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Abstract

:

The population that lives in cities has surpassed the one that lives in the countryside. Cities are recognized as apriority source of pollution. The degradation of air quality and the phenomenon of Urban Heat Island (UHI) are some of the most well-known consequences of urban development. The adaptation of the cities is emerging as one of the greatest challenges that urban planners will face in this century. Urban Green Infrastructures (GIs) could help cities adapt to climate change, and the strategy of expansion of greening in urban planning could play an important role in enhancing the sustainability and resilience of cities and communities. Many studies have shown the benefits of GIs to climate change mitigation and adaptation in urban areas and their role as an important urban planning tool to satisfy environmental, social, and economic needs of urban areas. The objective of this article is to propose a methodological approach to evaluate the social perception of citizens regarding urban green areas. The proposed methodology, applied to the reality of the “urban green system” of Catania, is based on an integrated approach between participatory planning and the methods social multi criteria evaluation to guiding the city’s government to realize a new urban resilient development.
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1. Introduction


The actions against climate change and its effects on society and the environment are oriented in two directions: Mitigation, to progressively reduce the emissions of climate-changing gases responsible for global warming, and adaptation, to reduce the vulnerability of environmental, social, and economic systems and to increase their capacity for climate resilience.“ Many adaptation and mitigation options can help address climate change, but no single option is sufficient by itself. Effective implementation depends on policies and cooperation at all scales and can be enhanced through integrated responses that link mitigation and adaptation with other societal objectives" [1].



The evaluation of the integrated effects of planning and planning choices aimed at reducing climate-changing emissions is a priority theme in the document "Transforming our world: The 2030 Agenda for Sustainable Development [2]”. The 2030 agenda establishes 17 sustainable development goals (SDGs) and 169 targets to be achieved within the next 15 years. Goal 11, sustainable cities and communities, is specifically dedicated to urban systems, and its ambitious goal is to “make cities and human settlements inclusive, safe, resilient, and sustainable.”



The percentage of people living in urban areas will increase from 50.0% in 2010 to nearly 70.0% by 2150 [3]. For the first time in history, the population that lives in cities has surpassed the one that lives in the countryside or outside the inhabited centers. The cities are recognized as the priority source of pollution. Most energy consumption is connected to cities, which have to make the greatest efforts to manage sustainable resources under the social, environmental, and economic aspects and to improve the quality of life of their citizens. Heat waves in cities generate serious inconveniences for the most vulnerable citizens, especially the elderly and children. Urban socio-ecological systems are characterized by a high population density, an extensive change in land use, and the use of natural resources not directly present locally. In Europe, urbanization processes are progressing rapidly, causing soil sealing and the reduction of its functions and quality. One of the major consequences of urbanization, in terms of the impact on human health and environmental quality, is the "urban heat island" (UHI) effect (the phenomenon whereby cities appear to be warmer than the surrounding rural area). It is estimated that climate change will greatly aggravate the extent of the UHI, particularly in hot regions characterized by periods of summer dryness such as the Mediterranean Basin.



Protecting, upgrading, and increasing urban and peri-urban forests and street trees through the enhancement of the green infrastructures (GIs), is therefore fundamental for the sustainable development of urban areas that represent "demand areas for Ecosystem Services, "the goods and services provided to man by nature.



The maintenance of urban green spaces is also one of the approaches suggested by the IPCC (2014) [1]. For the management of climate change risk through adaptation, in particular through the reduction of vulnerability and exposure through development, planning and practices that include "low-regret" measures, i.e. those that produce benefits even in the absence of climate change and with which the adaptation costs are relatively low compared to the benefits of the action. Lastly, the maintenance of urban green spaces is one of the approaches suggested by SDGs 11 (Sustainable Cities and Communities) of the UN Agenda to 2030 [2].



In recent thinking, the GIs have been identified as ‘best practices’ in local governance when combined with traditional “grey” infrastructure to achieve greater urban sustainability and resilience. Moreover, GIs are recognized for their value for adapting to the emerging and irreversible impacts of climate change. In addition, some local governments have adopted GIs as a climate change adaptation measure, particularly if the strategies result in multiple other benefits. Indeed, adaptation to climate change is also seen as having ecological, economic, and social dimensions [3].



For three out of four European citizens, climate change is a very serious problem. The changes observed in the climate are already having far-reaching repercussions on ecosystems, economic sectors, human health, and welfare in Europe. Overall, the economic losses recorded in Europe in the period 1980–2016 caused by meteorological phenomena and other extreme climate-related events exceeded Euro 436 billion. The biggest losses would be in the industrial, transport, and energy sectors (CE, COM (2018), 738 final).



The cities will have an important role to adopt the law and the provisions that are necessary at the various levels but also to ensure the best quality of life in urban areas. Climate impact requires the use of innovative solutions and the rethinking of urban management and planning [4].



New urban and territorial structures, low energy consumption buildings and infrastructures, green areas and the adoption of advanced technologies mitigate global emissions and local pollution, promote adaptation to climate change, reduce the energy costs of families and businesses, and improve the climate of cities.



GIs and their integration in urban planning appear as one of the most appropriate and effective ways to improve the microclimate and face the impacts of climate change and mainly the UHI effect. GIs forms include green roofs, green walls, urban forest, bioswales, rain gardens, urban agriculture (urban gardens; community gardening; collective green; peri-urban agriculture, agricultural parks), river parks, local products markets, areas of constructed wetlands, alternative energy farms, and nature conservation areas, among the most common (Figure 1).



GIs provide a range of climate change services that can make both a substantial contribution towards adapting to climate change and a limited yet important contribution towards mitigating climate change. Such natural interventions are increasingly being recognized as a desirable ’win-win’ approach to combating climate change, as they also help to deliver multiple other social, economic, and environmental benefits.



Green Infrastructures, according to the European Union (E.U.) definition, "... are networks of natural and semi-natural areas planned at strategic level with other environmental elements, designed and managed in such a way as to provide a wide spectrum of ecosystem services. This includes green (or blue, in the case of aquatic ecosystems) and other physical elements in areas on land (including coastal areas) and marine areas. On the mainland, green infrastructures are present in a rural and urban context" [6].



In the EU, the term GIs was first introduced in the 2009 commission white paper, "Adapting to Climate Change" [7]. In all the normative acts of the EU, the term "Green Infrastructures" is used in connection with landscape resources, with particular emphasis on ecological connectivity. In contrast, the European Environment Agency (EEA) and other European programs choose to use the term "green spaces," "green systems, "or "green structure" when referring to the urban environment or other related issues [8,9].



The objectives of the EU GIs Strategy (2013) [6] are:




	-

	
To enhance, conserve, and restore biodiversity by inter alia increasing of spatial and functional connectivity between natural and semi-natural areas and improving landscape permeability and mitigating fragmentation.




	-

	
To maintain, strengthen, and, where adequate, to restore the good functioning of ecosystems in order to ensure the delivery of multiple ecosystem and cultural services.




	-

	
To acknowledge the economic value of ecosystem services and to ncreasethe value itself, by strengthening their functionality.




	-

	
To enhance the social and cultural link with nature and biodiversity, to acknowledge and increase the economic value of ecosystem services and to create incentives for local stakeholders and communities to deliver them.




	-

	
To minimize urban sprawl and its negative effects on biodiversity, ecosystem services, and human living conditions.




	-

	
To mitigate and adapt to climate change, to increase resilience, and reduce vulnerability to natural disaster risks such as floods, water scarcity and droughts, coastal erosion, forest fires, mudslides, and avalanches as well as urban heat islands.




	-

	
To make the best use of limited land resources in Europe.




	-

	
To contribute to a healthy living, better places to live, provisioning open spaces and recreation opportunities, increasing urban-rural connections, contributing to sustainable transport systems, and strengthening the sense of community [10].









Many studies show the existence of important links between urban green and impacts on climatic conditions and the reduction of the heat island effects. Parks and trees offer shaded areas and help to cool the air, and they protect from solar radiation. The green surfaces also have a heat absorption effect and lower thermal inertia than when compared to concrete or asphalt surfaces. The integration of vegetation in the facades and on the roofs of buildings helps to balance the interior temperatures.



This article proposes a brief overview of the GIs and their benefits and their role as an important urban planning tool to satisfy different environmental, social, and economic needs of urban areas and to realize a resilient urban development. Urban resilience aims to increase the ability of the whole urban system (including physical, environmental, and socio-economic perspectives) to develop its adaptative capacity, to resist and recover from shocks and stresses, and, at the same time, to reduce its vulnerability. In this context, it becomes interesting to investigate the relationship between GIs and climate comfort within cities and the role of the urban green spaces as an essential component of the policies of mitigation and adaptation to climate change in the planning process. This is followed by the evaluation of green planning policies and adaptation measures in the city of Catania, to acquire useful information in order to guide the city government towards resilient urban planning. The methodology proposed and applied to the green areas of Catania and the planning of investments in GIs, is based on an integrated approach between participatory planning techniques (based on the establishment of focus groups with the various stakeholders) and the NAIADE method (Novel Approach to Imprecise Assessment and Decision Environments) [11] (for the Multi-Critical Social Assessment—SMCE) for the "complex" information collected (quantitative and qualitative data).




2. The Green Infrastructures as Tools for Climate Adaptation of Cities: Experiences and Evaluations


The relationship between city and climate change is now documented internationally by various studies, which highlight the negative effects on the well-being of the population and environmental ecosystems. The phenomena of pollution, heat islands and urban decay are now known, to name a few [12,13,14]. The E.U. has given a strong impetus to the fight against climate change and environmental protection. To this end, among various measures, it has promoted the European Strategy for Adaptation to Climate Change (2013) [15]. That has the objective of making Europe more resilient to climate change, promoting two types of interventions: Mitigation and adaptation.



The definition of the urban adaptation strategies actively involves citizens and other interested stakeholders to favor “non-regret” interventions that can remedy existing problems and bring immediate benefits and socio-economic benefits to increase adaptive capacity and actions based on an ecosystemic or “green” approach [4]. These actions envisaged are aimed to promote experimental interventions of climatic adaptation of public spaces and encourage the diffusion of different forms of GIs and the increase of public and private urban green areas, adopting the logic of green and blue infrastructures, and safeguarding biodiversity in urban areas.



Climate change requires the use of innovative solutions and new tools for urban management and planning. New urban structures, low energy consumption buildings and infrastructures, green areas, and the adoption of advanced technologies mitigate global emissions and local pollution, which promote adaptation to climate change. In the new vision of a city, sustainable and resilient, the green areas assume ever greater importance and become multifunctional resources for the city and its inhabitants.



The connotation of GIs includes the green space of the complex urban ecosystem, composed of various forms of non-built spaces, including gardens, parks, vertical plants, forestry, urban gardens, agricultural land, greenways, wetlands, and waterways (green and blue infrastructures) [16,17,18].



The green spaces in urban areas provide indirect and direct benefits to human health and well-being, which are defined as Ecosystem Services (ESs). The ESs “... consist of the flows of matter, energy, and information coming from the stocks of natural capital, which are combined with the services of anthropogenic artifacts to generate well-being and quality of life ...” [19]; they perform the following functions: Environmental-regulator; hydrogeological protection; social, recreational and therapeutic; cultural and educational; aesthetic–architectural.



In particular, the ESs help adapt cities for climate change, through the air purification, global climate regulation, urban temperature regulation, noise reduction, and runoff mitigation. Several studies show the existence of important links between urban greening and impacts on climatic conditions: Parks and trees offer shaded areas and help to cool the air, they are places to find relief during heat waves, they offer plant cover, and they protect from solar radiation; the integration of vegetation in the facades and on the roofs of buildings helps to balance the interior temperatures as well as protect the structures [20,21,22,23,24].



The implementation of GIs promote an integrated approach to land management, determine the positive effects under the aspect: Economic, in the containment of some of the damages resulting from hydrogeological instability; environmental, in the fight against climate change and in restoring the quality of environmental matrices (air, water, soil); in promoting the well-being of citizens and their social relations and promoting social inclusion [4].



The benefits of the GIs are:




	-

	
Health and well-being: Increasing life expectancy and reducing health inequality; improving levels of physical activity and health; improving psychological health and mental well-being.




	-

	
Climate change: Heat amelioration; reducing flood risk; improving water quality; sustainable urban drainage; sustainable transport; improving air quality.




	-

	
Land regeneration: Regeneration of previously developed land; improving quality of the place; increasing environmental quality and aesthetics.




	-

	
Wildlife and habitats: Increasing habitat area; increasing populations of some protected species; increasing species movement.




	-

	
Economic growth and investments: Inward investments and job creation, land and property values; local economic regeneration.




	-

	
Stronger communities: Social interaction, inclusion, and cohesion; community engagement; education and participation; a sense of place; experiencing nature [4].









Worldwide, GIs have been spreading for at least a decade for their social and environmental benefits and as a tool for fighting climate change in urban areas. It is not possible to report the multiple experiences of projects already completed and underway, but some interesting examples will be recalled here.



In the USA, several cities have planned the development of specific GIs plans (New York, Chicago, Washington D.C.) or have foreseen their presence in the climate protection action plans (San Diego); the Greenworks Philadelphia aims to turn Philadelphia into “the greenest city in America” and includes an extensive list of GIs measures (Figure 2) [25,26].



From northern Europe to the Mediterranean area, climate adaptation plans and experimental projects have been adopted or are being drafted for the creation of sustainable eco-neighborhoods and various GIs, in urban areas and also around cities, playing an important role in regulating urban sprawl, regulating urbanization, and the growing senseless land consumption.



Just to name a few, this is the case of the British Green Belts (in urban planning in the UK), the Anella Verda of Barcelona, which includes a network of 12 protected areas around the city connected by increasingly enhanced ecological corridors; the vertical forest in Milan (Figure 3); the Green Belt in Turin; the green ring of the municipality of Mirandola (Modena); urban gardens in Catania [27]. Other projects and studies related to the progressive insertion of the different forms of GIs in the green planning of cities are found from Europe to Asia: In Copenaghen [28], Berlin [29] (Figure 4), Hong Kong [30], Beijing [31], and the Pukou District in Nanjing [32].



There is a large literature of specific researches that explore the important role that the GIs in urban areas play in adapting for climate change and as low-cost mitigation strategies [33,34,35]. Other researches place particular attention on models for evaluating ESs offered by urban GIs [4,27,31,36].



GIs practices such as trees, shrubs, lawns, green roofs, and green walls have been proven efficient in reducing the urban sprawl, the UHI, the harmful air pollutants, and regulating the Green House Gas (GHG) emissions within the cities [36,37,38,39].



Based on the urban specificities, on the socio-economic and environmental aspects of the cities considered and on the types of GIs studied, the methodological approaches found in the literature are different. It is possible to identify the application of the i-Tree eco model to present output from energy exchange and hydrological models showing surface temperature and surface runoff in relation to the green infrastructure under current and future climate scenarios (in greater Manchester [40]), or to quantify in biophysical and monetary terms the ecosystem services air purification, global climate regulation, and the ecosystem disservice air pollution associated with biogenic emissions (in Barcelona [36]). Several researches have used integrated approaches recognizing the multi-functionality of GIs, highlighting both the economic aspects and social and environmental aspects (in Nanjing China, morphological spatial pattern analysis MSPA method [29]; in Catania Italy, the eco-social-green model using Social Multi Criteria Evaluation SMCE [4]) and for planning and managing urban green infrastructure for urban sustainability and resilient cities [41,42].



Municipalities are called to respond to climate problems with new governance tools to distribute the risk of impacts, which aims to involve citizens to a greater extent in the project proposals for interventions and measures. Indeed, it is important for urban governance to assess the social perception of investments in GI and to estimate the benefits of related ecosystem services. The interactions between stakeholders involved in urban projects have proved useful in different experiences but havenot yet been widely applied to climate change adaptation actions in cities [4].



The good functionality and the correct use of the public green areas require the support of multi-criteria evaluation tools and specific government tools, able to guide the administrators in the choices of planning of the green investments and management as well as to provide citizens with elements of knowledge and respect towards this important common good [43,44]. The success of a particular public green space is not solely in the hands of the architect, urban designer or townplanner; it also relies on people adopting, using, and managing the space. People make places, more than places make people [45,46].



The implementation of GIs promotes an integrated approach to land management, determines positive effects under the economic, social, and environmental aspects. The GIs become an important tool of action for climate adaptation, for the enhancement of ESs and biodiversity, and social cohesion in the model of a sustainable and resilient city of the future.




3. The Perception of the GIs in Urban Green Planning: The Case Study of Catania


In Italy, the GIs are still few, limited to individual local initiatives and in any case, are not included in system logic, which essential for achieving the objectives. The attention to the presence of green in urban areas, in its various forms and functions, has been growing in recent years, so much so that even at the regulatory level several laws have been promulgated on the subject. Among them, the Law on the 14 January2013, n. 10 rules for the development of urban green spaces, in which the functions of urban green are recognized:



- Ecosystem services: Positive effects on the local climate, on air quality, on noise levels, and soil stability are evident, biodiversity conservation



- Socio-economic aspects: Meet the needs for recreation, social relations, cultural and healthy growth of its inhabitants.



Despite the multiple benefits associated with green, the Italian situation still shows some critical issues. Urban green is mainly managed on a technical and prescriptive level rather than as a strategic resource to orient local development policies to quality and resilience [4].



The city of Catania is the second city, in terms of importance, surfaces, and inhabitants of the Sicily Region (180,000 square meters, about 350,000 inhabitants, a density of 1.7 inhabitants per square meter). Under the urbanistic aspect, the regulatory plan, drawn up in 1964, was designed for the socio-economic needs of the city of the 60s, where the priorities and the vision were completely different from the current ones, mainly in terms of environmental protection, attention to climate change, and social inclusion. Concerning the socio-economic development of Catania, for the future potential of the urban green areas, the municipal administration has planned a program of interventions in line with climate adaptation measures [47,48,49]. The known negative impacts of climate change are also recorded in Catania, and some indicators are shown in the following figures (Figure 5 and Figure 6)



The main climate indicators of Catania are indicated in Figure 5 and the climate trends from 1900 to the present in the area of Catania, analyzing the meteorological data (www.lab.gedidigital.it), it can be summarized as follows:




	
The average temperature in the area between 2000 and 2017 was 0.6679 °C above the 20th-century average;



	
The number of hot days (above 29 °C during 24 h on average) increased from 2.35 days per year in the 20th-century to 5.222 per year from 2000 onwards (Figure 6); the number of frost days (below −1 °C for 24 h on average 24) remained unchanged at zero days per year.








The municipality of Catania is in the process of defining their adaptation plan. However, the city has already started a series of adaptation measures, including the planning and implementation of GIs and oriented management of public green areas.



In the city of Catania (Kmsq 183), the extension of the urban green is equal to 4,843,660 square meters, and the urban green per inhabitant corresponds to 16.4 square meters.



The scenario of the urban green spaces in Cataniais shown in Table 1:



The green areas play an important and specific role both as an urban component for the conservation and improvement of the landscape and the environment and as a means for aggregative purposes for social and cultural integration.



The GIs should pursue the following objectives among the ones envisaged:




	
Improving and preserving the local landscape and environmental restoration;



	
Favor urban climate control and reduction of albedo and heat islands;



	
Increase the naturalness and biodiversity of the urban territory;



	
To stimulate the aggregative, social and therapeutic functions of green areas (e.g., urban gardens, neighborhood parks, healing gardens, spaces for cultural events and shows) (Regulation of the public and private Green of the city of Catania, 2017).








The strategy for the GIs interventions includes the creation of green areas, green avenues, wetlands, and urban gardens according to the classification: Wedges, vortices, margins, strips, islands, hot points, hubs, fences, spurs, and vectors (Figure 7).



Wedges: Urban areas with the aim of becoming green areas dedicated to developing the relationship between citizen and city. Vortices: Model of areas designed to interact with the city with an inaccurate destination (areas that can adapt to the different needs of different groups of society). Margins: Represent a bit of a breakthrough, as the boundary criterion of the city is redefined, moving it ever more towards the areas that assume a strategic significance under the aspect of livability (sea, river, park, etc.). In this vision of development, the synergies between the oriented reserve of the Simeto Oasis, Etna Park, and in general with the urban parks (Playa del Bosco, Gioeni Park, etc.) and the city are included. Strips: Areas dedicated to the connection between the different areas of Catania, also with the redefinition of the above-mentioned margins. Island areas allow the giving back to the territory its centrality, where man has included the buildings over the years. Hot spots are red areas, under the cultural, economic, and social aspects in which the interests of a large part of society are concentrated and in which a mitigating action is needed to improve the quality of the environment. This represents the areas where resident population flows, tourists, and populations that gravitates around the city with both structural and infrastructural needs. In these areas, the need for both congestion and pollution generated to create buffer areas to mitigate the effects of the hubs present in the area emerges. Spurs are the areas that correspond with the Waterfront project, which start from the port and end up in Ognina, where the city encourages the development of a tourist town on the sea. Fences: All the defined and delimited green parks are included. Vectors include the areas that represent the main routes of the city’s traffic.



The municipality of Catania has realized some GIs and others are in the course of realization, as reported in Figure 8, Figure 9, Figure 10, Figure 11, Figure 12 and Figure 13 that testify the situation of the interested area before and after the realization of the GI.



The urban green is a heritage of the complex city, which requires careful assessment that takes into account not only the economic variables but also the social, environmental, and institutional ones. The proposals for investments in GIs, their management, and the evaluation of benefits will have to be shared by the community for an effective pursuit of the objectives set. This is an assessment that considers the dimensions of sustainable development, which will contribute to providing useful elements for the promotion of a model of governance of the city “eco-social-green” [4].



Based on the eco-social-green model, it will be possible to carry out a social, environmental, and economic assessment of the proposed interventions, through a collaborative process and by sharing the objectives of valorization, transformation, and redefinition of the green spaces of the city of Catania. The model proposed is called “eco-social-green” because we have decided to integrate the aspects that we consider important for the new role attributed to cities. Both at a European level and in the scientific debate, there is increasing attention on the role that cities must have on climate change, biodiversity, conservation, and promotion of social cohesion. A multidimensional approach allows to make decisions in complex conditions, and it gives the possibility to consider economic and non-economic dimensions; the existing synergies and possible conflicts, and the different viewpoints of the subjects involved (public and private).



The attention of the citizens of Catania towards the environment and the presence of greening in the city has recently increased. In fact, the initiatives of "adoption of public green" by private individuals are multiplying (to date, the public green areas of Catania adopted by private individuals, for redevelopment and maintenance, are around 4000 square metres—with savings for municipal management of around 300,000 euros). Citizens are aware that the GIs perform important functions to improve the quality of urban life, both in environmental and social terms and in terms of adaptation to climate change.




4. Methodology


The analysis of the case study evaluated the GIs planning of the metropolitan city of Catania, to experiment with new approaches and opportunities for the definition of green strategies that have found concrete applications in the development of guidelines in politics and local planning tools, as a tool for climate mitigation in an urban environment.



The proposed approach was based on the integration between the participatory planning (based on the establishment of the Focus Groups with the various stakeholders) and the NAIADE method (Novel Approach to Imprecise Assessment and Decision Environments [11], for the Multi-Criteria Social Assessment—SMCE) as possible a methodological structure to acquire and evaluate the "complex" information collected (quantitative and qualitative data) on possible alternative scenarios in relation to the urban green spaces.



The methodology can be considered a social experiment, able to produce collective opinions, to detect communication barriers, to study conflictual behavior, to acquire local information, and to create acceptable options [50,51,52,53].



The innovative advantage is the interaction among the participants that highlight the fundamental tools to support a process of evaluation and reciprocal learning. This approach allows us to reveal new visions of the subjects involved in order to have a final participated decision.



The target is that of developing a methodological structure made by suitable tools to acquire first, and process second, qualitative and quantitative information concerning the possible alternative scenarios of the problem under study. Opinions were collected at specific meetings at the local level with stakeholders and sector’s operators involved in the issue from environmental, social, climate, landscape, health safety, and economic points of view.



The opinions were collected through specific Focus Groups with local stakeholders, operators, and citizens interested in the issue in question from different economic, social, and environmental aspects [54]. This was in the presence of 2researchers, one with the role of moderator and the other with the detector of the responses of the individual subjects involved.



The adoption of this approach was limited to problems of territorial planning referable to SMCE [55,56,57]. There were numerous articles that employed SMCE for the resolution of problems related to the management of environmental resources, and in general, to valuations of sustainability, climate adaptation, energy policy, etc. [58,59,60,61].



The following picture (Figure 14) identifies the steps on which our SMCE was based, with some adaptation concerning the specificity of the context surveyed.



In detail, the proposed model was based on:




	
The individualization of the citizens and the stakeholders involved (100 questionnaires);



	
The definition of the alternative scenarios (definition of the 3hypotheses of the scenario: Inclusive, resilient, and city);



	
The definition of the context of evaluation, namely the decisional criteria (urban green spaces of Catania for the shared project);



	
The evaluation of the impact of alternative scenarios relative to the criteria in question);



	
The final creation of the impact matrix;








The structure used the focus groups as a social research methodology, aimed toacquire information on the opinions of stakeholders regarding a variety of scenarios for future development within the zone examined. The choice of focus groups and, therefore, of the interaction among the actors involved, aimed to support the phase of the choice and evaluation of the different aspects that would be included in the equity matrix. The matrices of impact and equity constituted the basis for the use of the discrete multicriteria evaluation NAIADE model (Novel Approach to Imprecise Assessment and Decision Environments) [62], able to manage qualitative and quantitative data in order to evaluate the measures of intervention. This instrument supported the classification of the alternative scenarios proposed based on the determined decisional criteria and considerations of possible “alliances” and “conflicts” between the groups of stakeholders on the proposed scenarios, thus measuring their acceptability. The NAIADE multicriteria evaluation method applied to this study constituted a discrete method of evaluation capable of managing qualitative and quantitative data. It was an appropriate tool for the planning of problems characterized by great “uncertainty” and “complexity” regarding existing territorial, social, and economic structures and their interrelations [63]. The basic input in the NAIADE method consisted of alternative scenarios to be analyzed, different decisional criteria for their evaluation, and different stakeholders who expressed opinions about the scenarios in question. One of the strengths of this tool in the application to the planning of interventions on green spaces was based on its ability to collect the conflicting perspectives of the stakeholders and to address the compromises among the environmental, social, and economic dimensions.



Concerning the objective of this study, the analysis will be applied to the principal priorities, the methodology used for the definition of the model of management for the green area of Catania, which is the area of investigation for this work.



The evaluation through the Focus Groups was divided into 3phases, referring in the specific case to the destination of urban areas in a degraded state to be valorized:



Phase 1—consisted of "planning" the meetings. During this phase, the following were established:




	-

	
The number of sessions and the time dedicated to each of them (8, as an expression of the individual categories considered: Association of citizens, groups of pensioners, cultural associations, playrooms, trade unions, public institutions, scientific groups, tertiary sector’s companies, with time varying from 4 to 8 h);




	-

	
The creation of an interview guide to conduct the discussion (scientific and dissemination materials, research papers, photos, maps, relative the problems of urban green areas and on the social, climatic effects deriving from them);




	-

	
Selection of participants (stratified selection for homogeneous groups: Age, gender, income).









The questionnaire used for the interviews was designed to explore the perception of environmental issues in the urban context and to evaluate the real needs of the population in terms of environmental quality, perception of climate change, and fruition of public green spaces. It was structured in 10 questions in order to collect information and opinions useful for the research, on the 3hypotheses proposed: Inclusive, resilient, and city.



Phase 2—consisted of "carrying out" the entire activity, based on the guide to the pre-established interview. It began with the presentation of the topic relating specifically to the action strategy for the management of degraded areas to be recovered, using the support material (articles, results, photographs), prepared specifically to introduce the issue under consideration and stimulate discussion and the interaction of the participants. During this phase, various ideas and opinions were acquired that represented the reactions of the participants involved in the issues raised.



Phase 3—consisted in the elaboration of the "qualitative results" and the production of the final report.



In this regard, various qualitative analysis tools were used, based on intentionally prepared inputs and specific rules. Overall, the Focus Groups can be considered a social experiment, able to produce collective opinions, reveal communication barriers, study conflicting behavior, acquire local information, create acceptable options, synthesize information, etc. The key advantage of the Focus Group dedicated to defining the intervention strategies in green urban areas to be enhanced, when compared to other participatory techniques, lay in the deep interaction between the participants, becoming a "social network."The participants became fundamental tools to support a "mutual learning process" on the questions examined. This participatory comparison technique made it possible to reveal new dimensions of the issue under discussion, thus underlining the possibility for the Focus Group to bring out the opinions in this regard rather than produce generalized results. The analysis phase of the results of the Focus Groups was followed by the multi-criteria analysis where the basic input of the NAIADE method consisted of alternative scenarios to be analyzed, different decision criteria for the relative evaluation, and different stakeholders that expressed opinions on the scenarios in question. Based on this method, 2 types of analysis can be performed:




	-

	
A multi-criteria analysis based on the impact matrix, which leads to the definition of the priorities of alternative scenarios regarding certain decision-making criteria;




	-

	
An analysis of equity based on the equity matrix, which analyzes possible "alliances" or "conflicts" among different interests in relation to the scenarios in question.









In this regard, the multicriteria analysis, according to the NAIADE methodology, aimed to classify alternative scenarios based on the preferences of individual groups based on certain decision criteria [64,65,66,67].



The basic input of the NAIADE method was constituted by the impact matrix (criteria/alternative matrix), including scores that can take the following forms: Crisp numbers, stochastic elements, fuzzy elements, and linguistic elements (such as "very poor", “poor", "good", "very good", "excellent") [18]. When comparing alternative scenarios, the concept of distance was introduced. In the presence of crisp numbers, the distance between the 2alternative scenarios with respect to the given evaluation criterion was calculated by subtracting the respective crisp numbers.



The classification of alternative scenarios was based on data from the impact matrix, used for:




	-

	
Comparison of everysingle pair of alternatives for all the evaluation criteria considered;




	-

	
Calculation of a credibility index for each of the aforementioned comparisons, that measured the credibility of one preference relation "... alternative scenario" a "is better/worse, etc., alternative scenario «b» ... "(preference relationships were used);




	-

	
Aggregation of the credibility indices produced during the previous stage leading to a preference intensity index μ * (a, b) of an alternative «a» with respect to another «b» for all the evaluation criteria, associated with the concept of entropy H * (a, b), as an indication of the variation in the credibility indices;




	-

	
Classification of alternative scenarios based on previous information.









The final classification of the alternatives was the result (intersection) of 2 different classifications: the classification Φ + (a) based on the "best" and "decidedly better" preference relationships; and the classification Φ- (b), which was based on the "worst" and "decidedly worse" preference relationships.



In relation to the objective of the present study, the analysis will be applied to the main priorities, for the evaluation of the optimal management model for the enhancement of the green areas of Catania.




5. Results and Discussion


The results of the present work provide a further multidisciplinary contribution to research on the management and planning of green areas in cities. Specifically, the analysis was conducted on the basis of the following question:



What are the strategies for the enhancement of urban green spaces of the City of Catania for climate change adaptation?



Three hypotheses of green recreate strategies were envisaged (Table 1):



Hypothesis 1.

INCLUSIVE: Creation of green areas with inclusive and social functions (equipped parks, urban gardens, etc.).





Hypothesis 2.

RESILIENT: Creation of urban green areas with non-usable landscape function but as a climate change adaptation measure.





Hypothesis 3.

CITY: Conservative recovery, cleaning, and maintenance of the current green.





In order to evaluate the three hypotheses mentioned above, evaluation criteria have been defined, which represent "... a measurable aspect of the judgment that can characterize a dimension of the various choices that are taken into consideration" [68]. In the present case study, twenty evaluation criteria or variables were used. These criteria were defined based on the purpose and objectives of the evaluation of the analyzed case, which can be considered representative of the reality of the City of Catania but overall very similar to other metropolitan areas.



The objectives of the evaluation activity were environmental, social, climate, economic, landscaping, and health and safety.



Specifically, for each objective, the related evaluation criteria are considered and are indicated in Table 2.



According to the above-reported indicators, impact matrix results, as a whole, are reported in the following Table 3.



Hypothesis Inclusive as an option to be shared (highlighting the social, landscape, and economic aspects), followed at a short distance by hypothesis Resilient (highlighting environmental, climate, landscape results) and, then, hypothesis City (with a more negative evaluation).



Then the equity matrix was developed. It provided stakeholders’ opinions on the three hypotheses suggested. The selection of stakeholders was based on their potentialities to influence the targets of the project. They represent citizens, socially vulnerable groups, and different interested associations and possible users of the interventions, with different qualifications, both into the private and public. In particular, eight typologies of stakeholders were involved (as listed in Table 4). It is important to underline that stakeholders’ opinions in the NAIADE model can only be of a quality kind: Language expressions from very poor, poor, medium, good, very good, and excellent (Table 4).These results show that a big number of the stakeholders and operator groups selected agreed with the evaluation of the three hypotheses.



The results of the multi-criteria analysis highlighted that our hypothesis was inclusive and was the predominant hypothesis, followed closely by hypothesis Resilient, while hypothesis City gained a marginal meaning.



The results obtained through the equity analysis were used to examine possible alliances or conflicts among the opinions of stakeholders about the decision of what hypotheses to adopt. Besides agreeing on the classification of the different hypotheses, the results (Table 5) show that a high number of stakeholders were in agreement with hypothesis Inclusive.



The efficiency of this kind of approach relies on the possibility of establishing a “learning platform” that eases participation, information exchange, and reciprocal comprehension of participants, who stimulate each other towards a sharing of the territory. Results allowed the inclusion of several perspectives of the evaluation problem under study, as demonstrated by the different groups involved, increasing the perception of planners about the acceptability of the alternatives proposed that may lead to the improvement in strategic decisions and, therefore, create innovative ideas and new planning solutions based on the possibilities offered by the participated processes.



On the whole, the results obtained from this model of collaborative governance, eco-social-green, developed through the integration of a participative tool and a multi-criteria analysis, became strategic for the choices of urban green investments, in particular, related to climate change adaptation measures shared with the community.




6. Conclusions


In the last decade, literature has been enriched by a complex body of knowledge related to the evaluation of the benefits provided by GIs in an urban area to climate change mitigation and adaptation. Many pieces of research provide empirical evidence that can be used to design GIs to decrease the vulnerability of a city to climate change. In particular, the studies have shown the important role of GIs in contributing to climate change mitigation and offsetting urban carbon emissions (especially with the employment of green roofs and green facades); the thermal comfort due to the cooling effect of green roofs in different types of buildings and in different seasons and others important positive effects. However, the GIs can offer social and psychological benefits to citizens, especially socially vulnerable ones.



From the experiences mentioned and from the researches cited (only some for brevity and even synthetically) it could highlight that various GIs could provide multiple benefits in urban areas and this should be taken into account in the planning and design of the urban landscape. It is important to consider the multi-functionality of the GIs because the focus on a single advantage could, in turn, be harmful from another point of view (trade-off) [45].



It is necessary to replace the expansive building processes with the virtuous ones of urban regeneration, in which the GIs take on an increasingly important role for their functions of social inclusion, environmental protection, and in the mitigation and adaptation for climate change. Adaptation strategies need to preserve and enhance exiting GIs, and increase them where possible, especially taking opportunities in restructuring and new developments to create significant new spaces.



The provision of GIs has been widely recognized as playing an important role in meeting the challenge of climate change adaptation. Integration of GIs into more ecosystem-based spatial planning makes the design of GI assets a crucial planning tool for building more sustainable urban environments, resistant to future challenges and adaptable to future needs [46].



The GIs are well established in climate adaptation strategies, but it is important that these strategic tools are encouraged through specific integrated territorial and urban planning; long-term investments, planning, and sustainability in decision making; models of GIs for climate change adaptation and for optimal multiple benefits; evaluating both the economic and social and environmental benefits; encouraging citizen participation in the planning of GIs for climate adaptation [4,42,43].



Due to the multifunctionality of GIs, there is no single science or reference discipline for its study [43]. They are based on the theories and practices of numerous scientific disciplines, such as conservation biology, landscape ecology, urban and regional planning, geographic analysis, information systems, and economists [69]. The research into GIs also needs to adjust to different spatial scales as its application can range from individual buildings to neighborhoods and cities to entire regions [70].



The expected impacts of climate change in urban settlements are very different: Impacts on health and quality of life (in particular of the weaker sections of the population), impacts on the buildings, on water, energy and transport infrastructures, on cultural heritage (due to landslides, floods and heatwaves), impacts on energy production and supply. Thus, to deal effectively with these impacts, we need the coordination of a very broad institutional network (multilevel governance) [43,71].



To date, however, the prospects for the development of the GIs are strictly dependent on its inclusion in planning policies, which local authorities and urban planning regulations must provide and support financially as well.



The ESs must be integrated into the planning and the choices of urban planning policies, making GIs and eco-innovation the fulcrum of an intelligent and sustainable urban transformation towards a new model of sustainable city enhancing biodiversity, environment and social inclusion [72].



The new guidelines on the protection of natural capital and biodiversity and attention to climate change are laying the foundations for outlining new ways of the government of the territory and the cities, with a proactive and engaging approach. Cities are ecosystems full of human presence, rich in knowledge and innovation, which welcome more than 50% of the world’s population and about 70% of the Italian population. In cities, the conflict between artificiality and naturalness is maximum and causes loss of biodiversity, quality of ecosystem services, and resilience [73].



A direct consequence of the variety of expected impacts in urban settlements is the multiplicity of institutional actors who, together with citizens, must be involved in adaptation policies. Actors who will have a responsibility at different territorial scales (state, regions, provinces, municipalities) or responsibilities of certain sectors (basin authorities, energy service management bodies, water companies, etc.) and citizens, for which multilevel governance is required.



This research allowed us to point out that the methodological approach adopted, that was inspired by a model of city "eco-social-green" and based on the integration between the participated planning technique and the multi-criteria analysis, in the case of problems linked to the urban green spaces, represented a strategic tool.



The efficiency of this model of evaluation relies on the possibility of establishing a learning platform that facilitates the participation, information exchange, and reciprocal comprehension of the participants that support a strategy for the development and the fruition of the GIs of the city and to evaluate the perception of the importance of the GIs for climate change adaptation.



As other studies have already indicated [74,75,76], our study highlights an interesting potential for the wider use of SMCE in the governance of green spaces, for its ability to integrate ecological, social, and economic values, as well as the different stakeholder preferences among social groups, places, and temporal dynamics. Of course, policymakers have a broad ability to improve human well-being in cities through green space governance approaches that take into account their different components, economic, environmental, and social.



The value generated by the presence of GIs in the urban ecosystem, through the application of a vision of green-urban-planning, seems to be a valid instrument for achieving the objectives of realizing resilient and inclusive cities.
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Figure 1. The different forms of Green Infrastructures (adapted from EU 2016) [5]. 
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Figure 2. Green waterstorm infrastructure in Philadelphia (USA). 
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Figure 3. Vertical forest in Milan (Italy). 
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Figure 4. Germany’s green roofs. 
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Figure 5. Trend of main climate indicators of the city of Catania (monthly averages). 
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Figure 6. The hottest days in a year in Catania from 1900 to today. 
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Figure 7. The types of green infrastructures foreseen in the municipality of Catania (2017). 
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Figure 8. Piazza Galatea - Catania (before). 
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Figure 9. Piazza Galatea—Catania (today). 
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Figure 10. Tondo Gioeni—Catania (before). 
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Figure 11. Tondo Gioeni (today, after the realization of the vertical wall). 
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Figure 12. Corso Martiri della libertà—Catania (before). 
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Figure 13. Corso Martiri della Libertà (project in progress). 
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Figure 14. Structure of the model Multi-Critical Social Assessment (SMCE) [4]. 
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Table 1. The urban green spaces of the city of Catania (*).






Table 1. The urban green spaces of the city of Catania (*).





	
Green Typology

	

	

	

	
Square Metres






	
Urban Parks (> 8,000 square metres)

	

	
513,577

	




	
Green equipment (< 8.000 square metres)

	
431,270

	




	
Urban Design Areas

	

	

	
715,500

	




	
Urban Forestation

	

	

	

	
-

	




	
School Gardens

	

	

	

	
350,000

	




	
Botanical Gardens and Vivai

	

	

	
20,000

	




	
Zoological Gardens

	

	

	

	
-

	




	
Cemetery

	

	

	

	
50,000

	




	
Urban Gardens (mainly managed by families)

	
2,500

	




	
Sports areas/Outdoor play

	

	

	
100,000

	




	
Bosch areas (> 500 square metres)

	

	
972,769

	




	
Uncultivated Green

	

	

	

	
1,668,044

	




	
Total Urban Green

	

	

	
4,843,660








(*) Source: Directorate for Environmental and Green Policies and Energy Management of the Autoparco—Service for the Protection and Management of Public Green, Giardino Bellini and Parchi, 2019.
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