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Abstract Due to the continuous increase of the world population living in cities, it is crucial to identify strategic plans and perform associated actions to make cities smarter, i.e., more operationally efficient, socially friendly, and environmentally sustainable, in a cost effective manner. To achieve these goals, emerging smart cities need to be optimally and intelligently monitored. We propose the development of a framework for classifying performance indicators of a smart city. It is based on two dimensions: the degree of objectivity of observed variables and the level of technological advancement for data collection. The paper shows an application of the presented framework to the case of the Bari municipality (Italy).
Abstract La crescita della popolazione urbana rende necessario progettare la città e le sue strategie di sviluppo con azioni che la rendano,  a costi economicamente vantaggiosi, più efficiente rispetto agli interventi operativi, più facile sul piano della socialità, più sostenibile sul piano ambientale,. Per raggiungere questi obiettivi le smart city necessitano di essere monitorate in modo ottimale e intelligente. Il lavoro propone lo sviluppo di un framework per classificare indicatori di performance di una smart city basato su due dimensioni: il grado di oggettività delle variabili osservate e il livello di avanzamento tecnologico dei dati disponibili. Se ne discute una applicazione per la città di Bari
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1 Introduction
The “smart city” concept was recently introduced as a strategic mean to encompass in a common framework the growing importance of Information and Communication Technologies (ICT), social, and environmental capital in profiling cities competitiveness and sustainability [1]. The term “smart” denotes a multiple characterization of the city since it is readily replaced with adjectives such as instrumented, interconnected and intelligent [2, 3]. However, in this emerging vision cities are becoming smart not only in terms of automation of services, buildings, traffic systems, etc., but also in ways that enable us to monitor, understand, analyze, and consequently plan the city to improve efficiency, equity and quality of life for its citizens [4]. This perspective puts in evidence the need for appropriate methods and techniques for urban assessment that seek to figure out how much and how well cities progress towards goals and objectives of smartness.

Although performance measurement and monitoring for citywide and metropolitan operations execution and strategy development are relatively new, they are increasingly becoming essential tools that enable cities to clarify their mission and translate it into action. In this context, primary importance is assigned to city indicators since they are an important quantitative tool for measuring performance of any type of city and may be designed to explain something important about the services or products that are being delivered. Indicators help, from one side, to enable leaders, managers, and policy makers to make intelligent decisions about where to focus time and resources and, on the other side, to better communicate city performance to citizens, visitors, and potential investors. The core workspaces that lead to a smart city development may be briefly summarized as follows: from the physical infrastructure availability, upward to the instrumentation, interconnection, intelligence, reporting, and finally to the smartness level. Clearly, a smart city requests a performance indicators dashboard to measure its smartness and eventually perform suitable actions in order to improve its smartness characteristics. This paper proposes a two-dimensional framework for classifying performance indicators of a smart city, with the aim of supporting policy makers in identifying the technologies that can be adopted in order to intelligently measure and monitor a smart city, as well as to adopt suitable actions for the city management and planning towards urban progress and growth scopes.
2 The smart city concept and background

Although the “smart city” concept mainly focuses on the role of ICT infrastructure [8], much research is being carried out on the role of human capital/education, social and relational capital and environmental interest as important drivers of urban growth [1]. Berry and Glaeser [9] and Glaeser and Berry [10] show, for example, that the most rapid urban growth rates have been achieved in cities where a high share of educated labor force is available. In addition, Chourabi et al. [3] identify eight core components of smart city: management and organizations, technology, governance, policy context, people and communities, economy, built infrastructure, and natural environment. Recently, the term smart city has been also used with the holistic meaning of a city that increases the life quality of its citizens [6]. Giffinger et al. [7] were the first to highlight the performance of smart city not only in traditional fields such as smart economy, smart people, smart governance, smart mobility, smart environment, but also in the field of the life quality of the citizens (smart living). The model was mainly proposed as a tool for benchmarking and ranking some European smart cities in order to identify strengths and weaknesses for the considered cities in a comparative way. Although much research has been done on the meaning of smart city so far, it still remains a fuzzy concept. As a consequence of the evolution of the idea of smart city as well as of the fuzziness of such a concept, measuring the smartness of a city is a very complex issue. There does not exist, in fact, a set of indicators for measuring the performance of a city that is valid in each context and for each purpose. Moreover, the complexity of measuring the smartness of a city is exacerbated by the need of policy makers to measure the well-being of the citizens rather than the productivity of the public services. Indeed, the few existing models in the related literature for valuing the smartness of a city are mostly based on the recalled model proposed in [7]. Some studies refer especially to a specific city and as such lack generality [11]. Other recent studies [12, 13, 14] address the transformation and aggregation of city variables and indicators into a global final index in order to attempt to provide a comprehensive overall measure which characterizes the smartness of city. However, such a process inevitably leads to a loss of information on the city and as such to a loss of knowledge on the complex smart city concept.
The pervasive application of advanced technologies is at the heart of the smart city concept. The use of a successful combination of integrated hardware, software, networking and sensing instrumentation allows acquiring real-time awareness of the city real world [4], [8], [16]. However, the ability to measure, sense and monitor the condition of almost everything in a smart city is enabled by sensors and sensor network technologies. Hancke et al. [17] provide an overview of the state of the art of sensors used for monitoring physical infrastructure in a smart city and discuss a large amount of pertaining applications. The development of an urban monitoring system is also promoted by the progress of clouding and future internet technologies. In fact, as sensors collect terabytes of information, this data needs to be aggregated and processed. In [18] the authors describe the potential of integrating cloud and sensors in smart cities into an architecture that provides to Internet users the capability to obtain any type of data acquired from different heterogeneous sensing infrastructures, exposed in a uniform way. The achieved result is to enhance the capability of the evolving category of mobile sensing and computing devices, such as smart phones and in-vehicle sensors. Individuals with sensing and computing devices collectively share data and extract information to measure and map phenomena of common interest.
In contrast with the depicted distributed scenario, today the understanding of urban dynamics is mainly derived by a top-down approach. At the same time, as the sensing technology becomes more broadly diffused, alternative views of the city are emerging based on the shift of the informatics infrastructure, in favor of more decentralized, to bottom-up frameworks. For instance, inexpensive networked sensing embedded in mobile devices recasts urban dwellers as participants in an agile, dense swarm of pollution and traffic probes [19]. Usage of cellular networks data is explored to obtain a global picture of traffic in a monitored area [20]:  mobile phones are ideal to study both individuals and organizations in the city, since people habitually carry them and use them for communicating. The information to which the phone has access may be captured to provide insights into both the individual and collectivity [21]. More generally, reality mining is being developed to collect and analyze machine-sensed environmental data on human social behavior, for identifying predictable patterns. In [22] the authors demonstrate the potential of user-generated electronic trails to remotely reveal the presence and movement of a city’s visitors. Calabrese et al. [23] provide information about urban mobility in real time, from traffic conditions to the movements of pedestrians throughout the city. Another challenging research focuses on investigating the human sphere in urban dynamics using blogs, online forums, and social media channels [24].
3 The smart city performance indicator framework

The development of indicators for measuring and managing the smartness of a city is challenging, since they need to satisfy the so-called SMART principles (Specific, Measurable, Achievable, Relevant and Time-bound) [15], while at the same time they serve several purposes and audiences. Even though in the perspective of smart city a harmonized approach is preferable and encouraged so that an effective comparison is allowed on a national or international basis, today no universal rule exists in the choice of an appropriate set of indicators, neither a methodological taxonomy and classification has occurred so far. Hence, the identification of criteria to help classifying and selecting indicators of the smartness of a city is an emerging and critical concept. In this context, this paper proposes a novel conceptual framework for smart city indicators classification, which puts the human perspective and the technological content at the heart of the classification and selection process. To achieve this objective, we focus on the inter-relation of two identified viewpoints that are deeply analyzed in the sequel. As a first dimension, the proposed framework accounts for the level of objectivity content of the observed variables the indicator relies on. Since the smart city concept encompasses intangible aspects such quality of life and well-being components, whose measurement is subjective and difficult to perform, we propose to group smart city indicators in the following two categories: 1. “objective”; 2. “subjective”.

The first category refers to indicators which look at the city physical infrastructure (e.g. public transport network capillarity), urban assets (e.g. green space share) and conditions of the general context (e.g. air quality). The second category includes indicators which tend to measure the citizens satisfaction and well-being. Examples of this last category are: satisfaction with quality of schools, satisfaction with transparency of bureaucracy. Clearly, the subjective indicators represent a useful addition and complement to the objective ones. Contributing to assess any difference between what people report, the importance of the subjective indicators is to allow to achieve a more complete and articulated vision of the measured system than by the single use of objective indicators. As a second dimension, the framework categorizes the smart city indicators based on the methodologies and technologies for their calculation. Most of the basic ingredients that are currently used to monitor cities come from traditional repositories such as census results, statistical registers etc. In a smart perspective, the role of data collected from the digital communication layer of urban infrastructures is encouraged to acquire a significant and prevailing importance.

This innovative source of data overcomes the limits of the surveys and statistics approach, namely quick obsolescence and time and cost waste. On the other hand, automatically sensed data are also easily and cheaply collected and mined in order to extract valuable information on urban and citizen conditions in near-real time mode. The estimation of indicators could be based on one of the following methods: 1. traditional tools: indicators are computed by analysis and manipulation of the observed variables and data in a traditional repository; 2. innovative tools based on data sensing and mining of physical infrastructure: indicators computation is based on the collection and analytics of machine-sensed data (e.g. smart grid energy consumption through power meter); 3. innovative tools based on data sensing and mining of social infrastructure: indicators are computed collecting the digital footprints and applying to them complex analytics as knowledge discovery and data mining (e.g., service satisfaction level deduced from social networks). The two dimensions are arranged as axes of a grid matrix in a quadrant-like structure, where indicators are allocated and organized by a wide-angle view. Such a framework allows showing the placement of indicators along the axes and emphasizing the associated individual components. In case of an existing set of smart city indicators, the framework is envisioned to be adopted as a qualitative assessment tool to detect unexplored areas in modeling and measuring the subjective factor. Potential improvements in the computation methodology of indicators could be identified.

The framework was applied to classify the set of smart city indicators presented in [7]. Table I reports the classification of the given indicators in accordance with the axes of the objectivity/subjectivity of the observed phenomena and at the same time considering a potential allocation along the axis of the technological advancement of data collection. The obtained results show that the model in [7] presents an overall significant content of subjective indicators even though the human perception of the environment dimension seems to be lacking. Looking at the indicator estimation methodology perspective, there seem to be a margin for refining the definition of the indicators set in order to take advantage of intelligence and efficiency of advanced technologies, above all in the fields of smart economy and smart environment where traditional tools almost exclusively predominate. As conclusive result, either for the degree of objectivity of observed variables and for the level of technological advancement of data collection, Figure 1 illustrates the numerical proportion of given set of indicators allocated to each of the identified indicator categories. The proposed framework is intended to be principally used, in conjunction to other analysis tools, in the phase of development of a new set of smart city indicators. In this phase it is able to support the policy maker in modeling the set of indicators by the following features: 1. allocate the appropriate weight to the combination of objective and subjective factors; 2. identify the technologies that can be adopted for performing an intelligent measuring of indicators.
4 Conclusions
The paper defines an innovative framework classifying the indicators from a human centric viewpoint and from a perspective of technological content of indicator estimation based on the utilization of real-world data. The framework is being tested as a tool for developing indicators to monitor the smart city initiatives in the municipality of Bari (Italy). Future work will also be dedicated to characterize the smart city indicators from further perspectives in a sort of multi-dimensional framework and to relate them for operational functioning and planning through management, control and optimization.
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Table 1: Application of the proposed framework to the model of smart city indicators defined in [7]
	Level of technological advancement of data collection
	Innovative tools: data sensing and mining of Social infrastructure
	Smart Environment:

Individual efforts on protecting nature.
	Smart People:

Perception of possibilities of getting a new job; Immigration-friendly environment (attitude towards immigration).

Smart Governance:

Satisfaction with quality of schools; Satisfaction with transparency of bureaucracy; Satisfaction with fight against corruption.

Smart Mobility:
Satisfaction with access to public transport; Satisfaction with quality of public transport.

Smart Environment:

Opinion on nature protection.
Smart Living:

Satisfaction with quality of health system; Satisfaction with personal housing situation; Satisfaction with access to educational system; Satisfaction with quality of educational system.

	
	Innovative tools: data sensing and mining of Physical infrastructure
	Smart Economy:
Air transport of passengers; Air transport of freight.

Smart People:

Book loans per resident.

Smart Mobility:

Broadband internet access in households; Green mobility share; Traffic safety; Use of economical cars.

Smart Environment:

Green space share; Summer smog (Ozon); Particulate matter;

Efficient use of water(use per GDP); Efficient use of electricity (use per GDP).

Smart Living:

Cinema attendance per inhabitant; Museums visits per inhabitant; Theatre attendance per inhabitant.
	

	
	Traditional tools
	Smart Economy:
R&D expenditure in % of GDP; Employment rate in knowledge-intensive sectors; Patent applications per inhabitant; Self-employment rate; New businesses registered; Importance as decision-making centre (headquarters etc.); GDP per employed person; Unemployment rate; Proportion in part-time employment; Companies with headquarters in the city quoted on national stock market.

Smart People:

Importance as knowledge centre (top research centres, top universities etc.); Population qualified at levels 5-6 ISCED (Master /Ph.D. degree); Foreign language skills; Participation in life-long-learning in %; Participation in language courses; Share of foreigners; Share of nationals born abroad; Share of people working in creative industries; Voters turnout at European elections; Knowledge about the EU; Voters turnout at city elections; Participation in voluntary work.

Smart Governance:

City representatives per resident; Political activity of inhabitants; Importance of politics for inhabitants; Share of female city representatives; Municipality expenditure per resident in public/social services; Children day care share.

Smart Mobility:

Public transport network per inhabitant; International accessibility; Computers in households.

Smart Environment:

Sunshine hours; Fatal chronic lower respiratory diseases per inhabitant;

Smart Living:

Life expectancy; Hospital beds per inhabitant; Doctors per inhabitant; Crime rate; Death rate by assault; Satisfaction with personal safety; Share of housing fulfilling minimal standards; Average living area per inhabitant; Students per inhabitant; Importance as tourist location (overnights, sights);Overnights per year per resident; Poverty rate.
	Smart Living:

Perception of personal risk of poverty.

	
	Objective
	Subjective

	
	Degree of objectivity of observed variables 
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