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Abstract

:

A smart sustainable city (SSC) is a paradigm that encapsulates the latest lines of development in multiple fields of research. The attempt to converge towards a model of sustainable urban life, made difficult by increasing anthropic pressure and polluting activities conducted by man, is also reflected in the intentions of public institutions to take measures of environmental risk mitigation. The change towards more liveable cities must also include the adoption of more far-reaching measures in various sectors. The objective of our work was to provide an analysis in order to assess which of the Italian provincial municipalities were most closely related to the paradigm of SSCs. This aim was pursued through a comparison based on the results of a partially non-compensatory quantitative method, known as the Pena’s Distance method (DP2). The smartest and most sustainable cities, such as Siena, Milan and Padua, were not identified on the basis of common urban characteristics but rather derived from the combination of distinctive and functional elements in the pursuit of a strategic approach aimed at fully exploiting the resources of each area. Moreover, at a macro-geographical level, from the analysis emerged the presence of contiguous clusters, i.e., areas in which a major concentration of smart sustainable municipalities tended to form.
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1. Introduction


Over the last years, a constant population growth has characterised European cities and has made it necessary to reanalyse the configuration of the urban fabric [1]. At the same time, the demands of sustainability and objectives set at international and national levels require that action be taken in order to reconvert urban systems in an innovative and more sustainable way [2]. In other words, in order to meet the needs of residents in complex and densely populated areas, urban systems must be rethought to facilitate daily life, and the satisfaction of essential needs for the new society, together with the protection of the environmental heritage, must be made possible [3].



Given the magnitude of the phenomenon, it is necessary to implement procedures to monitor the state of the development of the cities, on the basis of a far-reaching programmatic vision of the future. This urban strategy must be wide-ranging, so as to encompass the many urban components, spaces and actors that are part of it [4]. Specifically, reference could be made to a techno-human vision, an expression that aims to indicate the use of new technologies, such as applications based on big data, to meet the needs of the community. A system of hardware and software represents the set of digital and physical infrastructures for the evaluation, on an analytical basis, of the transformations to be implemented [5]. In order to better monitor the changes that characterise smart cities, it is essential to develop the most accurate data collection systems. The technology is an indispensable element to allow this to happen [6]. Regular monitoring is not only an essential activity to prevent possible risks but also to make the most of the enormous capacity of resources and manpower that cities possess [7]. Current guidelines in data production are moving in the direction of time-sequenced data production. The analysis of time series is of primary importance if an effective continuous monitoring is to be carried out [8].



Starting from this theoretical premises, in this article we wanted to provide an example of multidimensional monitoring of the vital parameters of a smart city. In other words, the aim of our work was to provide an analysis on the state of progress towards the paradigm of smart sustainable cities within the Italian context. To do this, we employed a quantitative partially non-compensatory method, known as Pena’s Distance method (DP2). Using DP2, we constructed an index (Smart Sustainable City Index, SSCI) that provided us with a measure of the overall smart and sustainable level of each unit of analysis. The municipality represents, in this case, the privileged unit of analysis, as it has on average optimal dimensions to support a national comparative analysis close to the territory. In this way, we avoided the loss of information or partial compensation that could derive, for example, from considering a territorial aggregate as a primary level of detection. Our objective was to take into account the peculiarities that characterise the different local areas.



We believe that this paper could be important, at a broader level, to expand the set of methodological opportunities for comparative performance analysis with reference to different geographical areas. The approach proposed here is suitable for analysing both national and subnational geographic areas. In addition, we think that the approach used in this paper can contribute to greater attention being paid to the monitoring of urban realities that have levels of complexity and pressure which have been rising for several years at a steady pace. Europe can be considered as a particularly delicate field of analysis. European cities are destined to face in the coming years increasingly difficult challenges in promoting the achievement of greater urban liveability and sustainability. Under this light, we think that the understanding of the transformational phenomena underway passes through the integrated management of complex systems.



The paper is structured as follows: the Literature Review (Section 2) provides notions about SSCs and the definitions of the main dimensions to which they refer; in the Materials and Methods (Section 3), we summarise the process of selecting indicators and information about the statistical methods employed in this paper; Results (Section 4) highlights the main results obtained, while in the Discussion (Section 4) we offer some keys to interpret the results and the strengths and the weaknesses of this paper.




2. Literature Review


The theme of smart sustainable cities has gained increasing importance over the years in urban literature. The features of smart sustainable cities are designed to address and overcome challenges that threaten urban sustainability. This pertains particularly to ecologically and technologically advanced nations [9].



The need to achieve change in cities is stressed by the world’s incessant population growth. United Nations estimations forecast that by 2050 66% of the world’s population will live in cities [10,11]. This growth would generate additional significant challenges pertaining to environmental and social sustainability [12]. An interesting and widespread discussion then emerges about the future of urban areas [13]. In this context, smart cities will be able to face new challenges from their innovation competence to achieve a balance between the aspects of economic competitiveness, social development and environmental and cultural sustainability [14]. They will be the result of applying a holistic approach in cities that make use of the rapid diffusion and use of information communication technologies (ICTs) to improve the quality of life, the accessibility of their inhabitants and ensure sustainable economic, social and environmental development. Therefore, contemporary debates in urban and academic circles continue to focus on the role of sustainability in urban planning and development in terms of responding to the substantial challenges arising from the rapidly evolving urbanisation as well as the unsustainability of existing urban forms [15].



The term smart sustainable city, when broken down and analysed in its constituent components, highlights the integrability of two concepts that are, at least, apparently (or potentially) antithetical. The reference is to the definitions of smart city and sustainable city.



A sustainable city has its conceptual roots in the idea of sustainability. Introduced by the Bruntland Report in 1987 [16], the term sustainability has been declined in various ways; a revised definition of sustainability is provided by Bibri [17]. This definition specifies the framework on which sustainability is grafted and integrates it with the complex core of needs required by society. Specifically, Bibri [17] (p. 53) defines sustainable development as:


“The planned and strategic development processes of working towards a balance of economic, environmental, and social values and goals, i.e., a balance of the need for economic development and prosperity with environmental protection and integrity and social equity and justice. The premise is to conciliate the continuity of these—conflicting, competing, and sometimes contradictory—forces.”







Starting from here, the notion of a sustainable city can be inferred. In Reference [18] a “sustainable city” is defined as an entity for which the inflow of material and energy resources and the disposal of wastes do not exceed the capacity of the city’s surrounding environment. Practically, in order to achieve this goal, the consumption of urban resources in a city should match—or not exceed—the quantity provided by the natural environment (e.g., soil, water or energy resources). The most fervent debate on the concept of sustainable city is focused on how to achieve the right synthesis between the need to meet the demands of society—increasingly digitalized—and the pursuit of environmental protection in urban areas [19].



The solution can be searched for by looking at the rich strand of literature on “smart city”. The concept of smart city is not identifiable with a single semantic solution. Depending on the context or perspective assumed, the expression “smart city” can assume different meanings. Looking at the different meanings that are associated to smart city in the literature; it is possible to identify the main traits characterising a smart city. According to Dameri et al. [20], a smart city can be defined as:


“A well-defined geographical area, in which high technologies, such as Information Communication Technologies (ICT), logistic, energy production, and so on, cooperate to create benefits for citizens in terms of well-being, inclusion and participation, environmental quality, intelligent development; it is governed by a well-defined pool of subjects, able to state the rules and policy for the city government and development.”







Toppeta [21] emphasises the importance that ICT and Web 2.0 technology, together with organisational and management efforts to promote dematerialisation and streamlining of administrative processes, have in determining the degree of development of an intelligent city, in addition to the ability to identify new, innovative solutions to city management complexity in order to improve sustainability and liveability. Yigitcanlar [21] focuses the attention on the futuristic character that affects, by definition, a smart city and that involves its multiple articulations; he defines the smart city as “an ideal form to build the sustainable cities of the 21st century, in the case that a balanced and sustainable view on economic, societal, environmental and institutional development is realised”.



Among the interconnected spheres that define a smart city in its broadest meaning, the technological dimension takes on particular importance. For example, new technologies can be adopted in a smart city system in order to increase the sustainability level and to better manage natural resources [22,23]. In more detail, technology is directed to the hardware and software available to cities, stable connectivity, interoperability, technology networks, availability of dashboards, common operational platform, integrated web services, smart control systems as automatic control network, local operating network and smart database resources, for example, databases and database servers [24,25,26]. From a wider perspective, the technology has implications on the functioning of other different dimensions such as mobility, economy, education, participation and welfare [27,28,29,30,31,32,33,34,35].



Environmental factors have a great impact on the liveability of a city, so these should be taken into consideration when examining smart city initiatives [36,37]. An approach oriented to the optimal management of natural urban resource is influenced by the measure adopted in different fields such as energy, waste, water and landscape [38]. An important strategy to facilitate the management of natural resources should consist of the adoption of participatory policies; in this way, it would be possible to act on the awareness of citizens about the correct conservation of naturalistic heritage and non-renewable resources [39]. According to the smart city framework, the natural environment is a strategic component to promote the future success of a smart city [40].¶The cultural dimension is of primary importance to sponsor the city, increasing its economic and entrepreneurial potential, promoting the growth of knowledge, the degree of innovation and facilitating relations in intercultural exchanges [41,42,43,44]. The culture contributes to strengthen the identity of the city as a capital city for well-known aspects (e.g., good food, culture and music), and make the city more attractive for its citizens, tourists and businesses [45]. Cities with an important cultural heritage are tourist driven cities [46,47,48]. At the same time, the cultural endowment of a city can be the axis on which to develop actions of progressive development. For example, the large amount of information that can be produced by tourists moving inside the city, in combination with the importance of cultural activities and heritage, enhances the potential for the implementation of location-based and knowledge-based innovation.



Mobility is one of the pillars in the design of smart city services. The implementation of intelligent transportation systems (ITSs) not only is important to better manage traffic-related aspects (such as smart parking, car sharing [49,50], speed control systems), but it is functional for a near-to-zero emissions approach [51]. Smart mobility is largely permeated by ICT, used in both backward and forward applications, to support the optimisation of traffic fluxes but also to collect citizens’ opinions about liveability in cities or quality of local public transportation services [51]. Mobility is a manifest dimension of smart cities, as the implementation of a valid mobility system depends on the right integration among the different paradigms typical of smart cities: digital city, green city, knowledge city [52,53].



To summarize the above, it could be said that the term smart city refers to an urban complex with strategic, structural and cultural characteristics that guarantee a projection towards a future of greater simplicity, well-being and knowledge for all those who live there.



Overall, a smart sustainable city should be conceived as a combination of the smart city’s and sustainable city’s features. In general, the smart sustainable city is a new techno–urban phenomenon. More specifically, the “smart sustainable” expression is used to identify a city that is supported by a pervasive presence and massive use of advanced ICT, connected to different urban domains and systems that are intricately interrelate each other. The set of interdependent dimensions enables cities to become more sustainable and to provide citizens with a better quality of life.



The relationship of interdependence between the dimensions of a smart sustainable city is to be conceived in a double perspective: on the one hand, the synergistic aspect emerges [3,6], a sort of multiplier of utility that derives from the functional interaction of different dimensions; on the other hand, the risks that derive from the interdependence of different elements [54,55] such as a cascade disintegration of the system on which a city stands [56,57]. For example, a cyberattack on an electrical power infrastructure could cascade into an urban operating system that then cascades into the other systems such as business activities, traffic management, emergency services and water services. In other words, smart cities pose many risks to environmental sustainability due to the ubiquity and the massive use of infrastructures across urban domains and systems [33,34,58,59].



The multidimensionality of smart cities contributes to their difficulties in governance. The risk of things getting out of hand is real in highly complex contexts. From a broader perspective, the main reasons for risk can be traced to the social and technological exclusion that, according to some authors, exclusively multinational business-led development can generate [60,61]. The rampant privatisation can counteract with the pursuit of goals to promote cities welfare equitably and to combat the main problems of urbanisation [62]. Over time, various scholars have raised debates that over-technologizing cities can widen social divisions rather than quell them [58]. For example, the attraction of educated, mobile, middle class professionals and IT workers can generate exclusionary processes at the expense of traditional communities and poorer residents [63,64].



Many authors [6,19,65,66,67,68] suggest that it is essential to implement a valid monitoring system in order to be able to identify in advance the flaws in the complex urban system. Risk mitigation depends on the internal capacity of the system to identify the risk promptly and implement proactive measures. More in general, as far as the programmatic side of a smart and sustainable city is concerned, public administration and political decision makers can make use of monitoring systems and appropriate indicators to supervise whether cities’ sustainable development strategies produce optimal results [69,70]. Monitoring allows us to explore the opportunities that lurk in cities and extrapolate their unexpressed potential.




3. Materials and Methods


3.1. Data


The analysis takes into consideration 112 Italian provincial capital cities municipalities. The basic statistical unit of the analysis has a local character. Through this comparison, we wanted to analyse which municipalities had the most distinctly smart and sustainable characteristics. From the analysis, it was also possible to understand which areas were in the transition process to cities of the future and becoming more advanced.



The data were extrapolated from the “National Institute of Statistics” (ISTAT) database “a misura di Comune”. This database is a multi-source statistical information system in which sources of an experimental nature are exploited alongside other more consolidated sources and is the result of the “Welfare and Planning Measures at the Municipal Level” project launched in 2016. “a misura di Comune” aims to provide an articulated set of harmonized indicators, of high territorial detail, useful for the planning, programming and management tasks by local authorities.



The choice of indicators was made on the basis of two-fold criteria: first, the dimensions were identified, as well as the characteristic elements of the SSCs, on the basis of the literature review; then, the datasets, corresponding to each of the identified dimensions, were extracted from the database “a misura di Comune”. Data were divided into six dimensions as shown in Table 1. In total, our Smart Sustainable City Index (SSCI) was composed of 18 indicators. The technological dimensions were measured by fewer than two indicators, since they were the only ones available for that dimension. However, we believe that they are suitable to represent the nature of the phenomenon under consideration from an aggregate point of view, as they focus on two trends of which the diffusion of is basic before any other subsequent development. We believe that ultra-broadband and employees in the high-tech sector are effective proxies for a more general systematic trend.



The year of detection was the last available for each indicator. Data collected prior to 2015 were not included in the analysis. Therefore, the indicators presented in Table 1 all correspond to the year 2015 or were more recent. The choice of indicators took into account a logic aimed at reconciling on the one hand the appropriateness of the chosen indicators (i.e., their adaptability to represent the different dimensions) and on the other hand the availability of indicators among the range offered by the ISTAT database. Therefore, even all indicators whose data were missing in large numbers did not conform to our selection criteria. Finally, we skimmed the indicators that followed very similar meanings and, therefore, showed a strong correlation, choosing only one.



However, the final dataset presents some weakness. First of all, the choice of indicators was not the result of the application of an empirical method of selection. The distribution of indicators on the different dimensions and the choice of indicators to be included in the analysis derived from an evaluation by the authors on the basis of existing literature. This procedure, which has its roots in the need to compensate for practical difficulties in the retrieval of data, can find a critical audience in those who would have applied an empirical method of choosing the indicators. Furthermore, the second reason for weakness is directly associated with the lack of a large number of indicators at a high level of territorial pervasiveness (municipality level). This dynamic permeates several areas of research and should be considered as a widespread problem at a broader level. The choice of indicators is therefore influenced by considerations of opportunity. In this regard, we highlight the need to encourage the collection of more data, which can provide a broader and more varied framework of choices and evaluations for practitioners, researchers and decision makers. Promoting a regularly updated comprehensive dashboard is the main challenge that needs to be met to increase the quality of research and decision making at a practical and theoretical level.



Table 1 provides a description of the selected indicators.



To better define the theoretical conceptual framework under which we conceived the SSCI, we present below the criteria by which we assigned polarity to each indicator for two of the most controversial and debated dimensions, i.e., mobility and technology.



The mobility dimension, as a consequence of the conceptual framework adopted in the paper, was conceived as the joint attempt to increase urban mobility in an agile, dynamic and multifaceted way, ensuring at the same time the respect of the environment and the decrease in air pollution levels. If the promotion of pedestrian areas and bicycle paths are fully contextualizable to a “smart” and “sustainable” paradigm, local public transport ensures movements over large portions of the territory in shorter time, preventing phenomena that are one of the main causes of urban air pollution, first of all the overuse of cars. In addition, several forms of public transport can imply the use of non-polluting energies [71]. Micro-mobility and greater use of public transport, to the detriment of more polluting means of transport, represent two of the lines of development aimed at better integrating the pursuit of dynamic and sustainable objectives in the field of urban mobility [72].



For how it concerns the technology dimension, the conception is open to more debate. It is true that the construction of technological infrastructures tends to produce a decrease in environmental health. In addition, according to some scholars, technology can be a source of uncertainty and a multiplier of inequalities. However, it is also well known that the development of more advanced urban technology models is instrumental in promoting sustainable energy, a powerful detractor of pollution. In addition, progress in capture and storage technologies is one of the most effective means directly aimed at combating global warming and achieving environmental sustainability [73].



New technologies are already supporting innovations, in the field of robotics, internet of things, cloud computing, additive manufacturing, just to name a few useful fields of application. The integration between welfare goals and technological knowledge helps to produce desired results in the field of e-business, smart industry, as well as in automation, forecasting and assessment [74]. It is true that the effectiveness of technological progress in promoting models of life more oriented to well-being and environmental sustainability depends on the ability to manage technological progress, according to a clear vision of the future. Then, it seems necessary to think of technology not as a problem or a threat in itself but as a tool that must be wisely managed and directed towards the most appropriate ways of use.



Under our study case perspective, the two indicators used to measure technology are not in opposition to each other and are both functional to the strengthening of a dimension of crucial importance to achieve a progressive improvement of urban liveability. For these reasons, we assigned them a positive polarity. Table 1 shows that all indicators had a positive polarities, except for two indicators, i.e., soil consumption and urban air quality—PM10, which had negative polarities. In order to make their direction consistent with that of all other indicators, a method of linear transformation was applied. It consisted of subtracting from the maximum value the value of each unit [75], in the following way:


   x  i j  ′  = m a  x i   {   x  i j    }  −  x  i j    



(1)







The advantage of this method of linear transformation is that it does not alter the distances between values.




3.2. Methodology


This analysis was based on a formative model, according to which the set of indicators taken into consideration produces effects on the phenomenon to be studied, determining its changes in value [76]. In this perspective, it is supposed that the indicators are not interchangeable, because omitting an indicator is omitting part of the construct; eventual correlations between indicators are not explained by the measurement model; two uncorrelated indicators can both serve as meaningful indicators of the same construct [77,78].



Starting from this theoretical basis, we performed a quantitative analysis based on the use of a partially non-compensatory approach. Although non-aggregative methods are a valid alternative to the analysis of complex phenomena [79,80,81,82], our choice has fallen on an aggregative method for its conceptual solidity and recognisability in the literature, as well as its adaptability to the synthetic analysis of multidimensional phenomena [75,83].



The aggregation method chosen to build the SSCI index was the DP2 [84,85]. It is a good tool to construct indexes with the objective to assess interspatial comparisons. The advantages related to the use of the DP2 method mainly refer to the ways of aggregation and weighting. Its robustness is evidenced by the large number of contributions developed through this method (see References [86,87,88,89,90]).



Starting from a   X =    {   x  i j    }    matrix, in which i = 1,..,n, where n is the number of analysis units and j = 1,.., m where m is the number of variables, we proceeded to the standardisation, applying the formula:


   z  i j   =      x  i j   −    μ j     σ   x i       



(2)







Then, for each indicators’ value, the distance from the minimum value was calculated:


   d  i j   =    |   z  i j   − m i  n i   {   z  i j    }     |   



(3)







In this way, we obtained a new matrix that represents the distance of each statistical unit from the reference value.



It is valid for each statistical unit:


  D F =     ∑   j = 1  m   d  i j    



(4)




which additively summarises all the indicators for each statistical unit. This value is compared individually with each indicator through the quantification of the Pearson’s coefficient.



The degree of correlation of the Pearson index between each indicator and the Frechet Distance (DF) value identifies the descending order in which the weight    (  1 −    R j 2   )    is determined [86], Successively, it will be attributed to each variable at the time of aggregation of the DP2, with    R j 2    determined as the coefficient of determination in the regression of    z  i j     on    z  j − 1   ,    z  j − 2   ,   … ,    z 1   , given for the variable with greater    r j   ,    R 2  = 1  .


  D P  2 i  =    ∑  i   =   1  n   d  i j   ( 1 −    R  j , j − 1 , … , 1  2  )  



(5)







On the basis of this modality of index construction, in our paper higher scores correspond to better results.



The next step at methodological level consisted of performing a cluster analysis on the results of the index. This step was advanced with the intent to obtain a breakdown of the municipalities according to a scale of 5 different classes of development, identifying the cut-off between the municipalities and their mutual gaps. In addition, we used the obtained clusters to represent by a map the different municipalities’ class position. A cluster analysis was developed by applying a k-means variant [91,92,93], fixing a determined number of centroids that must not change during the entire clustering process. In order to make the graphical representation more effective, we opted for the selection of 5 centroids. In this way, the scale contained the central class (3) over a rather wide range (1–5). Class 5 collected the municipalities with the best scores, while the score decreased with the transition to the previous class.



From a computational point of view, the SSCI index was calculated using R software, with the p2distance package [94]. Cluster analysis instead was performed using the fclust R package [95].





4. Results


The results paragraph was developed according to the following sequence:




	
First, the correlation matrix was proposed in order to evaluate the interrelations existing between the different dimensions;



	
Subsequently, the results for each dimension and SSCI are presented;



	
Finally, through a map, we defined the distribution of the municipalities in clusters on macro-geographical basis.








The Figure 1 shows the correlations that affect the different smart sustainable cities’ dimensions. Starting from here, we can notice that the economy was strongly correlated to education (0.77). In addition, there was a positive high correlation between economy and mobility (0.60) such as between economy and environment (0.58). The correlation matrix reveals positive bi-univocal relations also between economy and technology (0.54) and mobility and environment (0.51), while no negative correlations emerged. This testifies that all dimensions participated inter-organically in the development of a smart sustainable city and the truthfulness of the holistic model of analysis.



The results of the environmental dimension (Table A1, Appendix A) present Matera (10.73) as the most virtuous municipality in the containment of pollution levels and in the enhancement of its environmental heritage. Treviso (9.01), Milan (8.87), Turin (8.87) and Trento (8.81) complete the top five. On the other hand, Caltanissetta (1.58), Crotone (1.55), Foggia (1.44), Trapani (1.10) and Enna (0.27) close the ranking, proving to be the least smart environment municipalities.



Looking at the environment ranking (Table A2, Appendix A), it is possible to notice some more specifically established trends at the regional level. For example, the Lombard municipalities occupied an average position of 17.25, placing all between position 3 and 48. If we exclude Varese and Lecco, there were as many as 10 municipalities in Lombardy among the 19 environmental smartest municipalities in Italy. In Veneto, Treviso, Padua and Vicenza occupied positions two, seven and eight, respectively, followed by Venice and Verona in positions 21 and 28. On the other hand, the Calabrian municipalities had an average ranking of 85.6. Negative situations also characterised the Apulian municipalities; they showed an average rank of 87.88. Looking at Molise, Isernia and Campobasso were in positions 92 and 105, respectively. However, at an aggregate regional level, from an environmental point of view, the Sicilian municipalities showed the worst environmental results. The average position they occupied was 100, and if we exclude Palermo, the remaining ones ranged from 96 in Syracuse to 112 in Enna.



The municipalities which had a mobility that conformed more to the paradigm of smart sustainable cities (Table A1, Appendix A) were Venice (13.66), Milan (10.33), Turin (7.08), Cagliari (6.87) and Padua (6.75). The most populated municipalities tended to show a high coverage of local public transport and a greater propensity to open cycle paths. Conversely, Imperia (0.52), Agrigento (0.48), Caltanissetta (0.46), Andria (0.43) and Vibo Valentia (0.33) were the five municipalities that had local mobility systems more distant from smart sustainable standards.



On a regional level (Table A2, Appendix A), the Veneto municipalities occupied the average position 21.71, ahead of the municipalities of Emilia-Romagna (27.67) and Lombardy (28.08). Positive were also the results recorded in Friuli Venezia Giulia (35), with the only negative exception represented by Gorizia (1.18, rank 80). Among the less advanced regions in sustainable mobility, we identified Basilicata (average rank of 105.5), Molise (80) and Sicily (91.11). Sardinia had a fragmented picture: while Cagliari was the fourth smartest and the most sustainable municipality in terms of mobility, the remaining Sardinian municipalities oscillated between position 82 in Sassari (1.15) and position 100 in Oristano (0.68).



The most technological municipalities (Table A1, Appendix A), in terms of innovation in business and broadband to the home, were Turin (6.93), Rome (6.75), Brindisi (6.32), Catania (6.16), Pisa (6.16) and Padua (6.10). On the other hand, the less technological municipalities were represented by Gorizia (0.60), Oristano (0.60), Trapani (0.52), Biella (0.48), Caltanissetta (0.36) and Carbonia (0.28).



Considering the regional picture (Table A2, Appendix A), Cagliari is an exception for the region of Sardinia, as it records high values on the technological dimension, especially when compared to the values of the other municipalities. If we exclude Cagliari (4.84, rank 14), in fact, a Sardinian municipality occupied on average the position 100.2. Abruzzo and Piedmont, with average ranks of 74.75 and 72.38, respectively, showed technological situations still poorly evolved. The case of Piedmont was significant for a high fragmentation; if on the one side there is Turin, on the other side we found municipalities characterised by low degrees of technological innovation such as Alessandria (2.12, rank 81), Cuneo (1.89, rank 87), Verbania (1.00, rank 100), Vercelli (0.72, rank 104) and Biella (0.48, rank 110). Between the regions more markedly technological, we observed Trentino Alto Adige (Trento (4.96) and Bolzano (4.20) were, respectively, in positions 10 and 23), Veneto (in particular Padua and Verona (4.92, rank 11)) and Lombardy (Monza (5.05), Lodi (4.92) and Milan (4.35) are in the top 20).



Moving on to the economic dimension (Table A1, Appendix A), Milan (10.80), Lodi (9.15), Padua (8.98), Siena (8.8) and Bologna and Pisa (8.49) with equal scores were the first municipalities classified. These municipalities represent, on the whole, the municipalities with the most marked entrepreneurial vocation and, at the same time, the municipalities where the greatest economic well-being was found. On the contrary, Reggio Calabria (1.65), Carbonia (1.61), Barletta (1.13), Crotone (1.02) and Andria (0.82) are the municipalities that were the most critical in this dimension.



From the analysis on a regional basis (Table A2, Appendix A), we noted that the two municipalities of Trentino Alto Adige were at the top of the ranking (Trento was in position 11, Bolzano in position 12). The first two municipalities of the distribution (i.e., Milan and Lodi) belong to Lombardy, which also includes Monza and Bergamo (8.33) in the top 7. Within this positive trend at the regional level Veneto also stood out, with Padua, Verona and Treviso in the top 18. The most critical situations were attributable to Puglia (average position of the municipalities equal to 89), Sicily (98.67) and Calabria (99).



Looking at the education dimension (Table A1, Appendix A), we can see that Bologna (10.04), Siena (10.01), Pavia (9.83), Trento (9.80) and Padua (9.77) stand out. These municipalities had the highest number of students with high performance in education at various levels, i.e., primary, secondary and tertiary education. On the contrary, the worst statistics were found in Naples (3.66), Catania (3.55), Barletta (3.25), Carbonia (2.04) and Andria (1.94).



Analysing the results at the regional level (Table A2, Appendix A), it is possible to notice that the municipalities in Lombardy tended to have the highest levels of education with an average position of 21.92; if we look at the top 10, four municipalities were in Lombardy (Pavia, Bergamo (9.36), Milan (9.33), Monza (9.16)). Veneto and Trentino Alto Adige follow with average positions of 25.43 and 25.5, respectively. At the antipodes, we found instead Puglia, Sicily and Sardinia, which present strong criticality in the field of education in all three indicators taken as reference.



Siena (14.37) was the first municipality, with great detachment, in the cultural dimension (Table A1 and Table A2, Appendix A). To the advantage of Siena, there is a high number of museums, galleries and monuments as well as a consistent cultural heritage in relation to the resident population, followed by Pavia (6.76), Macerata (6.74), Mantua (6.22), Perugia (6.06) and Florence (6.05). Among the most deficient municipalities we noted the presence of Monza (0.55) and four Apulian municipalities, namely, Foggia (0.48), Barletta (0.46), Taranto (0.39) and Andria (0.19).



The regional results (Table A2, Appendix A), in addition to the positive data on Valle d’Aosta (Aosta was in position 15), indicate the good performance of Marche (the average position of its municipality was equal to 18.8), Friuli Venezia Giulia (30.25) and Liguria (33). On the other hand, the regions with the lowest cultural endowment were Sicily (78.78), Calabria (80.6) and Apulia (90.38).



Analysing the results of SSCI (Table A1, Appendix A), it emerged that Siena was the Italian municipality that showed the smartest and most sustainable traits (SSCI = 14.93). In particular, Siena was in the top four in three different dimensions, such as culture (position (1), education (2) and economy (4). Siena’s main weakness can be found in the environmental dimension (91). This interdimensional gap contributes to the increase in the variability between the Siena’s performances in the different dimensions. For this reason, Siena’s standard deviation was above average (31.64 versus 20.59). Milan, the second municipality ranked by value of SSCI (14.56), showed a similar variability to Siena (30.21). Its strengths were economy (position 1), mobility (2) and environment (3), while its shortcomings emerged in the culture dimension (86). The Veneto municipality of Padua was the 3rd smartest and sustainable city (14.35). Contrary to the previous ones, it showed a low variability (4.92). If we exclude the culture dimension, Padua regularly fell into the top seven in all the other dimensions. Venice and Turin, with an SSCI score, respectively, equal to 13.03 and 12.97, was close the top five. Among the municipalities that have not taken effective action to increase their smart and sustainable levels were Carbonia (2.80), Barletta (2.46), Caltanissetta (2.01), Trapani (1.86) and Andria (1.36). The last four municipalities in the SSCI ranking showed a rather limited tendency to vary, below average (11.45 versus 20.59). This confirms that the most critical municipalities had rather homogeneously spread weaknesses of different sizes. In addition, the SSCI ranking highlighted the weakness of the Apulian and Sicilian municipalities from a smart and sustainable point of view (Table A2, Appendix A). An Apulian municipality on average occupied the position 87.88, while a municipality of Sicily on average occupied the position 100.11. To these, we can add the municipalities of Calabria, on average in the position of 90.4. At the antipodes, we find Trentino Alto Adige, Lombardy and Veneto, municipalities which on average occupied positions 15, 21.58 and 21.57.



Figure 2 represents the classes obtained from cluster analysis, with the aim of identifying, if any, trends from a geographical point of view (the division into classes is provided as Table A3, Appendix A). Higher classes correspond to better results. Cities were divided into five different classes. Then, class 5 identified the best performing cities, while class 1 were inserted the worst.



The graphic analysis shows that the situation in northern municipalities was more marked by the transition to the smart sustainable city model than in central and southern Italy. It was possible to identify some areas where the concentration of smart sustainable cities was more accentuated. The north–west in the contiguous area formed by Genoa–Savona–Cuneo–Turin showed a block of municipalities between class 4 and 5. Another area with a high concentration of smart sustainable cities started from Lombardy and extended to Trieste. A further cluster was one that started from Siena and Pisa, crossed the Emilia–Romagna ridge and arrived in Piacenza. In these terms, Piacenza represents the geographical link between “being smart and sustainable” in Central and Northern Italy.




5. Discussion


The results, if referring to the nature of each municipality, communicate that there was no city model with a natural predisposition to the smart and sustainable transformation process. The outcome of the process is determined by the ability to make the most of its heritage and to exploit the windows of opportunity that arise. Municipalities of different nature and size, such as Siena and Milan, can both undertake a path towards an innovative turning point, starting from the enhancement of the resources available, the identification of local territorial needs and the related solutions to remedy the problem.



The historic centre of Siena was declared a World Heritage Site by UNESCO in 1995. A wide variety of historical and interesting places are located in the municipality. Siena is also promoting a series of public–private partnership initiatives with the aim of increasing the quality of public services offered, the liveability of the city and the well-being of the citizen [96]. The pivot of the strategy lies in the collaboration between companies and public administrations. In the intentions of the actors involved, the positive effects of private–public relations should be reflected in the internationalisation of local companies and in the enhancement of the municipal brand.



Milan is a city that, also thanks to its centrality in international urban networks and its brand exported at a European level, is recognised among smart cities at a European level. Several organisations recognise its established role and its continuous progress towards an innovative city model. In particular, through the ICity Rank 2019 report, the Public Administration Forum (FPA) has established Milan as the smartest city in Italy [97]. The high level of internationalisation makes Milan one of the Italian municipalities with the most solid entrepreneurial economic fabric. Milan has been committed to a European project to promote the use of renewable energy at district level [98]. The reduction of air pollution levels is the basis of another European project, which currently sees Milan engaged in a partnership with London and Lisbon [99]. The latter focuses more specifically on promoting sustainable mobility.



Despite their different starting characteristics, the two municipalities have a strong focus on enhancing resources and undertaking smart and sustainable development initiatives by different modalities. This statement finds its justification in the theory of change (ToC) [100,101,102,103], according to which a process of transformation (also local) cannot disregard a dialogue-based process that is used to generate a description of a sequence of events expected to lead to a desired outcome in a particular context [104]. In other words, a better understanding of the needs of a city depends on a conceptual path composed by four essential elements [105,106]: (i) the analysis of the context, intended as current conditions and challenges that affect a specific context; (ii) the identification of a long-term vision; (iii) the assessment of a series of interventions that may lead to the desired long-term goal/change within a given context; (iv) the assumptions about how change events/activities might happen and the appropriateness of the outputs in the reference context.



Adopting a ToC-based approach implies conceiving the city from a multidimensional point of view, given the multiple repercussions that an action can have in different fields such as sociology, political science, communications, environmental and organisational psychology [107], education, public health [108], community development and international development [102,104,105]. In these terms, a ToC can help in developing an all-embracing picture of a specific urban process transformation, in order to achieved, through differentiated activities, needs and local interests.



As mentioned earlier, the annual ICity Rank report measures adaptive capacity (intelligence) in the journey towards cities that are more dynamic, more functional, more ecological, more liveable, more manageable, more innovative and more capable of promoting sustainable development by reacting to ongoing changes through the use of new technologies. The ICity Rank 2019 includes six indexes, each focused on a specific dimension. The dimensions identified are those of economic soundness, sustainable mobility, environmental protection, social quality, governance capacity and digital transformation. For the most part, we can see correspondences between the constituent dimensions of SSCI and ICity Rank. The calculation method with which the ICityRank was aggregated is the geometric mean. A comparison can be made between SSCI and ICity Rank results, despite SSCI measures 112 Italian municipalities and ICity Rank focuses on 107 Italian cities. However, the results obtained are largely superimposable. For example, if we look at SSCI top ten, it is possible to realise that Milan (two in SSCI and one in ICity Rank), Venice (four and seven), Turin (five in both cases), Bologna (six and three), Trento (seven and six) and Florence (nine and two) are overall similar profiles. The same finding is obtained if we consider the ten worst municipalities in SSCI ranking. Andria (112 and 96), Trapani (111 and 102), Caltanissetta (110 and 104), Carbonia (108 and 95), Crotone (107 in SSCI and ICity Rank), Agrigento (105 and 105), Enna (104 and 103), Reggio Calabria (103 and 99), Messina (102 and 92) are critical cases in both SSCI and ICity Rank.



Results at the municipal level are similar for both indexes. If the cities with the greatest smart and sustainable potential are placed in the centre–north of the country, the most deficient are in the central, southern and island areas. It is impossible avoid noticing that the systemic flaws that permeate the entire south of Italy widely penalize a major part of the southern municipalities. Thus, it is that Andria, Trapani, Caltanissetta and Carbonia, just to name a few, suffer from high levels of unemployment caused by a weak entrepreneurial fabric and an economy undermined by the lack of factors for rapid revival. The spiral acts on territorial economies in crisis, where the absence of job opportunities has swollen the staff of the participated companies, creating critical situations of disruption in public budgets. The lack of public resources precludes the injection of liquidity to encourage opportunities for public–private partnerships. The impossibility of reaction negatively affects private initiative. In such a situation, the efficiency of services is also seriously at risk.



Therefore, from our analysis it is possible to note that there is a polarization at the national level on the progressive transition to smart sustainable cities, as shown by macro-geographical analysis. On the one hand, the gap between north–centre and centre–south can be referred to the wider gap that involves the country system Italy between north and south [109,110]. The greatest differences between north and south can be attributed to four main orders of factors: transport infrastructures and services, investment capital, security and land development. The first gap suggests to further strengthening and developing the network of transport infrastructures and services that can activate in turn entrepreneurial and economic cumulative mechanism. Second and third penalizing factors are interrelated. Perceived security has a direct impact on the availability of investment and its scale. Promoting the fight against organised crime can be functional in this sense. Lastly, the image of southern Italy should be “corrected” and strengthened [109]. Against the prejudicial view that affects the south, adequate territorial marketing policies should be adopted. The aim is to modify the wrong knowledge of, and judgement about, the real territorial attractiveness of places. International events can help the growth of southern Italy [111], as well as the enhancement of specific mixes of tangible and intangible assets [112].



On the other hand, it can be assumed that there are spillovers that produce benefits between adjacent areas of the country. These influences, based on what happens for the dissemination of knowledge between companies operating in different geographical areas [113,114], can determine the joint progress of several municipalities through the sharing and adoption of good practices [115,116,117].



Recent analyses have been developed with the intention of measuring smart and sustainable progress and disproportions between different territorial areas. Remaining within Italian borders, Reference [67] formulates a methodology to measure the quality of urban life based on investigative checklists and both objective and subjective indicators. They are aggregated in order to develop an index to evaluate Cagliari’s level of smart urban quality.



Internationally, a recent empirical study on the smart and sustainable cities is represented in Reference [118]. In their study, the authors rank 28 European capital cities, using hierarchical clustering and principal component analysis. The results show that Berlin and Nordic capital cities are the best performing smart and sustainable cities. On the other hand, Sofia and Bucharest obtain the lowest scores. The authors show that the cities of Eastern Europe have not yet embarked on a path of development in a smart and sustainable sense or that the development proceeds particularly slowly, when compared to that of the most virtuous countries. The authors thus define a trend on a geographical basis, as well as a correlation between the smart and sustainable level and gross domestic product per inhabitant. On the contrary, population and city size do not seem to be particularly significant proxies in defining the smart and sustainable identity of a city.



With specific reference to Eastern Europe, the study by [119] is highlighted. Reference [120] studies instead how Belgian municipalities understand the concept of smart cities in 2016. Their results also show that municipalities with no understanding of the smart city concept or with a technical understanding are mostly located in small and rural municipalities. Extending the analysis to non-European borders, Reference [121] found a tendency for large Brazilian cities to perform better than small cities. This paper suggests a relationship between city size and smart performance that is difficult to empirically identify in the cases of European cities.



Despite the similarities or differences that may characterise the different studies, it is appropriate to take into account the needs arising from the different local, sub-national, national and supra-national territorial levels in the formulation of appropriate public policies. The deepest implication that can be deduced from the reading of the different papers just mentioned, is that the planners in the most critical areas, so that they can be properly upgraded in a smart and sustainable orientation, must provide policies congruent with the local context.




6. Conclusions


In this paper we offer an application of how it is possible, based on a specifically defined framework, to monitor the convergence process to the paradigm of smart sustainable cities in Italy. In literature it is possible to trace works that pursue this same goal, however, the particularity of the work is given by the development of this analysis according to a triple criterion: (i) the analysis is grafted within the paradigm of smart sustainable cities, so the choice of the constitutive dimensions of the SSCI reflects the theoretical developments of the literature on the subject; (ii) the method adopted is recognised as robust in the literature and offers many advantages in the analysis of a complex phenomenon; moreover, it allows to hierarchise statistical units according to the values obtained by the SSCI, so it is well suited to the comparative analysis and the purposes proposed in this paper; (iii) the basic statistical unit is selected at a local level and represents a geographical focus respect to the city level, if we consider that Italian municipalities are active entities in the pursuit of objectives in the field of sustainability and innovation; the geographical level of analysis is a peculiarity of our work, if compared with other articles on the topic [118,122].



In this case, the choice of indicators was the result of a literature review, the identification of the main thematic areas and the availability of complete data covering the identified thematic areas. More generally, the same process of selecting indicators should take into account a programmatic aspect, namely, the fact that a certain degree of subjectivity must precede the composition of the dashboard of indicators. In dealing with concepts that involve human wellbeing or quality of life, the consensus on what indicators should be selected and on their interpretation is often low [76]. In addition, the monitoring of different realities can also take place by means of different indicators, chosen consistently with the nature of the programmatic choices to be made [123,124].



By analysing the correlation results, it is possible to state that the municipalities where education prevails are also the municipalities where there are the best economic conditions. This result feeds the strand of literature that argues that education is the primary element that affects economic well-being, strengthens the economic and business fabric, produces innovation, development and makes areas more attractive for national and international investment [125]. More in general, economic well-being is an indispensable condition to generate a systematic transition to a more current paradigm of smart and sustainable cities [126]. The correlation between the mobility and the environment is also relevant. This testifies that in the smart sustainable city the two components are closely connected, positively related and not antithetical [53].



Among the main suggestions for further works, it would be advisable to reproduce this same analysis through non-aggregative approaches, i.e., methods that by their characteristics contrast with the current one. In this way, it would be possible to test the robustness of the index and its sensitivity to the calculation method used. We also recommend the analysis of demographic variables that may affect urban balances. In this way, it would be possible to identify the most relevant determinants capable of altering the benchmarks of smart sustainable cities on its different components. On the contrary, it could result more problematic the analysis in historical series. The amount of data currently made available to researchers by statistical institutions is small. More innovative data collection systems, where they have been adopted, have recently become fully operational and the database has not yet been consolidated. In addition, data takes several years before they can be adjusted and loaded into the database and, thus, made accessible [127]. Scarcity of data is the main limitation of the work. The choice of data, although set on an evaluative criterion that tends to limit as much as possible the discretionary space of the researcher, suffers from this flaw. We think it is important to encourage the emergence of a pervasive system of data collection that is broader and better integrated in its various dimensions. Doing so would make it possible to evaluate in greater depth and better the trend of phenomena at a level close to residents.
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Table A1. Appendix: results for dimension, SSCI and variability. Source: Our elaboration.
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Municipality

	
Environment

	
Mobility

	
Technology

	
Economy

	
Education

	
Culture

	
Variability

	
SSCI




	

	
Value

	
Rank

	
Value

	
Rank

	
Value

	
Rank

	
Value

	
Rank

	
Value

	
Rank

	
Value

	
Rank

	

	
Value

	
Rank






	
Agrigento

	
2.06

	
104

	
0.48

	
109

	
1.35

	
93

	
2.16

	
101

	
6.23

	
85

	
2.43

	
51

	
19.29

	
3.56

	
105




	
Alessandria

	
6.06

	
32

	
1.40

	
71

	
2.12

	
81

	
4.23

	
77

	
6.35

	
83

	
1.51

	
80

	
17.71

	
6.05

	
78




	
Ancona

	
3.87

	
74

	
1.84

	
52

	
5.54

	
7

	
6.73

	
22

	
8.75

	
16

	
2.77

	
42

	
22.99

	
9.33

	
29




	
Andria

	
3.40

	
80

	
0.43

	
111

	
1.26

	
95

	
0.82

	
112

	
1.94

	
112

	
0.19

	
112

	
12.23

	
1.36

	
112




	
Aosta

	
5.06

	
51

	
1.03

	
88

	
0.98

	
101

	
5.97

	
34

	
6.79

	
76

	
4.54

	
15

	
30.27

	
7.31

	
51




	
Arezzo

	
3.51

	
78

	
1.12

	
84

	
2.80

	
61

	
5.84

	
39

	
7.58

	
61

	
2.24

	
58

	
14.57

	
6.90

	
60




	
Ascoli Piceno

	
2.42

	
94

	
1.61

	
63

	
2.37

	
76

	
5.53

	
44

	
8.53

	
25

	
5.79

	
8

	
29.41

	
7.99

	
39




	
Asti

	
6.94

	
20

	
0.81

	
94

	
2.80

	
61

	
4.58

	
67

	
6.11

	
88

	
1.97

	
67

	
23.84

	
6.72

	
65




	
Avellino

	
4.83

	
53

	
1.66

	
60

	
1.18

	
97

	
4.69

	
63

	
8.07

	
39

	
2.29

	
56

	
17.67

	
6.31

	
72




	
Bari

	
4.49

	
63

	
2.53

	
34

	
4.58

	
16

	
4.38

	
71

	
5.81

	
89

	
2.38

	
53

	
23.94

	
7.29

	
52




	
Barletta

	
3.68

	
75

	
0.54

	
107

	
2.24

	
78

	
1.13

	
110

	
3.25

	
110

	
0.46

	
110

	
15.50

	
2.46

	
109




	
Belluno

	
4.45

	
65

	
1.96

	
49

	
1.41

	
92

	
5.99

	
33

	
9.04

	
11

	
3.87

	
22

	
27.24

	
7.88

	
42




	
Benevento

	
5.55

	
41

	
1.39

	
72

	
2.25

	
77

	
3.66

	
90

	
7.78

	
50

	
2.68

	
45

	
18.17

	
6.46

	
68




	
Bergamo

	
7.93

	
12

	
3.78

	
18

	
3.89

	
33

	
8.33

	
7

	
9.36

	
7

	
3.23

	
32

	
10.79

	
11.53

	
12




	
Biella

	
5.69

	
39

	
1.25

	
78

	
0.48

	
110

	
5.94

	
36

	
6.56

	
79

	
4.09

	
20

	
31.09

	
7.11

	
56




	
Bologna

	
5.36

	
45

	
4.02

	
13

	
5.39

	
8

	
8.49

	
5

	
10.04

	
1

	
4.46

	
16

	
14.43

	
12.21

	
6




	
Bolzano

	
4.57

	
58

	
3.95

	
16

	
4.2

	
23

	
7.68

	
12

	
7.86

	
47

	
2.54

	
47

	
17.53

	
9.8

	
23




	
Brescia

	
7.91

	
13

	
6.7

	
6

	
4.17

	
24

	
6.89

	
21

	
8.13

	
38

	
2.08

	
63

	
18.70

	
11.09

	
14




	
Brindisi

	
2.28

	
99

	
1.41

	
68

	
6.32

	
3

	
4.86

	
61

	
4.42

	
102

	
0.98

	
99

	
34.78

	
6.42

	
69




	
Cagliari

	
5.09

	
49

	
6.87

	
4

	
4.84

	
14

	
6.96

	
20

	
6.26

	
84

	
3.92

	
21

	
26.98

	
10.93

	
18




	
Caltanissetta

	
1.58

	
108

	
0.46

	
110

	
0.36

	
111

	
1.68

	
107

	
4.65

	
101

	
1.47

	
82

	
9.99

	
2.01

	
110




	
Campobasso

	
2.03

	
105

	
1.12

	
84

	
1.65

	
90

	
4.63

	
65

	
9.01

	
12

	
2.19

	
60

	
29.74

	
5.68

	
85




	
Carbonia

	
4.31

	
67

	
0.75

	
97

	
0.28

	
112

	
1.61

	
109

	
2.04

	
111

	
2.97

	
33

	
29.13

	
2.8

	
108




	
Carrara

	
4.32

	
66

	
2.03

	
46

	
1.32

	
94

	
4.4

	
69

	
6.56

	
79

	
0.6

	
106

	
19.49

	
5.18

	
87




	
Caserta

	
4.6

	
57

	
1.39

	
72

	
2.45

	
71

	
3.84

	
86

	
8.5

	
26

	
2.05

	
64

	
18.62

	
6.28

	
73




	
Catania

	
2.24

	
101

	
1.13

	
83

	
6.16

	
4

	
4.09

	
82

	
3.55

	
109

	
1.65

	
76

	
34.11

	
5.93

	
81




	
Catanzaro

	
4.25

	
70

	
1.3

	
75

	
2.8

	
61

	
2.98

	
96

	
6.85

	
74

	
1.19

	
93

	
12.43

	
5.15

	
88




	
Cesena

	
5.35

	
46

	
3.17

	
25

	
2.4

	
74

	
5.32

	
48

	
7.66

	
59

	
2.48

	
50

	
14.73

	
7.75

	
45




	
Chieti

	
4.31

	
67

	
2.76

	
30

	
1.11

	
98

	
4.19

	
81

	
8.14

	
37

	
2.03

	
65

	
23.57

	
6.13

	
75




	
Como

	
8.06

	
11

	
2.25

	
38

	
3.28

	
47

	
5.78

	
41

	
8.06

	
40

	
2.5

	
49

	
12.54

	
8.96

	
31




	
Cosenza

	
3.65

	
76

	
2.01

	
47

	
4.09

	
27

	
4.22

	
78

	
6.13

	
87

	
3.46

	
29

	
24.10

	
7.09

	
57




	
Cremona

	
7.76

	
14

	
4.3

	
10

	
3.31

	
45

	
5.84

	
39

	
8.16

	
35

	
2.79

	
40

	
13.45

	
9.68

	
26




	
Crotone

	
1.55

	
109

	
0.76

	
96

	
3.17

	
52

	
1.02

	
111

	
4.66

	
100

	
1.25

	
91

	
19.68

	
2.88

	
107




	
Cuneo

	
5.26

	
47

	
2.18

	
41

	
1.89

	
87

	
5.91

	
37

	
7.61

	
60

	
2.39

	
52

	
16.51

	
7.45

	
48




	
Enna

	
0.27

	
112

	
0.65

	
102

	
3.39

	
41

	
2.49

	
98

	
5.45

	
92

	
1.48

	
81

	
22.90

	
3.59

	
104




	
Fermo

	
3.58

	
77

	
0.61

	
104

	
0.66

	
106

	
3.94

	
85

	
7.05

	
69

	
5

	
11

	
31.72

	
5.83

	
83




	
Ferrara

	
5.59

	
40

	
1.76

	
56

	
2.82

	
60

	
5.74

	
42

	
7.78

	
50

	
4.8

	
14

	
15.03

	
8.7

	
34




	
Florence

	
5.53

	
42

	
6.02

	
8

	
4.28

	
21

	
7.39

	
13

	
8.33

	
30

	
6.05

	
6

	
12.74

	
12.07

	
9




	
Foggia

	
1.44

	
110

	
1.17

	
81

	
3.32

	
44

	
3

	
93

	
5.45

	
92

	
0.48

	
109

	
22.18

	
3.93

	
99




	
Forlì

	
4.62

	
56

	
1.97

	
48

	
2.44

	
72

	
5.21

	
52

	
7.73

	
54

	
1.64

	
77

	
10.75

	
6.82

	
63




	
Frosinone

	
6.12

	
29

	
1.41

	
68

	
2.1

	
82

	
4.88

	
60

	
7.21

	
67

	
0.86

	
104

	
22.65

	
6.34

	
71




	
Genoa

	
3.09

	
84

	
2.25

	
38

	
4.48

	
18

	
6.12

	
31

	
7.76

	
53

	
2.88

	
36

	
20.91

	
8.28

	
36




	
Gorizia

	
5.94

	
35

	
1.18

	
80

	
0.6

	
107

	
4.28

	
76

	
7.82

	
48

	
5.7

	
10

	
31.97

	
7.29

	
52




	
Grosseto

	
2.39

	
95

	
0.77

	
95

	
2.19

	
80

	
4.4

	
69

	
6.9

	
72

	
1.08

	
97

	
11.50

	
4.87

	
92




	
Iglesias

	
4.5

	
62

	
0.99

	
92

	
1.71

	
89

	
2.89

	
97

	
4

	
106

	
3.8

	
24

	
27.79

	
4.96

	
90




	
Imperia

	
2.94

	
86

	
0.52

	
108

	
0.7

	
105

	
4.63

	
65

	
6.93

	
71

	
3.52

	
26

	
27.71

	
5.38

	
86




	
Isernia

	
2.58

	
92

	
1.29

	
76

	
3.41

	
40

	
3.72

	
88

	
7.67

	
58

	
1.88

	
69

	
17.74

	
5.76

	
84




	
La Spezia

	
4.28

	
69

	
2.46

	
35

	
3

	
54

	
5

	
57

	
7.03

	
70

	
2.26

	
57

	
11.59

	
7.08

	
58




	
L’Aquila

	
2.32

	
97

	
1.77

	
55

	
2.53

	
69

	
6.16

	
30

	
8.87

	
15

	
2.89

	
35

	
27.22

	
7.35

	
49




	
Latina

	
2.31

	
98

	
1.45

	
66

	
4.22

	
22

	
5.12

	
55

	
6.8

	
75

	
0.59

	
107

	
28.05

	
6.08

	
76




	
Lecce

	
4.24

	
71

	
1.41

	
68

	
2.89

	
57

	
5.09

	
56

	
8.05

	
41

	
2.84

	
39

	
12.12

	
7.2

	
54




	
Lecco

	
5.11

	
48

	
1.36

	
74

	
1.06

	
99

	
6.67

	
24

	
8.4

	
28

	
1.13

	
96

	
30.18

	
6.87

	
61




	
Livorno

	
3.47

	
79

	
1.64

	
61

	
3.43

	
38

	
4.29

	
75

	
6.45

	
82

	
1.55

	
78

	
15.33

	
6.01

	
80




	
Lodi

	
7.1

	
19

	
2.54

	
33

	
4.92

	
11

	
9.15

	
2

	
8.93

	
14

	
2.86

	
38

	
12.47

	
11.51

	
13




	
Lucca

	
5.78

	
38

	
1.84

	
52

	
2.38

	
75

	
5.46

	
45

	
7.35

	
63

	
2.94

	
34

	
14.23

	
7.63

	
46




	
Macerata

	
3.94

	
73

	
1.22

	
79

	
1.25

	
96

	
5.41

	
46

	
8.66

	
21

	
6.74

	
3

	
32.91

	
8.17

	
37




	
Mantua

	
8.1

	
10

	
6.29

	
7

	
3.23

	
49

	
6.53

	
26

	
8.39

	
29

	
6.22

	
4

	
15.70

	
12.1

	
8




	
Massa

	
2.76

	
88

	
1.06

	
87

	
2.68

	
65

	
3.8

	
87

	
5.34

	
95

	
1.01

	
98

	
10.56

	
4.59

	
94




	
Matera

	
10.73

	
1

	
0.56

	
106

	
2.79

	
64

	
3.67

	
89

	
7.12

	
68

	
1.52

	
79

	
32.94

	
7.33

	
50




	
Messina

	
1.67

	
106

	
1.28

	
77

	
2.53

	
69

	
2.02

	
103

	
4.97

	
98

	
2.36

	
54

	
19.21

	
3.81

	
101




	
Milan

	
8.87

	
3

	
10.33

	
2

	
4.35

	
19

	
10.8

	
1

	
9.33

	
8

	
1.39

	
86

	
30.21

	
14.56

	
2




	
Modena

	
6.09

	
30

	
3.79

	
17

	
4.11

	
26

	
6.97

	
19

	
8.29

	
32

	
2.72

	
44

	
8.96

	
9.96

	
22




	
Monza

	
8.71

	
6

	
2.1

	
44

	
5.05

	
9

	
8.33

	
7

	
9.16

	
9

	
0.55

	
108

	
37.12

	
10.64

	
19




	
Naples

	
7.4

	
16

	
2.08

	
45

	
4.5

	
17

	
3

	
93

	
3.66

	
108

	
1.68

	
74

	
35.57

	
6.49

	
67




	
Novara

	
5.79

	
37

	
1.75

	
57

	
3.77

	
35

	
5.39

	
47

	
6.86

	
73

	
1.75

	
73

	
15.43

	
7.59

	
47




	
Nuoro

	
3.25

	
82

	
1.01

	
90

	
0.88

	
102

	
3.55

	
91

	
5.56

	
91

	
2.78

	
41

	
19.59

	
4.55

	
95




	
Oristano

	
4.54

	
60

	
0.68

	
100

	
0.6

	
107

	
4.05

	
83

	
4.07

	
105

	
1.84

	
70

	
17.91

	
4.25

	
96




	
Padua

	
8.3

	
7

	
6.75

	
5

	
6.1

	
6

	
8.98

	
3

	
9.77

	
5

	
4.32

	
18

	
4.92

	
14.35

	
3




	
Palermo

	
4.63

	
55

	
1.68

	
59

	
4.17

	
24

	
2.27

	
99

	
3.98

	
107

	
1.14

	
95

	
29.54

	
4.92

	
91




	
Parma

	
6.25

	
27

	
4

	
14

	
4.08

	
28

	
7.34

	
15

	
8.71

	
18

	
4.26

	
19

	
5.46

	
10.94

	
17




	
Pavia

	
7.16

	
18

	
3.22

	
22

	
3.39

	
41

	
7.37

	
14

	
9.83

	
3

	
6.76

	
2

	
13.11

	
11.91

	
11




	
Perugia

	
4.69

	
54

	
1.44

	
67

	
2.9

	
56

	
5.32

	
48

	
8.75

	
16

	
6.06

	
5

	
22.51

	
8.87

	
32




	
Pesaro

	
5.08

	
50

	
2.24

	
40

	
2.87

	
58

	
5.54

	
43

	
7.87

	
46

	
3.41

	
30

	
8.64

	
8.1

	
38




	
Pescara

	
6.08

	
31

	
2.4

	
36

	
3.98

	
29

	
5.14

	
54

	
8.58

	
24

	
0.98

	
99

	
25.72

	
7.94

	
40




	
Piacenza

	
6.04

	
33

	
3.18

	
23

	
3.29

	
46

	
6.29

	
28

	
7.99

	
42

	
2.88

	
36

	
7.82

	
9.05

	
30




	
Pisa

	
4.55

	
59

	
2.35

	
37

	
6.16

	
4

	
8.49

	
5

	
8.68

	
19

	
5.87

	
7

	
20.17

	
12.02

	
10




	
Pistoia

	
2.75

	
89

	
0.63

	
103

	
2.43

	
73

	
4.67

	
64

	
6.61

	
77

	
3.49

	
27

	
23.68

	
6.04

	
79




	
Pordenone

	
8.25

	
8

	
3.25

	
21

	
2.04

	
84

	
6.27

	
29

	
8.97

	
13

	
2.73

	
43

	
25.45

	
9.34

	
28




	
Potenza

	
4.51

	
61

	
0.6

	
105

	
2.55

	
68

	
4.38

	
71

	
7.95

	
43

	
1.76

	
72

	
18.46

	
6.08

	
76




	
Prato

	
6.55

	
23

	
1.95

	
50

	
3.26

	
48

	
5.31

	
50

	
5.38

	
94

	
1.23

	
92

	
25.47

	
7.07

	
59




	
Ragusa

	
1.62

	
107

	
0.87

	
93

	
2.86

	
59

	
3

	
93

	
5.65

	
90

	
0.78

	
105

	
15.73

	
3.85

	
100




	
Ravenna

	
4.47

	
64

	
1.6

	
64

	
1.97

	
86

	
4.71

	
62

	
7.71

	
55

	
3.34

	
31

	
16.21

	
6.86

	
62




	
Reggio Calabria

	
3.22

	
83

	
0.72

	
99

	
1.73

	
88

	
1.65

	
108

	
7.71

	
55

	
0.96

	
101

	
17.31

	
3.65

	
103




	
Reggio Emilia

	
6.27

	
26

	
3.71

	
19

	
3.93

	
31

	
6.1

	
32

	
7.36

	
62

	
1.41

	
85

	
23.29

	
8.75

	
33




	
Rieti

	
2.25

	
100

	
2.18

	
41

	
2.03

	
85

	
4.94

	
59

	
7.94

	
44

	
1.45

	
84

	
22.18

	
5.86

	
82




	
Rimini

	
6.62

	
22

	
3.13

	
26

	
3.21

	
50

	
4.95

	
58

	
8.32

	
31

	
0.95

	
102

	
27.29

	
7.82

	
44




	
Rome

	
4.96

	
52

	
4.14

	
11

	
6.75

	
2

	
8.13

	
9

	
8.41

	
27

	
1.67

	
75

	
26.14

	
11.08

	
15




	
Rovigo

	
5.43

	
43

	
2.75

	
31

	
3.39

	
41

	
5.19

	
53

	
7.82

	
48

	
2.14

	
61

	
9.46

	
7.9

	
41




	
Salerno

	
6.34

	
25

	
1

	
91

	
3.13

	
53

	
4.22

	
78

	
8.17

	
34

	
1.35

	
88

	
25.84

	
6.8

	
64




	
Sassari

	
2.85

	
87

	
1.15

	
82

	
1.48

	
91

	
3.29

	
92

	
5.06

	
97

	
3.69

	
25

	
24.58

	
4.84

	
93




	
Savona

	
2.95

	
85

	
1.69

	
58

	
3.54

	
36

	
5.23

	
51

	
7.26

	
65

	
4.87

	
13

	
22.62

	
7.87

	
43




	
Siena

	
2.65

	
91

	
3.18

	
23

	
4.87

	
13

	
8.8

	
4

	
10.01

	
2

	
14.37

	
1

	
31.64

	
14.93

	
1




	
Syracuse

	
2.34

	
96

	
0.66

	
101

	
2.99

	
55

	
2.25

	
100

	
4.91

	
99

	
2.12

	
62

	
19.26

	
4.02

	
98




	
Sondrio

	
7.23

	
17

	
2.77

	
29

	
2.2

	
79

	
7.09

	
16

	
8.68

	
19

	
3.49

	
27

	
21.94

	
9.6

	
27




	
Taranto

	
2.09

	
102

	
1.95

	
50

	
2.66

	
66

	
1.96

	
104

	
5.25

	
96

	
0.39

	
111

	
22.26

	
3.47

	
106




	
Teramo

	
3.26

	
81

	
1.02

	
89

	
0.84

	
103

	
4.21

	
80

	
7.71

	
55

	
1.99

	
66

	
15.42

	
5.07

	
89




	
Terni

	
7.69

	
15

	
2.14

	
43

	
2.64

	
67

	
3.97

	
84

	
7.92

	
45

	
1.36

	
87

	
25.27

	
7.15

	
55




	
Turin

	
8.87

	
3

	
7.08

	
3

	
6.93

	
1

	
8.09

	
10

	
7.22

	
66

	
1.83

	
71

	
30.45

	
12.97

	
5




	
Trani

	
2.07

	
103

	
1.63

	
62

	
3.53

	
37

	
1.73

	
105

	
4.16

	
104

	
1.26

	
90

	
25.59

	
3.71

	
102




	
Trapani

	
1.1

	
111

	
1.1

	
86

	
0.52

	
109

	
1.73

	
105

	
4.3

	
103

	
0.88

	
103

	
8.09

	
1.86

	
111




	
Trento

	
8.81

	
5

	
2.8

	
28

	
4.96

	
10

	
8.05

	
11

	
9.8

	
4

	
3.82

	
23

	
8.96

	
12.12

	
7




	
Treviso

	
9.01

	
2

	
4

	
14

	
3.96

	
30

	
7

	
18

	
9.55

	
6

	
2.36

	
54

	
17.38

	
10.97

	
16




	
Trieste

	
4.07

	
72

	
4.04

	
12

	
4.69

	
15

	
5.96

	
35

	
8.16

	
35

	
5.71

	
9

	
21.62

	
10.32

	
20




	
Udine

	
6

	
34

	
3.11

	
27

	
4.34

	
20

	
6.73

	
22

	
9.05

	
10

	
2.23

	
59

	
15.38

	
9.69

	
25




	
Varese

	
5.86

	
36

	
1.79

	
54

	
3.78

	
34

	
6.3

	
27

	
8.24

	
33

	
1.46

	
83

	
19.12

	
8.29

	
35




	
Venice

	
6.87

	
21

	
13.66

	
1

	
3.42

	
39

	
5.88

	
38

	
7.28

	
64

	
4.94

	
12

	
20.59

	
13.03

	
4




	
Verbania

	
5.38

	
44

	
5.39

	
9

	
1

	
100

	
4.35

	
74

	
6.51

	
81

	
1.18

	
94

	
31.51

	
6.59

	
66




	
Vercelli

	
6.36

	
24

	
1.52

	
65

	
0.72

	
104

	
4.53

	
68

	
6.57

	
78

	
2.51

	
48

	
24.72

	
6.17

	
74




	
Verona

	
6.16

	
28

	
2.64

	
32

	
4.92

	
11

	
7.02

	
17

	
8.63

	
22

	
1.95

	
68

	
18.46

	
9.77

	
24




	
Vibo Valentia

	
2.73

	
90

	
0.33

	
112

	
3.18

	
51

	
2.11

	
102

	
6.22

	
86

	
1.31

	
89

	
18.93

	
4.03

	
97




	
Vicenza

	
8.25

	
8

	
3.41

	
20

	
3.93

	
31

	
6.63

	
25

	
8.63

	
22

	
2.62

	
46

	
11.54

	
10.26

	
21




	
Viterbo

	
2.56

	
93

	
0.75

	
97

	
2.07

	
83

	
4.38

	
71

	
7.78

	
50

	
4.41

	
17

	
27.76

	
6.35

	
70
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Table A2. Appendix: average of the municipalities’ ranks for each Region. Source: Our elaboration.






Table A2. Appendix: average of the municipalities’ ranks for each Region. Source: Our elaboration.





	Regions
	Environment
	Mobility
	Technology
	Economy
	Education
	Culture
	SSCI





	Abruzzo
	69
	52.5
	74.75
	61.25
	32.75
	66.25
	63.25



	Basilicata
	31
	105.5
	66
	80
	55.5
	75.5
	63



	Calabria
	85.6
	85.8
	55.8
	99
	80.4
	80.6
	68.8



	Campania
	38.4
	68
	63
	82
	51.4
	65.4
	90.4



	Emilia Romagna
	38.78
	27.67
	46.78
	35.44
	39.33
	51.11
	35.78



	Friuli Venezia Giulia
	37.25
	35
	56.5
	40.5
	26.5
	30.25
	31.25



	Lazio
	74.4
	56.6
	54.8
	50.8
	52.6
	77.4
	62.8



	Liguria
	81
	59.75
	53.25
	51
	64.75
	33
	55.75



	Lombardy
	17.25
	28.08
	40.83
	18.75
	21.92
	52.33
	21.58



	Marche
	73.6
	67.6
	68.6
	48
	35.4
	18.8
	45.2



	Molise
	98.5
	80
	65
	76.5
	35
	64.5
	84.5



	Piedmont
	30.75
	52.25
	72.38
	52
	76
	63.13
	54.88



	Puglia
	87.88
	72.63
	49.5
	89
	93.25
	90.38
	87.88



	Sardinia
	67.83
	77.5
	85.83
	82
	99
	35.67
	83.33



	Sicily
	100
	91.11
	62.78
	98.67
	98.22
	78.78
	100.11



	Tuscany
	65.67
	58.5
	52.67
	46.83
	60.33
	51.5
	54.25



	Trentino Alto Adige
	31.5
	22
	16.5
	11.5
	25.5
	35
	15



	Umbria
	34.5
	55
	61.5
	66
	30.5
	46
	43.5



	Aosta Valley
	51
	88
	101
	34
	76
	15
	51



	Veneto
	24.86
	21.71
	35.71
	26.71
	25.43
	40.14
	21.57
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Table A3. Appendix: municipalities divided into classes. Source: Our elaboration.






Table A3. Appendix: municipalities divided into classes. Source: Our elaboration.





	Municipalities
	Classes
	Classes Concentration





	Siena, Milan, Padua, Venice, Turin, Bologna, Trento, Mantua, Florence, Pisa, Pavia, Bergamo, Lodi, Brescia, Rome, Treviso, Parma, Cagliari, Monza, Trieste, Vicenza, Modena
	5
	19.64%



	Bolzano/Bozen, Verona, Udine, Cremona, Sondrio, Pordenone, Ancona, Piacenza, Como, Perugia, Reggio Emilia, Ferrara, Varese, Genoa, Macerata, Pesaro, Ascoli Piceno, Pescara, Rovigo, Belluno, Savona, Rimini, Cesena, Lucca, Novara, Cuneo
	4
	23.21%



	L’Aquila, Matera, Aosta, Bari, Gorizia, Lecce, Terni, Biella, Cosenza, La Spezia, Prato, Arezzo, Lecco, Ravenna, Forlì, Salerno, Asti, Verbania, Naples, Benevento, Brindisi, Viterbo, Frosinone, Avellino, Caserta, Vercelli, Chieti, Latina, Potenza, Alessandria, Pistoia, Livorno, Catania, Rieti, Fermo, Isernia
	3
	32.14%



	Campobasso, Imperia, Carrara, Catanzaro, Teramo, Iglesias, Palermo, Grosseto, Sassari, Massa, Nuoro, Oristano, Vibo Valentia, Syracuse, Foggia, Ragusa, Messina, Trani, Reggio Calabria, Enna, Agrigento, Taranto
	2
	19.64%



	Crotone, Carbonia, Barletta, Caltanissetta, Trapani, Andria
	1
	5.36%
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Figure 1. Pearson’s correlation matrix between single SSCI dimensions and aggregated SSCI. Source: Our elaboration. 
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Figure 2. Results of the cluster analysis of Italian municipalities. Source: Our elaboration. 
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Table 1. Selected indicators for each dimension and their characteristics.
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Dimensions

	
Indicators

	
Units of Measure

	
Polarity

	
Year






	
Environment

	
Soil consumption

	
Percentage over total area

	
NEG

	
2017




	
Urban greenery

	
Square meter per inhabitant

	
POS

	
2015




	
Urban air quality

	
Number of daily limit value exceedances (PM10)

	
NEG

	
2016




	
Urban waste

	
Percentage of collected urban waste

	
POS

	
2017




	
Mobility

	
Pedestrian areas

	
Square meter for 100 residents

	
POS

	
2015




	
Cycle paths

	
Km of paths per 100 square km of municipal area

	
POS

	
2016




	
Local public transport

	
Places km per inhabitant

	
POS

	
2016




	
Technology

	
Ultra-Broadband

	
30 Mb (per 100 units)

	
POS

	
2016




	
High technology

	
Employees in high technology sectors per 100 employees in local units

	
POS

	
2015




	
Economy

	
Gross income per capita

	
Euro

	
POS

	
2015




	
Entrepreneurship rate

	
Companies for 1000 residents

	
POS

	
2015




	
Employed

	
Percentage of employees between registered 20–64 year olds in October

	
POS

	
2015




	
Education

	
Hold degree

	
30–34 graduated enrolled in the registry office

	
POS

	
2015




	
Graduated

	
25–64 graduated enrolled in the registry office

	
POS

	
2015




	
Numerical competence

	
Score obtained in the INVALSI numerical proficiency tests of students in secondary school

	
POS

	
2017




	
Culture

	
Museums, galleries, archaeological sites and monuments

	
Number of museums, galleries, archaeological sites and monuments per 100,000 inhabitants

	
POS

	
2015




	
Cultural heritage resources

	
Number of cultural assets per 10,000 inhabitants

	
POS

	
2017




	
Libraries

	
Libraries for 100,000 inhabitants

	
POS

	
2017








POS = positive; NEG = negative; INVALSI = National Institute for the Evaluation of the Educational System of Education and Training.
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