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ARTICLE INFO ABSTRACT
Keywords: In recent years, the adaptation of local communities to climate change has become a key priority
Climate change adaptation for policymakers. Local authorities, especially in urban areas, play a crucial role in implementing

Adaptation governance

adaptation policies to reduce climate-related risks. In this study, we investigated the development
Local governance

of local adaptation processes in the area of Genoa, Italy, owing to its vulnerability and exposure to

Municipality isks th d in th £ I icul . N d th .
Urban Adaptation Support Tool (UAST) risks that are exp'ecte to worsen in the near vuvture. n particular, we 1nvfzst1gate t e c'on.tn-
Genoa bution of the regional, metropolitan, and municipal levels to local adaptation, thus identifying

which local authority exerts the maximum effort throughout the planning, implementation, and
monitoring phases. The analysis applied the UAST (Urban Adaptation Support Tool) as a meth-
odological framework. The results showed that achievement of a strong connection among
institutional levels, especially in terms of knowledge sharing and stakeholder involvement, can
significantly enhance adaptation outcomes. Conversely, when an integrated approach among
local authorities becomes flawed, the responsibility of implementing adaptation is unevenly
distributed among the concerned actors, and municipalities might play a major role. In particular,
we identified six main constraining factors that undermine local adaptation processes: i. Lack of
mandatory adaptation commitments at the sub-national levels; ii. Mismatched timeframes of
governments mandate and adaptation processes; iii. Delayed approval of a plan at the national
level; iv. Complexity of the multilevel policy framework; v. Complex variety of available policy
tools; vi. Lack of control, steering, and systematization of adaptation measures. Accordingly, we
close this study with some policy recommendations intended to foster the efficacy of local
adaptation.

1. Introduction

The effects of climate change are increasingly apparent, hence urgent countermeasures must be implemented. Moreover, fostering
the adaptation of human communities to these unavoidable changes must become a key priority (IPCC et al., 2022). Although such a
resolution needs to be embraced as a shared endeavor (Biesbroek et al., 2009; Huitema et al., 2016), local governments are especially
recognized as playing a pivotal role (Heidrich et al., 2016; Huitema et al., 2016; Reckien et al., 2018; Trentanovi et al., 2021), possibly
as pioneers of local transformation (Amundsen et al., 2018). This is due to their crucial position at the interface of local climate
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List of abbreviations

UAST - Urban Adaptation Support Tool

NUTS - European Nomenclature of territorial units for statistics

LAU - Local Administrative Units

RSSD -  Regional Strategy for Sustainable Development

RSACC - Regional Strategy for Adaptation to Climate Change

SECAP - Sustainable Energy and Climate Action Plan

CReIAMOPA - Competenze e Reti per I’Integrazione Ambientale e per il Miglioramento delle Organizzazioni della Pubblica
Amministrazione (Expertise and networks for environmental integration and improvement of public administration)

impacts; the concatenation of strategies, plans, and norms; and the actual implementation of designed actions (Heidrich et al., 2016;
Measham et al., 2011). In brief, local governments are the closest to the places and communities affected by climate impacts
(Amundsen et al., 2018), hence they have a deeper understanding of local adaptation needs, as well as direct responsibility and au-
thority on the implementation of policies (Bonnett and Birchall, 2023; Guyadeen et al., 2019; Nicolletti et al., 2020). Nevertheless,
there is still room to explore the extent to which local governments can and want to engage in these processes, as well as the effect of
higher-level support (Bonnett and Birchall, 2023; Measham et al., 2011; Pietrapertosa et al., 2021; Reckien et al., 2018; Salvia et al.,
2024). Indeed, local governments are starting to address the challenge of local adaptation, often encouraged and aided by external
support, such as that provided by international networks and initiatives (Aboagye and Sharifi, 2024; Reckien et al., 2018) or
regional-level authorities (Bonnett and Birchall, 2023; Pietrapertosa et al., 2021).

Consequently, following and assessing the adaptation processes unfolding at the local level has increasingly garnered attention
(Araos et al., 2016; Olazabal et al., 2019). Indeed, evaluating the enacted adaptation strategies, plans, and actions would be crucial to
verify if they actually reduce local vulnerabilities and increase resilience (Berrang-Ford et al., 2019, 2021; Olazabal et al., 2019), also
in light of the mandates of the latest international agreements (Ford et al., 2015; Lesnikowski et al., 2016). In particular, it is
fundamental to incorporate a preliminary investigation on the local conditions of vulnerability (Prall et al., 2023), as well as on the
local impacts of climate change and the related risks (Preston et al., 2011) to build a sound adaptation process and tailor the
appropriate governing tool. Notably, careful selection and implementation of the adaptation options (Lesnikowski et al., 2016),
including evaluations of the available resources, is crucial to curb undermining issues such as limited assets or local support (Preston
etal., 2011). Moreover, monitoring and evaluation is another component of paramount importance in the adaptation process, since it
provides relevant insights on the timely adjustment and enhancement of the envisioned adaptation tools (Haasnoot et al., 2018). In this
regard, it is also suggested that a strong connection among governing levels and local stakeholders is fundamental to building a
successful adaptation pathway (Haasnoot et al., 2018), and significant effort should be made to integrate the adaptation measures with
the existing policy framework (Preston et al., 2011; Olazabal and De Gopegui, 2021). However, it appears that the adaptation progress,
related effectiveness, and reporting stages are highly variable among cities (Araos et al., 2016; Reckien et al., 2018). Under these
conditions, the role of local governance becomes crucial, as poor adaptation planning is widely recognized as a primary cause of
increased vulnerability, both within and beyond the boundaries of the area (Adger et al., 2005; Schipper, 2020).

Notably, the local adaptation process has been investigated on different aspects. For instance, several studies evaluated local
adaptation plans across broad contexts such as the European one (Reckien et al., 2014; Kona et al., 2018) or the international one
(Aboagye and Sharifi, 2024). In addition, other studies identified what can motivate or limit the development of local plans (Measham
etal., 2011; Reckien et al., 2015; Archie et al., 2018), even stemming from other governing levels (Heidrich et al., 2016). In other cases,
the research concerned more technical issues, for instance providing a framework to track adaptation processes (Berrang-Ford et al.,
2019) or to support the identification of effective adaptation measures (Coelho et al., 2020), or rather focusing on the cost-benefit
analysis related to such measures (Markanday et al., 2019). Concerning the research methodology, most studies adopt a horizontal
approach, mainly comparing similar levels of government, e.g. cities, that hardly traces the vertical interactions among governing
levels shaping the local adaptation process. Hence, as the vertical approach of analysis remains understudied, we deemed it relevant to
further explore it on a case-study basis.

Accordingly, the objective of this study is to assess the contribution of each governing level, and identify which level made the main
adaptation effort. We focused on the local levels: regional, metropolitan, and municipal, as it is fundamental to verify if some au-
thorities contribute excessively compared to the respective available resources. To this end, this study focuses on the area of Genoa,
Italy, a vulnerable territory highly exposed to climate-related hazards. To our knowledge this is one of the first investigations on local
adaptation processes in Italy adopting a vertical perspective to eventually verify on which level of government relies the main
adaptation effort.

A qualitative, in depth, plan content analysis was designed, following the framework of the Urban Adaptation Support Tool (UAST),
as designed by the European Commission specifically for local adaptation processes (European Commission and European Environ-
mental Agency n.a.a); also, the context of Genoa was clarified (Section 2 Material and methods). Next, the contribution of the gov-
erning levels to the adaptation process was analyzed (Section 3 Results). Finally, based on the findings, some relevant insights and
general remarks were gathered (Sections 4 Discussion and 5 Conclusion).
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2. Material and methods

In order to evaluate the contribution of the local multi-level governance to the adaptation process occurring in Genoa, we per-
formed a qualitative analysis according to the approach of the plan content analysis (Bonnett and Birchall, 2023; Guyadeen et al.,
2019). In particular, we evaluated the content of the most relevant policy documents against rigorous parameters that we derived from
the framework set by the UAST. Notably, among the methodological approaches available in the literature concerning the develop-
ment of adaptation policies (see EEA, 2018; EEA, 2020; Ebrey et al., 2021; European Commission, 2018a; European Commission,
2018b), we referred to the UAST, developed and proposed by the European Commission to guide local adaptation processes and thus
promoted in the Climate-Adapt platform (EC and EEA, n.a.a). Although further details are discussed in the following paragraph, it is
interesting to observe here that one of the main assets of the UAST is defining some macro-areas around which the adaptation process
must revolve. In other words, the UAST sets a relevant and reliable framework to understand local adaptation processes and as such we
assumed those macro-areas to guide the qualitative, in-depth analysis of the documents outlining the multi-level adaptation process in
the area of Genoa, with the additional direct contribution of informed stakeholders.

2.1. Methods used

We performed an in-depth, qualitative analysis of the available documents concerning climate change adaptation at the regional,
metropolitan, and municipal levels for the area of Genoa. Commonly known as plan content analysis, this approach is gaining mo-
mentum due to the urgency of assessing the efficacy of climate policies (Bonnett and Birchall, 2023; Guyadeen et al., 2019). In
particular, the plan content analysis assesses the quality of policy documents against a rigorous set of parameters. In this case, we
analyzed the pertinent climate policies systematically categorizing and organizing the relevant content against the framework set by
the UAST for local adaptation. In brief, we assessed if and how the documents contributed to the macro-areas (or steps, as described in
the following section 2.2) that the UAST outlines as fundamental for an effective local adaptation process. Hence, each document was
evaluated based on its specific contribution to local governance and its capacity to address the territory’s climate vulnerabilities.

Accordingly, the initial activity centred on scoping through all the available policy documents that deal or mention climate
planning and action at the regional, metropolitan and municipal level; following, we selected the pertinent policy documents for this
analysis. In Italy the land planning system is based on a complex framework that includes both traditional regulatory planning in-
struments, such as municipal zoning plans, and strategic planning instruments, such as the Sustainable Energy and Climate Action Plan
(SECAP). It is relevant to observe that these two instruments are inherently complementary and interlinked with each other. Regu-
latory instruments are binding and prescriptive, defining specific rules for land use and regulating aspects such as urban zoning,
construction, and infrastructure. Strategic instruments are not binding but provide guidelines and recommendations that are expected
to be incorporated into other regulatory instruments to become effective. Notably, they focus primarily on long-term objectives, such
as climate change mitigation and adaptation, promoting thorough processes that increase local resilience.

Given this distinction, the present research focuses on strategic planning instruments, specifically those that address climate
adaptation challenges and, although non-mandatory, play a central role in promoting innovative and voluntary policies to enhance
local climate resilience. We argue that the selected strategic planning documents convey the approach and vision of the area towards
the climate issues in the most coherent and comprehensive way. Indeed, all the scoped documents somehow contribute to climate
governance but with limited or minor references. Conversely, the selected strategic planning documents represent a coherent, broad
and consistent set of intentions, objectives, assessments, and measures to tackle climate adaptation.

As such, our analysis avails of a combination of primary policy documents, including climate strategies, plans, and technical re-
ports. The core documents of our study are:

@ The Regional Strategy for Adaptation to Climate Change (RSACC) (regional level);
@ The Metropolitan Strategic Plan (metropolitan level);

@ The Sustainable Energy and Climate Action Plan (municipal level);

@ The Genoa Lighthouse 2050 (municipal level).

Notably, we also went through the European adaptation strategy, and the Italian adaptation strategy and plan (for some mentions,
see Sections 3.1 and 4.2). However, due to their descriptive nature, focused on providing guidelines and recommendations, we
assumed such European and national policies not pertinent enough for the main in-depth analysis of this study, centering on the
adaptation at the local level. Furthermore, to complement and clarify the collected information and published documents, we availed
the knowledge directly gathered by one of the authors, who participated in the policymaking processes. Insights were gained from their
attendance at workshops, urban and regional planning sessions, and public events. The core documents and the most relevant poli-
cymaking events for this research are presented in Appendix A (Tables A.1 and A.2, respectively).

2.2. The analytical framework

Once the policy documents were selected, we could set the parameters for the plan content analysis. In this case, we referred to the
UAST, that is a tool to frame and guide local authorities during the process of designing, enacting and monitoring adaptation policies
and measures; as such, the UAST is a downscaled version of the EU adaptation scoreboard methodology (European Environmental
Agency, 2018 pp. 155-170), developed by the European Commission to support adaptation processes mainly at the national level (EC
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and EEA, n.a.a). Though relatively recent, the UAST has effectively supported the development and tailoring of climate adaptation
frameworks to specific study areas (Coelho et al., 2020) or was further integrated in decision-support systems, such as those focused on
climate information (de Wit et al., 2020) or the management of local risks and vulnerabilities (Lindner et al., 2021).

The UAST comprises 6 steps, further divided into 27 sub-steps, which follow the overall adaptation process employed by local
governments (Table 1).

Notably, we considered it particularly relevant that the UAST recalls the adaptation policy cycle (EEA, 2020), as a reminder of the
commitment to a continuous revision and improvement of plans and measures based on evidence of their effectiveness (EC and EEA, n.
a.b) (Fig. 1).

Step 1 of the framework includes the preparatory activities aimed at gathering information from and engaging with both political
and local stakeholders. Next, step 2 suggests evaluating the area in terms of past, present, and expected climate-related impacts,
vulnerabilities, and risks, which is intended as a reference for prioritizing objectives. In this context, step 3 requires the collection and
evaluation of the best available adaptation options to identify, in step 4, the most suitable options considering the local characteristics.
Step 5 indicates the design of appropriate adaptation measures, their incorporation in relevant policies, and eventual implementation,
while also accounting for mitigation measures. Finally, step 6 requires the continuous revision of the adaptation process.

2.3. The study area

We introduce here the main characteristics of the area of Genoa, in order to better contextualize the considerations that will follow
in the results and discussions. In particular, the Liguria region lies on the western side of northern Italy, facing the Ligurian Sea, a sub-
basin of the Mediterranean Sea. The region shows a complex and varied topography; it forms an arc of mountainous and hilly territory
characterized by a mild climate due to its proximity to a particularly deep sea (approximately 1000-1500 m), and the shelter from the
cold northern winds provided by the Alps and Apennines. These two mountain chains run parallel to and generally at a short distance
from the coast, in a diagonal direction from SW to NE on the western side (“Ponente” area) and WNW to ESE on the eastern side
(“Levante” area). This orographic structure leads to significant climatic differences not only between the coast and the hinterland, but
also between the eastern and western areas.

The city of Genoa is situated in an almost central position within the Ligurian territory (Fig. 2). It is an ancient, pre-Roman set-
tlement, which became an important maritime republic in the Middle Ages. The city has experienced major urban development over
the last century, and today Genoa hosts one of the 10 most important European harbors for trade routes between Northern Europe and
the Mediterranean Sea (Acquaotta et al., 2018).

The intense anthropization of the Genoa area collided with the typical local geomorphological and environmental components of a
coastal mountain system, especially the numerous steep and short watercourses with very short concentration times during floods

Table 1
The analytical framework used to investigate the adaptation process in the Genoa area, based on the Urban Adaptation Support Tool. Source: Authors’
elaboration.

Urban Adaptation Support Tool

Step Sub-step

1 Preparing the ground for adaptation 1.1 Obtaining political support for adaptation
1.2 Collecting initial information
1.3 Setting up adaptation processes within and beyond the municipality
1.4 Identifying and obtaining human and technical resources
1.5 Identifying and obtaining financing and funding
1.6 Identifying and engaging stakeholders
1.7 Communicating adaptation to different target audiences
1.8 Finding additional support
2 Assessing climate change risks and vulnerabilities 2.1 Recognizing past and present climate impacts
2.2 Understanding climate projections and future impacts
2.3 Identifying vulnerable urban sectors
2.4 Conducting risk and vulnerability assessments
2.5 Understanding the role of surrounding areas in adaptation
2.6 Identifying main adaptation concerns and defining objectives

3 Identifying adaptation options 3.1 Creating a catalog of relevant adaptation options
3.2 Finding examples of good adaptation practices
4 Assessing and selecting adaptation options 4.1 Choosing an assessment framework for adaptation options

4.2 Conducting a cost-benefit analysis of adaptation measures

4.3 Prioritizing adaptation options
5 Implementing adaptation 5.1 Designing an effective adaptation action plan

5.2 Finding examples of adaptation action plans

5.3 Mainstreaming adaptation in urban policies and plans

5.4 Addressing climate change through adaptation and mitigation
6 Monitoring and evaluating adaptation 6.1 Developing the monitoring and evaluation approach

6.2 Defining monitoring indicators

6.3 Finding examples of adaptation monitoring indicators

6.4 Using monitoring results to enhance the process of adaptation
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Fig. 1. Visualization of the policy cycle of the Urban Adaptation Support Tool. Source: Authors’ elaboration.
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Fig. 2. Localization of the Liguria region, the Metropolitan City of Genoa, and the Municipality of Genoa within the Italian and European national
borders. Source: Authors’ elaboration.

(Acquaotta et al., 2018). In particular, the mountainous terrain close to the coast limits expansion, concentrating most settlements in
the lower altitudinal zones (0-299 m above sea level).

The two most important catchments for Genoa are the Polcevera Stream, which is the largest and most populous basin located west
of the port, and the Bisagno Stream flowing east of it (Fig. 3). Notably, especially in late summer and autumn, the Ligurian Gulf is
characterized by extreme rainfall events, affected by the local geomorphology (Silvestro et al., 2016; Acquaotta et al., 2018). The high
intensity and frequency of these phenomena, the worsened conditions caused by the progressive and chaotic urbanization together
with the structural modifications of riverbeds (see e.g. the widespread culverted urban river beds), and consequent geo-hydrological
risk have made Genoa a case of international interest (Brandolini and Sbardella, 2001; Hally et al., 2015; Harpham et al., 2016;
Acquaotta et al., 2018).

In light of these observations, we outline that the geo-hydrological risk represents a major issue for the area (Brandolini et al.,
2012), calling for urgent adaptation efforts. Moreover, given the complex geomorphological and environmental setting, Genoa’s area
is exposed to several other risks. In particular, the city’s intense urbanization exacerbates the risk of heatwaves; the effects of water
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Fig. 3. Distribution of main and secondary rivers in the municipal area of Genoa. Source: Geoportal, Municipality of Genoa.

scarcity on the forests surrounding the area aggravate the risk of fires; and due to its position along the coastline, the city faces the
increasing risk of coastal erosion and loss of marine ecosystem services (Bignami and Biagi, 2018; Spano et al., 2020).

In response to these multifaceted risk conditions, all the pertinent authorities have prepared a related set of land planning policies,
as mentioned above. In particular, in terms of governing bodies, Genoa encompasses the Liguria Region and a series of local au-
thorities. It is also the seat of the Metropolitan and Municipal authorities (Fig. 2 and Table 2).

Evidently, the multi-level policies that rule over the area of Genoa add an element of complexity to a territory already characterized
by inherent fragilities.

3. Results

The following sections present the results emerging from the application of the UAST framework. Accordingly, these sections reflect
the phases of the adaptation process as steps outlined by the UAST framework.

3.1. Preparing the ground for adaptation

This section focuses on the governance system put in place at different geographical levels to develop Genoa’s adaptation process
(Table 1, step 1).

The analysis found that the development of policy tools devoted to adaptation is not mandatory at sub-national levels in Italy.
Nevertheless, in Liguria, a series of initiatives are being drafted, approved, and/or implemented through the involvement of multiple
actors and the integration of strategies in different sectors and at various administrative levels, commonly known as horizontal and
vertical mainstreaming, respectively (Table 1, step 1).

We deemed relevant investigating the implemented mainstreaming initiatives throughout the governance system, from the Eu-
ropean to the municipal scale. Notably, in Italy, the policy framework is particularly complex, with initiatives related to climate
adaptation scattered in a variety of documents, often not specific to this scope.

We found evidence in the policy documents that the adaptation process of the Genoa area was developed within the context shaped
by the European and Italian policy frameworks, namely divided into official strategies/plans and collaborative networks/projects.
Regarding the former, some of the main references are: i. the European Strategy on Adaptation to Climate Change, (European
Commission, 2013; 2021); ii. the Italian Adaptation Strategy (Castellari et al., 2014), adopted in 2015; iii. the related operative plan
(Ministry of Environment and Energy Security, 2022a), which remained a draft from 2017 to late 2023 and, thus, lacking legal
relevance until recently; iv. the Italian National Integrated Plan for Energy and Climate, published in 2019 and currently under
revision (Ministry of Enterprises and Made in Italy et al., 2019); and v. the Italian Ecological Transition Plan, approved in 2022
(Ministry of Environment and Energy Security, 2022b). The main goal of these documents is to provide vertical coordination and
support, by means of guidelines and knowledge transfer through the administrative levels, identifying sectors at risk, analyzing the
consequences of impacts, and finding appropriate solutions to reduce vulnerabilities and improve resilience (Table 1, sub-steps 1.1,

Table 2
Main characteristics of the relevant administrative entities for the study area: Liguria Region, Metropolitan city of Genoa, and Municipality of Genoa.
Administrative entity Corresponding level in the European Nomenclature of Population (inhabitants as of Area Population density
territorial units for statistics (NUTS) January 01, 2023) (km2) (inhab/km2)
Liguria region NUTS level 2 1502624 5416.15 277.43
Metropolitan city of NUTS level 3 813626 1833.75 443.70
Genoa
Municipality of Genoa  LAU (Local Administrative Units) 558745 240.29 2325.29

Source: Elaboration of the authors on data retrieved from Istat, n.a.a, n.a.b.
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1.2). In terms of multilateral and multilevel collaborations, we observed the importance of European initiatives, such as ERDF (Eu-
ropean Regional Development Fund) funds or the Interreg Programmes, and the Covenant of Mayors, as well as the Italian CReIAMOPA
project (Ministry of the Environment and the Protection of the Territory and the Sea, 2018). All these activities provided some
fundamental prompts to the local adaptation processes, supporting the transfer of knowledge and resources among administrative
levels (Table 1, sub-steps 1.3, 1.4).

When investigating the sub-national scales, we found that, in 2021, the Liguria Region approved the Regional Strategy for Sus-
tainable Development (RSSD) (Liguria Region, 2021), which also mentions the goal of strengthening resilience and sustainability
through adopting immediate climate-related actions. Following the RSSD and the national guidelines (Sogesid — CReIAMO PA Per un
cambiamento sostenibile, 2020), the Liguria Region shaped a Regional Strategy for Adaptation to Climate Change (RSACC), approved
in early 2023 (Liguria Region, 2023). It recommends horizontal coordination in developing climate adaptation objectives and mea-
sures, engaging the regional departments and their sectoral plans, such as the Hydro-Geological, Regional Landscape, Flood Risk
Management, and Infrastructure, Mobility and Transport Integrated Regional plans (Table 1, sub-step 1.3). Furthermore, aligned with
the national level, this strategy aims to support the sub-regional levels in analyzing sectoral and territorial vulnerabilities and shaping
the most suitable responses (Table 1, sub-step 1.1).

Nevertheless, as confirmed by our informed co-author, the delayed development and approval of the RSACC limited the role of the
Region as a guide for the local adaptation process. Rather, we noticed that the Metropolitan City and several municipalities within it
(Genoa included) defined their own priorities without systematic coordination with the regional authority, initiating the adaptation
process independently and relying mostly on involvement in European projects and transnational networks (Table 1, sub-step 1.1).
Indeed, the mentioned multi-level collaborations shaped some important policy tools at the metropolitan scale, namely the Metro-
politan Strategic Plan and Green Infrastructure for Adaptation to Climate Change Guidelines (hereafter, Green Infrastructure
Guidelines) (Table 1, sub-step 1.1). In particular, the Metropolitan Strategic Plan fosters local adaptation and resilience toward geo-
hydrological risk, while the Green Infrastructure Guidelines provide nature-based solutions for the management of urban rainwater.

Finally, at the municipal level, the research revealed that some especially important acts are the Municipal Civil Protection Plan,
which is legally binding for Italian municipalities and was revised by Genoa in 2019, and the Genoa Lighthouse 2050, a broad planning
tool with a long-term vision, which intended to address three major global challenges (i.e. the climate, demographic and technological
issues). Furthermore, regarding adaptation efforts, we evidence the importance of the municipality of Genoa’s adherence since 2009 to
the Covenant of Mayors, which supports the development of a Sustainable Energy and Climate Action Plan (SECAP) (Table 1, sub-step
1.1). Our informed co-author verified that, accordingly, the Genoa municipality tailored and optimized the internal administrative
structure, financed the process, and promoted the engagement of institutional stakeholders, through various dedicated initiatives, such
as interviews, workshops, planning sessions, and public events, intended to collect their privileged information (Table 1, sub-steps 1.2,
1.3, 1.4, 1.6, 1.8). Regional and local research centers, including the Ligurian Environmental Protection Agency (ARPAL), Interna-
tional Center for Environmental Monitoring (CIMA) Foundation, and the University of Genoa, as well as industry representatives, were
involved. The municipality also fostered the processes established during previous initiatives, such as those related to the Sustainable
Urban Mobility Plan, the Urban Center office, and the Genoa Lighthouse 2050. These endeavors led to the involvement of new
stakeholder groups, such as professional associations, labor unions, and the association of condominium administrators, e.g. by means
of a dedicated questionnaire. Along with the municipal initiatives, we realized that the local level benefited from engagement activities
promoted at the regional level. In particular, the Liguria Region activated and funded (Table 1, sub-step 1.5) the 14 regional Envi-
ronmental and Sustainability Education Centers (ESECs), many of which were focused on Genoa. The ESECs managed multiple
engagement activities, including video and photo reports, information campaigns, thematic escape rooms, excursions, and events, in
partnership with local administrations and associations, with the goal of involving, informing, and raising awareness of locales
(Table 1, sub-step 1.7).

All of these stakeholders recognized heavy rains, floods, landslides, forest fires, and heatwaves as the major hazards for the Genoa
area and showed their comprehensive understanding of the urgency of taking action. Stakeholders suggested maintenance, restoration,
and arrangement interventions as priority adaptation measures to address the identified vulnerabilities. In addition, they proposed
cross-cutting actions, such as improving communication and environmental education and raising awareness (Table 1, sub-step 1.7).
The need to update the environmental legislation to include climate adaptation also emerged, with a further demand for coherent
policies and monitoring systems. Stakeholders also emphasized the need to create a common agenda with the Public Administration
aimed at streamlining access to funds and incentives.

3.2. Assessing climate change risks and vulnerabilities

In this section, we focus on the assessments of the past and future climate trends, and Genoa’s climate risks and vulnerabilities,
which allowed identification of the most relevant adaptation objectives for the area (Table 1, step 2).

We found evidence that several studies performed at the national (Esposito et al., 2015; ISPRA, 2015; Servizio Meteorologico
dell’Aeronautica, 2008; Istat, 2022), regional (Arpal, 2013; Cima Foundation, 2021), and municipal levels (Municipality of Genoa,
2020) explored the past and current trends and elaborated climate scenarios and projections in terms of precipitation, temperature,
and occurrence of extreme events (Table 1, sub-steps 2.1, 2.2, 2.5). Moreover, the collaboration between the Liguria Region, CIMA
Foundation, and ARPAL allowed the establishment of an observation system at the regional level. The analyses showed that the past
trends in temperature and precipitation are expected to be confirmed in the future. In particular, the Genoa area will reasonably face an
increase in mean temperatures, as well as in the intensity and occurrence of extreme rainfall events. Consequently, as highlighted by
the SECAP, heatwaves and, above all, geo-hydrological hazards were recognized as major threats to the area, and will seemingly
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worsen in the future (Pirlone et al., 2020).

We observed that the Liguria Region, in close collaboration with regional research centers (University of Genoa, Liguria Ricerche,
and CIMA Foundation), undertook a sound climate risk and vulnerability analysis (Table 1, sub-steps 2.3, 2.4, 2.5) considering local
socioeconomic and environmental factors, which were then explored in depth by the SECAP. Such analysis converged in the design of
specific impact chains (IPCC et al., 2014), which later helped define the adaptation objectives and measures (Table 1, sub-step 2.6).
These are conceptual models that show cause-effect chains leading to specific climate risks in a certain context, thus enabling poli-
cymakers to understand the impacts of climate change on a studied area (Zebisch et al., 2022) and providing information especially
valuable for adaptation strategies and plans. Specifically, the RSACC developed an impact chain for each of the 12 socio-economic
sectors identified as most vulnerable against the emerging major hazards: Agriculture and breeding; Forests; Fishery, aquaculture,
and marine ecosystems; Water resources; Health; Tourism; Urban systems; Hydrological risk and civil protection; Energy; In-
frastructures and transportation; Coasts; and Land ecosystems (Table 1, sub-step 2.4).

Due to space constraints, only one sector is presented in this study. Table 3 summarizes the impact chain related to “Urban sys-
tems”, one of Genoa’s most susceptible socio-economic sectors. Notably, the risk scenario concerns flooding, a major issue for Genoa.
The impact chain first considered the expected climatic drivers, which are increased rainfall intensity and occurrence of extreme
events. Such alterations are projected to exacerbate the impact of floods. These events are likely to damage exposed assets, including
buildings and transport infrastructure. In particular, vulnerabilities were described in terms of the relevant characteristics of the built
environment, such as the presence of buildings or infrastructure in flood-prone areas. Response capacities were related to measures like
infrastructural maintenance plans. The last phases of the impact chain deduced potential risks and relevant adaptation objectives for
the area. The major identified risks referred to the expected increasing damages to the urban built environment. Accordingly,
adaptation objectives especially supported the strengthening of prevention, monitoring, and early-warning systems, along with the
engagement of local communities.

3.3. Identifying adaptation options

This section explores the activities that prepare the selection and implementation of the adaptation options (Table 1, step 3). Here,
the main focus is on the collection and systematization of the available best practices in terms of urban adaptation. We noticed that,
although such preparatory activities were performed for the municipal, metropolitan, and regional processes, a rather limited dis-
cussion of such steps in the analyzed documents prevents the in-depth examination. In addition, it is noteworthy to consider the
inherently different visions of the documents, which translate into different approaches toward the adaptation options. Indeed, the
SECAP intends to directly act on the area, introducing operating solutions to local issues. Conversely, the RSACC is more focused on
defining objectives and targets, thus demanding the related enactment to the departments of the Regional Authority. Despite these
shortcomings, information was gathered by one of the authors, who was directly involved in developing the RSACC. In particular, in
terms of preliminary exploration of the available adaptation options (Table 1, sub-step 3.1), an initial catalog was progressively built
and refined during the meetings between CIMA Foundation and the departments of the Regional Authority. Significantly, the impact
chains clarified the conditions and priorities of the area, thus informing the following planning phase and bridging two different steps

Table 3
Impact chain related to the socio-economic sector “Urban systems”. Source: Authors’ elaboration based on data of CIMA and Liguria Ricerche.

Impact chain

Climate driver Increase in rainfall intensity
Increase in extreme rainfall events
Impact Floods
Exposure Buildings
Transport infrastructure
Vulnerabilities Percentage of buildings or road infrastructure close to the coast and/or in areas at geo-hydrological risk

Sealing of manholes
Historical buildings
Response capacities ~ Rainwater drainage capacity
Infrastructure and building maintenance plan
Number of Ligurian municipalities with Sustainable Energy and Climate Action Plan (SECAP) and with Risk and Vulnerability Assessment
Civil protection plan and flood-proofing systems
Urban green areas and application of SUDS (Sustainable Drainage System) models
Re-watering and re-naturalization interventions
Construction of lamination/containment basins
Adoption of green building techniques and passive protection systems for building envelopes
Consistency with the Flood Risk Management Plan
Monitoring of climatic variables at the urban level
Development of early-warning systems along with continuous improvement of forecasting models, with active participation of stakeholders
Experimental adaptation interventions on a building level

Risk Increased damage to buildings and infrastructure in urban areas
Adaptation Promote plans and activities for risk prevention and monitoring enhancement
objectives Promote experimental adaptation interventions in peri-urban areas, suburbs, and historical centers, with particular reference to public
spaces

Increase knowledge, education and training on climate risks and possible adaptation measures at the urban level
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Table 4
Adaptation actions included in the SECAP and Genoa Lighthouse 2050, with some of the main related information; actions with a star are in common.
Action Climate Sector Borrowed Duration Approach Funds (approximation) Enacting
driver from (expected) authority
previous
initiatives
CLOUDBURST* Heavy Water No duration: n. gray TBD, municipality’s own Genoa
rains Transport a. (engineered) funds or other financing (such ~ Municipality
end: 2025 green as structural and European
(nature- funds), 0.1M €
based)
Enhancement of peri/ Multi- Agriculture Yes duration: n.  soft (non- municipal, regional and Genoa
urban green areas  driver a. structural) European funds, 0.12M € Municipality
end: 2025 green
(nature-
based)
FORCE project Forest fires ~ Agriculture Yes duration: 5 soft (non- European funds (Horizon2020 ~ Genoa
Heavy years structural) programme), 0.22M € Municipality
rains end: 2021
UnaLAB project Heavy Environment Yes duration: 5 gray European funds (Horizon2020 ~ Genoa
rains and biodiversity years (engineered) programme), 14M € Municipality
Heatwaves end: 2022 green
(nature-
based)
RIGENERAzione* Heavy Environment No duration: gray TBD, municipality’s own Genoa
rains and biodiversity 2.5 years (engineered) funds or other financing (such ~ Municipality
Heatwaves Land planning end: 2025 green as structural and European
(nature- funds), 1M €
based)

Redevelopment of the Heavy Land planning Yes duration: 5 gray national funds (Ministry of Genoa
Fiera-Kennedy rains years (engineered) Enterprises and Made in Italy Municipality
area Heatwaves end: 2024 green and Ministry of Culture), 35M

(nature- €
based)

Polcevera Park and Heavy Land planning No duration: gray structural funds (METRO Genoa
Cerchio Rosso rains 11 years (engineered) National Operational Municipality

Heatwaves end: 2030 green Program) and others, first
(nature- phase 2.5M €
based)

Digitalization of Multi- Land planning No duration: 3 soft (non- n.a. Genoa
geodata on driver years structural) Municipality
adaptation and end: 2022
mitigation

Emergency Multi- Civil protection Yes duration: 3 soft (non- structural funds (METRO Genoa
management driver and years structural) National Operational Municipality
information emergencies end: 2019 Program), 0.07M €
system

Participatory civil Multi- Civil protection No duration: soft (non- TBD, municipality’s own Genoa
protection driver and TBD structural) funds or other financing (such ~ Municipality
planning emergencies end: TBD as structural and European/

national funds), 0.15M €
expected

Teaching support Multi- Civil protection Yes duration: 2 soft (non- n.a. Genoa
material on civil driver and years structural) Municipality
protection emergencies end: 2022

CLIMACTIONS project ~ Heatwaves Health Yes duration: 2 soft (non- national funds (Ministry of Genoa

years structural) Health), 0.45M € total Municipality
end: 2022 green
(nature-
based)
CLEAN AIR* Heatwaves Health No duration: 2 gray TBD, municipality’s own Genoa
years (engineered) funds or other financing (such ~ Municipality
end: 2025 soft (non- as structural and European/
structural) national funds), 0.2M €
expected
UNESCO SENTINEL* Heavy Buildings No duration: soft (non- TBD, municipality’s own Genoa
rains Tourism 1.5 years structural) funds or other financing (such ~ Municipality
end: 2025 gray as structural and European/
(engineered) national funds), 0.25M €
RIV.eco Multi- Policy No duration: soft (non- n.a. Genoa
driver 1-3 years structural) Municipality
end: n.a.
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of the adaptation process.

Our informed co-author also observed the relevant role of the workshops that gathered the Ministry for the Environment and other
Regional Authorities (e.g. the CReIAMOPA initiative) to aid the selection of measures to be implemented (Table 1, sub-step 3.2).
Indeed, our co-author witnessed how the shared results and remarks influenced the ongoing activities in the Liguria Region and steered
the selection of adaptation options toward those already proven to be effective.

3.4. Assessing and selecting adaptation options

This section explores the processes that narrowed down the available adaptation options, and eventually selected and prioritized
the most relevant ones (Table 1, step 4). Also, in this case, we could not clearly recognize the recommended UAST sub-steps in the
studied documents. However, based on the insights gathered by the informed co-author, it emerged that some evaluations were
performed with a non-structured approach, especially in terms of formal assessment of the adaptation measures (Table 1, sub-step 4.1).

An important component of this phase is the cost-benefit analysis (Table 1, sub-step 4.2), increasingly recognized as a pivotal tool to
support local authorities in evaluating and selecting adaptation options. Nevertheless, due to the complexity of some variables, a
formal cost-benefit analysis may prove tricky for local authorities, while economic assessments are commonly performed. In the case of
Genoa, we could not identify a formal cost-benefit analysis (e.g. in the Genoa Lighthouse 2050), though the SECAP assessed some of the
selected adaptation measures in terms of costs, related to both investments, and functioning and maintenance.

This preparatory process for the local adaptation has a closing phase in the selection of a first set of measures for implementation
(Table 1, sub-step 4.3). We observed that in the cases of the Genoa Lighthouse 2050 and SECAP this phase did not follow a structured
process; rather, it referred to the previous climate and vulnerability analyses, and the consultation with the stakeholders. Nevertheless,
the SECAP eventually prioritized 14 adaptation options, while the Genoa Lighthouse 2050 selected 12 actions, including only 5 related
to adaptation. Concerning the regional efforts, we found that the RSACC provides only some indications on the implementation tools
that could help achieve the proposed objectives, mainly related to enacted laws and plans at different levels.

3.5. Implementing adaptation

This section explores the core of the adaptation process: the design and implementation of an action plan (Table 1, step 5).

As mentioned, several governing bodies oversee the territory of Genoa, issuing different guidelines and policies, thus complicating
the governance and action on local adaptation. Notably, the municipality issued some action plans (Table 1, sub-step 5.1). In
particular, the SECAP is by definition an action plan, while the Genoa Lighthouse 2050 comprises both strategic and action plans
(Table 1, sub-step 5.1). However, we could not verify whether they considered other urban adaptation plans as examples (Table 1, sub-
step 5.2).

It was interesting to observe that some actions included both in the SECAP and Genoa Lighthouse 2050 are recalled in the Civil
Protection Plan, providing an example of horizontal mainstreaming (Table 1, sub-step 5.3). Conversely, we noticed that the collab-
oration between the regional and municipal authorities appears limited and confined to the planning phases (regarding only 1 action,
that is the CLIMATEACTIONS project, see Table 4), thus limiting the effectiveness of vertical mainstreaming (Table 1, sub-step 5.3).
Finally, we observed that the SECAP adopted a number of adaptation actions that also have positive impacts in terms of mitigation
(Table 1, sub-step 5.4). For instance, some adaptation measures are intended to manage and enhance urban green areas by means of
new walking and cycling lanes, that, in turn, would also contribute to mitigating transport-related emissions (e.g. actions related to the
Enhancement of peri/urban green areas or to the Polcevera Park and Cerchio Rosso, see Table 4).

Due to the relevance for local adaptation, we more closely analyzed the 14 actions included in the SECAP and the 5 adaptation-
related actions of the Genoa Lighthouse 2050. Since the two plans share 4 actions, a total of 15 actions were considered (Table 4
and Appendix B Table B.1). These measures cover all the climate drivers identified for the area, and reflect its specific spatial orga-
nization and vulnerabilities. The concentration of the population along the coasts and main watercourses, such as the Bisagno and
Polcevera, required targeted measures for hydrogeological risk management, with particular attention to riverbeds and flood risk.
Therefore, adaptation actions had to take into account the local complex orography, thus including stormwater management and
reforestation of hillside areas, which are prone to landslides and wildfires. Furthermore, the fragmentation of the urban fabric has
encouraged solutions such as the creation of peri-urban green spaces and ecological corridors, that aim at reducing the impacts of
heatwaves and improving the overall resilience of the area. Against this background, it is relevant to stress how particular attention is
placed on tackling the consequences of heavy rains, following the evidence that geo-hydrological risk is a widely recognized priority.
The land planning and civil protection sectors are most frequently mentioned, thus suggesting a specific focus on the inherent fra-
gilities of the territory, especially in the case of extreme events.

Moving from the rationale to the characteristics related to enactment, our analysis showed that a relevant share of the selected
actions (7 out of 15) were borrowed from other projects and initiatives, which suggests the limited capacity of these plans to foster
adaptation through original activities. In addition, the realization of most of the selected actions is expected in the short-term, as it
exceeds 5 years in few cases, suggesting a narrow vision over time that hinders the effectiveness of these plans. Considering the type of
actions indicated, despite being rather diverse, 10 out of 15 either exclusively (6) or partly (4) adopt a soft approach, focusing on the
preparatory activities related to managing, organizing, raising awareness, and collecting data, thus having limited transformative
potential. The remaining 5 actions propose a mixed gray/green approach, involving respectively engineered and nature-based solu-
tions, and could significantly impact the territory; however, they mostly assume a pilot project perspective (e.g. UnaLAB project) or
concern a narrow area (e.g. the redevelopment of the Fiera-Kennedy area covers 7.2 ha), thus again presenting a limited transformative
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effect. Our analysis revealed a further limitation that refers to funding; when the documents were published, a large share of the actions
(8 out of 15) were still to be defined, either in terms of source or quantity, or both. Finally, we stress that, regardless of the funding
source, the municipal authority performs the operative enactment for all 15 actions, thus highlighting the pivotal role of this governing
level in the area’s adaptation.

3.6. Monitoring and evaluating adaptation

The last step in the process concerns monitoring and evaluating the enacted adaptation efforts (Table 1, step 6).

In the case of Genoa, the relevance of these activities emerged through the governing levels, as all the considered adaptation tools
mention the willingness to follow the implementation of the envisaged actions (Table 1, sub-step 6.1). In particular, the RSACC and
SECAP hint at adopting a framework similar to a policy cycle, where the monitoring and evaluation activities not only inform the
efficacy of the efforts, but also suggest possible improvements to the overall strategy/plan (Table 1, sub-step 6.1).

Importantly, the indicators are consistently identified as the most appropriate tool (Table 1, sub-step 6.2). The RSACC is rather
transparent regarding the selection process, and mentions the benefit of referring to consolidated metrics, such as those published by
the Italian National Institute of Statistics on the SDGs (Table 1, sub-steps 6.2 and 6.3). Notably, the RSACC demands the quantification
of the related monitoring indicators to the regional departments. Conversely, the Genoa Lighthouse 2050 appears efficient in grouping
the selected indicators in thematic domains, although we did not find particularly clear which metrics were chosen (Table 1, sub-step
6.2). However, we considered it especially relevant analyzing the approach of the SECAP as the implementation of the adaptation
actions appears to rely mainly on the municipality. In this case, we understood that the selection of the monitoring indicators was an
integral part of the process concerning the definition of the adaptation actions (Table 1, sub-step 6.2), although the guiding criteria
were not particularly clear (Table 1, sub-step 6.3). In addition, the SECAP envisages a further monitoring and evaluation approach,
consisting of participatory processes (Table 1, sub-step 6.1).

Nevertheless, as a limited share of actions is currently enacted, here it is possible to explore only the indicator-based approach.
Interestingly, the indicators selected in the SECAP relate to two main categories: process-oriented or outcome-oriented. In particular,
the former ones measure implementation progress (e.g. changes in protected area surfaces, changes in availability of water resources),
while the latter evaluate the effectiveness in terms of increasing the adaptive capacity and reducing vulnerability (e.g. number of
hospitalized people due to heatwaves, number of invasive species). Unfortunately, although the monitoring report of the SECAP was
completed in late 2023, it has not yet been published; hence, we still could not verify how the monitoring and evaluation process was
developed (Table 1, sub-step 6.4).

4. Discussion

In this study, we assessed the contribution of each governing level to local adaptation, with the aim of identifying which level made
the main adaptation effort in the area of Genoa. To this end, we referred to the UAST framework to perform a plan content analysis of
the climate policies developed at the local levels: regional, metropolitan, and municipal. Notably, our informed co-author aided the
collection of relevant, integrative insights on the analyzed documents. In the following sections, we gather the main findings of this
study, along with the main emerging issues and some policy recommendations to overcome them.

4.1. Main findings: the duality of local adaptation

Our analysis on the adaptation process in the Genoa area revealed a duality in the adopted approach.

Concerning preparatory activities and preliminary analyses of the adaptation process (steps 1, 2 and 3 of the UAST), we found a
coordinated and integrated approach, appreciable in terms of production and sharing of knowledge among local institutions, regarding
area-specific analyses on the local climate impacts, risks, and vulnerabilities. We noticed that regional institutions performed their
designated technical role by providing detailed studies that availed the other governing bodies, which, in turn, further tailored them to
the related area and included them in the enacted documents. Moreover, the multiple activities to engage local stakeholders emerged
as a further element of integration between governing levels. Indeed, our investigation verified an overall agreement among technical
analyses and stakeholder perceptions on the area’s climate-related issues and the urgency of developing adaptation policies.
Accordingly, we observed that the efforts of coordination and shared policy development led to the selection of actions that actually
respond to the commonly advocated need to reduce local risks. To sum up, we outline that a sound synergy in producing and sharing
knowledge and expertise among the different governing levels improved the effectiveness of these first steps in the adaptation process.
Interestingly, a sound and permeable science-policy interface has already been advocated in the literature, though no consistent
evidences were found (Clar and Steurer, 2019); the case of Genoa may be among the few examples of a fruitful exchange of knowledge
and information between local scientific institutions and authorities, as well as within local authorities (Fiinfgeld et al., 2023).

However, we evidence that such an integrated approach was not thoroughly enhanced in the UAST’s final steps (4, 5, and 6), which
comprised the selection, implementation, and monitoring of the envisaged actions (e.g. when transforming the previous studies and
plans into working actions). In fact, the analyzed documents show that the realization of the envisaged measures is predominantly
fostered by the local municipal authority. We highlight this significant shortcoming considering that Genoa frequently selected
measures related to land planning and regulation that would benefit from extensive coordination with other authorities. Notably,
higher-level (regional, national, European) authorities are mainly focused on their role of outlining guidelines, identifying appropriate
objectives, and promoting awareness-raising initiatives. It follows that lower-level authorities, and especially municipalities, are on the
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frontline of adaptation in the effort to advance such a process, even anticipating the acts of other authorities, confirming a trend
already emerging in Europe (see e.g. Reckien et al., 2018). In the case of Genoa, the municipality approved its SECAP two years before
the regional authority issued its RSACC and three years before the national authority approved the Adaptation Plan. In fact, this
subdivision of governing roles is attributed to the common European, national, and sub-national approach, which applies the principle
of subsidiarity (Carozza, 2003). This principle recognizes the need to share responsibilities and roles among administrative levels,
assigning functions to the authority at the lowest possible level that does not compromise the action’s effectiveness (Carozza, 2003).
Though this might be advantageous in terms of proximity to the issues to be solved, we recognize that other significant problems might
emerge. For instance, while implementing adaptation measures is already challenging for larger municipalities such as Genoa, these
challenges can be unmanageable for smaller municipalities. This is a relevant matter for Italy, where 70 % of the 7904 municipalities
have less than 5000 inhabitants (Istat, n.a.a): these various small municipalities (as defined by National Law n. 158/2017) often lack
human and economic resources, and are, thus, unable to pursue an appropriate adaptation path. Notably, this barrier has been widely
reported (Fiinfgeld et al., 2023), also in the case of municipalities in southern European countries (such as Italy) (Aguiar et al., 2018).
In addition, the case of Genoa suggests that municipalities might rely on a pilot project-oriented approach. While interesting in terms of
urban experimentation and innovation (Castan Broto, 2017), this approach may not necessarily translate into an overall, long-term
strategic transformation of the territory (Fiinfgeld et al., 2023), especially if the number of implemented adaptation measures is
low and they encompass a narrow area of influence. Interestingly, it has been already pointed out that a strong mandate and support
from regional and provincial authorities can significantly enhance the capacities of municipalities (Baynham and Stevens, 2013; Lyles
et al., 2017; Pietrapertosa et al., 2021). To sum up, we highlight that this complex condition of limited integration when realizing
selected measures and extensive reliance on local resources can severely undermine adaptation efforts. In particular, it can likely
hinder the overall transformative potential of the enacted documents, thus becoming a missed opportunity to foster an effective local
adaptation path. Indeed, we remark that municipalities have already been recognized as potential privileged partners for higher-level
authorities in local climate action (Kona et al., 2018)—but only if they are in the conditions to effectively contribute.

4.2. Constraining factors

In light of the above, we identified six constraining factors of adaptation. Five factors are overarching, but can jeopardize adap-
tation efforts at the local level. First, in Italy, adaptation strategies and plans are not mandatory at the sub-national levels, easily
leading to a scarcity of commitment among the various governing levels. Second, even when committed, local governments usually
refer to a timeframe limited by their political mandate, usually irreconcilable with the long-term perspective of adaptation processes.
Third, the seven year delay in approving the national adaptation plan implies that there were no operative requirements or guidelines
available to the local authorities. Fourth, the complex and multilevel policy framework hampers the integration and coordination of
adaptation measures among and across governing levels. Fifth, connected to the previous, the variety of policy tools that authorities
can avail makes their coordination and systematization challenging already at a specific level of government, further curbing local
adaptation.

The sixth factor is more specific compared to the others and concerns the lack of control, steering, and systematization among the
selected and implemented adaptation options. The scope of this activity would be: i. to extend the pilot-project approach to a larger-
scale transformative perspective intended to cover the overall pertinent territory; ii. to create agreement and synergy among the
actions affecting neighboring areas; and iii. to verify if the number and potential of the selected actions are sufficient, or if there is a
residual risk that needs to be addressed in the following cycle of adaptation. This sixth factor can lead to the inability of the adaptation
actions to reshape the territories, aggravating the local vulnerability to climate impacts. Furthermore, we evidence the importance of
extending the mentioned comprehensive activity to the monitoring and evaluation phases. Indeed, evaluating the impacts and
ensuring that these evaluations inform the revision of the overall plans would guarantee that the policy cycle progresses in a coor-
dinated and integrated way throughout the overall area, as also the UAST framework remarks.

Given the importance of understanding and addressing the sixth factor for the adaptation cycle, we examined more in depth its
policy background. To begin with, the European strategy fulfills its function of providing general guidance, particularly suggesting the
application of policy coherence principles. The Italian national strategy and plan propose dedicated technical bodies to verify the
agreement and adequacy of adaptation actions. Additionally, they indicate the regional level to provide technical support to local
institutions, and mandatory or voluntary forms of local coordination to integrate governing levels. Notably, the role of local coor-
dinator is also recognized by the Covenant of Mayors, further legitimizing that endeavor, as municipalities often refer to this same
initiative to build their adaptation processes. However, the agenda of the adaptation plan will remain on hold as long as the national
government will not issue an implementation decree. Though this decree is expected in the near future, it becomes a further delay in
the actual enactment.

4.3. Policy recommendations

In view of the emerged constraining factors, we propose some policy recommendations intended to foster effective adaptation. The
first, second, and third factors concern some normative limits that we recommend addressing: i. by strengthening the involvement of
local authorities, as far as requiring a mandatory strategic and/or planning effort; ii. by avoiding delays in practical guidance, that
severely undermine the adaptation capacity of the sub-national governing levels and force antecedent local strategies/plans to be later
adjusted, thus adding complexity to the adaptation process. The fourth and fifth factors relate to the normative framework, too, though
more structural in nature. Indeed, they refer to how regulations are designed, enacted and enforced, often interlacing and overlapping
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each other. Consequently, this condition can hardly be transformed, as it inherently entails a sound commitment in the long term, that
challenges the underlying assumptions and eventually the overall normative framework.

Finally, the case study of Genoa shows that local authorities (i.e. the regional and the municipal ones) often overlook the mentioned
lack of operative guidance, here identified as the sixth factor. We evidence that the national strategy and plan assign the role of control,
steering, and systematization among the adaptation actions to the regional authorities. Hence, we strongly suggest that the regional
institutions actively assume the role of providing local coordination, strengthening their synergy with the Covenant of Mayors
initiative. In addition, we recommend a thorough commitment of municipal authorities in implementing sound climate action. Indeed,
our research evidenced the common trend of relying on pilot-project approaches that lack a comprehensive vision for the area.
Consequently, it is fundamental to devise a robust plan for climate action that transcends the inherent political instability within
municipal authorities and strengthens local climate resilience in the long term. In this perspective, working in collaboration with
neighboring municipalities, also preparing and designing common action plans, also envisioned by the Covenant of Mayors, could
significantly improve local coordination and agreement among adaptation measures, as well as optimize available resources.

We emphasize that, in Italy, given the current structure of the overall adaptation process, integration is crucially missing in
translating the proposed planning tools and objectives into working measures that effectively and comprehensively impact the whole
territory—a condition that can compromise the successful adaptation of an area.

4.4. Limitations of this study

Although our study provided some relevant understandings on local adaptation processes, adopting an innovative approach of
analysis, some limitations can be recognized and possibly overcome in future studies. For instance, as the analyzed case study concerns
only the Genoa area, it might be relevant to adopt a vertical approach to explore how other territories are dealing with the adaptation
process, in order to draw insights on different national and sub-national contexts, especially in European countries. In addition, the
effort to tackle climate change encompasses both adaptation and mitigation measures, hence it might be interesting to investigate how
this joint process is evolving. Eventually, the proposed analysis is based on documents that are currently being issued and/or revised,
hence it might be relevant to check the local policy development in the near future.

5. Conclusion

The case of Genoa provides key insights on the process of local adaptation to climate change, by exploring how involved authorities
might share the burden of such a challenge. This research revealed that the actual implementation of a sound integration among
different institutional levels can induce significant outcomes. For instance, sharing knowledge among stakeholders leads to assess-
ments that are tailored to the local characteristics and inform policies focused on local needs; at the same time, it allows the local
population to participate in the policy process, thus furthering their approval and engagement.

Nevertheless, our study evidenced that when an integrated approach among local authorities becomes flawed, the responsibility of
implementing adaptation is unevenly distributed among concerned actors. Moreover, municipalities might end up playing a major
role. Such a consequence represents a serious issue in the Italian context, where municipalities are often not equipped with adequate
human and economic resources.

We identified six main factors leading to this condition: i. Lack of mandatory adaptation commitments at the sub-national levels; ii.
Mismatched timeframes of governments mandate and adaptation processes; iii. Delayed approval of an adaptation plan at the national
level; iv. Complexity of the multilevel policy framework; and v. Complex variety of available policy tools; vi. Lack of control, steering,
and systematization of adaptation measures. This situation can lead to solutions that have only a limited effect on local vulnerabilities,
hindering the overall adaptation process. Consequently, we stress the urgency of addressing these constraining factors, especially in
terms of strengthening the strategic/planning effort of local authorities, providing timely practical guidance, and compelling inter-
mediate levels of government to undertake a role of control and monitoring over local adaptation processes. The proposed policy
recommendations are meant to contribute to fostering effective local climate change adaptation. Their scope concerns not only the
area of Genoa, but also other European countries, where the mandate of municipalities to play a central role in this process is strong, as
the relevance recognized to the Covenant of Mayors initiative demonstrates, yet the available human and economic resources are not
always up to the challenge. More in general, wherever a complex, multilevel governance is in place to tackle climate adaptation, we
stress the importance of a sound effort of coordination and shared planning, both among and within governing levels, to establish a
robust and stable vision for the adaptation of the area in the long term.

CRediT authorship contribution statement

Alessandra Colocci: Writing — review & editing, Writing — original draft, Visualization, Methodology, Investigation, Data curation,
Conceptualization. Antonella Pietta: Writing — review & editing, Writing — original draft, Supervision, Methodology, Investigation,
Data curation, Conceptualization. Francesca Caviglia: Writing — original draft, Visualization, Investigation, Data curation. Marco
Bagliani: Writing — original draft, Supervision, Methodology, Conceptualization.
Declaration of competing interest

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to

13



A. Colocci et al. Environmental Development 55 (2025) 101221
influence the work reported in this paper.
Acknowledgments

The authors would like to express their gratitude to the editor and the reviewers for their thoughtful and constructive feedback.
Their contributions played a pivotal role in improving the quality of the manuscript.

This paper is dedicated to the memory of Marco Bagliani, who passed away during its preparation. Without his kind presence and
contribution this work would not have been possible.

This work was supported by the Italian Ministry of University and Research under project PRIN no. 20208 TAK3H_002 entitled
"Urban Resilience to Climate change: to Activate participatory mapping and decision support tool for enhancing the sustainable urban
drainage (URCA!)".

Appendix A. Selected strategies and plans analyzed for the case study of Genoa

Table A.1
Links to the most relevant analyzed documents, per considered governing level (last accessed: December 11, 2023).

Governing Document Link
level
Regional Regional Strategy for Adaptation to Climate  https://www.regione.liguria.it/homepage-ambiente/cosa-cerchi/sviluppo-sostenibile/
Change (RSACC) strategia-adattamento-cambiamenti-climatici.html
Metropolitan Metropolitan Strategic Plan https://pianostrategico.cittametropolitana.genova.it/content/piano-strategico-metropolitano
Municipal Sustainable Energy and Climate Action Plan  https://smart.comune.genova.it/content/secap
Genoa Lighthouse 2050(strategic and action ~ https://www.genovameravigliosa.com/en/download
plans)
Table A.2
Most relevant policymaking processes that one of the authors participated in and the related targeted stakeholders.
Policymaking event Targeted stakeholders
3 workshops (07/06/21, 08/07/21 e 29/09/21) Regional managers and officials, Environment and Civil Protection Department acting

as Regional Environmental Management Authority
CIMA Foundation researchers
University of Genoa researchers

Informal meeting during the Regional Forum for Sustainable Metropolitan City of Genoa administrators and officials

Development (October 22, 2022) Ligurian Environmental Protection Agency

Municipality of Genoa administrators and counselors
Industry representatives and private companies, third sector entities, wider public and
local citizenship

Public event of the European project Evoforest (November 18, 2022) Municipality of Genoa administrators and counselors
Winter School “Public management of adaptation to climate change: the =~ CReIAMOPA experts
role of the Regions” (13-15/12/2021) Regional managers and officials

Technical support for the finalization of the RSACC (20-21/11/2022) CReIAMOPA experts

Appendix B. Analyzed adaptation actions for the municipality of Genoa

Table B.1
Analyzed actions related to adaptation and included in the SECAP and Genoa Lighthouse 2050.
Adaptation action Pertinent action plan Description
CLOUDBURST SECAP and Genoa The action aims at reducing the damage caused by extreme rainfall by optimizing and
Lighthouse 2050 improving the infrastructure devoted to the collection and run-off of meteoric water. A pilot
case is foreseen in 10 flood-prone areas.
Enhancement of peri/urban green SECAP The action consists of a set of activities intended to enhance the forestry component of the
areas municipal area, developing management that favors broader access and the reduction of forest-
related risks.
FORCE project SECAP The action encompasses two activities: a study to evaluate the potential amount of mowing and

pruning within the urban area of Genoa, and a project aimed at creating a short wood-energy
supply chain based on the use of local biomass in the Genoa area (Val Polcevera).

The action affects the local forestry management, with the aim of reducing the vulnerability of
the territory towards the risks of forest fires and extreme rainfall.

(continued on next page)
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Adaptation action

Pertinent action plan

Description

UnaLAB project

RiGENERAzione

Redevelopment of the Fiera-
Kennedy area

Polcevera Park and the Red Circle

Digitalization of geodata on
adaptation and mitigation

Emergency management
information system

Participatory civil protection
planning

Teaching support material on civil
protection

CLIMACTIONS project

CLEAN AIR

UNESCO SENTINEL

RIV.eco

SECAP

SECAP and Genoa
Lighthouse 2050

SECAP

SECAP

SECAP

SECAP

SECAP

SECAP

SECAP and Genoa
Lighthouse 2050

SECAP and Genoa
Lighthouse 2050

SECAP and Genoa
Lighthouse 2050

Genoa Lighthouse 2050

The project aims at renovating the Gavoglio area in the Lagaccio district through the
demolition of the former military barracks and development of a public, inclusive, and
sustainable urban park using nature-based solutions.

The project envisages urban regeneration interventions in at least 10 city sites (gardens, urban
squares, open spaces, etc.) with the aim of improving resilience to climate change. The sites
and interventions will be established in a participatory way through public—private partnership
agreements.

The action focuses on local redevelopment interventions. In particular, it includes the
rehabilitation of the sea front and the creation of an urban park in order to improve the
accessibility, integrate the square within the urban fabric, enhance the perception of the area,
and introduce greenery and shading systems.

The project focuses on the transformation of the Val Polcevera area, under the former Morandi
Bridge. It foresees a new Conservation Center for Mediterranean Biodiversity, a pedestrian-
cycle path (named the Red Circle) embracing both banks of the River Polcevera, and a 120-m-
high wind tower that will make the area carbon neutral.

The action aims to upgrade the municipal geoportal (“Corner dati per I’adattamento e la
mitigazione del Cambiamento Climatico”, in Italian) by developing a dedicated dashboard that
reports data on climate change and displays the monitoring of planned and ongoing adaptation
actions.

The initiative aims to develop a new information system for emergency management,
providing a digital platform on which municipal Civil Protection interventions are managed in
a centralized way.

The project consists of the Municipal Civil Protection Plan review and update through a
participatory process to improve emergency management and increase public awareness.
The action involves creating a kit of teaching units for teachers (“Pillole di Protezione Civile”, in
Italian) with the aim of training and informing students on local risks and correct behaviors in
the event of disasters. The material concerns: Flood, Civil Protection System, Civil Protection
Culture, Risk Perception and Resilience, and Sustainable Development.

The project promotes adaptation and mitigation measures for the effects of heat waves in urban
areas, aimed at health benefits and greater livability in the urban context. To this end, the
creation of innovative tools is proposed to support the decision-making process in large urban
areas, using GIS-based techniques to integrate the urban heat island risk with the vulnerability
of the population and other relevant local factors, covering 6 urban areas, including Genoa.
The action aims to pilot test a widespread, low-cost network of sensors capable of collecting
data on air quality and allergens. It involves the development of apps for smartphones with
direct communications on quality areas and routes with beneficial effects on health, and
encourages better access and appreciation of urban spaces.

This action aims to combine satellite monitoring and on-site sensors to calculate how air
pollution and heavy rain affect the fagades of the Palazzi dei Rolli and other UNESCO historical
buildings. The intention is to develop a multilevel governance system able to improve the
monitoring of the effects of climate change on architectural heritage.

The action aims to review some municipal regulations to identify opportunities for updating
and improvement, and to encourage the urban transformation and regeneration processes that
are more in line with the recommendations of international agreements. Some of the expected
improvements focus on: damage caused by strong storms and cloudbursts, prevention of risk
related to fires and urban heat island phenomena, rational use of rainfall water, waste
management according to circular economy principles, and use of functional greenery in the
regeneration of urban spaces.

Data availability

The authors declare that all data are referenced within the article and publicly available online.

References

Aboagye, P.D., Sharifi, A., 2024. Urban climate adaptation and mitigation action plans: a critical review. Renew. Sustain. Energy Rev. 189, 113886. https://doi.org/

10.1016/j.rser.2023.113886.

Acquaotta, F., Faccini, F., Fratianni, S., Paliaga, G., Sacchini, A., 2018. Rainfall intensity in the Genoa Metropolitan Area: secular variations and consequences.
Weather 73 (11), 1-7. https://doi.org/10.1002/wea.3208.
Adger, W.N., Arnell, N.W., Tompkins, E.L., 2005. Successful adaptation to climate change across scales. Glob. Environ. Change 15 (2), 77-86. https://doi.org/

10.1016/j.gloenvcha.2004.12.005.

Aguiar, F.C., Bentz, J., Silva, J.M.N., Fonseca, A.L., Swart, R., Duarte Santos, F., Penha-Lopes, G., 2018. Adaptation to climate change at local level in Europe: an
overview. Environ. Sci. Pol. 86, 38-63. https://doi.org/10.1016/j.envsci.2018.04.010.

Amundsen, H., Hovelsrud, G.K., Aall, C., Karlsson, M., Westskog, H., 2018. Local governments as drivers for societal transformation: towards the 1.5 C ambition. Curr.
Opin. Environ. Sustain. 31, 23-29. https://doi.org/10.1016/j.cosust.2017.12.004.

Araos, M., Berrang-Ford, L., Ford, J.D., Austin, S.E., Biesbroek, R., Lesnikowski, A., 2016. Climate change adaptation planning in large cities: a systematic global
assessment. Environ. Sci. Pol. 66, 375-382. https://doi.org/10.1016/j.envsci.2016.06.009.

15


https://doi.org/10.1016/j.rser.2023.113886
https://doi.org/10.1016/j.rser.2023.113886
https://doi.org/10.1002/wea.3208
https://doi.org/10.1016/j.gloenvcha.2004.12.005
https://doi.org/10.1016/j.gloenvcha.2004.12.005
https://doi.org/10.1016/j.envsci.2018.04.010
https://doi.org/10.1016/j.cosust.2017.12.004
https://doi.org/10.1016/j.envsci.2016.06.009

A. Colocci et al. Environmental Development 55 (2025) 101221

Archie, K.M., Chapman, R., Flood, S., 2018. Climate change response in New Zealand communities: local scale adaptation and mitigation planning. Environ. Dev. 28,
19-31. https://doi.org/10.1016/j.envdev.2018.09.003.

ARPAL, 2013. Climate Atlas of Liguria. Genova.

Baynham, M., Stevens, M., 2013. Are we planning effectively for climate change? An evaluation of official community plans in British Columbia. J. Environ. Plann.
Manag. 57 (4), 557-587. https://doi.org/10.1080/09640568.2012.756805.

Berrang-Ford, L., Biesbroek, R., Ford, J.D., et al., 2019. Tracking global climate change adaptation among Governments. Nat. Clim. Change 9, 440-449. https://doi.
org/10.1038/541558-019-0490-0.

Berrang-Ford, L., Siders, A.R., Lesnikoswki, A., et al., 2021. A systematic global stocktake of evidence on human adaptation to climate change. Nat. Clim. Change 11,
898-1000. https://doi.org/10.1038/s41558-021-01170-y e.

Biesbroek, G.R., Swart, R.J., Van der Knaap, W.G., 2009. The mitigation-adaptation dichotomy and the role of spatial planning. Habitat Int. 33 (3), 230-237.

Bignami, D.F., Biagi, E., 2018. Genoa and Climate Change: Mitigation and Adaptation Policies. Smart Resilient and Transition Cities. Emerging Approaches and Tools
for a Climate-Sensitive Urban Development. Elsevier, Amsterdam.

Bonnett, N.L., Birchall, J., 2023. The influence of regional strategic policy on municipal climate adaptation planning. Reg. Stud. 57 (1), 141-152. https://doi.org/
10.1080/00343404.2022.2049224.

Brandolini, P., Sbardella, P., 2001. Caratterizzazione del reticolo idrografico del territorio comunale di Genova a seguito delle modificazioni antropiche. Boll. Soc.
Geogr. Ital. 12, 6.

Brandolini, P., Cevasco, A., Firpo, M., Robbiano, A., Sacchini, A., 2012. Geo-hydrological risk management for civil protection purposes in the urban area of Genoa
(Liguria, NW Italy). Nat. Hazards Earth Syst. Sci. 12, 943-959. https://doi.org/10.5194/nhess-12-943-2012.

Carozza, P.G., 2003. Subsidiarity as a structural principle of international human rights law. Am. J. Int. Law 97 (1), 38-79. https://scholarship.law.nd.edu/law_
faculty_scholarship/564.

Castellari, S., Venturini, S., Giordano, F., Ballarin Denti, A., Bigano, A., Bindi, M., Bosello, F., Carrera, L., Chiriaco, M.V., Danovaro, R., Desiato, F., Filpa, A., Fusani, S.,
Gatto, M., Gaudioso, D., Giovanardi, O., Giupponi, C., Gualdi, S., Guzzetti, F., Lapi, M., Luise, A., Marino, G., Mysiak, J., Montanari, A., Pasella, D.,
Pierantonelli, L., Ricchiuti, A., Rudari, R., Sabbioni, C., Sciortino, M., Sinisi, L., Valentini, R., Viaroli, P., Vurro, M., Zavatarelli, M., 2014. Elementi per una
Strategia Nazionale di Adattamento ai Cambiamenti Climatici. Ministero dell’Ambiente e della Tutela del Territorio e del Mare, Roma.

Castan Broto, V., 2017. Urban governance and the politics of climate change. World Dev. 93, 1-15. https://doi.org/10.1016/j.worlddev.2016.12.031.

CIMA Foundation, 2021. Climate Scenarios 2038-2068. CIMA Foundation, Genova.

Clar, C., Steurer, R., 2019. Climate change adaptation at different levels of government: characteristics and conditions of policy change. Nat. Resour. Forum 43,
121-131. https://doi.org/10.1111/1477-8947.12168.

Coelho, S., Rafael, S., Coutinho, M., Monteiro, A., Medina, J., Figueiredo, S., Cunha, S., Lopes, M., Miranda, A.I., Borrego, C., 2020. Climate-change adaptation
framework for multiple urban areas in northern Portugal. Environ. Manag. 66, 395-406. https://doi.org/10.1007/500267-020-01313-5.

de Wit, R., Kainz, A., Goler, R., Zuvela-Aloise, M., Hahn, C., Zuccaro, G., Leone, M., Loibl, W., Tétzer, T., Hager, W., Geyer-Scholz, A., Havlik, D., 2020. Supporting
climate proof planning with CLARITY’s climate service and modelling of climate adaptation strategies — the Linz use-case. Urban Clim. 34, 100675. https://doi.
0rg/10.1016/j.uclim.2020.100675. ISSN 2212-0955.

Ebrey, R., de Ruiter, M., Botzen, W., Koks, E., Aerts, J., Wens, M., Bloemendaal, N., Wouters, L., Robinson, P.J., Mol, J., Nirandjan, S., Tesselaar, M., Bosello, F.,
Mysiak, J., Scoccimarro, E., Mercogliano, P., 2021. Study on Adaptation modelling: Comprehensive Desk Review: Climate Adaptation Models and Tools.
Publications Office of the European Union. https://doi.org/10.2834/280156.

European Commission, European Environmental Agency. Getting started. About the urban adaptation support tool (n.a.a). https://climate-adapt.eea.europa.eu/en/
knowledge//tools/urban-ast/step-0-1. (Accessed 27 November 2023).

European Commission, European Environmental Agency. The adaptation support tool — getting started. n.a.b. https://climate-adapt.eea.europa.eu/en/knowledge/
tools/adaptation-support-tooll. (Accessed 27 November 2023).

Esposito, S., Beltrano, M.C., De Natale, F., Di Giuseppe, E., lafrate, L., Liberta, A., Parisse, B., Scaglione, M., 2015. Atlante italiano del clima e dei cambiamenti
climatici, Consiglio per la ricerca in agricoltura e I’analisi dell’economia agraria. Unita di ricerca per la climatologia e la meteorologia applicate all’agricoltura,
Roma, p. 264. ISBN: 978-88-97081-80-7.

European Commission, 2013. The EU Strategy on adaptation to climate change.

European Commission, 2018a. Commission Staff Working Document — Adaptation preparedness scoreboard Country fiches accompanying the document The
Commission to the European Parliament and the Council on the implementation of the EU Strategy on adaptation to climate change (SWD(2018) 460 final,
Brussels, 12 November 2018).

European Commission, 2018b. Commission Staff Working Document — Evaluation of the EU Strategy on adaptation to climate change — accompanying the
document Report from the Commission to the European Parliament and the Council on the implementation of the EU Strategy on adaptation to climate change
(SWD(2018) 461 final, Brussels, 12 November 2018).

European Commission, 2021. Communication from the commission to the European parliament, the council, the European economic and social committee and the
committee of the regions, forging a climate-resilient Europe. In: The New EU Strategy on Adaptation to Climate Change, COM(2021), vol. 82. European
Commission, Brussels.

European Environmental Agency, 2018. National Climate Change Vulnerability and Risk Assessments in Europe, EEA (Report No 1/2018. European Environment
Agency.

European Environmental Agency, 2020. Monitoring and Evaluation of National Adaptation Policies along the Adaptation Policy Cycle, EEA (Report No 06/2020.
European Environment Agency.

Ford, J.D., Berrang-Ford, L., Biesbroek, R., Araos, M., Austin, S.E., Lesnikowski, A., 2015. Adaptation tracking for a post-2015 climate agreement. Nat. Clim. Change 5,
967-969. https://doi.org/10.1038/nclimate2744.

Fiinfgeld, H., Fila, D., Dahlmann, H., 2023. Upscaling climate change adaptation in small- and medium-sized municipalities: current barriers and future potentials.
Curr. Opin. Environ. Sustain. 61, 101263. https://doi.org/10.1016/j.cosust.2023.101263.

Guyadeen, D., Thistlethwaite, J., Henstra, D., 2019. Evaluating the quality of municipal climate change plans in Canada. Clim. Change 152, 121-143. https://doi.org/
10.1007/510584-018-2312-1.

Haasnoot, M., van't Klooster, S., Van Alphen, J., 2018. Designing a monitoring system to detect signals to adapt to uncertain climate change. Glob. Environ. Change
52, 273-285. https://doi.org/10.1016/j.gloenvcha.2018.08.003.

Hally, A., Caumont, O., Garrote, L., Richard, E., Weerts, A., Delogu, F., Fiori, E., Rebora, N., Parodi, A., Mihalovi¢, A., Ivkovi¢, M., Deki¢, L., van Verseveld, W.,
Nuissier, O., Ducrocq, V., D’Agostino, D., Galizia, A., Danovaro, E., Clematis, A., 2015. Hydrometeorological multi-model ensemble simulations of the 4
November 2011 flash flood event in Genoa, Italy, in the framework of the DRIHM project. Nat. Hazards Earth Syst. Sci. 15, 537-555. https://doi.org/10.5194/
nhess-15-537-2015.

Harpham, Q., Lhomme, J., Parodi, A., Fiori, E., Jagers, B., Galizia, A., 2016. Using OpenMI and a model MAP to integrate WaterML2 and NetCDF data sources into
flood modeling of Genoa, Italy. J. Am. Water Resour. Assoc. 52 (4), 933-949. https://doi.org/10.1111/1752-1688.12418.

Heidrich, O., Reckien, D., Olazabal, M., Foley, A., Salvia, M., de Gregorio Hurtado, S., et al., 2016. National climate policies across Europe and their impacts on cities
strategies. J. Environ. Manag. 168, 36-45. https://doi.org/10.1016/j.jenvman.2015.11.043.

Huitema, D., Adger, W.N., Berkhout, F., Massey, E., Mazmanian, D., Munaretto, S., Plummer, R., Termeer, C.C., 2016. The governance of adaptation: choices, reasons,
and effects. Introduction to the Special Feature. Ecol. Soc. 21 (3), 37. https://doi.org/10.5751/ES-08797-210337.

IPCC, 2014. Climate change 2014: synthesis report. In: Pachauri, R.K., Meyer, L.A. (Eds.), Contribution of Working Groups I, II and III to the Fifth Assessment Report
of the Intergovernmental Panel on Climate Change [Core Writing Team. IPCC, Geneva, Switzerland, p. 151.

IPCC, 2022. In: Portner, H.-O., Roberts, D.C., Tignor, M., Poloczanska, E.S., Mintenbeck, K., Alegria, A., Craig, M., Langsdorf, S., Loschke, S., Moller, V., Okem, A.,
Rama, B. (Eds.), Climate Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Sixth Assessment Report of the

16


https://doi.org/10.1016/j.envdev.2018.09.003
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref8
https://doi.org/10.1080/09640568.2012.756805
https://doi.org/10.1038/s41558-019-0490-0
https://doi.org/10.1038/s41558-019-0490-0
https://doi.org/10.1038/s41558-021-01170-y
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref12
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref13
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref13
https://doi.org/10.1080/00343404.2022.2049224
https://doi.org/10.1080/00343404.2022.2049224
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref18
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref18
https://doi.org/10.5194/nhess-12-943-2012
https://scholarship.law.nd.edu/law_faculty_scholarship/564
https://scholarship.law.nd.edu/law_faculty_scholarship/564
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref21
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref21
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref21
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref21
https://doi.org/10.1016/j.worlddev.2016.12.031
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref23
https://doi.org/10.1111/1477-8947.12168
https://doi.org/10.1007/s00267-020-01313-5
https://doi.org/10.1016/j.uclim.2020.100675
https://doi.org/10.1016/j.uclim.2020.100675
https://doi.org/10.2834/280156
https://climate-adapt.eea.europa.eu/en/knowledge//tools/urban-ast/step-0-1
https://climate-adapt.eea.europa.eu/en/knowledge//tools/urban-ast/step-0-1
https://climate-adapt.eea.europa.eu/en/knowledge/tools/adaptation-support-tooll
https://climate-adapt.eea.europa.eu/en/knowledge/tools/adaptation-support-tooll
http://refhub.elsevier.com/S2211-4645(25)00087-9/optsMii3eDaWJ
http://refhub.elsevier.com/S2211-4645(25)00087-9/optsMii3eDaWJ
http://refhub.elsevier.com/S2211-4645(25)00087-9/optsMii3eDaWJ
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref30
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref31
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref31
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref31
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref32
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref32
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref32
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref33
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref33
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref33
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref34
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref34
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref35
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref35
https://doi.org/10.1038/nclimate2744
https://doi.org/10.1016/j.cosust.2023.101263
https://doi.org/10.1007/s10584-018-2312-1
https://doi.org/10.1007/s10584-018-2312-1
https://doi.org/10.1016/j.gloenvcha.2018.08.003
https://doi.org/10.5194/nhess-15-537-2015
https://doi.org/10.5194/nhess-15-537-2015
https://doi.org/10.1111/1752-1688.12418
https://doi.org/10.1016/j.jenvman.2015.11.043
https://doi.org/10.5751/ES-08797-210337
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref44
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref44

A. Colocci et al. Environmental Development 55 (2025) 101221

Intergovernmental Panel on Climate Change. Cambridge University Press. Cambridge University Press, Cambridge, UK and New York, NY, USA, p. 3056. https://
doi.org/10.1017/9781009325844.

Istat, 2022. Popolazione al 1° gennaio. n.a.a. http://dati.istat.it. (Accessed 12 December 2023).

Istat (n.a.b), Superfici territoriali, http://dati.istat.it, latest accessed: 12/December/2023.

Kona, A., Bertoldi, P., Monforti-Ferrario, F., Rivas, S., Dallemand, J.F., 2018. Covenant of mayors signatories leading the way towards 1.5 degree global warming
pathway. Sustain. Cities Soc. 41, 568-575. https://doi.org/10.1016/j.s¢s.2018.05.017.

Lesnikowski, A., Ford, J., Biesbroek, R., Berrang-Ford, L., Heymann, S.J., 2016. National-level progress on adaptation. Nat. Clim. Change 6, 261-264. https://doi.org/
10.1038/nclimate2863.

Liguria Region, 2021. Regional Strategy for Sustainable Development (RSSD), Liguria Region.

Liguria Region, 2023. Resolution of the Regional Council DGR n.18-2023, Approval of the Regional Strategy for Adaptation to Climate Change.

Lindner, R., Liickerath, D., Milde, K., Ullrich, O., Maresch, S., Peinhardt, K., Latinos, V., Hernantes, J., Jaca, C., 2021. The standardization process as a chance for
conceptual refinement of a disaster risk management framework: the ARCH project. Sustainability 13 (21), 12276. https://doi.org/10.3390/5u132112276.
Lyles, W., Berke, P., Overstreet, K.H., 2017. Where to begin municipal climate adaptation planning? Evaluating two local choices. J. Environ. Plann. Manag. 61 (11),

1994-2014. https://doi.org/10.1080/09640568.2017.1379958.

Markanday, A., Galarraga, I., Markandya, A., 2019. A critical review of cost-benefit analysis for climate-change adaptation in cities. Climate Change Econ. 10 (4),
1-31. https://www.jstor.org/stable/26851313.

Measham, T.G., Preston, B.L., Smith, T.F., Brooke, C., Gorddard, R., Withycombe, G., Morrison, C., 2011. Adapting to climate change through local municipal
planning: barriers and challenges. Mitig. Adapt. Strategies Glob. Change 16, 889-909.

Ministry of the Environment and the Protection of the Territory and the Sea, 2018. CReIAMOPA Expertise and networks for environmental integration and
improvement of public administration organizations.

Ministry of Enterprises and Made in Italy, Ministry of Environment and Energy Security, Ministry of Infrastructures and Transport, 2019. National integrated plan for
Energy and climate. available at: https://www.mase.gov.it/comunicati/pubblicato-il-testo-definitivo-del-piano-energia-e-clima-pniec. (Accessed 5 December
2023).

Ministry of Environment and Energy Security, 2022a. Ecological Transition Plan.

Ministry of Environment and Energy Security, 2022b. National Adaptation to Climate Change Plan.

Municipality of Genoa, 2020. City Council Resolution DCC-2020-443, Sustainable Energy and Climate Action Plan SECAP.

National Law n. 158/2017, Misure per il sostegno e la valorizzazione dei piccoli comuni, nonche’ disposizioni per la riqualificazione e il recupero dei centri storici dei
medesimi comuni, https://www.gazzettaufficiale.it/eli/id/2017/11/2/17G00171/sg.

Nicolletti, M., Maschietto, F., Moreno, T., 2020. Integrating social learning into climate change adaptation public policy cycle: building upon from experiences in
Brazil and the United Kingdom. Environ. Dev. 33, 100486. https://doi.org/10.1016/j.envdev.2019.100486.

Olazabal, M., Galarraga, 1., Ford, J., Sainz De Murieta, E., Lesnikowski, A., 2019. Are local climate adaptation policies credible? A conceptual and operational
assessment framework. Int. J. Urban Sustain. Dev. 11 (3), 277-296. https://doi.org/10.1080/19463138.2019.1583234.

Olazabal, M., De Gopegui, M.R., 2021. Adaptation planning in large cities is unlikely to be effective. Landsc. Urban Plann. 206, 103974. https://doi.org/10.1016/j.
landurbplan.2020.103974.

Pietrapertosa, F., Salvia, M., De Gregorio Hurtado, S., Geneletti, D., D’Alonzo, V., Reckien, D., 2021. Multi-level climate change planning: an analysis of the Italian
case. J. Environ. Manag. 289, 112469. https://doi.org/10.1016/j.jenvman.2021.112469.

Pirlone, F., Spadaro, 1., Candia, S., 2020. More resilient cities to face higher risks. The case of Genoa. Sustainability 12, 4825. https://doi.org/10.3390/su12124825.

Prall, M., Olazabal, M., Lehmann, M., 2023. Socio-economic projections in urban climate change adaptation planning: practices and prospects for just adaptation.
Habitat Int. 142, 102946. https://doi.org/10.1016/j.habitatint.2023.102946.

Preston, B.L., Westaway, R.M., Yuen, 2011. E.J. Climate adaptation planning in practice: an evaluation of adaptation plans from three developed nations. Mitig.
Adapt. Strategies Glob. Change 16, 407-438. https://doi.org/10.1007/s11027-010-9270-x.

Reckien, D., Flacke, J., Dawson, R.J., et al., 2014. Climate change response in Europe: what’s the reality? Analysis of adaptation and mitigation plans from 200 urban
areas in 11 countries. Clim. Change 122, 331-340. https://doi.org/10.1007/s10584-013-0989-8.

Reckien, D., Flacke, J., Olazabal, M., Heidrich, O., 2015. The influence of drivers and barriers on urban adaptation and mitigation plans—an empirical analysis of
European cities. PLoS One 10 (8), e0135597. https://doi.org/10.1371/journal.pone.0135597.

Reckien, D., Salvia, M., Heidrich, O., Church Filomena Pietrapertosa, J.M., De Gregorio-Hurtado, S., D’Alonzo, V., et al., 2018. How are European cities planning to
respond to climate change? Analysis of local climate plans from 885 urban areas in the EU-28. J. Clean. Prod. 191 (1), 207-219. https://doi.org/10.1016/j.
jclepro.2018.03.220.

Salvia, M., Pilogallo, A., Santopietro, L., Pietrapertosa, F., 2024. A methodological framework for assessing regional climate efforts. Learning from its application in
Italy. J. Clean. Prod. 484, 144299. https://doi.org/10.1016/j.jclepro.2024.144299.

Schipper, E.L.F., 2020. Maladaptation: when adaptation to climate change goes very wrong. One Earth 3 (4), 409-414. https://doi.org/10.1016/j.
oneear.2020.09.014.

Silvestro, F., Rebora, N., Giannoni, F., 2016. The flash flood of the Bisagno Creek on 9th October 2014: an “unfortunate” combination of spatial and temporal scales.
J. Hydrol 541, 50-62. https://doi.org/10.1016/j.jhydrol.2015.08.004.

Sogesid — CReIAMO PA Per un cambiamento sostenibile, 2020. Metodologie per la definizione di strategie e piani regionali di adattamento ai cambiamenti climatici.

Spano, D., Mereu, V., Bacciu, V., Marras, S., Trabucco, A., Adinolfi, M., Barbato, G., Bosello, F., Breil, M., Chiriaco, M.V., Coppini, G., Essenfelder, A., Galluccio, G.,
Lovato, T., Marzi, S., Masina, S., Mercogliano, P., Mysiak, J., Noce, S., Pal, J., Reder, A., Rianna, G., Rizzo, A., Santini, M., Sini, E., Staccione, A., Villani, V.,
Zavatarelli, M., 2020. Risk Analysis. Climate Change in Italy. Executive Summary. https://doi.org/10.25424/CMCC/ANALISI_DEL_RISCHIO.

Trentanovi, G., Zinzani, A., Bartoletti, R., Montanari, F., 2021. Contested novel ecosystems: socio-ecological processes and evidence from Italy. Environ. Dev. 40,
100658. https://doi.org/10.1016/j.envdev.2021.100658.

Zebisch, M., Terzi, S., Pittore, M., Renner, K., Schneiderbauer, S., 2022. Climate Impact Chains—A Conceptual Modelling Approach for Climate Risk Assessment in the
Context of Adaptation Planning, Climate Adaptation Modelling. Springer Climate. Springer, Cham., pp. 217-224. https://doi.org/10.1007/978-3-030-86211-4_
25

17


https://doi.org/10.1017/9781009325844
https://doi.org/10.1017/9781009325844
http://dati.istat.it
http://dati.istat.it
https://doi.org/10.1016/j.scs.2018.05.017
https://doi.org/10.1038/nclimate2863
https://doi.org/10.1038/nclimate2863
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref51
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref52
https://doi.org/10.3390/su132112276
https://doi.org/10.1080/09640568.2017.1379958
https://www.jstor.org/stable/26851313
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref56
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref56
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref59
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref59
https://www.mase.gov.it/comunicati/pubblicato-il-testo-definitivo-del-piano-energia-e-clima-pniec
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref61
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref62
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref63
https://www.gazzettaufficiale.it/eli/id/2017/11/2/17G00171/sg
https://doi.org/10.1016/j.envdev.2019.100486
https://doi.org/10.1080/19463138.2019.1583234
https://doi.org/10.1016/j.landurbplan.2020.103974
https://doi.org/10.1016/j.landurbplan.2020.103974
https://doi.org/10.1016/j.jenvman.2021.112469
https://doi.org/10.3390/su12124825
https://doi.org/10.1016/j.habitatint.2023.102946
https://doi.org/10.1007/s11027-010-9270-x
https://doi.org/10.1007/s10584-013-0989-8
https://doi.org/10.1371/journal.pone.0135597
https://doi.org/10.1016/j.jclepro.2018.03.220
https://doi.org/10.1016/j.jclepro.2018.03.220
https://doi.org/10.1016/j.jclepro.2024.144299
https://doi.org/10.1016/j.oneear.2020.09.014
https://doi.org/10.1016/j.oneear.2020.09.014
https://doi.org/10.1016/j.jhydrol.2015.08.004
http://refhub.elsevier.com/S2211-4645(25)00087-9/sref80
https://doi.org/10.25424/CMCC/ANALISI_DEL_RISCHIO
https://doi.org/10.1016/j.envdev.2021.100658
https://doi.org/10.1007/978-3-030-86211-4_25
https://doi.org/10.1007/978-3-030-86211-4_25

	Fostering climate change adaptation through local authority efforts: Insights from the case study of Genoa
	1 Introduction
	2 Material and methods
	2.1 Methods used
	2.2 The analytical framework
	2.3 The study area

	3 Results
	3.1 Preparing the ground for adaptation
	3.2 Assessing climate change risks and vulnerabilities
	3.3 Identifying adaptation options
	3.4 Assessing and selecting adaptation options
	3.5 Implementing adaptation
	3.6 Monitoring and evaluating adaptation

	4 Discussion
	4.1 Main findings: the duality of local adaptation
	4.2 Constraining factors
	4.3 Policy recommendations
	4.4 Limitations of this study

	5 Conclusion
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgments
	Appendix A Selected strategies and plans analyzed for the case study of Genoa
	Appendix B Analyzed adaptation actions for the municipality of Genoa

	Data availability
	References


