracted from larger datasets or secondary data was to be derived. 

For example, the exact value of “CO2 emissions (metric tons per capita)” for 2016 

is not available therefore 2011 year data for Turkey from World bank statistics; for 

“household size” indicator for Fethiye town the year 2013 Turkish Statistics 

Institute data was used to refer the aimed year.  Alternatively, to figure the rate of 

“Impervious surface percent (for heat island effects)” indicator Eurostat statistics 

for European Union 2000 year data is inferenced from the 2012 and 2009 year 

data. 
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Table 9: Data sources used during the case study 

 

Spatial Data 

and Maps 

Reports Statistics Quantitative data 

Fethiye- 

Göcek SEPA 

Territorial 

Plans 

1/25.000 

scaled 

“Determination of Biodiversity of 

Coastal and Marine Habitats in 

Fethiye-Göcek Special 

Environmental Protected Area”, 

Environmental Protection Agency 

For Special Areas (EPASA) 2009 

Turkish Statistical 

Institute: 

population and 

demography 

household 

Labor force  

Municipal waste, 

water 

Income, Living, 

Consumption and 

Poverty 

Ministry of Forestry 

and Water 

Management, 

Ministry of Energy 

and Natural 

Resources, Ministry 

of Culture and 

Tourism,  Turkish 

State Meteorological 

Service 

Fethiye Land 

Development 

Plan 

“Economic Analysis of Fethiye-

Göcek 

Special Environmental Protection 

Area”, 

Ministry of Environment and 

Urbanization 2013 

Eurostat: 

population, 

employment, 

environment, land 

use 

 

Göcek Land 

Development 

Plan 

“The Report for Monitoring and 

Conservation of Sea Turtles (Caretta 

Carreta, Chelonia Mydas) 

Populations Within The Scope Of 

Fethiye-Göcek Specially Protected 

Area Monitoring Species And 

Habitat Project”, Ministry of 

Environment and  Urbanization 2013 

World bank: 

poverty, 

environment, world 

development 

indicators 

 

Satellite 

maps 

“The Report for Determination of 

Yacht Carrying Capacity of Gocek 

Bay”,  EPASA 2007 

OECD health 

statistics 

 

 “The Report for Determination of 

Yacht Carrying Capacity of Fethiye 

Bay”, Ministry of Environment and 

Urbanization, 2012 

  

 “Research Report on Fethiye- Göcek 

SEPA Socio-Economic, Historic and 

Cultural Values”, EPASA, 2010.  

  

Base/ 

Topographic 

Maps 

“Strategic Plan For Fethiye 

2015/2019”, Municipality of Fethiye 

  

 “Special Environmental Protection 

Zone of Fethiye-Gocek and Dalaman 

Bays Application of Procedures and 

Principles for Protection”, EPASA, 

2009 
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For the vulnerability indicators namely “creation of conservation zones or 

protection areas”, “presence of restriction zones to fishing” that cannot be valued 

by statistical data but necessitate special experience to decide the appropriate value 

and need subjective evaluations, it was preferred to seek an opinion of specialists 

and expert guidance (Li and Li 2011; Torresan et. al. 2012). Five rating classes are 

decided as corresponds to the answers of these experts in that “exactly not=5; 

rarely concerned=4; attempts but no implementation=3; high attempts but not full 

implementation=2” and “fully considered=1”. So, qualitative measurements for 

specific indicators were finalized according to the expert evaluations. 

 

Also generally accepted standards for some criteria are used to decide vulnerability 

rate of some indicators. For instance, located under the dimension of “Built 

Environment”, for the indicator of “green areas per capita”, the standard put forth 

by World Health Organization as minimum 9 m2 and according to the Law of 

Development (year: 1985, law no:3194) this area should be minimum 10 m2 used 

as a reference. 

 

Indicators like “Rate of farmland”, “Impervious surface percent”, “Size of forest 

areas”, and “Size of undisturbed habitat” and “Average Coastal distance (m) 

were measured by means of Territorial Plans of Fethiye-Göcek SEPA and Land 

Development Plans. 

 

To measure the values of indicators namely “Rate of engineered frontage and 

constructed areas on coasts” and “Land area where elevation is below 5 meters” 

satellite images for 2004 and 2016 were used. 

 

The data necessary for compiling a coastal vulnerability index are expressed in the 

qualitative and quantitative form, are frequently available at different scales, and 

are expressed in different units of measurement. Under the categorization of four 

dimensions total 58 indicators are framed and statistical measurements, spatial 
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territorial plans’ decisions; expert ratings and previous studies and reports were 

used to reach final rates of vulnerability indicators.  

5.4.2.1.5.1.Standardization: 

At the next stage of the assessment the exact values of each indicator are 

standardized to the processable values. To standardize final values of each 

indicators, all specific values for Fethiye-Göcek SEPA for each indicators 

compared with their reference values (generally for specific value of Turkey and 

for European Union, but in some cases according to the inavailability of data only 

for Turkey/EU or World average values) were divided into five classes depending 

upon the nature of each of these variables ranging between 1 to 5 from very low to 

very high vulnerable case adopted in earlier studies (Rao et al. 2008; Gornitz 1991; 

Thieler and Hammar- Klose 1999; Ozyurt and Ergin 2010). The scaling of 1 to 5 

was used for every variable standardizes the scoring system and enables variables 

measured in different units to be combined mathematically. The vulnerability 

ranges were determined based on the distribution of available data related to each 

parameter. Ranking of variables is not entirely objective exercise thus the criteria 

by which they are ranked is clearly expressed below: 

For indicators that need statistical data such as “old age dependency rate”, 

“percentage of rural farm population” and “urbanization rate” etc. especially 

Turkish Statistical Institute, Eurostat, World bank and OECD statistics, several 

Turkish Ministries’ special statistics were used as well as special reports’ database 

on Fethiye- Göcek SEPA, City of Muğla, Aydın-Muğla-Denizli Region etc. To 

assign vulnerability rate of a region by using these statistical data, reference data 

was used to compare and scale statistical data for each specific indicator. Specific 

indicator’s statistical values belonging to Turkey and the European Union - in 

some cases World -were used as reference data to compare with the specific value 

of a study area. So data was normalized according these reference data and special 

range intervals are introduced. To calculate the actual value of a specific indicator 
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for study area principally the exact data for Fethiye-Göcek SEPA, in the absence, 

respectively at first data for the town of Fethiye, except secondly City of Muğla 

otherwise thirdly data for Aydın-Muğla-Denizli Region was used. For example, 

concerning the indicator of “population density”, TSI database was used to get 

exact values of settlements in the study area for years of 2000 and 2015 and 

population densities (total population/total area) were calculated for these time 

periods. Then Turkey and EU data was used as the reference values; similarly TSI 

database was used for Turkey and Eurostat data was operated for EU for the years 

of 2003 and 2014 because of the availability of data. 

 

As another example; for the “employment loss/unemployment” indicator, the exact 

value of Fethiye-Göcek SEPA could not be reached thus TR32 statistical region 

Aydın-Denizli-Muğla data was decided to use. Because the 2000 and 2016 data 

was not available, TSI data for 2006 and 2013 was preferred. 

 

Furthermore, in the case of local value could not be reached or this kind of 

statistics have not been prepared such as “CO2 emission (metric tons per capita)”, 

Turkey data was compared with EU and World average as reference values to 

standardize each indicator. 

5.4.2.1.5.2.Weighing: 

It is accepted in this study that every indicator will have the same weight as the 

study of Cutter et al. (2003); McLaughlin and Cooper (2010). Not all factors are 

equal, but determining appropriate weighting is a challenge in vulnerability 

assessment; subjective weights reduce confidence in the results. Extensive work of 

literature review indicated that there is not generally accepted method proving 

obvious superiority of one indicator to another so indicator weighing method do 

not preferred. 
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5.4.2.1.6. Index Calculation: 

After deciding each vulnerability indicator rates, at the stage of index calculation; 

vulnerability dimensions of socio-economic, natural systems, built environment 

and infrastructure were figured out separately for years 2000 and 2016 was 

determined by calculating the average value of the sum of the each vulnerability 

value. These vulnerability dimensions were then aggregated by using a simple 

averaging technique (Das Gupta and Shaw 2015; Thieller-Hammar Klause, 1999; 

Turvey, 2007 and Pendelton et al., 2010) to calculate the overall vulnerability 

namely Integrated Coastal Vulnerability (ICV). This calculation method was 

preferred because this simple method of aggregation is transparent and easy to 

understand.  

Based on statistical data, local physical data and expert ratings evaluated as “1” for 

the least vulnerable case and as “5” for the most vulnerable case, according to 

Özyurt (2007) and Kurniawan et al. (2016). Final vulnerability results are 

evaluated according to the following classification:  

 

 

Table 10: ICVI classification for scores and classes 

 

  Vulnerability class 

  Very low   Low  Moderate High  Very high 

Vulnerability 

index score 

1 2 3 4 5 

Vulnerability 

classification class   

>1–1,5 >1.5–2,5 >2.5–3,5  >3.5–4,5 >4,5–5 

 

 

As it is mentioned in the conceptual part of this study, there are two way 

relationships between coastal settlements and climate change. Introducing the 

effects of climate change on study area is the primary aim of this work so the 

general model is constituted to analyze this effect. To reveal the climatological 
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effects on the coastal vulnerability of Fethiye-Göcek SEPA, some related 

indicators that can be measured were situated under the four vulnerability 

dimensions. “Temperature rise projections” and “CO2 emissions (metric tons per 

capita)” under the “Natural Systems” dimension, “irrespective of temperature rise 

and flooding”, “impervious surface percent (for Heat island effects)” and “climatic 

regulations: cooling and heating effects; sensitive to sun and wind”  under the 

“Built Environment” dimension, “Climate proofing of transport infrastructure” 

under the “Infrastructure” dimension can be demonstrated as some indicators to 

assess the climate change effects on vulnerability of study area.  
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CHAPTER 6 

 

 

RESEARCH FINDINGS 

 

 

 

Coastal vulnerability indicators in the study area were categorized under the 

dimensions of socio-economic, natural systems, built environment, and 

infrastructure vulnerability. The ICVI was determined by calculating the average 

value of the sum of the vulnerability dimensions temporally by the years of 2000 

and 2016 so the temporal trend of the coastal vulnerability of Fethiye-Göcek 

SEPA is then drawn according to these dimensions. 

 

The proposed method allows the comparison of vulnerability scores of different 

dimensions and this comparison of vulnerability scores is useful in order to 

interpret a single vulnerability score and to define the most critical components in 

terms of vulnerability. For instance, coastal vulnerability assessment of study area 

indicates descending temporal trend and more vulnerable in 2000 than in 2016. 

According to comparative vulnerability values of 2000 and 2016 years, socio-

economic dimension is almost stable with little decrease, but still has moderate 

vulnerability level, dimensions of built environment and infrastructure 

vulnerability have the upward movement denoting that study area is more 

vulnerable especially regarding infrastructure dimension; while natural systems are 

becoming less vulnerable depending on low to moderate vulnerability ranking. 

Nevertheless, it is worth mentioning that vulnerability values could not diverge 

from moderate or moderate-high levels for each dimension. 
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Table 11: Final ICV index values 

 

YEARS SOCIO-

ECONOMIC 

NATURAL 

SYSTEMS 

BUILT 

ENVIRONMENT 

INFRASTRUCTURE ICV 

2000 3.75 3.50 3.73 4.12 3.78 

2016 3.50 2.93 3.93 4.29 3.66 

 

 

 

Based on the values of four dimensions, ICV assessment model of climate-induced 

coastal vulnerability is calculated for the study area. Results of vulnerability 

dimensions are from 2.93 to 4.29 for the years of 2000 and 2016. Higher values of 

built environment and infrastructure dimensions show us anthropogenic processes 

are the most significant factors that delineate the limits of the coastal vulnerability 

of Fethiye-Göcek SEPA. 

 

 

 

Figure 22: Coastal vulnerability dimension values for the years of 2000 and 2016 

and their level of contribution to overall vulnerability. 
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Figure 23: Coastal vulnerability dimension values according to the years of 2000 

and 2016 and their level of contribution to overall vulnerability. 
 

 

6.1.Socio-Economic Vulnerability Results 

This dimension shows a stable trend for two time periods 2000 and 2016 with the 

values of 3.75 and 3.50 reflecting moderate to high-level vulnerability. Social 

vulnerability is often hidden, complex, and involves various human factors, so it is 

difficult to obtain direct empirical evidence about it. Therefore, this study can only 

compare and validate the index serving the basic framework about factors of 

socio-economic vulnerability. The principal factor that frames the socio-economic 

vulnerability is the sectors to which based on the study area’s economy ans 

agriculture and tourism sectors are the main economic sectors that shape the 

economy of the Fethiye-Göcek SEPA. The number of people whose livelihood 

depends on these sectors is increasing according to this index (rural farm 

population has risen from 40% to 55%, tourism population from 30% to 45%).  

These values are much higher than reference values of Turkey (34% for 2004 and 

23.6% for 2013) and EU (28% for 2004 and 25.6% for 2013).  On the other hand, 
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another factor that specifies vulnerability values is population density because the 

rate of this indicator has risen from the moderate level of vulnerability to very 

high. The growth of tourism based population and intensive utilization of tourism 

activities are driving factors of coastal vulnerability. Also, tourism is a major 

source of stress to Fethiye-Göcek SEPA’s ecosystem due to its direct damaging 

impact and reducing its environmental quality. Tourism potential of the study area 

can be seen as one of the main factors that impact socio-economic vulnerability 

and ICV via the indicator of  number of tourism arrivals as well as the economic 

dependence of tourism sector as showing the very high level of vulnerability rates 

for both years of 2000 and 2016. 

The indicator of old age dependency rate (Cutter et al 2008b, Zhou et al., 2014; 

Zhang and You 2014) are frequently used in vulnerability assessment literature 

under the dimension of socio-economic vulnerability.  In the case of hazard, 

elderly population’s dependency may at higher rates to recovery and need some 

assistance so they are more vulnerable than others during an emergency (Khan, 

2012). Because the dependency rates are very high in EU via aging population, 

(23.3 for the 2000 year; 27.5 for the 2013 year), study area resulting rates stayed at 

low rates. Values of this indicator remained between that of reference values of 

EU and Turkey calculated so, in 2000 and for the year of 2013 vulnerability rate 

was 2(low). 

 

Being at the forefront of the tourism investments, natural assets and potentials, 

coastal tourism capacity and agriculture-based economy, an indicator of 

population growth rate showed respectively very high values in the study area. 

While Turkey has the population growth rate value of %1.8 for the 2000 year and 

%1.34 for 2015, for EU countries these values are %0.41 for 2004 and %0.35 for 

2015 because of the rapid decline of population growth rates of European 

countries. On the other hand, for the study area population growth rate is 11.1% 

between the years of 2012 and 2013. Most important factor that generates higher 



 

 

 

 

173 

 

growth rates for case study area that whole city center of Fethiye within the 

boundaries of Fethiye-Göcek SEPA as showing greater development tendencies. 

Measured values are much higher for the study area comparatively than the 

reference values of Turkey and EU, values of which were considered in the rating 

calculation and standardization. Although the difference between values of 

population growth rate for the study area and reference areas very high, this 

indicator’s contribution to overall vulnerability was limited to the highest rate of 

5(very high) for both two temporal scale. 

 

Related to population growth rate, population density is another variable that had 

striking results. To reach the rate of indicator population per square kilometer was 

calculated based on TSI statistics, data for the study area was constituted from the 

settlements populations and the areas within the boundaries of the case. The value 

of study area for 2000 was 99.7, according to Eurostat statistics, the value of 

Turkey was (for 2003) 91.3, EU was 112.8. For the year 2015, this value reached 

165.45 for the study area, 100.3 for Turkey, and 116.7 for EU. Increase in 

population density for approximately 15 years has a considerable share in the 

overall vulnerability of an area. Despite being a conservation area and strict 

development regulations, population rise concentrated especially at coastal 

settlements and city centers with newly developed areas mostly located at coastal 

parts have resulted in the increasing population density rates for Fethiye-Göcek 

SEPA. 

 

To reveal the effect of the tourism sector to the population growth and rise in 

population density, the indicator of the percentage of tourism population aimed to 

present the tourism employment rates within the overall population. According to 

several types of researches and reports, this value is highly over the reference 

values of Turkey and EU.  It is undeniable for this difference that reference values 

are based on the average values of all the parts of settlements but case area 

includes the important and developed centers of the tourism industry. Values of the 
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year 2000 for Turkey and EU are %4.7 and %6.7(these values are inferred from 

2004 and 2006 values) whereas for the study area is %30. The report of 1/25.000 

scaled Fethiye-Göcek SEPA Territorial Plan reveals that for the year 2008 this 

value is approximately %45 (Directorate General for Preservation of Natural 

Heritage), as to the values of 2012, it is calculated as 4.9 for Turkey and 5.5 for 

EU. In this context for the 10 years period vulnerability rate of study area 

measured as 5 (very high). Another indicator that was examined under the tourism 

heading was the number of arrivals calculated by the proportion of total arrivals to 

the total population of Muğla province because the exact value of study area 

couldn’t be reached. Then the result showed us the same vulnerability rate of 5 

(very high) for two time periods (2000 and 2016). 

 

As to the indicator of the percentage of rural farm population within the total 

population, results of the study area demonstrated that vulnerability rate is stable at 

the rate of 5(very high) with 40% for the 2004 year and 55% for 2009.  The 2002 

year value was constituted from the value of TR32 Nuts region (Aydın-Denizli-

Muğla) and 2008 value obtained from the report of 1/25.000 scaled Fethiye-Göcek 

SEPA Territorial Plan.  But the same trend couldn’t be observed for the reference 

areas of Turkey and EU. For the year 2004, Turkey has the 34% and EU has 28%, 

these values fall to 23.6 for Turkey and 25.6 for EU in 2013. EU agriculture 

policies and measures in the cohesion process can be associated with this falling 

trend. On the other hand in the case study area, one of the main economic sectors 

is agriculture so agriculture population maintained its rising trend. 

 

A number of vulnerability studies operated the GDP indicators to frame the 

income situation of an area (Adger 1999; Cutter et al., 2008b; Birkmann et al., 

2012). This indicator shows the capacity of precautionary measures before a 

hazard and recovery potential of the household after a coastal hazard. In this study 

it was aimed to reach the comparative value of population rate under per capita 

income, because of the limited data, GDP per capita was accepted as the income-
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related indicator for an area. 2000 and 2011 year values were calculated for the 

province of Muğla and TR 32 Region (Aydın-Denizli-Muğla) because of the 

suitable database. Against the high values of reference areas, vulnerability rate of 

case area was stepped from 4 (high) to 5 (very high) from 2000 to 2011. For the 

year 2000, GDP per capita value of Muğla (3809 euro) was compared with 

reference values of Turkey (2654 euro) and EU (22.900 euro), then for 2011 this 

indicator value of TR 32 Region (6752 euro) was standardized with the reference 

values of Turkey (7201 euro) and EU (25.800 euro).   

 

As an example of indicators that indicate the recovery capacity of an area, 

household size and illiteracy rate showed declining trend in the study area that 

was prevented the rise of overall socio-economic vulnerability rates. Household 

size has fallen from 4.5 for Muğla province at 2000 to 3.17 for Fethiye town at 

2013. Reference values of Turkey and EU have shown same declining movement 

in that Turkey fell from 3.8 for 2006 to 3.5 for 2013, EU from 2.4 to 2.3 for the 

same time periods. 
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Table 12: Socio-economic vulnerability rates 
 

 Socio-Economic Vulnerability 2000 2016 

population Old age dependency rate  2.00 2.00 

 Population growth rate(‰) 5.00 5.00 

 Population density 3.00 5.00 

 Net migration rate (‰) 5.00 2.00 

 Illiteracy rate (‰) 4.00 2.00 

 Household size 5.00 4.00 

socio-econ 

status GDP per capita(euro) 4.00 5.00 

 Employment loss/Unemployment 1.00 1.00 

 % rural farm population;  5.00 5.00 

 Scale of  fishing sector 1.00 1.00 

 % tourism population Tourism employment/total 

employment 5.00 5.00 

 # of arrivals (international tourism) (arrivals/total 

population) 5.00 5.00 

12 OVERALL SOC-ECO 3.75 3.50 

 

6.2.Natural Systems Vulnerability Results 

Among all the dimensions of a coastal vulnerability index, the only dimension 

showing remarkable tendency to decrease is natural systems’ vulnerability. This 

dimension of coastal vulnerability delineates tendency to fall from the high level 

of vulnerability (3.5) to moderate (2.93) for approximately 16 years period. 

Natural systems are mentioned as resources that robust the bearing capacity of an 

area to climate-induced hazards (Cutter, 2008; Renaud, 2012; Gilmer and Ferdana, 

2012; Abdrabo and Hassaan, 2015). On the other hand, with the existence of this 

kind of hazards, they will possibly be the most affected assets from the negative 

impacts of climate change. 

A landform of settlement, distance to coast, land elevation from the sea, diversity 

of flora/fauna, the existence of wetlands, reserve areas and species under 

protection, related to this sensitivity of an area, climate change effects, air and 
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water quality evaluated under this dimension. In addition to these, planning 

mechanisms’ regulations about protection of these areas as well as flora and fauna, 

prevention of destruction on these areas and diminishing development requests and 

threats on these areas were studied. Different from the socio-economic dimension, 

indicators that cannot be measured statistically or compared reference values 

cannot be reached or there is no specific research on these subjects, were 

qualitatively assessed. Based on expert guidance indicators rated according to 5 

levels scoring system. Also, some indicators for which evaluating the change for 

two time periods is meaningless or change rates are ignorable rating wasn’t 

performed temporally and it was admitted that there was no change for  15 years 

period. The length of the coast, land area where elevation is below 5 meters, the 

landform of settlement and temperature rise projections can be represented as an 

example of these “timeless” indicators. 

Geophysical conditions and human-induced destructions threatening 

environmental sustainability can be seen relatively at high levels of for 2000 but 

with the contribution of planning mechanisms’ protection measures for example 

conservation zones, restriction zones for fishing, some policies about species that 

are under the threat of extinction this trend loosed its continuity. On the other 

hand, geophysical structure, biodiversity and temperatual conditions of the study 

area are major factors contributing to the alarming rates of vulnerability levels. 

The landform of settlement/type of settlement represents the characteristics of the 

area such as coastal area, river delta, mountainous or plain area. According to the 

many authors, coastal river delta areas addition to the climate change effects, are 

mostly open to the threats of sea-level rise and inundations (Gilmer and Ferdana 

2012; Torresan et al. 2012; DasGupta and Shaw 2015). Related to this, these risks 

will be lightening with an increase in elevation from sea level so it is expected that 

the vulnerability will decrease. Study area especially constituted by low-lying 
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coastal areas and a considerable amount of population is living in the settlement 

that located at coasts. So indicator is rated with 5 (very high). 

The indicator of the length of coast is one of the timeless variables in this study 

that was not assessed temporally and measured by the proportion of the total 

length of coast to total area. Comparison values of reference areas (Turkey and 

EU) determined the vulnerability rate intervals then Fethiye-Göcek SEPA’s 

vulnerability rate was assigned according to these intervals. This value was 17.9 

for EU (wikipedi), 9.4 for Turkey and 291.8 for the study area and this is 

equivalent to 5 (very high) vulnerability rates.  

Topographic maps, digital elevation maps, and base maps were used to define the 

land area where elevation is below 5 meters indicator and calculated by using the 

formula of the share of these areas within the total area. Reference area values are 

constituted by using Word bank statistics. Because the values belonging to study 

area was very high with respect to the reference values then scored by 5 (very 

high).  

Depending on climate change scenarios, risk factors that study area inherently 

holds owing to the temperature rises were studied in this work. Because there is no 

suitable data that specifically performed for this area, temperature rise projections 

for Aegean region was operated and reference areas were designated as EU and 

world average with the between 2013-2040, 2041-2070 and 2071-2099 time 

periods. So, especially for the long term 2071-2099 years period, temperature rise 

projection values were represented approximately 5C (Demircan et. al. 2014) then 

assigned vulnerability was determined as 5 (very high). 

Temperature rises have multidimensional effects on agriculture sector such as crop 

variousness owing to warming weather conditions, changing productivity 

depending on precipitation and rising temperature, and changes in water 

requirement for irrigation (EEA, 2012). In the context of the tourism industry, 
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changes in tourism seasons like summer seasons’ extension to spring and autumn 

months, negative effects on tourists’ comfort perceptions and changes on 

destination points come out with rising temperatures (Gössling et al. 2006; Moore, 

2010). On the other hand for the natural environmental areas, these changes cause 

threats of decreases in the number of species because of suitable habitats’ 

disappearance and wetlands loss (IPCC, 2008; Torresan et al 2012). 

In this study, for the indicator of CO2 emissions (metric tons per capita), it was 

not possible to reach available data specifically prepared for the case area. Data for 

Turkey, EU, and World averages were used and vulnerability rate of case area was 

based on Turkey data. According to World bank data, value for Turkey and World 

average values were closed to each other (for the 2000 year Turkey’s value was 

3.4, World average was 4.1; for the 2011 year Turkey’s value was 4.4, World 

average was 4.9 ) whereas EU values are much higher than these (for the 2000 

year 8; 7.1 for 2011). Because of the EU’s higher values of CO2 emissions, study 

area takes the same rate of 1 (very low) for 2000 and 2011. Generally, all the 

reference values have rising trend because of the increase in the industrial 

productions and increase in fossil fuel usage rather than clean or sustainable 

energy resources related with industrial developments. 

One of the most prominent characteristics that make study area special protection 

area is the existence of areas hosting many species that have to be protected and 

biodiversity reserves. These kind of sensitive spaces are significant for the 

mitigation of negative effects of climate change and reducing the vulnerability of a 

region thereby carrying various risk factors (McCarthy et al., 2001).  These risk 

factors can be characterized as habitats’ suffering from temperature changes and 

diminishing habitats because of inundation, overheating of sea water, evaporation 

and salt intrusion resulting in decreases in marine biodiversity etc. depending on 

climate change. In this context size of undisturbed habitat is important 

determinate for assessing the overall vulnerability. Concerning this variable, 
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overall data for Turkey couldn’t be reached herewith Fethiye-Göcek SEPA and EU 

values were compared.  For the study area, Territorial plans were used to measure 

overall undisturbed habitat area and Eurostat data for that of EU. 2003 value for 

EU was %13, for 1998 this value was %23. For Fethiye-Göcek SEPA, maquis and 

shrubbery areas and protection sites in the territorial plan which was declared at 

1998 were included in this calculation and the resulted value was %23. To 

calculate the actual value for EU, 2013 year database was referred with the value 

of %18. Territorial plan declared at 2008 was used to reach the actual value for the 

study area and different from 1998 plan, protection sites were expanded and 

examined in a detailed manner such as protection zones, parks, special crop areas 

etc. The proportion of these areas to total area was calculated as %22. Despite the 

increase in the acreage of protection areas by plans approved in 2008, border 

expansion for Fethiye-Göcek SEPA in 2001 caused the decrease in the final value. 

If this calculation is performed via depending on the same boundaries, this value 

was raised to %28. In both cases final vulnerability rate of the study are 

considering the size of undisturbed habitat will be the same ( 1-very low) for two 

time periods. 

When we view the indicator of the size of forest areas, forests provide a wide 

range of benefits and services and provide ideal habitats for a high number of 

plants, birds and animals, regulate water flows and reduce floods as an important 

agent for climate regulation via playing a key role in the long-term mitigation of 

and adaptation to climate change (EEA 2012). It was revealed that proportion of 

these areas is %57 in 1998 and %67 in the year 2008. Border expansion of SEPA 

region was not taken into consideration for this indicator because the expansion 

area was constituted mostly by forest areas. Consequently, according to reference 

values of Turkey and EU, vulnerability rate is calculated as 1(very low) for two 

time periods. 

 



 

 

 

 

181 

 

Some of the indicators which are about consideration of flora – fauna, natural 

environment and impacts on sea turtles were scored by the method of expert rating 

because of the unavailability of statistical or quantitative data. For various 

indicators such as consideration of caretta-caretta with coastal and terrestrial 

ecosystem, consideration of flora have to be protected, consideration of 

protection of estuaries (from urbanization, agriculture and tourism) expert 

ratings was performed by the evaluation of the existence of presently taken 

measures and specific precautions, spatial planning actions, carried special studies 

about these subjects. For instance, based on special research project about case 

area and subject, some protection standards can be developed and strict 

measurements and standards could take part in spatial plans about the sea turtles 

nesting and breeding considering lighting at shores, coastal uses like positioning of 

sunbeds or sand extraction (Başkale et. al 2012) and binding conservation and use 

principles for specified bays in study area (EPASA 2009). However, there were 

some measurements or inscriptive precautions considering the examined indicator, 

it was observed that measurements had not been fully implemented were rated at 

medium or high vulnerability levels.  
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Table 13: Natural environment vulnerability rates 
 

Natural Environment Vulnerability 2000 2016 

Type of settlement 5.00 5.00 

Presence of species to be protected 5.00 5.00 

Consideration of caretta-caretta with coastal and 

terrestrial ecosystems 3.00 2.00 

Size of undisturbed habitat(protected areas for 

biodiversity)% 1.00 1.00 

Size of forest areas 2.00 1.00 

Length of coast/total acreage (m/km2) 5.00 5.00 

Land area where elevation is below 5 meters (% 

of total land area) 5.00 5.00 

temperature rise projections(RCP4.5 scenario) 5.00 5.00 

Creation of conservation zones or protection 

areas 3.00 2.00 

CO2 emissions (metric tons per capita) 1.00 1.00 

Consideration of Impacts of sand extraction, 

lighting and noise on sea turtles 3.00 2.00 

Consideration of Protection of estuaries (from 

urbanization, agriculture and tourism) 4.00 3.00 

Consideration of flora has to be protected 

(sığla….) 3.00 2.00 

Presence of restriction zones to fishing 4.00 2.00 

OVERALL NATURAL 3,50 2,93 

 

6.3.Built Environment Vulnerability Results 

Spatial effects of urbanization, open areas’ and green spaces’ proportion within the 

whole area, construction structure, land use, and building code strategies were 

correlated with climate-induced hazard under this dimension. Overall built 

environment vulnerability stayed at high levels for two time periods: 3.73 for 2000 

to 3.93 for 2016. Environmental depletion due to the coastal developments, 

increasing rates of coastal constructions and intensive economic activities 

(tourism, agriculture etc.) specifies this level of change. Although increasing rate 

of engineered frontage and constructed areas on coasts are important factors that 

influencing the vulnerability level but some reducing factors like urbanization rate 

weaken the rising score because urbanization rates in the study area are lagging 
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behind the relatively high levels of Europe and Turkey. Planning decisions and 

policies proposed by spatial plans in the study area are principally taken into 

consideration and these policies are a significant factor for this frame. Although 

these efforts have given some kind of mitigating directions to the vulnerability of 

an area, they are still far from an implementation. On the other hand with respect 

to the indicators concerning green infrastructure implementations at building scale, 

the index denotes that there is no attempt to put forth practical efforts and to 

develop regulations for spatial planning instruments. 

Urbanization rate is a significant indicator in that with rising rates of urbanized 

areas development demands will be sustained at natural spaces and agricultural 

areas so these spaces become highly vulnerable to development pressures bringing 

along possibility to suffering from climate-induced hazards (Cutter et al 2003; Ge 

et al 2013). This variable was examined at the scale of Fethiye town with relatively 

low rates with respect to reference values. For two temporal scales, study area had 

the rate of 1(very low) depending on the values of 37 for 2000, 43.01 for 2012. For 

Turkey and EU these values changed between 64 and 77. 

 

As an indicator that could not be measured temporally, in other words, it was not 

possible to reach compared values of 2000 and 2016 years, green areas per capita 

were calculated for Fethiye town by using actual spatial plans. World Health 

Organization’s (WHO) green space standard that represents the minimum value 

essential for human health (9 m2) and Building Code Law’s legislation that 

stipulate minimum green area per capita (10 m2) were used as reference values to 

rate this indicator. The calculated value of this indicator shows that study area is 

not vulnerable in terms of green areas according to the value of approximately 24 

m2 green space per person. 

 

A number of researchers mentioned that city macro form is a noteworthy indicator 

that reflects the vulnerability of an area to the negative effects of climate-induce 



 

 

 

 

184 

 

hazards (Cutter et al 2008b; Tang et al. 2010; Warmsler et al 2013). Linear 

development or urban sprawl increases the vulnerability of region whereas 

compact development is a good condition for resiliency (Tang et al. 2010). Mixed 

use and compact development level were evaluated according to expert opinions, 

especially in Fethiye town, the city has developed via exploiting of agricultural 

spaces for residential purposes, therefore vulnerability of the study area was rated 

at moderate (2000) and very high(2016) levels for two temporal scale or planning 

periods. 

 

Commonly referred in climate change literature and finding its place frequently in 

vulnerability and resilience studies, intensively developed areas bring about the 

increase of built-up areas and it relieves a heat island effect. High-density 

residential, tourism, industrial or commercial areas diminish natural surfaces that 

allowing flow and permeation of rain water as well as balancing surface 

temperatures. Climate-induced rising temperatures and precipitations cause heat 

island effect and growing influence of inundations because of narrowed permeable 

natural land surfaces (Cutter et al 2008b; Zahran et al 2008, Tang et al., 2010, 

Grimm et al., 2008). In this case, resiliency of a specific area will be affected 

negatively. Concerning the indicator of the impervious surface percent, to 

measure the proportion of artificial land, planning measurements and land use 

decisions of spatial plans used but this value has not been prepared for Turkey 

statistically. According to the comparison based on EU data, the study area was 

rated at 5 (very high) with the value of 12% for 1998, then 3 (moderate) with the 

value of 8% for 2008 (According to the EU data this value is 4.3% for 2012; 4% 

for 2000). To calculate the impervious areas in the study area, settlement areas 

comprising residential and tourism usages, public building areas and educational 

areas were taken into consideration but 40% of these areas omitted because of 

parcels necessarily to be left as a natural land surface with native planting 

according to the planning decisions.  
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The rate of farmland is another variable that strongly affects the vulnerability of 

an area. Although study area has an economy strongly based on agricultural sector, 

the percentage of agricultural land was limited according to the calculation of 

areas by using 1/25.000 scaled Territorial Plans. For two planning periods - 1998 

and 2008-, vulnerability rates of Fethiye-Göcek SEPA were determined as 5 (very 

high) depending on the farmland area of 14% and 6%. Reference comparison areas 

have higher values than study area, for instance, Turkey’s agricultural land was 

more than half of the total area for the year of 2000 according to the World Bank 

data. Similar to Turkey, 47% of EU total area was left as an agricultural land for 

the 2000 year. These values are fallen to %30 for Turkey and 44% for EU at 2013.  

It was observed that there was an inverse ratio between the ratio of agricultural 

population, and agricultural land for the study area and reference areas. On the 

other hand boundaries of the study area are another factor for the emergence of 

this result because these were determined as to include mostly forests and various 

kinds of protection zones. 

 

Another factor that determines coastal vulnerability is the average coastal distance 

between sea and built up areas. Densely settled areas along the shore endanger the 

species and habitats beside multiply the effects of sea level rise or inundation on 

these settlements with the population living in this zone. Considering this 

indicator, standard distance provided by Coastal Law (year: 1990, Law no: 3621) 

was selected as a reference value. This legislation has prohibition in shore strip 

which is the area starting from the coast edge line and stretching inwards with a 

horizontal width of 100 meters. The shore strip is made up of two parts; each one 

has 50 meters width. Policies in this Law restrict settling near from 50 meters from 

coast edge line; from this distance to land direction limited the type of buildings 

and usages. Accordingly, densely built areas generally located at the Fethiye town 

center so this area was examined to reach a final value of this indicator. Based on 

spatial plans and satellite maps actual rate of this indicator (for the 2016 year) was 

measured, the temporally comparison could not be performed because of limited 
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data. Results demonstrated that more than half of the parcels in Fethiye town 

center settled closer than 50 meters from coast edge line. Therefore, vulnerability 

rate was determined as 5 (very high). 

 

For an indicator of the rate of engineered frontage and constructed areas on 

coasts, temporal analyses performed based on satellite images and proportion of 

constructed coastal length to total coastal length was measured. As a result of this 

measurement, it was observed that this proportion was increased 2 times between 

years of 2004 and 2013. Because available reference value for EU or Turkey about 

this variable could not be reached this observed increase on engineered frontage 

rate was approved as 2 (low) for 2004 and 4(high) for 2013. 

 

As well as urbanization pressure, tourism industry’s pressure is noteworthy in the 

study area which threats especially agricultural areas. Thus effects of these usages 

to overall vulnerability were examined under the built environment heading.  

 

Regarding the variable – the rate of tourism developments on coasts - 1998 and 

2008 years did not illustrate the respectable difference with the values of %2.7 and 

%2.8 so the rate was approved as 2 (low) for two time periods. 

 

Natural resources reserves and their intensive distribution at coastal parts conclude 

the high demands of yacht tourism in the study area. Damages on boat mooring 

spaces, wastes and other polluting effects of boats, various harms on species 

because of anchoring (Derinsu, 2009) negatively affect the coastal vulnerability of 

study area thus yacht tourism pressure was investigated in this part of the study. 

Increasing marina and yacht mooring spaces demands necessitated the scientific 

researches on Fethiye and Göcek Bays to investigate the boat carrying capacity 

without causing damages on natural structure (METU 2007, 2012). By contrast 

with the existence of these researches and their findings, it was figured out that this 

pressure couldn’t be relieved practically according to expert evaluations. So years 
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of 2000 and 2016 vulnerabilities of the area get the scores of 4 (high) and 5 (very 

high). 

 

On the other hand, planning mechanisms’ consideration to what degree of 

orientation to nature-based tourism, ecotourism and culture tourism was also 

evaluated. Because in spatial plans and plan provisions this indicator was not taken 

into account as required, resulted in rates unavoidably at very high scores (5) for 

two time periods. 

 

In the context of architectural details, with the effects of climate change 

architectural solutions and precautions to mitigate these effects, emphasis on green 

infrastructure standards, the degree of consideration and extend to which they were 

implemented, contributions to coastal vulnerability were handled in this study.  

 

With respect to the green infrastructure criteria, consideration of green building 

and green infrastructure standards and consideration of green roofs- installation 

of vegetative roofing materials,  there were no concrete regulations to arrange the 

green infrastructure mechanisms and concrete steps to apply these measurements, 

indicators were rated at 5 (exactly not considered) according to expert evaluations.  

 

Assessment of disaster resistant land use and building code indicator regarded in 

this study planning attempts’ determination of inundation areas and preventive 

policies, rehabilitation of streams, seismicity and measures considering 

earthquake, detailed studies on geology, and limitations on a number of floors 

because of protection status of an area. Spatial plans considering the study area has 

comprehended some arrangements via plan revisions so vulnerability rate of 4 

(rarely concerned) for 1998 rose to the rate of 3 (attempts but low implementation) 

for plan revision was declared in 2008. 
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Also, indicator about climatic regulations cooling and heating effects; sensitive 

to sun and wind was evaluated in the architectural details concept. When 

structural plans and their implementations analyzed, it was identified that some 

provisional regulations were made about climate, heating, and cooling, building 

frontage materials, encouragement of climate sensitive material such as natural 

stone or wooden (1/1000 development Plans no: 2.17.9), windows and door 

proportions on building frontage, canopy usage because of hot climate 

characteristics, to relieve heat island effect and ensure the permeability of land 

40% of parcel’s keeping naturally by means of native plantation without any 

construction (1/1000 development plans clause no: 2.17.10) via plan revisions. So, 

assessment result for this indicator changed from 4 (rarely concerned) to 3 

(attempts but low implementation). 

 

Table 14: Built environment vulnerability rates 
 

 Built Environment Vulnerability 2000 2016 

Coastal 

constructions 

Rate of engineered frontage and constructed areas on coasts (Ports, 

marinas, boat service areas)m2/total coastal length 
2.00 4.00 

 Average Coastal distance(m) 5.00 5.00 

Tourism Rate of tourism developments on coasts 2.00 2.00 

 Yacht tourism pressure 4.00 5.00 

 Orientation to nature-based tourism, ecotourism, culture tourism 5.00 5.00 

 Irrespective of temperature rise and flooding 5.00 5.00 

Agriculture Rate of farmland: Farmland are/total acreage 5.00 5.00 

City macro 

form 

Impervious surface percent  5.00 3.00 

 Urbanization rate 1.00 1.00 

 Green areas per capita (m) 1.00 1.00 

 Mixed Use and compact development  3.00 5.00 

Architectural 

details &  

Green 

infrastructure 

Climatic regulations: cooling and heating effects; sensitive to sun and 

wind   
4.00 3.00 

 Disaster-resistant land use and building code 4.00 3.00 

 Consideration of Green building and green infrastructure standards.  5.00 5.00 

 Consideration of Green roofs- Installation of vegetative roofing 

materials 
5.00 5.00 

15 OVERALL BUILT-ENV 3.73 3.93 
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6.4. Infrastructure Vulnerability Results 

The last dimension that constitutes overall coastal vulnerability assessment of 

study area was infrastructure vulnerability. Vulnerability dimension that has the 

highest rank for both two time periods is the infrastructure vulnerability with high 

scores (4.12 for 2000, 4.29 for 2016). Waste strategies, energy efficiency, and 

energy stars, indicators concerning transportation policies, the density of road 

network and health facilities contribute to study area at alarming levels. On the 

other hand, it is worth mentioning that the noticeable amount of increase in the 

total road network for last ten years couldn’t be able to change the overall 

vulnerability ratio (5 very high) of this indicator because these values are still very 

much below the road length values of EU.  

Generally, in the study area, attempts focusing waste strategies and renewable 

energy applications could not be observed. For this reason, for the indicators of 

zero waste reduction and high recycling strategy and waste and storm water 

management high rates of vulnerabilities were specified for the two planning 

periods. Regulations on spatial plans limited to water pollution and waste water 

infrastructure management, such as waste water were not permitted to discharge 

into the sea, lake or river without purification, but there were no concrete steps 

oriented to the implementation. 

 

Consideration of boat-yacht wastes indicator was evaluated especially for denser 

boat usages and marinas located at Göcek Bays. Legally declared principles 

prepared by Environmental Protection Agency for Special Areas - “Göcek Gulf & 

Göcek Dalaman Bays Conservation and Use Principles” - defines the purpose of 

the principles and procedures that apply to the Fethiye-Göcek Special 

Environment Protected Region. The objective is to protect the biological diversity, 

and environment with preventive measurements aimed to decrease pollution on 

these marine areas (EPASA 2009). These principals reflect crucial effort to 
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decrease the vulnerability of study area with respect to this indicator. So based on 

these attempts final vulnerability rates were determined as 5 (exactly not) for 2000 

and 2 (high attempts but not full implementation) for 2016. On the other hand, on 

the basis of the indicator about tourism formations’ waste water treatment 

strategies some special rules were developed in spatial plans such as by the time 

central sewage system will be established, tourism institutions have to build their 

own waste water purification plants; tourism plants couldn’t be permitted to build 

until having a certification presents these plants were built in a way without 

creating environmental degradation, etc. In the light of these measurements, 

indicator was rated as 4 (rarely concerned) for 2000 and 3 (attempts but low 

implementation) for 2016. 

 

Under the heading of renewable energy programs, sustainable energy resources 

were examined such as the wind, solar and geothermal energy. 1/1000 scaled 

development Plans of Fethiye illustrated some requirements considering solar 

energy equipment’s’ positioning under roofing (clause no: 2.17.5.3), 1/25.000 

scaled Territorial Plans contain provisions that giving guidance for meeting the 

demands of renewable energy production but there were not sufficient level of 

concrete and encouraging implementation suggestions. So vulnerability rates were 

determined as 5 (exactly not considered) for the indicator of requirements for 

renewable energy sources. 

 

Renewable energy consumption of an area was calculated by using the data of 

Turkey because there were no available data prepared for Fethiye-Göcek SEPA. 

EU and World average values were operated as reference comparison data. 

Especially for the 2012 year, EU showed a considerable amount of increase 

(percentage from 7.84 to 14.1) and Turkey was stay behind the values of EU 

(percentage from 17.29 to 12.8). The share of renewable energy within total 

energy consumption was increased in both EU and World (percentage from 17.42 

to 18.1) according to World Bank statistics but Turkey could not show the same 
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performance. So based on these reference values vulnerability rate was increased 

from 1 (very low) for 2000 to 5 (very high) for 2012. 

 

As to the indicators that reflect the electric and water consumptions, data for 

Muğla province was compared with reference values of TR 32 region and Turkey. 

Compared to 2001 data total water consumption per capita for Muğla province 

was decreased at 2014 but vulnerability rate would be still with high scores (5 very 

high) for two time periods because of low values belonging to TR 32 region and 

Turkey. For an indicator of Electric power consumption (kWh per capita) Muğla 

Province values were compared with Turkey and EU. The 2000 year value for 

Muğla was not available so 2009 value was compared with 2012; for Turkey and 

EU 2000 and 2012 data was suitable. Final vulnerability results of study area fixed 

at the rate of 2 (low) for both years. EU values about this indicator were 

comparatively high with respect to other areas because electricity consumption 

strongly reflects the industrialization level of the country. Based on this 

assumption, as heavy industry plants were not located at Fethiye-Göcek SEPA, 

vulnerability levels expected to be lower than Muğla province in practice. 

 

Transportation policies were examined under the dimension of infrastructure.  A 

number of studies indicated that transportation systems based on cars and motor 

vehicles increase the carbon emissions that aggravate the climate changes effects 

on settlements (Tang et al 2010). This kind of transportation systems will destroy 

natural environment and create heat island effect via diminishing natural land 

surface and limiting permeability. On the other hand, in the condition of climate 

hazard existence of efficiently distributed transportation network are necessary for 

emergency responses. Dysfunction or destruction of these facilities worsens any 

crisis and hinders reconstruction (Cutter et al 2003; Rufat 2013; DasGupta and 

Shaw 2015). Accordingly, environment-friendly multi-modal transport systems, 

pedestrian-oriented transportation and usage of vehicles that minimize carbon 

emissions like bicycles lighten the negative impacts of climate change with 
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decreasing vulnerabilities (Newman 2014). The indicator of the presence of 

alternative transportation strategies and transit-oriented community design was 

selected for this purpose but having transportation strategies based on motor 

vehicles, with the absence of multi-modal public transportation and railways 

resulted that study area was rated at 5 (very high) for both of temporal periods. 

 

When we examine indicators about consideration of pedestrian/ bicycle-friendly 

transport, minimum fuel efficiency standards for municipal fleets and climate 

proofing of transport infrastructure; acquisition of alternatively fueled vehicle it 

was observed that planning mechanisms paid no attention concerning this variable 

and there were no specific regulations on this subject thus vulnerability rate was 

assigned as 5 (very high) for two time periods. 

 

For the variable considering density of total road network, statistical data for 

Muğla province was used to calculate the proportion of the total length of roads to 

the total land area. Vulnerability rating was framed by accepting the assumption of 

road network would decrease the vulnerability of an area by facilitating emergency 

responses during a hazard. The proportion of Muğla was measured as 0.09 in 

2004, this value boomed to 0.40 in 2013. Recent national policies regarding 

motorway based transportation can be showed as the reason for this rise so for 

Turkey not as much as Muğla province the rise was actualized between 2004 and 

2013 from 0.44 to 0.50. Turkey was the only reference data because Eurostat 

database do not contain all the members of the union so this data is not reliable. 

Consequently, vulnerability rate of the study area was calculated as 5(very high) 

for two time periods.  

 

A number of cars per 1000 inhabitants was analyzed as vulnerability indicator 

and statistical data for Muğla was used in this study. For Muğla province 2004 and 

2013 years data was available and compared to 2000 and 2013 values of Turkey 

and 2000 and 2006 values for EU. According to TSI statistics, values of Muğla 
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stayed between reference values of Turkey and EU. For 2004 this value for Muğla 

was 110 then rose to 177 in 2013.  On the other hand, Turkey and EU have values 

respectively 65 and 423 in the year 2000. Based on this statistical data 

vulnerability rate was determined as 2 (low) both for 2004 and for 2013. 

 

Lastly, health infrastructure and adequacy of services were analyzed in that crucial 

contribution to recovery potential of an area during a hazard. For the indicator of 

the number of hospital beds per 1000 inhabitants statistical data belonging Muğla 

Province was operated to decide the final vulnerability rate of the study area and 

because of the lower values compared to Turkey and EU, the study area was rated 

at 5 (very high) score for two time periods. As for the indicator of a number of 

medical doctors per 100.000 inhabitants vulnerability rate of Muğla province has 

risen from 1(very low) to 5 (very high). For Muğla and Turkey TSI statistics, for 

EU OECD health statistics were used to calculate this value. Muğla has almost the 

same values for 2002 (161.7) and 2014(160.3) whereas Turkey and EU have the 

rising movements concerning this indicator. From 2000 to 2013 this value is raised 

from 132.6 to 175.6 for Turkey. Concerning EU members, this value increased 

from 140 to 340 between the years 2000 and 2010.  
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Table 15: Infrastructure vulnerability rates 

 

 Infrastructure Vulnerability 2000 2016 

Waste 

strategies 
Zero waste reduction and high recycling strategy  

5.00 5.00 

 Waste and storm water management 5.00 5.00 

 consideration of Boat-yacht wastes 5.00 2.00 

 Tourism formations’ waste water  treatment strategies 4.00 3.00 

 Requirements for the wind, solar, geothermal, or other 

renewable energy sources 5.00 4.00 

Renewable 

energy 

programs Energy efficiency and energy stars 5.00 5.00 

 Renewable energy consumption (% of total final energy 

consumption 1.00 5.00 

 Total water consumption per capita(liter/person) 5.00 5.00 

Energy Electric power consumption (kWh per capita) 2.00 2.00 

 Presence of Alternative transportation strategies  5.00 5.00 

Transportation 

policies Density of the total Road network  5.00 5.00 

 Consideration of Pedestrian/resident-friendly, bicycle-

friendly 5.00 5.00 

 # of cars per 1000 İnhabitants 2.00 2.00 

 Minimum fuel efficiency standards for municipal fleets; 

acquisition of alternatively fueled vehicle 5.00 5.00 

 Climate proofing of transport infrastructure 5.00 5.00 

 # of medical doctors per 100.000 inhabitants 1.00 5.00 

Health services # of hospital beds per 1000 inhabitants 5.00 5.00 

17 OVERALL INFRA 4.12 4.29 
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CHAPTER 7 

 

 

CONCLUSION 

 

 

 

Coastal areas and their ecological, social, and economic components are highly 

dynamic systems exposed to and affected by numerous processes and threats 

arising from within the area itself, as well as from localities outside of the region. 

The rich biodiversity, land fertility, and the abundance of natural resources have 

attracted humans to coastal areas for centuries. Over time, humans gradually 

transformed coastal areas to suit their needs through socio-economic development, 

including the expansion of agriculture, tourism facilities as well as urbanization in 

some cases industrialization. Internal processes and threats such as urban sprawl 

accompanied by water-, air-, and soil pollution and resource extraction related 

ground subsidence, as well as the loss of biodiversity-rich habitats due to the 

expansion of agriculture, are just some examples of the processes impacting 

vulnerability, which arise from within the area. In addition to the large variety of 

processes impacting these localities, the extreme complexity and high dynamics of 

coastal areas, as well as their densely populated structure with their strategic 

economic importance, make them the hotspots of vulnerability. 

The impacts of climate change on coastal regions are expected to be a major 

challenge over this century and possess a significant threat to many coastal areas 

and will likely have important impacts on socio-economic development in those 

regions. Global climate change is expected to affect coastal communities around 

the world, many of which are already considered vulnerable to ongoing climatic 

variability. These biophysical changes are expected to cause various socio-
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economic impacts including loss of land infrastructure and coastal resources as 

well as declines in associated economic, ecological, and cultural and subsistence 

values. These impacts are scale-dependent however, in that they will be unevenly 

distributed among and within nations, regions, communities and individuals as a 

result of differential exposures and vulnerabilities.  

The vulnerability is a broad term that researchers and experts discussed, 

reformulated, and expanded upon for various applications in different disciplines. 

The vulnerability is not an independent concept and has a strong relationship with 

other terms, although which terms are related is also dependent on the various 

disciplines of the researchers as well as their interpretation of each concept. Since 

the main focus of this study is on vulnerability, the discussion is limited to the 

closely related concepts of resilience, coping capacity, and adaptive capacity. The 

understanding vulnerability is integral to a process of determining actions that 

facilitate adaptation, but how to characterize vulnerability in theory and practice is 

still widely controversial (Eakin and Luers 2006). 

‘Vulnerability’ and ‘resilience’ are interrelated concepts in order to assess the 

sensitivity of coastal systems (DasGupta and Shaw, 2015). Both of these concepts 

serve as an effective tool for rapid decision making, action planning and mutually 

exclusive for example resilient systems are less vulnerable and vice versa (Norris 

et al. 2008; Miller et al. 2010, DasGupta and Shaw, 2015). The vulnerability is the 

pre-event, internal capacity or qualities of social systems that robust the capacities 

for various hazards or harm, resilience reflects the capacity of the social system to 

respond and recover from disasters, as well as the ability to absorb impacts and 

cope with an event. Basically, resilience is more proactive and positive expression 

of community engagement with natural hazard reduction (Cutter et al, 2008a). 

As coastal areas’ ecological, social, and economic components are vulnerable to a 

wide variety of natural and anthropogenic threats and sea level rise, climate 

variability and rapid socio-economic development exert pressure on the already 
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highly dynamic regions; in the event of the rapid rate of change, widespread area 

and potential magnitude of these impacts, coastal vulnerability assessment has 

received significant international attention. To protect these areas and their 

components, it is necessary to assess the degree of vulnerability so that mitigation 

efforts can be recommended to stakeholders and policy makers. 

Since the concept of vulnerability is multidimensional and often ill-defined, it is 

difficult – and perhaps even impossible – to define a universal measurement 

methodology or to reduce the concept to a single equation (Birkmann, 2006a) thus 

there is no common framework or understanding on how to measure and monitor 

community resilience or vulnerability (Cutter, 2008).  

In light of the need for vulnerability assessments of climate-induced hazards, 

which will exacerbate the present pressures on coastal areas, different types of 

assessment methodologies with the different levels of requirement for data, 

resources, and technology are proposed. Most of these assessments focus only on 

the sea-level rise impacts on coastal evolution, such as inundation and coastal 

erosion, and do not include present and future human activities in the coastal areas. 

The impact of human activities can be felt in the disturbance of natural resources, 

such as the logging of coastal forest, the drainage of wetlands, and the redirection 

of the river water to name only a few examples. On the other hand, the 

implementation of adaptation measures is mostly controlled by national and local 

decision makers, who generally have limitations on available resources for these 

types of assessments. Furthermore, the coastal processes are very dynamic and 

complex, with important socio-economic consequences making the decision-

making process much harder. A recent focus of climate change impacts on the 

coastal regions has moved towards to assessing their socio-economic and 

ecological vulnerability as well as the physical characteristics such as 

geomorphology, shoreline-erosion rate, tidal information, coastal topography, 

mean wave height, mean tidal range etc. 
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On the other hand, there is a strong and dynamic relationship between and within 

human and natural systems thus the ecologic component cannot be considered 

apart from the systems’ vulnerability assessment. Human and ecological systems 

will have some capacity to respond to the effects of climate change which needs to 

be considered. An ecologic component including not only geophysical aspects, but 

also flora and fauna related aspects can be rarely seen in the assessment studies 

recently (Hossain et al., 2013; Hereher, 2015) but needed to be considered 

seriously. So there is a need for developing and operating an integrated coastal 

vulnerability assessment method that comprises various vulnerability factors 

comprehensively. 

Drawing on the recent climate change impacts and vulnerability literature, the 

purpose of this research is defined twofold. First, it provides a discussion of how 

vulnerability has been characterized and how this has influenced current coastal 

vulnerability assessments. From this, a multi-scaled, integrated vulnerability 

framework is presented. This provides a methodological starting point that will be 

refined and applied as part of a larger study to assess the adaptive capacity to 

climate change and climate change impacts on Fethiye-Göcek SEPA. Second, to 

strengthen, the planning policies’ pertinence and applicability, systems’ 

vulnerabilities are needed to be evaluated and vulnerability level of coastal areas 

be revealed. Because the climate change issues have not been considered at the 

plan making processes both for Fethiye-Göcek SEPA and more generally for 

Turkey, the findings of this vulnerability assessment are expected to contribute 

both planning and policy formulation for the hazard mitigation and climate change 

adaptation and new insights for the planning provisions in the study area. 

Accordingly outcomes of this study embrace new contributions to the planning 

procedures and rules from regional planning level to the building and site level. 

The study achieved in this thesis defines the role of coastal vulnerability 

assessments’ outputs and results that can contribute the spatial planning policies as 

a tool for maintaining resilient and sustainable environments. 
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Different from many other studies in the literature; in this study, proposed model 

for Fethiye-Göcek SEPA uses both physical and human factors on coastal 

processes affected by climate-driven changes as well as other internal impacts. 

Beyond that, as ecological systems and human factors have strong and dynamic 

nexus ecological components which are field specific and affecting the 

vulnerability of a region were articulated to the model.   In this study, not only the 

existing level of vulnerability is defined, instead comparative vulnerability is 

designed for two time periods: the years of 2000 and 2016. This method yields to 

qualitative and quantitative results for the area and defines the range of 

vulnerability levels for both years using quantitative and qualitative data, including 

expert opinions. To measure coastal vulnerability of a study area, an Integrated 

Coastal Vulnerability Index (ICVI) is designed using several vulnerability 

indicators; some of these indicators are selected after an extensive literature survey 

that is commonly used to measure socio-economic, natural and physical 

vulnerabilities with internal and external climate impacts. Other indicators are the 

new ones showing unique nature of the study area such as natural assets and 

dominant economic sectors’ specific impacts. The index allows the 58 qualitative 

and quantitative variables under four dimensions (socio-economic, natural 

systems, built environment, infrastructure vulnerability).  

In order to define the levels of vulnerability, the proposed ICVI scores were 

developed in accordance with the categories based on the quartile ranges of 

compared reference data. Reference data constitute basically the values of- Turkey 

and EU for each indicator that enables to compare the value defined for the case 

area. The use of quartile ranges for determining the vulnerability categories also 

allows the comparison of the different indicators with different temporal scales. 

The proposed method ensures the comparison of vulnerability scores of different 

dimensions and presents the most critical components in terms of vulnerability. So, 

contrary to using available regional data, each parameter is assigned a 

vulnerability rank of very low to very high (1–5) within the developed integrated 
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coastal vulnerability index to calculate vulnerability dimensions and the overall 

vulnerability index. 

The outputs of the ICVI model for Fethiye-Göcek SEPA indicate that study area is 

more vulnerable at 2000 than 2016 concerning both internal exposures and 

external climate risks.  An overall coastal vulnerability has a tendency to decrease 

but it is worth mentioning that vulnerability values are still at medium or medium-

high levels for each dimension. According to the comparative vulnerability values 

of 2000 and 2016 years, socio-economic dimension shows almost stable with 

slight decrease, dimensions of built environment and infrastructure vulnerability 

have the upward movement; while the natural environment has the tendency to 

decline. The highest values of built environment and infrastructure dimensions 

point out those anthropogenic processes are the most significant factors that 

delineate the limits of the coastal vulnerability of Fethiye-Göcek SEPA. 

Pressures from coastal constructions, negative impacts of economic activities such 

as tourism, agriculture, fishing etc. and extensive usages of rising population 

generate environmental depletion in the research area.  Intensifying construction 

demand, especially at coastal part of an area, is a significant factor that influences 

the vulnerability level and needed to be seriously handled in the planning 

procedures. Planning decisions and policies proposed by spatial plans in the study 

area are principally taken into consideration and these policies are a significant 

factor for this result because these efforts have given some kind of mitigating 

directions to the vulnerability of an area but these are still away from practice. On 

the other hand with respect to the indicators concerning green infrastructure 

implementations at building scale, the index denotes that there is no attempt to put 

forth practical efforts and to develop regulations for spatial planning instruments. 

Infrastructure is another component that increases the overall vulnerability level of 

the study area. Waste strategies, energy efficiency, and energy stars, indicators 

concerning transportation policies, the density of road network and health facilities 
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contribute to study area’s vulnerability at alarming levels. Regulations on spatial 

plans limited to water pollution and waste water infrastructure management and 

attempts focusing waste strategies and renewable energy applications are mostly 

not observed in the study area. Also concerning renewable energy programs, 

sustainable energy resources such as the wind, solar and geothermal energy, there 

are some regulations developed by planning decisions but remarkable and 

effective implementations have not be performed yet. Besides, transportation 

strategies are generally based on motor vehicles; multi-modal public transportation 

and railways, pedestrian/ bicycle-friendly transport systems are not at the desired 

levels especially compared with the reference values of EU. 

Ecological values, natural assets, and biodiversity are the most important factors 

that are subject to the negative impacts of climate change. Research area has 

numerous natural assets reflecting its biodiversity and hosting many habitats of 

endangered and threatened species. To prevent the deterioration of natural, 

ecological, cultural and historical values that it owns, protection against 

environmental harms and to guarantee the natural and cultural values to be passed 

for future generations, this site was granted its marine and coastal conservation 

status as SEPA. This status represents its vulnerability with remarkable amount 

and quality of natural resources and biodiversity. As one of the most important 

protection areas in Turkey, Fethiye-Göcek SEPA’s natural systems’ vulnerability 

shows decreasing trend from a high level of vulnerability (3.5) to moderate (2.93) 

for approximately 16 years period.  

As mentioned in the previous parts of this research, natural systems encapsulate 

resources that robust the bearing capacity of an area to the climate change driven 

hazards (Cutter, 2008; Renaud, 2012; Gilmer and Ferdana, 2012; Abdrabo and 

Hassaan, 2015). In relation to this with the existence of the negative climate 

impacts, these assets can possibly be exposed to the threat of these hazards. 

Considering this statement land form of settlement, distance to coast, land 
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elevation from the sea, diversity of flora/fauna, the existence of wetlands, reserve 

areas and species under protection, related to the sensitivity of an area, climate 

change effects, air and water quality evaluated under the natural systems 

component. The contribution of planning mechanisms’ protection measures for 

example (i) conservation zones, (ii) restriction zones for fishing, (iii) some policies 

about species that are under the threat of extinction resist the rising vulnerability 

rates. On the other hand, low-lying geophysical structure, biodiversity-rich nature 

of an area and temperatual conditions are major factors or indicators that are still 

keeping their higher rates of vulnerability. 

Assessing vulnerability is a key part in the development of any kind of mitigation 

plan, but knowledge about present and future vulnerability are so crucial that it 

merits a separate treatment. Integration of climate change impacts on coastal areas, 

within spatial planning practices, can be performed through coastal vulnerability 

assessments methods. Planners need to have ready access to vulnerability data and 

need to be able to fully understand all the risks associated with coastal hazard 

zones. The issue here is simply to know where problems, such as flooding or storm 

surges, are occurring or are likely to occur in the future, who or what might be at 

risk in those areas, and how well they or it might be able to cope with the 

problems.  

Especially for the study area existing rules and procedures defined from the 

regional level to the building or site level are still based on traditional methods of 

land-use rather than climate change measures despite the fact that an area is 

specially protected area and needs for special treatment and new areas of expertise. 

While the findings on climate change are clearly visible and scientifically proven, 

measures about climate change issues and climate-induced hazards have not be 

taken into account to the extend necessary to Turkey as well.  In the light of these, 

findings of this study can be useful for planners and can also draw planners’ 

attention to the climate-related matters in spatial planning scene.  
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Spatial planners and policymakers face a number of challenges to incorporate 

potential climate change impacts into their land-use strategies in Turkey. Many 

planners lack access to climate experts or climate models and tools and also lack 

competence on regional and local projections relevant for site-based planning. 

Additionally, much of the available climate data has a high level of uncertainty 

and is, therefore, challenging to interpret. 

Planners or policymakers need more knowledge and information to support the 

development of mitigation and adaptation policies and strategies. In such cases, an 

integrated assessment, incorporating social, ecological, physical and economic 

impacts of climate hazards, can help identify the vulnerability of coastal habitats, 

species, and coastal people and resources. 

City planners also lack guidance on how to identify and apply the most appropriate 

tools for assessing climate impacts. The ability to define policy approaches for 

protected areas and identify policy measures to protect ecosystems and species in 

the face of climate change should be improved. Spatial planners and policymakers 

need to understand and incorporate the ecological, biophysical, and socio-

economic impacts of climate change into coastal planning and management. To 

achieve this, they need to understand how coastal ecosystems are likely to change 

in response to sea-level rise and how increasing sea-surface temperature and other 

climate-driven hazards. Assessing the vulnerability of these coastal ecosystems is 

an important first step in planning to maintain the goods and services that they 

provide. 

Planners and policymakers are also increasingly concerned with the vulnerability 

of coastal habitats (e.g., Posidonia oceanica-seagrass meadows) and species (e.g., 

caretta caretta and celonia mydas) to sea-level rise. Vulnerability assessments of 

coastal ecosystems to sea-level rise are also useful to inform land-use and 

conservation planning. For example, spatial planners can prioritize the 

preservation of buffer zones adjacent to coastal ecosystems with high rates of sea-
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level rise to enable inland expansion. Planners could also prioritize areas likely to 

be less vulnerable to sea-level rise for protection or restoration. Restoration of 

coastal ecosystems can help buffer the coastline from sea-level rise, thus 

increasing the adaptive capacity of these ecosystems and associated human 

communities and these areas demonstrate a high degree of social resilience.  

In order to improve the existing level of community resilience, several structural 

and non-structural measures are necessary and the policies that enable adaptation 

to climate change impacts can be integrated into the overall coastal spatial plans. 

Such measures may differ depending on the geographical location, natural 

characteristics, inherent capabilities and external threats and exposures etc.  

As one of the regulative instruments for coastal areas, integrated coastal 

management which are prepared at province-level in Turkey, are aiming balanced 

and coherent utilization of coastal areas, holistic policy and decision-making 

process including all sectors. While one of the main subjects for these management 

plans are signified as the preparedness for the climate change effects and hazard 

management for coastal areas, generally speaking, these plans are quite far from 

this object. 

The outputs of the vulnerability assessment study can be a useful tool for the 

integrated coastal management plans of the Muğla province including Fethiye-

Göcek SEPA. Even though the Muğla province has not been having an integrated 

coastal management plan legally in force, this could be an advantage for to be 

newly designed plan procedures adequately considering the climate change 

impacts for the study area. These plans have not generally created in-dept policies 

and not designed on the basis of the vulnerabilities of an area. Protection and 

utilization procedures given by this management plans develop general guiding 

principles and strategies rather than focusing on vulnerable areas, sectors, 

populations and assets. For the study area, most vulnerable dimensions are 

detected as the infrastructure and built environment so specific policies and 
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recommendations on these subjects considering the adverse effects of climate 

change needed to be mentioned in these plans in a detailed manner. 

More specifically, for the case study area, a developmental process needs to be 

balanced with ecological consideration. An ideal adaptation model to enhance the 

community resilience should effectively integrate and optimize socio-economic 

resilience with physical and ecological resilience through comprehensive planning 

at regional and sub-regional level. 

Coastal resilience will also require simultaneous action at a number of 

geographical or design scales. Because of the anthropogenic processes, especially 

from built environment and infrastructure components are critically effective for 

the overall vulnerability level of Fethiye-Göcek SEPA some measurements are 

needed to be taken into consideration of these vulnerabilities. At the level of 

building design, for example, more resilient, sewage collection and treatment for 

storm water management; design for edible energy usage, green rooftops and 

living walls for cooling and shading benefits and building facades. The local 

climate should be the starting point in understanding how buildings can be 

designed to incorporate fresh air and daylight, to minimize energy and resource 

demands, and to be livable following a storm or disaster event. At the city and 

regional levels, including land use planning that keeps development out of the 

riskiest high-inundation areas; preserving and restoring regional networks of green 

infrastructure, and planning for evacuation and sheltering can be some attempts to 

reach resilient coastal settlements.  

Resilient coastal settlements implies, a profoundly new way of thinking about 

coastal planning such as, new neighborhood streets designed not just as 

infrastructure to convey car traffic, but rather reimagined to incorporate 

community gathering places perhaps places for meeting and staging before or after 

disaster events, as well as to collect and treat storm water and rain gardens, to 

provide shading and climate benefits, and perhaps even to produce power. 
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Considering ecological resilience and natural systems in the face of perturbations 

via climate change, in the research area, they have a positive role in enhancing the 

resilience of built environments and human communities. Ensuring sufficient 

wetlands buffers, permitting coastal wetlands to migrate landward in response to 

long-term sea level rise, protecting ecological systems and land area (landscape) 

sufficiently large and complex and diverse that any particular perturbation (storm, 

wildfire) will not cause irreversible harm (e.g., extinction of a species, complete 

loss of a biological community) might be some examples of planning actions that 

might be taken to ensure the ecological resilience. More specifically, because the 

natural assets are very important for the mitigating the effects of climate change, 

protective measures on species’ habitats and sustainable usage policies 

guaranteeing these species’ continuity are important for ensuring the resilience.  

With the determination of most vulnerable habitats and their alteration 

mechanisms resulted from temperature changes, regulative measures can also be 

developed to prevent these alterations.  

Besides, through the establishment of networks of protected areas that are resilient 

to potential climate change, local and regional initiatives can protect marine and 

coastal resources and such efforts require spatial planners to incorporate climate 

change vulnerability into planning policies. 

In brief, by considering the complex nature of coastal zone dynamics and the long-

term implications of climate change, coastal policy and management require new 

broad-scale integrated assessment and management tools across a wide range of 

scales. Assessment at different scales provides useful information to coastal 

planning, and the results will be used for making policy decisions. A more detailed 

approach at the local and regional level is essential to understand and manage the 

complexities of a specific study area and allows the identification of vulnerable 

areas that could support policy decision making in the design of appropriate 

adaptation. But effective coastal resilience will require coherence at all scales from 
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building to regional even at national level, ideally resulting in an interlocked and 

multiscale resilient region. 

Despite its shortcomings, the results of ICVI method comprise a useful tool for 

policy makers and are considered as an essential first step in the development of 

climate change adaptation measures. Furthermore, vulnerability assessments can 

provide insights to policy makers across all sectors in terms of identifying the 

circumstances that put people and places at risk; vulnerability hotspots can 

influence policy determination for climate change adaptation in a range of sectors, 

including urban planning. Vulnerability hotspots can be useful to guide planning 

decisions in terms of the determination of spatial development areas and major 

assets, as well as the management of risks associated with existing settlements 

(Crick et al.2012). Actually, proposed assessment method in this research study 

gives some preliminary insights into vulnerable factors or vulnerability hotspots of 

the research area. Furthermore, with the help of some adjustments, the accuracy 

level of this method can be enhanced. 
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APPENDIX A 
 

 

CLIMATIC EVENTS 

 

 

 

 
Figure A 1:  Number of events based on hydro-meteorological threats 

(inundation) between 1958 and 2000, by Provinces 

 (Kadıoğlu, 2012) 

 

 

 



 

 

 

 

238 

 

 
 
 

Figure A 2: Projected Annual Changes compared to 1961-1990 in Hot Spell (left 

column) and Heavy Rain (right column) Days (based on the A2 scenario 

simulation of the ECHAM5 general circulation model).  

(The Ministry of Environment and Urbanization 2013). 
 

 

 



 

 

 

 

239 

 

 

Figure A 3: Average inundation hazards in Turkey by provinces between 1940 

and 2010 

 (Kadıoğlu, 2012). 
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APPENDIX B 

 

 

 INDICATORS 

 

 

Table B 1: Vulnerability Indicators Commonly Used in Literature 

 
 

INDICATORS 

REFERENC

E 

SOCIO-

ECONOMIC 

SYSTEMS 

Dependent 

population: 

Age  

 

 

% population under 5 years old; % population 

65 or older; median age 

 

Cutter et al 

(2008b) 

Zhou et al 2014, 

Zhang and You 

2014 

Population Population growth 

 

Cutter et al 

2003 

% rural farm population; % urban population 

 

Adger (1999) 

Cutter et al 

(2008b) 

Socioeconomi

c status  

Per capita income;  Adger (1999) 

Cutter et al 

(2008b), 

Birkmann et al 

2012 

Employment  % of the civilian labor force unemployed; % 

civilian lab 

% females in civilian labor force or force 

participation 

Cutter et al 

(2008b) Adger 

(1999) 

 

Employment loss 

 

Cutter et al 

2003 

Education  % population over 25 with less than high 

school education;  

Illiteracy rate 

Cutter et al 

(2008b) 

Zhou et al 2014 

Household 

structure  

% Average number of people per household 

families living in poverty; % female-headed 

households 

Cutter et al 

(2008b) 

occupation % employed in fishing, farming, forestry; % 

employed in transportation, communications, 

public utilities; % employed in service 

occupations 

Cutter et al 

(2008b) 

housing % housing units that are mobile homes; % 

renter-occupied housing units 

 

Cutter et al 

(2008b) 

Special needs  % Social Security recipients;  

% migrants in last 5 years 

Cutter et al 

(2008b) 

NATURAL 

SYSTEMS 

 

Size of undisturbed habitat-coastal(flora and fauna) 

 

Cutter et al 

(2008b) 

Size of undisturbed habitat-sea(flora and fauna) 

 

Cutter et al 

(2008b) 
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Table B-1 (continued) 

 Average beach width 

 

Cutter et al 

(2008b) 

Type of aquifer Özyurt, (2007), 

Atalay (2014), 

Sediment supply/budget Cutter et al 

(2008b), 

Özyurt, (2007), 

Atalay (2014), 

Erosion rates Cutter et al 

(2008b) Frihy 

(2003), 

Wetland/habitat loss (% change from previous decade 

 

Cutter et al 

(2008b) 

The area of beaches and wetland 

 

Li and Li (2011) 

Annual temperature rise, annual precipitation, average monthly 

wind speed 

Fatorić and 

Chelleri (2012 

coastal protection structures (groins, jetties, seawalls, revetments) Cutter et al 

(2008b) Özyurt, 

(2007), Atalay 

(2014), 

Engineered frontage Özyurt, (2007), 

Atalay (2014), 

# and size of storm water detention basins 

 

Cutter et al 

(2008b) 

Water contamination (surface and ground) 

 

Cutter et al 

(2008b) 

100-year and 500-year flood zones delineations 

 

Cutter et al 

(2008b) 

Storm surge inundation zones Cutter et al 

(2008b), 

Sánchez-Arcilla 

et al. (2008) 

Land cover classification Cutter et al 

(2008b) 

Water depth and downstream 

 

Özyurt, (2007), 

Atalay (2014), 

salinity intrusion 

 

Sánchez-Arcilla 

et al. (2008) 

geomorphology, coastal slope, tidal range, significant wave 

height, rate of sea level rise 

 

Gornitz (1991), 

Thieler and 

Hammer-Klose1 

(1999) Özyurt, 

(2007), Boori et 

al. (2010), 

Atalay (2014),  

Area of mangroves 

 

Li and Li (2011) 

Proximity to coast, type of aquifer 

 

Özyurt, (2007), 

Atalay (2014), 

Carbon dioxide, Relative humidity, Temperature, Sea level rise, 

Precipitation, Alien invasive species, Pollutant input 

 

Omo-Irabor et 

al. (2011) 
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Table B-1 (continued) 

 

BUILT 

ENVIRONMENT 

 

& 

 

INFRASTRUCTU

RE 

 

 

Residential  

 

Median age of housing units, Housing units 

built before 1960, Density of housing units, 

Density of mobile homes, Number of building 

permits for new housing units,  Value of all 

residential property 

Cutter et al 

(2008b) 

Commercial 

and 

industrial 

development  

 

# commercial establishments, # manufacturing 

establishments, Banking offices, Private non-

farm business establishments, Hazardous 

materials facilities, # Small businesses, # 

marinas 

Cutter et al 

(2008b) 

Coastal 

development 

Coastal engineered area Li and Li (2011) 

Density of coastal buildings Li and Li (2011) 

Lifelines  

 

Hospitals, Schools, Electric power facilities, 

Potable water facilities, Wastewater facilities, 

Dams, Police stations, Fire stations, Oil and 

natural gas facilities, Emergency centers, 

Number of hospital beds, Communications 

facilities 

Cutter et al 

(2008b) 

Medical 

service 

Number of beds per 10.000 people 

Number of phsicians per 10.000 people 

Zhou et al 2014 

PLANNING 

POLICY & 

MECHANISMS 

Resources 

management 

Strategies: 

Open space 

and protected 

areas 

Creation of conservation zones or protection 

areas  

 

Tang et al., 

2010. 

Conservation of parks, forest, and natural and 

protected areas, wetlands 

Warmsler et al. 

2013 

Regional 

forest 

management 

Requirements for the protection of regional 

forest cover in proximity to urbanized areas 

Stone et al. 

2012 

Urban tree 

management 

Municipal tree planting programs; requirements 

for tree protection ordinances 

Stone et al. 

2012 

Building 

energy 

efficiency 

Minimum insulation values in building codes; 

efficient light fixtures and appliance 

Stone et al. 

2012 

Renewable 

energy 

programs 

Requirements for wind, solar, geothermal, or 

other renewable energy sources 

Stone et al. 

2012, Tang et 

al., 2010. 

Energy efficiency and energy stars Tang et al., 

2010. 

Waste 

strategies 

Zero waste reduction and high recycling 

strategy  

Waste and storm water management 

Landfill methane capture strategy  

Tang et al., 

2010. 

Land use 

policies 

Disaster-resistant land use and building code  

 

Tang et al., 

2010, Cutter et 

al (2008b), 

(Habitat, 2011;  

Urbanization rate Cutter et al 

2003 

Population density Tang et al., 

2010. 

Mixed Use and compact development  

 

Tang et al., 

2010, Warmsler 

et al. 2013 
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Table B-1 (continued) 

  Infill development and reuse of remediated 

brownfield sites  

Tang et al., 

2010; Habitat, 

2011 

Green building and green infrastructure 

(i.e. urban forests, parks and open spaces, 

natural drainage systems) standards 

Tang et al., 

2010 

Impervious surface percent Cutter et al 

(2008b)Zahran 

et al 2008, 

(Tang et al., 

2010, Grimm et 

al., 2008) 

Zoning ordinances prohibiting development of 

high hazard areas 

Cutter et al 

(2008b), Cutter 

et al 2012 

Coastal setbacks for development Cutter et al 

(2008b) Tang et 

al., 2010. 

Transportation 

infrastructure 

& policies 

Alternative transportation strategies  

 

Tang et al., 

2010. 

Transit-oriented development and corridor 

improvements 

Tang et al., 

2010 

Parking standards adjustment Tang et al., 

2010 

Pedestrian/resident-friendly, bicycle-friendly, 

 

Tang et al., 

2010; Stone et 

al. 2012 

transit-oriented community design, Ride 

sharing programs, Multimodal transportation 

strategies 

Stone et al. 

2012, Tang et 

al., 2010 

Minimum fuel efficiency standards for 

municipal fleets; acquisition of alternatively 

fueled vehicle 

Stone et al. 

2012 

Climate proofing of transport infrastructure Habitat, 2011;  

Airports, Bus terminals, Ferry facilities, Fixed 

transit and  network miles, Rail miles, Highway 

and rail bridges, Ports 

Cutter et al 

(2008b) 

Length of railway,roads 

 

Zhou et al 2014 

Densty of roads(the ratio between road mileage 

and land area) 

Li and Li (2011) 

Architectural 

details  

Building heights (increased) 

 

Wamsler et al 

2013 

Green 

infrastructure 

Green building and green infrastructure 

standards.  

(Tang et al., 

2010; 

Hallegatte, 

2009)  

Green roofs- Installation of vegetative roofing 

materials 

Stone et al. 

2012 

Community 

collaboration/ 

participation 

Encourage community and stakeholder 

collaboration in development decisions 

Wamsler et al. 

2013 

Provision of risk/hazard information to the 

public 

Cutter et al 

(2008b) 
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APPENDIX C 

 

 COASTAL VULNERABILITY INDEX 

 

 

Table C 1: Integrated Coastal Vulnerability Index for Fethiye-Gocek SEPA 

 

 

INDICATORS 

 

VULNERABILITY RATING 

 

  1 very 

low 

2 

low 

3 

moderate 

4 

high 

5 

very 

high 

Rate Value 

Fethiye/Muğla/

TR32/ 

Fethiye-Göcek 

ÖÇKB 

 

AoT AoEu/ 

world 

Special 

Range/standard  

2016 

2000 

 

SOCIO-

ECONOMIC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

P 

O 

P 

U 

L 

A 

T 

I 

O 

N 

  

Old age 

dependency 

rate 

2 

 

 

13.79 (2013) 

Fethiye 
(GEKA  

BÖLGE PLANI) 

 

11.1(2013) 

Eurostat 

27.5(2013) 

EU-28 
Eurostat 

0-11,1=1 

11,2-15,2=2 
15,3-19,3=3 

19,4-23,4=4 

23,5->27,5=5 

2 

 

11.09 

MUĞLA  

TUIK,2000 

8.83 

TUIK,2000 

8.3 

Eurostat, 

2000 

23.3 

EU-27  

Eurostat, 

2000 

0-8,83=1 
8.84-12,43=2 

12,44-16,03=3 

16,04-19,63=4 

19,64->23,3=5 

Population 

growth 

rate(‰) 

5 

 

%11.1 

Fethiye-Göcek 
ÖÇKB 

TUİK ADNKS 

2013-2012 

13.4(2015) 3.5(2015) 0-3,5=1 

3,6-5,975=2 
5,976-8,45=3 

8,46-10,925=4 

10,926->13,4=5 

5 

 

30 

Fethiye-Göcek 

ÖÇKB 

2000-2007 
(10 years average) 

 

18.78 

(2000) 

Türkiye 

İstatistik 
Yıllığı, 

TÜİK, 

2009 

4.1 

EU-28 

Eurostat, 

2004 

0-4,1=1 
->18.78=5 

Population 

density 

 

5 

 

165.45 

(133.248/805.37) 

Fethiye-Göcek 
ÖÇKB 

TUİK ADNKS 

2015 

100.3 

(2014) 

 
 

116.7 

EU-28 

(2014) 
Eurostat 

0-100,3=1 

->116,7=5 

 
 

3 

 

99.7 

Fethiye-Göcek 

ÖÇKB 
2000 

Türkiye İstatistik 

Yıllığı, TÜİK, 
2009 

88 

2000 

Türkiye 
İstatistik 

Yıllığı, 

TÜİK, 
2009 

112.8 

EU-28 

Eurostat,20
03 

0-88=1 

89-94,2=2 

94,3-100,4=3 
100,5-106,6=4 

106,7-112.8=5 

(AoT): Avarage of Turkey 

(AoEu/World): Avarage of EU/World 
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Table C-1(continued) 

 

SOCIO-

ECONOMIC 

 

 

P 

O 

P 

U 

L 

A 

T 

I 

O 

N 

 

Net 

migration 

rate (‰) 

2 

 

4.9 
2014-2015 

21 

2013-2014, TUİK  

5.3 

Muğla 2012-2013, 

TUİK ADNKS 
2013 

26.7 

2.000.003/ 

74.724.269 

data.worldb
ank.org 

(2012) 

4.6 

2.324.066/ 

504.060.34

5 
data.worldb

ank.org 

(2012) 

0-4,6=1 
4,7-10,125=2 

10,126-15,65=3 

15,66-21,175=4 
21,176->26,7=5 

 

 

5 

 

13.8 

Muğla 

TUİK,2007-2008  

negative 

2008 
11.8 

5.884.417/ 

498.300.77
5 

(2007) 

-11,8=1 

->11.8=5 

illiteracy rate 

(‰) 
 

Rate of 

illiterate 

people 6 age 

and over 

2 

 

14.1 Fethiye 
TUIK 2015 

ADNKS  

18.3 

Muğla 

TUIK 2015 

ADNKS 

33.5 

TUIK 2015 

ADNKS 

 

8.9 

2010 over 

15 age 

Male:99.3 

Female:98.

91 

Average:99
.11 

UNESCO 

Institute for 
Statistics 

0-8.9=1 
9-15,5=2 

15,6-21,2=3 

21,3-27,35=4 

27,36-33,5=5 

 

 

4 

 

41 

2009 TUIK 
64 

2009 TUIK 
12.4 

2000 over 
15 age 

Male:99.0 

Female:98.
42 

Average:98

,76 
UNESCO 

Institute for 

Statistics 

0-12,4=1 

12,5-25,8=2 
25,9-38,7=3 

38,8-51,6=4 

51.7->64=5 
 

 

Household 

size 

4 

 

3.17 

(Fethiye, 2013) 

 

3.5 

(2013) 

3.5 

(2015) 

2.3 

(EU-

28,2013) 

2.3 
(EU-

28,2015) 

0-2,3=1 
2,4-2,6=2 

2,7-2.9=3 

3-3.2=4 
->3.5=5 

5 

 

4.50 

Muğla 

(2000) 

3.8 

(2006) 

3.47 

(2000) 

2.4 

(EU-28, 

2006) 

0-2,4=1 
->3.8=5 

 

 

E 

C 

O 

N 

O 

M 

I 

C 

 

  

      

GDP per 

capita(euro) 

5 

 

8668 dolar=6752 

euro 
TR32 Aydın-

Denizli-

Muğla(2011) 
TUİK seç gös 

muğla 2013 

9244 

dolar=7201 

euro 

(2011) 

TUİK seç 
gös muğla 

2013 

7819 
(2014) 

25.800 

euro 

2011 

(EU-

28,2011) 
27.500 

(EU-

28,2014) 
26.300 

(2015) 

0-7201=5 

->25.800=1 

4 

 

4253 dolar=3809 

euro 
Muğla 2000 

TUIK 

2941 

dolar=2634 

euro 

2000 

TUIK 

22.900 

euro 

2000 

 

24400  euro 
2004 

0-2634=5 

2635-7700=4 
7701-12766=3 

12767-17832=2 

17833->22900=1 
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Table C-1(continued) 

 

SOCIO-

ECONOMIC 

 

 

 

Employment 

loss/Unempl

oyment 

1 

 

7.3 

Muğla, TUİK 

2013 

9.7 TUİK 
2013 

10.3(2015) 

 

9.4 (EU-28-
2015) 

0-9,4=1 
->9,7=5 

1 

 

5.3 

EUROSTAT-

(TR32:Aydın-

Denizli-Muğla 
2006) 

 

9.9 

2006 

6.5 

İşgücü 
İstatistikleri 

TUİK, 

2000 

8.3  
EU-19 

2006 

9.3  
EU-2004 

 

0-8,3=1 
->9,9=5 

A 

G 

R 

I 

C 

U 

L 

T 

U 

R 

E 

 

% rural farm 

population; 

 

5 

 

55 

Fethiye-Göcek 

ÇDP raporu 
 

39.8 

(TR32:Aydın-

Denizli-Muğla 

TUİK 2013) 

23.6 

TUİK 2013 
25.6 

data.worldb

ank.org 
(2013) 

0-23,6=1 

->25.6=5 

5 

 

40 

(TR32:Aydın-
Denizli-Muğla 

TUİK 2004) 

 

34 

İşgücü 
İstatistikleri 

TUİK, 

2004 
36 

İşgücü 
İstatistikleri 

TUİK, 

2000 

28 

data.worldb
ank.org 

(20002004) 

0-28=1 

->34=5 

F 

I 

S 

H 

I 

N 

G 

Scale of  

fishing 

sector 

1 

   Small=1 
Medium=3 

Large=5 

1 

 

 

 

 

 

 

 

T 

O 

U 

R 

I 

S 

M 

  

 

 

 

 

 

% tourism 

population  

Tourism 

employment/

total 

employment 

5 

 

45 

Fethiye-Göcek 
ÇDP raporu 

 

4.9 

2012 
AKTOB 

1.206.000/ 

24.819.300 
 

 

5.5 

(EU-
28,2012) 

12.043.560/ 

215.807.10
0 

 

 

0-4.9=1 

->5.5=5 
 

 

 

5 

 

30 

(5014/16380 

2002 Fethiye 
Sosyo-Ekonomik 

Araştırma, 2010) 

 

4.7 

847000/178

92000* 
2004 

değerinden 

2000 yılına 
hesaplanmı

ştır. 

2000-
AKTOB 

6.2 

(2000-

2006) 

0-4,7=1 

->6,2=5 

# of arrivals 

(international 

tourism) 

(arrivals/total 

population) 

5 

 

3.7 

3.302.688/894.50
9 

Muğla(2014) 

Muğla İl Kültür 
Turizm Müd. 

0,51 

39,811,000/
77.695.904 

data.worldb

ank.org 
(2014) 

 

0,90 

457,949,75
7/ 

506.944.07

5 
data.worldb

ank.org 

(2014) 
 

0-0,51=1 

->0,9=5 
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Table C-1(continued) 

 

SOCIO-

ECONOMIC 

 

 

  

5 

 

3.82 

2.925.440 

Muğla(2005)/766.

156 (2005) 
Muğla İl Kültür 

Turizm Müd. 

 
 

0,29 

20.273.000 

(2005)/70.5

86.256 
(2007 

nüfusu) 

 
10,783,000 

data.worldb

ank.org 
(2001) 

 

0,74 

369.061.00

0 (2005)/ 

494.598.32
2 

 

 
336,061,38

4 

data.worldb
ank.org 

(2001) 

0-0,29=1 
->0,74=5 

TOTAL SOCIO ECONOMIC 3,50 

2016 

 

3,75 

2000 

NATURAL 

SYSTEMS 

 

 

Type of 

settlement 
5 

   

 

Coastal/river 

delta=5, 

Lateritic Plain 
area=4 

Low cliffs =3 

Medium cliffs=2 
Rockycliffed/Mou

ntainous=1 

Presence of 

species to be 

protected: flora 

and fauna 

5 

   Yes=5 
At significant 

rate=4 

Certain amount=3 
Insignificant=2 

No=1 
5 

Consideration of 

caretta-caretta 

with coastal and 

terrestrial 

ecosystems 

2 

   Exactly not=5 
Rarely 

concerned=4 

Attempts but low 
implementation=3 

High attempts but 

not full 
implementation=2 

Fully considered=1 

3 

Size of 

undisturbed 

habitat(protected 

areas for 

biodiversity)% 

1 

22 

Fethiye-Göcek 
ÖÇKB (2008) 

Hassas  zon, 

DKKA, Park, 
OMA,MF 

 

- 18 

EU28-2013 

4,290,148k

m2 total 

787,767 
km2 

terresterial 

251,565 
km2 marine 

 

->18=1 

1 

23 

Fethiye-Göcek 
ÖÇKB, (1998) 

MF, Sit. 

- 13 

3.944.260 
km2 

(EU-15 

2003)  

->13=1 

Size of forest 

areas 
1 

%67  
(Fethiye-Göcek 

ÖÇKB, 2008) 

%28 

21. 678.134 

ha (total 
forest)/  

783562000 

ha(total 
area) 

Orman ve 

su işl. Bk 
(2016)  

%38 
(2015) 

data.worldb
ank.org 

 

0-28=5 

->38=1 
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Table C-1(continued) 

NATURAL 

SYSTEMS 

 

 

 1 

%57 

 (Fethiye-Göcek 

ÖÇKB, 1998) 

%27   
21.188.747 

ha 

 (2004) 
OGM 

Türkiye 

Orman 
Varlığı 

2014 

%36.5 

(2000) 
0-27=5 

->36.5=1 

Length of coast 

/total acreage 

(m/km2) 

5 

291.8 

235.000/805,37 
Fethiye-Göcek 

ÖÇKB 

 

 

9.40 

8333 km 
Vikipedi 

CIA World 

Factbook 

 

17,9 

Vikipedi 
CIA World 

Factbook 

->17,9=5 

Land area where 

elevation is 

below 5 meters 

(% of total land 

area) 

5 

14 0.5 (2010) 

data.worldb

ank.org 

2.6 (2010) 

data.worldb

ank.org 

->2,6=5 

0.5 

(2000) 
2.6 

(2000) 

temperature rise 

projections 

(RCP4.5 

scenario) 

 

5 

2013-2040:1,5-2 

°C 

2041-2070: 2-3 °C 
2071-2099: 5 °C 

(Aegean Region) 

(Demircan et al 
2014) 

2013-2040: 

1.5-2 °C 

2041-2070: 
2-3 °C 

2071-2099: 

2-3 °C 
(EU) 

2081-
2100:1.4-

3.1°C 

(world)Akç

akaya, A. et 
al. MGM, 

2013 

<world average=1 

>world average=5 

Creation of 

conservation 

zones or 

protection areas 

2 

   Exactly not=5 
Rarely 

concerned=4 

Attempts but low 
implementation=3 

High attempts but 

not full 
implementation=2 

Fully considered=1 

3 

CO2 emissions 

(metric tons per 

capita) 

1 4.4 turkey (2011) 

data.worldbank.or

g 

7.1 eu  

(2011) 

data.worldb

ank.org 

4.9 world  

(2011) 

data.worldb

ank.org 

0-4,9=1 

->7,1=5 

1 3.4 turkey 
2000 

8 eu 
2000 

4.1 world 
2000 

0-4.1=1 
->8=5 

Consideration of 

impacts of sand 

extraction, 

lighting and 

noise on sea 

turtles 

2 

   Exactly not=5 

Rarely 
concerned=4 

Attempts but low 

implementation=3 
High attempts but 

not full 

implementation=2 
Fully considered=1 

3 

Consideration of 

protection of 

estuaries (from 

urbanization, 

agriculture and 

tourism) 

3 

   Exactly not=5 

Rarely 

concerned=4 
Attempts but low 

implementation=3 

High attempts but 

not full 

implementation=2 
Fully considered=1 

4 
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Table C-1(continued) 

NATURAL 

SYSTEMS 

 

 

Consideration of 

flora have to be 

protected(sığla.) 

2 

   Exactly not=5 
Rarely 

concerned=4 

Attempts but low 
implementation=3 

High attempts but 

not full 
implementation=2 

Fully considered=1 

3 

Presence of 

restriction zones 

to fishing 2 

   Exactly not=5 

Rarely 
concerned=4 

Attempts but low 

implementation=3 
High attempts but 

not full 

implementation=2 

Fully considered=1 

4 

TOTAL NATURAL SYSTEMS 2,93  

3,50 

BUILT 

ENVIRONMENT 

 

C 

O 

A 

S 

T 

A 

L 

 

C 

O 

N 

S 

T 

R 

U 

C 

T 

I 

O 

N 

S 

 

Rate of 

engineered 

frontage and 

constructed 

areas on 

coasts (Ports, 

marinas, boat 

service 

areas)m2/tot

al coastal 

lenght 

4* 
0,046 

10812 m/235 km 

   

2* 
0,027 

6418 m/235 km 

Average 

Coastal 

distance(m) 

on settlement 

areas 

5 

49 (Fethiye 

Merkez yerleşimi) 
Imar adalarının 

%69 u KKÇ ye 50 

m den daha yakın 
(Fethiye İmar 

Planları,TVKGM 

  <50m=4 
50m-100m=2 

>100m=0 

T 

O 

U 

R 

I 

S 

M 

 

Rate of 

tourism 

development 

on coasts 

2* 
0.028  

Fethiye-Göcek 

ÖÇKB, 2008) 

   

2* 
0.027 

 Fethiye-Göcek 

ÖÇKB, 1998) 

Yacht 

tourism 

pressure 

 

5 

   Exactly not=5 
Rarely 

concerned=4 

Attempts but low 
implementation=3 

High attempts but 

not full 
implementation=2 

Fully considered=1 

4 
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Table C-1(continued) 

BUILT 

ENVIRONMENT 

 

T 

O 

U 

R 

I 

S 

M 

Orientation 

to nature-

based 

tourism, 

ecotourism, 

culture 

tourism 

 

5 

   Exactly not=5 
Rarely 

concerned=4 

Attempts but low 
implementation=3 

High attempts but 

not full 
implementation=2 

Fully considered=1 

5 

Irrespective 

of 

temperature 

rise and 

flooding 

 

5 

   Exactly not=5 

Rarely 
concerned=4 

Attempts but low 

implementation=3 
High attempts but 

not full 

implementation=2 

Fully considered=1 

5 

A 

G 

R 

I 

C 

U 

L 

T 

U 

R 

E 

 

Rate of 

farmland 

Farmland 

area/total 

acreage 

5 

 0.06 Fethiye-

Göcek ÖÇKB, 
2008) 

23.810.672

ha/ 
78.356.200 

ha 

0.30 

TUİK, 

2013 

0.44 (2013) 

data.worldb
ank.org 

 

0-0,30=5 

->0.44=1 

5 

0.14 

Fethiye-Göcek 

ÖÇKB, 1998) 

0.53 
(2000) 

data.worldb

ank.org 
 

0.47 (2000) 
data.worldb

ank.org 

 

0-0,47=5 
->0,53=1 

C

I 

T 

Y 

 

M 

A 

C 

R

O 

 

F

O

R

M 

Impervious 

surface 

percent (for 

heat island 

effects) 

Artificial 

land 

5 

%8 

Fehiye-Göcek 

ÖÇKB, 2008- 

 % 4.3 

Eu (2012) 

Eurostat 

 
% 

4.2(2009) 

->4.3=5 
<4.3=1 

5 

%12 

Fehiye-Göcek 

ÖÇKB, 1998) 

 % 4.0 
(2000)* 

2000 yılına 

indirgenere
k 

hesaplanmı

ştır. 

->4.0=5 
<4.0=1 

Urbanization 

rate 

 

 

1 

43.01 

Fethiye 

2012 TUİK 

ADNKS, (GEKA) 

77.28 

2012 TUİK 

ADNKS, 

(GEKA) 
71.8 (2012) 

Worldbank.
org 

73.4 (2015) 

74.2 (2012) 
data.worldb

ank.org 

74.8 
(2015) 

0-74.2=1 
->77,28=5 

1 

37 

(2000) GEKA 
64.9 

(2000) 
GEKA 

65 

data.worldb
ank.org 

(2000) 

72 

data.worldb
ank.org 

(2000) 

0-64,9=1 

->72=5 

Green areas 

per capita 

(m) 

1 24   WHO:min 9 m2 
3194 İmar 

Kanunu: 

<10m2=5 
>10 m2=1 
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Table C-1(continued) 

BUILT 

ENVIRONMENT 

 

 Mixed Use 

and compact 

development 

5    Level of 
Compactness 

1-5 3 

A 

R 

C 

H 

I 

T 

E 

C 

T 

U 

R 

A 

l  

D 

E 

T 

A 

I 

L 

S 

&

 

G 

R 

E 

E 

N 

 

I 

N 

F 

R 

A 

S 

T 

R 

U 

C 

T 

U 

R 

E 

 

Climatic 

regulations: 

cooling and 

heating 

effects; 

sensitive to 

sun and wind 

3 

   Exactly not=5 

Rarely 
concerned=4 

Attempts but low 

implementation=3 
High attempts but 

not full 

implementation=2 
Fully considered=1 

4 

Disaster-

resistant land 

use and 

building 

code 

3 

   Exactly not=5 

Rarely 
concerned=4 

Attempts but low 

implementation=3 
High attempts but 

not full 

implementation=2 
Fully considered=1 

4 

Considerati 

on of Green 

building and 

green 

infrastructure 

standards. 

5 

   Exactly not=5 

Rarely 

concerned=4 
Attempts but low 

implementation=3 

High attempts but 
not full 

implementation=2 

Fully considered=1 

5 

Considerati 

on of Green 

roofs- 

Installation 

of vegetative 

roofing 

materials 

5 

   Exactly not=5 

Rarely 

concerned=4 
Attempts but low 

implementation=3 

High attempts but 
not full 

implementation=2 

Fully considered=1 

5 

TOTAL BUILT ENVIRONMENT 
3,93  

3,73 

INFRA 

STRUCTURE 

 

W 

A 

S 

T 

E 

 

 

Zero waste 

reduction 

and high 

recycling 

strategy 

 

5 

   Exactly not=5 
Rarely 

concerned=4 

Attempts but low 
implementation=3 

High attempts but 

not full 
implementation=2 

Fully considered=1 

5 
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Table C-1(continued) 

INFRA 

STRUCTURE 

 

S 

T 

R 

A 

T 

E 

G 

I 

E 

S 

 

Waste and 

storm water 

management 

 

5 

   Exactly not=5 
Rarely 

concerned=4 

Attempts but low 
implementation=3 

High attempts but 

not full 
implementation=2 

Fully considered=1 

5 

Consideratio

n of boat-

yacht wastes 

2 

   Exactly not=5 

Rarely 
concerned=4 

Attempts but low 

implementation=3 
High attempts but 

not full 

implementation=2 

Fully considered=1 

5 

Tourism 

formations’ 

waste water  

treatment 

strategies 

3 

   Exactly not=5 

Rarely 
concerned=4 

Attempts but low 

implementation=3 
High attempts but 

not full 

implementation=2 
Fully considered=1 

4 

R 

E 

N 

E 

W 

A 

B 

L 

E 

E 

N 

E 

R 

G 

Y 

 

P 

R 

O 

G 

R 

A 

M 

S 
 

Requirement

s for wind, 

solar, 

geothermal, 

or other 

renewable 

energy 

sources 

4 

   Exactly not=5 

Rarely 
concerned=4 

Attempts but low 

implementation=3 
High attempts but 

not full 

implementation=2 
Fully considered=1 

5 

Energy 

efficiency 

and energy 

stars 

5 

   Exactly not=5 

Rarely 

concerned=4 
Attempts but low 

implementation=3 

High attempts but 
not full 

implementation=2 

Fully considered=1 

5 

Renewable 

energy 

consumption 

(% of total 

final energy 

consumption 

5 

*12.8 (2012) 

Türkiye 

data.worldbank.or
g 

14.1 (2012) 

eu 

 

18.1 (2012) 

world 

data.worldb
ank.org 

0-14,1=5 

->18,1=1 

1 

*17.29 (2000) 

Türkiye 

7.84 (2000) 

eu 
 

17.42 
(2000) 
world 

0-7,84=5 

7,85-10,2=4 
10,3-12,6=3 

12,7-15=2 

15.1->17,42=1 

E 

N 

E 

R 

G 

Y 

 

Total water 

consumption 

per 

capita(liter/p

erson) 

Kişi başına 

çekilen 

günlük su 

miktarı 

5 

347 

Muğla, TUİK, 

2014 

258  
Aydın-

Denizli-

Muğla 
2014 

203  
Türkiye 

TUİK, 

2014 
 

0-203=1 
->258=5 

5 

411 

(2001) 
301  

Aydın-
Denizli-

Muğla 

(2001) 

252  
Türkiye 
(2001) 

0-252=1 

->301=5 
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Table C-1(continued) 

INFRA 

STRUCTURE 

 

 

E 

N 

E 

R 

G 

Y 

 

Electric 

power 

consumption 

(kWh per 

capita) 

2 

2825 

Muğla, TUİK, 

2012 

2577 

TUİK, 

2012 

2.789,2 
(2013) 

data.worldb

ank.org 

6.034,4 eu 
(2013) 

data.worldb

ank.org 

0-2577=1 
2578-3441=2 

3442-4306=3 

4307-5170=4 
5171-->6034,4=5 

 

2 

*2386 Muğla 
(2009) 

TEDAŞ 

İstatistikleri 

1653 

(2000) 
5827 

(2000) 
0-1653=1 

1654-2670=2 

2671-3741=3 

3742-4785=4 
4786->5827=5 

 

T 

R 

A 

N 

S 

P 

O 

R 

T 

A 

T 

I 

O 

N 

 

P 

O 

L 

I 

C 

I 

E 

S 

 

Presence of 

Alternative 

transportatio

n strategies  

transit-

oriented 

community 

design, Ride 

sharing 

programs, 

Multimodal 

transportatio

n strategies 

5 

   Exactly not=5 
Rarely 

concerned=4 

Attempts but low 

implementation=3 

High attempts but 

not full 
implementation=2 

Fully considered=1 

5 

Density of 

the total 

Road 

network 

(Road 

length(km)/t

otal area 

Km/km2) 

5 

0.40 

949+4302=5251/1

2974 

Muğla, TUİK, 
2013 

0,50 

386.539 

Eurostat 

2013 

1.09 

Eurostat 

2013* 

Not all 
countries 

0-0.50=5 
->1.09=1 

5 

0.09 

1162/12.974 

Muğla (2004 il 
Çevre Durum 

Raporu) 

 

0.44 

347.553/78

3.562 
(Eurostat 

2004) 

 

 

1.11 

Eurostat 

2004)* 
Not all 

countries 

0-0.44=5 

->1.11=1 

Consideratio

n of 

Pedestrian/re

sident-

friendly, 

bicycle-

friendly 

transport 

 

5 

   Exactly not=5 

Rarely 
concerned=4 

Attempts but low 

implementation=3 
High attempts but 

not full 

implementation=2 
Fully considered=1 

5 

# of cars per 

1000 

inhabitants 

2 

177 (8880 araç) 

866.665 

Muğla, TUİK, 
2013 

 

 

121 

TUİK, 

2013 
 

*455 

(EU-27, 

2006) 

0-121=1 

122-204,5=2 

205-288=3 
289-371=4 

372-455=5 

2 

110 

TUIK 2004 
65 

(2000) 
423 

(EU-27, 

2000) 

0-65=1 

66-154,5=2 

155-244=3 
245-333.5=4 

334->423=5 
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Table C-1(continued) 

INFRA 

STRUCTURE 

 

T 

R 

A 

N 

S 

P 

O 

R 

T 

A 

T 

I 

O 

N 

 

P 

O 

L 

Minimum 

fuel 

efficiency 

standards for 

municipal 

fleets; 

acquisition 

of 

alternatively 

fueled 

vehicle 

5 

   Exactly not=5 
Rarely 

concerned=4 

Attempts but low 
implementation=3 

High attempts but 

not full 
implementation=2 

Fully considered=1 
5 

Climate 

proofing of 

transport 

infrastructure 

5 

   Exactly not=5 

Rarely 
concerned=4 

Attempts but low 

implementation=3 

High attempts but 

not full 

implementation=2 
Fully considered=1 

5 

H 

E 

A 

L 

T 

H 

 

S 

E 

R 

V 

I 

C 

E 

S 

 

# of medical 

doctors per 

100.000 

inhabitants 

5 

173.4(EU, 2013) 

TR-32 
160.3 (2014 

TUİK) Muğla 

 

175.6 
turkey (EU, 

2013) 

 

340 

2010 
OECD 

Health 

Data 2012 

0-175,6=5 

->340=1 

1 

161.7 

Muğla (2002) 

1157/715328 

 

132.6 

TUIK 2000 
140 

2000 

OECD 

Health 
Data 2012 

0-132,6=5 
->140=1 

# of hospital 

beds per 

1000 

inhabitants 

5 
1.74 Fethiye 

Fethiye Stratejik 
Plan 2015-2019 

2.65 

TUİK,2013 
5,26 

(EU-
28,2013) 

0-2,65=5 

->5,26=1 

5 

2.2 

1998 Muğla 
2.7 

1998 
2.12 

2004 

5.92 

EU-2004 

0-2,7=5 

->5,92=1 

TOTAL INFRASTRUCTURE 

 
4,29  

4,12 

INTEGRATED COASTAL 

VULNERABILITY 

3,66  

3,78 
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APPENDIX D 

 

MAPS AND SPATIAL PLANS 

 

Plan 1: Fethiye-Göcek SEPA 1/25.000 Scaled Territorial Plan (2008 Approved) Source: GDPNA, 2016
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Plan 2: Fethiye-Göcek SEPA 1/25.000 Scaled Territorial Plan (1998 Approved). Source: GDPNA, 2016 
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Plan 3: Fethiye 1/1000 Scaled Land Development Plan. Source: GDPNA, 2016 
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Plan 4: Special Environmental Protection Zone of Fethiye to Gocek and Dalaman Bays Application of Procedures and Principles for Protection. Source: GDPNA, 2016 
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