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Abstract

:

Planning for resilient cities requires an evidence-based understanding of flood risk and the involvement of stakeholders and local actors. The paper addresses research developed within the URCA!—Urban Resilience to Climate Change: to activate the participatory mapping and decision support tool for enhancing sustainable urban drainage—project. A top-down/bottom-up participatory and flexible methodology for the conception of participatory mapping aimed at the planning and installation of sustainable urban drainage systems (SUDS) on the territory is then developed. The innovative methodology is applied and tested in the case study of the Sampierdarena district in Genoa, northern Italy. This research paper illustrates the development of a participatory map (Pmap) that can support the implementation of SUDS as mitigation/adaptation strategies, integrating technical assessment and containing community visions and expectations. Findings concerning the connections between proposed SUDS locations and their frequencies confirm the relevance of the commercial area and the main traffic lanes along, confirming that all zones characterized by intense vehicular and pedestrian flow are suitable for SUDS as a solution to contribute to urban flood resilience. The georeferenced and intergenerational Pmap may be integrated into a decision support system to be developed as a guidance tool for the public administration.
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1. Introduction


Effective adaptation strategies enable territories (broadly speaking) prone to flood risk to thrive despite the occurrence of hazards, and this concept becomes even more important considering how studies predict an increase in climate change-related natural disasters in both frequency and intensity [1,2]. Planning resilient cities requires first and foremost an evidence-based understanding of disaster risk, covering the dimensions of vulnerability, exposure, and hazard [3], as well as the capacities of stakeholders and local actors at the institutional, professional, technical, economic-financial, energy, environmental, and socio-cultural levels [4]. In flood-prone urban areas, the main sources of information are flood hazard maps derived from river-basin-scale hydrological models and coarse-resolution projections of future events [5]. However, these models suffer from a serious lack of appropriate territorial information on disaster impacts, as well as information on exposure and vulnerability, which is difficult to define, measure, and monitor. Furthermore, a major gap still exists between what the models can provide today and what stakeholders and local actors currently need. This severely hampers local risk reduction, preparedness, and recovery, impedes adequate planning, and undermines urban efforts to build resilience. Innovative approaches involving broader stakeholder and public participation are needed to address these needs in a timely manner. Participatory mapping (Pmap) techniques are effective tools that can simultaneously address the need for more extensive data, consider the demands of the territory, and plan specific adaptive strategies, including the implementation of Sustainable Urban Drainage Systems (SUDS). The SUDS, which mimic natural processes to manage urban floods, are becoming a promising strategy to overcome the conventional and centralized technical and governing approach to urban flooding [6]. SUDS solutions include a wide range of system typologies ranging from green roofs, rainwater harvesting systems, permeable pavements, bioretention areas, ponds, swales, infiltration trenches, etc. The various SUDS solutions differ on urban spatial scales ranging from buildings, properties, and streets to open space [7], depending on the typology of mechanical, chemical, biological, and ecological processes and services involved.



The experience of SUDS integration with urban planning has proven to be an effective strategy with a wide range of advantages and lower costs for the communities. The effective design and implementation of SUDS requires a multi-objective approach that should be developed in connection with the other urban, social, and economic aspects and constraints [8], putting the focus on social acceptance and active participation. According to these emerging directions in the urban adaptive strategies, the URCA! project (Urban Resilience to Climate change: to activate participatory mapping and decision support tool for enhancing the sustainable urban drainage) was recently founded by the Italian Ministry of University within PRIN 2020. Indeed, the aim of the URCA! project is to promote urban resilience to climate change by supporting the widespread implementation of SUDS in urban and peri-urban areas. In building urban resilience to climate change, the design of SUDS involves an overall strategy finalized to mitigate urban flood risk, protect ecosystems, and improve livability in cities.



Starting from a comprehensive literature review on Pmap techniques dedicated to addressing flood risk and urban resilience issues, the present research paper intends to develop a top-down/bottom-up and intergenerational methodology for the conception of participatory maps aimed at planning and installing SUDS in urban settlements. To support SUDS as effective mitigation/adaptation strategies, the general aim of the research is therefore the implementation of a georeferenced database that integrates both spatial and non-spatial information in the field of urban flood resilience, concerning the technical features as well as the opinions and expectations of stakeholders and actors involved in urban development. The first specific objective of the research is to formalize a methodological approach detailing a list of main phases and relevant tools for developing Pmap. The second specific objective is to activate integrated and multilevel strategies to support inclusive and intergenerational Pmap, with a special focus on the young generation (6–18 years old). The innovative methodology is then applied, tested, and discussed for the case study of the Sampierdarena district in Genoa, northern Italy.




2. Literature Review


Pmap is a multidisciplinary process where actors located in the territory of concern contribute to the conception of a shared map through their knowledge, experiences, and aspirations regarding a place [9]. Pmap is reported in the literature as community mapping, cultural mapping, counter mapping, collaborative mapping, Participatory Geographic Information System (PGIS), softGIS, Public Participatory GIS (PPGIS), bottom-up GIS, Volunteered Geographic Information (VGI), etc. These types of maps include quali-quantitative data: perceptions and behavioral patterns of citizens, the exposure of structures and populations to flood risk, etc.; doing so, they bring out both the systems knowledge and the culture of those who interact with the territory, enabling the co-production of results that can be used as an added value for transdisciplinary urban projects and policies [10,11]. Therefore, Pmap reveals itself as an innovative tool for directing public administration in the actions to be taken. Table 1 illustrates the most common Pmap techniques applied in the fields of disaster risk reduction (DRR) and urban resilience.



In general, traditional participatory methods may not collect data referring to specific places, thus leaving unclear the interdependence between the preferences, values, or behavioral patterns of an individual/institution/organization and the physical and socio-cultural characteristics of the territory. On the contrary, Pmap techniques (which have their epistemological roots in the transactional approach of the person-environment relationship [22]) produce place-based experiential knowledge that can be particularly useful to professionals in the field of urban design, planning, and management [23]. Moreover, when Pmaps are encompassed within the governance process, they can promote several benefits, including: empowering the public [24], addressing spatial inequalities and social justice, fostering ownership of the territory, increasing representation, and improving data accuracy [25]. Beyond this, the use of Pmaps in urban contexts—complex systems by definition—can be particularly challenging since the contemporary city integrates spatial, temporal, and sociocultural processes and structures in a unique way. Furthermore, these techniques require economic and time resources, adequate skills, and motivation. Based on such considerations, the opportunity offered by Pmaps that allow for organically relating “soft” and “hard” information in urban planning and design has been limited [26].



Many authors have used Pmap techniques to improve urban-scale hydrological models. Some of them have promoted participatory processes to fill data gaps in specific technical and urban planning tools: stakeholders and local actors were engaged in documenting past events—especially major ones—and their occurrence [27]; mapping critical infrastructure (roads, culverts, etc.) [28], as well as slopes and depression areas (at road crossings and along major watercourses); evaluating the characteristics and capability of the urban drainage system; and the presence of materials on the surface has also been the subject of studies [29]. Other scientific contributions have proposed methodologies more oriented towards promoting widespread awareness; getting local actors responsible for their preparation; facilitating inclusive and democratic access in territorial governance. In this sense, Pmap techniques—considered as tools for building collective and individual meaning—were used to bring out environmental risk perception [30] and the historical memory of local actors to identify areas perceived as critical for flooding [31]. Taylor et al. [32] also paid attention to the public social networks, the knowledge of the impacts of floods, the adoption of self-protection measures, and the stipulation of insurance contracts. However, most of the contributions focus on the final products rather than on the processes that govern the map implementation, with limited critical discussion on the role of all the involved actors. The absence of papers that address the methodological processes behind Pmap limits the activation of future participatory planning processes that aim at targeting the promotion of climate change-resilient cities.



Early studies [33,34] have mainly required that participants draw in free form on the ground or using blank sheets of paper or paper maps in order to depict the study area. Over the years, as might be expected, Pmap techniques have taken over due to technological progress. Numerous research studies rely on GIS for the collection, storage, analysis, and management of spatial and geographic data. Cheung et al. [35] proposed a PPGIS digital sketch mapping methodology; they provided participants with an interactive map upload on a tablet and instructed them to delimit the areas prone to flooding directly using the digital tool. Brandt et al. [36] introduced participants to high-resolution, ortho-rectified imagery of the case study area on a touch-screen tablet, asking them to draw on it with a digital pen. The development of information and communication technologies (ICT) has also stimulated research in pursuit of experimenting with the use of specific apps to be installed on smartphones, digital photo archives, GPS platforms, and social networks as solutions for asynchronous data crowdsourcing (e.g., VGI). O’Grady et al. [37] launched a platform entitled NOAH (citizeN FlOod wAtcH) through which participants could report some suggestions related to flood risk management and data to integrate into flood modelings; the simplest way to contribute consists of uploading a photo recording the GPS position and including a textual comment. Dixon et al. [38] examined the SeeClickFix application, through which participants can submit non-emergency reports of flooding or water-related problems; the submission is made via a web interface, a smartphone app, or Facebook. It has to be noticed that these innovative approaches are generally proposed to adults (18–65 years old) with sufficient up to excellent familiarity with digital tools. Sometimes, this hinders effective inclusive (and intergenerational) participation. Older people, for instance, might perceive cognitive (mainly related to lack of experience), motor (e.g., difficulty in drawing polygons, problems scrolling down, etc.), sensory (e.g., difficulty in reading, problems related to colors and symbols, etc.), and emotional (e.g., performance anxiety, worry, etc.) challenges in interacting with software or digital devices in general [39]. In the case of engaging children and young people, it should be kept in mind that digital maps or GIS/GPS platforms, as well as three-dimensional models of study areas, are generally alien to participants, can be time and resource consuming (considering that they often require the constant and careful presence of the facilitator), and might produce data that are manipulated by those managing the participatory research activity [40]. New directions in the literature should be addressed to activate specific tools (technologically innovative based on both analog and digital maps) aimed at making the Pmap inclusive, intergenerational, and equally effective at embracing the needs and expectations of each participant and sub-sample of the target group.




3. Participatory Mapping Methodological Approaches


In this section, literature studies have been carefully analysed in order to point out the most common methodologies and to generalize a methodological approach for Pmap.



Figure 1 describes the main phases of Pmap implementation and their interrelations in a generalized methodological framework. Although the graphic representation (and the subsequent textual description) suggest that the phases are clearly temporarily separated from each other, engagement, data collection, and analysis take place in parallel. Furthermore, the methodology foresees a circular view of the process, whereby new information acquired later on in the process can stimulate a review of the previous phases according to the completeness principle (“Is it enough?”). The main phases of preparing, engaging, contextualizing the problem(s), planning, and integrating are singularly described in the following paragraphs.



3.1. Preparing Phase


In this phase, the working group (usually composed of technicians and academics) is set up to coordinate the entire process [41]. This represents an operational space for meetings and discussions among its components—of heterogeneous affiliation and background (interdisciplinary and intersectoral)—in order to give direction to the Pmap process. Therefore, the working group must recognize and accommodate visions and expectations that come directly from the territory, often adjusting the targets and methods of the process according to local conditions and needs. Based on this methodology, therefore, the working group members have to be privileged observers and actors in the territory of concern, from local administrators to researchers to so-called placemakers. In the preparation phase, the following activities have to be set up:




	
Selection of the scale of intervention and definition of the case study area;



	
Development of the overall multi-stakeholder participation strategy and assessment of the profiles of stakeholders and local actors;



	
Design of the workflow of the Pmap process [42].








Within the working group, which remains active throughout all phases, internal alignment with respect to the three above-mentioned activities must be ensured. Internal consensus requires initial (often non-trivial) negotiation as well as continuous monitoring throughout the process.




3.2. Engaging Phase


Once the preparing phase has come to an end, stakeholders and local actors are involved according to the multi-stakeholder participation strategy developed previously by the working group. The list of stakeholders and local actors to be included in the Pmap process emerges from a careful mapping of the territory; in other words, the selection of the urban functions and their representatives that it is beneficial to include or that want to actively participate in the process. This approach embraces the Quintuple Helix Model of Innovation, which represents a more comprehensive (and actual) contextualization of the Third [43,44] and Quadruple Helix [45,46,47]. The model refers to the relationship aimed at development between administration, industry, academics (first), and civil society (then), i.e., the media-based and culture-based public; the Quintuple Helix also includes a further all-encompassing sphere: the natural and social environment [48]. Essentially, the model considers environmental and ecological problems as potential drivers to inspire new knowledge and innovations [49]. Thanks to the application of specific techniques (e.g., snowballing or the use of key informants/gatekeepers, reliance on past experiences and already sensitized groups) [50], the components of the 5 helices, in terms of individuals and representatives of the main urban functions in the territory, are identified, and a database including all contacts is implemented. A vast review [51] shows how, generally, administrations (the most frequent helix in literature) have a very transversal role, dealing with decision making, process coordination, project financing, mediation between the parties, and knowledge production; the public (the second most frequent helix in planning) plays a role as a provider of knowledge; industries (the third helix) mostly address implementation of technical solutions to solve the challenges in the area of concern; and finally, research institutions (rarely included) seem more dedicated to the production of information, mediation, and lobbying. This methodology does not intend to characterize a priori the roles that the actors must assume, but rather would promote the negotiation to find a fair and effective balance between all the involved elements [52]. The multi-stakeholder participation strategy must also favor reflection on the stakeholders and local actors to be involved, as well as the methods and techniques to be employed.




3.3. Contextualizing the Problem(s)


By engaging stakeholders and local actors, the data needed for the process can be properly collected and analyzed. This broad phase addresses the context of the interventions, considering its socio-economic, political, institutional, cultural, physical (for example, infrastructural, technological), and ecological nature, with explicit attention to the challenges posed by the flood risk; a historical focus is also placed on why (legacy, path dependencies) the territory behaves in a certain way. This phase defines and describes the urban settlement; then, threats and opportunities shall be assessed [53]. The methodology involves collecting and analyzing multiple layers of geospatial data (integrated with non-spatial data) from different sources of information. Fundamental ones are certainly the urban and territorial planning tools at multiple levels: municipal, provincial/metropolitan, regional, and national. In order to grasp some aspects of the urban settlement that the planning tools do not convey, it is often necessary to carry out specific site inspections aimed at evaluating some data useful for the process but missing in institutional documents and official plans by means of on-site inspections [54] and off-site exploitation of innovative technologies [55]. The analysis of urban and territorial planning tools, as well as the on/off-site inspection, are tasks that are generally conducted by a few technicians who then share the results with the working group and the stakeholders and local actors involved in the process. For this purpose, the most common participatory techniques are websites; videos; infographics; advertising and social media coverage; printed materials; remote/in-person presentations; exhibitions; and public meetings. When it comes to the Pmap techniques discussed in Table 1, the spatial data that might be collected are (non-exhaustive list) [56] perceptions and experiences (localization of places perceived as dangerous; identification of where past experiences of damage or danger have been experienced; ecosystem service benefit, etc.); spatial behavior patterns and daily practices (more familiar or frequented places; frequency of maintenance, etc.); spatially defined preferences or future visions (preferences for using specific places, etc.); characteristics of the frequented places (the number of floors or the presence of basement floors as regards buildings; presence of street furniture and facilities for children; the level of accessibility and thermal comfort of urban green areas, etc.); infrastructure mapping (roads; railways; bus routes; waterways; urban drainage, etc.). Along with this, the acquisition of nonspatial data through participatory methods may also be included (Table 2).



Such nonspatial data may include: sociodemographic characteristics (gender, age, educational qualification, income level, etc.); values, attitudes, and preferences (general concern about environmental risks; beliefs about climate change; social norms, etc.); personal motivations and behavioral intentions (adoption of virtuous behaviors; personal goals, etc.); well-being (perceived quality of life; neighbourhood satisfaction, etc.), and level of confidence in planning and decision-making processes for land use (trust in decision-makers and infrastructure; desire to be involved, etc.).




3.4. Planning Phase


Once the urban context of intervention has been thoroughly examined, stakeholders and local actors are also involved to identify the needed actions. Again, the methodology proposes to reason according to the distinction between spatial and non-spatial data. Pmap techniques support the participant in the identification of specific locations (spots and/or areas) where it would be appropriate to realize actions for urban regeneration. Non-spatial aspects such as proposed improvements in local technologies and procedures (e.g., updating monitoring systems; revamping local plans; modifying and expanding active citizen engagement strategies), as well as innovative, original, and unforeseen interventions (that the working group did not anticipate), can be investigated through participatory methods (Table 3) that complement those of Pmap.




3.5. Integrating Phase


At this level of the process, when the territory has been adequately investigated and the needed actions have been identified, all the information from the previous phases is integrated into a single cartographic product. Where the multi-stakeholder participation strategy calls for the application of different Pmap methods for distinct target groups, this is the phase where the different contributions are overlaid and made consistent with each other. Generally, this task is implemented by a technician, who then verifies the output with the working group and all involved stakeholders and local actors. Please note that this is a very critical phase in which all the knots may come to a head: the need to enlarge the data to be included in the study as well as to include new stakeholders and local actors may emerge.





4. Innovative Approach for Participatory Mapping and SUDS


The top-down/bottom-up methodology specifically developed to produce Pmap useful for the planning and installation of SUDS in urban settlements within the URCA! project is here presented and critically discussed. The methodology is participatory and flexible in nature and is designed for a sub-basin/district rather than for the entire city. The methodology stems from some experiences of community projects [57,58,59,60] and guidelines at local [61,62], national [63,64], and international [65,66] levels and is structured in the 5 main phases according to the current approaches (Figure 1): preparing, engaging, contextualizing, planning, and integrating. In order to maximize inclusiveness and intergenerationality, the methodology proposes to employ multiple Pmap techniques, differentiated by sub-target population: school-age children (elementary and middle schools); adolescents in high schools; and adults that are familiar or not with digital tools.



In the following subsections, the specific recommendations, tools, and strategies developed to implement inclusive and intergenerational Pmap to support SUDS as urban flood risk resilience measures are presented.



4.1. Interdisciplinary, Intersectoral, and Multi-Stakeholder Participation


According to international guidelines [67,68,69], the success of SUDS as an innovative type of intervention depends heavily on whether their planning considers the specific morphology of the territory as well as the sociocultural context. In order to support the SUDS deployment, their spatial and temporal planning has to coordinate the implementation process by accommodating the visions and expectations of the territory. SUDS planning and implementation can be stimulated and promoted by different public and private actors, including local governments, semi-governmental agencies, social entrepreneurs, NGOs, local communities, citizens, businesses, or a consortium. Initially, the formation of the working group is likely to be led by one of these actors (individual or networked), who, however, must involve a broader range of competences and perspectives once the process is activated. Therefore, highly interdisciplinary and intersectoral membership is recommended in the working group definition for the preparing phase. This research study states the need to include the following profiles in the working group: civil building and environmental engineers, architects, psychologists, sociologists, and civil protection.



The multi-stakeholder participation strategy, through the involvement of the Quintuple Helix of Innovation, is able to pursue multiple objectives: to stimulate co-responsibility among all actors concerned with the issue of flood risk and urban resilience to climate change; to integrate technical know-how with local knowledge regarding the issue addressed; to build a strategic vision of the case study territory, possible areas of investment, and ways to exploit available resources. Stakeholders and local actors can then be engaged through different techniques: 1. Having taken part in past participatory processes promoted by the members of the working group, thus guaranteeing the involvement of already existing territorial networks (or, in any case, individuals already aware of the dynamics of participatory planning); 2. Targeted communication activities (social networks and official channels, as well as publishers present in the area), thus enlarging the participatory process to new networks and interested people. Particular attention should be given to involving children and young people that can be engaged through the activation of specific projects directly at schools in the territory.




4.2. Site Inspections


The collection of data for contextualizing flood risk resilience and, consequently, SUDS installation at the district scale can often require site inspections.



Even if data on municipal land zoning, areas designated to form public use space, as well as the network of major roads, rail, waterways, and related facilities are easily retrieved by Municipal or Inter-Municipal Master Plans, data concerning the urban drainage (both natural and artificial) network are generally less accessible. The natural hydrographic network, historically flooded areas, and areas exposed to hydraulic risk are collected from the River Basin Management Plans [70,71,72] while it is suggested to consult the managing company of the integrated water service in order to have access to data concerning the design of the drainage network as well as its maintenance. Furthermore, particular attention should be posed to the quantitative and typological analysis of open spaces and green areas (public and private greenery) that should be published in Municipal Green Plans.



Site inspections—to be conducted by working group staff with technical backgrounds—are planned to provide addition information necessary for the in-depth analysis of district peculiarities. A site inspection can be conducted to analyze the purely built environment, the open spaces, and the state of the drainage network. A specific recording spreadsheet has to be designed for an easy compilation in the field, including sections for reporting general comments and photographs. As an example, the recording spreadsheet related to the site inspection of the built environment can be structured as follows: each building is assigned an identification number shown on the rows of the recording spreadsheet, the recorded variables (street and house number; intended use; the purpose of use for the ground floor; and the presence of basement floors, including the function thereof) are reported on the corresponding columns; other information like the presence of any visible mold stains on the external walls of the building and the level of the building entrance (street level, elevated or not) are included in the column for general comments. Both the façade of the buildings and some of their most characteristic elements can be photographed in order to devise a database of useful pictures to be subsequently implemented in the georeferenced Pmap.




4.3. Online Survey


Online surveys are first promoted to reach a wide range of stakeholders and local actors in the area. Gottwald and Stedman [73] used the Maptionnaire platform for this purpose, and Bąkowska-Waldmann and Kaczmarek [74] relied on an ad-hoc geo-questionnaire called GeoAnkieta (the result of the “GEOPLAN” research and development project).



According to the methodology proposed in the present research, self-administration of the questionnaire is preferable, and the registration of participants should be avoided if not strictly necessary.



Furthermore, an online survey allows for conditional questions based on previous answers and provides a georeferencing function that allows the easy import of spatial information into GIS environment. In this research to support SUDS installation and urban flood resilience, the following structure of the questionnaire is developed: In particular, the online survey is structured into 5 sections to investigate different topics:




	
Demographics: In this first section, the demographic information, including age, level of education, familiarity with the urban area under consideration, and places frequently visited within this area, is collected.



	
Urban Greenery: The second section aims to understand the citizens’ perceptions of existing green areas. Participants are asked about the frequency of their visits to green areas, the specific areas they visit, and whether they believe the green areas in the considered territory are sufficient. Additionally, proposals for improving existing green areas are requested.



	
Flood Risk: The third section investigates the history of flooding in the area, attempting to determine how many people have directly or indirectly suffered damage from floods, thus assessing how easy they believe it is to be exposed to flooding within the identified boundaries. Furthermore, this section explores their future perspectives regarding flood risk and the variation of their occurrences in future climate scenarios.



	
Best Practices: The fourth section assesses the participants’ knowledge of best practice guidelines in case of a flood event, issued by civil protection agencies.



	
Engagement: The fifth and final section involves the participants in urban resilience planning. They are asked about their level of awareness regarding sustainable urban drainage systems, where they would suggest implementing them within the examined territory, and what other actions they would propose to reduce the risk of flooding.









4.4. Intergenerational Process


In order to promote an intergenerational Pmap process, the proposed approach includes the activation of various activities to be differentiated for the targeted population. In fact, the methodology also intends to give a voice to participants with limited familiarity with digital tools, as well as school-age participants from 6 to 18 years old. Although there are different activities, a basic common methodological structure has to be defined: initially, the participants’ awareness is raised on the process of key issues (flood risk, urban resilience, SUDS, and participatory governance); subsequently, data regarding the current state of the territory are collected and analyzed; finally, the participants are guided to explore, explicit, and contextualize the proposed actions.



A cycle of focus groups addressed to all those who frequent (e.g., live or work) the case study area contributes to producing tailored information on the territory of concern. During these meetings, the participants are briefed on the key issues of the process, and subsequently, they are offered a mapping activity as well as the procedure to be applied. Participants are given a paper map depicting the study area, including some cues to facilitate both the orientation and use of the map; participants are given various stationery items (pencils, pens and markers, post-its, stickers of various shapes and sizes, and transparent paper) in order to mark directly on the paper map the specific places and areas that they perceive as most exposed to the risk of flooding. During these activities, the facilitators also stimulate discussion between participants, the activation of their historical memory and the sharing of direct/indirect experiences of physical or property damages related to flood events. Perceptions regarding how often urban drainage systems (e.g., catch-basin inlets) are maintained are also probed. All the material that emerges from discussions is recorded (according to the participant agreement) by the facilitators on special paper-and-pencil recording sheets. At the end, participants should be able to locate on the map territorial resources (e.g., streets, squares, roofs) to be activated in urban regeneration and suitable for the installation of SUDS. The proposed methodology can easily collect the contributions of stakeholders and local actors less accustomed to the use of technological tools, like older people, who usually represent the historical memory of the processes.



Furthermore, the methodology aims to open the Pmap process to school-age participants: elementary school children, middle school students, and high school students. The involvement of young participants should be facilitated by schools, which act as a vector for their engagement. In relation to the grade of the school, it is possible to activate specific experiences through specific educational proposals or by means of the Transversal Skills and Orientation Pathways (namely PCTO) projects.



The proposal for engaging children attending elementary schools (ages 6–10) consists of a graphic-art expressive activity in order to explore their perceptions of the current state of the territory as well as their preferences and expectations for the future. In this case, the working group could not have direct contact with the participants but only with the participating schoolteachers; therefore, for this activity, the sensibilization and training phase on the process topics should be carried out solely with the teaching staff. Children can express themselves freely, being able to choose the most suitable drawing technique [75]. Children are asked to produce two drawings (one per sheet): in the first, they are stimulated to represent the street where they live; in the second, to draw their vision of the street in the future. No additional context should be given to ensure that children are not influenced to draw specific elements related to adult expectations [76]. The study of the perceptions and expectations offered by children gives valid indications regarding the quality of public open spaces and the identification of sustainable solutions for children.



As for middle school students, Pmap activities can take place directly at school. The methodology proposes the following activities to be developed accordingly with the common methodological structure: after a brief introduction to the themes, the students receive a paper map identifying by means of special stationery the points and areas prone to flood risk and, subsequently, the privileged places where resilience measures such as SUDS can be implemented. Illustrative materials describing the main design characteristics of SUDS and their specific installation requirements can also be provided to the students.



With high school students, it is possible to activate a more complex experience. First of all, the activities can be carried out both in the school complex and outdoors, directly in the case study area. Initially, similarly to the other school-age participants—training activities on SUDS and urban flood resilience could be held by facilitators with a technical background. Subsequently, an active survey based on Volunteered Geographic Information (VGI) can be proposed to the students that can independently explore the territory and report, directly on their personal devices, the selected variables, such as points and areas they perceive as prone to flood risk; specific places where they directly or indirectly suffered physical or property damage; clogged inlets; and well-maintained/poorly maintained green areas. To prevent participants from influencing each other, each student can only view their own report. Additionally, a specific co-planning laboratory could be organized in the school complex or in another location offered by the working group. During this co-planning laboratory, various activities can be proposed to sub-groups composed of 3 to 5 participants, such as case study analysis on paper maps, including the identification of the main urban functions; debate on the planning tools integrated with results from the VGI-based survey; analysis of the main SUDS design characteristics and their implementation; and discussion and voting of the various SUDS proposals.




4.5. Emerging Technologies and Digital Tools


It has to be noticed that there are various platforms available to perform VGI-based survey, as well as a variety of data sources that can be retrieved involving the active participation of local actors and stakeholders. Among the license-free platforms, OpenStreetMap is one of the most promising ones to create an open digital map that can be used locally or virtually [77]; some authors [78] also download data directly from social networks (e.g., Facebook and Twitter). However, there are also licensed web applications developed ad hoc, such as CitizenSensing, designed by Opach et al. [79]. Participants can upload data, along with a textual description and a photo taken directly on site, onto a single shared map, whose access and revision can be easily controlled by the process facilitators. They can also distinguish the data category with different colors; it is also possible for each reported element. The Pmap process involves handling different information layers—that can be activated or deactivated based on the scenarios to visualize, facilitating the collection of guidelines to increase the communicative effectiveness of the maps—from digitalized spatial and nonspatial. All data from the technical analysis of the current status (by means of planning tools and site surveys and participatory mapping methods (including the questionnaire, cycle of focus groups, student activities, etc.) can be georeferenced within a GIS platform, thus resulting in a PGIS map. The latter facilitates the management and analysis of spatial data together with descriptive information. The methodology suggests the use of open-source software such as QGIS and/or Google MyMaps due to its user-friendly interface, ability to easily analyze spatial data, and adaptability via plugins. QGIS can interface seamlessly with various other software, such as Microsoft Excel, which allows the management and creation of spreadsheets that can be imported directly into QGIS. In addition, it is worth noting that the use of Google MyMaps is strategic because of its ability to export all custom collaborative map data in .kml or .kmz format, which can be easily imported into the QGIS platform using the KML tools plugin.





5. Case Study


In order to test and discuss the proposed methodology, a case study was selected in Genoa (IT). Genoa is located in the north of Italy and occupies an area of 24,013-ha. The population is almost 566,410 thousand in 2022; the average population density is 24.4 ab/ha; and the population in urbanized areas is 94 ab/ha [80,81]. According to the Kopper-Geiger climate classification, Genoa belongs to the CSA Mediterranean zone, characterized by a temperate climate with hot and dry summers (total annual rainfall depth and maximum daily temperature are respectively equal to 1340 mm and 19 °C on average). Due to the complex morphology together with the high urbanization level, Genoa is prone to the occurrence of both river and pluvial flooding. In the last 30 years, the most severe events occurred on 27 September 1992, 23 September 1993, 4 October 2012, 4 November 2011, and 9–10 October 2014.



The proposed innovative methodology allows for the development of a top-down/bottom-up and intergenerational methodology for the conception of participatory maps aimed at planning and installing SUDS in urban settlements to enhance urban flood resilience. In this framework, the analysis of the case study is performed according to the following scheme:




	
Description of the selected urban district



	
Deployment of the participatory process



	
Formalization of active proposals








The urban district description includes its outlining and the perviousness of the district in terms of land use categories; the collection of climatic and flood risk data; the characterization of the main stormwater drainage network and the analysis of related municipal plans. The entire timeline of the participatory process is then in-depth described in order to support the understanding of the specific proposals for the site of concern. Finally, the active proposals are discussed to point out and generalize the main key lessons learned and support the transferability of the proposed methodology.



5.1. Sampierdarena District Description


The case study area has been selected within the URCA! project in agreement with the Municipality of Genoa, focusing on urban areas prone to frequent pluvial flood events and characterized by strategic activities and services. The selected case study area has an extension of about 1.8 km2, corresponding to the Sampierdarena district, as illustrated in Figure 2. The Sampierdarena district is an urban cluster located in the western part of Genoa between the commercial port and the left bank of the Polcevera river. The study area also includes three minor streams that are partially culverted: Fosso Bartolomeo, Fosso Promontorio, and Fosso Belvedere. Regarding water management, the area is mainly served by a combined sewer system partially overlapped with the naturally stream network (now culverted), and solely a marginal area is drained by a stormwater drainage system. The district presents mainly a consolidated heterogeneous urban fabric, while on the west side of the district (nearby the Polcevera River), industrial, commercial, and infrastructural functions are prevalent; furthermore, the coastline is entirely anthropic and devoted to port infrastructure. It can be noticed that zones with greater acclivity have favored in-line buildings that mimic the morphology of the basin. Across all districts, both in the residential area and the one devoted to commercial/industrial activities, green areas are extremely limited: two urban parks, a forested patch to the north, and some segments of structured urban and peri-urban green space are noteworthy. In addition, the district includes areas where the Municipal Urban Plan (PUC) [82] highlights the need for urban regeneration; in particular, referring to the analysis of the built environment reported in the PUC, such areas are classified as ‘urban voids’, ‘brownfield sites’, and ‘areas of discontinuity in the urban structure’. Indeed, the Municipality of Genoa promotes actions for urban regeneration according to natural solutions, thus enhancing urban green areas and woodland [83].



Comparing the spatial data of the Municipality of Genoa with those representing the case study area (Figure 3), it emerges that Sampierdarena district is mainly characterized by residential areas, industrial and commercial buildings, and open spaces intended for agriculture [84,85].



Therefore, the district results in a chaotic crossroads enclosed between the Polcevera Valley (along the N-S direction) and the coastline (along the W-E direction) since it is crossed by flows involving both movements towards large, specialized areas (e.g., industrial and commercial areas) and movements towards neighborhood functions and services. Indeed, the road layout has a complex configuration, including two highway tollbooths, accesses to the port and airport areas, and major urban traffic arteries. Furthermore, a regional rail park that serves as a logistics hub is also encompassed.



It has to be noticed that no SUDS are installed in the area, although in the Municipal Adaptation Plan “Genoa 2050-Action Plan for a Lighthouse City”, specific actions are foreseen to promote and diffuse these technical solutions on the territory [86]. Due to the above-mentioned characteristics, the Sampierdarena district is prone to be frequently exposed to flooding events, and the flooded areas affect the main urban traffic junctions. In this framework, the implementation of SUDS within the district may significantly contribute to mitigating urban flooding phenomena.




5.2. Participatory Process Timeline


The methodological approach developed within URCA! Project is applied to the case study of Sampierdarena, based on participatory techniques and co-design workshops to promote the role of SUDS as the key issue in a climate-resilient urban environment. In accordance with the innovative methodological approach proposed in Section 4, the working group was characterized by interdisciplinary and intersectoral team members (including civil, architectural, and environmental engineers, psychologists, sociologists, and urban planners), and the participatory process involved the 5 helixes in terms of individuals and representatives of the main urban functions in the area (Figure 4). The research promoted intergenerational participation throughout the involvement of students from three different levels of education (elementary school, middle school, and high school), thus emphasizing the importance of including needs and suggestions emerging from different age groups.



A program of site inspections was set up to collect data concerning the flood risk exposure, and the drainage inlets of the stormwater network (i.e., location and clogging phenomena); such inspections were carried out before starting the engaging phase of the participatory process in order to properly characterize the district flood resilience.



Figure 5 shows the stages of citizen engagement, from awareness-raising and mapping events to the visualization of intervention proposals and the location of solutions on the territory for reducing the flood risk. It also depicts the temporal sequence of the events, thus pointing out the simultaneous development of events designed for the general public and those specifically tailored for students.



The questionnaire (PPGIS survey), which aims at identifying and spatializing social and environmental variables related to urban flood risks, was launched from the 10 April to 1 December 2023. Its dissemination and analysis of the results served both the cognitive phase of the investigated district and the identification of actions to be implemented. The questionnaire was disseminated mainly through official social media related to the municipality and gatekeepers (e.g., consortium of local retailers, schools, etc.) and mailing lists provided by the municipality, thus involving the citizens who live in or know the district (of any age), as well as among local authority employees. In flood-resilient spatial planning, the involvement of local actors is crucial for gaining in-depth knowledge of the area, identifying the most susceptible areas to flooding, thus planning accordingly. Furthermore, engaging local actors is essential for the acceptance and support of proposed solutions. In summary, the involvement of local actors in flood-resilient spatial planning contributes to more effective and coordinated management of flood-related challenges as well as promoting the safety and well-being of local communities.



In order to engage those segments of society less familiar with digital tools, two PGIS focus groups were also organized thus applying the concept of sketch mapping in the field of urban resilience to climate change. The first PGIS focus group took place on 4 April 2023 in the public spaces managed by the municipality. The invitation to attend the focus group was disseminated with the support of the municipality, through the webpage of the questionnaire and partially through word of mouth or personalized emails. Similarly to the questionnaire, the focus groups served both for the cognitive phase of the investigated district and for the identification of actions to be implemented. During this meeting, the participants were first made aware of the key issues of the project, and they were offered a mapping activity. Participants were organized in small groups to ensure the active and operative involvement of all participants. They analyzed a paper map with an aerial view of the Sampierdarena case study, where some cues were highlighted to facilitate both familiarization with the tool and orientation. Using specific stationery (such as markers, post-its, round stickers, tracing paper, etc.), participants were encouraged to interact with the map, indicating the most critical points and areas prone to being flooded, their previous experiences related to flood events, and their knowledge of potential vulnerabilities in buildings (such as the presence of basement rooms). Each working group was guided by a facilitator, who encouraged the identification of the critical issues of the site, and by an assistant who recorded the observations and insights shared during the mapping activity. Furthermore, the facilitator stimulated the discussion between participants: the activation of their historical memory and the sharing of direct or indirect experiences related to flood events, focusing on damages to persons or property. Perceptions regarding how often urban drainage systems (i.e., catch basin inlets) are maintained were also examined. At the end of the workshop, each group illustrated their own map, thus encouraging the overall sharing of key results. The second focus group was on 1 June 2023 in the same location, with the aim of co-creating urban solutions. In this case, the participation of the identified urban functions primarily occurs through formal invitations, sharing of the initiative via the mailing list established during the previous working phases, and promotion through the communication channels of the project partners. The first part of the activity was focused on the feedback of the results from the first focus group, thus becoming the input of the second one. In the second part, SUDS, representing the solution to implement in the planning phase, were introduced by the working group. In this phase, participants had to identify and localize the most suitable SUDS for the case study area, and they were also encouraged to develop various scenarios describing potential impacts related to the specific proposals. This process aimed to foster the creation of a shared vision among the involved stakeholders. Each working group presented their ideas and proposals, and the other participants were encouraged to comment on and discuss the proposals reported on the territory map.



Elementary school students were involved in the period April-May 2023, and the activity consisted of producing two drawings depicting, respectively, their current vision of the street where they live and their aspirations in the future.



To explore a different perspective on the district’s current state, a workshop with middle school students was organized on 19 May 2023. Initially, the students attended a brief introduction dealing with the concept of resilience and SUDS, then they identified weaknesses, threats, and experiences related to flood risk in the case study area on a paper map using markers, post-its, round stickers, and tracing paper. Finally, based on the critical issues identified and the knowledge acquired during the workshop, they proposed locations suitable for SUDS installation.



The engagement of high school students occurred during the period November–December 2023; in this case, they were involved in activities using both traditional paper materials as well as digital tools since the usage of online platforms can encourage the younger generation to actively participate. The high school students attended four meetings. During the first one, the following topics were introduced: the urban resilience to floods enhanced by climate change and the factors affecting the flood occurrence (e.g., the imperviousness of urban areas). Thereafter, a site inspection across the district was carried out, and the students identified the observed critical issues that were marked on a paper map. In the second and third meetings, they participated in a series of site inspections to assess the current state of the Sampierdarena area, employing active mapping on the Google MyMaps platform that allows users to configure shared maps. Such digital tools allow participants to highlight critical areas, attach photos taken on-site, and provide a brief textual description. Subsequently, they attended an informative webinar on the urban hydrological cycle and its restoration through SUDS. The knowledge acquired from the site inspections and the webinar was applied in the fourth final meeting: a co-design workshop where students were tasked with identifying suitable locations for the installation of SUDS. The total number of participants involved in the Pmap process is equal to 282.




5.3. Analysing and Active Proposals


In this section, data collected during the above-described engaged practices were analyzed, starting from the flood risk awareness, moving to the one concerning SUDS, together with the green areas’ perception, arriving at the formalization of active proposals for SUDS implementation.



Figure 6 shows the local (dot) and diffuse (area) criticalities emerged by the overall participatory process that overlapped with the flooded areas as indicated in the Watershed Management Plan. The digital map is produced by integrating into a GIS environment the following data: information reported in the Watershed Management Plan, the critical issues (specific sites and areas) identified during the PGIS focus group, the site inspections, and mapping activities carried out with middle and high schools. The overall dataset, based on both evidence and experiences carried out by both the general public and the school-age participants, is successfully combined, encompassing all criticalities of the Sampierdarena district and providing a corresponding complete contextualization.



Results plotted in Figure 6 show a large number of local and regional criticalities extending way beyond the ones reported in the Watershed Management Plan, thus confirming the high flood risk in the area and the need for stakeholder engagement as a knowledge tool, even if it must be taken into account that objective hazard/risk could differ from subjective risk score/perception [87]. Furthermore, the analysis carried out by the general public is consistent with the one by school-age participants, thus building a common inter-generational perception and knowledge of flood risk in the area.



Following this analysis concerning flood risk perception and knowledge, the results of the third questionnaire’s section related to flood risk are discussed in order to explore the perceptions of flood damages paired with the knowledge of the best practices and measures issued by Civil Protection for flood events. The perceptions concerning flood damages are moderately high, as confirmed by only 39% of the respondents who have personally suffered flood damages or known persons who have suffered, while 59% of the respondents have not suffered damages. The perception concerning flood damages is congruent with the pluvial flood phenomenon, which is mainly due to the limited or temporarily reduced efficiency of the surface drainage and the artificial drainage network [88]. Figure 7 illustrates the level of knowledge and implementation of the different self-protection measures. The following measures were considered: the implementation of flood protection interventions (waterproofing, fixtures, bulkheads, etc.); the knowledge of the Civil Protection alert tools; being registered with one of the municipal or regional branch services for weather warnings; and the knowledge of what actions to implement in case of emergency, such as self-protection measures. Results were grouped according to three possible answers: someone in the family does it, nobody does it, and I don’t know. The results plotted in Figure 7 show a good/medium level of knowledge of measures to be taken in case of an emergency: more than 60% of participants report that they are registered with weather alert services and know what to do once the alert is issued. However, when it comes to the attitude toward implementing self-protection measures—of preventive value—participants show a low level of preparedness (only 40%). Consistency of results emerges with other studies conducted in the town of Genoa [89] where high levels of knowledge of the measures are depicted contrary to a lack of implemented measures, both individually as collectively, showing that behaviors are not related with the location nor with the corresponding risk perception. Therefore, better communication and sensibilization on the consequences of flood risks but also on the needed behavior that could be useful to increase the resilience of the local community.



Figure 8 reports the most frequented zones in the study area as indicated by the participants during the entire participation process. To guarantee map readability, the data are grouped according to three levels of importance: low, medium, and high frequented zones. Moreover, the collected data are grouped into two different classes of participants: the general public, represented by the pink dots and the school-age participants, represented by the pink hollow circles, to point out the intergenerational feature of the participatory process. The results shows a different distribution between the general public and the school-age participants; the latter are mainly identified in the western side, where the commercial areas and school districts are located. Concerning the general public, the most frequented zones result in more dispersion across the district, even if the trace of the main traffic lanes emerges as well as the relevance of the commercial area.



To strengthen the knowledge of the district (cognitive phase), the citizens’ perceptions of existing green areas were examined. Considering the results of the questionnaire, the existing green areas are inadequate for the district for 53% of the participants, 27% of whom proposed to enhance them through various actions such as increased maintenance and/or planting of new trees, as well as introducing new green areas. Such results are consistent with findings reported in the literature by Ugolini et al. [90], reporting that reporting that, according to local actors in Italy, urban green areas stimulate moderate socialization and improve limited public health. In spite of this, 50% of the participants frequent a green area of the district at least once a month, thus pointing out the relevance of green areas to improving the livability of the urban environment [91]. Referring to the direct experience of nature in urban areas, Cox et al. [92] have shown that private greenery (e.g., trees located in private yards) being widespread in the urban settlement is generally visible by many buildings with respect to public green areas that are visible solely by the facing buildings. In addition, the negative attitudes towards urban greenery due to the perception of limited public support and maintenance could drive reduced acceptance of green infrastructures (including SUDS) by citizens. Therefore, it is crucial to implement green corridors in the urban environment, thus enhancing the positive perception of greenery and the overall well-being of citizens and consequently supporting citizen SUDS acceptability.



Concerning SUDS, their knowledge and their relevance in the case study context have been explored using the questionnaire. Referring to the most common SUDS typology, the participants have indicated their corresponding level of knowledge, ranging from very low to very high. Focusing on the results illustrated in Figure 9, it emerges that about 40% of participants have a low awareness of SUDS, irrespective of the specific typology, while only 20% of participants reveal high to very high awareness of such solutions. Permeable pavements are the most well-known among the investigated ones.



The lack of knowledge about SUDS may be attributed to several factors. Firstly, there is a deficiency both related to public authorities as well as citizens in awareness about SUDS and the provided benefits in the framework of urban stormwater management. Indeed, there is inadequate training and education in schools and communities on the role of SUDS, both as technical solutions to support urban flooding mitigation and to enhance the livability of urban areas through their multiple benefits (environmental, social, etc.). Furthermore, consolidated approaches in stormwater management, deeply rooted in culture and society, limit the adoption of innovative solutions such as SUDS, and this lack of background about green solutions can impact the allocation of public resources to the detriment of their development. On the contrary, SUDS must be recognized as proactive investments, and their planning must be based on a joint dialogue between governance, society, and science [93]. The present research aims at supporting SUDS as effective mitigation/adaptation strategies by enhancing the awareness of stakeholders and local actors (the five innovation helixes) towards environmental problems, with a specific focus on urban flooding, and involving the citizens and governance in the co-design process.



Figure 10 illustrates the SUDS locations suggested by general public (green dots) and school-age participants (green hollow circles) overlapped with the existing green areas (green contour). Similarly to Figure 8, the data are grouped according to three levels of relevance: low, medium, and high frequency of selection as a possible location for SUDS installation. Referring to the intergenerational feature of the results, there is a good agreement between the locations proposed by the general public and the school-age participants. It has to be noticed that the latter also pay attention to the quality/characteristics of the existing green areas (e.g., the public park located in the eastern part of the investigated district), thus enhancing (where suitable) the ecosystem service provisioning of urban vegetation. It has to be noticed that the northern green wooded areas are situated on a sloped side and challenging to access, while the SUDS implementation is proposed mainly in the southern part of the district, where the degree of imperviousness becomes relevant, and several criticalities have been detected (Figure 6).



Figure 11 reports the correlations that are graphically illustrated as white lines with increasing thickness, between the most frequented places (pink dots) and the suggested SUDS locations (green dots). Figure 11 arises from the combination of data as previously illustrated in Figure 8 and Figure 10. Indeed, data collected from the overall participants (general public and students) are examined to point out the relationship between the most frequented zones and the potential SUDS locations. Findings concerning the connections and their frequencies confirm the significance of the commercial area (located in the western part) and the main traffic lanes along which SUDS are mainly proposed to be implemented; all zones characterized by intense vehicular and pedestrian flow are suitable for the implementation of SUDS as a solution to improve stormwater runoff management and contribute to urban flood resilience.



Figure 12 aims at providing an overview of data collected during the entire participation process implemented in a GIS environment; it shows a screenshot of the interactive map that integrates the information available in technical documents, plan, and local regulations (e.g., historical flooded areas), with the results obtained by the different actions foreseen in the participatory process (e.g., observed criticalities, suggested SUDS locations).



The georeferenced intergenerational participatory map is available online (https://prinurca.wordpress.com/genoa-patricipatory-mapping/, accessed on 1 February 2024) in English and Italian.





6. Conclusions


The present research formalizes an innovative and intergenerational approach for the development of a Pmap to support SUDS as effective mitigation/adaptation strategies in the framework of urban flood resilience. The proposed methodology is tested and discussed with reference to the case study of the Sampierdarena district in Genoa, northern Italy. Research findings include a GIS database that has been implemented starting with the digitization and georeferencing of data related to urban flood areas integrated with data collected during the activities carried out across the entire participation process (e.g., information and opinions from surveys, awareness-raising meetings, and workshops). The GIS database supports the identification of the most vulnerable urban areas prone to flood risk and those where mitigation and adaptation strategies to flood risk can be implemented. It is useful for the development of base maps to identify key features and for the development of information maps to be made available to the community. In addition, the GIS database is a tool that contributes to evaluating the effectiveness of participatory strategies together with the evolution in the planning and societal acceptance of SUDS. Therefore, the development of the GIS database, which integrates spatial and non-spatial information, can make the implementation of SUDS a key practice for environmental sustainability and flood risk reduction, while citizen participation creates a stronger link between the community and urban planning strategies. This not only improves the resilience of urban areas to flood events but also environmental awareness and social cohesion. In this sense, Pmap may be integrated into a decision support system to be developed as a guidance tool for the public administration. Moreover, the collaboration amongst stakeholders and local actors to produce a shared participatory map might be a chance to promote co-stewardship initiatives [94] at the micro or neighborhood scale, i.e., person-public-private partnerships; shared management; and monitoring and evaluating green spaces [95].



During the overall participatory processes in the Sampierdarena district, several barriers were encountered and addressed. Firstly, although the Pmap process started in the post-SarsCov2 pandemic era when no restrictions were anymore in place in Italy, some stakeholders and local actors (especially older citizens) might have been limited in their incentive to attend in-person events; indeed, it has to be taken into account that the global health emergency and the related social distancing have caused long-term changes in public behavior patterns [96]). Since the beginning, to overcome this constraint, the proposed methodology has adopted different engagement techniques, like e-participation (electronic participation), that represents an opportunity to reach those who are otherwise unreachable. Another challenge was represented by the very broad socio-cultural contest that characterizes the case study area: the district reveals heterogeneity in terms of ethnic origin. The involvement of members of ethnic minorities outside the pre-existing networks led or monitored by the municipality took place through activities in schools, thus contributing to the further involvement of their parents. In addition, future activities might strengthen social inclusiveness, such as the preparation of all materials in multiple languages, the organization of specific experiences held by native speakers, and closer collaboration with cultural aggregation centers. The above-mentioned constraints and the corresponding actions to overcome them demonstrate the high degree of adaptability and generalizability of the proposed methodology, which can be declined in relation to the site-specific characteristics (spatial, political, sociocultural, etc.) of the study area of concern. Moreover, it has to be noticed that during the implementation of the participatory process, no problems relating to so-called cultural (lack of trust, motivation, and willingness to enable participation) and resource (capacity and finances) barriers emerged [97], since the local administration has demonstrated attention to the research topic developed within the URCA! Project, thus actively participating in the Pmap process (as the first helix of innovation).



Furthermore, participation has been proven to strengthen in stakeholders and local actors a sense of belonging and responsibility to the territory and spaces over which SUDS are jointly planned and designed, contributing to their maintenance and full operational functioning over time.



In conclusion, the Pmap provides a picture of the status quo, and the criticalities at the time of the study (project-specific); therefore, the Pmap refers to the specific time when it has been implemented while cities may face social, cultural, and even climatic changes. Based on such assumptions, it clearly emerges that further research is needed to define, firstly, the usable timespan of the GIS database as well as the suitable methodology to update it. In the literature, the temporal aspect connected with participatory maps is nowadays an open issue, whereas such an awareness would constitute an advancement from a methodological point of view. On the other hand, in the proposed methodological approach, the participatory maps are processed in a GIS environment and therefore easily updated due to new emerging criticalities and actions once the updating methodology is formalized.
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Figure 1. Main phases of the methodological approach to participatory mapping. 
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Figure 2. Overview of the Sampierdarena district (Genoa, Italy) selected as case study area. The red line refers to the perimeter of the main subcatchments. 
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Figure 3. Radar graph of land use categories grouped in Open Spaces (OS) and Built Spaces (BS) for Genova Municipality and Sampierdarena District. 
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Figure 4. Involved stakeholders and local actors in the participatory process applied to the Sampierdarena case study according to the Quintuple Helix Model of Innovation. 
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Figure 5. Participatory process timeline developed in Sampierdarena district from April to December 2023. 
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Figure 6. Map of the local (dot) and diffuse (area) criticalities emerged by the overall participatory process overlapped to the flooded areas. Note that the red line refers to the analyzed map extension. 
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Figure 7. Level of knowledge and implementation of the main self-protection measures, to be implemented in case of flooding. 
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Figure 8. View of the Sampierdarena study area and locations of the most frequented zones by general public (pink dots) and school-age participants (pink hollow circles). Note that the red line refers to the analyzed map extension. 






Figure 8. View of the Sampierdarena study area and locations of the most frequented zones by general public (pink dots) and school-age participants (pink hollow circles). Note that the red line refers to the analyzed map extension.



[image: Sustainability 16 01936 g008]







[image: Sustainability 16 01936 g009] 





Figure 9. Knowledge levels on the most common Sustainable Urban Drainage Systems (SUDS). 
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Figure 10. Map of the SUDS locations suggested by general public (green dots) and school-age participants (green hollow circles) overlapped with the existing green areas (green contour). Note that the red line refers to the analyzed map extension. 
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Figure 11. Map of the correlation (white lines) between the most frequented places (pink dots) and the suggested SUDS locations (green dots). Note that the red line refers to the analyzed map extension. 
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Figure 12. The georeferenced intergenerational participatory map for planning and implementing SUDS. 
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Table 1. Most common Pmap techniques in the fields of disaster risk reduction and urban resilience.
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	Technique
	Functioning
	Strengths
	Weaknesses
	Sources





	Ephemeral

mapping
	Drawing maps on the ground from memory using in loco available materials
	Easy to organize and facilitate

Inexpensive

Familiar to many people

Flexible
	Temporary

Limited semiology

Neither scaled nor automatically georeferenced

Difficulties in communicating results to decision makers
	[12,13]



	Sketch

mapping
	Freehand drawings on sheet

of paper using different

colored pencils, markers, etc.
	Easy to organize and facilitate

Inexpensive

Familiar to many people

Broad semiology

Flexible
	Temporary

Neither scaled nor automatically georeferenced

Difficulties in communicating results to decision makers
	[14,15]



	VGI

mapping
	Provision of data to through

location-based information

sharing technologies
	Permanent

Both scaled and geo-referenced

Ease in communicating results to decision makers
	Unfamiliar to many people

Software license

Limited/controlled semiology

Need for training

Not flexible
	[16]



	Scaled 2D mapping
	Scaled base map on

which to draw with a variety

of stationery items
	Easy to organize and facilitate

Inexpensive

Broad semiology

Flexible

Scaled

Ease in communicating results to decision makers
	Temporary

Unfamiliar to many people

Not automatically georeferenced
	[17,18]



	P3DM
	Participants build a 3D model of the case study with available materials
	Easy to organize and facilitate

Inexpensive

Broad semiology

Flexibile

Both scaled and geo-referenced
	Temporary

Unfamiliar to many people

Often require an external facilitator to provide the base map

Difficulties in communicating results to decision makers
	[19,20]



	Web-based/app-based GIS mapping
	Provision of data to a

web-based or app-based

GIS database
	Permanent

Both scaled and geo-referenced

Ease in communicating results to decision makers
	Unfamiliar to many people

Software license

Limited/controlled semiology

Need for training

Not flexible
	[21]










 





Table 2. Participatory mapping techniques to collect nonspatial data in the contextualizing the problem(s) phase.






Table 2. Participatory mapping techniques to collect nonspatial data in the contextualizing the problem(s) phase.





	Techniques
	Main Objective





	Interviews
	Gathering the opinions of a selected group of people in a structured way



	Questionnaires, Polls
	Gathering the opinions of a large group of people in a structured way



	World Café, Fishbowl, Focus groups
	Producing thorough information from a small group of people



	Expert panels
	Collecting the scientific knowledge and expertise of experts in the field










 





Table 3. Participatory mapping techniques to include nonspatial aspects in the planning phase.
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	Techniques
	Main Objective





	Design charette
	Define common planning and development scenarios



	Knowledge creation
	Reframing the problem to be addressed and its solutions



	Workshops
	Creating ideas from the integration of different perspectives



	Public advisory committees
	Providing regular comments and advice on the problem to be addressed



	Citizen juries
	Using expert ideas to stimulate discussions and support decision-making



	Visioning
	Creation of shared urban or landscape scenarios



	Community indicators project
	Development of indicators/indices from people’s vision of the future



	Participatory budgeting
	Deciding how to use public economic resources



	Asset-based community development
	Assessing people’s available resources and determining appropriate action
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