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Lecture OUTLINE:

e Overview of climate change impacts
in coastal zones;

e Coastal Vulnerability to climate
change in Europe;

e Assessment methods:

- Indicator-based approaches;
- Index-based methods.
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Indicator and index-based methods.

Part 2:

Decision support systems (DSSs)
and complex system methods.
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Climate change and coastal zones

COASTAL ZONES are complex systems of strategic importance in different sectors:

they are home to a large percentage of citizens worldwide;

they are a major source of food and raw materials;

they are a crucial link for transport and trade;

they include valuable habitats and natural resources;

they are favoured destination for leisure time and recreational activities.

In the last decades urbanization, -
agriculture, industry, energy = habitat destruction, water and

production, » ‘ soil contamination, coastal
transportation and tourism posed 2= - erosion and resource depletion
increasing pressures on coastal areas

the depletion of the limited resources of coastal
zones and the limited physical space is leading to
increasing conflicts of interests among different
stakeholders (e.g. aquaculture and tourism)

importance
of
ICZM
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Coastal systems are projected to be
increasingly at risk due to global climate
change trough the 21th century and
beyond

(IPCC, 2007 and 2014) BIOGEOPHYSICAL IMPACTS

Sea-level rise.
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(a) Global average temperature
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135 » Saltwater intrusion.
: : » Negative consequences for biodiversity
and ecosystems.

oo 1 = Increasing flood-frequency probabilities.
1 2 = Erosion.
g o & * |nundation.
1 3 = Rising water tables.

- '(b) Gilobal average'sea level

SOCIO-ECONOMIC IMPACTS:

= Direct loss of economic, cultural and
subsistence values through loss of land,

- infrastructure and coastal habitats.

» Increased flood risk of people, land and
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g oF Tas g = Damage to coastal protection works and
E 1 1 = other infrastructure.
“r a2 » Impacts related to changes in water
L —L = T management, salinity and biological activity.
EIPCE 2007 WETARS Year (Source: IPCC, 2007) » |mpacts on agriculture and aquaculture.....
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Bio-geophysical impacts including relevant interacting climate and non-climate drivers

Bio-geophysical effect

Other relevant factors

Climate

Non-climate

Permanent inundation

Sea level rise

Vertical land movement
(uplift and subsidence), land
use and land planning

Flooding and storm

Surge (open coast)

Wave and storm climate,
morphological change,
sediment supply

Sediment supply, flood
management, morphological
change, land claim

damage

Backwater effect
(river)

Run-off

Catchment management and
land use

Wetland loss (and change)

CO, fertilisation, sediment
supply

Sediment supply, migration
space, direct destruction

Direct effect (open
coast)

Sediment supply, wave
and storm climate

Sediment supply

Erosion

Indirect effect (near
inlets)

Catchment management and

Surface waters Run-off
Saltwater Intrusion land use
Groundwater Rainfall Land use, aquifer use
Rising water tables/impeded drainage Rainfall Land use, aquifer use

(source: madified from Nicholls and Klein, 2005)

Climate change impacts result from the interaction between climate and non-
climate drivers and have significant regional variations (Nicholls et al., 2008).
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A strategic approach is needed to ensure that timely and i}
effective adaptation measures are taken, ensuring
coherency across different sectors and levels of
governance.

L — — —

;4

The challenge for policy-
makers is to understand
climate change impacts and
to develop and implement
policies to ensure an optimal
level of adaptation.

=)

EC, 2009.

) ¥

The aims for the scientific community
are to improve the knowledge on
climate impact and vulnerability and
to provide methodologies and tools
in order to guide the development of
appropriate adaptation measures.

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy




interreg e LA
Development of management tools and directives for immediate

protection of biodiversity in coastal areas affected by sea erosion
and establishment of appropriate environmental control systems = : A (T R

Greece Italy

EUROPEAN UNION

Coastal Vulnerability to climate change in Europe
A significant and increasing share of the EU population lives in coastal
areas:

- Approximately 40.8% of the EU population lives 50 km or less from
the coast (ESTAT, 2011).

-20% of the EU population (86 million people) lives within a 10 km
coastal strip (EEA, 2013).

- Approximately 140,000 km? of EU land is currently within 1 m of mean
sea level (REGIONS 2020, EU Commission).

.

- growing demands on coastal resources and increasing people’s
exposure to coastal hazards;

- the assessment of coastal vulnerability to climate change is therefore
a key issue at the European level.

Ramieri et al. (2011)

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Methodological aspects of coastal vulnerability assessment:

Coastal vulnerability assessment initially needs the clear
definition of policy and decision making objectives and related
questions;

Different tools may be indicated to approach coastal
vulnerability assessment at different spatial and temporal
scales, in different regions and for different policy purposes;

A multi-hazard approach is required, evaluating impacts induced
by various drivers, such as changes in sea-level, storms, salinity,
waves, temperature and sedimentation patterns;

Vulnerability assessment should consider also the analysis of
current and future adaptation strategies and measures,
significantly influencing coastal vulnerability;

Data availability is still a key issue: globally available data (e.g.
sea level rise projections or digital elevation models) need to be
corrected or detailed to address regional specificities.

Ramieri et al. (2011

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Climate change
vulnerability and
adaptation at the
regional and sub-
regional level.

Location of European
Marine Regions and sub-
regions as defined by the

Marine Strategy

Framework Directive

2008/56/EC.

[, T —=—n
European marine regions and sub-regions
Baltic Sea

North-east Atlantic Ocean: Greater North Sea

North-east Atlantic Ocean: Celtic Seas

North-east Atlantic Ocean: Bay of Biscay and Iberian Coast
North-east Atlantic Ocean: Macaronesian biogeographic region
Mediterranean Sea: Western Mediterranean Sea
Mediterranean Sea: Adriatic Sea, Ionian Sea and Central
Mediterranean Sea

Mediterranean: Aegean-Levantine Sea (Eastern Mediterranean)
Black Sea

A e

Ramieri et al. (2011)
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Main climate change hazards and vulnerabilities in different European Marine
Regions and sub-regions.

European marine sub-regions Main hazards and vulnerabilities

Storms surges

River flooding

Baltic Sea (1) Salt water intrusion

Loss of marine habitats, ecosystems and biodiversity
Socio-economic vulnerabilities (fisheries, tourism)

Storm surges

Coastal flooding

Coastal erosion

Altered salinity

Salt water intrusion

Loss of marine habitats, ecosystems and biodiversity
Loss of property and infrastructure

North-east Atlantic Ocean
Greater North Sea (2)

Coastal flooding

Coastal erosion

Loss of marine habitats, ecosystems and biodiversity
Decrease of salmon praduction

Loss of property and infrastructure

North-east Atlantic Ocean
Celtic Seas (3)

Coastal flooding
Coastal erosion
Loss of marine habitats, ecosystems and biodiversity

Naorth-east Atlantic Ocean
Bay of Biscay and Iberian Coast (4)

Salt water intrusion

North-east Atlantic Ocean: Loss of marine habitats, ecosystems and biodiversity
Macaronesian bio-geographic region (5) | Socio-economic vulnerabilities (fisheries, aquaculture,
Ramieri et al. (2011) tourism, health)

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Main climate change hazards and vulnerabilities in different European Marine
Regions and sub-regions

European marine sub-regions Main hazards and vulnerabilities

Coastal flooding

Coastal erosion

Altered salinity

Salt water intrusion

Freshwater scarcity

Loss of marine habitats, ecosystems and biodiversity
Socio-economic vulnerabilities (fisheries, tourism, health)

Mediterranean Sea:
Western Mediterranean Sea (6)

Coastal flooding

Mediterranean Sea: Coastal erosion
Adriatic Sea, lonian Sea and Central Salt water intrusion
Mediterranean Sea (7) Loss of marine habitats, ecosystems and biodiversity

Socio-economic vulnerabilities (heritage, tourism, health)

Coastal erosion

Coastal flooding

Salt water intrusion

Introduction of alien species

Socio-economic vulnerabilities (agriculture, tourism)

Mediterranean Sea: Aegean - Levantine
Sea (8)

Coastal flooding
Coastal erosion
Loss of marine habitats, ecosystems and biodiversity

Ramieri et al. (2011) Socio-economic vulnerabilities (fisheries)

Black Sea (9)

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Conceptual framework for climate change impacts, vulnerability, disaster risks and
adaptation options

Vulnerability/resiliencelrisks

GHG emissions
) Sacio-economic,
Climate change sl Yilxxiees Autonomous
: governance to :
| structures and adapt SRpRACH
Exposure Sensitivity Sk
[ ] | [
E v
Potential impacts Adaptive capacity
: [ ]
| v

Damage and adaptation costs

Humansymsmd e Planned adaptation
natural environment Ramieri et al. (2011)

(source: EEA, 2010a; ETC-ACC, 2010b) l

The IPCC definitions of vulnerability to climate change, and its related components (exposure,
sensitivity, and adaptive capacity) provide a suitable starting position to explore possibilities for
vulnerability assessment but they are not operational.

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Methodological aspects of coastal vulnerability assessment:

No s e

The operational definition of the vulnerability concept is
related to the specific issue and/or context (e.g. the coastal
area) addressed by the analysis.

Key steps in the operationalization phase include:
|dentification of application context: objectives and scenarios.
Data availability.

Indicator selection.

Normalization.

. Weighting.
. Aggregation.
. Uncertainty.

(adapted from Balbi et al., 2012).

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Criteria for evaluating methods for coastal vulnerability
assessment at the European scale

« Possibility to address different temporal scenarios.
e.g. 2050 and 2100.

 Relevance for assessing vulnerability related to one or more
key climate change impacts.

. e.g. permanent inundation, change in the frequency and
intensity of costal flooding; coastal erosion, saltwater
intrusion in rivers and groundwater, impacts on wetlands.

« Applicability to different typologies of coastal systems. e.g.
wetlands, beaches, rocky coasts, and estuaries.

« Possibility to assess social, economic and ecological risks of
climate change in coastal regions.

e.g. systems at risk include population, built infrastructure,
and economic activities but also natural ecosystems.

Consideration of adaptation measures.

e.g. already implemented measures as well as scenarios of
Ramieri et al. (2011)  future adaptation.

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Criteria for evaluating methods for coastal
vulnerability assessment at the European scale

* Possibility to vary assumptions and scenarios.

e.g. maps and/or indicators showing how the vulnerability  varies
in relation to sea level rise scenarios, time horizons, socio-economic
dynamic scenarios, adaptation/no adaptation options.

* Consideration of regional climate change scenarios.

e.g. consider regional information about sea level rise,
subsidence rates, etc., rather than global or European
averages.

e Assessment of uncertainties.

e.g. related to climate change scenarios, current environmental
and socioeconomic conditions

* Availability of underlying data and/or models.

e.g. computer models should be publicly available or

o available at a reasonable cost.
Ramieri et al. (2011)

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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The main purpose of vulnerability assessment is to
provide information to guide the process of adaptation.

8

Coastal adaptation is a complex and iterative process,
three basic adaptation strategies are often used:

* Protect - to reduce the risk of the event by decreasing the
probability of its occurrence;

« Accommodate - to increase society’s ability to cope with the
effects of the event;

« Retreat - to reduce the risk of the event by limiting its
potential effects.

Ramieri et al. (2011)

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Coastal adaptation

Coastal adaptation
{IPCC CZMS, 1990)

Adaptation objectives
(Klein and Tol, 1997)

Adaptation responses
(Cooper et al.,
2002; Defra, 2001)

Examples

Pratiact

Accommodate

Adwance the line

land claim; empoldering
esluary closura

* Increased robustness

Increased fexibdity

Rotroat

Ramieri et al. (2011)

& dyke;
i Hold the ine i beach nourishment
N flood proaf’ builkdings;
7| flaating agricultural systems
Retreat the kne - managed realignment

- Enhancad adapiability

Reversing maladaptive

- Limited intarvention

L A

ad hot seawall

Mo intervention

monitoring only

h Sustainabla

frends

Improved awareness

adaptaton

L 4

wealland restoration

- Community-focused

and preparednass

adaptation

flood hazard mapping;
fiood warnings

ot Py
B Qamee iy (i

Evolution of planned
adaptation practices in
coastal zones (source:
Nicholls et al., 2007)
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RISC-KIT (2013-2017) RlSC-KIT

esilience-'ncreasing “trategies for “ oasts - tool

In the frame of RISC-KIT project have been
developed methods, tools and management
approaches to reduce risk and increase resilience to
low-frequency, high-impact hydro-meteorological
events in the coastal zone

— DSS as a Bayesian Network Approach, built on a
Source-Pathway-Receptor (SPR) concept

Jager et al., 2018
Plomaritis et al., 2018

THESEUS (2009-2013)

Innovative technologies for safer European coasts
in a changing climate

Examine the application of innovative combined
coastal mitigation and adaptation technologies
generally aiming at delivering a safe (or low-risk)
coast for human use/development and healthy
coastal habitats as sea levels rise and climate
changes (and the European economy continues to
grow)

- GIS-based tool: THESEUS DSS

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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pegasoproject<”

BASE (2012-2016) PEGASO (2010-2014)

SBS::giT;gf:e%Itleoa;g Adaptation Strategie gERES People for Ecosystem-based Governance in Assessing

Sustainable development of Ocean and coast
The BASE project aims to foster sustainable adaptation in

Europe by improving the knowledge based on adaptation > Constructing an ICZM governance platform as a bridge
ang making this information easier to access, understand between scientist andlendiuser communities:
and act upon. ;

» Refine and further develop efficient and easy to use

__Sim.coast tools for making sustainability assessments in the
SIM.COAST (2010-2014) . e b coastal zone (indicators, accounting methods, models

and scenarios);

Numerical Simulation Tools for Protection of Coasts

against Flooding and Erosion » Implementation of a Spatial Data Infrastructure (SDI),
following the INSPIRE Directive, to organize and

The project aims to contribute to protection of coasts standardize spatial data to make it available to the

against flooding and erosion, through research and ICZM Platform.

training of researchers

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy



TRITON

Development of management tools and directives for immediate

interreg FE

Greece-ltaly

European Regional Development Fund EUROPEAN UNION

MICORE (2008-2011)

Morphological Impacts and Coastal Risk induced
by Extreme storm events

Innovations in coastal storm risk management and coastal
civil protection schemes.

- on-line tool based on real-time data acquisition

- state-of-the-art hydrodynamic and morphological
models is feasible for vulnerable areas across Europe

protection of biodiversity in coastal areas affected by sea erosion
and establishment of appropriate environmental control systems = e A

A RISES AV

RISES-AM (2013'2016) " EU Research Project

Responses to coastal climate change: Innovative
Strategies for high End Scenarios - Adaptation and
Mitigation

Develops sustainable adaptation pathways for coastal
zones under high-end climate change and sea-level rise
scenarios.

NEMO (2012-2016)

Nearshore Monitoring and Modelling: Inter-scale Coastal
Behaviour

Gain unprecedented insights into the complex processes
in natural coastal environments, and to use these to
develop, test and use an innovative new physics-based
model capable of providing robust forecasts of large scale,
long term coastal change.

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Assessment methoas:

* Indicator-based approaches;
* Index-based methods

e Software based on GIS applications (e.g.
decision support systems, DSSs)

ALIX3T1dINOD ONISVIHONI

« Complex system methods (e.qg.
Bayesian network, agent-based model)

Ramieri et al. (2011)

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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* Indicator and indices *

An Iindicator is a value that represents a
phenomenon that cannot be directly measured
and may aggregate different types of data.

An Index Is a set of aggregated or weighted
parameters or indicators.

A measurement of a specific variable is the basis for the |
characterization of an indicator, which in turn can be the basis 1
for the construction of an index. :

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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* Indicator and indices *

Three functions:

 Reduce the number of parameters that normally would be

required to represent a situation;

« Simplify the process of results communication to the users;

« Quantify abstract concepts such as ecosystem health or biotic
integrity that are not measurable.

In the specific context of climate change:
* Monitoring climate variations;

» Characterising spatial and temporal distributions
of stressors and drivers;

 ldentifying strategic vulnerabilities.

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy



interreg TRITON =
Development of management tools and directives for immediate o
G reece-ltaly protection of biodiversity in coastal areas affected by sea erosion
- G HATREN ilfa

nd ishm ropri Vir | |
uuuuuu R T Fund oo and establishment of appropriate environmental control systems

Climate change indicators should consider specific
attributes:

Routinely collected: indicators must be based on routinely collected, clearly
defined, verifiable and scientifically acceptable data.

Representative at national scale: as far as possible, it should be possible to
make valid comparisons between countries using the indicators selected,;

Methodologically well founded: the methodology should be clear, well defined
and relatively simple. Indicators should be measurable in an accurate and
affordable way, and constitute part of a sustainable monitoring system. Data
should be collected using standard methods.

Show cause-effect relationship: information on cause-effect relationships
should be achievable and quantifiable in order to link pressures, state and

response indicators.
EEA, 2012

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Indicators and Iindices

Climate change related indicators should consider specific
attributes:

Sensible to changes: indicators should show trends and be able to detect
changes in systems in timeframes and on scales that are relevant to the decision
makers.

Policy Relevant: indicators should send a clear message and provide information
at a level appropriate for policy and management decision-making;

Broadly accepted and intelligible: the power of an indicator depends on its broad
acceptance and on its easy communication.
EEA, 2012

Need to identify a broadly accepted definition of indicators and
Indexes, also considering how they relate to the concepts of
vulnerability and risk.

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Indicator-based approaches:

Indicator-based  approaches, express the
vulnerabllity of the coast by a set of independent
elements (i.e. the indicators) that characterize
key coastal issues.

These approaches allow the evaluation of
different  aspects related to  coastal
vulnerability (e.g. coastal drivers, pressures,
state, impacts, responses, exposure, sensitivity,
risk and damage) within a consistent assessment
context.

These indicators are in some cases combined
Into a final summary indicator.

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Eurosion project: http://www.eurosion.org/index.html

13 indicators based on the DPSIR approach (EEA, 1995) to support the
assessment of coastal erosion risk throughout Europe:

9 sensitivity indicators (referred to pressure and state indicators):
1) Relative sea level rise;
2) Shoreline evolution trend status;
3) Shoreline changes from stability to erosion or accretion;
4) Highest water level;
5) Coastal urbanisation (in the 10 km land strip);
6) Reduction of river sediment supply;
7) Geological coastal type;
8) Elevation;
9) Engineered frontage (including protection structure).
4 impact indicators:

10) Population living within the RICE (Radius of influence of coastal erosion
and flooding);

11) Coastal urbanisation (in the 10 km land strip);
12) Urbanised and industrial areas within the RICE;
13) Areas of high ecological value within the RICE.

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Eurosion project: http://www.eurosion.org/index.html

Each indicator is calculated at the regional
(subnational) level in the RICE area:

From the shoreline, the Radius of Influence of
Coastal Erosion and flooding (RICE) is defined as :

- all areas located within 500m from the shoreline;

- areas lying under 5 meter contour line.

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Ita




interreg TRITON

Development of management tools and directives for immedi::_\te

G reece- |ta| protection'of biodiversity in coastal areas affected by sea erosion :
) R D s Sy Fx EURGPEANONIGH and establishment of appropriate environmental control systems - cmee B dSie

Eurosion project: http://www.eurosion.org/index.html

Each indicator was evaluated according to a
semi-quantitative score that represents low,
medium and high level of concern about the
expected future risk or Iimpact erosion
(Eurosion, 2004).

The evaluation of the identified indicators was
supported by the Eurosion database, structured
In various spatial data layers covering the
European scale.

Project co-funded by European Union, European Regional Development Funds (E.R.D.F.) and by National Funds of Greece and Italy
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Coastal Geology (2001)
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(Source: EUROSION project website)
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Coastal Types (2001)
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TOTAL INVENTORED COASTUNE : 100838 ko

(Source: EUROSION project website)
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Coastal erosion trends in the European Union

TOTAL INVENTORIED COAST LENGTH : 100 925 km

No information
or not applicable
(e.g. harbours, estuaries)
27%

Accreting
14%

Artificially stabilised

Eroding
and unprotected

Eroding in spite of protection
3%

Naturally stable
{stable without protection)
39%

All European coastal states
are to some extent affected by
coastal erosion.

About 15,100 km are actively
retreating, some of them in
spite of coastal protection
works (2,900 km);

About 4,700 km have become
artificially stabilised.
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R gy & been surveyed by EUROSION. Among the
e various data gathered, erosion trends are
e among the most important,
\ This map summarizes these trends by
Q%% distinguishing eroding coastal segments
- /J from