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Abstract

:

As increasingly recognized by scholars, climate change is posing new challenges in the field of disaster risk management and urban planning. Even though cultural heritage has passed through decades and centuries, it has never experienced such unexpected and variable events as those forecasted by climate change for the foreseeable future, making it a sensitive element of the living environment. By selecting the city of Ravenna and the cultural heritage site of the Santa Croce Church and archaeological area as a case study, the paper aims at providing an insight into the role that urban planning tools have when it comes to improving the resilience of historical areas, coping with climate change through improvements to the disaster risk management of cultural heritage. Starting from a deep analysis of the existing spatial and urban planning tools that operate at different scales on the Ravenna territory, the adaptive capacity of the historical area toward the identified risks was assessed. The results may lead, on the one hand, to improving the integration of cultural heritage risk management into urban planning tools; on the other hand, they contribute to improving the scope and the governance of the heritage management plans in order to cope with climate change risks and their effects.
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1. Introduction


Cultural heritage, which has been skillfully handed down to us through the centuries, today is dealing with an unprecedented and constantly changing climate [1,2,3,4,5]. Its effects are making the protection, management, and use of cultural heritage more challenging [6,7,8,9]. Current disaster statistics do not consider cultural heritage as a sensitive and resilient element of the living environment [10]. Furthermore, policies to protect heritage from natural and anthropic risks remain fragmented, while the importance of learning from traditional best practices and knowledge for building resilience appears underestimated [11].



The opportunity to use cultural heritage and its inherent value, the importance of raising awareness of climate change, and the potential effect it would generate if considered together with existing risks have all been underlined by the UNESCO World Heritage Centre and its advisory bodies [7,8,12]. Nevertheless, due to the uncertainty of climate change and the quite static concept of cultural heritage rooted in the World Heritage Convention [11], there is still a lack of a globally comprehensive and shared framework able to provide effective and standardized guidelines to deal with the integration of these themes [13,14].



Despite increasingly recognizing that risks can no longer be assessed without considering climate change, their assessment turns out to be more difficult and the adoption of a holistic approach necessary [15,16,17,18,19,20,21,22,23,24]. This leads to a greater emphasis on the preventive phase of risk management [9,25,26,27,28], consisting of the definition of mitigation strategies and the drafting of emergency plans to deal with potentially dangerous situations [29]. According to the latest report of the Intergovernmental Panel on Climate Change (IPCC) [30], the paramount cause of climate change is attributed to human action, which has led to an exponential growth in greenhouse gas emissions. The main expected changes resulting from climate change are increased global mean temperatures and global sea level, increased intensity of rainfall events, but at the same time, more frequent droughts in arid and semi-arid areas and increased frequency of storms locally. The projected scenarios do not affect the ecosystem functioning only, but also the global socioeconomic equilibrium [31]. The complexity of the climate change phenomenon, whose causes can be found in many sectors of our living routine, together with the existing risks that affect a specific territory, is underlining the urgency of adopting coordinated policies and plans based on long-term planning and decision-making scenarios [32].



Recently, the UNESCO World Heritage Centre and its advisory bodies have started to delineate strategies to assist state parties to implement management plans in response to the possible effects of climate change on cultural heritage. They call for reducing non-climatic stress factors on cultural heritage sites to enhance their resilience to climate change impacts; identifying and promoting synergies between adaptation and mitigation actions; conducting climate change vulnerability analysis, risk assessment, and developing appropriate management plans; collecting and documenting information on the impacts of the past and current climate change on World Heritage sites [33]; emphasizing the key role of cultural heritage in raising awareness of the effects of climate change, thus supporting actions to tackle it [7].



As highlighted above, human actions being the main cause of climate change, the key role that spatial and urban planning can play in opposing it is increasingly recognized [34,35,36,37,38,39,40]. Indeed, urban planning tools dealing with the built environment transformations can have a key role in integrating the disaster risk management of cultural heritage into a holistic and comprehensive approach to increasing resilience in cities through adaptation and mitigation measures, to further limit situations of danger and disasters [41,42,43,44,45,46,47,48,49].



Climate change influences disaster risk management of cultural heritage by modifying climatic and non-climatic factors that contribute to the vulnerability assessment of cultural assets [7,50,51]. The concept of vulnerability has been defined for long time as the interaction of both sensitivity (i.e., the degree to which a system is affected, either adversely or beneficially, by hazards or climate-related stimuli) and exposure (i.e., the nature and degree to which a system is exposed to significant hazards or climatic variations) [52,53,54,55,56,57]. However, in the last few years, an updated vulnerability assessment definition has been proposed which also includes adapting the capacity of policies, environments, and society to the hazards. The cross-nature concept of adaptive capacity, which may be defined as the ability of a system to modify its behavior to cope better with changes of its living environment, stresses the shifting philosophy from potential to feasible adaptation [58].



In this framework, the overall aim of the paper is to provide insights into the role of urban planning tools for improving historical area resilience to climate change through improvements to the disaster risk management of cultural heritage. To this aim, the city of Ravenna (Figure 1) was considered as a case study, with a focus on the Santa Croce Church and its archaeological area (Figure 2), located in the heart of the city center, next to two out of eight UNESCO World Heritage monuments that are present in this city. On the one hand, the research investigates to what extent the integration of cultural heritage, disaster risk management, and climate change has been already addressed by Ravenna urban planning tools; on the other hand, the paper assesses the adaptive capacity of the most relevant planning tools toward the risks identified as more significant.



The case study is part of the H2020 Shelter project (GA No. 821282), which aims at promoting and enhancing a dynamic view based on a resilience thinking where risks and uncertainty are used to define sustainable strategies. For the Ravenna case study, the Shelter project has identified three main hazards toward which research should be directed (i.e., earthquake, subsidence, and flooding) and climate change as the amplifying phenomenon of these existing risks. Therefore, the aim of this research is to consider earthquake, subsidence, flooding, and climate change when the disaster risk management of cultural heritage is investigated. Despite Ravenna belonging to a medium–low seismic risk zone [59], the church could be subject to serious damage in the case of a seismic event, due to several architectural interventions that modify the original structure, affecting, in turn, the structural stability [60]. The subsidence phenomenon, which causes vertical ground lowering, has characterized the area of Ravenna for over a century [61,62,63,64]. The progressive sinking of the soil, together with the aquifer proximity to the ground, entails a high hydrogeological natural risk for Santa Croce and the surrounding monuments, consequently placing the assets also at a flooding risk [65]. At present, the level of water is managed only with manually controlled pumps with no early warning system active in the area, a situation that can hinder an immediate response when anomalous situations occur [60].



The paper is organized into six sections. Following this introduction, Section 2 focuses on the concept of adaptive capacity where a literature review is conducted to both frame the concept and investigate it in relation to spatial planning instruments. Section 3, Materials and Methods, provides, at first, an insight into the Italian urban planning framework and the Ravenna planning tools to contextualize the case study (Section 3.1); then it describes the process that led to the definition of the most relevant planning tools for the city of Ravenna, as far as disaster risk management, cultural heritage and climate change are concerned (Section 3.2), and the methodology applied to assess the adaptive capacity of the case study based on the selected planning tools (Section 3.3). Section 4, Results, presents the four planning tools selected for defining a more complete framework for integrating cultural heritage risk management into urban planning and enhancing strategies for increasing the resilience of the case study historical center (Section 4.1). Moreover, Section 4.2 explains to what extent the existing planning tools contribute to the adaptive capacity of the Ravenna historical center toward risks and their management. Section 5 includes the discussion of the results and proposes a brand-new cultural heritage risk management protocol aiming at enhancing resilience through governance. Lastly, Section 6, Conclusion, summarizes the objectives achieved and highlights new challenges and threads for future applications underlying the need of considering cultural heritage as a sensible and resilient element of our living environment.




2. Focusing on Adaptive Capacity


Adaptive capacity was defined by the last IPCC report concerning climate change as “the ability of systems, institutions, humans and other organisms to adjust to potential damage, to take advantage of opportunities, or to respond to consequences” [30]. Adaptive capacity is strictly linked to vulnerability, as the latter encompasses a variety of concepts and elements, including sensitivity or exposure to harm and lack of capacity to cope and adapt. The concepts of exposure and sensitivity proportionally depend on and influence vulnerability, while adaptive capacity affects the latter in an inversely proportional way. The existing literature has argued considerably on the choice of the relevant fields or dimensions that should be considered for assessing adaptive capacity, as it is a complex concept that embraces environmental, economic, socio-cultural, and technological characteristics [66,67].



According to Holling [68], the concept of adaptive capacity has been influenced by work done in the area of social–ecological systems and it is linked more with the definition of governance than of government: the latter is conceived as a strict, centralized, top-down process whose main task is to provide rules of public interest to be implemented at local level. In contrast, governance is seen as a flexible, diffuse, bottom-up and top-down process. As a consequence, it allows for strong interaction, both between social actors with very different interests and between different levels of government. In fact, according to Gupta et al. [66], the concept of adaptive capacity is strictly linked to institutions and their ability to embed multiple frames of references, problem definitions, and options that involve different actors in the governance process [32].



When it comes to assessing institutional adaptive capacity, scholars [66,69,70,71,72,73] have highlighted a number of indicators: variety, by dealing with cross-scale dynamics, matching scales and sectors of ecosystems and governance, and accounting for external drivers; learning capacity, by sustaining social memory and enhancing socio-ecological memory; room for autonomous change, by increasing the capacity of individuals to self-organize and innovate; leadership, by its capacity of sharing information on possible adaptation strategies; resources; fair governance; nurturing diversity for reorganization and renewal; the availability of a plan that is adaptive, forward thinking, and addresses different risks; infrastructures; social capital; access to risk spreading processes; education.



In addition, Bossio et al. defined the interlinked dimensions of processes and institutions as relevant factors that shape adaptive capacity. Processes are distinguished between multi-level and place-based ones. On the one hand, processes occurring at the global level—such as globalization, trade agreements and urbanization—or at the national level—such as authority decentralization—shape actors’ ability to deal with their changing living environment. On the contrary, economic, political, social, ecological place-based processes influence the vulnerability—through adaptive capacity—of a particular place and actors’ responses to and preparedness for hazards. On the other hand, institutions are considered the determinants concerning the formal and informal norms that emerge from social interaction and guide actors’ behavior [74]. Therefore, institutions can positively or negatively influence their own adaptive capacity.



Polsky, Neff and Yarnal [75] defined the dimensions for assessing adaptive capacity in a context more related to disaster risk management: access to technology, management structure, and access to information. The more they are explored, treated, and specified by the institution dealing with risk management, the more likely adaptive capacity will be high and, consequently, vulnerability will decrease.



As vulnerability assessment, adaptive capacity assessment depends on the specific characteristics of each analyzed and studied case. It is worth highlighting that, when it comes to planning tools and their scope—which varies from land use regulation, sustainable mobility, environmental quality and safeguarding, social and economic sustainable development—adaptive capacity might be intended, according to the dimensions given by Gupta et al. in [66], to describe institutional adaptive capacity. On the contrary, when focusing on cultural heritage and its management, the key features of adaptive capacity appear as those identified by Polsky, Neff and Yarnal in [75]. Because the aim of this research is to identify the capability of urban planning tools to cope with the changing environment—with a particular attention to historical areas and cultural heritage being protected as the symbol and core of our cities and communities—both the ability of institutions to have a long-term vision involving different actors and sectors and the ability to proactively cope with natural and man-made risks should be taken into account. For this reason, the spatial and urban planning dimension of adaptive capacity in the Ravenna case study was investigated.




3. Materials and Methods


3.1. An Insight into the Italian Spatial Planning Framework and Ravenna Urban Planning Tools


Across Europe, the competences for spatial planning lie on a national, regional/county, or local level. Indeed, the European Union itself has no general competence assigned within this field. However, even though the EU has no explicit competence in spatial planning, existing EU sectoral competencies and activities influence spatial planning instruments and spatial developments indirectly [76].



Moving to Italy, it should be noted that the Italian urban planning system provides for a hierarchical organization in which local plans have to take into account the prescriptions of the higher-level plans. The main national law about urban planning dates back to 1942 (Law No. 1150, dated 17 August 1942). Starting from the 1970s, the legislative authority in the field of urban planning has been gradually delegated to the regions. The lack of an up-to-date national planning framework has led to an intense production of regional laws concerning urban planning and, consequently, to a heterogeneous scenario all over the peninsula, characterized by different regulation of urban planning at local levels [77].



Regarding to the national planning level, the National Adaptation Plan to Climate Change (PNACC—Piano Nazionale di Adattamento ai Cambiamenti Climatici) [78] was considered in this research as it constitutes the main national reference to deal with climate change. Moreover, the Flood Risk Management Plan (PGRA—Piano di Gestione Rischio Alluvioni) [79] was considered, since it constitutes the most relevant instrument to assess, manage, and monitor flood risk. The monitoring strategies, the obtained data describing maps, and the regulations about managing flood risk contained in this planning instrument must be observed by lower-level spatial planning tools. It was drawn by the River District Basin Authority, a joint body that does not correspond to any administrative level, but its level of competences can be described as intermediate between national and regional. The body dealing with the Ravenna Municipality area is the Po River District Basin Authority.



Within the scope of this research, the spatial planning regulatory framework taken as a reference was that of the Emilia-Romagna Region, where the city of Ravenna is located. The Emilia-Romagna Region applies the horizontal subsidiarity, meaning that decisions should be taken at the closest level to the citizens, and what can be achieved by local authorities does not need to be done by higher-level institutions. The Regional Spatial Plan (PTR—Piano Territoriale Regionale) [80] is the strategic and programming tool to ensure sustainable development, social cohesion, and competitiveness of the regional system. It outlines general development strategies to be subsequently specified by administrative bodies at lower levels of the spatial planning hierarchy. With reference to landscape and heritage protection, the regions are required to draw up their own Regional Landscape Protection Plan (PTPR—Piano Territoriale Paesaggistico Regionale) [81]. It is superordinate to all the other lower levels of urban planning, thus emphasizing the key role of both landscape and cultural heritage preservation in managing territorial transformation [82]. Furthermore, it identifies and quantitatively describes the main anthropic and natural hazards. The Regional Landscape Protection Plan of the Emilia-Romagna Region dates back to 1988. In addition to the regional-level spatial planning instruments just mentioned, other sectoral planning tools were taken into account as their contents are related to the main themes covered by this paper: the Emilia-Romagna Region Mitigation and Adaptation Strategy for Climate Change (SMACCER—Strategia di Mitigazione e Adattamento ai Cambiamenti Climatici della Regione Emilia-Romagna) [83], the Integrated Regional Transportation Plan (PRIT—Piano Regionale Integrato dei Trasporti) [84], the Integrated Regional Air Plan (PAIR—Piano Aria Integrato Regionale) [85], the Water Protection Plan (PTA—Piano di Tutela delle Acque) [86].



It is necessary to note that, although the legislative and administrative power of the Italian Provinces is in the process of being abolished due to Law no. 56, dated 7 April 2014, the Provincial Spatial Plan (PTCP—Piano Territoriale di Coordinamento Provinciale) [87], which constitutes the link between the regional planning tool and the municipal one, is still in force. Referring to the provincial-level spatial planning, the Provincial Emergency Plan (PPE—Piano Provinciale di Emergenza) [88] was also considered due to its relationship with the field of disaster risk management.



Italian urban planning is mainly regulated at the municipal level. Referring to the Ravenna context, the current urban plan is structured into three documents: the Structural Urban Plan (PSC—Piano Strutturale Comunale) [89], which is a long-term, non-prescriptive plan and sets out the strategic guidelines for territorial governance deriving from higher levels; the Operating Plan (POC—Piano Operativo Comunale) [90], which is a working, programming, and prescriptive plan with a limited duration in time; and lastly, the Urban Building Regulations (RUE—Regolamento Urbanistico Edilizio) [91]. However, according to the latest Emilia-Romagna Regional Law no. 24 of 2017 on spatial planning, all the municipalities are expected to adopt a new urban plan named Urban General Plan (PUG—Piano Urbanistico Generale) [92] by the end of 2022. Therefore, the Ravenna Municipality finds itself in a transition phase, where the preliminary strategic guidelines of the new urban plan have been drafted, but not adopted yet. For this reason, the research has considered both the current urban plan, as well as the baseline framework and strategic guidelines of the new coming one (PUG).



As this paper aims at investigating the integration of cultural heritage and disaster risk management into urban planning tools, additional sectoral planning tools were considered, such as the Management Plan of the UNESCO Early Christian Monuments serial site in Ravenna (PdG—Piano di Gestione dei monumenti paleocristiani di Ravenna patrimonio dell’umanità) [93] and the Municipal Civil Protection Plan (PPCC—Piano di Protezione Civile Comunale) [94]. Furthermore, since the Sustainable Energy Action Plan (PAES—Piano di Azione per l’Energia Sostenibile) [95] and the new Sustainable Energy and Climate Action Plan (PAESC—Piano di Azione per l’Energia Sostenibile e il Clima) [96] constitute the main municipal-level references to sustainable spatial development and adaptation to climate change, their contents have been analyzed, too. In addition to the just mentioned planning tools, the Sustainable Urban Mobility Plan (PUMS—Piano Urbano di Mobilità Sostenibile) [97] and the Action Plan for the Ravenna Building Asset (PdA—Piano di Azione per l’Agglomerato di Ravenna) [98] were also considered.




3.2. Methodology for Identifying the Most Relevant Planning Tools


A four-step selection process (Figure 3) was implemented, aiming at recognizing the most relevant planning tools in terms of their capacity to plan in a proactive way to respond to the consequences of disasters in the Ravenna case study. Indeed, identifying the planning tools responsible for framing actions to influence the potential damage caused by the identified risks to the historical city and Ravenna cultural heritage can be considered the first step for improving the integration of cultural heritage disaster risk management into urban planning.



At first, the recognition of the planning tools acting either at municipal level or at supra-municipal one was performed. They referred to wider fields of cultural heritage preservation and valorization, sustainability, and environmental quality, acting both at municipal level and at higher administrative level. The aim of the first step was to embrace the main investigation topics of this research—cultural heritage, risk management, and climate change—in the widest way possible while searching for the planning instruments embedding actions to address the identified hazards. They all were applied as inputs for the selection process.



Secondly, to establish and define whether a planning tool could influence the case study adaptive capacity towards the identified risks, standardized analysis sheets were used. Information on the following items was collected: (a) plan name; (b) plan type; (c) plan level; (d) main topics addressed; (e) source (i.e., which law or directive produced the plan); (f) date of adoption; (g) date of approval; (h) objectives; (i) territorial entities involved in the drafting process (i.e., which entities, in addition to the responsible one, were involved in drafting the plan); (j) documents of the plan; (k) territorial entities involved in the implementation phase (i.e., which entities, in addition to the responsible one, were involved in the implementation of the plan); (l) digital instruments applied (i.e., whether particular technologies were used to draw up the plan or parts of it); (m) plans that must follow its guidelines; (n) supra-municipal planning; (o) articles directly relevant to the area of interest; (p) additional notes and comments. The analysis sheets produced constituted the state of the art in terms of existing planning and regulatory tools that act on the Ravenna territory, considering all the governance levels (i.e., river basin, regional, provincial, and municipal).



After the first and second steps, the extent to which planning tools in force for the city of Ravenna take into account cultural heritage, risk management, and climate change was investigated. Through this assessment, planning tools dealing specifically with the three topics were identified. This third step led to discarding the planning tools dealing with sectoral topics other than cultural heritage and disaster risk management, although related to sustainable development.



Lastly, for the planning tools that passed only the third step, strengths and weaknesses were highlighted. The presence of a governance level closer to the local one—meant to have a great specification of data and information—the availability of a monitoring program for assessing the effectiveness of a plan; the involvement of other entities or bodies in the implementation of a plan; the consideration of climate change as an amplifying factor of the existing risks; the presence of an abacus of strategies, measures, or actions to adapt to hazards; education and formation as means of raising awareness; and the integrated dimensions of risks were considered strengths. The absence of the abovementioned elements constituted a weakness.




3.3. Investigating Adaptive Capacity through Planning


The assessment of the plan’s adaptive capacity was consequential to the selection of the planning tools, as the former operationalizes the knowledge resulting from the analysis of the latter.



For each hazard identified as relevant to the Ravenna case study, an attempt was made to identify within the planning tools: (1) the presence (or absence) of maps describing these risks in terms of intensity and frequency; (2) the presence (or absence) of adaptation and mitigation strategies and, whenever possible, the definition of prescriptive articles limiting their causes; (3) the presence (or absence) of monitoring strategies toward disaster risk management. The desired information was investigated in the form of guiding questions. The identification of the guiding questions did not aim at being exhaustive, also considering the limited number of risks that were taken into account as relevant for the Ravenna case study, compared to those that could characterize a given territory. Nevertheless, they allowed to highlight the main characteristics and limitations of the planning instruments when it came to influence their adaptive capacity of a given territory.



The first planning level that was investigated for the presence of this desired information was the municipal one, being the one with the highest degree of detail. The adaptation capacity at local level was considered as positively influenced whenever a planning tool included elements to support cultural heritage disaster risk management. In case this information was not present at the municipal level, its closest supra-municipal planning level was analyzed. In the specific case of the Ravenna case study, the analysis was carried out referring to two-time scenarios: “nowadays” and “future strategies.” This differentiation was due to the fact that the current legislation in the Emilia-Romagna Region requires all municipalities to adopt a new urban plan by 2022, to replace the existing one.





4. Results


4.1. The Planning Tools


The recognition phase led to the individuation of 20 planning tools (briefly described in Section 3.1) regarding the Ravenna territory and differing in governance scale and thematic threats (Figure 4). According to the methodology described in Section 3.2, by applying the inputs of cultural heritage, risk management, and climate change, the selection was refined from 20 to 11 planning tools (i.e., the ones highlighted with dotted squares in Figure 4). For each of these 11 planning tools, strengths and weaknesses were highlighted. An exception was made for the new urban plan (PUG), where an attempt was made to identify the strengths only, based on the baseline framework and strategic guidelines already available for the new upcoming Ravenna urban plan. Indeed, it was not possible to specify its weaknesses, due to the lack of details of the strategic guidelines that will lead to the drawing of the complete municipal urban plan in the coming months.



From the analysis of the strengths and weaknesses (Table 1), four planning tools resulted as being the most relevant in tackling cultural heritage, risk management, and climate change: the new urban plan (PUG—Piano Urbanistico Generale); the Management Plan of the UNESCO Early Christian Monuments serial site in Ravenna (PdG—Piano di Gestione dei monumenti paleocristiani di Ravenna patrimonio dell’umanità); the Sustainable Energy and Climate Action Plan (PAESC—Piano di Azione per l’Energia Sostenibile e il Clima); and, lastly, the Municipal Civil Protection Plan (PPCC—Piano di Protezione Civile Comunale). It should be noted that all the planning tools identified as relevant referred to the municipal level, thus confirming the key role of this governance level in an integrated risk management.



The new urban plan (PUG) is the policy instrument through which the Municipality of Ravenna individuates both its strategy and rules for the city transformation in the long term. It regulates the whole municipal territory, and its content is mainly oriented to discipline the regeneration processes of the existing urbanized territory, defining an approach based on environmental and urban quality. As far as the provisional documents available allowed to understand, the new urban plan (PUG) is expected to take into account the future territorial risks and fragility, its competitive opportunities, and its economic and environmental potential in a more systematic way than was done by the current urban plan. This increase in the available knowledge will be possible through the development of guidelines, rules, programs, and projects capable of pursuing growing and necessary integrations of actions [92]. Lastly, it should be highlighted that in the Strategic Environmental Assessment of the urban plan—whose contents and objectives are defined by the Emilia-Romagna Regional Law no. 24/2017—climate change is not addressed.



The Management Plan of the UNESCO Early Christian Monuments serial site in Ravenna (PdG) is the municipal-level planning instrument through which the eight buildings, part of the UNESCO site called “Early Christian Monuments of Ravenna,” are enhanced, protected, and preserved. The general objective of the Management Plan is to formulate new strategic priorities to safeguard and manage the Ravenna UNESCO site, considering the evolution of the context and the upcoming challenges. This plan individuates five relevant and strategic dimensions—knowledge, protection and conservation, enhancement, communication, and, lastly, sustainability—to be followed and implemented to better manage the asset of Ravenna [93]. Although throughout the plan much importance is given to the monitoring of UNESCO assets, the PdG appears to be a policy instrument aimed at the economic promotion and attractiveness of cultural heritage, while it lacks measures to tackle existing and future risks. Therefore, this had to be highlighted as a shortcoming.



The Sustainable Energy and Climate Action Plan (PAESC) is a sectoral planning tool, drawn up at municipal level, aiming at defining adaptation actions to make the territory and its landscape resilient to the existing natural and anthropic risks amplified by climate change. In doing so, the hazards to which the territory is subject—mostly of a hydrogeological nature, such as hydraulic risk, subside, salt wedge—are analyzed, relating them to the future effects of climate change and processes of transformation already underway in the territorial context. Therefore, medium-term (year 2050) strategic intervention scenarios were outlined to advance possible structural responses to the need of adapting the territory to future forecasts that take into account both the existing risks and the effects of climate change [96]. Even though this instrument poses valid strategic adaptation measures, there were two deficiencies that needed to be brought to attention: on the one hand, the Ravenna historical center is not considered as a sensitive and capable-to-adapt element; on the other hand, this policy instrument neither allocates funding to make its strategies effective, nor is integrated with the new urban plan provisions, resulting in a sectoral plan containing extremely relevant actions, however difficult to be implemented in practice.



The Municipal Civil Protection Plan (PPCC) is a tool at municipal level whose task is to organize resources according to prevention plans to cope with the specific risks of the territory. Civil Protection activities include risk forecasting, prevention and mitigation, as well as disaster management and post-emergency recovery operations. The Ravenna PPCC is based on an in-depth analysis of the types of risk that may affect the territory and, above all, of the possible risk scenarios that may arise for each type of natural and/or anthropic disaster event. For each of the identified risk scenarios—which should take into account the evolution of spatial planning and territorial climate-driven changes, too—this instrument establishes unambiguously and without any doubt what actions are to be taken, who must take them and in what way, and how many people and which structures and services will be involved and/or damaged, and, lastly, what resources are available to deal with the event. The list of actions to be taken refer to the emergency phase without considering long-term prevention strategies [94].




4.2. The Planning Tool Dimension of the Adaptive Capacity toward Disaster Risk Management


The “nowadays” scenarios resulting from the adaptive capacity assessment based on current planning tools in relation to the identified risks (i.e., seismic risk, flood risk, subsidence, and climate change) are shown in Table 2, where answers to the desired information outlined in Section 3.3 are provided.



While maps describing the intensity and frequency of earthquake and subsidence phenomena are present in the spatial and urban planning management instruments at municipal level, thus underlying the fact that these risks are considered relevant to the effective spatial development of this territory, flooding and climate change quantitative description through maps appears only at provincial and regional levels. This implied a lower characterization of the hazards.



Whether an area was subject to high, medium, or low seismic risk, adaptation strategies toward seismic risk were not treated at any level of spatial planning, confirming the fact that in Italy it is still challenging to approach and manage seismic risk in a preventive manner. In fact, the incentives framework to improve the seismic response of buildings may have a limited impact on the risk exposure without the definition of a program for reducing urban seismic vulnerability—whose basic principles are the definition of the Minimum Urban Structure and the Emergency Limit Condition [99]. Whereas strategies to deal with the adaptation to and reduction of flood risk, subsidence, and climate change could be found in planning instruments at the supra-municipal level. Similar conclusions could be made referring to the issue of monitoring programs. With reference to seismic risk, no planning tools outline a monitoring program to control the changes over time and the effectiveness of the identified measures, while some supra-municipal planning instruments propose monitoring programs toward flooding, subsidence and climate change.



Table 3 shows the results of the “future strategies” scenarios, where the new urban plan was questioned about the presence of the three desired pieces of information outlined in Section 3.3, to understand its contribution to adaptive capacity for the case study.



Although provisional documents only were available at this stage for the new urban planning tool, the strategies envisaged by the PUG seem to go in the direction of a strong consideration of the dimension linked to proactive risk management, proposing adaptation and mitigation strategies of the risks that are most relevant to the Ravenna context. In particular, the baseline framework at the basis of the new urban plan includes descriptive maps referring not only to earthquake, flooding, and subsidence, but also to the future effects of climate change, thus highlighting the growing importance and awareness on this issue, which represents one of the major challenges of our time. Another result that should be brought to attention concerns the prevalence of adaptation strategies over mitigation ones, as the measures and monitoring framework acknowledge the need of coping with the risk instead of aiming at removing it.



Seismic risk, through the definition of a Minimum Urban Structure (SUM), is considered in its urban dimension, acknowledging the mutual relationships between the existing buildings and open spaces, thus overcoming the previous reductive approach based only on the characterization of the single building. With regard to flood risk, future strategies present an innovative approach aimed no longer at implementing “grey” infrastructures (i.e., artificial water basins), but at implementing “green” adaptation and mitigation measures, to make the territory more resilient. In fact, adaptation measures to flood risk include the de-sealing and de-paving of existing areas, whereas for new developments high levels of permeability are imposed. Subsidence is the only phenomenon that was linked to cultural heritage by providing interventions to safeguard and securing historical assets.



The adaptation and mitigation measures defined to cope with climate change acknowledge human action as the primary cause of this phenomenon. However, a sectoral approach to climate change effects is still in place, with a lack of collaborative strategies toward common targets between the different economic sectors. Although a certain importance is given to the implementation of adaptation and mitigation strategies and measures, the enhancement of cultural heritage resilience remains in the background.





5. Discussion


On the one hand, although the results obtained from the assessment of the planning instrument dimension of the adaptive capacity (Table 2) did not provide an exhaustive overview of Ravenna adaptive capacity based on the current urban plan, as economic, social, political, and technological aspects should also be taken into account in its formulation, they helped to identify gaps in risk management within current planning tools. On the other hand, the analyzed future strategies (Table 3) set out future paths by listing actions aimed at increasing the resilience of the historical center of Ravenna. The possibility of analyzing the transition from one urban plan to another—as it happens for this case study—can help to understand where, when, and how disaster risk management can be more effectively included in new planning instruments, especially when it comes to the protection of the historical center and of cultural heritage. Moreover, if strategies set by planning tools involve the collaboration and cooperation with other institutional bodies, the adaptive capacity assessment may serve as the moment of validation that this collaboration has taken place.



The transition phase from the current urban plan to a new one (PUG) resulted in a key moment for assessing the strengths and weaknesses of the urban planning tools and providing inputs to the new municipal planning tool, in a circular way. Indeed, the current urban plan contributed to the assessment of the current planning tool dimension of adaptive capacity toward the identified risks, while the new urban plan was selected—together with three other sectoral planning instruments—to accommodate the proposal to enhance resilience through governance (see Section 5.1). Considering the new urban plan and its strategies only as a contribution to the analyzed adaptive capacity would have constituted a shortcoming for this research, since, nowadays, the implementation part of this planning tool is missing. Instead, considering the current urban plan as the municipal instrument for suggesting improvements to the Ravenna urban planning framework would have meant negating the effort by involving an instrument that in the near future will no longer exist.



The planning tool selection process identified four planning tools that, for the issues raised and the level of governance considered and managed, can “work together” to define a more complete framework for integrating cultural heritage risk management into urban planning and enhancing strategies to increase the resilience of the Ravenna historical center. The possibility of collaboration and sharing information and data already contained in other planning tools, highlights that there is no need to create brand-new planning tools for achieving the integration of cultural heritage and risk management into urban planning tools.



In fact, by coupling the four planning tools identified as relevant to managing the interlinked main themes of this research, and the adaptive capacity assessment referring to the case study, it was sufficient to define a strategic proposal—a six-phase cultural heritage risk management protocol—to be integrated in the existing planning tools. Among the four planning tools selected as relevant to the cultural heritage risk management protocol proposal, the new urban plan (PUG—Piano Urbanistico Generale), and the Management Plan of the UNESCO Early Christian Monuments serial site in Ravenna (PdG—Piano di Gestione dei monumenti paleocristiani di Ravenna patrimonio dell’umanità) were identified as those more relevant for integrating climate change and disaster risk management into heritage management for enhancing the resilience of historical areas. Conversely, the Sustainable Energy and Climate Action Plan (PAESC—Piano di Azione per l’Energia Sostenibile e il Clima), and the Municipal Civil Protection Plan (PPCC—Piano di Protezione Civile Comunale) were identified as knowledge and programmatic tools, carrying out a function of collaboration toward the first two plans. As a consequence, the PdG should be the one to include a strategic approach for the management of the UNESCO site against the identified risks, which is hereafter described as a six-phase cultural heritage risk management protocol (Section 5.1). Concerning the other three policy instruments, the PUG should, firstly, include the mitigation and adaptation strategies (e.g., nature-based solutions to increase the permeability of the soil and support the natural water cycle, de-sealing and de-paving actions that can also give requalified public spaces back to the community) aimed at increasing the resilience of the historical center of Ravenna, as previously mentioned; secondly, the Strategic Environmental Assessment should be rethought to embed climate change into the urban planning process to avoid underestimating the consequences of urban transformations, coherent with the guidance on Strategic Environmental Assessment provided by the European Commission [100]. Moreover, the PAESC supports the first two plans regarding the phenomenon of climate change and the relationship between it and the risks of the Ravenna area, while the PPCC supports them regarding the state of emergency managing.



5.1. Enhancing Resilience through Governance: The Cultural Heritage Risk Management Protocol


In order to improve and complement the current Management Plan of the UNESCO Early Christian Monuments serial site in Ravenna (PdG) assets framework with the general objective of considering natural and anthropogenic risks together with climate change, we defined a cultural heritage risk management protocol. The main aim of this protocol is to assess the impacts and vulnerability of the site to the identified risks and to propose a proactive management of the heritage to increase its resilience. The protocol is articulated into six phases, in which different actors are called upon to intervene and whose contents can be “borrowed” from other already in force planning tools.



For each one of the six phases, the following information is highlighted: the specific objectives (OBJECTIVE), the institutional bodies (WHO) that are called to intervene by contributing their knowledge, the planning tool (WHERE) that should take as inputs the results of each phase, and, lastly, the existing planning tools (EXISTING TOOLS) that can or must be taken into consideration to complete the baseline framework of each phase.



The specific objectives of the preliminary advisory phase are, on the one hand, to define the natural and anthropogenic risks to consider for the vulnerability assessment of the site, and, on the other hand, to perform a first survey of the available data related to the site characteristics directly influenced by the hazards identified. The results of this phase, which can be expressed through a simple but effective list of hazards to be considered in the subsequent phases, are the starting point, to which we constantly refer, of the integration of risk within the Management Plan of the UNESCO Early Christian Monuments serial site in Ravenna (PdG). To set the basis to develop this phase, information and data can be sourced from the existing baseline framework of the new urban plan (PUG).



The baseline construction phase represents a key moment for exploring the status quo of the considered asset. The specific objectives of this phase are: (a) the systematization of the existing data related to characteristics of the asset influenced by the predetermined risks, which will be used for its impacts and vulnerability assessment; (b) the orientation of research activities and studies to fill the gap of the missing data; (c) the collection of information on past catastrophic events and the understanding of the site’s response to them; (d) a first recognition of the indicators linked to the characteristics of the site, to be monitored over time. At the basis of the collection of information on past catastrophic events, there is the belief that cultural heritage has come down to the present day due to its resilience to the natural phenomena that have occurred throughout its history, even if, up to now, there have not been variations in climatic terms as significant as those we are recording now. The results of this phase should be reported within the Management Plan as a list of characteristics that were deemed to be directly influenced by the risks identified in the previous phase. For a more in-depth treatment of data collected or research carried out to obtain all the necessary information, a report describing the steps and results can be attached to the Management Plan of the UNESCO Early Christian Monuments serial site in Ravenna (PdG). None of the existing planning instruments operating in the Ravenna area can be taken into consideration for the implementation of this phase. The reason is due to the high level of specification and characterization of the information required to pursue the objectives of this phase.



The expected results of the risk assessment phase are twofold: on the one hand, the production of an integrated map systematizing the risks that are defined in the preliminary consultation phase and the forecasted future effects of climate change; on the other hand, the quantification, as far as possible, of the risks and the future effects of climate change on the asset expressed in terms of probability of occurrence, return time, intensity, etc. In the first phase, it was decided to take into consideration all the natural and anthropogenic risks that persist in a specific territory, and in this third phase, risk scenarios should be described and developed starting from the ones defined at the municipal level, it being unlikely that all the hazards will occur at the same time and with their maximum intensity. The identification of risk scenarios, also suggested and desired by the International Council on Monuments and Sites (ICOMOS) [27], should result from the combinations of risks that are most likely to occur at the same time. The only element that should never be excluded from a risk scenario is climate change, whose effects we are currently failing to mitigate. Furthermore, the scenario produced by combining existing risks and climate change should refer to a situation that may or may not occur in the long term—the literature analyzed often reports 2050 and 2100 as reference years [30,96]. This phase aims to stress the urgency to start planning the territory by proposing strategic actions over the long-term period and keeping a watchful eye on what will be inherited by future generations. Some of the information desired for this phase may already be available in different planning tools, as happened for the Ravenna case study. The risk scenarios developed at municipal level by the Civil Protection Authority and included within the Municipal Civil Protection Plan (PPCC) should serve as starting points to further specify the consequences of the relevant hazards on the Ravenna UNESCO site. The Sustainable Energy and Climate Action Plan (PAESC), as well as the baseline framework attached to the new urban plan (PUG), already systematized the effects of natural and man-made hazards typical of the Ravenna context, together with the effects of climate change, providing a more than adequate preliminary risk assessment. Moreover, the PAESC also suggested adaptation scenarios in relation to the existing forecasted risk growth. For this reason, the integration of the contents of the PAESC into the Management Plan of the UNESCO Early Christian Monuments serial site in Ravenna (PdG) is desirable to define and evaluate an adaptation scenario for the city of Ravenna, with specific regard to cultural heritage.



The objective of the fourth phase—impact assessment—is the quantitative and/or qualitative assessment of the impacts on the cultural heritage asset within the future scenarios identified in the previous phase. The result of the impact assessment must be reported within the Management Plan. The impact assessment is understood as a process that will serve to integrate the procedures for managing cultural heritage by aligning them with the strategic objectives of developing planning forecasts [101]. Indeed, ICOMOS provided a grading scale to assess the value of the asset considered as well as a severity scale of a specific change or impact affecting, either positively or negatively, a particular attribute. The value scale and the change severity scale assemble a matrix in which cross-checking these two data can obtain the overall significance of change, i.e., the overall impact, defined by a descriptor. Measures to mitigate, reduce, and adapt to the risks and effects of climate change will result from the systemization of the results of this phase and those of the vulnerability assessment phase, which constitutes the next step of the proposed protocol. An existing plan that provides an evaluation of the impacts that the natural and anthropic risks have on the territory is missing.



As the name suggests, the general objective of the penultimate phase of this protocol is the assessment of the site’s vulnerability toward the risks identified in the preliminary advisory phase and the phenomenon of climate change. The actors involved in this phase should be as interdisciplinary as possible, since to assess the vulnerability of the site an overall state of the art of its characteristics is required. Indeed, experts in conservation and restoration should be called upon to collaborate with structural, geotechnical, and hydraulic engineers to properly assess the vulnerability of the site. The existing planning tools that are considered relevant to the implementation of this phase are: the new urban plan (PUG), the Flood Risk Management Plan (PGRA), and the Provincial Spatial Plan (PTCP).



The risk management phase constitutes the last step of the cultural heritage risk management protocol. This phase aims at: (a) establishing a monitoring program based on the indicators identified in the baseline phase, to understand the effects and changes of the site characteristics; (b) identifying measures and strategies aimed at reducing the vulnerability assessed in the previous phase; (c) establishing a collaboration with the Civil Protection, which is the body responsible for managing emergency and risk situations, validating and integrating the current Municipal Civil Protection Plan (PPCC) with the results arising from this entire process; (d) periodically updating and educating the managing bodies regarding new goals and research in the field of risk management toward cultural heritage. The last phase of the protocol should lead to designing the adaptation and mitigation strategies at the site level. The individual adaptation and mitigation strategies should be reported in the Management Plan, as the definition of these strategies is the ultimate scope of this process. The worktable of this phase should involve all the institutional entities engaged in the previous phases; in participating they can bring their own skills and specific knowledge to enhance the site risk preparedness. As this phase is the result of the observations, assessments, information, and objectives achieved in the preceding phases, it is at least unlikely that existing planning instruments can be used as a contribution to its implementation.



Due to similarities between the different phases, a simplification can be made with regard to the institutional entities that need to be involved in the draft and implementation of the protocol, as well as the planning tool within which the results of the phases should be included. Phases no. 2 to no. 5 require the involvement, on the one hand, of those determining the baseline, who therefore know and have analyzed the state of the art of the site characteristics; and, on the other hand, the actors of the risk assessment phase, who worked and analyzed the iteration between the risks set in the preliminary consultative phase and the effects of climate change. Therefore, the involvement of the Municipality of Ravenna (i.e., the owner of the Santa Croce archaeological area), the Diocese of Ravenna-Cervia (i.e., the owner of the Santa Croce Church), the Superintendence of Archaeology, Fine Arts and Landscape (SABAP) of the Ravenna, Forlì-Cesena and Rimini Provinces (i.e., the manager of the Santa Croce Church and archaeological area), the Civil Protection, ARPAE (Emilia-Romagna Regional Agency for Prevention, Environment and Energy), and Po River District Authority should be mandatory. To fulfill the activities foreseen in Phases no. 1 and no. 6, the Municipality of Ravenna, the Superintendence of Archaeology, Fine Arts and Landscape (SABAP) of Ravenna, Forlì-Cesena and Rimini Provinces, the Diocese of Ravenna-Cervia will be the ones to involve.



Lastly, the Management Plan of the UNESCO Early Christian Monuments serial site in Ravenna (PdG) was designated as the planning tool in which results from the protocol phases should be included. Indeed, the protocol was conceived as a more effective structure to operationalize the contents of the Management Plan, to improve the disaster risk management of Ravenna cultural heritage.





6. Conclusions


This research has contributed to making explicit the role of urban planning to improve historical area resilience toward natural and anthropic hazards, taking into account climate change amplifying effects. To do so, a cultural heritage site—Santa Croce Church and archaeological area—located in the city of Ravenna, in Italy, was considered as a case study. The area is among the five Open Laboratories collaborating in the H2020 Shelter project, aiming at promoting a dynamic view based on a resilience thinking where risks and uncertainty are used to define sustainable strategies. The integration of cultural heritage disaster risk management into Ravenna urban planning tools was investigated, as well as to what extent the current planning instruments are capable to influence the adaptive capacity of the historical area, in turn contributing to reduce its vulnerability.



Moreover, through the investigation of a case study—the city of Ravenna—this research tested a method to improve the scope of heritage management plans to cope with climate-change-related risks and their effects. The proposed methodology followed a two-tier approach: on the one hand, a four-step selection process was delineated and performed to select those planning tools where collaboration through data and strategies sharing could lead to a more integrated approach to cultural heritage and disaster risk management in spatial and urban planning. On the other hand, guiding questions were defined to investigate the presence or absence of key information in the current planning tools, to understand their ability to deal with the identified hazards. The methods applied to the Ravenna case study may be further explored to design a more robust methodology for assessing the urban planning tool dimension of adaptive capacity.



The individuation of the Ravenna key planning tools acting at the municipal level, which should be responsible for integrating measures to address the disaster risk management of cultural heritage, and the quantitative assessment of the planning tool dimension of the adaptive capacity in relation to the identified risks are considered the main results of this research. The findings suggest that the integration of disaster risk management and cultural heritage within the new urban plan (PUG—Piano Urbanistico Generale), the Management Plan of the UNESCO Early Christian Monuments serial site in Ravenna (PdG—Piano di Gestione dei monumenti paleocristiani di Ravenna patrimonio dell’umanità), the Sustainable Energy and Climate Action Plan (PAESC—Piano di Azione per l’Energia Sostenibile e il Clima) and, lastly, the Municipal Civil Protection Plan (PPCC—Piano di Protezione Civile Comunale) can be currently considered inadequate. Nevertheless, the current transition phase from the current urban plan to the new one—the Urban General Plan (PUG)—resulted in a key opportunity to assess the effectiveness of measures in the Ravenna historical area addressed toward cultural heritage disaster risk management.



Furthermore, the result of the adaptive capacity of the Ravenna historical center—which, nowadays, is limited—contributed to the definition of a more complete framework for integrating cultural heritage disaster risk management into urban planning, thus increasing the resilience of Ravenna cultural heritage. The definition of a six-phase protocol showed how collaboration between different sectors and institutional bodies leads to an improved ability to cope with disaster risks. Lastly, it should be noted that, although the case study of this research represents a specific category of cultural heritage (i.e., Ravenna UNESCO World Heritage sites), the six-phase protocol is conceived to be applied to any cultural heritage asset within the city of Ravenna and beyond, by taking into consideration the peculiar characteristics, the risks that persist, and the planning tools of the territory in which it is inserted.
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Figure 1. Localization of the study area in the urban context of Ravenna. 
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Figure 2. The area of the Church of Santa Croce. 
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Figure 3. Planning tool selection process. 
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Figure 4. Mapping the spatial planning tools acting on the Ravenna territory. 
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Table 1. Strengths and weaknesses of Ravenna planning tools.
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	Planning Tool
	Strengths
	Weaknesses





	New urban plan (PUG)
	
	
description of risks affecting the Ravenna territory;



	
maps describing the effects of climate change;



	
maps combining the effects of climate change and the existing risks;



	
coordination and cooperation with institutional entities and planning tools;



	
protection and enhancement of cultural heritage;



	
list of strategic actions to increase resilience.





	n.a.



	Current urban plan (PSC, POC, RUE)
	
	
effective protection of cultural heritage (through regulations and prescriptive articles).





	
	
climate change and its effects are not taken into account;



	
lack of a risk management strategy;



	
presence of maps describing a limited number of risks only;



	
lack of collaboration with relevant institutional bodies for its implementation.








	the Management Plan of the UNESCO Early Christian Monuments serial site in Ravenna (PdG)
	
	
strategies for the protection and promotion of the site;



	
scientific research for the desired site restoration and preservation enhancement.





	
	
climate change and its effects are not taken into account;



	
effective site risk management missing;



	
lack of site vulnerability assessment.








	Sustainable Energy and Climate Action Plan (PAESC)
	
	
risk evaluation takes into consideration the future effects of climate change;



	
presence of adaptation scenarios to deal with existing risks and climate change;



	
renders simulating the consequences of adaptation measures;



	
both long-term and short-term strategies are developed;



	
abacus of adaptation and mitigation strategies.





	
	
adaptation scenario for cultural heritage missing;



	
plan to monitor the proposed actions missing.








	Municipal Civil Protection Plan (PPCC)
	
	
actions and roles clearly defined for the emergency situation;



	
education about and promotion of this planning tool;



	
specific operational plan for each risk;



	
the UNESCO site assets are localized within the risk maps.





	
	
no particular actions aimed at cultural heritage safeguard are addressed;



	
lack of long-term strategies to act proactively.








	Provincial Spatial Plan (PTCP)
	
	
effective protection of cultural heritage;



	
prescription to limit the effects of subsidence;



	
“civil protection forecasting and prevention program” reference document for risk analysis.





	
	
climate change not taken into account;



	
plan effectiveness monitoring strategy missing;



	
it manages a too high spatial planning level.








	Provincial Emergency Plan (PPE)
	
	
coordination between different institutional entities at different scales;



	
expected scenarios and their consequent intervention models are set;



	
expeditious nature;



	
identification of the number of inhabitants, sensitive buildings, and the gathering areas.





	
	
long-term strategies missed;



	
strategies to preserve cultural heritage are limited to identifying damage occurred during the emergency phase;



	
it manages a too high spatial planning level.








	Landscape Protection Plan (PTPR)
	
	
effective safeguard of cultural heritage.





	
	
climate change missing;



	
disaster risk management strategy missing;



	
landscape is not considered as resilient;



	
it manages a too high spatial planning level.








	Emilia-Romagna Region Mitigation and Adaptation Strategy for Climate Change (SMACCER)
	
	
list of indicators for its monitoring;



	
strategy to transpose climate change adaptation measures to lower-lever planning tools;



	
database of adaptation actions to climate change, also in relation to cultural heritage.





	
	
strategy to transpose its guidelines and objectives to lower-level planning tools missing;



	
it manages a too high spatial planning level.








	Flood Risk Management Plan (PGRA)
	
	
proactive and preventive risk management;



	
cooperation with the Civil Protection;



	
event register;



	
no area subject to zero risk;



	
list of prevention, protection, preparation and return to normality, and analysis measures;



	
prioritization of interventions;



	
general principles of the PNACC are considered;



	
effects of climate change taken into account;



	
cultural heritage as sensible element to flood risk;



	
cooperation, education, and data sharing as means to raise awareness.





	
	
climate change is not taken into account;



	
strategy to transpose its guidelines and objectives to lower-level planning tools missing;



	
it manages a too high spatial planning level.








	National Adaptation Plan to Climate Change (PNACC)
	
	
presence of climate vulnerability assessments;



	
database of adaptation actions to climate change (375 identified);



	
prioritization of actions;



	
list of indicators for its monitoring;



	
list of adaptation measures to adapt cultural heritage to climate change;



	
responsibilities for each entity involved set out clearly;



	
strategies to raise awareness on climate change;



	
long-term strategies involving research program enhancement.





	
	
strategy to transpose its guidelines and objectives to lower-level planning tools missing;



	
it manages a too high spatial planning level.
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Table 2. Results of adaptive capacity assessment based on the current urban plan.
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	Questions
	Seismic Risk
	Flood Risks
	Subsidence
	Climate Change





	(1) Are there maps of the identified risks included in the planning tools at municipal level?
	YES
	NO, but there are at the level of the Po River District Basin Authority, more specifically in the PGRA.
	YES
	NO, but there are at national level, more specifically in the PNACC.



	(2.1) Are there adaptation and/or mitigation strategies in the planning tools at municipal level?
	NO
	NO, but there are at the level of the Po River District Basin Authority.
	NO, but there are at the level of the Po River District Basin Authority.
	NO, but there are at the Emilia-Romagna Regional level.



	(2.2) Which are these strategies?
	None
	In the PGRA some measures to reduce flood risk are delineated.
	In the PGRA some measures to reduce flood risk are delineated.
	The SMACCER provides some measures to deal with climate change.



	(2.3) Whenever possible, are there prescriptive indications to minimize the hazard and/or the risk?
	PARTIALLY POSSIBLE. Earthquake is a natural hazard that planning tools cannot control. However, urban plans can prioritize actions toward risk reduction.
	PARTIALLY POSSIBLE. Flooding is a natural hazard that planning tools cannot control. However, urban plans can prioritize actions toward risk reduction.
	YES. These prescriptions can be found in the following planning tools: PTCP, PTA.
	PARTIALLY POSSIBLE, but there are only indications and strategic guidelines to mitigate climate change, not prescription.



	(3) Are there monitoring programs for these strategies? (specify the territorial level)
	NO
	YES. (Po River District Basin Authority level)
	YES. (Po River District Basin Authority level)
	YES. (Emilia-Romagna Region territorial level)
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Table 3. Results of adaptive capacity assessment based on the new urban plan (PUG).
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	Questions
	Seismic Risk
	Flood Risks
	Subsidence
	Climate Change





	(1) Are there maps of the identified risks included in the planning tools at municipal level?
	YES
	YES
	YES
	YES



	(2.1) Are there adaptation and/or mitigation strategies in the planning tools at municipal level?
	YES
	YES
	YES
	YES



	(2.2) Which are these strategies?
	
	
Identify a Minimum Urban Structure (SUM) in the Ravenna area;



	
Promote the recognition and application of the SUM.





	
	
Encourage adaptive processes to reduce the building fabric’s vulnerability to flood risk;



	
Increase urban permeability and recycling of rainwater;



	
Provide for high levels of permeability in new building areas.





	
	
Provide interventions to safeguard and secure the cultural heritage vulnerable to subsidence.





	
	
Densify plant resources to combat CO2 and fine dust pollution produced by road traffic and contribute to the improvement of urban ventilation.








	(2.3) When possible, are there prescriptive indications to minimize the risk/phenomenon?
	PARTIALLY POSSIBLE. Earthquake is a natural hazard that planning tools cannot control. However, urban plans can prioritize actions toward risk reduction.
	PARTIALLY POSSIBLE. Flooding is a natural hazard that planning tools cannot control. However, urban plans can prioritize actions toward risk reduction.
	YES. These prescriptions can be found in the new urban plan.
	PARTIALLY POSSIBLE, but there are only strategic indications to mitigate climate change, not prescription.



	(3) Are there monitoring programs for these strategies? (specify the territorial level)
	YES. (Municipality level)
	YES. (Municipality level)
	YES. (Municipality level)
	YES. (Municipality level)
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