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Introduction

Educational scope

After this course the student will be able to:

Familiarize with the complex concept of vulnerability

|dentify 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

i}
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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 (lorhen 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.



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 differencesin the elements, their interconnections and roles within the system

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



Introduction

Indicative types of vulnerable systems (1)

O Societies

O Organizations

O Individuals

] Coastal areas

] Ports
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Introduction

Indicative types of vulnerable systems (2)

O 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 (lorhen et al, 2021).

d 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 (lorhen et al, 2021).

d 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 (lorhen et al, 2021).



Introduction

Indicative types of vulnerable systems (3)

O 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

O 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.

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

difficulty in coping with them.

LHW-NTUA +



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.

LHW-NTUA 2
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Threats leading to vulnerability (2)

Examples of threats:

O Natural hazards (tsunami, earthquakes)

 Human-induced factors (terrorism)

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

L Accidents (explosion, fires)

LHW-NTUA 13



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

Introduction

Vulnerability approach

Objectives

Sources

Antecedents
Vulnerability to famine and food
insecurity

Vulnerability to hazards

Human ecology

Pressure and Release

Sucecessors

Vulnerability to climate change and
variability

Sustainable livelihoods and
vulnerability to poverty

Vulnerability of social-ecological
systems

<

Developed to explain vulnerability to famine in the
absence of shortages of food or production failures.
Described vulnerability as a failure of entitlements
and shortage of capabilities.

Identification and prediction of vulnerable groups,
critical regions through likelihood and consequence
of hazard. Applications in chimate change impacts.
Structural analysis of underlying causes of
vulnerability to natural hazards.

Further developed human ecology model to link
discrete risks with political economy of resources
and normative disaster management and
intervention.

Explaining present social, physical or ecological
system vulnerability to (primarily) future risks, using
wide range of methods and research traditions.
Explains why populations become or stay poor
based on analysis of economic factors and social
relations.

Explaining the vulnerability of coupled human-
environment systems.

Sen (1981); Swift (1989); Watts and Bohle (1993)

Burton et al. (1978, 1993); Smith (1996); Anderson
and Woodrow (1998); Parry and Carter (1994)

Hewitt (1983); O’Keefe et al. (1976); Mustafa (1998)

Blaikie et al. (1994); Winchester (1992); Pelling
(2003)

Klein and Nicholls (1999); Smit and Pilifosova
(2001); Smith et al. (2001); Ford and Smit (2004);
O’Brien et al. (2004)

Morduch (1994); Bebbington (1999); Ellis (2000);
Dercon (2004); Ligon and Schechter (2003); Dercon
and Krishnan (2000)

Turner et al. (2003a,b); Luers et al. (2003); Luers
(2005); O'Brien et al. (2004)

LHW-NTUA
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Types of vulnerability

(12/2) (lorhen, 2021)

d 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.qg.
where there is no democratic and electoral process for the citizens to have access to political power and
representation).

1 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.

J 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.

15



Types of vulnerability

(2/2) (lorhen, 2021)

d Environmental Vulnerability: It is related with the environmental characteristics of the system e.g.
pollution, deforestation, fire disaster, critical habitats etc.

d 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.

i)
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Threats =
Hazards

-

Vulnerability

<
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=f(E, S, AC)

Degree of susceptibility
to suffering losses and
damages (this depends
on the system
robustness)

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

degree

Susceptibility/
Sensitivity

Exposure

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.

Vulnerability interactions
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Vulnerability components

Vulnerability components

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

O 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);

1 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)

i}
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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.

Vulnerability interactions

Examples of main types

Earthguake, geophysically triggered
mass movement, volcanic activity

Groups Sub-groups
Natural Geophysical
Hydrological

Flood, wave action,
hydrometeorological triggered mass
movement

Meteorological

Storms, extreme tem perature

Climatological

Drought, wildfire, glacial lake outburst

Biological

Air-, water-, and vector-borne diseases,
animal and plant diseases, food-borne
outbreaks, antimicrobial resistant
microorganisms

Extraterrestrial

Impact, space weather

Human-induced Technological

Industrial hazard, structural collapse,
fire, air pollution, infrastructure
disruption, cybersecurity, hazardous
materials (including radiological), food
contamination

Societal

Armed conflict, civil unrest, financial
crisis, terrorism, chemical, biological,
radiological, nuclear, and explosive
weapons

Environmental
degradation

Environmental

Erosion, deforestation, salinization, sea
level rise, desertification, wetland loss/
degradation, glacier retreat/melting

(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.

Y
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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).

Y
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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.

A\

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 (/PCC, 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).

LHW-NTUA



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.

JOURNAL ARTICLE

World Scientists’ Warning of a Climate Emergency
e

William J Ripple &, Christopher Wolf 2, Thomas M Newsome, Phoebe Barnard,

William R Moomaw  Author Notes

BioScience, Volume 70, Issue 1, January 2020, Pages 8-12,
https://doi.org/10.1093/biosci/biz088
Published: 05 November 2019

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”.

JOURNAL ARTICLE EDITOR'S CHOICE
World Scientists’ Warning of a Climate Emergency
2021 8

Six areas Where fundamental ChangeS need tO be made William J Ripple &, Christopher Wolf 2, Thomas M Newsome, Jillian W Gregg,

Timothy M Lenton, Ignacio Palomo, Jasper A J Eikelboom, Beverly E Law, Saleemul Huqg,

(Rlpple, 2021): Philip B Duffy ... Show more

BioScience, Volume 71, Issue 9, September 2021, Pages 894-898,
https://doi.org/10.1093/biosci/biab079

(1) energy — eliminating fossil fuels and shifting to renewables; Published: 28 Juty 2021

(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.

<
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Climate change
Tackling Climate change

Mitigation (IPCC, AR6,WGlI, 2022) Adaptation
A human intervention to reduce In human systems, the process of adjustment to actual or expected
emissions or enhance the sinks climate and its effects, in order to moderate harm or exploit
of greenhouse gases. 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.

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

o

Mitigation (IPCC, AR6,WGlII, 2022)
A human intervention to reduce emissions or enhance the sinks of greenhouse gases.

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.

Primary GHGs in the Earth’s atmosphere:  Human-made GHGs:

Water vapour (H20), sulphur hexafluoride (SF6),
carbon dioxide (CO2), hydrofluorocarbons (HFCs),
nitrous oxide (N20), chlorofluorocarbons (CFCs) and
methane (CH4) and perfluorocarbons (PFCs)
ozone (03)

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

CO2 T
equivalent | anomaly
(ppm) (°C)

Radiative forcing Pathway

RCP8.5

8.5 W/m? in 2100 Rising

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

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

RCP2.6 3 W/m? before 2100 490 1.5 Peak and decline

(RCP3PD) decliningto 2.6

W/m? by 2100
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Radiative Forcing (W

Representative Concentration Pathways (RCPs)

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)
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Climate change

Representative Concentration Pathways (RCPs)

(a) Global average surface temperature change
6.0 —r——r——t—r—r—T—r—r——————— Mean over

2081-2100

: = historical
| === RCP2.6
| === RCP8.5

B 2
—' [ee
o
o &
© g Where do the RCPs come from?
: &
" &J 14
4 The RCPs were used in the Fifth
T P Assessment Report of the
-2.0 Intergovernmental Panel on
1950 2000 2050 2100 Climate Change (IPCC) in 2014 as
(IPCC, 2014)

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

LHW-NTUA forcing  rather than the 28
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Representative Concentration Pathways (RCPs)

Current
emissions are
tracking close to
the RCP8.5

@

H Moderate  Medium level
Medium Renewable Mix 1.8°C 0.47 m increase  at medium cost
O O
I RC YA
[}
Emissions  Bicycles, public Small Low level
Renewable capture transport 1.0°C 0.4m increase at low cost
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2010

2050
Time

Climate change

between the cost of
If we follow the RCP 2.6 pathway, impacts and the cost
less adaptation _ of adaptation.
is needed.

(Coast Adapt, Australia)
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Climate change

Shared Socioeconomic Pathways (SSPs)

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.

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

UnderStandmg the implications of climate Change' SSPa: 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.

A g gy usag
= SSP2: The "Middle of the road” or medium pathway extrapolates the past and current global development
o _ * ssP H * SSP 3: into the future. Income trends in different countries are diverging significantly. There is a certain cooperation

. © rw'ggﬁﬁagi’z;a@ Rég?;r?:g?\?zlry between states, but it is barely expanded. Global population growth is moderate, leveling off in the second

E g’ Development half of the century. Environmental systems are facing a certain degradation.

5 =

g E * sSSP 2: SSP3: Regional rivalry. A revival of nationalism and regional conflicts pushes global issues into the

S o e background. Policies increasingly focus on questions of national and regional security. Investments in

S 9 Middle of the Road education and technological development are decreasing. Inequality is rising. Some regions suffer drastic

'S % environmental damage.

S £ % sSSP 1: % SSP 4:

o = S(Lowtg’_’a”eﬁs) (Adapt. f“a”e”ge?”"""""’@ SSP4: Inequality. The chasm between globally cooperating developed societies and those stalling at a lower
£ UStamaOay g 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.

Socio-economic challenges SSPs: Fossil-fueled Development. Global markets are increasingly integrated, leading to innovations and
for adaptation technological progress. The social and economic development, however, is based on an intensified
&_ (O'Neill et al., 2014) 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
LHW-NTUA successfully. 30

(in brief; from www.dkrz.de)


http://www.dkrz.de/

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. Shared Socioeconomic Pathways

SSP1 SSP2 SSP3 SSP4 SSP5

Sustainability ~ Middle of Regional Inequality  Fossil fueled
the road rivalry development

Shared socioeconomic pathways 85|

SSP1 SSP2 SSP3 SSP4 SSP5 Previous

Sustainability Middle of Regional Inequality Fossil-fueled scenarios
the road rivalry development

8.5
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o
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S
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'E .3! 6.0 1 1.9 “
E|l £ O'Neill et al., 2016
6 2 45 CMIP6 Scenarios - Anthropogenic Radiative Forcing [W/m?] ( eilletal., 2026)
S 34] ’ I
g b - 8| = ssP585 //
N 26 = = )il
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Climate change
Tackling Climate change

 »

(IPCC, AR6,WGlII, 2022) 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.

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
Vulnerability

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,WGlI, 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.
(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,

L Characteristics of the system elements and its susceptibility to effects of a disaster—
susceptibility/sensitivity,

O Ability or capacity of the system in conjunction with society to adapt to changing conditions—adaptive

capacity

LHW-NTUA 34



Threats =
Hazards

<

LHW-NTUA

-

Vulnerability

=f(E, S, AC)

Degree of susceptibility
to suffering losses and
damages (this depends
on the system
robustness)

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

degree

Susceptibility/
Sensitivity

Exposure

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.

Vulnerability interactions
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Vulnerability framework

(Turner et al, 2003)

Human Influences outside the Place
Macro political economy, institutions,
global trends and transitions

a—— Vulnerability
:'.farlahllltv & ch_a_nge Sensitivity Resilience
in human conditions ]
. Human Coping/
Interactions of conditions | response Impact/
hazards h — 5| response
[perturhatinns, Characteristics l *

stresses, stressors) fcomponets c: Adjustment &
of exposure R
adaptation

Responses

Adjustment
tahili Environmental response
Val“lﬂhlhtlf A change conditions 2

in environmental adaptation/
conditions response

Environmental Influences outside the Place
State of Biosphere, State of Nature, Global
Environmental Changes

<
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Vulnerability components

Exposure (Havko et al. 2017)

O 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.

O 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.).

Y
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Vulnerability components

Susceptibility (Havko et al. 2017)

O 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.

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

location)

i
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Vulnerability components

Adaptive capacity (Havko et al. 2017)

O 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.

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

O 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.

i
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Vulnerability components

Vulnerability = Exposure + Sensitivity + Adaptive capacity

Susceptibility

Sensitivity Susceptibility

The degree to which a system or species is affected, either Susceptibility indicates whether an asset, operation
adversely or beneficially, by climate variability or change. The or system is prone to harm, disruption or other
effect may be direct (e.g., a change in crop yield in response to a adverse effects as a result of changes in
change in the mean, range, or variability of temperature) or meteorological, oceanographic or hydrological
indirect (e.g., damages caused by an increase in the frequency of characteristics. (PIANC, 2020)

coastal flooding due to sea level rise). (IPCC, AR6,WGlI, 2022)
Exposure

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,WGlII, 2022)

Adaptive capacity
The ability of systems, institutions, humans and other organisms Adaptive capacity means having the ability to adjust to
to adjust to potential damage, to take advantage of change. For example, there may be redundancy or
opportunities or to respond to consequences. (MA, 2005),(/PCC, resilience within the system that means a change or
AR6,WGlII, 2022) impact can be accommodated. Having adequate
adaptive capacity can make the difference between an
2 incident or event being inconvenient and potentially

catastrophic. (PIANC, 2020)
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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.

<
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Example — Seaport

Vulnerability assessment

(PIANC, 2020)

Vulnerability assessment

Port Example Climate Change
Vulnerability Assessment

SCENARIO 1 of 3

Compared to the baseline, how does
exposure to the potential climate
hazard change within the planning
horizon?

4 Significant increase

Considering relevant thresholds and
existing adaptive capacity, how is
vulnerability likely to be affected?

A4 Significant increase

# Increase # Increase
=» No change = No change
@ Reduction ¥ Reduction
¥ Significant reduction ¥ significant reduction
Examples of relevant parameters or @ @
processes — | 1 8 % g
Bl E g8, |22 3|8 |-
Examples of critical assets, g 3 E § § = E 8 E- § § o
operations or systems | E cﬁ § § ﬁ E E ﬁ § § cﬁ E
Berthing and loading, offioadingcargo | AN | AN | = | = | MM | A > | = | 2 h
Maritime structures | AN | Ah | = | = | N | 2 h | 2| 2 >
Q i ti{eg. , shi
s | 4[> [ > [ a5 o] 5] e
Trucks/in-terminal vehicles (NN | AN | = | D [N | | D | D | D H
Onshorestructures | AVN | dh | = | = | AN | = | 2 | 2D | =2 2
Storagearcas (M | AN | 2 | = | MM | A > |2 | 2 A
Onshore equipment (e.g. stacking or
reclaiming machines, conveyors, rubber- | dvdh | AN | = | D | Adh | A > | = | @ A
tyre gantry cranes)
Electrical powersystems [ dhvh | AN | = | = ([ | 2 | 2 | D | D | 2
Drainage systems | M | AF | = | @ || D | D |2 | D | AR
Fuelsystems | AN | A | = | = | M| A 2 |2 | @ =
Road/rail access and lmer?]?alhzunﬁ ** * @ @ ** * % % I%) *
Faciltiesforworkers [ ANVN | A | =2 | = | ([N | 2 | =2 | =2 >
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Vulnerability assessment

(Kienberger et al. 2014)

MOVE Risk &

Vulnerability CONCEPTUALISATION
concept
EXPERTS EXPERTS
N Identification of Weighting of NS
TGy rolovant ndicatorsand b
indicators and data su-domains

INTEGRATED GEON

METHODOLOGY
Visualisation &
Decision Support COMMUNICATION
Tools
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Vulnerability assessment

Vulnerability Index (Havko et al, 2017)

VI = f(E,S,AC) = f[f(CH y¢cp, CHpp,CH.), f(CH;,CHp, CH ), f(CHg, CH g, CH cgR)]

where:

VI: Vulnerability Index

E: Exposure

S: Susceptibility

AC: Adaptive Capacity

CH,cp: Characteristic — Ability to Cause Damage
CHpp: Characteristic — Duration of a Disaster
CH,.: Characteristic — Activatability

CHg: Characteristic — Sensitivity

CHp: Characteristic — Protection

CH,..: Characteristic — Accessibility
CHy:Characteristic — Redundancy

CH g: Characteristic — Availability of Resources
CHcggr: Characteristic — Capability of Rapid Response
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Coping mechanisms

(lorhen, 2021)

J 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

J 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

- ~< *\' é’ < , ,,;" S rvl";p-ulatlon coastal
2 't ¥ T .. e cities around 1950
.0 . ) ISR 0‘ -
- v Y = 9
.0 g ~ 3
e - » ° . > 10,000,000 o
' v @ >5.000,000
._3. ™ \ 3 : ° na‘)oo.ooo
:'t.?- : B - T A “\" {i" i (/’ ‘. 4 t.'opulatloncoaml
(- 2 T Jp- G cities in 2020
o de Janeire ’ ']:Iil'ir?il'l:Fl: ; P L2 2 .t:"' .r- 3 -
Sno Paule d Sydney ‘ 2 ‘. ko ‘e, —: v, i“
Buenos Aires ohannesburg 3 JMW * - : . . % ‘. °
® Large coastal cities | 8 g~ T 0 : ‘ :’ .‘
. - @ Large cities . 'y s "y o
(https://eclass.hua.gr/modules/document/file.php) 4 ® ® o
B : 1 .
. . 2 =2 LSS
Today, approximately 3 billion people — about 50% of the world's | i
population —live within 200 km of a coastline. Population of coastal cities around 1950 and in 202o0.
In Greece, almost 85% of the population live within 5o km of a (Barragan et al., 2015)

coastline.
Greece: 13.676 km of coastline (11t globally)
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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.

CLIMATE CHANGE
Storms  Waves  Sealevel Temperature COy concentration Run=off

l "‘--ﬁh-"-ﬂl l
- -
F -
* ‘~
* L

L
i Y
External + HMalural g—p Societal . External

L
Marine ¢ Sub-system  Sub-system 1l:| Terrestrial
Influsnces ' Influsnces

l

L
[ ]
1 ]
L]

&
*,_Coastal System ,**

- -
L TS

(Nicholls et al, 2007)

‘ Coastal flooding at Rio Coastal flooding at Norther Crete (https://www.aera.gr/)
(https://www.patrasevents.gr/)
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Coastal Vulnerability

1292

Literature CVI
results
. 600
in Scopus
500
S
=
g_ 400
e
=
S 300
=
g 200
<
100
o] =5 T T =
(@] LN o un (@] N o Vg @] N
o0 00} (@) 2] o (@] o o [\ N
[e)} (o)) (@) (e))] o o o o (@) (@]
o B o 3 A D 3 B A o
[Wa) [ O Ll O o O [} Vo) [l
‘Etog Anuoocigevong
Search term: ——Total Results  ===Application of CVI
"coastal vulnerability index” (Koulouri, 2022)
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Coastal Vulnerability

Vulnerability in terms of climate change

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

axbxcxdxexf
CVi= c

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 assessment

CoastaIVuInerabiIity

" Area identification R ' Stressors ' Extensive literature
| -In-situ surveys Natural hazards review |
-Contacts with local Human-induced factors -Parameters segregation:
[eittoms Climate change impacts -Short-term variability (need |
-Conceptualization of a Interaction of challenges for continuous update)
. ICzMprogram L | -Long-term v: vanablhty ]
r l_ i e 1
-Inventory data (e.g. aerial imagery)
| = | -In-situ inspections | I—m ]TQ ;iﬁ : - — 1
O -Field measurements | = uantification |
-Use of Databases (e.g. wave, wind, 5 I-Statistlcal analysis
| W | temperature) | g ' -Numerical simulations
=1 -Climate change data & scenarios E -Prediction models
|° | -Mapping of existing port & &= | o |-Vl_sqqllzqtlon
coastal infrastructure | iz | -Digitization |
& < | -Monitoring data: | 0 I-Gls_tooli | ay

Modern (e.g. Remoting Sen.
| & Conventional Methods

——|

UPDATE

(Tsaimou et al, 2022)
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Coastal vulnerability components

Coastal Vulnerability

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

B I_ T
-Inventory data (e.g. aerial imagery)

| > | -In-situ inspections
© ' -Field measurements
5 -Use of Databases (e.g. wave, wind,

| w | temperature) |
:.' -Climate change data & scenarios

| 8 ' -Mapping of existing port & &= &= |

coastal infrastructure

| '3: | -Monitoring data:
Q Modern (e.g. Remoting Sensing

L I_& Conventional Methods

| r

—

n

2
3 |

Z  -Prediction models

< | -Visualization

| B -Digitization

| I_D | -GIS tools

R

I______I

Quantification
-Statistical analysis
-Numerical simulations

O 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)

e

NN
N N AN 7
o N I
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Coastal Vulnerability

Coastal Vulnerability Index

VI=Ex*Sx*AC

Where:

VI: Coastal Vulnerability (sub-)Index
E: Exposure

S: Susceptibility

AC: Adaptive Capacity

[ Physical sub-index PhCVI

[ Technical sub-index TCVI

O Environmental sub-index ECVI

1 Socio-economic sub-index SOCVI

PhCVIor TCVI or ECVI or SOCVI=E*S*AC

A
b
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Coastal Vulnerability
 No. | Parameters

Wave characteristics (e.g. significant wave height,
period etc)

Physical Parameters

Geomorphology (e.g. type of beach sediment,
thickness of layer sediment etc)

Coastal evolution (erosion or deposition)

Tide (meteorological or astrological)
Coastal slope (land or sea-bottom)

Beach width

Distance from vegetation

“ Number of extreme events

Number of disasters

Temperature

Precipitation
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Coastal Vulnerability

Technical Parameters

Parameters

Distance from back-beach structures

Distance from coastal road

Percentage of beach coverage by permanent
structures

Coastal structures (e.g. breakwaters)
Port infrastructure

<
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Coastal Vulnerability

Environmental Parameters

Parameters

NATURA 2000

Atmosphere indicators (air pollutants)

Number of critical habitats

Distance from aquaculture

<
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Coastal Vulnerability

Socio-economic Parameters

Parameters

Population characteristics (e.g. age, percentage of
unemployment, type of employment, housing
characteristics etc)

Distance from archeological monuments

Land use

Distance from capital / settlements
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

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

402200 402400 402600 402800 403000 403200 403400

4232400
4232400

4232200
4232200

LEGEND

Very Low Vulnerability Low Vulnerability Moderate Vulnerability High Vulnerability Very High Vulnerability
Quantile (m) 0.00 - 0.36 0.36 - 0.70 0.70 - 1.00 1.00 - 1.14 1.14-1.22
Equal Interval (m) 0.00 - 0.32 0.32 - 0.55 0.55-0.77 0.77 - 1.00 1.00 - 1.22

4232000
4232000

402200 402400 402600 402800 403000 403200 403400
T

& .
(Tsaimou et al, 2022)
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Example

Coastline erosion-deposition

Current vulnerability Future vulnerability
Sarantis beach "‘ . Aliki "‘i
- ” Agios & N : ki Agios
 Zd ez Hg' °Ia‘§’:m g g olacizw
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i 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”.

natural l artificial (Dwarakish and Salim, 2015)

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

Ports:
* Play animportant 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.

2 i i \ y N
i e Bl WA s

* Rotterdam port, The Netherlands

Fishing shelter in Ormideia, Cyprus The p of Heraklion, reec

Capacity: 35 fishing vessels Annual passenger capacity of up to 0.5 million for 10" globally
(https://www.checkincyprus.com/) cruise tourism 14.35 million TEUs in 2020
~2 million passengers per year (https://WWW.holland.Com/) ©Guido Pijper
(https://www.cretapost.gr/)
o Ports of international interest: 16 Ports of greater interest: 25
1.100 port facilities
2 Ports of national interest: 16 Ports of local interest: Rest
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i Port vulnerability

TEU Twenty-foot
equivalent unit

TOP 10 WORLD'’S LARGEST CONTAINER only 3 of the top 10
PORTS in 2021 vs. 2020 Y P
Throughput in million TEUS ports were located
in China
TOP 50 CONTAINER PORTS
SHARE OF VOLUME
1 - - moves more volume than the top
. 43.5 M TEU 5 ports In the U.S. combined.
, ns ey .
i
. -l 14.8%
A China - crinsaccous forove
40_4% 40% of volume moved by
Ol Wl shenzhen.china  EEEETRLE e top B0 port
4 |
United States
. 3.9%
zoe
e Middle East + Africa
7 e )
e The Port of Singapore was the
o cee LEGENDS cocecmmocenean The Port of Jebel All, in Dubai, 71% China + East Asia busiest port in the world until
8 20.3M TEV | LEGENDS 3 is the only port outside East /\ 7 2010, when It was overtaken by
il 18.4 M TEU ' 202 2 Asla to reach the top 10. l' the Port of Shanghai
! ' " —_
Hong Kong, S.A.R, China 17.8 M TEU E I 2020 E '.. — Other East Asia
4 '
Hong Kong, S.A.R, China 18.0 M TEU E - .- 30.9%
1 1
P :

A TEU is an exact unit of measurement used to
PYSTR—— 1 4 TEU .o, determine cargo capacity for container ships and
. » terminals. This measurement is derived from the
(https:/jwww.alcottglobal.com) - = dimensions of a 20oft standardized shipping
container. Because standard containers can be
20 or 4oft in length the capacity of a container
LHW-NTUA ship can depend on the ratio of the two sizes. 64
(4oft ship = 2 TEUs)

Rotterdam, e netneriands 15.3 M TEU

©
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i 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

* lce melting creates different transportation routes in the Northern Hemisphere, affecting maritime transportation

» The floods of 2015 damaged the Port of Chennai, India
(Beckeretal., 2018)

» Superstorm Sandy in 2012, which shut down the Port of

New York and New Jersey for more than 8 days
(Smythe, 2013)

(https://www.thehindubusinessline.comy)

» Hurricane Maria in 2017, caused i e o aa WEE e = ;
infrastructure damage and port shutdown j N\ £ i i = § Aerial photo shows the damage to an amusement park left in the wake
in the Caribbean  (Caribbean Developmentand [ Ni" JESPF~e - gl ; @ of Superstorm Sandy, in Seaside Heights, N.J. (AP Photo/Mike Groll)

Cooperation Committee, 2018) & [ ' 5 '

LHW-NTUA 65
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i Port vulnerability

COP21- CMP11
PARIS 2015 Goal: To enhance mitigation of and adaptation to climate change
UN CLIMATE CHANGE CONFERENCE l
Port sector
e World Ports Climate Declaration 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
* World Ports Climate Initiative A global program to provide ports worldwide with a framework
(;\ ' P to mitigate their impact on climate change.
W PCI } ?ﬁ&t}%me The WPCl was launched in 2008 by the International Association

of Ports and Harbours (IAPH) and regional Port Organizations.
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Example

Rotterdam: Adapting_to climate change | Institution of Civil ...

https://myice.ice.org.uk/.../case-studies/rotterdam-adapting-to-climate-change «

As part of RCP in 2013, RCI published its Climate Change Adaptation Strategy. It

The priority for outer-dike areas of the city is to 'build with nature', providing flood
protection including 'flood-proof' buildings and public areas, and ... AsiTe TEpIOTGTEPA

Rotterdam Vulnerabilities

Rotterdam, the Netherlands’ second city Much of Rotterdam’s economic success
with a population 619,000, is one of the and development is linked to its location
maost urbanised parts of the country. It on the agriculturally rich Rhine—Meuse
also contains the Port of Rotterdam, which Delta, where the River Maas meets the
extends over 40k... Agite TiepiogdTEp Morth Sea, offering shipping links to the

Atlantic and inlan... Aeite repicooTepa

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).

LHW-NTUA

details the main methods Rotterdam intends to utilise to achieve a climate-proof city.

i Port vulnerability

Enhanced climate resilience is needed through adaptation strategies

l

They are still at the planning stage for most seaports

(Beckeretal., 2012)

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)

ey |

[+ ]em | = e [men -] | B ED | G | 8 Tehs | Sy | Eseemest

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

In the adaptation framework, a necessary step is risk analysis that addresses the issue of “adapting to what".
l (IPCC, 2014)

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.

Rigk level

I Extremely high
a
e 4

Very high
nature ARTICLES
climate Chﬂﬂge https://doi.org /10.1038/541558-020-00937-2
[ e i
Climate change risk to global port operations [
C. Izaguirre @, L. J. Losada®'®, P. Camus®", J. L. Vigh®? and V. Stenek ©3 Low

+2 +1 -1
—

Fuiture risk

<
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Fig. 3 | Climate risk for the world port sector in the year 2100 under RCP8.5. a-¢, Details of future climate risk for ports worldwide (a), for Caribbean and
MNorth American ports (b} and for Asia-Pacific ports {€). The marker size reflects the change in risk level. 68



i Port vulnerability

infrastructure and operations are needed.

Prior to the detailed risk analysis, understanding of climate drivers, susceptibility and vulnerability of port

*Set goals

*ldentify critical assets, operations and systems

*Indicate the susceptibility of the assets, operations and systems
*Determine adaptation objectives

*Consider data needs

Stage 1 Stage 2

Ny

Stakeholder
Engagement

[

Stage 3

*Agree approach to vulnerability assessment
*Establish changes in susceptibility
¢ *Agree on indicators

*Define the scale of vulnerability for each indicator

LHW-NTUA *Measure vulnerability

usceptibility 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
variation to which an asset, operation or system is exposed, its
sensitivity (see criticality) and its adaptive capacity.

—

*Define the climate variables causing impacts to measure susceptibiti
*Understand baseline conditions

*Explore possible future climate conditions

*Analyze data to understand the climate change hazard

After all 3 Stages: Design adaptation pathways
69



i 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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i Port vulnerability
Stage 1: Identify critical assets

Navigation zone Protection Manoeuvre area Load/ unload area Port equipment Storage Processing Hinterland
infrastructure and berthing connections

- | g
§ 8 -

lussamm)] -}
u:imnjﬁm

(PIANC, 2020)

SRR
o, H
o |
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i Port vulnerability

Stage 1: Identify critical assets

. Ao n o a
Geometrical data Responsible department or organisation E Design data Asset condition | Performance =
| = £
= w b=l # =
= = —_ [=5
= ] E E = )
5| & 5 g | el I 7| $ ¥ |8 |2

Ay . s . . — = = p=1 f=] 1
Maritime and inland port and navigation infrastructure (=] (=] t = o = E|le2 | &= o o g = I 5 @ Q [ s
= | c o = & 2 = = | @ = o in = <] ] = = = o o =
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Channel / fairway / waterway (natural)

Channel / fairway / waterway (maintained; dredged)

Operational use or
Dredged material aquatic disposal or placement site

modification of water area
Mooring areas (outside the harbour)

Anchorage

Breakwater, wave chambers

Dolphins

Current deflector
Structures "

Storm surge barrier

Aids to Navigation

Fuelling; re-fuelling; bunkering b;

uel _mg,_r& ue_mg, unkering barge

. _|Monitoring equipment, tel ry, MET
ical and util

Scour protection

Plant and equipment|Dredging plant

Natural habitat features

Resources Created or enhanced habitat features

MARINE / OFFSHORE / IN RMER

Archaeological or heritage resources

Pilotage
Marker buoys navigation aids
Dredging / disposal

Operations Maintenance of infrastructure

Recreational use
Sailing / water sports events
Marker buoys navigation aids water sports events

(PIANC, 2020)
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Stage 1: Determine criticality of assets

Implications

Economic Public effects and Environment
Safety effects; business local community sustainability and Critical?
continuity compliance
Risk of large Loss or Essential services Irrecoverable
numbers of degradation would | lost, daily life damage, proven
serious risk long-term becomes intolerable, | breach, prospect of
injuries or viability of unacceptable corporate penaity
loss of life business including | physical suffering
supply chains
Risk of Loss or Severe disruption of | Severe and
isolated degradation would | essential services continuing loss,
instances of have serious and hence daily life, | significant
serious effects on business | high levels of management effort
injuries or requiring physical suffering needed to deal with
loss of life significant remediial compliance failure
action
Moderate Risk of small Intervention Frequent disruption Minor, reversible Unlikely
numbers of needed to protect of essential services; | damage, action
injuries business continuity | daily life difficult, needed on issues of
moderate levels of compliance
physical suffering
Minor or Risk of near Isolated difficulties | Intermittent Negligible damage, Not critical
insignificant misses or (e.g. in supply disruption of minor breaches,
minor injuries | chain, essential services easily resolved
replacements or and daily life, low
alternatives exist) | levels of physical
suffering

<
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(PIANC, 2020)

Maritime and inland port and navigation infrastructure

Location

Depth
{m relative to ©D)

Elevation
{m relative to ©D)

Management

Operation and

maintenance

Not cirtical

Unlikely

MARINE / OFFSHORE / IN RIVER

Channel / fairway / waterway (natural}

Operational use or

Channel / fairway / waterway (maintained; dredged)

modification of water area

Dredged material aquatic disposal or placement site

Mooring areas (outside the harbour)

Anchorage

Breakwater, wave chambers

Dolphins

Structures

Current deflector

Storm surge barrier

Aids to Navigation

Assets

Fuelling; re-fuelling; bunkering barge

Monitoring eguipment, telemetry, MET

ical systems and util

Scour protection

Plant and equipment|

Dredging plant

Natural habitat features

Resources

Created or enhanced habitat features

Archaeological or heritage resources

Pilotage

Marker buoys navigation aids

Dredging / disposal

Operations

Maintenance of infrastructure

Recreational use

Sailing / water sports events

Marker buoys navigation aids water sports events

i Port vulnerability
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i Port vulnerability

Stage 1:ldentify hazards

*  Flooding
_ susceptblitytohamrdscausingimpacts | o008
. Flow velocities
. Extreme waves Hazards

* Lowriverflow

*  Changesin bathymetry

*  Bedorbank erosion

*  Fog/reduced visibility

*  Changesin wind

*  Extreme cold, ice oricing

*  Extreme heat, also humidity (magnitude, duration, frequency)

*  Changes in water chemistry (acidity, salinity)

* Changesin biological character (vegetation growth rates, species migration,
invasive species)

Flooding

Cvertopping

Flow velocities/extreme wave
Low river flow

Changesin bathymetry

Bed or bank erosion

Fog or reduced visibility
Changesin wind

Extreme cold, ice oricing
Extreme heat, also humidity
Changesin water chemistry
Changesin biology

+ 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 Specification of hazards
*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

<
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i Port vulnerability

Stage 1:Indicate susceptibility

E & Designdata | Asset condition | Performance z
. o = § F E
EEglE] []2]5], 5] §[E | ]
Maritime and inland port and navigation infrastructure § 8 & 3 8 | £
I HHE R R I IR R R
. -E'ﬁf;%sﬁi.isﬁé HEE: B 3
g 5| g| 2 THHE 5 = : 8
£ TEIHEHME 5|2 6|8 2|¥ : v |z
5|5 gla|2|2|8|3|2|8|5[5]8]8 = | =
Guay wall (1) e IR I R P o R R 7 50 | 1904] 25 v - | X XX
Chuay wall [I1) ¥ AR v 50 | 2004 45 | & K
ar ﬁ Structures Fenders -+ O I I I I i5 | 2a0i4] 10 | W | W
gi Assats Ledders v R 15 [2o0a| 10 | & v |
! E Slipway -
& s Physical systems  |Cathodic protection ol ol il v 0 | 2004 5 | # v |
E! — Heritage resource [Ughthouss) R RS R /A | 1950] NiA il T+t [ [ %
E g Beach nourishment ¥ R EsEs | 15 | 2018 14 | o
Pilatage ¥ v | | R A | oA mga | e e | A W | &
§E erations Dredging / disposal ¥ l A I /A /el wia [ wja wimnm] B | % (XX
= |9 Sailing / water sports events o
Marker buoys navigation alds water sports events v
Legend High Moderate Low
Increasing ‘.‘ f “.‘
Stable - = =
Reducing l' l' "'

(PIANC, 2020)
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i Port vulnerability

Stage 2:Measure susceptibility

Navigation zone Protection Manoeuvre area Load/ unload area Port equipment Storage Processing Hinterland

infrastructure

and berthing

LHW-NTUA

g
§ B o

connections

2

Agitation Coastal flooding Agitation Coastal flooding Coastal and inland flooding Coastal and inland flooding  Coastal and inland
Wwarter depth Qvertopping Currents Overtopping Wind pamterns wind paterns flooding
Wind patterns Wave loads Water depth Agitation Precipitation Precipitation Wind patterns
Visibility Water Wind patterns Wind patterns Visibility Heat Precipitation
8 temperature w&banw zzgaul:y“ :om e :isibmty
= ater temperature pitation ntamination eat
g Salinity/acidity  saunity/acidity Heat Low water
= Heat
I Mean sea level Mean sea level Mean sea level Mean sea level Mean sea level
¢ A ical ide A icaltide  Astr ical tide Astronomical tide Astronomical ide
i  Storm surge Storm surge Storm surge Storm surge Storm surge
uz-' Waves Waves Waves Waves Waves
Wind Wind Wind Wind Wind
g Fog Temperature Fog Precipitation Fog
w Precipitation Precipitation Temperature Precipitation
'g‘ Temperature Temperature
=
o

(PIANC, 2020)

*Link climate parameters to
impacts to define susceptibility
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i Port vulnerability

Stage 2: Find data

Gpernicus ‘

GEODATA

*Find sources of data

~ A T
RSN N

k\; {;{,\»\

’ | k ¥ S R < _’\ Y
. RN L e
o Sﬁu y ~ﬁ)‘. W =T
! Y ot ¥

EMODnet H!

P European Marine s ,{""_r
LN Observation and A P
Data Network _—

\& =

EOHMEPIAA
THE KYBEPNHEZEQE

Masterplan Information from National legislation
buoys

*Gather data to measure current state

Hs at 20m depth

o Climate data Port Range Direction
o Environmental data 1 4,25-4.75 NE
o Infrastructural data €.g. 2 3.25-3.75 MW
o Socioeconomic data E 6.75-7.75 SW
4 3.25-3.75 5

*Explore projections to estimate future state
Global Regional

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

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

*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.
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i Port vulnerability

Stage 3: Identify vulnerability

Increase in flood depth of a 100-year storm surge

Impact: "
Flooding = Flooding = Hazard
E £
Parameters: = | In 2045 flooding of a 100-year
£ | s
Examples NEC S Mean sea level i L"""'j-. — | —— storm surge will impact port
e - High SEFraTRamICH T S //’/: Flooding threshold for buildings _ infrastructure {(buildings) and
PESSET Storm surge 3 : therefore is a hazard
Sea level rise . ] &
3 3
Ore sy Bge O, (PIANC, 2020)
Climate parameter: T } Susceptibility =  Changes in susceptibility
Impacts: Workforce health and safety, Energy demand T increase (change in parameter) and alteration of the impacts

l

~—— Changes inindicators =—— Indicators to track vulnerability

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

Assess the level of vulnerability

<

LHW-NTUA

79



Port Vulnerability Index
1198

Literature PVI

results
) 500 454
in Scopus
400
o]
lg 300
3
o)
)
< 200
W
=
o
E 100
[0}
(e} LN o N o N o n o LN
(00 o0 (e)] [e)] (@] o o o o N
(o)} (o)) (e)] (e))] o o o o o o
o o A B o B 3 B o B
I\ o O o (o] o ol o O o
™~ o2} 0 D o)) o o o o I
Search terms: Q Q A A o S 9 Q 2 S
“port vulnerability” Etog Anpoctevong
“port vulnerability; climate change” === Port vulnerability === Port vulnerability; climate change = = =Port vulnerability assessment
"port vulnerability assessment” (Koulouri, 2022)
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Port Vulnerability Index

<

LHW-NTUA

Year Study area Researchers
2011 136 ports globally Hanson S. et al.
* Development of PVI has followed the CVI rationale. 2011 2 ports, New York & New Jersey McLaughlin B. et al.
2013 Ports in Australia Nursey-Bray M. et al.
* Paradigms for all over the world, mostly commercial _ _ _
. . . 2014 4 international ports Hsieh C. H. et al.
ports of international importance.
Port Kembla and adjacent area, _
_ _ . 2015 Australia Chhetri P. et al.
* Expert judgement is used to evaluate vulnerability.
2016 3 ports, East Asia Dong-Taur Su et al.
. Cllm:clte, socioeconomic and technical data are S
considered. 2017 Methods
A.
* The common goal is to assess vulnerability, thus o o
: . T . 2018 Fishing shelters, Lesvos, Greece Kontogianni A. et al.
improving ports’ resilience and planning for the future.
Mcintosh R. D. & Becker
2019 22 ports in North Atlantic, USA
A.
Mcintosh R. D. & Becker
2020 22 ports in North Atlantic, USA
A.
2021 Port Mobile, Alabama, USA. Abdelhafez M., et al.
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indicators

LHW-NTUA

Examples of

Indicator Description Units Data Source
Average cost of property damage from storm events NOAA Storm Events
Average Cost.of Storm._ Events in the port county since Igilﬂlmlh property damage 5 Datak
= §1 Million
. .. A (over 76 fi) to Q)
The controlling depth of the principal or deepest . World Port Index {Pub
Chunnel Depth channel at chart dafum 0-38)in3-foat 150y
Containership Capacity Container Vessel Capacity calls x DWT #m :cﬁ:]&lll‘s ,:c
. . . The total disaster housing assistance of Presidential . FEMA: Disaster
Disaster Housing Assistance | py;aster Declarations for the port county since 1953 | Deciamtions Declarations
Entrance. Restrictions Presence or absence of entrance restrictions Tide, DSW:] 1l fec, Warld Polnjg;ckx (Pub
Environmental Sensitivity Index (ESI) shoreline R
Environmental Index. ESL sensitivity to an ol spillfor the most sensitive. | 1 g 0 | NOAA Office of Response
horeline within the port 1 ) al storation
S . ) . MARAD: Vessel Calls at
Gas.Carrier.Capacity Gas Carrier Capacity calls x DWT .S, Ports by Vessel Tyne
- . Large, Medium, World Port Index {Pub
Harbor.Size Harbor Size Small, Very-Small 150)
Hundred Year High Water excecded one time per century, for the nearcst m above MHHW E‘m'n:nts:LExlrll:m: Water
NOAA tide station to the port vels
1% annual exceedance probability low water level
for the nearest NOAA tide station to the port, which NOAA Extreme Water
Hundred. Vear Low. Water corresponds to the level that would be exceeded one m below MLLW Levels
Hme per century
Marine. Transportation. GDF County Manine Transportation GDF 3 NUMMOWR for Coastal
Marine.Transportation.Jobs NmkrnmemTr:;mmnm Jobs in the port number of jobs NDMMOﬁ'Lc: for Coastal
Nomber.of Critical Habitat Area | Number of Critical Habitat Areas within 50 miles of . U.S. Fish & Wildlife
s the port Service
Mumber of cyclones that have passed within 100 nm Number of NOAA Historical
Number.of Cyclones of the port since 1842 cyclones Hurricane Tracks Tool
Number.of Disasters Mumber of Pmspmnils::‘r I;):icjl'snnons for the Disaster Type FE[;::,;?:'
. Mumber of Threatened or Endangered Specices found . UL5. Fish & Wildlife
Mumber.of. Endangered Species in port o Species Service
. . . US. DOT Pipeline and
Number.of Hazmat. Incidents. Number omerdlmsle:rsz Incidents in port Number of Hazardous Materials
ity since 2007 Incidents Safety Administration
Numberof S Events Number of storm events in}p;al'th:oumy wi property - NO&.;,Smnn Events
Overhead. Limits Presence or absence of overhead limitations YIN World "";‘53;*" (Pub
. . Percent of bridges in the port county that arc US DOT FHA National
Percent.of Bridges Deficient structurally deficient or functionally obsolcte e Bridge Inventory
The greatest depth at chart datum alongside the
respective wharfipicr. If there is more thanone | “+ (PYT 7O W0 Q1 44 bt Index (Pub
Pier Diepth wharf/pi, then the ane which has greatest usable | (03 ) in >-foot 150)
depth is shown.
Popalati Rate of population change (from 2000-2010) in the “ MNOAA Office for Coastal
puiation. 8 port county. expressed as a percent change Management
. . . Percent of the port population living inside NOAA Coastal County
Population. Inside. Floodplain the FEMA Floodplain % Snapshots
The percent change from observed baseline of the
Projected Change in Days_Abov average number of days per year above baseline .
¢ Bascline Extremely Hot. Temp | “Extremely Hot™ temperature projected for the end- % U;ﬂ]:)‘f CMI? CEF“T’
erature of-century, downscaled to 12km resolution for the ssing oo
port location
. . The percent change from observed baseline of the
projected Change in Number.of, | 4\rage number of “Extremely Heavy” Precipitat " US DOT CMIP Climate
y-Hemy Sreclp | Events projected for the end-of-century, downscaled Data Processing Tool
to 1 2kem resolution for the port location
NOAA Tides and
Sea.Level. Trend Local Mean Sea Level Trend mm | yr & ts- Sea Level Trend
The shehter afforded from wind, sen, and swell, Excellent (5),
Shelter. Afforded refers to the area where normal port operations are Good (4), Fair (3), World Polnjgl:kx (Pub
conducted, usually the wharf arca. Poor (2), Nonc (1) )

Port Vulnerability Index

North Atlantic Medium and High Use Ports

Searsport, ME ®
Portland, ME
ePortsmouth, NH
eAlbany, NY
eBoston, MA
Providence, Rl
'\ Fall River, MA
Bridgeport, CT
Penn M P eNew Haven, CT
S e Sy Port Jefferson, NY
Philadelphia, PA empstead, NY
Chester, PA New York, NY and NJ
Marcus Hook, PA Camden-Gloucester, NJ
Paulsboro, NJ N
Wilmington, DE W E
New Castle, DE <
Baltimore, MD

e Medium Use: 1M - 10M Tons Annual Throughput
s High Use: >10M Tons Annual Throughput
eHopewell, VA Data: USACE Principal Ports 2013

eVirginia, VA, Port of 0 S0 100 200 Wilos

: e T T [ T T e )

(MclIntosh & Becker, 2019)
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Examples of indicators

Sub-index

Relation with vulnerability

Physical

P1. Jetty crest freeboard (difference between crest elevation and water surface elevation)

Higher elavation from the sea surface indicates lower degree of vulnerability.

P2. Frequency of extreme weather events

More frequent extreme weather events imply higher degree of vulnerability.

P2. Important wave height

The appearance of higher waves increases the vulnerzbility.

P4, Important wave length

The appearance of longer waves increases the vulnerability.

Social

1. Professional usage

The professional usage of each harbour increases the vulnerability.

52. Occupancy rate

The higher existing cccupancy rate of each harbour indicates higher dagree of vulnerability.

53. Capacity

The higher capacity of the ports in terms of boats increases the vulnerability.

54, Distance from the urban area

Longer distance of each harbour from the urban centres implies higher vulnerability.

55. Number of inhabitants

A community with small number of inhabitants indicates higher vulnerability.

Economic

El. Construction materials

The higher the structural integrity of the harbour the lower its vulnerability.

E2. Dredging volume

The higher dredging volume implies higher degree of vulnerability.

E3. Stone volume

The higher stone volume implies higher degree of vulnerability.

E4. Concrete volume

The higher concrete volume implies higher degree of vulnerability.

Indices Parameters 1 2 3 a4 5

Physical P1, Distance from the sea surface (m) »>0.75 0.51-0.75 0.26-0.50 0.01-0.25 ]

FZ. Frequency of extreme weather svents (%) <30% 30-45% S0-69% 70-89% z50%

P2. Important wave high (m) <0.2 0.2-0.6 0.7-1.0 1.i-1.4 =1.5

P4. Important wave length {m) <5 10-14 15-19 =20
Sodial 51. Professional usage (%) «<30% 30-45% 50-69% 70-85% =50%

52. Current usage (%) <30% 30-45% S0-69% 70-85% =50%

£2. Capacity (boats) <25 25-49 50-74 75-83 =100

5S4, Distance from the urban area (km} <5 10-14 15-19 =20

55. Number of inhabitants =10000 7301-10000 3001-7500 2501-5000 =2500
Economic Ei. Construction materials Mainly concrete Partly concrete Mainly cement Partly cement No cement

E2. Dredging volume (mzj <500 500-59% 1000-1495 1500-2959 =3000

E2. Boulders velume (m) <500 500-1455 1500-3499 3500-4959 =5000

E4. Concrete volume (m?) <100 100-199 200-34% 350-499 =300

<
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Tatoubn

Lotnny
-

(Kontogianni et al., 2018)

Port Vulnerability Index
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H pelétn plag mapdktiog meploxrig, otnv otoia
Aertoupyel €vag Alpévag, O pmopel v pn AdPet
UYLV TG TULECEL TNG  TEYVIKNG  UTIOOOMIG.
Avtiotolya, oL Aettoupyleg €vog Alpéva e§apTwvTal
dupeca  omd  TA  KOWWWVIKA KOl  OLKOVOULK&
XOPOKTNPLOTIKA TNG TIEPLOYT]G OTNV OTIOL AVIKEL KOL
TIUPAAANAQ €T pedlel Toug TIPAKTIOUG BLoTdTIoUG
KOl TO OLKOOUOTNUA.

Katd mdoo TEAKY, N QATIOOTIAOHATIKY MEAETN TNG
TPWTOTNTAG piag TTHPAKTLAG TIEPLOXNG, LECW Tou CVI
KoL €VOG ALpEva, pEow Tou PVI, pumopel va kataAr§el
o€ 0pB6 oxeSLAOUO KAl CWOTA ATIOTEAECUATO;

Mo N BEATLOTN KATNYOPLOTIONOT TWV TIAPAUETPWV
XPNOLOTIOloUVTaL  Katnyopieg o€ 4 Poolkoug
UTTOOE(KTEG.

A&loAoynon Tpwtdtntag Eviaiov Zuotrjpatog
(Mapaktioe Zwvn - Atpévog)

CVI&PVI

I
duotkog

Ymodeiktng

KAlpotikd

oTolyela

Mopdoroyia &
—YewAoyia
TEPLOXTiS

| Yépoduvapuikd
XOPOKTNPLOTIKA

I
Texvikog

Yrodeiktng

| Tevikd
XOPOKTNPLOTIKA

Katdotoon
—ALUEVIKWV
UTTOS oWV

—poofooipdtnTa

—IkavoTnTa ALpévog

MepiBaAovtikdg
Yrodeiktng

| XAwpida & mavida
mepLoxi

Meployég

——mepLBaiovTikol
evoladépovtog

Kowvwviko-
OLKOVOULKOG
Ymodeiktng

—XprioELG YN

| Owovopikd
oTolyela

| Anpoypoadikd

otolyeia
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duoikog
Yrodeiktng

]

KAlpotika Ztoyeia

Y&poduvapikd
XopoKINPLOTIKA

| Xhwpida & Mavida

Meploxmg

[

MepLBaiioviikol
Evdiadépovtog

Meploxég

Toyvtnta Avépou (m/s)

EVvpog @epuokpaoiog (°C)

Zuxvotnta Epddviong Akpaiwv Qatvopévwy

MpoBAemtdpevn AAayr} Mocootov
Huepwv Navw Atté Tn Méon
MeyaAutepn Tiur Oeppokpaociog (%)

—l{Apata Mubuéva
|| Mopdodoyia & —BaBupetpio Meploxrig
Fewoyio Meptoyrig T—AL(S([Bpooor] AkTrig

| lotopikr) Metatdmion AKTOoypoppTig
(m/€tog)

—2nNHavtikd 'YPog Kdpatog (m)

__Tdcn Méong 2td0Bpung Tng ©dAaocoag

(mm/year)

ApBudg Artelthovpevwy Eldwv otnv

Meploxn
Yriopén AtBadiwv Mooetdwviag

Texvikog

Amndotoon amd IxyBuokaAEpyeLeg
Meproyn) Kpiowpwyv Evélattnudtwy
Yriopgn Meploywv Aiktoou NATURA

(KNG

,

Ymode

2Uvdeon kat Attoppor] YOATVWY ZwHATW

Fevikd
XapaktnpLlotikd

v

)

, , ¥ X

-Eidog Xpriong 5 3
3

-MéyeBog Alpéva g §

FHALK {0 ALpEvog X0

FXwpntikdTa MAoilwv

| Kataypadr| Zelopkwy
Dawvopévwv

-Fevikn Katdotaon

Katdotaon
APEVIKWV
YrtoSopwv

| ApLOp6g
1 H;‘))laméw ATWV

oTaolx

[ KupatoBpavotn
LYAlk& Katookeur|g

|MpooBaciudtnt
a

lotd
| Attéotaon and
KOVTIVOTEPO ALpdvL

lkavoTnTa
Atpéva

Ymodeiktng
I

1BA&Bog Atpevorekdvng (m)

CVI&PVI

Xprjoeig Mg

—Xpnoetg Mg & K&dAuyng

Méoo KAoTog YALKWY ZNnuLwv
—21tnv Evéoxwpa And Evtova
Katpikd Gavépeva
Mocootd AnaoydAnong Emi

Tou Alpéva

OLKOVOULKA
>tolyeia

| Méoo Katd Kedpohrjv
Elo0dnua

| Méoog Etriolog AptBudg
Atokivnong TEUs

Méoog Etrjolog AptBudg
L_EmiBatwyv Kpovaliépag

Améotaon armd tov AcTikS

_[I'Iapaywleémra AmoBd&Bpag
BaBpog KataAnymg AnofdBpag

AptBudg Katoikwv
Anpoypadika )
TTotyeio Pubpog
MAnBuopiakrg
MetaBoArig
SoVI
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Karmyopiotroin

¥ Mapdperpog Movéde B
. : . g on paon
Ymobeikreg év-r Kamnyopia v}vj‘ Zuppohopdg Mérpnong Mclntosh &
Becker, 2020
1.1.1  Toumnra Avipou | Speed Wind u mis exposure
Elpog Gepuokpagiog /
1.1.2 Temperature Range TmR °c exposure
11 KNuanAqleﬁ ZuyvOTnTa EPPAVIOTIC aKpaiuw
* | ororggia (Climate) | 1.1.3  powopévwv / Frequency of FrExEv. % exposure
extreme weather events
MpoBAsopzvm akhayri
TTOCOCTOU NPEPWY TIGVW aTTd
. m péon peyakiTepn T
Y:;ﬁa;m%g 1.1.4 Bepuo iac / Projected Pr.Ch.Hot % exposure
(Physical) change in days above baseline
i extremely hot temperature
Mopgohoyia § IErfjpara TuBpéva f Buttom's e
s TEwhoyi 121 sediment But Sed. - sensifivity
- (Marphology
Geology)
BaBupsTpia mepioyrc / R v
122 Bathymetry - Slope E sen
Inpavikd tywog kiparog /
131 - Hs m exposure
. VBpaBuvauia Important Wave Height
- (Hydrodynamic)
132 Tdon péang HIE TS MSL mm/fyear exposure

BaMlaooag / Sea level trend
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OpiopdgInpacia mapapitpou Very Low
1)

Mnvepia. Azv TpokaholvTal TpoBAfpara
oTn Aaroupyia Tou Alévog.

Mixpd eipog peratl Twv BEpuoKpacIwy oTo
iBio £1og.

Kaipikd ganopeva Baon emoxric, xwpig
algnon omv EVIaor Toug.

Kapia akrayri oTnv abinon Twv Bepuonv
NUEPLIV.

E&dpn vwnhric avtoyrc & mukvanTag

poucIGZouv ¥apnn TpwTGTTTa EvavT
chhaywv oF Kapkd @avOUEVa Kl EvTovn
KUHOTIET] pOpTIOT.

Méooe Uwog kipatog TepIOXg OF KaTdoTaaT
VIVEpIG.

Kwpic pzTafokr om péon odeun g
BdMlaooag.

Tipég BaBpohdynong évavn Tpurémrag
VeryLow(1)| Low(2) |Moderate(3)| High(4) |VeryHigh(s) _
<15 1.6-5.5 56-10.9 11.0-169 =17.0
<69 7-10.4 10.5-139 14-17.4 =175
Huspic
uerafokn
<30 30-49 50-69 70-39 =90
| T | e | et |
Bpayog UWI'MEQ—EWEK b muug—{\ﬂnu( Nacmm-lhig
TIET] O - 0l [s]
K1} dpyihog G KK GUUOC
. . . Méang . - N
Mokl TukvG Mukwd MoT Kohapo MoAt Xahapo
<03 0.3-06 0.7-1.0 1.1-14 =15

Opioudc/Enuacia Tupaprpou Very High (5)

Madon spyaowov. O hufvag 82 ptreps va Seyr=i

ka1 va sEuTmpeTioe kaviva Eifoug Thoiow.

To edpog Twv TPV petall Tow Bzpudrzpou
KOAOKQIDION KOl TOU WUXPOTEDOU XEINVD.

Zevdpio pEyioTng alEnong Kaipikiy
pavop VY.

Zevdpio péyioTng ahhayric kan aiEnong Bepuu

NPEPLIV.

Eddgn yapniric avroyric, fviovng

gouv
TpWTOTNTE EvavT KhapaTkiy ahhayi.
Meraxvrioag-kaBifrjoaic-mpogyoag Tou Ba
GNuIoUpYooUV TEXVIKEC SUTAEITOUPYIES OTO
hpéva.

s

AVUITaTo STITPETOPEVE OpIo yia TV Kahr
h pyia Twy SpacTnpeTATWY Tou Mpéva.

Zevdpio péyioTng abEnang g oTadung mg
SdMaooag

CVI& PVI

Nzprypagn Napapérpou (Description)

Container terminals will significantly reduce their
operability for wind speeds higher than the Beaufort
scale 6 (13.8mis). YynhdTepeg ipég TayimTag
avipou quEAVOUY TV TPWTOTNTA Kal TpoKaholv
Beohemoupyicg oTo Aipéva.

Elpog perafohric nipiv Beppokadiag evrog Eroug. O
psyakiTepes SlakupdvoEig kol ahhayis oTr
Bzpuokpacia auEdvouv TNV TpwTTnTa.

More frequent exireme weather evenis imply higher
degree of vulnerability. H ad&non Twy £vtovuwy
KOIPIKIOV QQIVOpEVLWOV EVTEIVOUV TNV TpLTéTnTa Tou
hpéva.

The percent change from observed baseline of the
average number of days per year above baseline

E y Hot' projected for the
end-of-century, downscaled to 12 km resolution for
the port location. Doo peyahiTepn n ahkayr K n
alEnon Twv BEppEY NuEpWV TO00 auEdvETal 1
TRWTETNTA Tow Apéva,

To £iBo¢ Twv eBapuv Tou TuSpiva.

The appearance of higher waves increases the

vulnerability. Doo pryahitepo sival To dyog Tww
KUPOTMOpWY ou Tpecfdhhouy To Mpéva 1600
auEdveTan n TpwTOTATA ToU.

Local Mean Sea Level Trend. Doo auidveral n
orabyun e Bahaoooc, Aoyw khpomkng akhayric,

TOTO o ﬁg IH Iimﬁ T ﬁ My E\mi

(Koulouri, 2022)



