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1. Introduction

In this report a set of indicators is proposed for summarizing objectives and providing up-to-date
information on the impacts of climate change, the state-of-the-environment and societal conditions
of islands. These indicators are meant to support a practical description. They can be used for
identifying policy goals, defining strategies, monitoring and evaluating implemented actions. They
are also useful for communicating the environmental and societal conditions to a particular
audience, such as local stakeholders, administrations, general public, policymakers from local to
national levels. Finally, they provide a synthetic way to describe multiple aspects of the state of
environment, natural resources assets and related human activities including socio-economic
factors.

These indicators are based on environmental data, models, oceanographic and meteorological
observations, and administrative archives. They are based on several parameters including physical,
chemical or biological measures associated with environmental quality or natural resources,
information on processes and interventions, economical values, members describing the
composition and characteristics of societies and of their needs.

The indicators are focused on the four sectors addressed by SOCLIMPACT and strictly linked to
the identified impact chains.

They allow:
e To compare conditions among islands
e To identify critical situations
e To identify trends and evolution of conditions leading to risks
e To monitor risks

e To monitor the results of management strategies

This deliverable consists of six sections (including this introduction, numbered as section 1) and
an appendix consisting of a set of tables with a synthetic description of the indicators. In section 2
indicators are linked to the general goals of SOCLIMPACT. In section 3 the methodology used
for defining indicators and the requirements to be satisfied are described. Section 4 lists all
indicators, with a separation accruing to the type of indicator and the relevant impact chain. Section
5 presents tables summarising the indicators and identify those that are more commonly used and
with cross sectorial relevance. Section 6 links the indicators to the impact chains.
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2. Assessing vulnerability and risk within the Soclimpact project
2.1.  Concepts and definitions

Vulnerability and risk assessment in the SOCLIMPACT project build upon the AR5 concept of
risk, which relates to the interaction of climatic, environmental, and human factors that can lead to
impacts and disasters. It also builds upon options for managing the risks posed by impacts and
disasters, also highlighting the important role that non-climatic factors play in determining impacts.
Key definitions for the risk assessment have undergone some changes during the last decades. The
IPCC AR5 risk concept has been developed around the central term ‘risk’. According to this
concept, the risk is "the potential for consequences where something of value is at stake and where
the outcome is uncertain, recognizing the diversity of values. Risk is often represented as
probability or likelithood of occurrence of hazardous events or trends multiplied by the impacts if
these events or trends occur. This deliverable adopts the IPCC approach and the term risk is used
to refer to the potential, when the outcome is uncertain, for adverse consequences on lives,
livelihoods, health, ecosystems and species, economic, social and cultural assets, services (including
environmental services) and infrastructure".

Furthermore, risk is a result of the interaction of hazard, vulnerability, and exposure. Definitions
and methodological approaches for the risk assessment within this report adopt the following
definitions taken by the Glossary of the IPCC Fifth and Fourth Assessment Report (IPCC, 2014;
IPCC, 2007):

Hazard

The hazard is the potential occurrence of a natural or human-induced physical event that may cause
loss of life, injury, or other health impacts, as well as damage and loss to property, infrastructure,
livelihoods, service provision, and environmental resources.

Vulnerability

Vulnerability refers to the propensity of exposed elements of a sector to suffer adverse effects. It
is the degree to which a system is susceptible to (and unable to cope with) adverse effects of climate
change, climate variability and extremes. Vulnerability is associated to a set of conditions that derive
from the historical and prevailing cultural, social, environmental, political, technological, and
economic contexts.

Two components of vulnerability are the sensitivity of a sector to changes in climate and its
adaptive capacity. The first is the degree to which a system is affected, either adversely or
beneficially, by climate variability or change: the second represents the process of adjustment to
actual or expected climate and its effects. In human systems, adaptation seeks to moderate or avoid
harm or exploit beneficial opportunities. In some natural systems, human intervention may
facilitate adjustment to expected climate and its effects

Exposure

Exposure is 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.
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2.2.  The selected IC
This paragraph summarizes the selected impact chains (ICs) for the different Blue Growth sectors
and the reasons underlying their selection (for more information, please refer to D3.2).

2.2.1. Coastal and Maritime Tourism
The ICs on the coastal and maritime tourism sector are based on the concept of fourist experience
valne (Prebensen et al., 2014), meaning that climate change, affecting the potential tourist
destination, will influence and change the tourist perception. Thus, the impacts of climate
change on the economy are analysed by looking at the interaction between demand and supply.
The change in tourist perception will impact the demand-side. In some other cases, climate
change could also affect the supply-side, since it is expected that policy actions should be taken
to keep the demand curve unaffected.
In order to embrace and summarize all the interactions that the tourist can experience in the
destinations, three main categories of ICs have been considered for this sector:

- loss of tourist excperience value in the destination due to changes in environmental attributes;

- loss of tourist excperience value in the destination due to changes in human being comfort (or health);

- loss of tourist excperience value in the destination due to the quality of infrastructure and facilities.
The three main IC categories have been divided into eight subcategories, defined general it
affecting different islands in similar ways or specfic if impacting on particular ecosystems and
species, landscapes or activities:

General IC
Loss of comfort due to beach surface reduction.
- Loss of attractiveness due to climate discomfort

Decrease of avatlable domestic water for the tourism industry

Increase of damages to infrastructures and facilities due to sea-level rise and storms.
Specific IC

- Loss of attractiveness of touristic marine environments.

- Loss of attractiveness due to increased danger of forest fire in touristic areas.

- Loss of attractiveness of touristic land environments.

- Loss of attractiveness due to loss of cultural and patrimonial heritage.

2.2.2. Aquaculture

Although this sector is characterized by a great level of human control that mitigates features
and consequences of climate change (De Silva and Soto, 2009), aquaculture activities are
exposed to climate change impacts in direct and indirect ways. In particular, the risk of
aquaculture-based communities is primarily a function of their exposure to extreme weather
events, as well as the impact of climate change on physical and chemical parameters of the
ecosystems, including temperature, salinity, acidity, and water levels and flows, which in turn
will influence productivity.

Indeed, marine aquaculture is very susceptible to storms, which are predicted to occur with
greater frequency in the future. Aquaculture facilities and infrastructures could be damaged, and
the stock lost, thus affecting an increase in restoring costs for farmers and possible loss of
income. Further, escapees could either have a negative impact on the local biodiversity and food
chain as well as increase the risk of disease and parasitic infestation of wild stock. Further,
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aquaculture activities can be heavily affected by climate change, because the increase of sea water

temperature affects fish growth.

Thus, two main ICs affecting the aquaculture sector under climate change have been selected:
- Increased fragility of the aquacnlture activity due to extreme events
- Change in production due to changes in temperature

2.2.3. Marine Energy
Marine energy may be susceptible to changes on climate, such as on wind patterns and wave
regime. As suggested by Harrison and Wallace (2005) “where the resource is constrained,
production and economic performance could suffer; on the other hand, stormier climates may
create survival issues”. Also, other renewable sources, such as hydropower and wind share this
risk with marine technologies (e.g. Harrison and Whittington, 2002; Breslow and Sailor, 2002).
The used approach to identify the effects of climate change on marine energy as well as island
energy system firstly take into account the main three elements of the energy value chain:
generation, transmission, consumption.
The ICs on the energy sector include thus on-land power generation by RES (Renewable Energy
Sources) and conventional fossil systems. Further, the protection of on-land electrical
infrastructures is fundamental to assure that the produced marine energy is used. Finally, climate
change will also have important impacts on the energy demand: on one hand, the maintenance
of comfort conditions (especially in islands with high tourist activity) will require higher air-
conditioning demand; on the other hand, higher water demand and competition from a number
of sectors (residential, touristic, agriculture, etc.) will increase the demand from water
desalination systems.
Thus, the proposed ICs:

- Risk of changes in power generation due to long term climate change and variability

- Risk of damages to transmission grids due to extreme events

- Risk of changes in energy demand due to changes in precipitations and temperatures

2.2.4. Maritime Transport

Within this sector it is well recognised that sea level rise and the increase of extreme weather
events will affect infrastructures and equipment of the ports. Previous events occurred in the
past have caused floods and agitation in the ports and, consequently, their temporary closure.
Furthermore, extreme events already caused losses to ships. In particular, the routes and the
nature of the transport are elements exposed to these damages, as some islands are part of
important transoceanic routes. At the end, in case of extreme weather events, the population of
some of the selected islands would be at risk of isolation.
Thus, three main risks affecting the maritime transport sector under climate change have been
selected:

- Risk of damages to ports’ infrastructures and equipment due to floods and waves

- Risk of damages to ships on route (open water and near coast) due to extreme weather events

- Risk of isolation due to transport disruption
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3. Identifying and selecting indicators

Risk of climate-related impacts results from the interaction of climate-related hazards with the
vulnerability and exposure of human and natural systems. Thus, in order to assess risks, it is
necessary to identify and select the indicators for each element of risk in the various impact chains.
Indicators are parameters which provide information about specific states or conditions. They are
extensively used in assessing vulnerability and risk in socio-ecological systems in the context of
climate change. They are meant to provide quantified information, which is used to compare
against critical thresholds or previous conditions.

A set of indicators along the impact chains allow the quantitative assessment of changes in the
climate characteristics, changes in ecosystem services, and changes in the Blue Economy activities
and in the whole economy of European islands.

CClIs (Climate Change Indicators) for marine and coastal ecosystems refer to units of measurement
to evaluate the consequences in the marine and coastal environment experiences as a result of
Climate Change (sea-level, composition, dynamics, .etc. ...). Practically, in the context of this study,
hazards are associated with CCIs. ESIs (Environmental Services Indicators) refer to units of
measurement to evaluate the consequences in Environmental Services of marine and coastal
ecosystems that directly affect activities of the Blue Economy, such as changes in available beach
surface, composition of sediment, reproductive and species growth, vulnerability of coastal
infrastructures, waste assimilation capacity, etc.. EVIs (Environmental Value Indicators) refer to
units of measurement to evaluate the economic value of changes in the Blue Economy activities of
Environmental Services provided by marine-coastal ecosystems due to Climate Change. In this
context, exposure indicators are either EVIs or ESIs.

3.1. Indicator characteristics

Selecting indicators is an iterative process whereby a list of ideal choices is slowly thinned out, with
indicators rejected where they are unfeasible or — in particular — where there are insufficient data
to substantiate them.
An indicator is expected to satisfy the following characteristics:
® [tis valid and relevant, i.e., it represents well the factor you want to assess
® [t is reliable and credible and also allows for data acquisition in the future
® [t has a precise meaning, i.e. stakeholders agree on what the indicator is measuring in the
context of the risk assessment
® [tis clear in its direction, an increase in value is unambiguously positive or negative with
relation to the factor and risk component
® [tis practical and affordable, i.e., it comes from an accessible data source
It is appropriate, i.e., the temporal and spatial resolution of the indicator is right for the
risk assessment
In general, any list of indicators cannot be exhaustive and other indicators could be added. To
exhaustive is particularly problematic for the “adaptive capacity” indicators. The present list shows
(after an internal discussion) indicators that “practical and affordable” and that come “from an
accessible data source”. These lists cannot and should not be considered definitive and they might

be revised in the continuation of the project. A short paragraph has been added to section 3.1 to
clarify this.
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3.2. How to identify the indicators

Starting from the outcomes of relevant literature (e.g. IPCC, 2014; GIZ and EURAC 2017, 2017),
a methodological approach has been defined and four main steps have been identified.

Selecting indicators for hazard
In this report, as suggested by the GIZ methodology, hazard indicators were phrased so that they

refer to a critical state or threshold. Frequencies, numbers etc. are used to describe the potential
occurrence of a hazard and indicate the direction toward a defined event. For the hazard factor
‘heavy rain’, for instance, this could be ‘number of days with more than 50mm precipitation’.

Selecting indicators for vulnerability

As said, vulnerébi]ity encompasses a variety of concepts and elements including seusitivity or
susceptibility to harm and lack of capacity to cope and adapt.

Sensitivity may include physical attributes of a system (e.g. building material of houses, type of soil

on agriculture fields), social, economic and cultural attributes (e.g. age structure, income structure).
In order to identify the most appropriate indicators we propose guiding questions as the following
(Fritzsche et al., 2014):
- what are the characteristics of the system which mafke it susceptible to adyerse effects of the changing signal(s)
tdentified in the previous step?
- how do these climate conditions affect these systems?

Capacity refers to the ability of societies and communities to prepare for and respond to current
and future climate impacts. According to Giordano et al. (2013), “sensitivity and adaptive capacity
could be sometimes confused. Adaptive capacity includes the intrinsic quality of a system that
makes it more or less capable to adapt, but can also reflect the abilities to collect and analyse
information, communicate, plan, and implement adaptation strategies that ultimately reduce
vulnerability to climate change impacts”.
For this extent, the key question to select indicators for adaptive capacity focus on the capacities and
resources within the system allowing to address climate change impacts. In particular, the GIZ (2017)
methodology proposes the following guiding question for the different dimension of adaptive
capacity:

- Knowledge: is there knowledge or expertise which might aid adaptation?

- Technology: are there technical options available and affordable which could enhance adaptive capacity?

- Institutions: how does the institutional environment contribute to adaptive capacity?

- Economy: which economic and financial resources are available for enhancing adaptive capacity or

implementing adaption measures?

Selecting indicators for exposure
The selection of exposure indicators is related to specific exposed elements (or elements at risk),

which are the presence of people, livelihoods, species or ecosystems, etc. ..., in places that could be
adversely affected by climate change. The degree of exposure can be expressed by absolute
numbers, densities or proportions etc. of the elements at risk (e.g. population density in an area
affected by drought).

10
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Check indjcator’s specificity
Once the first draft of indicators is compiled, it is suggested to check indicator’s specificity in order
to verify if the indicator is formulated towards the risk approach and to assess whether they are
explicit and self-explicative, mainly in two regards:
e validity and relevance — the selected indicator needs to represent well the factor included
in the impact chain;
e computation methods — this aspect embraces data availability and quality, a frequent pitfall
in indicator selection if underestimated

3.3.  The factsheet to identify and select indicators

With the aim to support the identification and selection of the indicators per factor in the impact
chains developed in D.3.2, a template indicator factsheet has been prepared that records all
potential indicators with any relevant additional information. The factsheet is presented in Tab. 1
and it is accompanied by a text that guides in its compilation. In principal, the factsheet requires a
brief description of the indicator, the unit of measurement, potential data sources, a brief
explanation outlining the reason for selecting it.

11
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Tab. 1 — template of the fact sheet to be provided to describe each indicator

Sector

Select the sector affected from the menu “Coastal and Maritime
Tourism”, “Aquaculture”, “Maritime Transport”, “Marine Energy”

Impact chain

Name of the impact chain where the indicator is present

Indicator type

Which risk component is described by the indicator? Select from the menu
“Hazard”, “Sensitivity”, “Adaptive Capacity”, “Exposure”

Reference factor

The factor (producing the risk in the impact chain) to be described by the
indicator

Indicator: Name,
abbreviation, short

Indicator name with short name used to denote the indicator and a short
description on its meaning and computation

description

Unit Definition of the unit used in the expression of the indicator

Indicator Select from the menu “Climate Change indicators”, “Environmental

classification services indicators”, “Environmental value indicators”

Sources of Describe, in general terms, which types of sources (models, administrative

information data, geomorphological data, satellites, observations, platforms,...) of
information on the indicator are available

Supplementary Add useful information and reference on the indicator and its computation

Information

12
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4. Results: full list of indicators

The fact-sheets of all indicators are provided in the Appendix 1. Here only the abbreviation used
and their general meaning is described. The summary table at the end of this section lists all
indicators that have been proposed.

Abbreviations are assigned with some common criterion. Indicators initiating with N are numbers,
with P are percentages, with B are Boolean (“YES” or “NQO?”) variables, with L are assessments on
a Lickert scale, n (lower case) for negation “NO”. The presence of X in the abbreviation denotes
the use of maximum in the definition, Tot of the Total and AVE of the average. Here are some
examples of adopted abbreviations:

e Air Air

e Apt Airports

e Cho Choice

e Coast coastal and coast
e Cr Crops

e  Empl Employees

e Frs Forest

e Le Length

e P Precipitation

e Pax Passengers

e pH potential of Hydrogen
e Pa Path

e DPla Plan

e Po port(s)

e Poll Pollution

e Sa Sand

e Sh Ship(s)

® Sp Species

e SS Sea Surface

e SWH Significant Wave Height
e T temperature

e Tr Training

e Trt Treatment

e Tou Tourists

e Wa Walking
e Wi Wind
o Witr Water

13
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The indicators in the following lists of indicators (considered separately for each sector) to allow

for the operationalization of the Impact Chains, have been selected from the sources described
above with the following criteria:

1. Indicators are proper for measuring the particular aspect they focus on;

2. Indicators are functional either inside the factor they form part at first instance (hazard,
exposure, sensitivity, adaptive capacity) or to dialogue with indicators belonging to other factors in
order to facilitate the assessment of multifactorial relationships having place in each sector.

3. Most indicators are homogeneous and comparable with those integrated in the more widely
recognised and used indicator systems in the global and European institutional framework.

4.1.  Coastal and Maritime Tourism

Although the movement of developing environmental and sustainability indicators starts with
OECD systems in 1990 and gives place to a big framework containing a wide range of indicator
systems (environmental indicators, decoupling indicators, sustainable development indicators...),
tourism becomes incorporated to this trend a bit later by the hand of UNWTO. Since 1994 this
multilateral organization has been developing a set of indicators to assess the sustainable
development of tourism able to propetly respond to the specificities of that complex and multi-
sectoral industry, that has been updated several times (see UNWTO Conference Manila 2018).

Also the World Travel and Tourism Council has developed indicator systems to assess those
aspects of tourism industry development that mostly focus on tourism firms and organizations,
thus complementing the vision launched by UNWTO. Their global and country analysis give a big
amount of information reported as serial indicators, mainly in the field of economic dimension of
tourism sustainable development.

Finally, The European Tourism Indicator System (ETIS) (see at
file:///C:/Users/Usuario/Downloads/ETIS%20toolkit%202016%20150316%20(1).pdf )
provided since 2013 an extraordinarily well structures corpus of sustainable development of

tourism that holds 27 core indicators and 40 optional indicators, subdivided into four categories: i)
destination management; ii) social and cultural impact, iii) economic value; and iv) environmental
impact.

Most of indicators developed to sustain the operationalization of coastal and marine Impact Chains
come from these sources so they are completely tested and widely used globally. Yet, some others
that are specific of the developed Impact Chains has been developed working on the indicators
provided by the European Environment Agency, mainly, Eurostat and the European Centre for
Disease Prevention, for the case of the impact chain related to infectious diseases and climate
change.

Indicators of socioeconomic performance of tourism in Soclimpact islands area available from de
decades of sixties and seventies of last century, when the first national and regional statistics
systems in Europe open space to collect and classify relevant information from tourism activity, at
that time exploiting as global economic and cultural phenomena.

14
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An important set of environmental indicators for tourism in the islands has been developed since
the beginning of nineties, following the guidelines from OECD and UNWTO, later incorporated
to the European Eurostat system.

Many indicators can be obtained from homogenised European sources, mainly Eurostat and the

European Environment Agency. Also, regional statistic systems provide quite part of the required

information. In this case, most of statistic systems follow a common framework to collect and

organise tourist information, including the units of measurement. In some cases, could be needed

adjusting primary information to guarantee comparability.

4,1.1 Hazard
Risk: Loss of attractiveness of touristic marine environments

SSTAVE - Monthly Average Sea Surface Temperature

SST_2-98 — Annual Sea Surface Temperature range (difference between the annual values of the
2nd and 981h percentile the daily sea surface temperature)

SSpHAVE - Monthly Average Sea Surface pH

SSpH_2-98 - Annual sea surface pH range (difference between the annual values of the 2nd and
981th percentile the datly sea surface pH values)

Risk: Loss of attractiveness due to increased danger of forest fire in touristic areas

SPI - Standardised Precipitation Index (precipitation represented as standardized departure from a
selected probability distribution function that models the precipitation data. SPI can be interpreted as the
number of standard deviations by which the observed anomaly deviates from the long-term mean)

NSPI - Number of months per year in which the Standardized Precipitation Index is
lower or equal to -1

FWI - Fire Weather Index (Represents the potential fire intensity, combining: temperature, relative
humidity, wind speed and 24-hour rainfall)

CDD - Consecutive Dry Days (annual Maxinum number of consecutive dry days when
PR<1.0mm, also referred to as "longest dry spell’)

HWM - Heat Wave Magnitude (maximum magnitude of the heat waves in a year, where heat wave
25 the period = 3 consecutive days with maximum temperature above the 90th percentile of daily maxima
in the suitable reference period)

NWi20 - Number of days with Wind blowing >20 km/h

Risk: Loss of attractiveness of touristic land environments

NTX90p - Number of days per year in which Temperature is above than 90th percentile
of maximum daily temperature

Ptot - Annual Total Precipitation

HWM - Heat Wave Magnitude (mzaximum magnitude of the beat waves in a year, where heat wave
is the period = 3 consecutive days with maximum temperature above the 90th percentile of daily maxima
in the suitable reference period)

NSPI- Number of months per year in which the Standardized Precipitation Index (SPI)
is lower or equal to -1

FI - Flood Intensity (Components: -Peak flow; -Peak level; -Maximum 24-h flood
volume; -Maximum 72-h flood volume; -Tidal flood volume)

15
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NWiX98p - Number of days with extreme Wind speed (maximum value above the 98th

percentile of daily maxcimum wind speed)

Risk: Loss of attractiveness and comfort due to beach availability reduction

MSLAVE - annual Mean Sea Level

NSWHX98p - Number of days per year with SWH maximum above the 98 percentile of
the daily maximum

NSLX98p - Number of days per year with SL. maximum above the 98 percentile of the
daily sea level maximum

Risk: Loss of attractiveness due to climate discomfort

HWM - Heat Wave Magnitude (maximum magnitude of the heat waves in a year, where heat wave
is the period = 3 consecutive days with maximum temperature above the 90th percentile of daily maxima
in the suitable reference period)

NTX90p - Number of days per year in which Temperature maximum is above than 90th
percentile of maximum daily temperature

TN_HD - Annual number of combined Tropical Nights and Hot Days (Nuwber of days
when minimum temperature >20°C and maxinum temperature >30°C occur in sequence)

NEWC - Number (or percentage) of days under Extreme Weather Conditions (wind,
storm surges and floods).

Risk: Decrease of available domestic water for the tourism industry

NTX90p - Number of days per year in which temperature is above than 90th percentile
of maximum daily temperature (During these days an extra water demand for irrigation and
refreshing purposes will take place)

Ptot - Annual total precipitation

NSPI - Number of months per year in which the Standardized Precipitation Index (SPI)
is lower or equal to -1

Risk: Increase of damages to infrastructure and facilities due to sea level rise and storms

NSWHX98p - Number of days per year with SWH maximum above the 98 percentile of
the daily maximum

MSLAVE - Mean Sea Level (annual value)

NWiX98p - number of days per year with maximum wind speed maximum above the
98percentile of a reference baseline period

Rx5d - Index for the maximum annual precipitation over five consecutive days

Risk: Loss of attractiveness due to loss of cultural and patrimonial heritage

NSWH98p - Number of days per year with SWH above the 98 percentile of the daily
maximum in the reference baseline period

MSLAVE - Annual Mean Sea Level

NSLX98p - Number of days per year with Sea Level maximum is above the 98"
percentile of the daily sea level maximum in the reference baseline period
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4.1.2 Sensitivity
Risk: Loss of attractiveness of touristic marine environments

) - . . ~ . ~ g B
( ;/ This project has received funding from the European Union’s Horizon

® FSpD - Density of flagship species (This indicator measures the density of a given flagship species
in a given area in Kg/ Ha)

® FSpS - Average size of flagship species (Thzs indicator captures the average sige of an individnal
of the species studied in cm)

® PSFSp — percentage of surface occupied by foundation species with respect to the
potential surface (This indicator measures the amount space occupied by the species)

® PISp - Integrity of the species (This indicator is composed of three numbers representing the
percentage well/ moderately/ badly preserved species at a given tinze)

® POFS — percentage of overfished stocks (This indicator measures the percentage of fish stocks
that are overfished at a given tinze)

® PFFFS — percentage of fully fished fish stocks (This indicator measures the percentage of fish

Stocks that are fully fished at a given time)

PHUP - habitats considered under pressure/under threat

SeTD - Sewage total discharges (

ChIC - Chlorophyll-a concentrations in European seas

EcoliC - E. coli concentration

Risk: Loss of attractiveness due to increased danger of forest fire in touristic areas
® PALF - Percentage of island area that is managed for agriculture, livestock and forestry
purposes
e NRAB - Number of recreational areas with barbecue (public use)

Risk: Loss of attractiveness of touristic land environments
e FP - Fragmentation pressure of urban and transport infrastructure expansion (Number
of meshes per 1000 square kilometres)
PHUP — percentage of habitats considered under pressure/under threat (
API - Releases of air pollutants from industry
EI - Emission intensity of domestic sector
MSWYV - Waste volumes from manufacturing and services sector
MWYV - Municipal waste volumes

FSpD - Density of flagship species (This indicator measures the mass of a given flagship species in
a given area

® FSpS - Average size of flagship species

Risk: Loss of attractiveness and comfort due to beach availability reduction
® NGro - Number of groyne and breakwater-sort structures, including ports affecting sand
® DPTopSocks - Percentage of days per year in which the beach registered the presence of
algae topsocks on the beach
® PJelly - Percentage of days per year in which the beach registered the presence of jellyfish
on sea bathing waters
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® DPAlgae - Percentage of days per year in which the beach registered the presence of big

and dense amount of microalgas/cyanobactetias on sea bathing waters or visible area
around.

Risk: Loss of attractiveness due to climate discomfort

¢ NAIirPOLL - Number of days (per year) in which the concentration of pollutant
particles, measured in ug/m’ is over the European health-based standards

e PToub6_65 — percentage of tourists over 65 years old and visitors under 6 years’ old

Risk: Decrease of available domestic water for the tourism industry

o TouWtrD — Tourist Water Demad (Awnnual daily average water consumption per overnight)
(Quantity of water used in agriculture per 1000 enros of GAV’)
e WutrDE — Water Demand Efficiency (Quantity of water used in agriculture per 1000 euros of

GAV)
e DWtrC — Domestic Water Consumption (annual mean value of daily consumption of domestic
waler per capita)

e LGW?trA — Expert assessment of groundwater quantitative and chemical status

Risk: Increase of damages to infrastructure and facilities due to sea level rise and storms

e NDnSH - Number of days per year in which the service (water, energy and
telecommunications) was interrupted due to climate hazards

e CDR- Cost of repairing damages to infrastructures (related with the touristic activity such
as promenades, marinas, etc.) related to climate hazards, per year

Risk: Loss of attractiveness due to loss of cultural and patrimonial heritage

e LFVI - Flood vulnerability index for coastal areas holding cultural and patrimonial
heritage

4.1.3 Adaptive capacity
Risk: Loss of attractiveness of touristic marine environments

® PCWWtrt — Percentage of pollution (chemicals) cleaned from wastewaters after
treatment

® TWirt - volume of treated water

® PPopWWTrtT — Percentage of Population with urban waste water treatment (zhe
percentages of the population connected to primary, secondary and tertiary urban waste water treatment

facilities)

Risk: Loss of attractiveness due to increased danger of forest fire in touristic areas
® BWS - Presence or absence of an efficient early warning system (Boolean variable denoting
presence or absence)
FAWS - Funds available for warning system
NEWS - Number of employees in the warning system
NFF - Number of firefighters
NFRPIa - Number of fire risk plans
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® NV - Number of voluntary

® PEL - Percentage educational level

Risk: Loss of attractiveness of touristic land environments

APA - Area of nationally designated Protected Areas

NPA - Number of sites of nationally designated Protected Areas

POC — Percentage of total Organic Crop out of total Utilised Agricultural Area
AHBD - Area of sites designated under the EU Habitats and Birds Directives

Risk: Loss of attractiveness and comfort due to beach availability reduction
o FACoastM - Funds Available for Coast/beach Maintenance

® LCoastPA - Expert assessment of effectiveness of the Coastal Protection Actions on a
Lickert scale

Risk: Loss of attractiveness due to climate discomfort

® BWS - Presence or absence of an efficient early warning system (Boolean variable denoting
presence or absence)

® FAWS - Funds available for warning system
e NEWS - Number of employees in the warning system
® PTouBC — Percentage of tourism beds with cooling systems

Risk: Decrease of available domestic water for the tourism industry
e XWtr - Annual maximum amount of water that can be provided from non-conventional
sources (e.g. desalination and sewage treatment plants)
e BWitrM - Presence of quality-labelled water monitoring and management system
e FAW?1trM - Funds for water monitoring and management system

e PWutrR25 - Percentage of days per year in which freshwater reserves are above 25%

Risk: Increase of damages to infrastructure and facilities due to sea level rise and storms
® BWS - Presence or absence of an efficient early warning system (Boolean variable denoting
presence or absence)
® FAWS - Funds available for warning system
e NEWS - Number of employees in the warning system

o FMMCoastl - Funds allocated to monitoring and maintenance of coastal infrastructures
and facilities per year

Risk: Loss of attractiveness due to loss of cultural and patrimonial heritage
e FMCH - Funds available for maintenance of cultural heritage

e BWS - Presence or absence of an efficient early warning system to protect cultural
heritage sites from extreme weather

4.1.4 Exposure
Risk: Loss of attractiveness of touristic marine environments
® LCoast - Linear size of the coast (This indicator measures the length of the coast exposed)
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® ACoastSea - Area of coastal sea (This indicator measures the extension of the coastal sea exposed)
® PMPA - Area covered by Marine Protected Areas in EU waters within 200 m (km2) (Thzs
indicator measures the percentage of the marine protected area network coverage)
® NEco - Number of ecosystems (number of different ecosystems exposed)

® ER - Indicator of ecosystem richness, weighting the relative surface occupied by different
ecosystems (This indicator measures the diversity of existing ecosystens, taking into acconnt that
different ecosystems are more or less spread in the space)

® NFSpecies - Number of flag species (number of different flag species that are present in the
Island)

® NTouP - Number of tourist population (foal annual number of visitors reaching the island)

Risk: Loss of attractiveness due to increased danger of forest fire in touristic areas
® NTotP — Total population of the Island (Inbabitants in the island, both permanent residents, and
tourist equivalent)
P6-65P — Percentage of population younger than 6 years and older than 65 years
Acrops - cultivated area
Afrs - forest area
Pfrs — Percentage of island area that is occupied by forests
PfrsPA - Percentage of forest that belongs to protected area
NFSpecies - Number of flagship land species and birds
NTouP - Number of tourist population (fotal annual number of visitors reaching the island)
LWaPa - Length of walking paths

Risk: Loss of attractiveness of touristic land environments
AS - Size of area of study

ALCCE - Land cover change for ecosystems

NSpecies - Number of species per ecosystem
NFSpecies - Number of flagship land species and birds
NTouP - Number of tourists

Risk: Loss of attractiveness and comfort due to beach availability reduction
® ASaB - Area of sand beaches
® NSaB - Number of sand beaches
® NTouBP - Number of beach tourists per year

Risk: Loss of attractiveness due to climate discomfort
e NTouP - Number of tourist population (tofal annual number of visitors reaching the island)
e NTouP_JJAS - Number of tourists between June and September (both included)

Risk: Decrease of available domestic water for the tourism industry
e PLW?trPe - Percentage of land susceptible of water percolation

e NTouP_JJAS - Number of tourists between June and September (Dry season in
Mediterranean Islands)

Risk: Increase of damages to infrastructure and facilities due to sea level rise and storms
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e LeCoastTou — length of coastal with touristic infrastructures

e LeCoastF - length of coastal main facilities (water, electricity and telecommunications)

Risk: Loss of attractiveness due to loss of cultural and patrimonial heritage
e NTouP_CuHe - Number of tourists that visit cultural and patrimonial heritage sites per
year

e NCuHe - Number and relevance of cultural and patrimonial heritage sites

4.2.  Aquaculture

4.2.1 Hazard

Aquaculture is directly exposed to extreme meteorological events. This requires to define a set of
indicators capable of describing the intensity of storms, mainly wins and waves. Availability
depends on in situ instrumentation close to the facility, which particularly for waves is problematic,
and in most cases has to be replaced by hind casts and model data. The other critical physical factor
is water temperature, because of physiological characteristics of the farmed species, and to which
similar considerations apply concerning availability of long time series.

Computation of indicators of sensitivity, adaptation capacity and exposure relies of the record
collected at the farming facilities. Often they are not public and their use would rely on the
cooperation of consortia and farmers. They are problematic in terms on regular availability in time
and homogeneity to compare different locations and islands. Expert judgement will be a key
ingredient for reaching a consistent evaluation of risks.

Risk: Increased fragility of the aquaculture activity due to extreme events
e NWiX98p - Frequency of storms (number of days with Wind speed maxcimum above the 98"
percentile of a reference baseline period)
e SLX98p — Extreme storm surge height (annual value of 98" percentile of the daily Sea 1.evel
maximum
e SWHX98p — Extreme significant wave height (annnal value of the 98" percentile of the daily
Stgnificant Wave Height maximum)
Risk: Change in production due to changes in temperature
® NSSTX - Sea water heat waves (number of days with average SST" above maximum temperature for

the fish species)

4.2.2. Sensitivity
Risk: Increased fragility of the aquaculture activity due to extreme events
® PCRep — Annual Percentage Cost of Repairing (amwount spend on repair per year as percentage
of total asset value)
® MRt - Average Mortality Rate of the stock

Risk: Change in production due to changes in temperature
® MRt - Average Mortality Rate of the stock
® SGR -Specific Growth Rate (decrease in growth rate as function of increase in temperature)
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4.2.3 Adaptive capacity
Risk: Increased fragility of the aquaculture activity due to extreme events
® STD - Stocking Density (INumber of animals per m3)
® BWS - Existence and efficiency of an early coastal Warning System (Boolean variable

denoting presence or absence of active oceanographic stations)
o WCR - Working Capital Ratio (liguidity ratio that measures a firm’s ability to pay off its current

liabilities with current assets)

Risk: Change in production due to changes in temperature

® CCS - Capacity to change species (INumber of species suitable for the farn)

® BWS - Early Warning System (Existence and efficiency of an early warning system to detect
temperature, Dissolved Oxygen, algae bloom etv.)

® WCR - Working Capital Ratio (liguidity ratio that measures a firm’s ability to pay off its current
liabilities with current assets)

o TDP - Treating Diseases/Parasites (Amount for treatments or prevention measures applied as a
fraction of total costs of the farm)

4.2.4 Exposure
Risk: Increased fragility of the aquaculture activity due to extreme events
BTot - annual total Biomass in stocks

VES - Value of Farm Structures (Toal value of assets used for farming in the water in each year)
NemplA - Number of Employees working in the Aquaculture farms in each year

PGDPA — Percentage of regional Gross Domestic Product produced by Aquaculture in
each year

Risk: Change in production due to changes in temperature

NEmplA - Number of Employees working in the Aquaculture farms in each year
BTot - Annual Total Biomass in stocks

VPATot - Economic Value of total Aquaculture production per year

PGDPA — percentage of regional Gross Domestic Product produced by Aquaculture in
each year

4.3. Marine Energy

The focus of the energy risks and indicators has been put on the electrical system, due to the central
role of electrification in the decarbonisation of the energy sector. The indicators have been selected
taking into account the three main aspects of the electrical system: power demand, generation and
transport, which correspond respectively to the three general risks considered.

Demand indicators do not include heating, due to the mild winters that characterize the islands
analysed in SOCLIMPACT. Cooling demand is already high in several islands, like Cyprus and
Malta (Jakubcionis and Catlsson, 2017), and will increase generally due to future increased
temperatures. Water scarcity is also already a problem, generating the need for desalination in
several islands. Some islands like the Canary Islands have a long history of desalination needs
(G6mez-Gotor et al., 2018).

The selection of power generation indicators focuses on renewable energy sources as one of the
aims of SOCLIMPACT is the analysis of decarbonisation pathways. The chosen sources are the
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main renewable energy sources already used and that will likely provide a large part of the future

renewable energy: wind and solar photovoltaic power. Energy sources like wave energy have not
been included here due to their negligible present use and relatively low expected future
contribution. The main direct link to marine energy is given by offshore wind energy, which likely
will play an important role in the future due to land constraints in the islands.

Power transport indicators do not cover impacts caused by cold extremes, like icing and snow, due
to the mild winters of the islands. Relevant extremes for power transport infrastructure are
therefore strong winds, high temperatures and flooding. A key transport indicator for islands is the
capacity of interconnections with mainland, which exist only for part of the islands.

Regarding the time periods of the indicators, the approach is hybrid, so that some indicators are
considered static and some vary with time. In the computation of the indicators, in a first stage
only the climate hazard indicators will vary with time. Socioeconomic modelling in SOCLIMPACT
will provide future projections for some vulnerability and exposure indicators, allowing for a more
detailed risk computation in a second stage, including the consideration of future increased
renewable energy shares.

There are several sources of data that are expected to be used for computing the indicators. For climate
hazards, both observed and climate model data will be used. For the calculation of vulnerability and
exposure indicators, local information is expected to be gathered by the Island Focal Points, while public
databases like EUROSTAT can provide part of the needed data. Socioeconomic model data are also
expected to be used for obtaining projected changes of some vulnerability and exposure indicators.
Additionally, for certain indicators like the Cooling Penetration Rate approximate formulas dependent on
climatic conditions can be used (Jakubcionis et al., 2017).

4.3.1 Hazard
Risk: Changes in energy demand due to changes in precipitations and temperatures
® CooDeD - Cooling Degree Days (Accumulated temperature difference above 18°C in each year,
calenlated using average daily temperature values)
® SPI - Standardised precipitation index (index obtained transforming the monthly precipitation time
series into a standardized normal distribution)
Risk: Changes in power generation due to long term climate change and variability
o WiX98p — Windstorm maximum intensity (annual value of the 98th percentile daily of the daily
wind speed maximum)
® WiAVE — Monthly average wind speed
e SRAVE - Monthly average downward solar radiation at the surface
Risk: Damages to transmission grids due to extreme events
e NEME - Frequency of extreme meteorological events (frequency of high wind gusts, flash floods,
lightning, high temperatures that can damage transmission lines and substations)

4.3.2. Sensitivity
Risk: Changes in energy demand due to changes in precipitations and temperatures

e CED - Cooling energy demand sensitivity (Change of cooling energy demand per unit change of
CDD)
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® DED - Desalination energy demand sensitivity (Change of desalination and pumping energy
demand per unit change of SPI)

Risk: Changes in power generation due to long term climate change and variability
o PWPV - Wind power variability (Coefficient of variation: standard deviation divided by mean value)
® PSPV - Solar PV power variability (Coefficient of variation: standard deviation divided by mean
value)
® PREn - Percentage of renewable energy in gross final energy consumption (1 u#/nerability of
energy production to extreme events will depend on the share of renewable energy)

Risk: Damages to transmission grids due to extreme events
® CTLRep - Cost of transmission Line Reparation (Specific cost of repairing transmission lines and
Substations (per extreme event))
® PCU - Percentage of consumption units affected by power outages (Percentage of consumption
units affected by power ontages (blackonts) resulting from damages to power lines (per extreme event))

4.3.3 Adaptive capacity
Risk: Changes in energy demand due to changes in precipitations and temperatures
® LCrCho - Lickert scale based on expert estimate on crop choices and irrigation needs

assessing flexibility to switch to more resistant crops

® PP - Purchasing power (Capacity of local residents and industry, and of tourists, to assume increased
energy bills)

® DSM - Demand side management (Adaptation of demand to power generation: non-critical deferrable
loads conld be postponed to adjust power demand to variable RES power generation)

® PEE - Percentage of buildings (properties) with a certificated energy efficiency class higher
than D

Risk: Changes in power generation due to long term climate change and variability

® ABU - Available back-up generation and storage (Increased variation in RES generation will need
additional storage capacity to gnarantee quality and security of power supply)

® PWSE - Percentage of wind and solar energy in gross final energy consumption (Wind and
solar energy generators have a shorter lifetime than conventional energy plants, which mafkes them more
adaptable in the long term, less technological lock-in, more modularity)

e NCN - Number of consumption nodes per number of power plants

® PPS - Average power plant size

Risk: Damages to transmission grids due to extreme events
® IM - Capacity of interconnections with mainland (Power Capacity of existing submarine cables
interconnecting the island electrical system to a continental grid)
e NCN - Number of consumption nodes per number of power plants
e PPS - Average power plant size

4.3.4 Exposure
Risk: Changes in energy demand due to changes in precipitations and temperatures

® NResP - Island resident’s population (INumber of permanent residents)
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NTouP - Number of tourist population (fofal annual number of visitors reaching the island)

GDPEDA — economic value of energy demanding economic activities
CPR - Cooling penetration rate (Potential percentage of households using air conditioning as a function
of cooling degree days’ value of an island)

® PDWtr - percentage of desalinated water with respect to the total water domestic
consumption

Risk: Changes in power generation due to long term climate change and variability
o WWi - Wind power capacity (Installed wind energy capacity including onshore and offshore wind
turbines)
® WSPy - Solar photovoltaic capacity (Installed solar Photo 1 oltaic capacity)

Risk: Damages to transmission grids due to extreme events
® LTrGr — Total length of the implemented transmission grids
® NTotP — Total population of the Island (Inbabitants in the island, both permanent residents, and
tourist equivalent)

4.4. Maritime transport

The following list of selected indicators is meant to provide information on the trends on the basis
of data series are relatively easy to find for the islands under study. The maritime transport sector
is highly regulated, and there are international and national organisations that provide indicators
monthly or annually. These indicators will contribute to quantify the impact chains’ elements.
Moreover, they are relevant to measure the hazards, exposure, sensitivity and adaptive capacity of
each impact chain.

Regarding the meteorological and oceanographic data, maritime and ports authorities at national
level have developed, and supportt, systems for measuring and forecasting the marine environment.
For example, in Spain, their objective is to provide the Spanish port system with the essential
oceanographic and meteorological data for its design and exploitation and help to reduce costs and
increases efficiency, sustainability and security of port operations.

In relation data on trading and commerce, regionalized information is widely available at national
level, in its international trade entities, since maritime transport is the main means used to transport
goods and passengers in island territories.

Concerning the data on demography and existing infrastructures, they are basic statistical
information, which are readily available at the regional level.

It is expected that most of the indicators can be found at regional or national level, for example in
the port authorities’ websites. For this reason, the collaboration of the Island Focal Points and
sectoral stakeholders will be necessary. However, aggregated data are useful and available in
international organizations.

4.4.1 Hazard
RISK: Damages to ports’ infrastructures and equipment due to floods and waves

® MSLAVE - Annual Mean Sea Level
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e NSWHXO98p - frequency of extreme marine storm (number of days per year with Significant

Wave Height maximum above the 98" percentile of a reference baseline period)
o NWiX98p - frequency of extreme high winds (number of days per year with Wind speed
maximum above the 98" percentile of a reference baseline period)

RISK: Damages to ships on route (open water and near coast) due to extreme weather
events

The indicators are NSWHX98p and NWiX98p, same as above, except these indicators need to
be computed in an open area surrounding the island

RISK: isolation due to transport disruption

The indicators are NSWHX98p, MSL and NWiX98p, same as above, except these indicators
need to be computed in the open sea surrounding the island including the ship route connecting
it to the mainland

4.4.2 Sensitivity
RISK: Damages to ports’ infrastructures and equipment due to floods and waves

® NnOpPo - Number of Ports that cannot Operate during extreme storms
® NAgePo - Number of Ports with critical infrastructures not renovated since 1993

RISK: Damages to ships on route (open water and near coast) due to extreme weather
events
® NShDL - Number of Ships on Paris MOU Detention List

RISK: isolation due to transport disruption
® NAgeP - Number of ports with critical infrastructures not renovated since 1993
e NIID - Number of days in a year when the island was isolated from the main land

4.4.3 Adaptive capacity
RISK: Damages to ports’ infrastructures and equipment due to floods and waves
® NSPlaCCA - Number of Strategic Plans which include a Climate Change Adaptation
approach

® NTrCoRM - Number. of specialized Training Courses in Risk Management.
NOcSta — Number of active Ocenographic Stations.

RISK: Damages to ships on route (open water and near coast) due to extreme weather
events

® NCPla - Number of times in each year the Contingency Plan was triggered

® NTrCoRM - Number of specialized Training Courses in Risk Management.

® NOcSta - Number of active Oceanographic Stations

RISK: isolation due to transport disruption
® PEnRR - percentage of Energy produced by Renewable Resources.
® NApt - Number of Airport infrastructures (airports and heliports)
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® NTrCoRM - Number of specialized training courses in risk management.
® NOcSta - Number of active Oceanographic Stations
4.4.4 Exposure

RISK: Damages to ports’ infrastructures and equipment due to floods and waves

NPax - Total number of Passengers transported every year by ships docked at the

islands' ports

NTotP — Total Population of the Island (Inbabitants in the island, both permanent residents, and
tourist equivalent)

VGTSTot — Annual economic Value of total gGoods Transported to the Island by Ships
per year

NPo — Number of Port infrastructures in the Island

RISK: isolation due to transport disruption
Same indicators as for “Damages to ports’ infrastructures and equipment due to floods and

waves”’

RISK: Damages to ships on route (open water and near coast) due to extreme weather

events
[ ]

PFFSh - Annual percentage of Foreign Flag Ships that dock at the islands' port with
respect to the total number of ships

NPax - Total number of Passengers transported every year by ships docked at the
islands' ports

VGTShTot — Annual economic value of total Goods Transported to the Island by Ships
per year

NCSh — Total number of Cargo Ships docking at islands' ports every year
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5. Results: Summary tables
5.1.  Coastal and Maritime Tourism, General Impact Chains
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5.2.  Coastal and Maritime Tourism, Specific Impact Chains
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5.3. Aquaculture
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5.4. Marine Energy

MARINE ENERGY

IMPACT CHAINS
5, T, | 8oy 8
ool | 8LET » e ®E
o O c > o T = X n S < n
c T 8 9OF cc S o3 o o % €
RISKFACTORS| = © % & ~ S E ®S ]
6553 | §%5855 | Efew
eSS g E 25 o<e S S 5 o
c O o I o c & © 8 c 3
£ T st < o o © ©
(@) a O o = b=
CooDeD WiX98p NEME
SPI WIAVE
SRAVE
NResP Wwi LTrGr
NTouP WSPv NTotP
EXPOSURE GDPEDA
CPR
PDW
CED PWPV CTLRep
SENSITIVITY DED PSPV PCU
PREnN
LCrCh ABU IM
PP NCN NCN
DSM PPS PPS
PEE PWSE

31



This project has received funding from the European Union’s Horizon
2020 research and innovation programme under Grant Agreement
No776661

SOCLIMPACT

5.5.  Maritime Transport
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6. Results: IC diagram tool by sectors

This section presents the association between identified suitable indicators and the identified
factors of the impact chain through diagram tool, presented in D3.2.

For each reference factor (white box) inside the different risk components, a number of indicators
are proposed accordingly with Section 4 and Section 5 of the present document. As the
vulnerability component is concerned, sensitivity and adaptive capacity factors are differentiated,
also using an orange contour for the adaptive capacity indicators. Within the coloured boxes (light
blue for hazard, mustard for exposure, green for vulnerability) is showed the indicator name with
the short name in bold.

The arrows reflect the cause-effect relationships for the IC presented in 3.2, and were not
modified in this work.
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6.1. Coastal and Maritime Tourism
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FIGURE 1: 1-1-L.OSS OF ATTRACTIVENESS OF TOURISTIC MARINE ENVIRONMENTS
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FIGURE 2: 1-2- LOSS OF ATTRACTIVENESS DUE TO INCREASED DANGER OF FOREST FIRE
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FIGURE 3: 1-3- LOSS OF ATTRACTIVENESS OF TOURISTIC LAND ENVIRONMENTS
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FIGURE 4: 1-4- LOSS OF COMFORT DUE TO BEACH SURFACE REDUCTION
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FIGURE 5: 2-1- LLOSS OF ATTRACTIVENESS DUE TO CLIMATE DISCOMFORT
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FIGURE 7: 3-2- INCREASE OF DAMAGES TO INFRASTRUCTURES AND FACILITIES (ACCOMMODATION,
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FIGURE 8: 3-3-LLOSS OF ATTRACTIVENESS DUE TO LOSS OF CULTURAL HERITAGE
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FIGURE 10: INCREASED FRAGILITY OF THE AQUACULTURE ACTIVITY DUE TO EXTREME EVENTS

43



This project has received funding from the European Union’s Horizon
2020 research and innovation programme under Grant Agreement

No776661
6.3. Marine Energy
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FIGURE 11: 1-RISK OF CHANGES IN POWER GENERATION DUE TO LONG TERM CLIMATE CHANGE AND
VARIABILITY
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FIGURE 12: 2-RISK OF CHANGES IN ENERGY DEMAND DUE TO CHANGES IN PRECIPITATIONS AND
TEMPERATURES
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FIGURE 13: 3- RISK OF DAMAGES TO TRANSMISSION GRIDS DUE TO EXTREME EVENTS
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64. Maritime Transport
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FIGURE 14: 1-RISK OF DAMAGES IN PORT INFRASTRUCTURES
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FIGURE 15: 2- DAMAGES TO SHIPS ON ROUTE
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FIGURE 16: 3- RISK OF TRANSPORT DISRUPTION
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7. Operationalization of indicators

7.1.  Normalization of indicator data

The selected indicators are normally expressed in different units. As such, they cannot be compared
or aggregated unless the normalization step is applied. Indeed, the normalization transforms and
interprets the different data sets into unit-less values with a common scale from 0 (optimal, no
improvement necessary or possible) to 1 (critical, system no longer functions).

Depending on the scale of measurement, (i.e. metric, nominal, ordinal) different methods of
normalisation could be used.

7.1.1. Metric indicator values.
Indicators measured using a metric scale (i.e. temperature, precipitation) can be normalised by
applying the Min-Max method, that transforms all values to a standardised value range from 0 to
1 by subtracting the minimum score and dividing it by the range of the indicator values. The
following formula is used to apply min-max:

Xiotw1 = Xi— Xmin) / Kimax — Xomin)

where,

Xi,0 to 1 = the new value normalised at step i

Xi = the data point to be transformed at step 1

Xmin = the lowest value for that indicator

Xmax = the highest value for that indicator

and lowest and highest can refer to the actual time series or to general criteria that determines a
suitable range of Xi

After the normalization, the indicator values need to be aligned, that means they need to be
examined in order to verify the “direction” of the value range. It is often desirable that lower values
should reflect positive conditions in terms of hazard/exposure/vulnerability and higher values
negative conditions. In case the direction of the indicator’s value range is negative, the indicators
value range should be inverted, subtracting the value from 1.

Ranking Hazard Vulnerability Exposure
Critical ——»I High High High High
I 0,9
0,6
Optimal—|——»1g Low Low Low Low

Figure 17: Comparisons of normalized scores

7.1.2. Categorical indicator values

In case of ordinal or nominal indicator values, normalization process goes through the definition
of classes in negative or positive terms. The most positive conditions represented by the lowest
class and the most negative represented by the highest class.
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Tab. 2 — Example of a five-class scale for categorical indicators

CLASS N. DESCRIPTION

1 Optimal

2 Rather positive

3 Neutral

4 .
Rather negative

5 ..
Critical

Each indicator value for nominally scaled data will be then allocated to one of the five classes, on
the basis of the meaning attributed to the indicator within the context of the exposure assessment.
This allocation is normally supported by the best available knowledge (i.e. scientific literature, local
experts, and other reliable sources). The classified values were then transformed into the value
range of 0 to 1.

Table 3 - Transformation of normalised indicator values on a categorical scale to the
value range 0 - 1

CLASS DESCRIPTION CLASS VALUE:
N. corresponding range
1 Optimal 0-0,2
2 Rather positive > 02-04
3 Neutral > 04-006
4 . > 0,6-08
Rather negative
5 - > 08-1
Critical

7.1.3. Weighting of indicators

The selected indicators do not necessarily have equal influence on the evaluation of the risk. Certain
factors could be more important than others, and thus different weights could be assigned to them
and corresponding indicators. Indicators receiving a greater (or lesser) weight have thus a greater
(ot lesser) influence on the overall risk and risk components. Weighting should be regarded as value
judgments (OECD 2008), and the different weights assigned to indicators can be derived from
existing literature, stakeholder information or expert opinion: the risk R at time 1 R; can be assessed
as sum of the relevant indicators X, Y, Z, U, ...

Ri=wXiow1+ wyYiow1T Ww.Zipw1 T wuliowt + ...
ot a product

Ri = wiXiow1 WyYiotw1 Waliow1® Wuligewt ...
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Or a combination the two.

Weighting could also be a tool for accounting for critical thresholds, in such that it is not necessarily
linear in all the indicators. In correspondence with critical value the risk value could be discretized
to a maximum value:

If Xi,() tol > Xthresold then Ri = Rmax

The actual shape of the risk expression depends on the specific Impact Chain and it will be
discussed in the WP devoted to the actual implementation

7.1.4. baseline period and time horizons

All indicators depending on time are characterized by a time period during which they are
available.

Indicators provided by models are available for the period covered by the simulation, generally
extending to the past to the present (for model reanalysis and hindcasts) or to the future (for
model projections). This is the optimal condition, because there is large freedom to extract the
most suitable time range and also for the selection of the baseline, which is needed for assessing
variations with respect to a convenient reference.

Indicators provided by observations have a much lower flexibility. Obviously they do not extend
to the future and their capability to reconstruct the past relies on the availability of
instrumentation. This is a major problem and hindcast simulations are often a necessary
replacement. For indicators provided by the different types of archives of national, regional and
local administration availability in the past is often a major problem. In these cases, the selection
of the baseline and of the criteria for time references are necessarily limited by data availability.

8. Conclusions

This deliverable has presented the list of indicators that have been identified from the theoretical
impacts chains detailed in D3.2, namely:

e 8§ impact chains for maritime and coastal tourism,

e 3 for marine energy and maritime transport

e 2 for aquaculture.

The indicators have been set up with the help of the sector leaders, analysing also scientific
publications or projects on climate change on the 4 Blue Growth sectors.

The results of this work were presented in several formats, from list to fact-sheet to IC diagrams,
all useful for further work in SOCLIMPACT, especially for WP4, 5 and 6.

Indeed, this deliverable makes possible to lay the foundations and bases and more especially the
framework of the SOCLIMPACT project in terms of sectorial definitions and boundaries and of
sectorial brainstorming.
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Different sectors and science branches will use this information to combine efforts in order to
deliver an integrated view of climate impacts and climate adaptation pathways on the Blue Growth
sectors of selected EU islands.

Yet, further work is needed to detail spatial and temporal coverage and check data availability. The
sectorial modelling groups will retrieve this information on an earlier stage and thus further refine
the proposed list of indicators. Then, this allow WP4 to model climate data and to propose and
suggest to each modelling WPs (WP4, 5 and 6) the parameters to be modelled.
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Sector affected

Risk impact chains

Risk of damages in port infrastructures

Maritime Transport

Indicator type (4 choices)

Location of ports (incl. marinas

Location of ports (incl. marinas

reference factor(s) in the risk IC Nature of the transport Nature of the transport
nearby) nearby)
Indicator name with (optional) short
oLzt Npo NTotP Npax VGTSTot
name
. Total number of passengers
Number of Existing port
description of the indicator 8P Population transported every year by ships Value of goods transported by ships.

infrastructures on the islands.

docked at the islands' ports.

unit

Port infrastructures

Number of inhabitants Number/Years

Euros/Year

Indicator classification (3 choices)

ESI: Environmental Services |

EVI: Environmental value | EVI: Environmental value |

EVI: Environmental value |

sources of information (general
categories)

Port authorities, local/regional
governments

internet internet

internet

supplementary information

AP Las Palmas
http://www.palmasport.es/web/gues
t/puerto-de-las-palmas

AP Santa Cruz de Tenerife
https://www.puertosdetenerife.org/i
ndex.php/es/tf-infraestructuras

Puertos Canarios
https://puertoscanarios.es/




Sector affected

Risk impact chains

Indicator type (4 choices)

reference factor(s) in the risk IC

Risk of damages to ships on route

Increased frequency of extreme
weather events

Increased frequency of extreme
weather events

Indicator short name

NSWHX98p

NWiX98p

description of the indicator

number of days per year with wave
height maximum above the
98percentile of a reference baseline
period

number of days per year with wind
speed maximum above the
98percentile of a reference baseline
period

unit

number of days

number of days

Indicator classification (3 choices)

CCl: Climate Change |

CCl: Climate Change |

sources of information (general categories)

Observations, public administrations'
data

Observations, public administrations'
data

supplementary information

This indicator has been used in
previous scientific papers as climatic
variables of reference (for example
Sanchez-Archilla et al 2016; Sierra et

al 2017. Puertos del Estado - REDCOS
http://www.puertos.es/es-
es/oceanografia/Paginas/portus.aspx

This indicator has been used in
previous scientific papers as climatic
variables of reference (for example
Sanchez-Archilla et al 2016; Sierra et

al 2017.AEMET
http://www.aemet.es/es/servicioscli
maticos/datosclimatologicos/efemeri
des_extremos?w=0&k=coo&datos=d
et&|=C649I




Sector affected

Risk impact chains

Risk of damages to ships on route

Indicator type (4 choices)

vulnerability (sensitivity)

reference factor(s) in the risk IC

Quality of the ship

Indicator short name

NSHDL

description of the indicator

No. of ships on Paris MOU
detenntion list. Paris MoU's
mission is to eliminate the
operation of sub-standard ships
through a harmonized system of
port State control. 27
participating national maritime
Administrations covers the
waters of the European coastal
States and the North Atlantic
basin from North America to
Europe.

unit

number

Indicator classification (3 choices)

ESI: Environmental Services |

sources of information (general
categories)

Paris MoU detention list database
https://www.parismou.org/deten
tions-banning/monthly-
detentions/detentionlists-2018

Supplementary Information




Sector affected

Risk impact chains

DO

Risk of damages to ships on route

Indicator type (4 choices)

reference factor(s) in the risk IC

Knowledge and training

Existence and efficiency of an early
coastal warning system

Existence of a risk management plan
in the port/city for accidents (people,

Indicator short name

NTrCoRM

NOcSta

NCPla

description of the indicator

No. of specialized training courses in
risk management (Continuous
training in specific emergencies for
port employees, port communities,
general public and police).

No. of active ocenographic stations
(support systems for measuring and
forecasting the marine environment

withthe objective to provide the
essential oceanographic and
meteorological data for design and
exploitation, which reduces costs and
increases efficiency, sustainability
and security of port operations)

No. of times the contingency plan
was triggered
(Contingency plan for marine
pollution events occuring in ports,
maritime terminals for handling
goods, marine platforms for
exploration or exploitation of natural
resources at sea, as well as any other
maritime facility located in areas
belonging to the country).

unit

number of Training courses

Number of Ocenographic stations

Number of Plan activations

Indicator classification (3 choices)

ESI: Environmental Services |

ESI: Environmental Services |

ESI: Environmental Services |

sources of information (general
categories)

internet

internet

internet

Supplementary Information

http://www.puertos.es/es-
es/Paginas/Formaci%C3%B3n.aspx

http://www.gobiernodecanarias.org/

academia/scripts/default.asp

http://www.puertos.es/es-
es/oceanografia/Paginas/portus.aspx

http://www.palmasport.es/web/gues

t/publicaciones

https://www.puertosdetenerife.org/i

ndex.php/es/sostenibilidad




Sector affected

Maritime Transport

Risk impact chains

Risk of damages to ships on route

Indicator type (4 choices)

reference factor(s) in the risk IC

Routes

Nature of the transport

Nature of the transport

Nature of the transport

Indicator short name

PFFS

Npax

VGTSTot

NCS

description of the indicator

annual Percentage of Foreign Flag

Ships that dock at the islands' port

with respect to the total number of
ships

Total Number of Passengers
transported every year by ships that
docks at the islands' ports.

Total annual Value of Goods
Transported by Ships that docks at
the islands' port

Total Number of Cargo Ships that
docks at islands' ports every year.

unit

%

Number/Years

Euros/Year

Number/Year

Indicator classification (3 choices)

EVI: Environmental value |

EVI: Environmental value |

EVI: Environmental value |

EVI: Environmental value |

sources of information (general
categories)

internet

internet

internet

internet

Supplementary Information



















