
Μάθημα: Περιβαλλοντική Διαχείριση 
Παράκτιας Ζώνης

ΤρωτότηταΑκτών & Λιμένων

Βασιλική Τσουκαλά |  Καθηγήτρια ΕΜΠ

Βασιλική Χαλαστάνη |  Υπ. Διδάκτορας ΕΜΠ

Χριστίνα Τσάιμου |  Υπ. Διδάκτορας ΕΜΠ Αθήνα 2022-2023

ΕΡΓΑΣΤΗΡΙΟ ΛΙΜΕΝΙΚΩΝ ΕΡΓΩΝ

ΕΘΝΙΚΟ ΜΕΤΣΟΒΙΟ ΠΟΛΥΤΕΧΝΕΙΟ
ΣΧΟΛΗ ΠΟΛΙΤΙΚΩΝ ΜΗΧΑΝΙΚΩΝ

ΤΟΜΕΑΣ ΥΔΑΤΙΚΩΝ ΠΟΡΩΝ ΚΑΙ ΠΕΡΙΒΑΛΛΟΝΤΟΣ



2

Introduction
Highlights

Vulnerability of systems – Examples of vulnerable systems

Threats – Hazards that affect systems’ vulnerability

Definition & description of vulnerability components

Vulnerability assessment – Estimation of Vulnerability Index

Climate change & relationship with systems’ vulnerability

Coastal vulnerability

Port Vulnerability



3

Introduction
Educational scope

After this course the student will be able to:

Familiarize with the complex concept of vulnerability

Identify potential threats-hazards that affect the vulnerability of a system

Understand the components of vulnerability and their interaction to assess the vulnerability of a system

Comprehend the relationship of climate change impacts and vulnerability

Implement existing practices for coastal vulnerability assessment

Implement existing practices for port vulnerability assessment
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Introduction
Vulnerability

Vulnerability was introduced in 1970s within the discourse on
natural hazards and disaster (Keefe et al, 1976).

The concept is relative and dynamic (Iorhen et al, 2021).

Vulnerability refers to various systems:
individuals, households, communities (e.g. coastal),
infrastructures (e.g. ports) etc.

If the system is unable to withstand, for example, an earthquake
or a storm, or lack of attentiveness may result in a slower reply to a disaster, leading to better loss of life or 
protracted suffering.

The reverse side of the coin is capacity, which can be described as the resources available to systems to cope 
with a threat or to resist the impact of a hazard.

A system might be vulnerable to certain events but be resilient to others. Therefore, it is important to consider 
the specific risk and threat profiles to the area under analysis. 
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Introduction

Systems
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Introduction

Systems
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Introduction

Vulnerable systems

A system is a group of interacting elements (or subsystems) having an internal structure which links them into 

a unified whole. The boundary of a system is to be defined, as well as the nature of the internal structure 

linking its elements (physical, logical, etc.). A complex system is made by many components interacting in a 

network structure (Zio et al, 2016).

Most often, the components are physically and functionally heterogeneous, and organized in a hierarchy 

of subsystems that contributes to the system function. This leads to both structural and dynamic 

complexity, the former referring to the system design and the latter emerging from the system operation 

within its complex architecture.

Heterogeneity refers to the differences in the elements, their interconnections and roles within the system 

structure, often with high-connected core elements and low-connected periphery nodes.
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Introduction

Indicative types of vulnerable systems (1)

 Societies

 Organizations

 Individuals

 Coastal areas

 Ports
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Introduction

Indicative types of vulnerable systems (2)

 Societies: These are nations across the globe that lack the coping abilities to overcome shocks, threats and 

risks being caused by environmental factors, lack of political rights and social amenities. Indicative factors 

of vulnerable societies include bad governance, poor economic growth and lack of natural disaster control 

and management system (Iorhen et al, 2021).

 Organizations: Flourishing organizations become weak to face threats, fierce competitions and risks 

among other forces, thus being restricted from competing at the domestic, international and global 

market. Indicative factors of vulnerable organizations include poor financial status, Covid-19 pandemic, 

shortsighted and poor leadership practices, failed policies and strategies, lack of required human capital, 

etc (Iorhen et al, 2021). 

 Individuals: Persons being harassed and fragile or becoming immigrants etc. Indicative factors of 

vulnerable individuals are poverty in the developing countries, increase in population, unemployment, 

diseases, hunger, violence and crises, lack of social and infrastructural facilities (Iorhen et al, 2021).
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Introduction

Indicative types of vulnerable systems (3)

 Coastal areas: Coastal landforms, affected by short-term perturbations such as storms, generally return to 

their pre-disturbance morphology, implying a simple, morphodynamic equilibrium. Many coasts undergo 

continual adjustment towards a dynamic equilibrium, often adopting different ‘states’ in response to 

varying wave energy and sediment supply (Nicholls et al, 2007).

 Ports: Seaports are interfaces between the various transport modes and are typically combined transport 

centers. In addition, they are also multi-functional trade and industrial areas where goods are not only in 

transit but also handled, manufactured and distributed. In fact, ports are multi-dimensional systems which, 

to function adequately, must be integrated into global logistic[s] chains. An efficient port requires not only 

adequate infrastructure, superstructure and equipment but also good communications and especially a 

dedicated and skilled management team with a motivated and trained work force (UNCTAD, 1996).
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Introduction

Vulnerability definitions

 Chambers (1989) investigated vulnerability in terms of the external and internal side: the external 

approach constitutes risks, shocks and stress to which a system is subject to, while the internal approach is 

related with defenseless, lack of means to cope with damaging loss (becoming physically weaker, 

inexpensively insolvent, socially dependent, humiliated or expressively harmed etc.).

 Clark et al (2000) defined vulnerability as the risk of adverse outcomes to receptors or exposure units-

systems in terms of relevant changes in climate, other environmental variables and social conditions.

 According to the World Health Organization (2000) vulnerability is the degree to which a system is unable 

to anticipate, cope with, resist and recover from the impacts of disasters.

 Damas and Rayhan (2004) claimed that vulnerability is exposure to contingencies and stresses, and 

difficulty in coping with them.
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Introduction

Threats leading to vulnerability (1)

Various concepts are used in literature to express threats:

hazards, stresses, disasters, damages, contingencies, adverse effects.

Threats are a potential forthcoming event that a system may be vulnerable to.

To assess the threat, and consequently estimate how vulnerable is the system to the specific threat, it is 

necessary to (Ferreira, 2019):

i. identify and distinguish its typology, its type of expression, as well as and the shielding techniques and 

measures (existing or planned) associated with it,

ii. analyze the threat according to internal and external factors, and 

iii.to classify the threat according to the analysis made of its factors.
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Introduction

Threats leading to vulnerability (2)

Examples of threats:

 Natural hazards (tsunami, earthquakes)

 Human-induced factors (terrorism)

 Climate-change impacts (extreme events, sea level rise)

 Accidents (explosion, fires)
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Introduction

Threats leading to vulnerability (3) - Adger et al. (2006)
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Types of vulnerability

(1/2) (Iorhen, 2021)

 Physical Vulnerability: It is related by the physical characteristics of the system. Depending on the type of 

the system it may refer to land degradation, typhoons, earthquakes, flood, hurricane, drought, storms. 

 Political Vulnerability: It is prompted by the political status that the system may be related with (e.g. 

where there is no democratic and electoral process for the citizens to have access to political power and 

representation). 

 Social Vulnerability: It arises as a result of rapid population growth, poverty and hunger, high level of 

ethnicity, low levels of education, gender inequality, lack of access to technological means and 

disintegration of social patterns. This can also include religion differences and marginalization. 

 Economic Vulnerability: This can be determined by the income levels among individuals, the bargain 

power, price level, inflation rate, unemployment, Gross Domestic Product (GDP), Gross National Product 

(GNP) and exchange rate among others. 
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Types of vulnerability

(2/2) (Iorhen, 2021)

 Environmental Vulnerability: It is related with the environmental characteristics of the system e.g. 

pollution, deforestation, fire disaster, critical habitats etc. 

 Academic Vulnerability: This vulnerability arises due to lack of knowledge, expertise, conceptual 

experience in solving operational and routine problems at individual, group, organizational and national 

levels. 

 Attitudinal Vulnerability: This type of vulnerability arises when individuals, organizations and nations have 

negative attitude to change and lack initiative and creativity of turning threats to opportunities. 
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Vulnerability interactions

Vulnerability
= f (E, S, AC)

Exposure
Susceptibility/ 

Sensitivity

Adaptive Capacity

Degree of resilience, i.e. a 
measure of the ability of a 
system to anticipate, cope 

with/absorb, resist & recover 
from the impact of hazards.

Degree of exposure to 
hazards, i.e., likelihood 

of being exposed to 
hazards of a certain 

degree

Degree of susceptibility 
to suffering losses and 
damages (this depends 

on the system 
robustness)

Threats =
Hazards
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Vulnerability components

Vulnerability components

 Degree of losses and damages due to the impact of hazards;

 Degree of exposure to hazards, i.e., likelihood of being exposed to hazards of a certain degree and 

susceptibility to suffering losses and damages (this depends on the system robustness, which is the 

antonym of vulnerability);

 Degree of resilience, i.e., a measure of the ability of a system to anticipate, cope with/absorb, resist and 

recover from the impact of hazards.

(Zio 2016)
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Vulnerability interactions

Hazards

Hazard is defined as a threat that can potentially 

cause damage to systems (Dewan, 2013). 

Hazards can take many forms (natural, human-

induced, environmental)

Hazards may be characterized by location, time, 

intensity, and frequency.

(Saulnier et al. 2021)
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Vulnerability interactions

Exposure

Systems need to be exposed to a hazard to be directly or indirectly affected by it (Saulnier et al. 2021). 

Direct effects include injury, illness, other health effects, evacuation and displacement, and economic, social, 

cultural, and environmental damages.

Indirect effects refer to additional consequences over time that cause unsafe or unhealthy conditions from 

economic, infrastructure, social, or health and psychological disruptions and changes.

One of the major challenges in disaster research is measuring who has been affected and when. Determining 

which effects can be attributed to a disaster is complex, as there are multiple indirect pathways to an outcome. 
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Vulnerability interactions

Risk

Risk describes an uncertain event or condition that, if it occurs, has an effect on at least one objective 

(uncertainty about future changes) (PIANC, 2020).

Risk includes two dimensions to describe the (future) consequences potentially arising from the operation of 

the systems and their activities, and the associated uncertainty (Zio, 2016).

For purposes of decision making, it is necessary to provide a quantification of risk, i.e., of the consequences of 

the accident scenarios, e.g. measured in terms of losses, damages, injuries etc., and of their likelihood of 

occurrence quantified by some measure of uncertainty, e.g. in terms of probabilities (frequencies) (Zio, 2016).

Risk assessment methodologies are often employed to help understand what can go wrong, estimate the 

likelihood and the consequences, and to develop risk mitigation strategies to counter risk (Ezell 2007). 
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Climate change
Climate change (IPCC, 2018, Glossary)

Climate change refers to a change in the state of the climate that can be identified (e.g., by 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. Climate change may be due to natural internal processes or external forcings such
as modulations of the solar cycles, volcanic eruptions and persistent anthropogenic changes in the
composition of the atmosphere or in land use.

The Framework Convention on Climate Change (UNFCCC), in its Article 1, defines climate change as: “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.”

The UNFCCC makes a distinction between climate change attributable to human activities altering the 
atmospheric composition and climate variability attributable to natural causes. 

Climate variability (IPCC, 2018, Glossary)

Climate variability refers to variations in the mean state and other statistics (such as standard deviations, the
occurrence of extremes, etc.) of the climate on all spatial and temporal scales beyond that of individual
weather events. Variability may be due to natural internal processes within the climate system (internal
variability), or to variations in natural or anthropogenic external forcing (external variability).
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Climate change
Climate crisis

In November 2019, a group of more than 11,000 scientists from 153 countries named climate change an 
"emergency" that would lead to "untold human suffering" if no big shifts in action takes place.

We declare clearly and unequivocally that planet Earth is facing a climate emergency. To secure a sustainable future, we
must change how we live. This entails major transformations in the ways our global society functions and interacts with
natural ecosystems.
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Climate change
Climate crisis

COVID-19 lockdowns significantly diminished transportation and consumption, but had very little impact on reversing
the trends negative trends of planetary vital signs including temperature and greenhouse gases.

“Only profound changes in human behavior can meet these challenges and emphasize the need to move beyond the
idea that global heating is a stand alone emergency, and is one facet of the worsening environmental crisis. This
necessitates the need for transformational system changes and to focus on the root cause of these crises, the vast
overexploitation of earth rather than just addressing symptom relief”.

(1) energy — eliminating fossil fuels and shifting to renewables;
(2) short-lived air pollutants — slashing black carbon (soot), methane, and hydrofluorocarbons;
(3) nature — restoring and permanently protecting Earth's ecosystems to store and accumulate carbon and restore biodiversity;
(4) food — switching to mostly plant-based diets, reducing food waste, and improving cropping practices;
(5) economy — moving from indefinite GDP growth and overconsumption by the wealthy to ecological economics and a circular economy , in 
which prices reflect the full environmental costs of goods and services; and
(6) human population — stabilizing and gradually reducing the population by providing voluntary family planning and supporting education and 
rights for all girls and young women, which has been proven to lower fertility rates.

Six areas where fundamental changes need to be made 

(Ripple, 2021):
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Climate change
Tackling Climate change

Mitigation Adaptation

A human intervention to reduce
emissions or enhance the sinks
of greenhouse gases.

In human systems, the process of adjustment to actual or expected
climate and its effects, in order to moderate harm or exploit
beneficial opportunities. In natural systems, the process of
adjustment to actual climate and its effects; human intervention
may facilitate adjustment to expected climate and its effects.

(IPCC, AR6,WGII, 2022)

A response or a process of adjustment to accommodate the
actual or projected climate or the effects of climate change.

(PIANC, 2020)
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Climate change
Tackling Climate change

Mitigation

A human intervention to reduce emissions or enhance the sinks of greenhouse gases.

(IPCC, AR6,WGII, 2022)

Anthropogenic emissions: Emissions of greenhouse gases (GHGs), precursors of GHGs and aerosols caused by human activities. These
activities include the burning of fossil fuels, deforestation, land use and land-use changes (LULUC), livestock production, fertilisation, waste
management and industrial processes.

Greenhouse gases (GHG): Gaseous constituents of the atmosphere, both natural and anthropogenic, that absorb and emit radiation at
specific wavelengths within the spectrum of radiation emitted by the Earth’s ocean and land surface, by the atmosphere itself and by
clouds. This property causes the greenhouse effect.

Human-made GHGs: 
sulphur hexafluoride (SF6), 
hydrofluorocarbons (HFCs), 
chlorofluorocarbons (CFCs) and 
perfluorocarbons (PFCs)

Primary GHGs in the Earth’s atmosphere:
Water vapour (H2O),
carbon dioxide (CO2),
nitrous oxide (N2O),
methane (CH4) and
ozone (O3)
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Representative Concentration Pathways (RCPs)

Name Radiative forcing CO2 
equivalent 
(ppm)

T 
anomaly
(o C)

Pathway

RCP8.5 8.5 W/m2 in 2100 1370 4.9 Rising

RCP6.0 6.0 W/m2 post 2100 850 3.0 Stabilisation without 
overshoot

RCP4.5 4.5 W/m2 post 2100 650 2.4 Stabilisation without 
overshoot

RCP2.6 
(RCP3PD)

3 W/m2 before 2100 
declining to 2.6 
W/m2 by 2100

490 1.5 Peak and decline

Each RCP defines a specific emissions trajectory and subsequent radiative forcing 
(a radiative forcing is a measure of the influence a factor has in altering the balance of incoming 
and outgoing energy in the Earth-atmosphere system, measured in watts per square meter)

Moss et.al. 2010. Median temperature anomaly over pre-industrial levels.

(Meinshausen et al., 2011)
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Climate change
Representative Concentration Pathways (RCPs)

2°C 
increase in temperature is 

recognised as the 
threshold at which 

climate change becomes 
dangerous

(IPCC, 2014)

The RCPs were used in the Fifth
Assessment Report of the
Intergovernmental Panel on
Climate Change (IPCC) in 2014 as
a basis for the report’s findings.
Previous IPCC assessment
reports used a set of scenarios
known as SRES (Special Report
on Emissions Scenarios), which
start with socioeconomic
circumstances from which
emissions trajectories and
climate impacts are projected. In
contrast, RCPs fix the emissions
trajectory and resultant radiative
forcing rather than the
socioeconomic circumstances.

Where do the RCPs come from? 



29

Climate change
Representative Concentration Pathways (RCPs)

Current 
emissions are 

tracking close to 
the RCP8.5 

pathway

(Coast Adapt, Australia)
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Climate change
Shared Socioeconomic Pathways (SSPs)

Socio-Economic Scenario
A scenario that describes a possible future in terms of population, gross domestic product (GDP), and other socio-economic   factors relevant to 
understanding the implications of climate change. 

The idea of shared socio-economic pathways (SSPs) is developed as a basis for new emissions and socio-economic scenarios. An SSP is one of
a collection of pathways that describe alternative futures of socio-economic development in the absence of climate policy intervention. The
combination of SSP-based socio-economic scenarios and RCP-based climate projections should provide a useful integrative frame
for climate impact and policy analysis.

(O‘Neill et al., 2014)

SSP1: The sustainable and “green” pathway describes an increasingly sustainable world. Global commons are
being preserved, the limits of nature are being respected. The focus is more on human well-being than on
economic growth. Income inequalities between states and within states are being reduced. Consumption is
oriented towards minimizing material resource and energy usage.

SSP2: The “Middle of the road” or medium pathway extrapolates the past and current global development
into the future. Income trends in different countries are diverging significantly. There is a certain cooperation
between states, but it is barely expanded. Global population growth is moderate, leveling off in the second
half of the century. Environmental systems are facing a certain degradation.

SSP3: Regional rivalry. A revival of nationalism and regional conflicts pushes global issues into the
background. Policies increasingly focus on questions of national and regional security. Investments in
education and technological development are decreasing. Inequality is rising. Some regions suffer drastic
environmental damage.

SSP4: Inequality. The chasm between globally cooperating developed societies and those stalling at a lower
developmental stage with low income and a low level of education is widening. Environmental policies are
successful in tackling local problems in some regions, but not in others.

SSP5: Fossil-fueled Development. Global markets are increasingly integrated, leading to innovations and
technological progress. The social and economic development, however, is based on an intensified
exploitation of fossil fuel resources with a high percentage of coal and an energy-intensive lifestyle worldwide.
The world economy is growing and local environmental problems such as air pollution are being tackled
successfully.

(in brief; from www.dkrz.de) 

http://www.dkrz.de/
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Climate change
RCPs and SSPs
The SSPs contain a range of baseline scenarios spanning between 5.0 and 8.5 W/m2 of radiative forcing by 2100. They also specifically consider mitigation scenarios where
forcing is limited to 6.0, 4.5, 3.4, 2.6 and 1.9 W/m2. As computational limitations prevent scientists from running all the SSPs through every climate model, a number of
“marker” scenarios were chosen at different forcing levels to be used in CMIP6 – the global climate modelling exercise being undertaken by IPCC AR6.

CMIP6 will include the same four forcing levels found in the RCPs – 8.5, 6.0, 4.5, and 2.6 – in addition to new 1.9, 3.4 and 7.0 forcing scenarios.
Both the 8.5 and 7.0 scenarios are taken from no-policy baseline emission scenarios in the SSP database, while all the other forcings use emissions scenarios where some
level of mitigation is employed.

(O‘Neill et al., 2016)

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjQl-Ge_IrhAhVSnp4KHZtRCE0QjRx6BAgBEAU&url=https://slideplayer.com/slide/14968978/&psig=AOvVaw28VneE2NdlE-pleqWZK_WS&ust=1552972980437655
https://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjQl-Ge_IrhAhVSnp4KHZtRCE0QjRx6BAgBEAU&url=https://slideplayer.com/slide/14968978/&psig=AOvVaw28VneE2NdlE-pleqWZK_WS&ust=1552972980437655
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Climate change
Tackling Climate change

Adaptation

In human systems, the process of adjustment to actual or expected
climate and its effects, in order to moderate harm or exploit
beneficial opportunities. In natural systems, the process of
adjustment to actual climate and its effects; human intervention
may facilitate adjustment to expected climate and its effects.

(IPCC, AR6,WGII, 2022)

A response or a process of adjustment to accommodate the
actual or projected climate or the effects of climate change.

(PIANC, 2020)

Vulnerability

Resilience
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Climate change

The propensity or predisposition to be adversely affected. Vulnerability encompasses a variety of concepts and elements 
including sensitivity or susceptibility to harm and lack of capacity to cope and adapt. (IPCC, AR6,WGII, 2022)

Vulnerability indicates the degree to which a system is susceptible to, and unable to cope with, adverse climate change
effects, including climate variability and extremes. Vulnerability is a function of the character, magnitude and rate of
climate change and variation to which an asset, operation or system is exposed, its sensitivity and its adaptive capacity.

Vulnerability

(PIANC, 2020)

Resilience

The capacity of interconnected social, economic and ecological systems to cope with a hazardous event, trend or
disturbance, responding or reorganising in ways that maintain their essential function, identity and structure. Resilience
is a positive attribute when it maintains capacity for adaptation, learning and/or transformation (Arctic Council, 2016).

(IPCC, AR6,WGII, 2022)
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Climate change

Vulnerability factors (Havko et al, 2017)

 Disasters’ particularities and their impacts (ability of disasters cause dysfunction of system elements)–

exposure,

 Characteristics of the system elements and its susceptibility to effects of a disaster –

susceptibility/sensitivity,

 Ability or capacity of the system in conjunction with society to adapt to changing conditions –adaptive 

capacity
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Vulnerability interactions

Vulnerability
= f (E, S, AC)

Exposure
Susceptibility/ 

Sensitivity

Adaptive Capacity

Degree of resilience, i.e. a 
measure of the ability of a 
system to anticipate, cope 

with/absorb, resist & recover 
from the impact of hazards.

Degree of exposure to 
hazards, i.e., likelihood 

of being exposed to 
hazards of a certain 

degree

Degree of susceptibility 
to suffering losses and 
damages (this depends 

on the system 
robustness)

Threats =
Hazards

Climate 
change
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Vulnerability framework

(Turner et al, 2003)
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Vulnerability components

Exposure (Havko et al. 2017)

 Ability to cause damage which is associated with an occurrence of particular crisis event and its intensity, 

type, mode of action, range and in overall with its destructive effects. E.g. earthquake with different 

intensity may have various destructive impacts. 

 Duration of a disaster which is the expected period of exposure to the effects of a disaster. It is also a 

period necessary to restore the required level of operational state of the system.

 Activatability which is the time necessary for threat activation. The longer this time period is, the less 

devastating a disaster could be. In cases with longer activation period it is possible to adopt some 

mitigation measures (e.g. warning, evacuation, etc.).
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Vulnerability components

Susceptibility (Havko et al. 2017)

 Sensitivity which refers to the tendency of a system to be functionally damaged by effects of particular 

disaster. This characteristic is related to the ability of the system to resist to and cope with expected 

negative effects on its own. 

 Protection which can be seen as additional feature to the “sensitivity”. “Sensitivity” is about own ability of 

an element to handle situation On the other hand “protection” takes into account external measure which 

are already applied inside or outside the system to protect it, mainly with aim of decreasing the negative 

effects of a disaster.

 Accessibility which is the level of simplicity with which the system can be affected by a disaster. (e.g. 

location)
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Vulnerability components

Adaptive capacity (Havko et al. 2017)

 Redundancy which is the ability of other elements of the system take over the functions of failed 

elements. Redundancy is closely linked to the density of the system and its structure. For example, there is 

a remarkable difference in redundancy of road and rail transportation network. From such point of view is 

rail network and its elements more vulnerable than the road elements. 

 Availability of resources which refers to the access to the sources required

 Capability of rapid response which is the ability of responsible authorities and rescue services 

(professional and voluntary) effectively (1) prevent effects of disasters by adoption of rapid measures or (2) 

remove impacts of such events in short period of time and recovery to the previous state.
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The presence of people; livelihoods; species or ecosystems; environmental functions, services, and resources; infrastructure;
or economic, social, or cultural assets in places and settings that could be adversely affected. (IPCC, AR6,WGII, 2022)

Vulnerability components

Exposure

Adaptive capacity

Adaptive capacity means having the ability to adjust to
change. For example, there may be redundancy or
resilience within the system that means a change or
impact can be accommodated. Having adequate
adaptive capacity can make the difference between an
incident or event being inconvenient and potentially
catastrophic. (PIANC, 2020)

The ability of systems, institutions, humans and other organisms
to adjust to potential damage, to take advantage of
opportunities or to respond to consequences. (MA, 2005),(IPCC,
AR6,WGII, 2022)

Susceptibility

Susceptibility indicates whether an asset, operation
or system is prone to harm, disruption or other
adverse effects as a result of changes in
meteorological, oceanographic or hydrological

characteristics. (PIANC, 2020)

The degree to which a system or species is affected, either
adversely or beneficially, by climate variability or change. The
effect may be direct (e.g., a change in crop yield in response to a
change in the mean, range, or variability of temperature) or
indirect (e.g., damages caused by an increase in the frequency of
coastal flooding due to sea level rise). (IPCC, AR6,WGII, 2022)

Vulnerability = Exposure + Sensitivity + Adaptive capacity

Sensitivity Susceptibility
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Vulnerability assessment

Definition

A vulnerability assessment means comparing potential future threats to existing capacities and desired 

protection levels (Pursiainen, 2018; Silvast et al., 2021).

Vulnerability assessments can take many forms dependent on the field from which they are drawn (i.e., 

climate change adaptation, disaster risk management, or poverty and development) (Weis et al. 2016).

The bigger the system is and the more interconnected is to other systems, the more difficult it may be to 

recognize its vulnerabilities.



42

Vulnerability assessment

Example – Seaport 
Vulnerability assessment
(PIANC, 2020)
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Vulnerability assessment

(Kienberger et al. 2014)
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Vulnerability assessment

Vulnerability Index (Havko et al, 2017)

𝑽𝑰 = 𝒇 𝑬, 𝑺, 𝑨𝑪 = 𝒇[𝒇 𝑪𝑯𝑨𝑪𝑫, 𝑪𝑯𝑫𝑫, 𝑪𝑯𝑨𝒄 , 𝒇 𝑪𝑯𝒔, 𝑪𝑯𝑷, 𝑪𝑯𝑨𝒄𝒄 , 𝒇 𝑪𝑯𝑹, 𝑪𝑯𝑨𝑹, 𝑪𝑯𝑪𝑹𝑹 ]

where:

VI: Vulnerability Index
E: Exposure
S: Susceptibility
AC: Adaptive Capacity
CHACD: Characteristic – Ability to Cause Damage
CHDD: Characteristic – Duration of a Disaster
CHAc: Characteristic – Activatability
CHS: Characteristic – Sensitivity
CHP: Characteristic – Protection
CHAcc: Characteristic – Accessibility
CHR:Characteristic – Redundancy
CHAR: Characteristic – Availability of Resources
CHCRR: Characteristic – Capability of Rapid Response
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Coping mechanisms

(Iorhen, 2021)

 Functional Socio- Economic and Political Institutions ensuring that services like education, water, roads, 

health care, investment, production and diversification among others are available and effective to provide 

safety nets. 

 Effective Natural Disaster Control and Management Programs for natural disaster issues like 

earthquake, flood, typhoons, hurricanes, explosions and fire in line with the climatic, environmental and 

man-made disaster of a particular region 

 Effective Educational System to provide citizens with the basic knowledge, skills and experience, the 

weapon to fight and overcome ignorance 

 Technological Expansion for employing advanced technology tools 

 Strategic Leadership to drive the systems in the right direction with a futuristic mindset.
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Coastal Vulnerability

Coastal systems
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Coastal vulnerability

• Today, approximately 3 billion people — about 50% of the world's 
population — live within 200 km of a coastline.

Large coastal cities
Large cities

(https://eclass.hua.gr/modules/document/file.php)

• In Greece, almost 85% of the population live within 50 km of a 
coastline.

• Greece: 13.676 km of coastline (11th globally)

Population of coastal cities around 1950 and in 2020. 

(Barragan et al., 2015)
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Coastal Vulnerability
Protocol for Mediterranean Sea: Integrated Coastal Zone 
Management

Coastal zone: the geomorphologic area either side of the seashore in
which the interaction between the marine and land parts occurs in the
form of complex ecological and resource systems made up of biotic
and abiotic components coexisting and interacting with human
communities and relevant socio-economic activities.

Coastal flooding at Rio 
(https://www.patrasevents.gr/)

Coastal flooding at Norther Crete (https://www.aera.gr/)

(Nicholls et al, 2007)
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(Koulouri, 2022) 

1292
results 

in Scopus 

Search term:
“coastal vulnerability index”

Coastal Vulnerability
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Coastal Vulnerability

Vulnerability in terms of climate change

Thieler & Hammar-Klose, 1999; Gornitz et al., 1994: 

CVI=
a∗b∗c∗d∗e∗f

6

Where:

a: the geomorphology

b: the coastline erosion-deposition rate

c: the coastal slope

d: the relative sea-level rise rate

e: the mean wave height

f: the mean tide range.
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Coastal Vulnerability

Coastal vulnerability assessment

(Tsaimou et al, 2022)
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Coastal Vulnerability

Coastal vulnerability components

 Present vulnerability, pressures by hazards regarding existing condition of coastal areas

 Future vulnerability, pressures by hazards regarding future threats and future condition of coastal areas 

due to climate change impacts (e.g. sea level rise, extreme storm events etc)
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Coastal Vulnerability

Coastal Vulnerability Index

𝑽𝑰 = 𝑬 ∗ 𝑺 ∗ 𝑨𝑪

Where:

VI: Coastal Vulnerability (sub-)Index
E: Exposure
S: Susceptibility
AC: Adaptive Capacity

 Physical sub-index PhCVI

 Technical sub-index TCVI

 Environmental sub-index ECVI

 Socio-economic sub-index SOCVI

PhCVI or TCVI or ECVI or SOCVI=E∗S∗AC



54

Coastal Vulnerability

Physical Parameters No. Parameters

1 Wave characteristics (e.g. significant wave height, 

period etc)

2 Geomorphology (e.g. type of beach sediment, 

thickness of layer sediment etc)

3 Coastal evolution (erosion or deposition)

4 Tide (meteorological or astrological)

5 Coastal slope (land or sea-bottom)

6 Beach width

7 Distance from vegetation

8 Number of extreme events

9 Number of disasters

10 Temperature

11 Precipitation
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Coastal Vulnerability

Technical Parameters

No. Parameters

1 Distance from back-beach structures

2 Distance from coastal road

3 Percentage of beach coverage by permanent 
structures

4 Coastal structures (e.g. breakwaters)

5 Port infrastructure
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Coastal Vulnerability

Environmental Parameters

No. Parameters

1 NATURA 2000

2 Atmosphere indicators (air pollutants)

3 Number of critical habitats

4 Distance from aquaculture
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Coastal Vulnerability

Socio-economic Parameters

No. Parameters

1 Population characteristics (e.g. age, percentage of 

unemployment, type of employment, housing 

characteristics etc)

2 Distance from archeological monuments

3 Land use

4 Distance from capital / settlements

5 Cost by disasters / extreme events
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Coastal Vulnerability

Parameter estimation

1. Segregation of each area is required for a detailed analysis to address the physical (e.g. hydrological and 

geomorphological features, wave climate and sediment transport), environmental (e.g. distances from 

critical habitats) and socio-economic (e.g. land use) discrepancies identified along the areas under 

investigation

2. Calculation of parameters’ values (numerical models, open-source data etc)

3. Classification approaches for parameters’ values (type of classification, number of classes, spatial scale 

etc)

4. Mapping parameters’ values (GIS)
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CVI Example

Case study: Coastal Zone of Municipality of Thivaion
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CVI Example

Case study: Coastal Zone of Municipality of Thivaion
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Example

Physical parameter: Significant wave height 

(Tsaimou et al, 2022)
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Example

Coastline erosion-deposition

Current vulnerability Future vulnerability

Livadostra beach

Agios Vasilios

Kalamaki

Sarantis beach

Agios
Nikolaos

Aliki Sarantis beach

Agios
Nikolaos

Aliki

Livadostra beach

Agios Vasilios

Kalamaki
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Port vulnerability
“A port is a location on a coast or shore containing one or more harbors where ships can dock and transfer people or cargo to or from land”.

(Dwarakish and Salim, 2015)

A part of the ocean, a lake, etc., that is next to land and that is protected and deep enough to provide safety for ships

natural artificial

Ports:
• Play an important role in the worldwide economy as essential nodes in the global trading network. 
• Represent long-lasting and critical infrastructure that is sensitive to climate change. 
• Provide jobs to millions of people worldwide.
• Differ in size and type.

Fishing shelter in Ormideia, Cyprus
Capacity: 35 fishing vessels
(https://www.checkincyprus.com/)

The port of Heraklion, Greece
Annual passenger capacity of up to 0.5 million for 

cruise tourism
~2 million passengers per year

(https://www.cretapost.gr/)

Rotterdam port, The Netherlands
10th globally

14.35 million TEUs in 2020
(https://www.holland.com/) ©Guido Pijper

Ports of international interest: 16 Ports of greater interest: 25

Ports of national interest: 16 Ports of local interest: Rest
1.100 port facilities
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Port vulnerability

(https://www.alcottglobal.com)

A TEU is an exact unit of measurement used to
determine cargo capacity for container ships and
terminals. This measurement is derived from the
dimensions of a 20ft standardized shipping
container. Because standard containers can be
20 or 40ft in length the capacity of a container
ship can depend on the ratio of the two sizes.
(40ft ship = 2 TEUs)

In 2016 
only 3 of the top 10 
ports were located 

in China
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Port vulnerability
“Their location along coasts, rivers or lakes involves high exposure to a wide variety of hazards that include sea level rise, changes in extreme sea 
levels (such as wave set-up or storm surge) and flooding; these hazards may impact the port itself, the regional economy, the operation of supply 
chains and coastal populations”. (Ng et al., 2018)

Impacts in port infrastructure and operations:
• SLR may lead to overtopping
• Increase in frequency of extreme events affects ports’ susceptibility
• pH alteration may lead to eroded structures
• Ice melting creates different transportation routes in the Northern Hemisphere, affecting maritime transportation

Aerial photo shows the damage to an amusement park left in the wake 
of Superstorm Sandy, in Seaside Heights, N.J. (AP Photo/Mike Groll)

 Superstorm Sandy in 2012, which shut down the Port of 
New York and New Jersey for more than 8 days

 The floods of 2015 damaged the Port of Chennai, India

 Hurricane Maria in 2017, caused 
infrastructure damage and port shutdown 
in the Caribbean

(https://www.thehindubusinessline.com/)

(https://www.spokesman.com/)

(Smythe, 2013)

(Becker et al., 2018)

(Caribbean Development and 
Cooperation Committee, 2018)
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Port vulnerability

Goal: To enhance mitigation of and adaptation to climate change

Port sector

• World Ports Climate Declaration 

• World Ports Climate Initiative

Commitment to reduce CO2 emissions and improve air quality of ports
Target areas:
CO2 emissions from ocean emissions from ocean-going vessels
CO2 emissions from port operations and development
CO2 emissions from hinterland transport
Use of renewable energy
Carbon footprint
Implementation strategies

A global program to provide ports worldwide with a framework
to mitigate their impact on climate change.
The WPCI was launched in 2008 by the International Association
of Ports and Harbours (IAPH) and regional Port Organizations.
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Port vulnerability

Enhanced climate resilience is needed through adaptation strategies

They are still at the planning stage for most seaports

(Becker et al., 2012)Example

The stakeholders of the port of Rotterdam developed and adaptation plan to secure the city and the port operations up 
to 2025 regarding climate change impacts. The port of Rotterdam is one of the safest ports in the world.

(Rotterdam Climate Proof, 2013) 

Diagram of Rotterdam’s green and blue adaptation infrastructure 
(Rotterdam Climate Initiative, 2013)

These green and blue adaptation measures demonstrate best practice in the use of 
hard and soft infrastructure maximising natural flood attenuation mechanisms.

• Storm surge barriers are being optimised, rainwater storage to delay
drainage is being created (including green roofs and facades, less
paving and more flora in public streets and neighbourhoods, water
squares and infiltration zones integrated into the infrastructure).
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Port vulnerability

In the adaptation framework, a necessary step is risk analysis that addresses the issue of “adapting to what”. 

Such an assessment will provide information on the resilience of an existing port or a new investment in the upcoming decades, focusing on
the major impacts of climate change that contribute to increased risk in terms of economic, social and environmental consequences.

(IPCC, 2014) 
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Port vulnerability

Prior to the detailed risk analysis, understanding of climate drivers, susceptibility and vulnerability of port 
infrastructure and operations are needed.

Susceptibility indicates whether an asset, operation or system is 

prone to harm, disruption or other adverse effects as a result of 

changes in meteorological, oceanographic or hydrological 

characteristics. 

Vulnerability indicates the degree to which a system is susceptible 

to, and unable to cope with, adverse climate change effects, 

including climate variability and extremes. Vulnerability is a 

function of the character, magnitude and rate of climate change and 

variation to which an asset, operation or system is exposed, its 

sensitivity (see criticality) and its adaptive capacity. 

Stage 3

Stage 1 Stage 2

Stakeholder

Engagement

•Set goals
•Identify critical assets, operations and systems
•Indicate the susceptibility of the assets, operations and systems
•Determine adaptation objectives
•Consider data needs

•Define the climate variables causing impacts to measure susceptibility
•Understand baseline conditions
•Explore possible future climate conditions
•Analyze data to understand the climate change hazard

•Agree approach to vulnerability assessment
•Establish changes in susceptibility
•Agree on indicators
•Define the scale of vulnerability for each indicator
•Measure vulnerability

After all 3 Stages: Design adaptation pathways
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Port vulnerability

Stage 1: Identify objectives

• High level objectives

• Medium to long-term

Example:

Make the port fully resilient to the impacts of climate change by 2025 and 
ensure that it remains one of the safest port cities in the world.
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Port vulnerability

(PIANC, 2020) 

Stage 1: Identify critical assets
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Port vulnerability

Stage 1: Identify critical assets

(PIANC, 2020) 
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Port vulnerability

Stage 1: Determine criticality of assets

(PIANC, 2020) 
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Port vulnerability

Stage 1:Identify hazards

• Flooding
• Overtopping
• Flow velocities
• Extreme waves
• Low river flow
• Changes in bathymetry
• Bed or bank erosion
• Fog/reduced visibility
• Changes in wind
• Extreme cold, ice or icing
• Extreme heat, also humidity (magnitude, duration, frequency)
• Changes in water chemistry (acidity, salinity)
• Changes in biological character (vegetation growth rates, species migration, 

invasive species) 

+ Any other such as Heavy rainfall, Electric storms

•Flooding due to overwhelmed drainage systems or high groundwater levels 
•Overtopping and flooding due to high river flow levels, high tide or storm surge 
•High in-channel river flow velocities or changes in sea state (extreme waves, agitation) 
•Fog or other reduced visibility, for example due to blizzard conditions or sandstorms 

Hazards

Specification of hazards
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Port vulnerability

Stage 1:Indicate susceptibility

(PIANC, 2020) 
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Port vulnerability

Stage 2:Measure susceptibility

(PIANC, 2020) 

•Link climate parameters to
impacts to define susceptibility
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Port vulnerability

Stage 2: Find data

Masterplan

•Find sources of data

•Gather data to measure current state

•Explore projections to estimate future state

Information from 
buoys

National legislation

Use of global climate models, hydrodynamic models, projections from literature or estimations

Global Regional

o Climate data
o Environmental data
o Infrastructural data
o Socioeconomic data

e.g.
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Port vulnerability

Stage 3: Identify vulnerability

Stage 3 brings together the collated information on critical assets, operations and systems (from Stage 1) and the
understanding about projected changes in the climate parameters and processes to which these assets, operations and
systems are susceptible (from Stage 2), to identify and assess potential risks associated with climate change.

•Determining whether the projected changes in relevant climate parameters and processes highlighted in Stage 2, will 
lead to a change in the susceptibility of any of the critical assets, operations or systems identified in Stage 1. 

•Assessing whether vulnerability is likely to increase within the adaptation planning horizon when factors such as 
proximity to thresholds and the availability of adaptive capacity are taken into account. 

A vulnerability assessment involves, for each climate change scenario as appropriate: 



79

Port vulnerability

Stage 3: Identify vulnerability

Examples

Climate parameter: T
Impacts: Workforce health and safety, Energy demand

Susceptibility Changes in susceptibility
T increase (change in parameter) and alteration of the impacts

Indicators to track vulnerability

•Number of days during which staff working outdoors is at “high risk”
•Increase in energy requirements

Changes in indicatorsAssess the level of vulnerability

(PIANC, 2020) 
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Port Vulnerability Index

(Koulouri, 2022) 

1198
results 

in Scopus 

Search terms:

“port vulnerability”
“port vulnerability; climate change”

“port vulnerability assessment”
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Port Vulnerability Index

Year Study area Researchers

2011 136 ports globally Hanson S. et al.

2011 2 ports, New York & New Jersey McLaughlin B. et al.

2013 Ports in Australia Nursey-Bray M. et al.

2014 4 international ports Hsieh C. H. et al.

2015
Port Kembla and adjacent area, 

Australia Chhetri P. et al.

2016 3 ports, East Asia Dong-Taur Su et al.

2017 Methods
McIntosh R. D. & Becker 

A.

2018 Fishing shelters, Lesvos, Greece Kontogianni A. et al.

2019 22 ports in North Atlantic, USA
McIntosh R. D. & Becker 

A.

2020 22 ports in North Atlantic, USA
McIntosh R. D. & Becker 

A.

2021 Port Mobile, Alabama, USA. Abdelhafez M., et al.

• Development of PVI has followed the CVI rationale.

• Paradigms for all over the world, mostly commercial
ports of international importance.

• Expert judgement is used to evaluate vulnerability.

• Climate, socioeconomic and technical data are
considered.

• The common goal is to assess vulnerability, thus
improving ports’ resilience and planning for the future.
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Port Vulnerability Index
Examples of 
indicators

(McIntosh & Becker, 2019) 
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Port Vulnerability Index
Examples of indicators

(Kontogianni et al., 2018) 



Αξιολόγηση Τρωτότητας Ενιαίου Συστήματος 
(Παράκτια Ζώνη - Λιμένας)

Φυσικός 

Υποδείκτης

Κλιματικά 

στοιχεία

Μορφολογία & 
γεωλογία 
περιοχής

Υδροδυναμικά 
χαρακτηριστικά

Τεχνικός 

Υποδείκτης

Γενικά 
χαρακτηριστικά

Κατάσταση 
λιμενικών 
υποδομών

Προσβασιμότητα

Ικανότητα λιμένος

Περιβαλλοντικός 
Υποδείκτης

Χλωρίδα & πανίδα 
περιοχής

Περιοχές 
περιβαλλοντικού 
ενδιαφέροντος

Κοινωνικό-
Οικονομικός 
Υποδείκτης

Χρήσεις γης

Οικονομικά 
στοιχεία

Δημογραφικά 
στοιχεία
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CVI & PVI

• Η μελέτη μίας παράκτιας περιοχής, στην οποία
λειτουργεί ένας λιμένας, δε μπορεί να μη λάβει
υπόψιν τις πιέσεις της τεχνικής υποδομής.
Αντίστοιχα, οι λειτουργίες ενός λιμένα εξαρτώνται
άμεσα από τα κοινωνικά και οικονομικά
χαρακτηριστικά της περιοχής στην οποία ανήκει και
παράλληλα επηρεάζει τους παράκτιους βιοτόπους
και το οικοσύστημα.

• Κατά πόσο τελικά, η αποσπασματική μελέτη της
τρωτότητας μίας παράκτιας περιοχής, μέσω του CVI
και ενός λιμένα, μέσω του PVI, μπορεί να καταλήξει
σε ορθό σχεδιασμό και σωστά αποτελέσματα;

• Για τη βέλτιστη κατηγοριοποίηση των παραμέτρων
χρησιμοποιούνται κατηγορίες σε 4 βασικούς
υποδείκτες.
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CVI & PVI
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CVI & PVI

(Koulouri, 2022) 


