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Abstract Transforming a city into a Smart City is a complex and multidimensional process which changes over time since all the involved stakeholders work to achieve more and better results. “To be smart” affects many aspects of a city including economics, government, people, living, mobility, environment, energy and services. 

This paper aims at critically analysing the main features related to smart cities such as terminological issues, the heterogeneous theoretical background and the methodological limits of the few existing measurement experiences.
Abstract La trasformazione di una città in una Smart City è un processo complesso e a carattere multidimensionale, che muta nel tempo anche per effetto degli stakeholder che mirano al raggiungimento di risultati sempre migliori. L’essere “smart” coinvolge differenti aspetti di una città che includono l’economia, il governo locale, le persone, la qualità della vita, la mobilità, l’ambiente, l’energia e i servizi. Questo lavoro si pone come obiettivo un’analisi critica delle principali caratteristiche di una Smart City, tenendo conto delle questioni terminologiche, della eterogeneità del quadro teorico e dei limiti metodologici delle esperienze di misurazione prese in esame.
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1 Introduction

During the last decades, cities have become increasingly central in economic, environmental, social and development-related processes, representing a real focal point of political and economic strategies. For this reason, the strong correspondence between urban environment and Information and Communication Technology (ICT) becomes evident and it is a necessary condition, even if not sufficient, to address local challenges, also in terms of smart sustainable development. 

In this framework, since 1990 the term “Smart City” has been spreading in conjunction with the liberalisation of telecommunications and the development of services provided through the Internet. However, its definition is likely to remain too generic and unshared. The term Smart City has recently become synonymous with cities characterised by an extensive and intelligent use of digital technologies that enable an efficient use of information, though, intelligent cities imply much more than this, as clearly illustrated in the relevant literature. 

Transforming a city into a Smart City is a complex and multidimensional process, as is measuring progress towards that goal and affects many aspects of a city, including government, buildings, mobility, energy, environment and services. In addition to the complexity involved in coordinating and connecting all the issues illustrated above, initial goals can change over time as planners and developers work to achieve more and better results. 

This paper aims at critically analysing the main features related to Smart Cities such as terminological issues, the heterogeneous theoretical background and the methodological limits of the existing measurement experiences.

The work is organised as following: in the first and second paragraphs surveys of definitions and theoretical background are presented; in the third paragraph the methodological limits of the main measurement experiences of smartness are analysed; in the last paragraph final considerations and open questions are illustrated.

2 The concept of Smart City
The concept of Smart City is considered increasingly strategic to meet the needs related to the irreversible urban agglomeration growth. Created in the nineties in parallel to the liberalisation process of telecommunications and the development of internet services, this expression risks remaining too general and without an operational definition.

At the moment there is no shared definition of Smart City [2] and this concept is used with different meanings in different contexts. In the beginning, the label “smart” was used to describe a digital city; afterwards it has evolved in a social inclusive city or even more extensively in a city offering a better quality of life through the intelligent use of technological innovations.

One of the most used operational definition is that of Giffinger et al. (2007) through which it is possible to evaluate the smartness degree of 70 medium-sized European cities; not only digital data and information but also (i) “smart mobility”, (ii) “smart environment”, (iii) “smart governance” (iv) “smart economy”, (v) “smart people”, (vi) “smart living”. These 6 dimensions set the concept of Smart City within the neoclassical theory of regional and urban development. Furthermore they have the merit to be the first methodological attempt to measure the degree of smartness underlining the driving forces behind it. 

More recent studies [15], focus on the interrelationships among the components of Smart Cities (as defined by Giffinger 2007), including human and social relations that link intellectual capital, health and governance through an approach based on the “Triple Helix Model” [5, 13].
From another point of view, assuming social innovation as a target, Smart Cities are those that create the conditions of governance, infrastructure and technology to produce Social Innovation, so as to solve social problems related to growth, to inclusion and to quality of life through listening and involving different local actors: citizens, businesses and associations.

The concept of Smart City (SC) has been progressively changing its meaning and the related interconnection with the different dimensions of living. It is also worth underlining that the various definitions can assume different meanings also in relationship with the stakeholders (institutions, academic world, civil society, enterprises, as suggested by the Triple helix theory). On the basis of this idea it is possible to state that (see Figure 1):
a. Institutions focus on network infrastructures (energy, Mobility and ICT) while Smart City aspects related to Quality of life play a secondary role;
b. Academia is mostly oriented in defining an organic theoretical framework, therefore including all the various dimensions; 
c. Enterprises as well as institutions are mainly oriented to network infrastructures and particularly ICT as service/product. Furthermore, Mobility and ICT are cross-sectional and are common items in many different definitions. 
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Environmental sustainability is also multidimensional and is the only shared factor in all the definitions. 

Quality of life and Social inclusion (education, health, etc.) are present almost exclusively in the definitions coming from the academic world.
As explained above, the main actors in a Smart City at macro level are Institutions, academic world, civil society, enterprises. However, once this event is analysed at micro level, actors and stakeholders become more numerous. In more detail, also the different roles simultaneously assumed by a single actor take on importance (i.e. a citizen can be a student, a parent, a volunteer or a car driver). 

The existence of a single definition for Smart Cities can therefore be considered purely fiction. What is a fact is that the features of a Smart City are very articulated. For this reason, starting from a shared definition becomes a priority in order to keep using this concept.

Smart City is still a fuzzy concept which is not used consistently within the relevant literature. Smart, indeed, is often used interchangeably with intelligent, wired and digital. One of the main criticisms is “the disjuncture between image and reality [...] the real difference between a city actually being intelligent, and it simply lauding a smart label” [12].

Recently, the only fact that can be detected is a convergence towards some common points in many definitions. For example, the fact that smart is more than digital - despite the cross-sectional role of ICT - or the importance given to environmental sustainability represent elements that put the Smart City issue in a broader vision, including very recent analysis to measure the well-being beyond the GDP.

3 Some methodological shortcomings

In order to monitor the convergence of a city towards a Smart City it is first of all necessary to define exactly what is a city and which indicators have to be selected for a city “to be smart”. A city can be represented by different territorial levels: Province; Metropolitan Area; Travel To Work Areas (TTWA); Provincial Capital; Municipality. 

In addition to the question of the territorial level, another element of potential instability is represented by the definition of a precise territorial analysis unit. If, on the one hand, no measurement can be made without it, on the other hand the very nature of Smart Cities as urban areas leads back to more undefined boundaries that are less focalised than the administrative borders of a specific territory. While the measurement-oriented literature focused on the concept of city with the aim of working out an operational definition, in present debates the community is increasingly becoming the main topic of discussion. This concept recalls dialogue, cooperation among actors, interaction among stakeholders, participation in decisional processes; it therefore stretches onto the governance framework of a territory in which smartness refers to the process rather than the result, whereby the expected result is measured in terms of increase in the community well-being levels. 

Notwithstanding this, taking into account both the dimensional component and the statistical information useful to measure smartness from an operational point of view, it can be advisable to consider the provincial capital when referring to the concept of city. Identifying the measurement system is even more difficult since there is no unique and shared definition of Smart City as already stated; for this reason, the boundaries of a selection of indicators valid for any situation are not easily identified.

The appeal of smartness applied at the local context is unquestioned and contributed in creating various multidimensional definitions. The measurement issue, however, has not followed the same accelerating path and has remained marginal with respect to the dissemination of many heterogeneous local practices. 

The purpose of this paragraph is to compare some of the main experiences for the measurement of smartness at national and international level, identifying common points, differences and limits. This analysis aims at pointing out some methodological shortcomings in order to give suggestions on how implement and structure a general monitoring system for smartness.

As noticed above, the first operational definition of a Smart city has been given by Giffinger et al. (2007): “a smart city is a city well performing in six characteristics, built on the ‘smart’ combination of endowments and activities of self-decisive, independent and aware citizens” This description extends previous literature results by identifying six dimensions (economics, people, governance, mobility, environment and quality of life), in turn broken down into 31 major factors and 74 indicators in total (see Figure 2). 
Figure 2: Characteristics of a Smart City                [image: image2.emf]
On the basis of this definition, a classification of cities according to their level of smartness was carried out for the first time. Although this classification became an important reference in the debate about Smart Cities, by the authors’ own admission [10] it presents a number of limitations related to, for example, the fact of not being able to measure all the indicators properly and because a significant number of indicators (35%) were available only at national level. 
Furthermore, as suggested by Giovannella (2013) “the analysis compared the cities on the basis of the six dimensions that sustain the traditional functionalist models of smart city: smart economy, smart mobility, smart environment, smart people, smart living, smart governance. By taking the data and applying a principal component analysis it comes out, and it is not surprising, that all dimensions except ‘smart environment’ are more or less correlated with the ‘smart economy’”.
Among other most relevant measurement experiences, there is that of the American Fast Company in 2012. This company elaborated a Smart City ranking, selecting the 10 European and the 10 North American smartest cities. The Fast Company used “The Smart City Wheel” as a tool, considering six dimensions of smartness (the same as Giffinger et al. 2007) and three different key factors for each dimension. 
The first attempt to measure the smartness of Italian cities was done by FORUM PA in 2012 and 2013 through the “ICityrate”. In this experience the Italian provincial capitals were evaluated on the basis of 6 dimensions and 89 indicators taking into account the Giffinger et al. (2007) framework.

Another important experience at national level is the “Smart City Index” (SCI) developed by the private consultancy firm Between (2012, 2013). SCI’s advantage was to be based on ad hoc surveys carried out at municipal level. Nonetheless the focus of SCI was not on citizens’ well-being but rather on the measurement of the digital service supply. For this reason, this indicator is not able to capture the primary objective of a Smart City and can mainly be interpreted as an indicator of technological innovation.

It is worth underlining that there are also a lot of similar measurement experiences in the field of green economy, competitiveness, livability, welfare, etc. at city level though they cannot be compared with Smart City measurement experiments.

As an example, the Urbes project (2013), resulting from the collaboration between the Italian National Institute of Statistics (Istat) and the National Association of Italian Municipalities (ANCI), has the ultimate purpose to implement and monitor a network of metropolitan cities in terms of welfare. However, Urbes is not aimed at measuring smartness but rather well-being, by taking a close look at different dimensions also in a distinct way. 

From the analysis of the main measurement experiences some limits of the existing methodologies can be derived. Among the others the main are (see Table 1):

i. the existence - with few exceptions - of correlation among indicators of the various dimensions; 

ii. the absence of clear, available
, statistically significant, common weighing and aggregation procedures of the various indicators;
iii. the scarce availability of updated indicators at city level (i.e. most indicators are available only at regional or provincial level);

iv. the lack of dynamic analysis. “The dynamics is important not only because it allows to identify the evolution pattern of a city and the emerging behaviours and critical situations - but also because it allows to provide a more appropriate definition of smartness” [11]
;
v. the heterogeneity among measurement experiences that is an obstacle to enhance comparisons;
vi. the output always presented in the form of a ranking. Nevertheless, some empirical studies in this field [7] underline that there are some disadvantages to take into consideration when using city rankings for policy advice. With regard to methodological aspects, rankings are often not transparent concerning data collection and processing. Furthermore, the ranking depend on the spatial scope and the selected indicators to a high extent;
vii. the lack of a global perspective. International or indicators for (national, international) networks are scarcely represented in most measurement experiences;

viii. the “original sin” at the basis of measurement experiences. This concept is used within this paper to indicate the need to reflect on the correctness of the existence of a rigid, unique system dedicated to smartness measurement. Many studies use a traditional approach to the benchmarking of city smartness. Preliminary results, however, show for example that cities in Europe and Italy are characterised by relevant infrastructural and cultural differences and therefore that “no smart city model can be considered universal because local cultures and constraints have a key role in determining the route toward the development of a smart city” [11].

Table 1: The main Smart City measurement experiences
	Years
	Authors
	Methodological Aspects
	Limits

	2007
	Giffinger,

Smart cities Ranking of European medium-sized cities


	· 6 dimensions (Smart Economy, Smart People, Smart Governance, Smart Mobility, Smart Environment and Smart Living), 74 indicators

· 70 European medium-sized cities 

· Standardisation and aggregation

· Output: ranking
	· Correlation among indicators

· Medium-sized cities*

· A significant number of indicators (35%) available only at national level

	2012
	Fast Company,

Smart city wheel

	· 6 key components of smart cities and three key drivers for each component

· 28 indicators

· 10 European and North American cities

· Output: ranking
	· Unclear methodology

·  Correlation among indicators



	2012/
2013
	Forum Pa,

Icityrate


	· 6 dimensions (Smart Economy, Smart People, Smart Governance, Smart Mobility, Smart Environment and Smart Living), 89 indicators

· 103 provincial capitals 

· Standardisation and aggregation 

· Output: ranking
	· Correlation among indicators

· A significant number of indicators were available only at regional/provincial level

· Some indicators are not updated

	2012/
2013
	Between,

Smart city index


	· 9 dimensions (Smart Health, Smart Education, Smart Mobility, Smart Government, Alternative Mobility, Energetic Efficiency, Natural Resources, Renewable Energies, Broad Band)

· 153 indicators

· 116 primary provincial capital as defined by Istat 

· Output: ranking
	· Correlation among indicators

· Supply side analysis only (from the enterprise’ perspective)

· Unclear weighing procedures 

· The majority of indicators are at municipal level (95%)
· Unclear  data collection procedure


* Medium-sized cities can be identified as a very special group of cities which are not considered in other rankings or loose in importance and attention versus larger metropolitan areas, usually ranked in higher positions.
Source: De Santis, Fasano, Mignolli, Villa, processing different information, 2014a, 2014b e 2014c
4 Final considerations and open issues
The definition of a measurement system of smartness comparable at territorial and dynamic level is undoubtedly a very complex goal. Presently an operational, common and empirically testable definition of Smart City/Community does not even exist.

Therefore, despite the unquestionable glamour of this topic, the measurement aspects of smartness are often mistreated in favour of dissemination of best practices and projects at local level (see Table 2). 
Until now, apart from very few exceptions, all the experiments to measure smartness at local level have used “top-down functionalist models of smart cities in which the space of representation has an infrastructural origin” [11]. This kind of measurements, in fact, are very useful to produce rankings based on economic, social, environmental and technological soft and hard infrastructure as outputs. They make it, however, very difficult to overcome purely quantitative data. The inclusion of qualitative indicators (i.e. the quality of infrastructure) is necessary to highlight the originality of the path chosen by each City/Community to become Smart.

Table 2: Main critical aspects of measurement experiences
	Aspects
	Critical elements

	Experiences
	high heterogeneity in measurement practices; comparisons not always possible; existence of specific type of smartness

	Methodology
	unclear; non-disseminated; non-shared

	Data
	lack at local level; difficulties in collection; not always updated information

	Indicators
	highly correlated; lack of information for international comparisons

	Output
	ranking; lack of dynamic analyses


Source: De Santis, Fasano, Mignolli, Villa, processing different information, 2014a, 2014b e 2014c
Furthermore, all measurements are also affected by other methodological limits such as the lack of control on the presence of possible correlations among the indicators identifying smartness, restrictions in providing the dynamics of obviously evolutionary concepts, practical and economic obstacles in collecting data at city level and the fact that the output is necessarily a ranking.

In more detail, outputs represented by city rankings are often highly heterogeneous regarding methodology and objectives; a more elaborated procedure is therefore necessary for focusing on the specific profile of a city with its strengths and weaknesses. 
Within this framework, introducing the use of factorial analysis results particularly useful to better identify the indicators that give real contributions to smartness measurement.

From this starting point, passing to a cluster analysis is one of the possibility out of a wider range of procedures for investigating rankings in a more robust way. 

Clusters, which show specific patterns of cities, are useful to overcome both the superficial aspect indicated by mere rank and the random comparison between best and worst cities. 

These more substantial findings can allow a city stakeholders to focus on the specific strengths and weaknesses of similar cities. It is not reasonable to follow best-practice strategies randomly, but it is necessary to concentrate on cluster membership. In this way best-practice examples of other cities can be interpreted with regard to their specific profiles, which make them easier to adopt in a more effective way.

Moreover, in this paper a sort of renewed “original sin” is highlighted: it is related to the idea of a too strict “Measurement System” for quantifying smartness at local level (expressed in the different measurement experiences analysed and also in the Italian Law Decree n. 179/2012). 
In order to compare the degree of smartness for different local contexts it is necessary to find a convergence towards a shared measurement system. This system, however, has to be implemented so as to be able to include (if necessary) specific territorial aspects. Furthermore, it cannot ignore the starting situation of single territories, given both the heterogeneity of the different socio-economic frameworks and also certain, detailed features that have to be examined in depth. 

In addition, on the basis of what explained about communities, the measurement cannot disregard also the involvement stages of the different actors at micro level and of the specific competences at the various governance levels. 

Finally an important issue concerns the essential data set for measuring smartness effectively. For this reason it is necessary to implement, develop and improve the existing data bases transforming their contents and information in a “smart” way.

This situation can involve the need to also change the statistical data production process itself, by moving towards more integrated standardised and industrialised systems.
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� The methodological notes published by the various Institutions are often unclear and not exhaustive.


� Furthermore, it seems to be more appropriate to approximate smartness to a flow rather than a stock.





