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Abstract: Climate change is a critical sustainability challenge for islands and their main economic
sectors. Rising sea levels, extreme temperatures, and drier conditions are the impacts with the most
significant potential to amplify the economic damage on islands. However, their isolation and nat-
ural conditions bring about some leeway to respond to climate impacts on their terms. This paper
aims to provide a local-level analysis and ranking of alternative adaptation pathways in an island
context through the stakeholders’ lens. This study reviews the latest advancements in adaptation
science and proposes a catalogue of adaptation and risk management options that feed a participa-
tory assessment and ranking by local stakeholders. The research was conducted on the island of
Sicily (Italy) and saw the participation of high-level experts and tourism, energy, and maritime
transport representatives. It employs a sequential process of four ordered steps oriented towards
adaptation planning and stakeholders” engagement. The process reveals breaches between what
stakeholders” would prioritise when designing policy pathways and their opinion about the most
beneficial and balanced adaptation programmes across the sustainability criteria. Results indicate
that, according to stakeholders, the priorities are to prepare the energy, tourism, and maritime
transport sectors to confront future climate-related events more efficiently. Other transformational
actions to ensure long-term social-ecological resilience, which requires significant structural
changes and substantial investments, are not at the core of the public needs.

Keywords: climate change; island; adaptation; land ecosystems; resilience; sustainability

1. Introduction

Europe’s islands experience greater vulnerability to the risks of climate change (CC)
than the mainland, as recognised in the New EU Strategy on Adaptation to Climate
Change [1]. On the island of Sicily, the largest island in the Mediterranean Sea [2], the
main socio-economic sectors will be heavily affected by rising sea levels, extreme sea and
air temperatures, and drier conditions. Although there is a lack of information available
at the local level, significant changes are expected in land biodiversity, usable beach sur-
face, forest fire danger, droughts, and heatwaves at one point or another on the island [3-
7].
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Despite existing efforts, the island of Sicily lacks reliable information and monitoring
systems regarding the impact of CC at the island level and limited analysis of appropriate
adaptation programmes, hindering the successful implementation of climate actions. No
regional adaptation plans exist, and national approaches do not promote intelligent and
fast adaptation at the local level. That is, the opportunity to make informed decisions and
explore new developments that fully exploit the island’s potential [8].

In response, this paper aims to analyse and rank adaptation and risk management
programmes for the island of Sicily and define alternative pathways with local stakehold-
ers tailored to the island’s context. The study employed a mixed approach; we reviewed
the latest scientific advancements in adaptation science and proposed a catalogue of 72
adaptation and risk management options, representing the programmes used in the par-
ticipatory phase involving 32 stakeholders. A multi-criteria scale and a set of tools and
background information were utilised to facilitate the four-stage evaluation and ranking
process and reach a collective result.

It was assumed that the cost of adapting to CC could range from minimal to high and
require small or incremental changes to the significant transformation from the status quo.
Hence, we consider four possible adaptation trajectories: minimum intervention (APT A),
economic capacity expansion (APT B), efficiency enhancement (APT C), and system re-
structuring (APT D). In addition, the proposed policy trajectories cover three time-frames:
short-term (up to 2030), mid-century (up to 2050), and end-century (up to 2100). Among
the sectors exposed to CC relevant to the Sicilian economy, this study focuses on maritime
transport, energy and tourism for several reasons [8]:

(i) Palermoisa strategic Italian port for the Motorways of the Sea system by the Ministry
of Transport. In terms of port facilities, the island of Sicily exceeds the national aver-
age.

(if) Renewable sources are hydroelectric, photovoltaics and biomass; the solar potential
is recognised with higher productivity levels.

(iii) The island of Sicily’s sunny and dry climate, cuisine, and cultural and natural herit-
age has attracted increasing numbers of visitors worldwide, making tourism a sector
of great relevance for local development.

The main contribution of this research is its method and bottom-up approach since
top-down processes have been shown to lack the capacity to downscale the information
requirements to speed up climate actions on the island of Sicily. Therefore, the final set of
adaptation measures is framed by the island’s socio-economic context and ranked accord-
ing to sustainability criteria. At the same time, the involvement of key actors in the policy
design exercise may reduce the risk of low sensitiveness and motivation of local decision-
makers to lead a behavioural change.

This paper describes the current situation on the island of Sicily and the projections
related to climate change impacts, alongside the policy context of adaptation and risk
management. The methodology section highlights the workflow, the duration and the
tools utilised to guide the participatory process. The subsequent section describes the
analysis of the results by sector and discusses the findings and their managerial and policy
implications.

2. The Vulnerability of Islands to Climate Change

The effects of global CC are expected to vary in both magnitude and timing as well
as by geographic region [9]. The impacts are going to depend on the region. Island com-
munities are among the first and most adversely affected by the impacts of global CC [10]
because they share relatively larger coastal zones and feature valuable ecosystems and
natural environments, with a high level of species endemism, unique functional traits and
evolutionary patterns [11].

The scientific literature on CC provides a comprehensive understanding of the direct
impacts of a changing climate on islands, from the tropics to the polar regions [12].
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However, the well-known problem is that “climate models often provide coarse spatial
resolution for the case of small islands” [13]. These direct impacts include changes in the
atmosphere and the ocean’s physical and chemical parameters, leading to sea-level rise,
ocean warming acidification, and changes in extreme event patterns [13].

Estimates indicate that certain islands may disappear because of sea-level rise, while
others will face a considerable reduction in coastal areas, beaches, and land surface [9,14].
Other cascading consequences to which islands are particularly exposed are marine flood-
ing [13], shifts in species ranges due to (ocean and air) temperature, and precipitation
changes, leading to drier conditions and an increased frequency of heat waves and forest
fires [15].

These physical changes pose a challenge to the sustainability of tourism, energy, fish-
eries, aquaculture, and maritime transport, which are essential for islands, as sea-related
economic activities have always been key to their socioeconomic development [8,16,17].
At the same time, these activities on islands face different and often more significant struc-
tural challenges regarding, for example, the cost of products and services than in other
coastal regions [18]. Moreover, the public support and generation of funds needed to
maintain economic and social development follow different dynamics on islands than on
the European mainland.

Islands are also subject to more challenging adaptation processes than the mainland
due to their geographic remoteness, low economic diversification, and difficulties enjoy-
ing the scale advantages of human and economic agglomerations [19]. At the same time,
island communities are deeply connected in ways that facilitate islanders’ abilities to re-
spond to CC on their terms. The social homogeneity and cohesion, their condition as living
labs, and their openness to explore new development trajectories have proven to be effec-
tive in inducing greater flexibility and decision-making efficiency and favouring the im-
plementation of environmentally oriented policies that reduce both the exposure to exter-
nal economic fluctuations and the vulnerability to climatic disasters and CC [12].

However, with few exceptions, the progress of islands towards decarbonisation and
fast and smart adaptation to CC shows poor results [12]. This is so for three main reasons.
First, best practices at the island level are not well documented and disseminated to
benchmark for the rest of the islands [20]. Second, academics and governments still cannot
provide the massive amount of local information each island needs to implement policies
more efficiently [16,21,22]. Third, the existing studies fail to explain when and how adap-
tive capacity at the local level translates into effective adaptation action [21].

In this respect, the consensus clearly emphasises that adaptation is fundamentally a
local issue, and local involvement, participation and ownership are a central precondition
for successful implementation. Moreover, studies agree that adaptation is implemented
more effectively and efficiently when stakeholder perceptions and concerns about climate
risks increase [20]. Hence, this work responds to these implementation gaps by providing
a methodological framework for building up the basis for the analysis and ranking of ad-
aptation policies that account for the specificities and identify the peculiar challenges and
opportunities faced by the island under study in an ineludible step toward this goal. The
wide range of quantitative and qualitative information sources and experiences of the lo-
cal stakeholders” contributed to raising awareness and reaching a collective view. In this
vein, the study may be seen as an analysis model that other islands and sectors can easily
implement.

3. Climate Change and Adaptation Response on the Island of Sicily

Located in the south of Italy, the island of Sicily is the largest and one of the most
densely populated islands in the Mediterranean Sea (see Figure 1). With its surrounding
islands, Sicily's island forms an autonomous Italy region [8,22]. The island is primarily
mountainous: 61% of the region consists of hills, 25% mountains, and 14% plains [22].
There is seismic and volcanic activity that is quite intense. It hosts Europe’s highest active
volcano, Mount Etna (3.350 m). The climate is subtropical and Mediterranean.



Land 2022, 11, 1206

4 0f 23

Underground water and springs are plentiful. The rainfall is generally relatively poor,
especially at low altitudes and on the coast, where the landscape is semi-arid. Over 1000
m of altitude, snowfall can be abundant and frequent. For example, the Etna Volcano also
has snow in the summer due to the Atlantic currents, affecting the climate, especially be-
tween the end of July and August. Over the years, the natural vegetation of the island of
Sicily has been dramatically reduced by human influence, and forest land occupies only
4% of the territory nowadays [8,22-24].

Figure 1. The geographic location of the island of Sicily.

The island of Sicily’s sunny, dry climate scenery and the rich and unique natural and
cultural heritage —tangible, such as arts, architecture, and craftsmanship, and intangible,
such as cuisine, music, and literature —represent a relevant tourism resource and attrac-
tion for tourist flows to the island all year round, even if the peak season is from May to
September. Tourism is considered an important activity of great potential on the island of
Sicily. However, it represents a small share of regional GDP [24], mainly due to the limited
touristic capacity of the island and overall infrastructure [25]. Tourist infrastructure is the
island’s main weakness, constraining tourism’s economic exploitation [26].

Regarding energy, the island of Sicily is interconnected through high-voltage links
with the Italian mainland and Malta. Malta meets an essential share of its total electricity
demand via imports from the island of Sicily. More than 65% of electricity is supplied
through a high-voltage interconnector established in 2015. The Sicilian power supply sys-
tem features traditional thermal, hydro, biomass, PV, and wind plants. The island of Sicily
has significant solar potential, with high levels of horizontal irradiation. Expanding the
interconnection capacity has enabled exports from the island to the mainland and contrib-
uted to the fall in electricity prices [23].

Maritime transport is essential for the island of Sicily, particularly for the island’s
connection to the mainland, with minor routes connecting to small surrounding islands.

Making investments in upgrading and maintaining infrastructure is a priority con-
cern to improve the tourism and transport sector, as the current state hinders the efficient
movement of people and goods. As a “convergence” region, the island of Sicily has re-
ceived EU funding to improve mobility, focusing on railways, ports, and interconnecting
parts through highway or road networks [27].

3.1. Future Climate and Macroeconomic Impacts: Reference Scenario

The island of Sicily’s CC projections was reviewed by several sources, including
MED-CORDEX and CMIP5 Ensemble [6,7,28]. Climate models indicate that the island is
mainly affected by sea-level rise, extreme temperatures and drier conditions. Future cli-
mate conditions will thus have profound implications in terms of more prolonged
droughts and heatwaves, higher energy demand, beach losses, and increased forest fire
risk. For example, in the worst scenario (status quo), the sea level is projected to increase
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by 63 cm by the end of the century (2100), leading to an average beach surface loss of about
60% [6]. In the current climate, days with thermal discomfort on the island occur two
months per year. Still, heatwaves could become the norm by the end of the century, with
temperatures exceeding 35 °C for more than four months if no actions are implemented
[29].

Moreover, the island is expected to be severely affected by meteorological droughts,
exceeding the “very dry” conditions and fire danger thresholds [3,30,31]. This could lead
to unprecedented increases in water demand by island residents, tourists and agriculture.

Table 1 summarises the essential CC impacts on the island, along with the sources
they were extracted from. Considering that these changes are anticipated to be more pro-
nounced during the warm part of the year, the impacts on tourism and energy demand
will be more significant [8]. This information was synthesised and utilised as input for the
policy design exercise with stakeholders, explained in the following sections. All climate
impacts are estimated for two IPCC emissions scenarios: RCP2.6, a scenario that aims to
keep global warming likely below 2 °C, above preindustrial levels, and RCP8.5, a baseline
scenario without additional efforts to constrain emissions. Two-time horizons are consid-
ered: the near (2040-2060) and the distant (2080-2100) future, which reflect changes above
the reference period.

Table 1. Projections of climate-related impacts on land ecosystems and sectoral activities on the
island of Sicily.

Indicator Reference RCP2.6 RCP2.6 RCP8.5 RCP8.5 References
(1986-2005) (2045-2060) (2080-2100) (2045-2060) (2080-2100)
Mean sea level rise All cm A23 cm A3l cm A 63 cm Leon et al., 2021
Reduced beach area V24% V34% V47% V61% [8]; Lionello et al.,
2019 [22]; Mariano
etal., 2021 [6];
Primo et al., 2019
Phanerogam surface gy > ge6km  966kme  966km? 693 km? [28]
(Posidonia) .
Lionello, P.;
Conte, D.; Reale,
M., 2019 [32]
Fire W(;i/\tk;le)z index Lowrisk  Medium risk Medium risk ~ High risk Verr}i,:lllgh Bacciu et al., 2021
AT [3]
Humidity index
Number O’ny days per Conte et al., 2020
. . 52d/y 68.5 d/y 70.1d/y 741d/y 118.7d/y  [33];Jordaetal,
year with humidex 2020 [5]
greater than 35 °C
Available water- SPEI ® 53
Standardised precipita- 0.00 0.6 -14 ' Dela Varaetal,
. L —0.6 Normal . Extremely
tion-evapotranspiration = Normal Normal Medium dry d 2020 [34];
index i Soto-Navarro et al.,
Cooling degree days 2020 [7];
(CDDs) Zittis, 2018 [30];
Number of degree-days 210 DD 326 DD 314 DD 454 DD 746DD  Zittis et al., 2019
with air temperature [31] and 2021 [29].
higher than 20 °C
Port damages ¥0.04% ¥0.04% ¥0.10% ¥0.12%
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In terms of decreased

GDP Kajan and Saari-
Electricity consumption 172019 nen, 2013 [35];
Desalination and cool- ) A10.5% A31% A253% A435% Leon et al., 2021
. GWh/year
mg [8];
Tourism expenditure av.p/person Vrontisi et al., 2022
% change from refer- . L'F v7.2% v100%  V138%  V384% [25]

ence case

(EUR 1180)

2 An FWI system provides numerical non-dimensional ratings of relative fire potential for a gener-
alised fuel type (mature pine stands) based solely on weather observations. The scale ranges from 0
to 1, from the lowest interval of 0-0.2 (very low danger) to the highest of 0.8-1.0 (very high). The
categories vary greatly among subareas (NUT3). ® SPEI is a representative indicator of increased
water demand, indicating available water stored in dams or underground resources; it ranges from
-2 (extremely dry) to 2 (extremely humid).

In their studies, Leon et al. (2021) [8] and Vrontisi et al. (2022) [25] examined the im-
pact of CC on the Sicilian regional economy for different future climate scenarios. This
macroeconomic analysis simulates future changes in GDP, private consumption, invest-
ments, exports and imports, sectoral activities, and employment [25]. Looking further into
the results for the island of Sicily, the studies reveal an increased energy demand for cool-
ing buildings and for the production of more water, which is necessary to maintain the
living conditions of the domestic population and tourists.

This research highlights that the potential increased electricity demand could be
partly satisfied by imports, while the domestic electricity network will probably handle
the rest. This will require additional cooling equipment and higher utilisation of existing
cooling systems. Hence, further investments to increase capacity are needed for the island,
and the sectors actively engaged in this process, such as construction and market services,
will increase [25].

According to Vrontisi et al. (2022) [25], reducing tourist expenditure will decrease the
island’s private consumption, investments, and trade deficits. The latter will originate
with decreased imports (due to an overall decrease in domestic demand) and increased
exports. Reduced demand for labour in tourism-related industries is expected to exert
negative pressure on wages, which will benefit other sectors - mainly those that employ
labour intensively.

The study concludes that CC hurts the regional economy because the macroeconomic
impacts are more sensitive to higher emission patterns (RCP8.5), decreased tourism, and
an increased need for electricity. The simulation results indicate that tourism is amongst
the sectors that will experience the steepest decline in activity levels. In contrast, the elec-
tricity and construction sectors could record increased activity levels [35].

The cumulative reduction of GDP over the period 2040-2100 is estimated to be 0.54%
in RCP2.6 and 2.6% in RCP8.5. Increased investment in the energy sector will lead to
higher capital prices and result in a loss of competitiveness. In addition, the high invest-
ment in energy needed for additional cooling outweighs smaller consumption losses [25].

3.2. Adaptation Policy Context

Adapting to CC can be based on uncoordinated ad hoc choices and the actions of
individuals and stakeholders or collective decisions, with numerous efforts coordinated
at various levels—local, regional, national, or supranational [36] —that respond to sectoral
vulnerabilities [37,38]. Adaptation also requires multidisciplinary knowledge and shared
responsibility coordinated between governmental and non-governmental actors in differ-
ent policy areas [39].

Italy has been dedicated to supporting and providing a robust analytical basis for the
National Integrated Energy and Climate Plan (2018). The plan includes a BASE scenario
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that describes an evolution of the energy system with current policies and measures and
a PNEC scenario that quantifies the strategic objectives for 2030. In this vein, using renew-
ables and promoting energy efficiency are the leading measures envisaged to achieve the
climate objectives of the country. The latest National Plan of Adaptation to Climate
Change (PNACC), launched in July 2017, identifies and discusses the main objectives to
be pursued and the necessary steps for each socio-economic sector of interest. From the
sector analysis, over 350 actions are proposed in a single database containing detailed an-
alytical information for each step and different selection keys to allow easy search and
consultation.

At the regional level, in 2019, the Regional Department of Agriculture defined the
guidelines to launch a regional strategy for adapting agriculture to CC. It was realised
within the LIFE project “Adaptation to climate change impacts on the Mediterranean is-
lands’ agriculture—ADAPT2CLIMA” as an associate beneficiary [40]. In the same year,
the Sicilian Region defined a regional action strategy to combat desertification [41], a doc-
ument developed with the support of the Technical Committee Scientific ex-art. 3 of the
Lr. 8 May 2018 n. 8. The overall objective of the strategy is to define a unified governance
model based on multi-sectoral and multi-level approaches, ensuring a guidance frame-
work concerning the spatial planning and hydrogeological risks of the priority agricul-
tural, forestry, and resource sectors. The actions to implement the strategy were based on
the National Action Plan (NAP) Drought and Desertification Control Programme and the
national adaptation strategy for climate change (SNAC).

Moreover, the actions reflect the sustainable development objectives defined by UN
Resolution 25 September 2015 in Transforming Our World: Agenda 2030 for Sustainable
Development. Agenda 2030 is a programme of action with 17 selected goals to reach sus-
tainable development, further articulated into 169 economic, environmental, social, and
institutional sub-objectives. This document stresses the need for an integrated vision of
the different dimensions concerning economic development, environmental protection,
and human and social rights. The actions aim to arrest biodiversity loss, protect environ-
mental resources and services, and fight and mitigate CC effects to protect and improve
terrestrial and aquatic ecosystems.

There is limited information on CC impacts in the island context (i.e., Sicily and Sar-
dinia). No adaptation plans were implemented in the past to identify necessary and spe-
cific measures for the local context. Regional governments are characterised by a weak
understanding and awareness of the features and dissimilarities of CC impacts on islands
compared to the mainland [8]. In addition, some documents highlighted inadequate allo-
cation of funds from the national to the local level, a lack of locally relevant and practical
information about potential impacts, limited financial resources for both medium-sized
organisations and local governments, and low climate culture of the organisations [40,41].

As previously highlighted, in recent years, thanks to the island of Sicily’s participa-
tion in the European project ADAPT2CLIMA, the effectiveness of some of the PNACC
actions was analysed in a simulated scenario of decreasing climate-related vulnerability
of the agriculture sector. The process helped to understand the importance of stressing
more specific actions at the island level. Available solutions for the mainland are designed
for homogeneous areas, and their implementation may not be efficient in particular con-
texts. Other limitations and barriers to implementing such measures on the island are re-
lated to national organisations and local governments’ capacities and different priorities
[40].

4. Methodology

The participatory process was conducted in four steps, strictly oriented toward stake-
holders’ engagement and promoting local adaptation action [42]. Presenting and discuss-
ing the background material was step 1. It laid the groundwork for the policy design ex-
ercise as it defined the picture of future climate scenarios for the island and their potential
impact on the local socio-economic system. An extensive review of the available literature
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was required before this stage. Additional effort was dedicated to translating scientific
results, complex data, and maps into infographics and fact sheets, with images and words
to facilitate the comprehension of non-experts” and their interpretation of the information.
The information was presented to stakeholders at an introductory event in which we also
explained the analysis to be carried out.

Step 2 was devoted to the stakeholders’ analysis of a catalogue of adaptation and risk
management options, including 72 programmes (24 per sector). The programmes were
adapted from the available literature on CC adaptation. At this stage, pre-defined criteria
were established to evaluate these programmes’ appropriateness and sustainability po-
tential in the study context. This step was conducted at the sector level by organising
workshops. Stakeholders were experts from local universities and research centres, public
offices and agencies, and local sectoral associations. The sample included the stakeholders
who agreed to cooperate on a volunteer basis.

Designing sector adaptation pathways was step 3. This was done through an online
tool, similar to a questionnaire, that collected individual preferences for adaptation pro-
grammes that represented, according to stakeholders, a priority concern for the island in
the short term (until 2030), mid-term (mid-century-until 2050), and long term (end of the
century until 2100). Four possible scenarios of policy ambition (APTs) were constructed,
aiming to obtain different packages of ranked programmes. Frequency analysis was ap-
plied to the stakeholders’ responses. Results, aggregated by sector, were presented in a
plenary session to identify cross-sector win-win situations (i.e., actions that would yield
positive adaptation across some or all sectors) and, when possible, their decarbonisation
performance (i.e., how each pathway will address measuring decarbonisation targets for
the region).

Step 4 covered the pathway sustainability evaluation, allowing for a comparison be-
tween the final APTs and time frames in a radar graph. Figure 2 presents the methodo-
logical framework designed for the participatory process, the flow of information, and the
sequence of methods performed to support the creation of local pathways.

1. Background material 2. Adaptation Options 3. Pathway selection
Biophsical and Identifyv and describe Adaptative Policy
Socioeconomic Characterization using Trajectories (APT)

indicators sustainability criteria Classes of Adaptation
Time frames

U

: Altemative Adaptation

Pathways

4. Pathway sustainability performance

Figure 2. Methodological framework.

In total, 32 stakeholders were involved in this process. The profile involved policy-
and decision-makers and practitioners, representing 44% of the sample; non-governmen-
tal and civil society organisations (16%); science experts (25%); and private parties, busi-
ness operators, and sector regulators (15%). This process took two years, from June 2018
to March 2021. This was mainly because the COVID-19 pandemic appeared in the middle
and stopped the process, which required a new and different start. The original plan was
to hold only physical workshops and face-to-face questionnaires. In reality, a significant
part of the process was redone and organised through online sessions, some in plenary
with all stakeholders and others as sectoral workshops. This change also required dedi-
cated resources to create a robust online support tool to collect individual views
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efficiently. The rationale of the COVID-19 contingency plan was to make it as easy as pos-
sible for stakeholders to carry out the proposed work without seriously compromising the
scientific quality of the outcomes.

4.1. Catalogue of Adaptation and Risk Management Options

As mentioned before, the second step required the catalogue of programmes to be
constructed, hence the policy options for the stakeholder analysis. In this vein, the Inter-
governmental Panel on Climate Change (IPCC) proposes the use of RCP scenarios, which
express starting atmospheric conditions for the CC models; SSPs that compile predefined
packages of future socioeconomic contexts; and SPAs that include climate policy goals,
policy regimes and measures, and implementation limits and obstacles [43,44].

A review of European adaptation literature and best practices was undertaken to cre-
ate an outstanding catalogue to guide stakeholders’ discussions on local benefits. The first
significant source to start building this list was the Climate-ADAPT database (2022) [45],
and the second was specific CC policy studies [46-51].

The main challenge in this phase was downscaling the programmes to the local scale.
Indeed, several failures remain, as the proposed programmes neither ascertain the specific
way in which a policy can be implemented nor the particular technologies nor invest-
ments needed (i.e., the beach protection programme through coastal defence infrastruc-
ture does not identify which specific structure is the most appropriate, which can vary
from one point of the coast to another).

The adaptation and risk options/programmes were classified following Suckall et al.
(2018) [52]. They considered three main strategic vectors for climate adaptation and resil-
ience of any sector:

(i) Vulnerability reduction (VR): Programmes to reduce socio-economic vulnerability
based on the five capitals of the sustainable livelihoods approach [47].

(if) Disaster risk reduction (DRR): Programmes developed through the Hyogo and Sen-
dai frameworks [52,53].

(iif) Socio-ecological resilience (SER): Programmes that affect socio-ecological resilience,
including millennium ecosystem assessment (MEA) and Common International
Classification of Ecosystem Services (CICES) [46,47].

Table 2 presents the distribution of the proposed programmes by sector and strategic
vector, with the primary sources they were adapted from. The Supplementary Material
includes the final catalogue of the 72 adaptation and risk management options utilised in
this study and their characterisations.

Table 2. The number of adaptation programmes under analysis by a strategic vector (columns) and
sector (rows).

e . Disaster Risk Reduction Socio-Economic Resilience
Vulnerability Reduction (VR) (DRR) (SER)
Maritime 10 programmes 8 programmes 6 programmes
transport Prog Prog Pro8
Energy 10 programmes 8 programmes 6 programmes
Tourism 10 programmes 8 programmes 6 programmes
Alfieri, L. et al. (2012) [58]; Ay- .
Bitner-Gregersen et al. (2018) teri, L. etal. ( )1 ] ) y Apsley et al. (2009) [67]; Arias-
i oub et al. (2018) [59]; Crainic et .. .
[47]; De Bruin et al. (2009) [53]; . Gaviria (2019) [46]; Bitner-
De Sisternes et al. (2016) [54]; al. (2009) [60]; Chhetri. et al. Gregersen et al. (2018) [47]; Ig-
Reference | " (2015) [61]; Cuce at al. (2016) 5 ' 8

Lehr et al. (2012) [55];
Scott et al. (2013) [56];
Taneja, et al. (2012) [57]

lesias and Abanades (2017)
[48]; Lund and Chiasson (2007)
[68]; McNally and Natanzi

[62]; Hammett and Mixter
(2017) [63]; de Bruin (2009)
[53]; Stahlhut et al. (2008) [64];
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Erol-Kantarci et al. (2011) [65]; (2018) [49]; Water Research La-
Chen et.al (2015) [66]; Zhang boratory (2022) [69]
al. (2017) [51]

With the programmes being pre-defined, the stakeholders in each sector group con-
tributed to their final characterisation. The sectoral groups were thus invited to analyse
the pertinence of each programme and its sustainability potential. They could also pro-
pose new programmes not initially included in the catalogue at this stage.

Following Haque (2016) [70] and Verkerk et al. (2017) [71], five criteria were defined
to evaluate the programmes, as shown in Table 3. The first criterion refers to cost efficiency
(1 = low cost-efficiency; 4 = high cost-efficiency). It relates to the programme’s ability to
address current or future climate hazards/risks in the most economical way. The pro-
gramme’s ability to reduce emissions and minimise trade-offs with mitigation objectives
was also considered relevant, together with the analysis of the current capacity on the
island to implement the programmes (technical applicability). According to the stakehold-
ers’ views, the criterion of social acceptability refers to the potential acceptance of the pro-
gram by civil society and policymakers. This information was utilised for the sustainabil-
ity analysis of the final pathways, which is explained in the following sections.

Table 3. Criteria and scale are utilised to evaluate the sustainability potential of programmes.

Criterion

Description Measurement

Cost-efficiency

Ability of proposed programme to efficiently

. . 1 =very low cost-efficiency; 4 = ver
address current or future climate hazards/risks Y Y y

) ) high cost-efficiency
in most economical way

Environmental protection

1 = very low environmental protection;
4 = very high environmental protec-
tion

Ability to protect environment, now and in the
future

Mitigation (GHG emissions)
win-win and trade-off

1 = very high trade-off with mitigation
goals; 4 = very high mitigation win—
win and low trade-off

Current ability to meet (win—win) or not
(trade-off) island’s mitigation objectives

Technical applicability

Current ability to technically implement pro- 1 =very low technical applicability; 4 =
posed option/programme very high technical applicability

Social acceptability

1 = very low social acceptability; 4 =

a1 1itv of opti
Social acceptability of option/measure very high social acceptability

4.2. Designing Sector Adaptation Pathways

Adaptation pathways usually capture policy preferences in a given time and context
[52]. In this study, four adaptation pathway trajectories (APTs) were delineated as scenar-
ios of policy ambition in terms of investment and commitment [71,52]. Therefore, it was
assumed that stakeholders’ preferences for programmes could be grouped from minimal
to high-cost scenarios and from requiring a small to a significant change above the status
quo [52].

Table 4 summarises the four APTs scenarios considered. Each APT has a specific nar-
rative, adapted from Kebede et al. (2018) [72], Suckall et al. (2018) [52], and Hall et al.
(2016) [73]. Minimum intervention APT A corresponds to a general approach in which
climate actions continue to follow the tendency of historical levels of investment, where
policies respond more exclusively to urgent needs protecting citizens and lives at a lower
cost. Economic capacity expansion APT B focuses on planning the increasing investment
in infrastructure capacity for the long-term resilience of the sector. Efficiency enhance-
ment APT C may include actions to optimise the performance and efficiency of the current
system, targeting both supply and demand and the deployment of technological
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innovations. Finally, system restructuring APT D groups highly transformational actions
with a high level of investment and an increased commitment to significant policy change.

Table 4. The APT A,B,C,D, explanation.

APT A Assumes a no-regrets strategy where the lowest cost adaptation poli-

.. . . cies are pursued to protect citizens from some climate impacts. Ad-
Minimum intervention . . .
. . dresses those areas where maximum impact can be achieved for the
(low investment/low commitment)

lowest cost.

Focuses primarily on encouraging climate-proof economic growth
APT B but does not seek to make significant changes to the current structure
Economic capacity expansion  of the economy. Requires a high level of investment to prepare the
(high investment/low commitment) economy for future change but does not aim to reorient the economy
or create significant change.

APT C Based on an ambitious strategy that promotes adaptation consistent

System efficiency enhancement
(medium investment/medium com-

with the most efficient management and exploitation of the current
system, looking at ways of distributing labour, balancing livelihood
choices, and best-utilising ecosystem services to enhance livelihoods

mitment) and well-being under climate change.
Embraces fundamental pre-emptive change at every level to com-
pletely transform the current socio-ecological and economic systems
APT D and thus change the social and physical functioning of archipel-
System restructuring ago/island sectors. Has a guiding belief that significant/radical land-

(high investment/high commitment) scape and societal modifications are justified to create long-term sys-
tem restructuring despite the short-term costs among some social
groups or economic sectors.

In the next phase (step 3), stakeholders were presented with a full explanation of the
APTs to encourage thinking about different portfolios of ranked adaptation programmes.
If one stakeholder could not analyse one APT scenario, it would be omitted, which was
not the case. Hence, stakeholders selected the programmes they considered priority ac-
tions in each time frame (short-term, up to 2030; mid-century, 2030-2050; end-century,
2050-2100), as shown in Figure 3. The process was carried out for each APT scenario and
sector independently, supported by an online tool that facilitated the exercise. The analy-
sis was carried out by stakeholders individually. If a stakeholder was part of all three
sector groups, they made 216 choices. All programmes selected within each time
frame/APT were subject to frequency analysis.
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Figure 3. Theoretical representations of stakeholders’ choices in the policy design exercise.

TOOL

Hence, the final APTs obtained for each sector were formed with the most frequently
chosen programmes. If a program was selected by at least 50% of the stakeholders in a
specific time frame and APT, it was included in the pathway. The results were refined
during a meeting with all sector representatives to capture inconsistencies and mutual
benefits.

5. Results

The results are presented in two outputs per sector: (i) selected adaptation pathways
(APTs) and (ii) sustainability evaluation. The first refers to the composition of the four
final pathways per sector (from APT A to APT D) by incorporating the most frequent
responses in each time frame. As expected, each APT comprises programmes representing
a particular combination of priorities and commitment, which generally leads to a specific
involvement level and policy ambition. Secondly, each pathway’s sustainability potential
is analysed by aggregating the average scores of the five sustainability criteria explained
in Section 3.1.

5.1. Maritime Transport

The final adaptation pathways for the maritime transport sector are presented in Ta-
ble 5. Pathways are significantly heterogeneous across the four APTs. Generally, the pro-
gramme “Integrate ports in urban tissue” (MT7, socio-ecological resilience) received the
highest level of concordance at 83%, followed by “Intelligent transport systems” (MT21,
risk reduction) and “Refrigeration, cooling and ventilation systems” (MT13, vulnerability
reduction), both at 75%.

APT A (low commitment) is characterised by the presence of programmes related to
infrastructure protection (MT6), awareness campaigns (MT9), preparedness for delays
and cancellations due to climate events (MT22), re-design of ports (MT18), and service
management (MT 23) to confront climate-related impacts and maintain ports” operability
in worsening future climate scenarios. Meanwhile, APT C and D add more ambitious pro-
grammes and propose more marine-friendly coastal protection infrastructures that can act
as a source of wave energy production (MT3,4), thus combining adaptation with emis-
sions reduction.

As expected, programmes to reduce vulnerability (VR) and increase resilience capac-
ity (SER) have a more significant presence in APT C and D. Finally, climate-proof ports
and activities (MT17) were the programmes more frequently chosen by stakeholders in all
APTs, indicating that this should be considered a priority in all policy scenarios. Creating
an intelligent transport system (MT21) only appears in the low investment scenario (APT
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A). According to stakeholders, the island has sufficient technical capacity to implement

this programme in its current situation.

Table 5. Alternative adaptation pathways for the maritime transport sector.

ID

Strategic | APTA | APTB
Programmes

APT C

APT D

vector s M Lls M L

S M L

S

M

L

MT1

Insurance mechanisms for ports B

MT2

Financial incentives to retreat from high-risk areas

MT10

Social dialogue for training in the port sector A

MT9

W | W=

Awareness campaigns for behavioural change A

livhiviiv)

MT11

Diversification of trade using climate resilient commodities

MT12

VR
Climate resilient economy and jobs

MT13

Refrigeration, cooling and ventilation systems

o/

MT14

Restrict development and settlement in low-lying areas

oRioRioRioRieNie]

MT16

Increase operational speed and flexibility in ports

MT15

Sturdiness improvement of vessels

MT17

Climate proof ports and port activities A

MT18

W W |w (=

>

Consider expansion/retreat of ports in urban planning

MT20

Early Warning Systems (EWS) and climate change monitoring

MT19

Reinforcement of inspection, repair and maintenance of infrastruc-
tures DRR

0 000

MT21

Intelligent Transport Systems (ITS)

MT22

Prepare for service delays or cancellations

MT24

Post-Disaster recovery funds

MT23

> > >

Backup routes and infrastructures during extreme weather

MT4

Combined protection and wave energy infrastructures

MT3

>
>}

Marine life friendly coastal protection structures

(wlivl lvliv}

MT6

>
=)

Coastal protection structures

MT5

SER
Hybrid and full electric ship propulsion B

MT7

Integrate ports in urban tissue

oRioRieNieoNle]

MT8

Ocean pools

C

Note: VR, vulnerability reduction; DRR, disaster risk reduction; SER, socio-ecological resilience.
Each APT (A, B, C, D) is represented in 3 time-frames: S, short-term (up to 2030); M, medium-term
(up to 2050); and L, long-term (until 2100). Coloured boxes show the final programs that formed

each APT: blue: APT A; green: AT B; orange: APT C; purple: APT D.

Figure 4 presents the results of the sustainability evaluation. The radar graph utilises

the mean scores of the five sustainability criteria for the group of programmes that formed

each APT and time frame. Only short- and long-term results are shown in the graphic.

In general, all four APT scenarios exhibit similar rankings; relatively high social ac-

ceptability and technical applicability of the programmes selected and low performance

in terms of environmental protection. This means that stakeholders tend to choose pro-
grammes they consider to generate the maximum impact for the lowest cost in the island’s
current situation and better prepare the sector to deal with climate events. For example,

APT C has the best sustainability performance, considering the five criteria in the longer

term. It received the highest average scores in the cost-efficiency, environmental protec-

tion, and mitigation potential scales. This is because APT C includes programmes such as
MTS5 that propose the electrification of vessels. At the same time, APT A and B are more
devoted to preparing vessels for sea storms (MT15) or using information systems to alert
ships of CC hazards earlier (MT21), in which there is no direct environmental protection

but by sector.
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Technical
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The same occurs in the short term, where APT D has the best sustainability perfor-
mance, as it includes more adaptation programmes with the potential to reduce emissions
(i.e., MT4).

Long Term
Cost Efficiency Cost Efficiency
Environmental Social Environmental
protection Acceptability protection
win-wins an . -
licabilit
trade-offs appiicabiity trade-offs
B C D A B C D

Figure 4. APT sustainability evaluation. (a) Sustainability evaluation of APTs in the short term; (b)
sustainability evaluation of APTs in the long term. Note: The sustainability potential of each pro-
gramme was measured by a 4-point scale and considering five criteria: cost-efficiency, environmen-
tal protection, mitigation (GHG emissions) win-win and trade-off, technical applicability, and social
acceptability (see Section 3.1).

5.2. Energy

Table 6 presents the final adaptation pathways for the energy sector on the island of
Sicily. Overall, APTs are characterised by heterogeneity concerning programmes and stra-
tegic vectors of significant concern. As expected, programmes aiming to increase social-
ecological resilience are concentrated in more ambitious policy scenarios (APTC-D). At
the same time, APTA is more devoted to preparedness and recovery in extreme events
(DRR) cases. Hence, using waste heat from power plants for heating pools (E8) is the pro-
gramme most frequently chosen within APT C and D, while in APT A, more operational
actions were often selected by stakeholders, such as E22 (energy independency, 67%), E23
(energy recovery microgrid, 56%), E21 (study and develop energy grid connections, 56%),
and E17 (review building codes of the energy infrastructure, 56%). On its side, APT C is
characterised by a broader awareness of the need to reduce vulnerability and increase
social-ecological resilience in the medium- and long-term.

All APTs propose the creation of green jobs and businesses (E9) and the review of
building codes and generators (E17) for all time frames to reduce the vulnerability of the
sector (VR). However, stakeholders consider the commitment to raise public information
and knowledge about climate actions in the energy sector as secondary (E10), given the
low frequency of responses. The promotion of educational gardens (E7) is not a priority
since it was not chosen by any APT.
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Table 6. Alternative adaptation pathways for the energy sector.

ID

Strategic | APT A APT B APT C APTD

P
rogrammes vector |S|M|L|S|M |L|S|M|L|[S | M|L

Financial support for smart control of energy in houses
E2 | and buildings

El | Financial support for buildings with low energy needs

=]

E9 | Green jobs and businesses A

>}

E10 | Public information service on climate action A

=
g/gg o

E11 | Small scale production and consumption VR

E12 | Risk reporting platform

E13 | Energy storage systems

E14 | Collection and storage of forest fuel loads

olielielielielie]

g |C

E16 | Demand Side Management (DSM) of Energy

E15 | Seawater Air Conditioning (SWAC).

E17 | Review building codes of the energy infrastructure

E18 | Upgrade evaporative cooling systems

> | >
W W (W | W
g|C

E20 | Grid reliability

E19 | Early Warning Systems (EWS)

Nnnn

E21 | Study and develop energy grid connections

DRR

E22 | Energy-independent facilities (generators)

E23 | Energy recovery micro grids

E24 | Local recovery energy outage capacity

E4 | Underground tubes and piping in urban planning

E3 | Energy efficiency in urban water management

> e
(wiivlivliw)

=]

E5 | Biomass power from household waste B

E6 | Urban green corridors

SER

o/

E8 | Heated pools with waste heat from power plants

NNNNn

E7 | Educational garden plots C

Note: VR, vulnerability reduction; DRR, disaster risk reduction; SER, socio-ecological resilience.
Each APT (A, B, C, D) is represented in 3 time-frames: S, short-term (up to 2030); M, medium-term
(up to 2050); and L, long-term (until 2100). Coloured boxes show the final programs that formed
each APT: blue: APT A; green: APT B; orange: APT C; purple: APT D.

Figure 5 presents the sustainability analysis results by calculating the mean scores of
the five sustainability criteria for every group of programmes that formed the APTs. Alt-
hough stakeholders were aware of the most beneficial and balanced adaptation pro-
grammes across the sustainability criteria, the priorities in policy design are dominated
more by the aim of public acceptance and the maximum impact for the lowest cost.

For example, when stakeholders evaluated the sustainability potential of the energy
programmes, the collection and storage of forest fuel loads (E14) received higher average
scores than the operationalisation of energy microgrids (E23), which aim to prepare sys-
tems for power outages caused by knock-out events and excess demand (e.g., during heat
waves). However, the latter was chosen as a priority measure in APT A by 56% of the
stakeholders, while E14 was only by 22% in the APTD. This can be explained by the vast
amount of resources and cross-sectoral collaboration required in maintaining woods, in-
creasing the spacing between trees and reusing materials for energy (pellets, biogas).

Although few in number, other programmes such as E8 (heated pools with waste
heat from power plants) were considered with excellent sustainability potential and were
highly preferred in the policy design, given their potential to increase tourist attraction to
the destination. This type of result enriched by the cross-sectoral discussion highlights the
relevance of cost efficiency and social acceptance for stakeholders.
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Figure 5. APT sustainability evaluation. (a) Sustainability evaluation of APTs in the short term; (b)
sustainability evaluation of APTs in the long term. Note: Sustainability of proposed programs was
measured on a 4-point scale considering five criteria: cost-efficiency, environmental protection, mit-
igation (GHG emissions), win-win and trade-off, technical applicability, and social acceptability (see
Section 3.1).
5.3. Tourism

Table 7 presents the final structure and composition of the APTs for the tourism sec-
tor. Moreover, significant attention is drawn in this sector toward a more practical and
operational approach to adapting existing processes and management. Programmes re-
lated to modelling and forecasting (T4), tourism diversification (T9), and drought man-
agement (T18) were chosen in all four APTs by more than half of the stakeholders, which
means that they are priority concerns.

Specifically, concerning vulnerability reduction (VR) objectives, the results indicate
that stakeholders are centred on natural, social, and physical capital rather than financially
related programmes. Especially in APT C, the goal is to address a circular economy system
and more sustainable tourist activities.

Table 7. Alternative adaptation pathways for the tourism sector.
Strategic | APT A APT B APT C APT D
ID Programmes
Vector (S| M|L| S | M M M| L
T1 | Economic Policy Instruments (EPIs) B D
T2 | Financial incentives to retreat from high-risk areas B D
T9 | Activity and product diversification A B C D
T10 | Public awareness programmes A B C D
T11 | Local circular economy VR C
T12 | Tourist awareness campaigns C
T13 | Local sustainable fishing C D
T14 | Water restrictions and grey-water recycling C D
T15 | Beach nourishment B
T16 | Desalination B
T18 | Drought and water conservation plans A B C D
T17 | Coastal protection structures A B C D
T19 | Mainstreaming Disaster Risk Management (DRM) C
T20 | Using water to cope with heat waves DRR C
T22 | Health care delivery systems A
T21 | Fire management plans A
T24 | Pre-disaster early recovery planning A D
T23 | Post-Disaster recovery funds A D
T4 | Monitoring, modelling and forecasting systems SER A B C D
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T3 | Adaptation of groundwater management A B C D
T6 | River rehabilitation and restoration B C
T5 | Dune restoration and rehabilitation B C
T7 | Adaptive management of natural habitats C
T8 | Ocean pools C

Note: VR, vulnerability reduction; DRR, disaster risk reduction; SER, socio-ecological resilience.
Each APT (A, B, C, D) is represented in 3 time-frames: S, short term (up to 2030); M, medium-term
(up to 2050); and L, long term (until 2100). Coloured boxes show the final programs that formed
each APT: blue: APT A; green: APT B; orange: APT C; and purple: APT D.

To manage disaster risks (DRR), the results highlight a significant preference for
coastal protection (T17) and water conservation plans (T18). Within the programmes ad-
dressing socio-ecological resilience (SER), the adaptive management of natural habitats
was considered a priority for most stakeholders in APT C, indicating that this is crucial
for promoting efficiency in adaptation investment.

Figure 6 presents the sustainability analysis results by calculating the mean scores of
the five sustainability criteria. The four APT scenarios have similar sustainability results
from the short to long term, with social acceptability and technical applicability showing
the best results for all APTs. In APT A, stakeholders prioritise programmes that provide
the sector with security and new directions to maintain its economic performance (e.g.,
coastal protection structures, diversification of the tourism economy, etc.). Scenarios APT
B and APT C show more balanced results for all sustainability criteria. Finally, high in-
vestment and commitment to CC (APT D) requires implementing more ambitious pro-
grammes in terms of environmental protection and win-win mitigation scenarios without
forgetting the social and technical aspects (e.g., greywater recycling, T14).

(a) Cost Efficiency (b)

Cost Efficiency

Social
Acceptability

Environmental Social
protection Acceptability

Environmental
protection

Mitigation
win-wins and
trade-offs

Mitigation
win-wins and
trade-offs

Technical
applicability

Technical
applicability

A B C D A B C D

Figure 6. APT sustainability analysis. (a) Sustainability evaluation of APTs in the short term; (b)
sustainability evaluation of APTs in the long term. Note: Sustainability of proposed programs was
measured by a 4-point scale considering five criteria: cost-efficiency, environmental protection, mit-
igation (GHG emissions) win-win and trade-off, technical applicability, and social acceptability (see
Section 3.1).

6. Policy Discussion

With policymakers ultimately being the ones who are expected to make correct use
of this research, we attempted to maximise its policy orientation by reaching a compro-
mise between simplicity and scientific relevance that proved to be highly appreciated
[70,71]. We analysed and ranked CC adaptation programmes for tourism, energy and
maritime transport and proposed alternative adaptation pathways for the case of the is-
land of Sicily through the lens of high-level sectoral representatives, academics, and ex-
perts. These primary outlines are considered the first and most essential attitudes to be
prepared at the local level for future climate scenarios. When top-down governance sys-
tems prevail, as with the island of Sicily, there is often a lack of communication-related to
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climate change impacts and a lack of empowerment of local decision-makers, which in-
creases the risk of adaptation [72-74]. In this vein, the policy implication of the study is
twofold. First, the production of precise and adapted information at a local level by ena-
bling cooperation between science and society to raise awareness about the urgent need
to deal with climate change issues in more efficient terms; second, the engagement process
carried out can be seen as a step towards speeding up the transition from identifying
adaptive capacities to designing adaptation policies in terms of long-term sustainability
and social-ecological resilience.

The participatory process also provided information about critical areas that need to
be addressed at a local level, such as the incomplete understanding of vulnerability di-
mensions and leeway for adaptation [12,21,42,75]. It also allowed us to discuss priority
risks, other islands, and new opportunities for the island of Sicily from a multidisciplinary
perspective [24,25,75]. Some climate risks for the island of Sicily are expected to be lower
than for other European islands farther from the mainland [76,77]. In addition, although
the island of Sicily is significantly exposed to marine habitat degradation, there is more
potential to offer viable substitutes for marine and tourist activities, thanks to the island’s
extraordinary endowment of assets. Indeed, the island of Sicily presents a balanced array
of tourist offerings [26], including a wide range of cultural, social, landscape, gastronomic,
and historical resources that ensure the tourism activity is not strictly dependent on the
marine environment, as well as being more resilient [4,44] to the risk of seawater heating
[35].

More details about spatial hotspots were revealed, which allows for an in-depth char-
acterisation of the adaptation programmes (i.e., to which tourism products the island
should be diversified). Moreover, some priority measures proposed for the energy sector
were considered beneficial for tourism, such as enabling energy microgrids and using
waste heat from power plants for heating pools. Hence, considering that transparency and
case-specific information is crucial for ensuring a higher commitment to effective adapta-
tion planning [52], this study has significantly contributed to building up the basis for
improved climate actions at a local level.

The most challenging task was putting the stakeholders into the context of different
scenarios of policy ambition. This task was highly demanding but significantly improved
the stakeholders” experience with the process. An excellent understanding was achieved
when the APTs’ rationale was scaled down with shorter descriptions, images, and real-
world examples [52]. The results demonstrate that stakeholders correctly understood the
diverse policy directions when making their choices. For instance, they selected more pro-
grammes that provide general solutions for protecting citizens and capital needs; highly
diversified activities; and responses to potential damage to economic activities in the low-
commitment scenario, APT A. In APT B (economic capacity expansion), we see that many
resources (investments) are used to deal with climate risks and thus expand the capacity
of protection from risk. For example, coastal flooding is dealt with by building ever larger
heavy protections that prevent the impact of physical force. In APT C, more efficient so-
lutions are selected, implying fewer resources but requiring more engagement. In APT D
(system restructuring), where high investment and engagement are necessary, we fre-
quently find measures with the potential to enhance socio-ecological resilience.

This means that stakeholders recognise the need to protect human and social capital
but also the quality of the environmental services that support these activities. With the
policy scenarios and measures being understood by almost all, stakeholders’ concerns re-
volved around affordability and the significant costs associated with the required struc-
tural changes, which certainly depend on national decisions [78-81]. This may be why
stakeholders tend to concentrate on more ambitious adaptation programmes in the longer
term.
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7. Conclusions

This article used a mixed-method approach through literature review and participa-
tory assessment based on multicriteria analysis [70,73] to identify and rank alternative
adaptation pathways [71,72] in an island context. The methodology is framed in the socio-
economic context of the island of Sicily, a large island without implemented adaptation
plans.

In this regard, this study has been able to crystallise measures that, according to the
stakeholders, have the potential to increase the climate-related resiliency capacities of the
energy, tourism, and maritime transport sectors. The methodological framework was am-
bitious and led to valuable results, bearing in mind that this was the first step towards
local adaptation solutions. Therefore, the proposed pathways should be considered a focal
point for future discussion between researchers, practitioners and the island’s citizens.
Hence, there is room for future contributions in these subfields of research.

From the methodological perspective, there is a possibility to use this evidence to
bridge the gap between academic research and practical policy design beyond the sectors
and the island analysed. In this respect, a relevant issue is whether findings reported in
the literature can constitute a common groundwork for raising alternative solutions to
climate actions locally. Moreover, when the information at a local level is full of subjectiv-
ity, experts’ participation is crucial, and multi-criteria analyses have proven sufficient ro-
bustness in many decision-making fields [42].

The study’s results highlight the great importance that local stakeholders attach to
programmes for their ability to meet social and capital needs in future climate scenarios
with a contained investment. The participatory process also revealed a breach between
what stakeholders would prioritise when designing adaptation pathways and their opin-
ion about the policies across the sustainability criteria. Although stakeholders were aware
of the most beneficial and balanced adaptation programmes, the priorities when design-
ing climate policies are dominated more by the aim of public acceptance and the maxi-
mum impact for the lowest cost.

The study focuses on three sectors, but there was room to discuss adaptation with a
multisector perspective. In this regard, common adaptation needs to arise, mainly to con-
front sea-level rise and increased frequency of extreme temperatures, a major concern of
the local stakeholders and a critical risk for the island according to climate projections.
This concern was materialised in the stakeholders” choices, with a higher preference for
infrastructure protection measures (MT4, MT6), the improvement of cooling (MT13) and
energy storage systems (E13), and improved healthcare delivery systems (T22), among
others. Surprisingly, the energy sector was the only one where stakeholders considered
raising public information and awareness not to be a priority, suggesting that society (con-
sumers) is far from influencing policymaking.

Some study limitations emerged regarding the geographical, sectoral scope and the
dimension and composition of the sample of stakeholders involved. Indeed, the number
of experts was limited, and the composition was homogeneous. There were not the same
numbers of categories, practitioners, academics, public authorities, and sector experts for
each sector analysed. At the same time, the number of stakeholders in each industry was
not equal. This suggests the need to conduct further analysis to overcome these aspects.
Moreover, the consideration of other sectors that are also relevant for the islands (i.e., fish-
eries, aquaculture, agriculture) could enrich the analysis and expected benefits of climate
actions.

Future research could consider a deeper analysis of the structural relations between
sectors and the extension of the multicriteria analysis since sectoral changes induced by
certain hazards would modify the exposure and vulnerability of other sectors. A solution
may be using different hierarchy trees, each defined for a particular combination of cli-
mate risks and sectors and adequately treating the systemic loops between them.



Land 2022, 11, 1206 20 of 23

Supplementary Materials: The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/1and11081206/s1. Catalogue of adaptation options for the is-
land of Sicily (Italy).

Author Contributions: Conceptualization, C.J.L., Y.E.L.G.; methodology, C.J.L., Y.E.L.G,; valida-
tion, CJ.L., Y.ELL.G,, G.R,, P.C,; investigation, G.R., P.C; resources, G.R., P.C.; data curation, C.J.L.,
Y.EL.G, G.R, P.C; writing—original draft preparation, C.J.L., Y.E.L.G.; writing—review and edit-
ing, CJ.L.,, Y.ELL.G,, G.R, P.C,; visualisation, C.J.L., Y.E.L.G,, G.R,, P.C,; supervision, C.J.L., Y.E.L.G,;
project administration, C.J.L. All authors have read and agreed to the published version of the man-
uscript.

Funding: Research for this paper has been supported by the European Union’s Horizon 2020 re-
search and innovation programme under grant agreement no. 776661, project “SOCLIMPACT”, and
the Interreg MAC 2014-2020 programme under the contract “MACCLIMA_MAC2/3.5b/254”".

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
study.

Data Availability Statement: Data and information supporting reported results can be found at
https://soclimpact.net/ (11 December 2021)

Conflicts of Interest: The authors declare no conflict of interest.

References

1. EU Commission. Forging a Climate-Resilient Europe— The New EU Strategy on Adaptation to Climate Change; COM (2021) 82 final;
EU Commission: Brussels, Belgium, 24 February 2021.

2. Asmundo, A.; Mazzola, F. The Sicilian economy across the two crises (2008-2020). Sicil. Econ. Across Two Cris. 2021, 2, 125-163.
https://doi.org/10.26350/000518_000066.

3. Bacciu, V.; Hatzaki, M.; Karali, A.; Cauchy, A.; Giannakopoulos, C.; Spano, D.; Briche, E. Investigating the Climate-Related Risk
of Forest Fires for Mediterranean Islands” Blue Economy. Sustainability 2021, 13, 10004. https://doi.org/10.3390/su131810004.

4. Giannakis, E.; Bruggeman, A. Determinants of regional resilience to economic crisis: A European perspective. Eur. Plan. Stud.
2017, 25, 1394-1415. https://doi.org/10.1080/09654313.2017.1319464.

5. Jorda, G.; Marba, N.; Bennett, S.; Santana-Garcon, J.; Agusti, S.; Duarte, C.M. Ocean warming compresses the three-dimensional
habitat of marine life. Nat. Ecol. Evol. 2020, 4, 109-114. https://doi.org/10.1038/s41559-019-1058-0.

6. Mariano, C.; Marino, M.; Pisacane, G.; Sannino, G. Sea Level Rise and Coastal Impacts: Innovation and Improvement of the
Local Urban Plan for a Climate-Proof Adaptation Strategy. Sustainability 2021, 13, 1565. https://doi.org/10.3390/su13031565.

7. Soto-Navarro, J.; Jord4, G.; Amores, A.; Cabos, W.; Somot, S.; Sevault, F.; Sein, D. Evolution of Mediterranean Sea water prop-
erties under climate change scenarios in the Med-CORDEX ensemble. Clim. Dyn. 2020, 54, 2135-2165.
https://doi.org/10.1007/s00382-019-05105-4.

8.  Gonzélez, Y.E.L.; Garcia, C.; Hernandez, M.M.G.; Leon, C.J. Downscaling Climate Change Impacts, Socio-Economic Implications and
Alternative Adaptation Pathways for Islands and Outermost Regions; McGraw-Hill: Madrid, Spain, 2021; pp. 273-295.
https://doi.org/10.5281/zenodo.5141549.

9. Kelman, L; Orlowska, J.; Upadhyay, H.; Stojanov, R.; Webersik, C.; Simonelli, A.C.; Némec, D. Does climate change influence
people’s migration decisions in Maldives? Clim. Chan. 2019, 153, 285-299.

10. Veron, S.; Mouchet, M.; Govaerts, R.; Haevermans, T.; Pellens, R. Vulnerability to climate change of islands worldwide and its
impact on the tree of life. Sci. Rep. 2019, 9, 14471.

11. Russell, J.C.; Kueffer, C. Island biodiversity in the Anthropocene. Annu. Rev. Env. Resour 2019, 44, 31-60.

12. Petzold, J.; Magnan, A.K. Climate change: Thinking small islands beyond Small Island Developing States (SIDS). Clim. Chan.
2019, 152, 145-165.

13. Nurse, L.A.; McLean, R.F.; Agard, J.; Briguglio, L.P.; Duvat-Magnan, V.; Pelesikoti, N.; Webb, A. Small islands. In Climate Chan.
2014: Impacts, Adaptation and Vulnerability; Barros, V.R. ed. Cambridge University Press: Cambridge, UK, 2014; pp. 1613-1654.
https://doi.org/10.2134/jeq2008.0015br.

14. Ourbak, T.; Magnan, A K. The Paris agreement and climate change negotiations: Small islands, big players. Reg. Environ. Chan.
2018, 18, 2201-2207. https://doi.org/10.1007/s10113-017-1247-9.

15. Giannakis, E.; Bruggeman, A. Regional disparities in economic resilience in the European Union across the urban-rural divide.
Reg. Stud. 2020, 54, 1200-1213.

16. Sarker, S.; Bhuyan, M.A H.; Rahman, M.M.; Islam, M.A.; Hossain, M.S.; Basak, S.C.; Islam, M.M. From science to action:

Exploring the potentials of Blue Economy for enhancing economic sustainability in Bangladesh. Ocean. Coast Manag. 2018, 157,
180-192.


https://soclimpact.net/

Land 2022, 11, 1206 21 0f23

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Bennett, N.J.; Cisneros-Montemayor, A.M.; Blythe, J.; Silver, ].J.; Singh, G.; Andrews, N.; Sumaila, U.R. Towards a sustainable
and equitable blue economy. Nat. Sustain. 2019, 2, 991-993.

Hampton, M.P.; Jeyacheya, J. Tourism-dependent small islands, inclusive growth, and the Blue Economy. One Earth 2020, 2, 8-
10.

Weir, T.; Dovey, L.; Orcherton, D. Social and cultural issues raised by climate change in Pacific Island countries: An overview.
Reg Env. Chan. 2017, 17, 1017-1028.

Klock, C.; Nunn, P.D. Adaptation to climate change in small island developing states: A systematic literature review of academic
research. J. Environ. Dev. 2019, 28, 196-218.

Klock, C.; Fink, M. Dealing with Climate Change on Small Islands: Toward Effective and Sustainable Adaptation; Universitatsverlag
Gottingen: Gottingen, Germany, 2019.

Cinelli, I; Anfuso, G.; Privitera, S.; Pranzini, E. An Overview on Railway Impacts on Coastal Environment and Beach Tourism
in Sicily (Italy). Sustainability 2021, 13, 7068. https://doi.org/10.3390/su13137068.

Meneguzzo, F.; Ciriminna, R.; Albanese, L.; Pagliaro, M. The remarkable impact of renewable energy generation in Sicily onto
electricity price formation in Italy. Energy Sci. Eng. 2016, 4, 194-204. https://doi.org/10.1002/ese3.119.

Azevedo, F. 2015 Economic, Social and Territorial Situation of Sicily, EPRS: European Parliamentary Research Service. Available
online: https://policycommons.net/artifacts/1336206/economic-social-and-territorial-situation-of-sicily/1943192/ (accessed on 30
May 2022).

Vrontisi, Z.; Charalampidis, I.; Lehr, U.; Meyer, M.; Paroussos, L.; Lutz, C.; Lam-Gonzalez, Y.E.; Arabadzhyan, A.; Gonzalez,
M.M.; Ledn, C.J. Macroeconomic impacts of climate change on the Blue Economy sectors of southern European islands. Clim.
Chan. 2022, 170, 27. https://doi.org/10.1007/s10584-022-03310-5.

Provenzano, D.; Baggio, R. A complex network analysis of inbound tourism in Sicily. Int. J. Tour. Res. 2020, 22, 391-402.
https://doi.org/10.1002/jtr.2343.

Eurostat Database, 2017. Avaliable online: https://ec.europa.eu/eurostat/web/science-technology-innovation/data/database
(accessed on 11 March, 2022).

Primo, C.; Kelemen, F.D.; Feldmann, H.; Akhtar, N.; Ahrens, B. A regional atmosphere—ocean climate system model (CCLMvV5.
Oclm?7-NEMOv3. 3-NEMOWv3. 6) over Europe including three marginal seas: On its stability and performance. Geosci. Model Dev.
2019, 12, 5077-5095. https://doi.org/10.5194/gmd-12-5077-2019.

Zittis, G.; Bruggeman, A.; Lelieveld, J. Revisiting future extreme precipitation trends in the Mediterranean. Weather. Clim. Ex-
trem. 2021, 34, 100380. https://doi.org/10.1016/j.wace.2021.100380.

Zittis, G. Observed rainfall trends and precipitation uncertainty in the vicinity of the Mediterranean, Middle East and North
Africa. Theor. Appl. Climatol. 2018, 134, 1207-1230. https://doi.org/10.1007/s00704-017-2333-0.

Zittis, G.; Hadjinicolaou, P.; Klangidou, M.; Proestos, Y.; Lelieveld, J. A multi-model, multi-scenario, and multi-domain analysis
of regional climate projections for the Mediterranean. Reg. Environ. Chan. 2019, 19, 2621-2635. https://doi.org/10.1007/s10113-
019-01565-w.

Lionello, P.; Conte, D.; Reale, M. The effect of cyclones crossing the Mediterranean region on sea level anomalies on the Medi-
terranean Sea coast. Nat. Hazards Earth Syst. Sci. 2019, 19, 1541-1564. https://doi.org/10.5194/nhess-19-1541-2019.

Conte, D.; Gualdi, S.; Lionello, P. Effect of Model Resolution on Intense and Extreme Precipitation in the Mediterranean Region.
Atmosphere 2020, 11, 699. https://doi.org/10.3390/atmos11070699.

de la Vara, A.; Gutiérrez, C.; Gonzalez-Aleman, J.J.; Gaertner, M.A. Intercomparison Study of the Impact of Climate Change on
Renewable Energy Indicators on the Mediterranean Islands. Atmosphere 2020, 11, 1036. https://doi.org/10.3390/atmos11101036.
Kajan, E. Saarinen, J. Tourism, climate change and adaptation: A review. Curr. Issues Tour. 2013, 16, 167-195.
https://doi.org/10.1080/13683500.2013.774323.

Swart, R.; Robinson, J.; Cohen, S. Climate change and sustainable development : Expanding the options. Clim. Policy 2013, 3
(Suppl. 1), S19-540. https://doi.org/10.1016/j.clipol.2003.10.010.

O'neill, K. The Environment and International Relations; Cambridge University Press: Cambridge, UK, 2017.
https://doi.org/10.1017/9781107448087.

Riahi, K.; Van Vuuren, D.P.; Kriegler, E.; Edmonds, J.; O'neill, B.C.; Fujimori, S.; Tavoni, M. The shared socioeconomic pathways
and their energy, land use, and greenhouse gas emissions implications: An overview. Glob. Environ. Chan. 2017, 42, 153-168.
https://doi.org/10.1016/j.gloenvcha.2016.05.009.

Sterlacchini, A.; Venturini, F. R&D and productivity in high-tech manufacturing: A comparison between Italy and Spain. Ind.
Innov. 2014, 21, 359-379. https://doi.org/10.1080/13662716.2014.959315.

Project Life ADAPT2CLIMA; Linee guida per la strategia regionale per I'adattamento dell’agricoltura ai cambiamenti climatici.
Adaptation to Climate Change Impacts on the Mediterranean Islands’ Agriculture; LIFE Program: Sicilian Region, Italy, 2019.
Autorita di bacino del Distretto Idrografico della Sicilia, Sicilian Region (2019). Strategia Regionale di Azione per la Lotta alla
Desertificazione. Research Report; Online Resources; Regione Siciliana; Published on line, June, 2019. Available online:
https://pti.regione.sicilia.it/portal/page/portal/PIR_PORTALE/PIR_LaStrutturaRegionale/PIR_PresidenzadellaRegione/PIR_A
utoritaBacino/PIR_Areetematiche/PIR _sitiTematici/PIR_Desertificazione/Strategia%2Bregionale%2Blotta%2Bdesertificazione_
def_0.pdf (accesed on 25 march 2022)



Land 2022, 11, 1206 22 0f 23

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Zebisch, M.; Schneiderbauer, S.; Fritzsche, K.; Bubeck, P.; Kienberger, S.; Kahlenborn, W.; Below, T. The vulnerability source-
book and climate impact chains— A standardised framework for a climate vulnerability and risk assessment. Int. |. Clim. Chan.
Strateg. Manag. 2021, 12, 1-25; https://doi.org/10.1108/]JCCSM-07-2019-0042.

Kriegler, E.; Weyant, ].P.; Blanford, G.J.; Krey, V.; Clarke, L.; Edmonds, J.; van Vuuren, D.P. The role of technology for achieving
climate policy objectives: Overview of the EMF 27 study on global technology and climate policy strategies. Clim. Chan. 2014,
123, 353-367. https://doi.org/10.1007/s10584-013-0953-7.

Pelling, M. Adaptation to Climate Change: From Resilience to Transformation; Routledge: London, UK, 2010.
https://doi.org/10.4324/9780203889046.

Climate ADAPT. Sharing Adaptation knowledge for a climate-resilient Europe. Available online: https://climate-adapt.eea.eu-
ropa.eu/ (accessed on 3 May 2022).

Arias-Gaviria, J]. Adoption of air conditioning (SWAC) in the Caribbean: Individual vs. regional effects. ]. Clean. Prod. 2019, 227,
280-291. https://doi.org/10.1016/].jclepro.2019.04.155.

Bitner-Gregersen, E.M.; Vanem, E.; Gramstad, O.; Horte, T.; Aarnes, O.].; Reistad, M.; Natvig, B. Climate change and safe design
of ship structures. Ocean. Eng. 2018, 149, 226-237. https://doi.org/10.1016/j.oceaneng.2017.12.023.

Iglesias, G.; Abanades, ]. Wave power: Climate change mitigation and adaptation. In Handbook of Climate Change Mitigation and
Adaptation; Chen, W.Y., Suzuki, T., Lackner, M., Eds.; Springer: Cham, Switzerland, 2017; pp. 2007-2055.

McNally, C.; Natanzi, A.S. Ecostructure: Concrete design for improved marine biodiversity. In Proceedings of the CERI2018:
The Civil Engineering Research in Ireland Conference, UCD, Dublin, Ireland, 29-30 August 2018. http://hdl.han-
dle.net/10197/10532.

Soni, N.; Doolla, S.; Chandorkar, M.C. Inertia design methods for islanded microgrids having static and rotating energy sources.
IEEE Trans. Ind. Appl. 2016, 52, 5165-5174. https://doi.org/10.1109/T1A.2016.2597281.

Zhang, Y.; Kim, CW.; Tee, KF.; Lam, J.S.L. Optimal sustainable life cycle maintenance strategies for port infrastructures. J.
Clean. Prod. 2017, 142, 1693-1709. https://doi.org/10.1016/j.jclepro.2016.11.120.

Suckall, N.; Tompkins, E.L.; Nicholls, R.J.; Kebede, A.S.; Lazar, A.N.; Hutton, C.; Vincent, K.; Allan, A.; Chapman, A.; Rahman,
R.; et al. A framework for identifying and selecting long term adaptation policy directions for deltas. Sci. Total Environ. 2018,
633, 946-957. https://doi.org/10.1016/j.scitotenv.2018.03.234.

De Bruin, K;; Dellink, R.B.; Ruijs, A.; Bolwidt, L.; van Buuren, A.; Graveland, J.; Van lerland, E.C. Adapting to climate change
in The Netherlands: An inventory of climate adaptation options and ranking of alternatives. Clim. Chan. 2009, 95, 23-45.
https://doi.org/10.1007/s10584-009-9576-4.

De Sisternes, F.J.; Jenkins, ].D.; Botterud, A. The value of energy storage in decarbonizing the electricity sector. Appl. Energy
2016, 175, 368-379. https://doi.org/10.1016/j.apenergy.2016.05.014.

Lehr, U.; Breitschopf, B.; Diekmann, J.; Horst, J.; Klobasa, M.; Sensfuf3, F.; Steinbach, J. Renewable Energy Deployment-Do the
Benefits Outweigh the Costs? (No. 2012/5). GWS Discussion Paper. Available online: http://hdl.handle.net/10419/94390 (ac-
cessed on 24 March 2022).

Scott, H.; McEvoy, D.; Chhetri, P.; Basic, F.; Mullett, J. Climate change adaptation guidelines for ports. Enhancing the Resilience
of Seaports to a Changing Climate Report Series; National Climate Change Adaptation Research Facility: Gold Coast, QLD, Aus-
tralia, 2013.

Taneja, P.; Ligteringen, H.; Walker, W.E. Flexibility in port planning and design. Eur. |. Transp. Infrastruct. Res. 2012, 24.
https://doi.org/10.18757/ejtir.2012.12.1.2950.

Alfieri, L.; Salamon, P.; Pappenberger, F.; Wetterhall, F.; Thielen, J. Operational early warning systems for water-related hazards
in Europe. Environ. Sci. Policy 2012, 21, 35-49. https://doi.org/10.1016/j.envsci.2012.01.008.

Ayoub, A.; Gjorgiev, B.; Sansavini, G. Cooling towers performance in a changing climate: Techno-economic modeling and de-
sign optimization. Energy 2018, 160, 1133-1143. https://doi.org/10.1016/j.energy.2018.07.080.

Crainic, T.G.; Gendreau, M.; Potvin, J.Y. Intelligent freight-transportation systems: Assessment and the contribution of opera-
tions research. Transp. Res. Part C Emerg. Technol. 2009, 17, 541-557. https://doi.org/10.1016/j.trc.2008.07.002.

Chbhetri, P.; Corcoran, J.; Gekara, V.; Maddox, C.; McEvoy, D. Seaport resilience to climate change: Mapping vulnerability to
sea-level rise. ]. Spat. Sci. 2015, 60, 65-78. https://doi.org/10.1080/14498596.2014.943311.

Cuce, P.M,; Riffat, S. A state of the art review of evaporative cooling systems for building applications. Renew. Sustain. Energy
Rev. 2016, 54, 1240-1249. https://doi.org/10.1016/j.rser.2015.10.066.

Hammet, L.M.; Mixter, K. Adaptive Finance to Support Post-Disaster Recovery; Yale Center for Business and the Environment: New
Haven, CT, USA, 2017. Available online: https://www.weadapt.org/sites/weadapt.org/files/cbey_adaptivefinanc-
ing_oct2017.pdf (accessed 11 March, 2022).

Stahlhut, ] W.; Heydt, G.T.; Selover, N.J. A preliminary assessment of the impact of ambient temperature rise on distribution
transformer loss of life. IEEE Trans. Power Deliv. 2008, 23, 2000-2007. https://doi.org/10.1109/TPWRD.2008.2002848.
Erol-Kantarci, M.; Mouftah, H.T. Wireless sensor networks for cost-efficient residential energy management in the smart grid.
IEEE Trans. Smart Grid 2011, 2, 314-325. https://doi.org/10.1109/TSG.2011.2114678.

Chen, C.; Wang, J.; Qiu, F.; Zhao, D. Resilient distribution system by microgrids formation after natural disasters. IEEE Trans.
Smart Grid 2015, 7, 958-966. https://doi.org/10.1109/TSG.2015.2429653.



Land 2022, 11, 1206 23 0f 23

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.
81.

Apsley, ] M.; Gonzalez-Villasenor, A.; Barnes, M.; Smith, A.C.; Williamson, S.; Schuddebeurs, ].D.; McDonald, J.R. Propulsion
drive models for complete electric marine propulsion systems. IEEE Trans. Ind. Appl. 2009, 45, 676-684.
https://doi.org/10.1109/T1A.2009.2013569.

Lund, J].W.; Chiasson, A. Examples of combined heat and power plants using geothermal energy. In Proceedings of the Euro-
pean Geothermal Congress, Unterhaching, Germany, 30 May-1 June 2007; Volume 30.

Water Research Laboratory (WRL) to the City of Marion (Australia). Available on: https://www.wrl.unsw.edu.au/ (accessed on
3 May 2022).

Haque, A.N. Application of Multi-Criteria Analysis on Climate Adaptation Assessment in the Context of Least Developed
Countries. J. Multi-Criteria Decis. Anal. 2016, 23, 210-224. https://doi.org/10.1002/mcda.1571.

Verkerk, P.J.; Sanchez, A.; Libbrecht, S.; Broekman, A.; Bruggeman, A.; Daly-Hassen, H.; Zoumides, C. A participatory approach
for adapting river basins to climate change. Water 2017, 9, 958. https://doi.org/10.3390/w9120958.

Kebede, A.S.; Nicholls, R.J.; Allan, A.; Arto, I.; Cazcarro, L.; Fernandes, J.A.; Whitehead, P.W. Applying the global RCP-SSP—
SPA scenario framework at sub-national scale: A multi-scale and participatory scenario approach. Sci. Total Environ. 2018, 635,
659-672. https://doi.org/10.1016/j.scitotenv.2018.03.368.

Hall, JW,; Tran, M.; Hickford, A.].; Nicholls, R.J. The Future of National Infrastructure: A System-of-systems Approach; Cambridge
University Press: Cambridge, UK, 2016.

Deidda, M. Insularity and economic development: A survey. Int. Rev. Econ. 2016, 63, 107-128. https://doi.org/10.1007/s12232-
015-0238-8.

Lionello, P.; Ozsoy, E.; Planton, S.; Zanchetta, G. Climate Variability and Change in the Mediterranean Region. Glob. Planet.
Chan. 2017, 151, 1-3. https://doi. org/10.1016/j.gloplacha.2017.04.005.

Arabadzhyan, A.; Figini, P.; Garcia, C.; Gonzalez, M.M.; LamGonzalez, Y.E.; Leén, C.J. Climate change, coastal tourism, and
impact chains-a literature review. Curr. Issues Tour. 2020, 24, 2233-2268. https://doi.org/10.1080/13683500.2020.1825351.
Chapman, D. Inside outside: Spatial planning and small islands. Centre for Environment and Society Research, Working Paper
Series no.7. Available online: https://bcuassets.blob.core.windows.net/docs/CESR_Working_Paper_7_2011_Chapman.pdf (ac-
cessed on 20 February 2022).

Scott, D.; Simpson, M.C.; Sim, R. The vulnerability of Caribbean coastal tourism to scenarios of climate change-related sea-level
rise. J. Sustain. Tour. 2012, 20, 883-898.

Verkoeyen, S.; Nepal, S.K. Understanding scuba divers’ response to coral bleaching: An application of Protection Motivation
Theory. J. Environ. Manag. 2019, 231, 869-877.

Nunn, N.; Qian, N. US food aid and civil conflict. Am. Econ. Rev. 2014, 104, 1630-1666.

Lata, S.; Nunn, P. Misperceptions of climate-change risk as barriers to climate-change adaptation: A case study from the Rewa
Delta, Fiji. Clim. Chan. 2012, 110, 169-186.



7/ land

Article

Assessing Climate Change Adaptation and Risk Management
Programmes: Stakeholder Participation Process and Policy
Implications for Transport, Energy and Tourism Sectors on the

Island of Sicily

Carmelo J. Leon !, Yen E. Lam Gonzalez !, Giovanni Ruggieri 2* and Patrizia Calo 3

Citation: Leon, C.J.; Lam Gonzélez,
Y.E.; Ruggieri, G.; Calo, P. Assessing
Climate Change Adaptation and
Risk Management programs:
Stakeholder Participation Process
and Policy Implications for
Transport, Energy and Tourism
Sectors on the Island of Sicily. Land
2022, 11, 1206.

https://doi.org/10.3390/land11081206
ISSN: 2073-445x

Academic Editor: Guoyu Ren
Received: 31 May 2022
Accepted: 27 July 2022
Published: 30 July 2022

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and institu-

tional affiliations.

Copyright: © 2022 by the authors. Li-
censee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and con-
ditions of the Creative Commons At-
tribution (CC BY) license (https://cre-

ativecommons.org/licenses/by/4.0/).

1 Institute of Tourism and Sustainable Economic Development, University of Las Palmas de Gran Canaria,
Campus de Tafira, 35017 Las Palmas de Gran Canaria, Spain; carmelo.leon@ulpgc.es (C.J.L.);
yen.lam@ulpgc.es (Y.E.L.G.)

2 Department of Economics business and statistics, University of Palermo Viale delle Scienze,

90128 Palermo, Italy

3 Observatory on Tourism for Islands Economy —OTIE, Via Emerico Amari, 38, 90139 Palermo, Italy;

research@otie.org

Correspondence: giovanni.ruggieri@unipa.it

Abstract: Climate change is a critical sustainability challenge for islands and their main economic
sectors. Rising sea levels, extreme temperatures, and drier conditions are the impacts with the most
significant potential to amplify the economic damage on islands. However, their isolation and nat-
ural conditions bring about some leeway to respond to climate impacts on their terms. This paper
aims to provide a local-level analysis and ranking of alternative adaptation pathways in an island
context through the stakeholders’ lens. This study reviews the latest advancements in adaptation
science and proposes a catalogue of adaptation and risk management options that feed a participa-
tory assessment and ranking by local stakeholders. The research was conducted on the island of
Sicily (Italy) and saw the participation of high-level experts and tourism, energy, and maritime
transport representatives. It employs a sequential process of four ordered steps oriented towards
adaptation planning and stakeholders’ engagement. The process reveals breaches between what
stakeholders” would prioritise when designing policy pathways and their opinion about the most
beneficial and balanced adaptation programmes across the sustainability criteria. Results indicate
that, according to stakeholders, the priorities are to prepare the energy, tourism, and maritime
transport sectors to confront future climate-related events more efficiently. Other transformational
actions to ensure long-term social-ecological resilience, which requires significant structural
changes and substantial investments, are not at the core of the public needs.

Keywords: climate change; island; adaptation; land ecosystems; resilience; sustainability

1. Introduction

Europe’s islands experience greater vulnerability to the risks of climate change (CC)
than the mainland, as recognised in the New EU Strategy on Adaptation to Climate
Change [1]. On the island of Sicily, the largest island in the Mediterranean Sea [2], the
main socio-economic sectors will be heavily affected by rising sea levels, extreme sea and
air temperatures, and drier conditions. Although there is a lack of information available
at the local level, significant changes are expected in land biodiversity, usable beach sur-
face, forest fire danger, droughts, and heatwaves at one point or another on the island [3—
7].
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Despite existing efforts, the island of Sicily lacks reliable information and monitoring
systems regarding the impact of CC at the island level and limited analysis of appropriate
adaptation programmes, hindering the successful implementation of climate actions. No
regional adaptation plans exist, and national approaches do not promote intelligent and
fast adaptation at the local level. That is, the opportunity to make informed decisions and
explore new developments that fully exploit the island’s potential [8].

In response, this paper aims to analyse and rank adaptation and risk management
programmes for the island of Sicily and define alternative pathways with local stakehold-
ers tailored to the island’s context. The study employed a mixed approach; we reviewed
the latest scientific advancements in adaptation science and proposed a catalogue of 72
adaptation and risk management options, representing the programmes used in the par-
ticipatory phase involving 32 stakeholders. A multi-criteria scale and a set of tools and
background information were utilised to facilitate the four-stage evaluation and ranking
process and reach a collective result.

It was assumed that the cost of adapting to CC could range from minimal to high and
require small or incremental changes to the significant transformation from the status quo.
Hence, we consider four possible adaptation trajectories: minimum intervention (APT A),
economic capacity expansion (APT B), efficiency enhancement (APT C), and system re-
structuring (APT D). In addition, the proposed policy trajectories cover three time-frames:
short-term (up to 2030), mid-century (up to 2050), and end-century (up to 2100). Among
the sectors exposed to CC relevant to the Sicilian economy, this study focuses on maritime
transport, energy and tourism for several reasons [8]:

(i) Palermoisa strategic Italian port for the Motorways of the Sea system by the Ministry
of Transport. In terms of port facilities, the island of Sicily exceeds the national aver-
age.

(i) Renewable sources are hydroelectric, photovoltaics and biomass; the solar potential
is recognised with higher productivity levels.

(iii) The island of Sicily’s sunny and dry climate, cuisine, and cultural and natural herit-
age has attracted increasing numbers of visitors worldwide, making tourism a sector
of great relevance for local development.

The main contribution of this research is its method and bottom-up approach since
top-down processes have been shown to lack the capacity to downscale the information
requirements to speed up climate actions on the island of Sicily. Therefore, the final set of
adaptation measures is framed by the island’s socio-economic context and ranked accord-
ing to sustainability criteria. At the same time, the involvement of key actors in the policy
design exercise may reduce the risk of low sensitiveness and motivation of local decision-
makers to lead a behavioural change.

This paper describes the current situation on the island of Sicily and the projections
related to climate change impacts, alongside the policy context of adaptation and risk
management. The methodology section highlights the workflow, the duration and the
tools utilised to guide the participatory process. The subsequent section describes the
analysis of the results by sector and discusses the findings and their managerial and policy
implications.

2. The Vulnerability of Islands to Climate Change

The effects of global CC are expected to vary in both magnitude and timing as well
as by geographic region [9]. The impacts are going to depend on the region. Island com-
munities are among the first and most adversely affected by the impacts of global CC [10]
because they share relatively larger coastal zones and feature valuable ecosystems and
natural environments, with a high level of species endemism, unique functional traits and
evolutionary patterns [11].

The scientific literature on CC provides a comprehensive understanding of the direct
impacts of a changing climate on islands, from the tropics to the polar regions [12].
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However, the well-known problem is that “climate models often provide coarse spatial
resolution for the case of small islands” [13]. These direct impacts include changes in the
atmosphere and the ocean’s physical and chemical parameters, leading to sea-level rise,
ocean warming acidification, and changes in extreme event patterns [13].

Estimates indicate that certain islands may disappear because of sea-level rise, while
others will face a considerable reduction in coastal areas, beaches, and land surface [9,14].
Other cascading consequences to which islands are particularly exposed are marine flood-
ing [13], shifts in species ranges due to (ocean and air) temperature, and precipitation
changes, leading to drier conditions and an increased frequency of heat waves and forest
fires [15].

These physical changes pose a challenge to the sustainability of tourism, energy, fish-
eries, aquaculture, and maritime transport, which are essential for islands, as sea-related
economic activities have always been key to their socioeconomic development [8,16,17].
At the same time, these activities on islands face different and often more significant struc-
tural challenges regarding, for example, the cost of products and services than in other
coastal regions [18]. Moreover, the public support and generation of funds needed to
maintain economic and social development follow different dynamics on islands than on
the European mainland.

Islands are also subject to more challenging adaptation processes than the mainland
due to their geographic remoteness, low economic diversification, and difficulties enjoy-
ing the scale advantages of human and economic agglomerations [19]. At the same time,
island communities are deeply connected in ways that facilitate islanders’ abilities to re-
spond to CC on their terms. The social homogeneity and cohesion, their condition as living
labs, and their openness to explore new development trajectories have proven to be effec-
tive in inducing greater flexibility and decision-making efficiency and favouring the im-
plementation of environmentally oriented policies that reduce both the exposure to exter-
nal economic fluctuations and the vulnerability to climatic disasters and CC [12].

However, with few exceptions, the progress of islands towards decarbonisation and
fast and smart adaptation to CC shows poor results [12]. This is so for three main reasons.
First, best practices at the island level are not well documented and disseminated to
benchmark for the rest of the islands [20]. Second, academics and governments still cannot
provide the massive amount of local information each island needs to implement policies
more efficiently [16,21,22]. Third, the existing studies fail to explain when and how adap-
tive capacity at the local level translates into effective adaptation action [21].

In this respect, the consensus clearly emphasises that adaptation is fundamentally a
local issue, and local involvement, participation and ownership are a central precondition
for successful implementation. Moreover, studies agree that adaptation is implemented
more effectively and efficiently when stakeholder perceptions and concerns about climate
risks increase [20]. Hence, this work responds to these implementation gaps by providing
a methodological framework for building up the basis for the analysis and ranking of ad-
aptation policies that account for the specificities and identify the peculiar challenges and
opportunities faced by the island under study in an ineludible step toward this goal. The
wide range of quantitative and qualitative information sources and experiences of the lo-
cal stakeholders’ contributed to raising awareness and reaching a collective view. In this
vein, the study may be seen as an analysis model that other islands and sectors can easily
implement.

3. Climate Change and Adaptation Response on the Island of Sicily

Located in the south of Italy, the island of Sicily is the largest and one of the most
densely populated islands in the Mediterranean Sea (see Figure 1). With its surrounding
islands, Sicily's island forms an autonomous Italy region [8,22]. The island is primarily
mountainous: 61% of the region consists of hills, 25% mountains, and 14% plains [22].
There is seismic and volcanic activity that is quite intense. It hosts Europe’s highest active
volcano, Mount Etna (3.350 m). The climate is subtropical and Mediterranean.
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Underground water and springs are plentiful. The rainfall is generally relatively poor,
especially at low altitudes and on the coast, where the landscape is semi-arid. Over 1000
m of altitude, snowfall can be abundant and frequent. For example, the Etna Volcano also
has snow in the summer due to the Atlantic currents, affecting the climate, especially be-
tween the end of July and August. Over the years, the natural vegetation of the island of
Sicily has been dramatically reduced by human influence, and forest land occupies only
4% of the territory nowadays [8,22-24].

Figure 1. The geographic location of the island of Sicily.

The island of Sicily’s sunny, dry climate scenery and the rich and unique natural and
cultural heritage —tangible, such as arts, architecture, and craftsmanship, and intangible,
such as cuisine, music, and literature —represent a relevant tourism resource and attrac-
tion for tourist flows to the island all year round, even if the peak season is from May to
September. Tourism is considered an important activity of great potential on the island of
Sicily. However, it represents a small share of regional GDP [24], mainly due to the limited
touristic capacity of the island and overall infrastructure [25]. Tourist infrastructure is the
island’s main weakness, constraining tourism’s economic exploitation [26].

Regarding energy, the island of Sicily is interconnected through high-voltage links
with the Italian mainland and Malta. Malta meets an essential share of its total electricity
demand via imports from the island of Sicily. More than 65% of electricity is supplied
through a high-voltage interconnector established in 2015. The Sicilian power supply sys-
tem features traditional thermal, hydro, biomass, PV, and wind plants. The island of Sicily
has significant solar potential, with high levels of horizontal irradiation. Expanding the
interconnection capacity has enabled exports from the island to the mainland and contrib-
uted to the fall in electricity prices [23].

Maritime transport is essential for the island of Sicily, particularly for the island’s
connection to the mainland, with minor routes connecting to small surrounding islands.

Making investments in upgrading and maintaining infrastructure is a priority con-
cern to improve the tourism and transport sector, as the current state hinders the efficient
movement of people and goods. As a “convergence” region, the island of Sicily has re-
ceived EU funding to improve mobility, focusing on railways, ports, and interconnecting
parts through highway or road networks [27].

3.1. Future Climate and Macroeconomic Impacts: Reference Scenario

The island of Sicily’s CC projections was reviewed by several sources, including
MED-CORDEX and CMIP5 Ensemble [6,7,28]. Climate models indicate that the island is
mainly affected by sea-level rise, extreme temperatures and drier conditions. Future cli-
mate conditions will thus have profound implications in terms of more prolonged
droughts and heatwaves, higher energy demand, beach losses, and increased forest fire
risk. For example, in the worst scenario (status quo), the sea level is projected to increase
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by 63 cm by the end of the century (2100), leading to an average beach surface loss of about
60% [6]. In the current climate, days with thermal discomfort on the island occur two
months per year. Still, heatwaves could become the norm by the end of the century, with
temperatures exceeding 35 °C for more than four months if no actions are implemented
[29].

Moreover, the island is expected to be severely affected by meteorological droughts,
exceeding the “very dry” conditions and fire danger thresholds [3,30,31]. This could lead
to unprecedented increases in water demand by island residents, tourists and agriculture.

Table 1 summarises the essential CC impacts on the island, along with the sources
they were extracted from. Considering that these changes are anticipated to be more pro-
nounced during the warm part of the year, the impacts on tourism and energy demand
will be more significant [8]. This information was synthesised and utilised as input for the
policy design exercise with stakeholders, explained in the following sections. All climate
impacts are estimated for two IPCC emissions scenarios: RCP2.6, a scenario that aims to
keep global warming likely below 2 °C, above preindustrial levels, and RCP8.5, a baseline
scenario without additional efforts to constrain emissions. Two-time horizons are consid-
ered: the near (2040-2060) and the distant (2080-2100) future, which reflect changes above
the reference period.

Table 1. Projections of climate-related impacts on land ecosystems and sectoral activities on the
island of Sicily.

Indicator Reference RCP2.6 RCP2.6 RCP8.5 RCP8.5 References
(1986-2005) (2045-2060) (2080-2100) (2045-2060) (2080-2100)
Mean sea level rise Allcm A23 cm A3l cm A 63 cm Leon et al., 2021
Reduced beach area V24% V34% V47% V61% [8]; Lionello et al.,
2019 [22]; Mariano
etal., 2021 [6];
Phanerogam surface Primo etal, 2019
. 966 km? 966 km? 966 km? 966 km? 693 km? [28]
(Posidonia) .
Lionello, P.;
Conte, D.; Reale,
M., 2019 [32]
Fire w(;a:::\l;e):l; index Lowrisk  Medium risk Medium risk  High risk Vergsllllgh Bacciu et al., 2021
T 3]
Humidity index
Number O’ny days per Conte et al., 2020
_ _ 52 d/y 68.5d/y 70.1d/y 74.1d/y 1187d/y  [33];Jordaetal,
year with humidex 2020 [5]
greater than 35 °C
Available water- SPEI ® 3
Standardised precipita- 0.00 0.6 -14 ' Dela Varaetal,
tion-evapotranspiration = Normal Normal ~06 Normal Medium dry Extremely 2020 [34];
. dry
index Soto-Navarro et al.,
Cooling degree days 2020 [7];
(CDDs) Zittis, 2018 [30];
Number of degree-days 210 DD 326 DD 314 DD 454 DD 746DD  Zittis et al., 2019
with air temperature [31] and 2021 [29].
higher than 20 °C
Port damages ¥0.04% V¥0.04% ¥0.10% ¥0.12%
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In terms of decreased

GDP Kajan and Saari-
Electricity consumption 172019 nen, 2013 [35];
Desalination and cool- ) A10.5% A31% A253% A43.5% Leon et al., 2021
. GWh/year
ng [8];
Tourism expenditure av.p/person Vrontisi et al., 2022
% change from refer- /¥ ¥7.2% v100%  V138%  V384% [25]

ence case

(EUR 1180)

2 An FWI system provides numerical non-dimensional ratings of relative fire potential for a gener-
alised fuel type (mature pine stands) based solely on weather observations. The scale ranges from 0
to 1, from the lowest interval of 0-0.2 (very low danger) to the highest of 0.8-1.0 (very high). The
categories vary greatly among subareas (NUT3). ® SPEI is a representative indicator of increased
water demand, indicating available water stored in dams or underground resources; it ranges from
-2 (extremely dry) to 2 (extremely humid).

In their studies, Leon et al. (2021) [8] and Vrontisi et al. (2022) [25] examined the im-
pact of CC on the Sicilian regional economy for different future climate scenarios. This
macroeconomic analysis simulates future changes in GDP, private consumption, invest-
ments, exports and imports, sectoral activities, and employment [25]. Looking further into
the results for the island of Sicily, the studies reveal an increased energy demand for cool-
ing buildings and for the production of more water, which is necessary to maintain the
living conditions of the domestic population and tourists.

This research highlights that the potential increased electricity demand could be
partly satisfied by imports, while the domestic electricity network will probably handle
the rest. This will require additional cooling equipment and higher utilisation of existing
cooling systems. Hence, further investments to increase capacity are needed for the island,
and the sectors actively engaged in this process, such as construction and market services,
will increase [25].

According to Vrontisi et al. (2022) [25], reducing tourist expenditure will decrease the
island’s private consumption, investments, and trade deficits. The latter will originate
with decreased imports (due to an overall decrease in domestic demand) and increased
exports. Reduced demand for labour in tourism-related industries is expected to exert
negative pressure on wages, which will benefit other sectors - mainly those that employ
labour intensively.

The study concludes that CC hurts the regional economy because the macroeconomic
impacts are more sensitive to higher emission patterns (RCP8.5), decreased tourism, and
an increased need for electricity. The simulation results indicate that tourism is amongst
the sectors that will experience the steepest decline in activity levels. In contrast, the elec-
tricity and construction sectors could record increased activity levels [35].

The cumulative reduction of GDP over the period 2040-2100 is estimated to be 0.54%
in RCP2.6 and 2.6% in RCP8.5. Increased investment in the energy sector will lead to
higher capital prices and result in a loss of competitiveness. In addition, the high invest-
ment in energy needed for additional cooling outweighs smaller consumption losses [25].

3.2. Adaptation Policy Context

Adapting to CC can be based on uncoordinated ad hoc choices and the actions of
individuals and stakeholders or collective decisions, with numerous efforts coordinated
at various levels—local, regional, national, or supranational [36] —that respond to sectoral
vulnerabilities [37,38]. Adaptation also requires multidisciplinary knowledge and shared
responsibility coordinated between governmental and non-governmental actors in differ-
ent policy areas [39].

Italy has been dedicated to supporting and providing a robust analytical basis for the
National Integrated Energy and Climate Plan (2018). The plan includes a BASE scenario
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that describes an evolution of the energy system with current policies and measures and
a PNEC scenario that quantifies the strategic objectives for 2030. In this vein, using renew-
ables and promoting energy efficiency are the leading measures envisaged to achieve the
climate objectives of the country. The latest National Plan of Adaptation to Climate
Change (PNACC), launched in July 2017, identifies and discusses the main objectives to
be pursued and the necessary steps for each socio-economic sector of interest. From the
sector analysis, over 350 actions are proposed in a single database containing detailed an-
alytical information for each step and different selection keys to allow easy search and
consultation.

At the regional level, in 2019, the Regional Department of Agriculture defined the
guidelines to launch a regional strategy for adapting agriculture to CC. It was realised
within the LIFE project “Adaptation to climate change impacts on the Mediterranean is-
lands” agriculture— ADAPT2CLIMA” as an associate beneficiary [40]. In the same year,
the Sicilian Region defined a regional action strategy to combat desertification [41], a doc-
ument developed with the support of the Technical Committee Scientific ex-art. 3 of the
Lr. 8 May 2018 n. 8. The overall objective of the strategy is to define a unified governance
model based on multi-sectoral and multi-level approaches, ensuring a guidance frame-
work concerning the spatial planning and hydrogeological risks of the priority agricul-
tural, forestry, and resource sectors. The actions to implement the strategy were based on
the National Action Plan (NAP) Drought and Desertification Control Programme and the
national adaptation strategy for climate change (SNAC).

Moreover, the actions reflect the sustainable development objectives defined by UN
Resolution 25 September 2015 in Transforming Our World: Agenda 2030 for Sustainable
Development. Agenda 2030 is a programme of action with 17 selected goals to reach sus-
tainable development, further articulated into 169 economic, environmental, social, and
institutional sub-objectives. This document stresses the need for an integrated vision of
the different dimensions concerning economic development, environmental protection,
and human and social rights. The actions aim to arrest biodiversity loss, protect environ-
mental resources and services, and fight and mitigate CC effects to protect and improve
terrestrial and aquatic ecosystems.

There is limited information on CC impacts in the island context (i.e., Sicily and Sar-
dinia). No adaptation plans were implemented in the past to identify necessary and spe-
cific measures for the local context. Regional governments are characterised by a weak
understanding and awareness of the features and dissimilarities of CC impacts on islands
compared to the mainland [8]. In addition, some documents highlighted inadequate allo-
cation of funds from the national to the local level, a lack of locally relevant and practical
information about potential impacts, limited financial resources for both medium-sized
organisations and local governments, and low climate culture of the organisations [40,41].

As previously highlighted, in recent years, thanks to the island of Sicily’s participa-
tion in the European project ADAPT2CLIMA, the effectiveness of some of the PNACC
actions was analysed in a simulated scenario of decreasing climate-related vulnerability
of the agriculture sector. The process helped to understand the importance of stressing
more specific actions at the island level. Available solutions for the mainland are designed
for homogeneous areas, and their implementation may not be efficient in particular con-
texts. Other limitations and barriers to implementing such measures on the island are re-
lated to national organisations and local governments’ capacities and different priorities
[40].

4. Methodology

The participatory process was conducted in four steps, strictly oriented toward stake-
holders’ engagement and promoting local adaptation action [42]. Presenting and discuss-
ing the background material was step 1. It laid the groundwork for the policy design ex-
ercise as it defined the picture of future climate scenarios for the island and their potential
impact on the local socio-economic system. An extensive review of the available literature
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was required before this stage. Additional effort was dedicated to translating scientific
results, complex data, and maps into infographics and fact sheets, with images and words
to facilitate the comprehension of non-experts” and their interpretation of the information.
The information was presented to stakeholders at an introductory event in which we also
explained the analysis to be carried out.

Step 2 was devoted to the stakeholders’ analysis of a catalogue of adaptation and risk
management options, including 72 programmes (24 per sector). The programmes were
adapted from the available literature on CC adaptation. At this stage, pre-defined criteria
were established to evaluate these programmes’ appropriateness and sustainability po-
tential in the study context. This step was conducted at the sector level by organising
workshops. Stakeholders were experts from local universities and research centres, public
offices and agencies, and local sectoral associations. The sample included the stakeholders
who agreed to cooperate on a volunteer basis.

Designing sector adaptation pathways was step 3. This was done through an online
tool, similar to a questionnaire, that collected individual preferences for adaptation pro-
grammes that represented, according to stakeholders, a priority concern for the island in
the short term (until 2030), mid-term (mid-century-until 2050), and long term (end of the
century until 2100). Four possible scenarios of policy ambition (APTs) were constructed,
aiming to obtain different packages of ranked programmes. Frequency analysis was ap-
plied to the stakeholders’ responses. Results, aggregated by sector, were presented in a
plenary session to identify cross-sector win-win situations (i.e., actions that would yield
positive adaptation across some or all sectors) and, when possible, their decarbonisation
performance (i.e., how each pathway will address measuring decarbonisation targets for
the region).

Step 4 covered the pathway sustainability evaluation, allowing for a comparison be-
tween the final APTs and time frames in a radar graph. Figure 2 presents the methodo-
logical framework designed for the participatory process, the flow of information, and the
sequence of methods performed to support the creation of local pathways.

1. Background material

2. Adaptation Options

3. Pathway selection

Biophsical and
Socioeconomic
indicators

Identify and describe
Characterization using
sustainability criteria

Adaptative Policy
Trajectories (APT)
Classes of Adaptation

Time frames

U

@ Altermative Adaptation

Pathways

4 Pathway sustainability performance

Figure 2. Methodological framework.

In total, 32 stakeholders were involved in this process. The profile involved policy-
and decision-makers and practitioners, representing 44% of the sample; non-governmen-
tal and civil society organisations (16%); science experts (25%); and private parties, busi-
ness operators, and sector regulators (15%). This process took two years, from June 2018
to March 2021. This was mainly because the COVID-19 pandemic appeared in the middle
and stopped the process, which required a new and different start. The original plan was
to hold only physical workshops and face-to-face questionnaires. In reality, a significant
part of the process was redone and organised through online sessions, some in plenary
with all stakeholders and others as sectoral workshops. This change also required dedi-
cated resources to create a robust online support tool to collect individual views
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efficiently. The rationale of the COVID-19 contingency plan was to make it as easy as pos-
sible for stakeholders to carry out the proposed work without seriously compromising the
scientific quality of the outcomes.

4.1. Catalogue of Adaptation and Risk Management Options

As mentioned before, the second step required the catalogue of programmes to be
constructed, hence the policy options for the stakeholder analysis. In this vein, the Inter-
governmental Panel on Climate Change (IPCC) proposes the use of RCP scenarios, which
express starting atmospheric conditions for the CC models; SSPs that compile predefined
packages of future socioeconomic contexts; and SPAs that include climate policy goals,
policy regimes and measures, and implementation limits and obstacles [43,44].

A review of European adaptation literature and best practices was undertaken to cre-
ate an outstanding catalogue to guide stakeholders’ discussions on local benefits. The first
significant source to start building this list was the Climate-ADAPT database (2022) [45],
and the second was specific CC policy studies [46-51].

The main challenge in this phase was downscaling the programmes to the local scale.
Indeed, several failures remain, as the proposed programmes neither ascertain the specific
way in which a policy can be implemented nor the particular technologies nor invest-
ments needed (i.e., the beach protection programme through coastal defence infrastruc-
ture does not identify which specific structure is the most appropriate, which can vary
from one point of the coast to another).

The adaptation and risk options/programmes were classified following Suckall et al.
(2018) [52]. They considered three main strategic vectors for climate adaptation and resil-
ience of any sector:

(i) Vulnerability reduction (VR): Programmes to reduce socio-economic vulnerability
based on the five capitals of the sustainable livelihoods approach [47].

(if) Disaster risk reduction (DRR): Programmes developed through the Hyogo and Sen-
dai frameworks [52,53].

(iif) Socio-ecological resilience (SER): Programmes that affect socio-ecological resilience,
including millennium ecosystem assessment (MEA) and Common International
Classification of Ecosystem Services (CICES) [46,47].

Table 2 presents the distribution of the proposed programmes by sector and strategic
vector, with the primary sources they were adapted from. The Supplementary Material
includes the final catalogue of the 72 adaptation and risk management options utilised in
this study and their characterisations.

Table 2. The number of adaptation programmes under analysis by a strategic vector (columns) and
sector (rows).

. . Disaster Risk Reduction Socio-Economic Resilience
Vulnerability Reduction (VR) (DRR) (SER)
Maritime 10 programmes 8 programmes 6 programmes
transport Prog Prog Prog
Energy 10 programmes 8 programmes 6 programmes
Tourism 10 programmes 8 programmes 6 programmes
Alfieri, L. et al. (2012) [58]; Ay- .
Bitner-Gregersen et al. (2018) ferl, L. etal. ( ) ] oy Apsley et al. (2009) [67]; Arias-
X oub et al. (2018) [59]; Crainic et . X
[47]; De Bruin et al. (2009) [53]; ] Gaviria (2019) [46]; Bitner-
De Sisternes et al. (2016) [54]; - (2009 [60]; Chhetri. etal. = o o etal. (2018) [47]; Ig-
Reference ‘ " (2015) [61]; Cuce at al. (2016) & ' 8

Lehr et al. (2012) [55];
Scott et al. (2013) [56];
Taneja, et al. (2012) [57]

lesias and Abanades (2017)
[48]; Lund and Chiasson (2007)
[68]; McNally and Natanzi

[62]; Hammett and Mixter
(2017) [63]; de Bruin (2009)
[53]; Stahlhut et al. (2008) [64];




Land 2022, 11, 1206

10 of 23

Erol-Kantarci et al. (2011) [65]; (2018) [49]; Water Research La-
Chen et.al (2015) [66]; Zhang boratory (2022) [69]
al. (2017) [51]

With the programmes being pre-defined, the stakeholders in each sector group con-
tributed to their final characterisation. The sectoral groups were thus invited to analyse
the pertinence of each programme and its sustainability potential. They could also pro-
pose new programmes not initially included in the catalogue at this stage.

Following Haque (2016) [70] and Verkerk et al. (2017) [71], five criteria were defined
to evaluate the programmes, as shown in Table 3. The first criterion refers to cost efficiency
(1 = low cost-efficiency; 4 = high cost-efficiency). It relates to the programme’s ability to
address current or future climate hazards/risks in the most economical way. The pro-
gramme’s ability to reduce emissions and minimise trade-offs with mitigation objectives
was also considered relevant, together with the analysis of the current capacity on the
island to implement the programmes (technical applicability). According to the stakehold-
ers’ views, the criterion of social acceptability refers to the potential acceptance of the pro-
gram by civil society and policymakers. This information was utilised for the sustainabil-
ity analysis of the final pathways, which is explained in the following sections.

Table 3. Criteria and scale are utilised to evaluate the sustainability potential of programmes.

Criterion

Description Measurement

Cost-efficiency

Ability of proposed programme to efficiently

. . 1 = very low cost-efficiency; 4 = ver
address current or future climate hazards/risks Y y y

. . high cost-efficiency
in most economical way

Environmental protection

. . . 1 = very low environmental protection;
Ability to protect environment, now and in the Y P

4 = very high environmental protec-
future y g P

tion

Mitigation (GHG emissions)
win-win and trade-off

1 = very high trade-off with mitigation
goals; 4 = very high mitigation win—
win and low trade-off

Current ability to meet (win—win) or not
(trade-off) island’s mitigation objectives

Technical applicability

Current ability to technically implement pro- 1 =very low technical applicability; 4 =
posed option/programme very high technical applicability

Social acceptability

1 =very low social acceptability; 4 =

Social acceptability of option/measure very high social acceptability

4.2. Designing Sector Adaptation Pathways

Adaptation pathways usually capture policy preferences in a given time and context
[52]. In this study, four adaptation pathway trajectories (APTs) were delineated as scenar-
ios of policy ambition in terms of investment and commitment [71,52]. Therefore, it was
assumed that stakeholders’ preferences for programmes could be grouped from minimal
to high-cost scenarios and from requiring a small to a significant change above the status
quo [52].

Table 4 summarises the four APTs scenarios considered. Each APT has a specific nar-
rative, adapted from Kebede et al. (2018) [72], Suckall et al. (2018) [52], and Hall et al.
(2016) [73]. Minimum intervention APT A corresponds to a general approach in which
climate actions continue to follow the tendency of historical levels of investment, where
policies respond more exclusively to urgent needs protecting citizens and lives at a lower
cost. Economic capacity expansion APT B focuses on planning the increasing investment
in infrastructure capacity for the long-term resilience of the sector. Efficiency enhance-
ment APT C may include actions to optimise the performance and efficiency of the current
system, targeting both supply and demand and the deployment of technological
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innovations. Finally, system restructuring APT D groups highly transformational actions
with a high level of investment and an increased commitment to significant policy change.

Table 4. The APT A,B,C,D, explanation.

Assumes a no-regrets strategy where the lowest cost adaptation poli-
cies are pursued to protect citizens from some climate impacts. Ad-
dresses those areas where maximum impact can be achieved for the

APT A
Minimum intervention

(low investment/low commitment)
lowest cost.

Focuses primarily on encouraging climate-proof economic growth
APT B but does not seek to make significant changes to the current structure
Economic capacity expansion  of the economy. Requires a high level of investment to prepare the
(high investment/low commitment) economy for future change but does not aim to reorient the economy
or create significant change.

Based on an ambitious strategy that promotes adaptation consistent
with the most efficient management and exploitation of the current

system, looking at ways of distributing labour, balancing livelihood
choices, and best-utilising ecosystem services to enhance livelihoods

APT C
System efficiency enhancement
(medium investment/medium com-

mitment) and well-being under climate change.
Embraces fundamental pre-emptive change at every level to com-
pletely transform the current socio-ecological and economic systems
APT D and thus change the social and physical functioning of archipel-
System restructuring ago/island sectors. Has a guiding belief that significant/radical land-

(high investment/high commitment) scape and societal modifications are justified to create long-term sys-
tem restructuring despite the short-term costs among some social
groups or economic sectors.

In the next phase (step 3), stakeholders were presented with a full explanation of the
APTs to encourage thinking about different portfolios of ranked adaptation programmes.
If one stakeholder could not analyse one APT scenario, it would be omitted, which was
not the case. Hence, stakeholders selected the programmes they considered priority ac-
tions in each time frame (short-term, up to 2030; mid-century, 2030-2050; end-century,
2050-2100), as shown in Figure 3. The process was carried out for each APT scenario and
sector independently, supported by an online tool that facilitated the exercise. The analy-
sis was carried out by stakeholders individually. If a stakeholder was part of all three
sector groups, they made 216 choices. All programmes selected within each time
frame/APT were subject to frequency analysis.



Land 2022, 11, 1206

12 of 23

Motivation

Adaptation Options/Measures

PERREE

Current (up to 2030) Mid-Term (up to 2030) Long-Term (up to 2100)

PP e

Figure 3. Theoretical representations of stakeholders’ choices in the policy design exercise.

TooL

Hence, the final APTs obtained for each sector were formed with the most frequently
chosen programmes. If a program was selected by at least 50% of the stakeholders in a
specific time frame and APT, it was included in the pathway. The results were refined
during a meeting with all sector representatives to capture inconsistencies and mutual
benefits.

5. Results

The results are presented in two outputs per sector: (i) selected adaptation pathways
(APTs) and (ii) sustainability evaluation. The first refers to the composition of the four
final pathways per sector (from APT A to APT D) by incorporating the most frequent
responses in each time frame. As expected, each APT comprises programmes representing
a particular combination of priorities and commitment, which generally leads to a specific
involvement level and policy ambition. Secondly, each pathway’s sustainability potential
is analysed by aggregating the average scores of the five sustainability criteria explained
in Section 3.1.

5.1. Maritime Transport

The final adaptation pathways for the maritime transport sector are presented in Ta-
ble 5. Pathways are significantly heterogeneous across the four APTs. Generally, the pro-
gramme “Integrate ports in urban tissue” (MT7, socio-ecological resilience) received the
highest level of concordance at 83%, followed by “Intelligent transport systems” (MT21,
risk reduction) and “Refrigeration, cooling and ventilation systems” (MT13, vulnerability
reduction), both at 75%.

APT A (low commitment) is characterised by the presence of programmes related to
infrastructure protection (MT6), awareness campaigns (MT9), preparedness for delays
and cancellations due to climate events (MT22), re-design of ports (MT18), and service
management (MT 23) to confront climate-related impacts and maintain ports” operability
in worsening future climate scenarios. Meanwhile, APT C and D add more ambitious pro-
grammes and propose more marine-friendly coastal protection infrastructures that can act
as a source of wave energy production (MT3,4), thus combining adaptation with emis-
sions reduction.

As expected, programmes to reduce vulnerability (VR) and increase resilience capac-
ity (SER) have a more significant presence in APT C and D. Finally, climate-proof ports
and activities (MT17) were the programmes more frequently chosen by stakeholders in all
APTs, indicating that this should be considered a priority in all policy scenarios. Creating
an intelligent transport system (MT21) only appears in the low investment scenario (APT
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A). According to stakeholders, the island has sufficient technical capacity to implement
this programme in its current situation.

Table 5. Alternative adaptation pathways for the maritime transport sector.

ID

Strategic | APTA | APTB APTC APTD

Programmes
vector

SMLISMTUL|S M LIS ML

MT1

Insurance mechanisms for ports B D

MT2

Financial incentives to retreat from high-risk areas

MT10

Social dialogue for training in the port sector A

MT9

Awareness campaigns for behavioural change A

W W |w
o|0|C

MT11

Diversification of trade using climate resilient commodities

MT12

Climate resilient economy and jobs

VR

MT13

Refrigeration, cooling and ventilation systems

o}

MT14

Restrict development and settlement in low-lying areas

N0 nnnn

MT16

Increase operational speed and flexibility in ports

MT15

Sturdiness improvement of vessels

MT17

Climate proof ports and port activities A

MT18

Consider expansion/retreat of ports in urban planning

W W |W =

>

MT20

Early Warning Systems (EWS) and climate change monitoring

MT19

tures

Reinforcement of inspection, repair and maintenance of infrastruc-

0 00N
w)

DRR

MT21

Intelligent Transport Systems (ITS)

MT22

Prepare for service delays or cancellations

MT24

Post-Disaster recovery funds

MT23

Backup routes and infrastructures during extreme weather

> >

MT4

Combined protection and wave energy infrastructures

MT3

Marine life friendly coastal protection structures

g |T|T T

>
=

MT6

Coastal protection structures

MT5

Hybrid and full electric ship propulsion B

SER

MT7

Integrate ports in urban tissue

>
=]
NnnNnnn

MT8

Ocean pools

C

Note: VR, vulnerability reduction; DRR, disaster risk reduction; SER, socio-ecological resilience.
Each APT (A, B, C, D) is represented in 3 time-frames: S, short-term (up to 2030); M, medium-term
(up to 2050); and L, long-term (until 2100). Coloured boxes show the final programs that formed
each APT: blue: APT A; green: AT B; orange: APT C; purple: APT D.

Figure 4 presents the results of the sustainability evaluation. The radar graph utilises
the mean scores of the five sustainability criteria for the group of programmes that formed
each APT and time frame. Only short- and long-term results are shown in the graphic.

In general, all four APT scenarios exhibit similar rankings; relatively high social ac-
ceptability and technical applicability of the programmes selected and low performance
in terms of environmental protection. This means that stakeholders tend to choose pro-
grammes they consider to generate the maximum impact for the lowest cost in the island’s
current situation and better prepare the sector to deal with climate events. For example,
APT C has the best sustainability performance, considering the five criteria in the longer
term. It received the highest average scores in the cost-efficiency, environmental protec-
tion, and mitigation potential scales. This is because APT C includes programmes such as
MTS5 that propose the electrification of vessels. At the same time, APT A and B are more
devoted to preparing vessels for sea storms (MT15) or using information systems to alert
ships of CC hazards earlier (MT21), in which there is no direct environmental protection
but by sector.



Land 2022, 11, 1206

14 of 23

Short Term

(a)

Social
Acceptability

Technical
applicability

The same occurs in the short term, where APT D has the best sustainability perfor-
mance, as it includes more adaptation programmes with the potential to reduce emissions
(i.e, MT4).

Long Term

Cost Efficiency Cost Efficiency

(b)

Environmental
protection

Environmental Social
protection Acceptability

win-wins an - -
licabilit
trade-offs appiicabiity trade-offs
B C D A B C D

Figure 4. APT sustainability evaluation. (a) Sustainability evaluation of APTs in the short term; (b)
sustainability evaluation of APTs in the long term. Note: The sustainability potential of each pro-
gramme was measured by a 4-point scale and considering five criteria: cost-efficiency, environmen-
tal protection, mitigation (GHG emissions) win-win and trade-off, technical applicability, and social
acceptability (see Section 3.1).

5.2. Energy

Table 6 presents the final adaptation pathways for the energy sector on the island of
Sicily. Overall, APTs are characterised by heterogeneity concerning programmes and stra-
tegic vectors of significant concern. As expected, programmes aiming to increase social-
ecological resilience are concentrated in more ambitious policy scenarios (APTC-D). At
the same time, APTA is more devoted to preparedness and recovery in extreme events
(DRR) cases. Hence, using waste heat from power plants for heating pools (E8) is the pro-
gramme most frequently chosen within APT C and D, while in APT A, more operational
actions were often selected by stakeholders, such as E22 (energy independency, 67%), E23
(energy recovery microgrid, 56%), E21 (study and develop energy grid connections, 56%),
and E17 (review building codes of the energy infrastructure, 56%). On its side, APT C is
characterised by a broader awareness of the need to reduce vulnerability and increase
social-ecological resilience in the medium- and long-term.

All APTs propose the creation of green jobs and businesses (E9) and the review of
building codes and generators (E17) for all time frames to reduce the vulnerability of the
sector (VR). However, stakeholders consider the commitment to raise public information
and knowledge about climate actions in the energy sector as secondary (E10), given the
low frequency of responses. The promotion of educational gardens (E7) is not a priority
since it was not chosen by any APT.
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Table 6. Alternative adaptation pathways for the energy sector.

ID

Strategic | APT A APT B APT C APT D

P
rogrammes vector |S|M|L|S| M |L|S|M|L|S | M|L

Financial support for smart control of energy in houses
E2 | and buildings

El | Financial support for buildings with low energy needs

E9 | Green jobs and businesses A

E10 | Public information service on climate action A

W W= =
g|g|g| ©

E11 | Small scale production and consumption VR

E12 | Risk reporting platform

E13 | Energy storage systems

E14 | Collection and storage of forest fuel loads

Nnionninin

T|o

E16 | Demand Side Management (DSM) of Energy

E15 | Seawater Air Conditioning (SWAC).

E17 | Review building codes of the energy infrastructure

E18 | Upgrade evaporative cooling systems

> >
W ® | W=
g|C

E20 | Grid reliability

E19 | Early Warning Systems (EWS)

NN

E21 | Study and develop energy grid connections

DRR

E22 | Energy-independent facilities (generators)

E23 | Energy recovery micro grids

E24 | Local recovery energy outage capacity

E4 | Underground tubes and piping in urban planning

E3 | Energy efficiency in urban water management

e
(wlivlivliw)

=]

E5 | Biomass power from household waste B

E6 | Urban green corridors

SER

o/

E8 | Heated pools with waste heat from power plants

elielielielie]

E7 | Educational garden plots C

Note: VR, vulnerability reduction; DRR, disaster risk reduction; SER, socio-ecological resilience.
Each APT (A, B, C, D) is represented in 3 time-frames: S, short-term (up to 2030); M, medium-term
(up to 2050); and L, long-term (until 2100). Coloured boxes show the final programs that formed
each APT: blue: APT A; green: APT B; orange: APT C; purple: APT D.

Figure 5 presents the sustainability analysis results by calculating the mean scores of
the five sustainability criteria for every group of programmes that formed the APTs. Alt-
hough stakeholders were aware of the most beneficial and balanced adaptation pro-
grammes across the sustainability criteria, the priorities in policy design are dominated
more by the aim of public acceptance and the maximum impact for the lowest cost.

For example, when stakeholders evaluated the sustainability potential of the energy
programmes, the collection and storage of forest fuel loads (E14) received higher average
scores than the operationalisation of energy microgrids (E23), which aim to prepare sys-
tems for power outages caused by knock-out events and excess demand (e.g., during heat
waves). However, the latter was chosen as a priority measure in APT A by 56% of the
stakeholders, while E14 was only by 22% in the APTD. This can be explained by the vast
amount of resources and cross-sectoral collaboration required in maintaining woods, in-
creasing the spacing between trees and reusing materials for energy (pellets, biogas).

Although few in number, other programmes such as E8 (heated pools with waste
heat from power plants) were considered with excellent sustainability potential and were
highly preferred in the policy design, given their potential to increase tourist attraction to
the destination. This type of result enriched by the cross-sectoral discussion highlights the
relevance of cost efficiency and social acceptance for stakeholders.
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Figure 5. APT sustainability evaluation. (a) Sustainability evaluation of APTs in the short term; (b)
sustainability evaluation of APTs in the long term. Note: Sustainability of proposed programs was
measured on a 4-point scale considering five criteria: cost-efficiency, environmental protection, mit-
igation (GHG emissions), win-win and trade-off, technical applicability, and social acceptability (see
Section 3.1).
5.3. Tourism

Table 7 presents the final structure and composition of the APTs for the tourism sec-
tor. Moreover, significant attention is drawn in this sector toward a more practical and
operational approach to adapting existing processes and management. Programmes re-
lated to modelling and forecasting (T4), tourism diversification (T9), and drought man-
agement (T18) were chosen in all four APTs by more than half of the stakeholders, which
means that they are priority concerns.

Specifically, concerning vulnerability reduction (VR) objectives, the results indicate
that stakeholders are centred on natural, social, and physical capital rather than financially
related programmes. Especially in APT C, the goal is to address a circular economy system
and more sustainable tourist activities.

Table 7. Alternative adaptation pathways for the tourism sector.
Strategic | APT A APT B APT C APT D
ID Programmes
Vector |S|M|L| S | M M M| L
T1 | Economic Policy Instruments (EPIs) B D
T2 | Financial incentives to retreat from high-risk areas B D
T9 | Activity and product diversification A B C D
T10 | Public awareness programmes A B C D
T11 | Local circular economy VR C
T12 | Tourist awareness campaigns C
T13 | Local sustainable fishing C D
T14 | Water restrictions and grey-water recycling C D
T15 | Beach nourishment B
T16 | Desalination B
T18 | Drought and water conservation plans A B C D
T17 | Coastal protection structures A B C D
T19 | Mainstreaming Disaster Risk Management (DRM) C
T20 | Using water to cope with heat waves DRR C
T22 | Health care delivery systems A
T21 | Fire management plans A
T24 | Pre-disaster early recovery planning A D
T23 | Post-Disaster recovery funds A D
T4 | Monitoring, modelling and forecasting systems SER A B C D
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T3 | Adaptation of groundwater management A B C D
T6 | River rehabilitation and restoration B C
T5 | Dune restoration and rehabilitation B C
T7 | Adaptive management of natural habitats C
T8 | Ocean pools C

Note: VR, vulnerability reduction; DRR, disaster risk reduction; SER, socio-ecological resilience.
Each APT (A, B, C, D) is represented in 3 time-frames: S, short term (up to 2030); M, medium-term
(up to 2050); and L, long term (until 2100). Coloured boxes show the final programs that formed
each APT: blue: APT A; green: APT B; orange: APT C; and purple: APT D.

To manage disaster risks (DRR), the results highlight a significant preference for
coastal protection (T17) and water conservation plans (T18). Within the programmes ad-
dressing socio-ecological resilience (SER), the adaptive management of natural habitats
was considered a priority for most stakeholders in APT C, indicating that this is crucial
for promoting efficiency in adaptation investment.

Figure 6 presents the sustainability analysis results by calculating the mean scores of
the five sustainability criteria. The four APT scenarios have similar sustainability results
from the short to long term, with social acceptability and technical applicability showing
the best results for all APTs. In APT A, stakeholders prioritise programmes that provide
the sector with security and new directions to maintain its economic performance (e.g.,
coastal protection structures, diversification of the tourism economy, etc.). Scenarios APT
B and APT C show more balanced results for all sustainability criteria. Finally, high in-
vestment and commitment to CC (APT D) requires implementing more ambitious pro-
grammes in terms of environmental protection and win-win mitigation scenarios without
forgetting the social and technical aspects (e.g., greywater recycling, T14).

(a) Cost Efficiency (b)

Cost Efficiency

Social
Acceptability

Environmental Social
protection Acceptability

Environmental
protection

Mitigation
win-wins and
trade-offs

A B C D A B C D

Mitigation
win-wins and
trade-offs

Technical
applicability

Technical
applicability

Figure 6. APT sustainability analysis. (a) Sustainability evaluation of APTs in the short term; (b)
sustainability evaluation of APTs in the long term. Note: Sustainability of proposed programs was
measured by a 4-point scale considering five criteria: cost-efficiency, environmental protection, mit-
igation (GHG emissions) win-win and trade-off, technical applicability, and social acceptability (see
Section 3.1).

6. Policy Discussion

With policymakers ultimately being the ones who are expected to make correct use
of this research, we attempted to maximise its policy orientation by reaching a compro-
mise between simplicity and scientific relevance that proved to be highly appreciated
[70,71]. We analysed and ranked CC adaptation programmes for tourism, energy and
maritime transport and proposed alternative adaptation pathways for the case of the is-
land of Sicily through the lens of high-level sectoral representatives, academics, and ex-
perts. These primary outlines are considered the first and most essential attitudes to be
prepared at the local level for future climate scenarios. When top-down governance sys-
tems prevail, as with the island of Sicily, there is often a lack of communication-related to
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climate change impacts and a lack of empowerment of local decision-makers, which in-
creases the risk of adaptation [72-74]. In this vein, the policy implication of the study is
twofold. First, the production of precise and adapted information at a local level by ena-
bling cooperation between science and society to raise awareness about the urgent need
to deal with climate change issues in more efficient terms; second, the engagement process
carried out can be seen as a step towards speeding up the transition from identifying
adaptive capacities to designing adaptation policies in terms of long-term sustainability
and social-ecological resilience.

The participatory process also provided information about critical areas that need to
be addressed at a local level, such as the incomplete understanding of vulnerability di-
mensions and leeway for adaptation [12,21,42,75]. It also allowed us to discuss priority
risks, other islands, and new opportunities for the island of Sicily from a multidisciplinary
perspective [24,25,75]. Some climate risks for the island of Sicily are expected to be lower
than for other European islands farther from the mainland [76,77]. In addition, although
the island of Sicily is significantly exposed to marine habitat degradation, there is more
potential to offer viable substitutes for marine and tourist activities, thanks to the island’s
extraordinary endowment of assets. Indeed, the island of Sicily presents a balanced array
of tourist offerings [26], including a wide range of cultural, social, landscape, gastronomic,
and historical resources that ensure the tourism activity is not strictly dependent on the
marine environment, as well as being more resilient [4,44] to the risk of seawater heating
[35].

More details about spatial hotspots were revealed, which allows for an in-depth char-
acterisation of the adaptation programmes (i.e., to which tourism products the island
should be diversified). Moreover, some priority measures proposed for the energy sector
were considered beneficial for tourism, such as enabling energy microgrids and using
waste heat from power plants for heating pools. Hence, considering that transparency and
case-specific information is crucial for ensuring a higher commitment to effective adapta-
tion planning [52], this study has significantly contributed to building up the basis for
improved climate actions at a local level.

The most challenging task was putting the stakeholders into the context of different
scenarios of policy ambition. This task was highly demanding but significantly improved
the stakeholders’ experience with the process. An excellent understanding was achieved
when the APTs’ rationale was scaled down with shorter descriptions, images, and real-
world examples [52]. The results demonstrate that stakeholders correctly understood the
diverse policy directions when making their choices. For instance, they selected more pro-
grammes that provide general solutions for protecting citizens and capital needs; highly
diversified activities; and responses to potential damage to economic activities in the low-
commitment scenario, APT A. In APT B (economic capacity expansion), we see that many
resources (investments) are used to deal with climate risks and thus expand the capacity
of protection from risk. For example, coastal flooding is dealt with by building ever larger
heavy protections that prevent the impact of physical force. In APT C, more efficient so-
lutions are selected, implying fewer resources but requiring more engagement. In APT D
(system restructuring), where high investment and engagement are necessary, we fre-
quently find measures with the potential to enhance socio-ecological resilience.

This means that stakeholders recognise the need to protect human and social capital
but also the quality of the environmental services that support these activities. With the
policy scenarios and measures being understood by almost all, stakeholders’ concerns re-
volved around affordability and the significant costs associated with the required struc-
tural changes, which certainly depend on national decisions [78-81]. This may be why
stakeholders tend to concentrate on more ambitious adaptation programmes in the longer
term.
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7. Conclusions

This article used a mixed-method approach through literature review and participa-
tory assessment based on multicriteria analysis [70,73] to identify and rank alternative
adaptation pathways [71,72] in an island context. The methodology is framed in the socio-
economic context of the island of Sicily, a large island without implemented adaptation
plans.

In this regard, this study has been able to crystallise measures that, according to the
stakeholders, have the potential to increase the climate-related resiliency capacities of the
energy, tourism, and maritime transport sectors. The methodological framework was am-
bitious and led to valuable results, bearing in mind that this was the first step towards
local adaptation solutions. Therefore, the proposed pathways should be considered a focal
point for future discussion between researchers, practitioners and the island’s citizens.
Hence, there is room for future contributions in these subfields of research.

From the methodological perspective, there is a possibility to use this evidence to
bridge the gap between academic research and practical policy design beyond the sectors
and the island analysed. In this respect, a relevant issue is whether findings reported in
the literature can constitute a common groundwork for raising alternative solutions to
climate actions locally. Moreover, when the information at a local level is full of subjectiv-
ity, experts’ participation is crucial, and multi-criteria analyses have proven sufficient ro-
bustness in many decision-making fields [42].

The study’s results highlight the great importance that local stakeholders attach to
programmes for their ability to meet social and capital needs in future climate scenarios
with a contained investment. The participatory process also revealed a breach between
what stakeholders would prioritise when designing adaptation pathways and their opin-
ion about the policies across the sustainability criteria. Although stakeholders were aware
of the most beneficial and balanced adaptation programmes, the priorities when design-
ing climate policies are dominated more by the aim of public acceptance and the maxi-
mum impact for the lowest cost.

The study focuses on three sectors, but there was room to discuss adaptation with a
multisector perspective. In this regard, common adaptation needs to arise, mainly to con-
front sea-level rise and increased frequency of extreme temperatures, a major concern of
the local stakeholders and a critical risk for the island according to climate projections.
This concern was materialised in the stakeholders’ choices, with a higher preference for
infrastructure protection measures (MT4, MT6), the improvement of cooling (MT13) and
energy storage systems (E13), and improved healthcare delivery systems (T22), among
others. Surprisingly, the energy sector was the only one where stakeholders considered
raising public information and awareness not to be a priority, suggesting that society (con-
sumers) is far from influencing policymaking.

Some study limitations emerged regarding the geographical, sectoral scope and the
dimension and composition of the sample of stakeholders involved. Indeed, the number
of experts was limited, and the composition was homogeneous. There were not the same
numbers of categories, practitioners, academics, public authorities, and sector experts for
each sector analysed. At the same time, the number of stakeholders in each industry was
not equal. This suggests the need to conduct further analysis to overcome these aspects.
Moreover, the consideration of other sectors that are also relevant for the islands (i.e., fish-
eries, aquaculture, agriculture) could enrich the analysis and expected benefits of climate
actions.

Future research could consider a deeper analysis of the structural relations between
sectors and the extension of the multicriteria analysis since sectoral changes induced by
certain hazards would modify the exposure and vulnerability of other sectors. A solution
may be using different hierarchy trees, each defined for a particular combination of cli-
mate risks and sectors and adequately treating the systemic loops between them.
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