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SMART AND RESILIENT CITIES
A SYSTEMIC APPROACH FOR DEVELOPING CROSS-SECTORAL STRATEGIES IN THE FACE OF CLIMATE CHANGE
	
ABSTRACT

Climate change is considered one of the main environmental issues challenging contemporary cities. Meanwhile, urban development patterns and the growth of urban population represent the main contributors to climate change, affecting the total energy consumptions and the related greenhouse gas emissions. Therefore, a breakthrough in current urban development patterns is required to counterbalance the climate-related issues. 
This study focuses on the Smart City and Resilient City concepts that, according to current scientific literature, seem to play a leading role in enhancing cities’ capacities to cope with climate change. 
In detail, based on the review of existing literature, this study analyzes the synergies between the two concepts, highlighting how the Smart City concept is more and more widely interpreted as a process addressed to make cities “more livable and resilient and, hence, able to respond quicker to new challenges” (Kunzmann, 2014). Nevertheless, current initiatives to improve cities’ smartness and resilience in the European cities are very fragmented and operational tools capable to support multi-objective strategies are still at an early stage. 
To fill this gap, embracing a systemic perspective, the main characteristics of a smart and resilient urban system have been identified and framed into a conceptual model. The latter represents a preliminary step for the development of an operational tool capable to guide planners and decision-makers in carrying out multi-objective strategies addressed to enhance the response capacities of complex urban systems in the face of climate change. 
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According to the available trends and projections (UN, 2014), urban population has overcome the rural one since 2005 and it is expected to further increase by 2050. Even though cities represent only the 4% of the Earth’s land (UNEP, 2014), they consume about the 67% of the global primary energy (IPCC, 2014) and, due to urban lifestyle and economy, they are responsible for more than the 70% of greenhouse gas (GHG) emissions (Birkmann et al. 2010; EU, 2011) that are, in turn, the main contributors to climate change. Thus, according to current trends, the expected growth of urban population will further increase energy consumptions, worsening the current energy scenario. Moreover, the “continued emissions of greenhouse gases will cause further warming and changes in all components of the climate system” (IPCC, 2013), with effects that will be particularly severe in urban areas, due both to the concentration of people, assets and strategic activities and to the peculiarities of cities that may exacerbate the impacts of the heterogeneous climate-related phenomena.
Fortunately, cities can be interpreted as “cauldrons of diversity and differences and as fonts for creativity and innovation” (Florida, 2003): therefore, although playing a major role in the creation of current environmental challenges, they can be considered as a central part of any response. 
Thus, mitigation strategies, addressed to reduce energy consumptions, combined with adaptation strategies, aimed at counterbalancing climate-related impacts, represent crucial challenges that cities have to deal with, in order to guarantee a sustainable urban environment for the rapidly growing urban population. Indeed, on the one hand, mitigation actions can allow the reduction of CO2 emissions and, consequently, of climate-related impacts on urban areas. On the other hand, adaptation actions can enhance urban capacities to cope with unavoidable impacts of climate change (fig.1). 
The issues related to the reduction of energy consumptions and to the urban adaptation to climate change have been considered as crucial in most of the recent metaphors related to urban development and addressed to improve cities capacities to cope with urgent environmental challenges (Moir et al., 2014): eco-cities, low-carbon cities, transition cities, smart cities, resilient cities represent only some examples. 
We will focus here on the metaphors of “smart” and “resilient” cities, which seem to play a leading role due both to the growing attention paid by scholars all around the world to these terms and to the increasing number of on-going initiatives both on the global and on the European scale. 
In detail, according to some scholars, 40 global cities will become smart by the year 2020 (EIP, 2014) and by 2025 the number of Smart City all around the globe will climb from 21 of the 2013 up to 88 (Smart City Council, 2014a).


[image: POSSIBLE CONTRIBUTION OF SMARTNESS AND RESILIENCE IN URBAN SYSTEMS] Fig. 1.  Relations between urban system, climate changes, mitigation and adaptation (elaborated by Füssel et al., 2006).

Moreover, the European Commission has launched the European Innovation Partnership for Smart Cities and Communities for supporting “energy production, distribution and use; mobility and transport; and information and communication technologies (ICT)” to “improve services while reducing energy and resource consumption and greenhouse gas emissions” (EIP, 2013). Meanwhile, about 2100 cities all over the world have joined the “Making Cities Resilient” Initiative, launched in 2010 (UNISDR, 2012a) and, in December 2014, 100 cities have been selected by the Rockefeller Foundation Initiative for the “100 Resilient Cities Challenge” (Rockefeller Foundation, 2015). In Europe, a strategy addressed to enhance cities’ adaptation to climate change in order to realize a “more climate-resilient Europe” has been established (EU, 2013) and the “LIFE+ Program” focused on urban resilience (EU LIFE, 2014) has been launched. 
Despite the numerous on-going initiatives, both Smart City and Resilient City are still vague and fuzzy concepts. In the case of the Smart City, about 30 definitions have been proposed since 2000 (Caragliu et al., 2009). In current literature a Smart City is generally characterized by the wide use of Information and Communication Technologies (ICTs) for traditional infrastructures as well as for improving the active participation of human and social capital (Caragliu et al., 2009; Toppeta, 2010; Dameri, 2013). Such technology-based approach is often considered capable of dealing with different urban problems (Batty et al., 2012; Lee et al., 2013), guaranteeing both the quality of the urban environment and the sustainability of its development. On the opposite, it is worth noting that not many definitions of Resilient City have been provided even though the concept of resilience – developed since the Seventies – seems to be particularly suitable for urban areas (Galderisi, 2014). Focusing on the resilience concept, some authors emphasize that resilience is “in danger of becoming a vacuous buzzword from overuse and ambiguity” (Rose, 2007), “increasingly viewed in a rather vague and malleable meaning” (Brand and Jax, 2007). Notwithstanding, some organizations agree on a definition of a Resilient City as a city capable to withstand or absorb the impact of hazards, shocks and stresses through adaptation or transformation, in order to guarantee a long-term sustainability, as well as its basic functions, characteristics and structures (UNISDR, 2012b; ICLEI, 2014a; Resilient City, 2014).
Thus, based on the review of existing literature and embracing a systemic perspective, this contribution will highlight synergies and mismatches between the two concepts, identifying the main characteristics of a smart and resilient urban system and framing them into a conceptual model, showing the relationships between these characteristics and outlining the processes for building up smart and resilient cities, according to different temporal perspectives, from short to long-term. 
This study represents a first step for shifting from current “silo” approaches - based on the fragmentation of knowledge, strategies and responsibilities (EEA, 2014) - towards a systemic one. Such an approach could better support cross-sectoral strategies and multi-objective actions, more and more crucial in the face of climate change in an era of limited public resources, for enhancing the capacities of complex urban systems to deal with more and more interconnected challenges. 
1	SMART AND RESILIENT CITIES: TOWARDS NEW PARADIGMS?
Currently, Smart City and Resilient City are drawing an increasing attention by urban planners, decision-makers and municipalities, as shown by the proliferation of academic researches, as well as of institutional initiatives on these topics. Thus, Smart City and Resilient City are becoming widespread labels, despite the lack of shared definitions.
Approaching the terms, the first issue arising refers to their definition as concept or paradigms: some scholars indeed refer to the Smart City as a paradigm (Auge et al. Blùm, 2012; New City Foundation, 2014; Bencardino and Greco, 2014), while others consider it as a concept (Washburn, 2011; Cretu, 2012; Dameri, 2013; BSI, 2013; EIP, 2013). It is worth noting that also halfway positions exist, looking at the Smart City as an emerging paradigm (Kunzmann, 2014). The Resilient City is a recent term based on resilience that some scholars define as a concept (Rose, 2007; Davoudi, 2012) or even as a “new umbrella concept”, able to take into account “risk management, ecological, sustainability or political sciences” (Chelleri, 2012), while others as a paradigm (Ercoskun, 2012; Rogers et al., 2012). 
It has to be underlined that a paradigm can be defined as a “universally recognized scientific achievements that for a time provide model problems and solutions to a community of practitioners” (Kuhn, 1970); whereas a scientific concept is generally represented through three parts: a label, a theoretical definition that permits “others to understand our theory and be able to criticize and reproduce our observations” and an operational definition that “translates the verbal meaning provided by the theoretical definition into a prescription for measurement” (Suppe, 1997). 
Hence, due both to the lack of a shared scientific definition of the two terms and to the heterogeneity of city programs and initiatives addressed to improve urban smartness and/or resilience, it seems hard to define them as paradigms: both Smart City and Resilient City contribute in offering solutions and opportunities for urban problems but, so far, they do not represent a “universally recognized scientific achievements”. On the opposite, they can easily considered as concepts: both of them are more and more used as urban labels (Hollands, 2008; Caragliu et al., 2009; Davoudi, 2012), numerous definitions of each term are currently available and, even though their operational definition is still at an early stage, some basic elements have been developed, such as domains (for the Smart City concept), characteristics and indicators.
Thus, according to such interpretation, definitions, evolution paths and goals of the two concepts will be reviewed and compared, highlighting their synergies and mismatches, as a starting point to develop an integrated operational approach to Smart City and Resilient City.
The Smart City concept has gained an increasing attention, in the last decade, by scholars, practitioners and decision-makers in conferences, scientific and political meetings, even though “a clear-cut, common definition of smart cities is still lacking” (Moser et al., 2014). The attention paid to this concept since the 2000 has significantly increased, not only in the scientific arena, as clearly highlighted by the search query data from Google Trends (fig.2), which provides information about how often, all over the world, a particular search-term is entered in respect to the total search-volume. 
Studies and researches on Smart City developed in the last years, arising from different disciplinary fields and perspectives (academic, industrial, institutional) and focusing on different topics, have led to a number of heterogeneous definitions.
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Fig. 2. Google Trends for "Smart City"


Some of them focuses on environmental issues, paying large attention to the efficient use of natural resources and to energy consumptions (EIP, 2013; Karnouskos et al., 2013, Kramers et al., 2014); others on socio-economic issues, highlighting the importance of social and human capital (Moser, 2001; Florida, 2003; Partridge, 2004; Glaeser and Berry, 2006; Giffinger et al., 2007; Dirks et al., 2010); others on institutional aspects, emphasizing the potential of ICTs in improving current decision-making processes and supporting the empowerment of local communities (Coe et al., 2001; Eger, 2009; Paskaleva, 2009). 
Nevertheless, although the large variety of studies and researches focuses on different aspects, they agree on the crucial role of ICTs (Mosannenzadeh and Vettorato, 2014), assigning to technology different weights, according to the different disciplinary perspectives. Summing up, the numerous definitions of Smart City currently available bring out a variety of approaches and interpretations of the concept, although this multiplicity can be effectively reduced to two broad categories:
a first one comprises the definitions referred to a “technology-based” approach, mainly focused on urban physical infrastructures (e.g., Hall, 2000; STERIA, 2011; Lazaroiu and Roscia, 2012; Aoun, 2013) 
a second one includes the definitions based on a holistic approach to the Smart City, capable to take into account the numerous and interconnected components that characterize an urban system (e.g., Giffinger et al., 2007; Nam and Pardo, 2011; Lee et al., 2013; Papa et al., 2013). 
Among the numerous collected and analyzed definitions (approximately 30), the most relevant ones have been selected (Tab. 1), based on the number of quotations of the article comprising such definitions reported by Google Scholars. It is worth noting that all the selected definitions, which represent the most cited ones, refer to the second category. According to some scholars (Moir et al., 2014), also the “Resilient Cities is a concept growing in use”.  The term appeared in 2002 in the “Resilient Communities Program Concept” and it was used by Pickett et al. (2004) as a “metaphor (…) to help link ecology and planning”.

	
Reference
	Definition
	Citations

	Caragliu et al. 2009
	We believe a city to be smart when investments in human and social capital and traditional (transport) and modern (ICT) communication infrastructure fuel sustainable economic growth and a high quality of life, with a wise management of natural resources, through participatory governance.
	358

	Komninos N. et al., 2011
	The Smart Cities concept (…) is connected to notions of global competiveness, sustainability, empowerment and quality of life, enabled by broadband networks and modern ICTs.
	291

	Giffinger R. et al., 2007
	A Smart City is a city well performing in a forward-looking way in these six characteristics, built on the ‘smart’ combination of endowments and activities of self-decisive, independent and aware citizens.
	207

	Nam T., Pardo T.A., 2009
	Smart city integrates technologies, systems, infrastructures, services, and capabilities into an organic network that is sufficiently complex for unexpected emergent properties to develop.
	103

	Odendaal N., 2003
	A smart city or region (…) is one that capitalizes on the opportunities presented by Information and Communication Technology (ICT) in promoting its prosperity and influence.
	93

	Batty M. et al., 2012
	A Smart City is a city in which ICT is merged with traditional infrastructures, coordinated and integrated using new digital technologies. Smart cities are also instruments for improving competitiveness in such a way that community and quality of life are enhanced.
	87


Tab.1. Smart City Definitions

The term was largely widespread thanks to the book edited by Vale and Campanella (2005) and titled “The Resilient City”. The volume focused on the persistence of cities in the face of disasters and namely on their capacity to “rebound from destruction”, being the cities “among humankind’s most durable artifacts”. Nevertheless, only recently the term “Resilient City” is gaining importance both in scientific debate and on the institutional level. Indeed, the Google Trends query for “Resilient City” (Fig. 3) highlights that the term entered the search queries in 2012, after the Sandy Hurricane that caused about 19 billion dollars of total damage. Such trend is arguably related to the priorities of national and local governments, which - in the face of the human and economic losses due to climate-related events - pushed towards the adoption of strategies and initiatives aiming at enhancing urban resilience, thereby promoting studies and research on this issue.
Also for the Resilient City concept, heterogeneous definitions are available; some of them have been provided by scholars (Newman et al., 2009; Fusco Girard et al., 2012), others by institutions (UNISDR, 2012a), large international organizations (World Bank Group, 2011) or private foundations (Rockefeller Foundation, 2015). Nevertheless, all the available definitions agree on the main idea that a resilient city is a city capable to absorb external pressures or to adapt or transform in front of such pressures, guaranteeing the safety of settled communities and the preservation of its basic functions during a crisis. Referring to the same temporal span, it is worth noting that the total number of definitions of the term Resilient City that can be found in current literature is by far lower than those available for Smart City. The most quoted definitions or the most widespread on the international level are shown in Table 2. Nevertheless, it has to be underlined that despite the definitions of Resilient City are fewer than those related to the Smart City, this concept roots in the wide research field focused on resilience, and namely on the resilience of social-ecological systems (Adger et al., 2005; Folke, 2006; Brand and Jax, 2007), to which a growing attention has been paid since the 2000 (Fig. 4). Numerous studies and researches have been carried in the last decades on the resilience of socio-ecological systems in the face of heterogeneous pressure factors, such as:
natural hazards/climate change (e.g., Sapountzaki, 2010; Bahadur et al. , 2010; Jabareen, 2013; IPCC, 2013; Galderisi, 2014);
energy consumptions and oil dependency (e.g., Newman et al., 2009; Hopkins, 2008; North, 2010);
economy (e.g., Rose, 2007; Drobniak, 2010; Simmie and Martin, 2010).

[image: trend resilient city en]
Fig. 3. Google Trends for "Resilient City”
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Fig. 4. Google Trends for "Resilience" (red) and for “Resilient City” (blue)

However, here we will refer only to the definitions of Resilient City, purposely neglecting the numerous and heterogeneous definitions of resilience, in order to allow a more immediate comparison with the Smart City definitions. Similarly to the case of Smart City, even in the most commonly used definitions of Resilient City there is a tendency to take into account different disciplinary perspectives, considering social, economic and environmental factors and their interrelationships as a key for an effective understanding of the complexity of urban systems and namely of their behaviors in the face of heterogeneous pressures. Briefly, according to the proposed definitions, the Smart City is a widespread label underlying a vision of the city based on the potential of ICTs as a key tool "to fuel sustainable economic growth and a high quality of life" (Caragliu et al., 2009). 
The Resilient City promotes a vision of the city in which efforts are addressed to increase the ability of the city to respond to heterogeneous pressure factors (climate, environmental, energy and economic), with the ultimate aim of ensuring a higher quality of life and sustainable urban development. Furthermore, numerous scholars point out that ICTs, key tools for increasing urban smartness, could play a significant role also in reducing urban vulnerability and improving cities’ resilience. 

	Reference
	Definition
	Citations

	Newman et al., 2009
	Resilient cities have built-in systems that can adapt to change, such a diversity of transport and land-use systems and multiple sources of renewable power that will allow a city to survive shortages in fuel supplies.
	344

	Nijkamp P. et al., 2012
	A resilient city is also a creative city, able to reinvent a new equilibrium against destabilizing external pressure. It multiplies the potential of people to build new opportunities/alternatives.
	13

	Resilient Communities Program Concept, 2002
	Resilient City is a city that supports the development of greater resilient in its institutions, infrastructure and social and economic life. Resilient cities reduce vulnerability to extreme events and respond creatively to economic, social and environmental change in order to increase their long- term sustainability. 
	n.a.

	UNISDR, 2012
	A resilient city is characterized by its capacity to withstand or absorb the impact of a hazard through resistance or adaptation, which enable it to maintain certain basic functions and structures during a crisis, and bounce back or recover from an event.
	n.a.


Tab.2. Resilient City Definitions

According to Heeks et al. (2013), indeed, “ICTs can help strengthen the physical preparedness of communities by helping those communities to optimize the location of physical defenses” and “can also strengthen institutions needed for the system to withstand the occurrence of climatic events”. 
Summing up, the analysis and the comparison among the definitions of Smart City and Resilient City highlight important commonalities between the two concepts, even though the lack of clear-cut common definitions and the fact that both concepts are still evolving make a conclusion still open and harbinger of future research developments.
2. the evolution of the SMART AND RESILIENT CITY concepts
In the previous paragraph, the definitions of the Smart City and of the Resilient City have been compared with reference to a time span ranging from the 2000 to the 2014. However, the considered definitions already refer to an end-point, although not a final one, of an evolutionary process that is far more temporally extended since the roots of each concept, can be traced in research works carried out some decades ago. Hence, to better understand current similarities and/or differences among the two concepts of Smart and Resilient City, the evolution path of each concept will be sketched, highlighting the variety of contributions arising from different disciplinary fields that contributed to building up their current meanings. 
In respect to the Smart City, it is worth reminding that the term "smart" has been primarily used in the Nineties by the Smart Growth American movement, which "refers to policies for the management of growth of urban and suburban settlement and to a set of principles for designing". Moreover, the Smart Growth also refers to “an idea of the city” capable to “provide an alternative to sprawl” (Pellegrini, 2003). The movement, mainly referred to the development of new residential areas, was addressed to reduce soil consumption and sealing, promoting more sustainable developments (Moccia, 2012).
Nevertheless, the main roots of the term Smart City as it is currently interpreted “have to be traced in some of the phenomena that characterized the Eighties and the Nineties, namely, in the evolution and diffusion of ICT and in their outcomes in terms of globalization of economy and markets” (ABB-Ambrosetti, 2012; Papa et al., 2013). The term Smart City was coined at the beginning of the Nineties in order to point out an urban development more and more dependent on technology and on innovation and globalization phenomena, mainly by an economic perspective (Gibson, Kozmetsky and Smilor, 1992).
Thus, since the Nineties ICT represented a key tool for increasing efficiency, attractiveness and competitiveness of cities. Starting from the early 2000s, large industries such as Cisco, Ericsson, IBM have significantly invested in the integration of ICTs within cities, strongly supporting the spread of a techno-centered approach to the Smart City concept. Nevertheless, in the mid of the 2000s a human-centered approach, focused on the key role of the human and social capital as starting levers for a “smart” urban development, began to take shape. In the second half of the 2000s, thanks to the study of Giffinger et al. (2007), the Smart City concept gained larger room in the scientific debate. Giffinger et al. (2007) provided a model of Smart City, interpreted as “a city well performing in 6 characteristics, built on the ‘smart’ combination of endowments and activities of self-decisive, independent and aware citizens” and a method for measuring and comparing urban smartness. The six characteristics - or, better, the sectors in which a Smart City has to ensure high performances - can be identified as follows: smart economy; smart people; smart governance; smart mobility; smart environment; smart living.
Hence, this study paved the way to an integrated approach to the Smart City concept and, based on this numerous scholars have recently provided an interpretation of the smart city as a city in which ICTs are addressed to improve the overall urban performances and, above all, the quality of life of citizens. Among them, the research work carried out by Caragliu et al., (2009), focused on the relationships among technological and social aspects, intellectual capital, health and governance issues, and the studies of Mark Deakin (2012), who proposed the model of the "Triple Helix" for promoting social innovation, stressing on the close relationships between sustainable development and Smart City.
As a result, recently “a broader conceptualization of Smart Cities places emphasis on good city governance, empowered city leaders, smart or ‘intelligent citizens’ and investors in tandem with the right technology platform” (Moir et al., 2014), supporting strategies addressed to improve both “hard” (infrastructures, ICTs, etc.) and “soft” urban components (human and social capital).
As mentioned above, the term "Resilient City" gained large attention by institutions, policy makers and scholars after the Hurricane Sandy that, in 2012, hit the North Eastern part of the USA and the city of New York, causing 43 deaths and economic damage for about 19 billion dollars. In the last years, the constantly increasing popularity of the concept is mainly due to its widespread use and promotion by international organizations (eg. the UNISDR that in 2010 launched the Making Cities Resilient campaign, addressed to involve local Authorities and enhance urban resilience in the face of natural and man-made hazards); private organizations (eg. the Rockefeller Foundation, which identifies specific "challenges" that cities have to deal with - from natural hazards to social issues – promoting the initiative "100 Resilient Cities") and associations of cities and local governments (eg, ICLEI that deals with urban resilience against climate-related impacts).
Although the concept of Resilient City has recently come to the fore, the studies on resilience have been developed since the Fifties through different disciplinary fields, from physics to psychology, from ecology to management science. Referring to previous research works for an exhaustive description of the evolution path of the resilience concept (Martin-Breen and Anderies, 2011; Alexander, 2013; Galderisi, 2014), we will here point out some milestones along this path. Resilience found large room in Ecology during the Seventies, thanks to Holling (1973) that firstly focused on the behavior of natural systems in the face of external perturbations. In the mid of the Nineties, Holling provided a clear distinction between an engineering and an ecological approach to resilience. According to Holling (1996), engineering resilience refers to stability, efficiency, constancy, predictability, return time to a previous state and, above all, to the idea of a single, stable equilibrium, using “resistance to disturbance and speed of return to equilibrium (…) to measure the property”. On the opposite, ecological resilience emphasizes “conditions far from any equilibrium steady state”, recognizes the existence of multiple equilibrium states and can be measured according to ”the magnitude of disturbance that can be absorbed before a system changes its structure”. Thus, ecological resilience focuses on the twofold possibility for a system to absorb changes, maintaining its main features, below a given threshold of disturbance, or change its state, moving towards a different one, not necessarily better than the previous one, above such a threshold.
The engineering perspective has been largely widespread in the studies on risks, as opportunity for improving cities’ capacities to deal with emergency and recover from disasters (e.g., IFRC, 2011; Vale and Campanella, 2005; Gunderson, 2010): according to this perspective, resilience has been interpreted as the capacity of a system to return to a previous equilibrium steady-state, to “bounce back” after disturbances. 
The “ecological” approach to resilience has been significantly strengthened when the focus of studies and researches on resilience shifted from natural to socio-ecological systems and intertwined with those related to the complex adaptive systems, capable of learning from experience, processing the information, adapting and even transforming themselves in face to changes. By this perspective, resilience was less and less conceived as a bounce-back to a previous state and progressively adapted to the behavior of complex systems, that is non-linear, self-organizing, characterized by uncertainty and discontinuities (Berkes et al., 1998; Holling, 2001; Walker et al., 2004; Bankoff et al., 2004).
Recent research works have further extended the concept of resilience, defining the latter as a “dynamic interplay of persistence, adaptability and transformability across multiple scales” (Folke et al. 2010). Moreover, some scholars have pointed out the importance of “continual learning” (Cutter et al., 2008), providing an idea of resilience as ‘bouncing forward’, which includes the idea of ‘improvement’ of systems’ essential structures and functions (IPCC, 2012).
Hence, current approaches to resilience seem more appropriate to grasp the complexity of urban systems’ evolution (Davoudi, 2012; Chelleri et al., 2012) and suitable for framing urban policies in the face of a large set of heterogeneous phenomena, from the climate-related impacts to the scarcity of resources. In some cases, indeed, the concept of persistence, addressed to improve the capacity of a system to withstand sudden impacts and to rapidly and effectively recover previous conditions, can be significant. In other cases, being current conditions unsustainable or inadequate, novelty and innovation become crucial to drive the system’s transition towards new conditions. The milestones of the evolution path of the resilience concept are shown in fig. 6; it has to be noticed that the Resilient City definitions mainly refer to the more recent interpretation of Resilience, since it is generally interpreted as a city capable to absorb, adapt and/or change in the face of external pressures. However, although the Resilient City concept is nowadays largely widespread among planners and decision makers, some scholars highlight the numerous criticalities that may arise when the resilience concept is applied to urban systems. For example, human intervention is not taken into account in the "adaptive cycle" of ecological systems, while it is crucial in case of urban systems; moreover, the need for clarifying the goals - “resilience to what ends?” – as well as the field of action - “resilience of what to what?” – and the beneficiaries - “resilience for whom?” – of policies addressed to enhance urban resilience have been largely emphasized (Davoudi, 2012). 
These criticalities point out the need for improving urban resilience taking into account both “hard” and “soft” components of urban systems. The former refer to structural, technical, mechanical, and cyber systems’ qualities, capabilities, and functions of infrastructures. The latter are “related to family, community, and society, focusing on human needs, behaviors, psychology, relationships, and endeavors” (Kahan et al., 2009). The difference between "hard" and "soft" components is also highlighted by some of the major networks devoted to the resilience issues (e.g., ICLEI, 2014; ACCCRN, 2012) and it is largely mirrored in the field of adaptation strategies and measures that are generally distinguished between “hard”, when they “involve capital-intensive, large, complex, inflexible technology and infrastructure”, and “soft”, when they “prioritize natural capital, community control, simplicity and appropriateness” (Hallegatte, 2009; Sovacool, 2011). 
Summing up, even though the term Smart City is rooted in the evolution and spread of ICTs and in their outcomes in terms of globalization of economy and markets, along its evolution path it has been increasingly used to indicate a city in which ICTs are addressed to improve the overall urban performances and, above all, the quality of life of citizens. The concept of resilience – which underlies the Resilient city concept – extending the concept of resilience from natural to socio-ecological and urban systems and embracing change and complexity, is more and more interpreted as a key concept for improving cities’ performances in the face of the different factors currently threatening their future development, by managing a large set of interconnected properties and adaptive capacities (Norris et al., 2008; Galderisi and Ferrara, 2012). 
[image: 5_evoluzione smart]
Fig. 5. Evolution of the Smart City concept
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Fig. 6. Evolution of the Resilient City concept

Thus, both the concepts are currently interpreted as key concepts for improving urban performances, even though the Smart City concept puts large emphasis on the role of ICTs, while the Resilient City concept focuses on the inherent capabilities of cities to deal with the heterogeneous factors (from hazards to climate change, from environmental degradation to poverty) threatening cities’ development. Moreover, both of them aim at providing strategies and measures acting on “hard” (infrastructures, technological systems, etc.) and “soft” components (capacities and behaviors of communities and institutions) of urban systems. 
3. the aims of the SMART AND RESILIENT CITY concepts
Based on the analysis of the definitions and of the evolution paths of the Smart and Resilient City concepts some commonalities between the two concepts can be outlined, even though, as clearly highlighted in the previous paragraph, each concept has its own peculiarities. To further investigate the relationships between the two concepts, the main goals of each concept have been deepened.
According to the vast scientific literature on these issues, both the Smart City and Resilient City are mainly addressed to improve sustainability and increase the quality of life, although each concept seem to pursue these objectives following different paths.
As regards sustainability, in the Smart City this goal is primarily pursued through a wide use of ICTs that, allowing a more efficient and effective management of networks (energy, transport, etc.), may led to a significant reduction in energy consumptions. In a broader sense, “a smart sustainable city is an innovative city that uses information and communication technologies (ICTs) and other means to improve quality of life, efficiency of urban operation and services, and competitiveness, while ensuring that it meets the needs of present and future generations with respect to economic, social and environmental aspects” (ITU, 2014). 
Nevertheless, it is worth noting that the large use of ICTs may also negatively affect sustainability, at least in respect to:
environmental aspects, in that the production of ICTs involves an intensive use of raw materials that are assembled in not recyclable devices (Wagener, 2008) and, above all, the use of ICTs induces high-energy consumption (Viitanen and Kingston, 2014). As remarked by Wagener (2007), indeed, “large cities with a high concentration of knowledge workers, office buildings, and ICT are likely to find that ICT energy use is significantly higher than national averages” (Wagener, 2007). Nevertheless, “green IT is a new emerging field of study that brings together both environmental sustainability and information technology (IT) and explores the ways in which they connect with each other” (Lombardi, 2011);
socio-economic aspects, in that the use of “ICTs would increase the risk to human health, including stress and conflict due to inequality” (Viitanen and Kingston, 2014) among individuals and/or institutions that have access to ICT and that, above all, are able to use them properly. 
Thus, according to current literature, social and environmental sustainability represent a “major strategic component of smart cities” (Caragliu et al., 2009), even though relevant aspects, such as the issues related to the potential of green ICTs or to the social inclusion, should be further investigated.
According to Folke (2002), resilience and sustainability are tightly connected concepts, due to the need for creating and maintaining prosperous social, economic and ecological systems also in the face of uncertain events. Some scholars emphasize that resilience represents a “necessary approach to meet the challenge of sustainable development” (Chelleri et al., 2012) or a way of thinking for planning sustainable cities, capable to meet "the needs of the present without compromising the ability of future generations to meet their own needs” (Brundtland Report, 1987). 
Nevertheless, similarly to what has been highlighted for the smart city, some scholars point out some inconsistencies between resilience and sustainability (TURAS, 2012; Redman, 2014): in detail, while resilience puts large emphasis on uncertainty and discontinuities and is largely interpreted as the result of the dynamic interplay of persistence, adaptability and transformability (Davoudi, 2012), sustainability is often interpreted in a “fail-safe” approach as a concept aimed at “achieving stability, practicing effective management and the control of change and growth” (Ahern, 2011)
The increase of the quality of life is the other main goal of both Smart and Resilient City. In the Smart City, the widespread use of ICTs allows, for example,  “to improve mobility on many levels, increasing spatial and a-spatial accessibilities to jobs, leisure, social opportunities and so on, thereby enabling the citizenry to increase their levels of life satisfaction” (Batty et al., 2012). Moreover, ICTs allow the reduction of energy consumptions and CO2 emissions by allowing citizens to get a better air quality and a better environment.
The empowerment of citizens thanks to the use of ICT (Navarrete, 2012) represents a largely emphasized feature of the Smart City. It refers to a process of "social engagement" that creates a widespread sense of social cohesion, a significant awareness of the issues relevant to the community and allows people to propose and activate common objectives and actions (Zani, 2012). Thus, citizens’ empowerment is a way to support decision-making processes based on a broad-base views of citizens and, therefore, to ensure development processes more participatory, collaborative and, in one, capable to effectively respond to the need of local communities. 
Nevertheless, according to some scholars, “the paradox is that the same networked technologies that offer opportunities for empowerment can be used against civil rights for surveillance and censorship, or at worst, direct oppression” (Viitanen and Kingston, 2014).
Moreover, even though numerous scholars underline that the Smart City is addressed to increase “livability” (Toppeta, 2010; Chourabi et al., 2012; Smart City Council, 2014a), most of available definitions put “emphasis on business-led urban development” (Caragliu et al., 2009). 
For example, the main aim of the study on European Smart Cities carried out by Giffinger et al. (2007) is to analyze the medium-sized European cities in order to find out their strengths and improve their competitiveness. The Smart City concept is, indeed, “principally open to any societal goals linked to it, but due to its focus on innovation systems, priority is given implicitly to competitiveness and economic growth” (Wolfram, 2012). 
Also the Resilient City concept is addressed to increase the quality of life. A resilient city is, indeed, capable to absorb, adapt and/or change in the face of the main environmental challenges threatening its future, in order to preserve natural and man-made resources and, above all, to guarantee citizens’ safety. It is worth reminding that, according to the five-stage model of human needs outlined by Maslow in 1943, safety is one of the basic needs that people have to fulfill, immediately after the biological and physiological ones. Therefore, to ensure the safety of people is a key objective for guaranteeing high levels of quality of life.
As it clearly arises from the above, the two investigated concepts, Smart City and Resilient City, show numerous commonalities, despite some differences. As regards the former, it has to be noticed that both of them result from a long and multidisciplinary evolution path capable to take into account the multiple and interrelated aspects of a complex urban systems, are addressed to pursue goals related to sustainability and quality of life and can be implemented through “hard” and “soft” measures.
Among the main differences, it is worth noting that while the spread of the Smart City concept has been strongly supported by large industries, the Resilient City concept has been mainly promoted by international organizations as well as by associations of cities and local governments. 
Moreover, whereas the common ground among the definitions of Smart City can be found in the use of ICTs as a tool for empowering cities and citizens in the face of heterogeneous challenges, but above all as a key tool to fuel economic growth and competitiveness, the common ground of the definitions of Resilient City can be traced in the enforcement of the fundamental capacities of an urban system to deal with external pressures (from climate change to environmental degradation). Nevertheless, according to the more recent interpretations of the Smart City concepts, ICTs should be better addressed to solve long-term environmental challenges and to improve cities’ resilience rather than primarily focus on consumer electronics. According to Heeks et al. (2013), indeed, “ICTs can help strengthen the physical preparedness of communities by helping those communities to optimize the location of physical defenses” and “can also strengthen institutions needed for the system to withstand the occurrence of climatic events”. 
Hence, the Smart City concept seems more and more to underlie a process, a multi-objective strategy of integrated urban and ICT development, capable to tackle problems of economic competitiveness but also of social equity and environmental performance (Wolfram, 2012). Such a process should allow cities to “become more livable and resilient and, hence, able to respond quicker to new challenges” (Kunzmann, 2014). Therefore, a better integration between the two often separated concepts and following strategies seem to be widely desirable and already pursued by some. Nevertheless, such integration has to be based on a robust scientific approach capable to provide methodological and operational tools for promoting cross-sectoral and multi-objective strategies capable to improve urban smartness and resilience, by providing citizens with a better urban environment capable to favor cohesion, sense of community and, meanwhile, safety and prosperity. Moreover, it is worth emphasizing that a multi-objective strategy addressed to build up a smarter and a more resilient city should be carefully tailored on the peculiarities of local contexts, in that each city has to define its own objectives and priorities, through a shared and participatory process (BSI, 2014).
4	BUILDING UP SMART AND RESILIENT CITIES: A conceptual model
According to the preliminary findings presented in the previous paragraph, it seems possible to state that, on the one hand, the Smart City concept is widely interpreted as a process capable to tackle urban problems related to economic competitiveness but more and more focused on issues related to social equity and environmental performances (Wolfram, 2012). On the other hand, the Resilient City is largely interpreted as a process addressed to empower cities and citizens to cope with external - environmental, social, economic - pressures. Hence, due to the relevant synergies between the two concepts, some authors emphasize the increasing area of overlapping among them, highlighting that resilience is more and more frequently included among the Smart Cities’ objectives and that smart initiatives are often addressed to allow cities to “become more livable and resilient and, hence, able to respond quicker to new challenges” (Kunzmann, 2014). Moreover, some international organizations and networks as well as numerous cities are promoting integrated strategies for building up smarter and more resilient cities, as a key step for effectively counterbalance the challenge of climate change as well as for pursuing a better integration between mitigation and adaptation strategies (Klein et al., 2005). 
For example, the American Planning Association (APA) has “created a Smart Cities and Sustainability Task Force, whose mission is to address advances in technology and innovation to cultivate cities which are smarter, more resilient and sustainable” (McMahon, 2014); the Asian Cities Climate Change Resilience Network (ACCCRN), funded by the Rockefeller Foundation, is striving for “developing smarter, resilient cities in India” (ACCCRN, 2015). 
Nevertheless, as mentioned above, an effective theoretical framework – which is crucial for developing operational tools capable to support integrated and multi-objective strategies – is still missing. To fill this gap, the study focuses on the characteristics of Smart and Resilient cities and provides some hints for guiding a process aiming at improving cities’ smartness and resilience in the face of climate change. In detail, based on the available scientific literature, first of all the characteristics common to both the Smart and the Resilient city concepts have been selected; then, grounding on previous studies focused on the Resilient City (Bahadur et al., 2010; Martin-Breem and Marty Anderies, 2011; Galderisi, 2013) and on the Smart City (Sinkiene et al., 2014; BSI, 2014) the most important ones for each concept have been identified. In the following (tab. 3 and 4) all the selected characteristics have been listed and briefly explained.

	Resilient City Concept
	Characteristic
	Smart City Concept

	The “capacity to maintain a system in its current stability domain” (Berkes et al., 2002)
	Adaptability
	The capacity to adapt to unforeseen situations (Ratti & Townsend, 2011)

	“It’s the ability to constantly assess, take in new information, reassess and adjust your understanding of the most critical and relevant strengths and weaknesses and other factors” (Rockefeller F., 2014)
	Awareness
	It is related to the capacity of knowing and understand the urban potentialities (Giffinger et al., 2007)

	It refers to the existence of multiple opportunities and incentives for a broad participation of stakeholders, as in public-private partnerships (Godschalk, 2003).
	Collaboration
	It is related to coordination and is defined as a step of the city technology harmonization, characterized by synergies and interactions between elements, resource and actors (BSI, 2014)

	It represents the achievement of higher level of functioning by adapting to new circumstances and learning from the disaster experience (Maguire & Hagan, 2007)
	Creativity
	It is related to the creative capital that co-determines, fosters and reinforces trends of skilled migration (Florida, 2003; Caragliu and Nijkamp, 2008)

	Diversity of species performing critical functions, diversity of knowledge, institutions and human opportunity and diversity of economic supports all have the potential to contribute to sustainability and adaptive opportunity (Berkes et al., 2002)
	Diversity
	It can be referred to the social and ethnic plurality (Giffinger et al., 2007) or to the diversity of specific elements, e.g. transportation modes (Caragliu et al., 2009).

	“Fundamental property for service system and entails that performance are realized with modest resource consumption” (Fiksel, 2003)
	Efficiency
	It is related to the capacity of systems and infrastructures to optimize their performances (Aoun, 2013; Kramers et al., 2014).

	It is a key aspect of adaptive capacity when unexpected events occur (Godshalk, 2003) and it is the capacity of a system to cope with an impact without being permanently altered (Tasan-Kok, 2013)
	Flexibility
	It is the ability to change, specifically referred to labor market and human capital (Giffinger et al., 2007)



	Resilient City Concept
	Characteristic
	Smart City Concept

	“Innovation is seen as novel ways of doing things, or how new things can be made useful, and refers to incremental or radical changes in ideas, practices, and products; including novel ways of organizing society, changing its rules and institutions” (Ernstson et al., 2010)
	Innovation
	Changes made to something established, or a new introduction as new methods, ideas, or products, to achieve desirable outcomes that result in small but significant improvement (BSI, 2014)

	Dynamic systems require to constantly revise existing knowledge to enable the management of the system and the adaptation to change (Stockholm Resilient Centre, 2014)
	Learning
	The human ability to gain knowledge or skill through ICT (Coe et al., 2001) or as the collection of data and their elaboration (Wolfram, 2012)

	The ability to create networks of non-identical elements, or actors, called “nodes” that are connected by diverse interactions or links (Chuvarayan et al., 2006)
	Networking
	The capacity to connect computers and devices through communications channels that facilitate communications among users, allowing them to share resources and services (BSI, 2014)

	The capacity to “build trust and relationships needed to improve legitimacy of knowledge and authority during decision making processes”, as well as “create a shared understanding and uncover perspectives that may not be acquired through more traditional scientific processes” (Rockefeller F., 2014)
	Participation
	The capacity to involve civil society organizations, stakeholders, communities and citizens in policy-making and public debate (BSI, 2014)


Table 3. Common characteristics of Resilient City and Smart City 

It is worth underlining that most of the literature related to the resilience of socio-ecological systems focuses on the concept of self-organization, by interpreting this concept as a key feature of a resilient system (Walker et al., 2004; Chuvarajan et al., 2006; Folke et al., 2006). However, according to numerous scholars, self-organization has been here intended as an inherent characteristic of complex systems, such as the urban systems. It “can be defined”, indeed, “as the spontaneous emergence of global structure out of local interactions. Spontaneous means that no internal or external agent is in control of the process (…). This makes the resulting organization intrinsically robust and resistant to damage and perturbations” (Heylighen, 2008). According to such interpretation, self-organization has not been included among the selected characteristics. Nevertheless, self-organizing mechanisms that will arise as a consequence of the internal and external changes of the systems should be adequately understood and monitored.
Then, to better understand how these characteristics act and interact for improving the response capacities of complex urban systems in the face of climate change, a further step is required. Climate change is indeed a challenging threat that requires long term as well as short-medium term strategies. Thus, on the one hand, long-term strategies capable to reduce GHG emissions and energy consumptions, by promoting cities’ transition from current energy consuming development patterns towards low-carbon patterns, are required; on the other hand, short-medium term adaptation strategies, aimed at reducing the vulnerability of urban systems to the heterogeneous impacts of climate-related phenomena, ranging from sudden (e.g. flash floods, heat waves, etc.) to slow (e.g. droughts) phenomena and to improve cities capacities to better cope with more and more “beyond the expected” or even “unexpected” phenomena, have to be developed. 

	Characteristic
	Concept
	Definition

	Connectivity
	Resilient City
	It is related to “the density of the links within the network, i.e., the number of links divided by the maximum possible number of links” and to the “reachability, or the extent to which all the nodes in the network are accessible to each other” (Janssen et al., 2006)

	Knowledge
	Resilient City
	The capacity to elaborate knowledge and learn from management mistakes, protecting a system from the failure due to subsequent management actions based on incomplete knowledge and understanding (Berkes, 2004)

	Memory 
	Resilient City
	“The ability of a system to preserve knowledge and information” (Folke et al., 2005) 

	Modularity
	Resilient City
	“It is the degree to which a system's components may be separated and recombined” (Elmqvist, 2013)

	Persistence
	Resilient City
	System's ability to withstand an impact, preserving its own characteristics and structure, except for a temporary departure from the ordinary functioning conditions (Folke et al., 2010)

	Redundancy 
	Resilient City
	Spare or superfluous “elements, systems, or other units (..) capable of satisfying functional requirements in the event of disruption, degradation, or loss of functionality” (Bruneau et al., 2003; Walker and Salt, 2006; Schultz et al., 2012; Tyler & Moench, 2012).

	Resistance
	Resilient City
	The degree to which systems are displaced (or disturbed) by a given physical force or pressure (Carpenter et al., 2001)

	Resourcefulness 

	Resilient City
	“The capacity to (…) mobilize resources when conditions exist that threaten to disrupt some element, system, or other unit of analysis" including "the ability to apply material and human resources to meet established priorities and achieve goals" (Bruneau et al., 2003)

	Robustness
	Resilient City
	The "ability of elements, systems, and other units of analysis to withstand a given level of stress or demand without suffering degradation or loss of function" (Bruneau et al., 2003).

	Transformability
	Resilient City
	“Capacity of people to create a fundamentally new social-ecological system when ecological, political, social or economic conditions make the existing system untenable” (Walker et al., 2004)

	Anticipation
	Smart City
	Capacity to conceive future predictable scenarios. Indeed, a smart city can provide “tools to exploit various sources of information about human behavior to aid in the allocation of resources—land, water, transportation, and so on—as the city evolves” (Naphade et al., 2011)

	Monitoring
	Smart City
	“The capacity to monitor all critical infrastructures is crucial for a smart city in order to better optimize its resources, plan its preventive maintenance activities, and monitor security aspects while maximizing services to its citizens” (Hall, 2000)

	Reliability
	Smart City
	Degree to which a measure repeatedly and consistently produces the same result (BSI, 2014)


Table 4. The most important characteristics of Smart City and Resilient City

It is worth stressing that, in respect to the different time spans (short-medium-long term) that characterize the response of a complex urban system in the face of climate change, the selected characteristics play different roles. Therefore, in order to highlight their roles and linkages in the different phases, the selected characteristics have been framed into a conceptual model (Fig. 7).
So far numerous and heterogeneous models on Smart and Resilient City have been developed; these models can be distinguished at least into three different categories:
"theoretical" models that, based on scientific theories, are addressed to understand and represent cities’ dynamics and development;
"operational" models, which provide a vision for urban development and outline a path for achieving it;
"hybrid" models, combining a solid theoretical background with some operational elements. 
The Smart City literature is largely focused on “operational” models, defining intervention sectors for projects implementation (Lekamge and Marasinghe, 2013), despite the lack of a "solid theoretical framework for smart cities" (Harrison et al., 2011).
In the Resilient City literature, some “theoretical” models, addressed to investigate the main characteristics of a resilient city (Tyler and Moench, 2012; Davoudi, 2013; Galderisi, 2013), as well as some “operational” models aimed at supporting municipalities in developing strategies for disaster risk reduction (Mehrotra et al., 2009; Prasad et al., 2010) or for climate adaptation (e.g., Climate-Adapt Platform, 2014) have been carried out. Unfortunately, most of the two groups of models seem to travel separately, in that the operational models do not mirror the hints provided by the theoretical ones; only recently some “hybrid” models, based on a robust theoretical framework and providing some operational tools for improving urban resilience, have been developed (Tyler et al., 2014). 
Hence, the conceptual model for building up smart and resilient cities in the face of climate related challenges represents one of the first attempts to develop an “hybrid” model, framing smart and resilient cities’ characteristics along the different temporal stages that characterize the response of a complex urban system in the face of climate change (fig.7).
The model is structured as a cyclical process, based on the learning capacity of urban systems and characterized by the “dynamic interplay of persistence, adaptability and transformability” (Folke et al., 2010). The capacity of “continual learning” is considered as crucial both for the Smart and the Resilient City concept (Cutter et al., 2008; Sinkiene, 2014).  According to Davoudi et al. (2013), it allows urban systems to resist “disturbances (being persistent and robust)”, to absorb “disturbances (…) (being flexible and adaptable)” and to move “towards a more desirable trajectory (being innovative and transformative)”. Hence, it may allow urban systems to improve their capacity both to “bounce-back” in the face of climate-related impacts or to “bounce forward”, including the idea of anticipation and improvement of their essential structures and functions through long-term strategies (IPCC, 2012). Moreover, the most recent approaches to the resilience concept provide an interpretation of the latter as the “dynamic interplay of persistence, adaptability and transformability across multiple scales” (Folke et al., 2010): such a dynamic interplay allows a resilient system to extend its focus beyond resistance to shocks, including adaptive responses as well as long-term transformation in the face of future or unforeseen threats (Galderisi, 2014).
Therefore, learning capacity, persistence, adaptability and transformability have been classified as the key properties of a smart and resilient city or, better, as the main goals to which strategies and measures have to be addressed for improving cities’ response in the face of climate change. The cyclical structure of the process is characterized by three different stages (strategies’ definition, implementation and management) developing over time and connected through a feedback loop: such a structure emphasizes that a smart and resilient urban system does not represent a “fixed state” (Davoudi, 2012), but it results from a dynamic and continuous process. Learning capacity is at the base of the process and allows the system to start, revise or change the strategies addressed to achieve the key properties of a smart and resilient city. Despite the dynamic interplay of these characteristics over time and across space, it is worth noting that each of them gains relevance in a different time span: in the short term, strategies are generally addressed to improve cities’ capacities to withstand the expected (or the most likely) climate-related impacts, by increasing system’s persistence; in the medium term, strategies are addressed to enhance cities’ capacity to cope with unexpected impacts, by improving system’s adaptability; then, long term strategies, by improving cities’ transformability, should drive urban transition towards novel development pattern, capable to reduce energy footprint of cities and, in so doing, to prevent future climate-related impacts.   
[image: Macintosh HD:Users:adrianagalderisi:Desktop:Schermata 2015-04-03 alle 16.38.40.png]Within the model, all the selected characteristics, according to their meanings and relevance, have been hierarchized and related to one or more of the identified key properties, which are the learning capacity, the persistence, the adaptability and the transformability. Such key properties can be improved by other subordinate characteristics that can be related to more than one key properties, such as the efficiency that is common to the persistence and the adaptability. In detail, learning capacity can be improved through strategies and actions addressed to enhance: networking capacity that allows to connect people and devices for exchanging data and information; monitoring capacity, which allows to constantly detect the conditions of an urban system; knowledge that allows to elaborate information about events and processes; memory, which allows to learn from past events in order to figure out possible future scenarios; collaboration, which favors interactions and synergies between different stakeholders; participation, which allows to involve people in the decision-making processes. Moreover, learning capacity is intended crucial for developing people and institutions’ awareness about climate-related issues, to improve the capacity to anticipate likely future events, which can threaten urban systems, and, mainly grounding on monitoring and knowledge, to guarantee an effective management of the urban system along the time.

Fig. 7. The conceptual model: roles of and linkages among the capacities of a 
Smart and Resilient Urban System in the face of climate change.
Finally, as emphasized above, learning capacity provides inputs for enhancing persistence, adaptability and transformation of the system in the face of climate change: these properties, which come to the fore in different temporal stages, provide in turn information that, being continuously processed, can be used as an input to further increase the learning capacity (feedback loop).
Persistence, generally referred to the ability of an urban system to maintain the characteristics and structures in the face of a threatening factor, can be improved through strategies and actions addressed to enhance: robustness, which is the ability of elements and systems to withstand a given impact without suffering degradation or loss of function (Bruneau et al., 2003); resistance that allows the urban system to not be displaced (or disturbed) by a given pressure (Carpenter et al., 2001); reliability, which is the certainty of a result (BSI, 2014); efficiency, that is the capacity to optimize the performance with modest resource consumptions (Fiksel, 2003; Aoun, 2013; Kramers et al., 2014); diversity, related to the plurality of functions and of knowledge (Berkes et al., 2002); connectivity, related to the density of links within a network and to the extent to which all the nodes of the network are accessible to each other (Janssen et al., 2006); networking capacity, which refers to the ability to create networks of non-identical elements or actors, connected by diverse interactions or links (Chuvarayan et al., 2006). In an integrated smart and resilient system, the networking capacity regards also the capacity to connect computers and devices, since the information exchange increases the urban system persistence, supporting for example the real time mobilization of resources and services where they are needed. The networking capacity is crucial also for the adaptability because it allows the creation of diverse network configurations. 
[bookmark: _GoBack]Adaptability, generally related to the capacity of an urban system to adapt itself to unforeseen situations (Ratti and Townsend, 2011), can be improved through strategies and actions addressed to enhance: flexibility that, in opposition to hierarchical organizations, allows a system to be changed or adjusted to meet particular or changing needs; diversity that, recognized as crucial in case of impacts of adverse events, allows a system to better cope with uncertainty and surprise; a diverse economy ensures, for example that there is overall economic viability if one economic activity fails (Berkes et al. 2002); resourcefulness that refers to the availability of ecological, economic, social and cultural capital, allows the system to better cope with external pressures; modularity, which allows to recombine the elements of a system, supporting the transition towards different configurations; redundancy, which allows the system to count on superfluous/substitutable elements for adapting adaptable in the face of pressures; efficiency, that allows to reach optimal performances in the adapted configuration.
Finally, transformability that represents the capacity to create a fundamentally new system when ecological, political, social or economic conditions make the existing one untenable (Walker et al., 2004), can be improved through strategies and actions addressed to enhance: innovation in all elements and sectors of urban systems, from the physical to immaterial aspects, comprising the introduction of new methods, ideas, products or processes to achieve desirable outcomes (BSI, 2014); creativity, which generally results from research and experimentation that provide spurs for innovating cities in face of complex and unpredictable events; collaboration that allows to exchange new information and inputs and fosters creativity; resourcefulness, which refers to the ability to mobilize and use the available resources supporting the transition of the system towards new configurations; diversity, that allows elements to be separated and connected in new configurations. 
As mentioned above, so far very few studies have attempted to combine a robust theoretical framework with operational tools.


 [image: ] Fig. 8. Towards a guiding tool for evaluating the characteristics of a Smart and Resilient Urban System:  an example related to the “networking capacity”.

The conceptual model - framing smart and resilient cities’ characteristics along the different temporal stages that characterize the dynamic process for improving cities’ capacity to deal with climate change and its impacts - provides a robust theoretical background for building up smart and resilient cities in the face of climate change. Nevertheless, an effective tool capable to guide planners and decision-makers in carrying out long, medium and short-term strategies addressed to pursue the key properties of a smart and resilient urban system in the face of climate change is still far to be achieved. 
To bridge this gap, the next phase of the research work will be addressed to further develop the methodological path for guiding planners and decision makers in the assessment – with reference to the heterogeneous climate drivers and in respect to the different subsystems which constitute an urban system, physical, functional, socio-economic and institutional, natural environment (Papa et al., 2009) – of the different selected characteristics as well as in finding out the most appropriate strategies for enhancing them and monitoring their effectiveness. 
An example may clarify what is meant here. According to the conceptual model, the persistence of the urban system in the face of intense rainfalls can be enhanced, by acting on different characteristics (robustness, reliability, connectivity, networking capacity, etc.). Hence, in the figure 8, an example of the methodological path for guiding planners and decision makers through the evaluation of the networking capacity of the different subsystems of an urban system, by using key assessment questions has been provided.
5	CONCLUSIONS
This study represents a first step of a wider research work addressed to develop conceptual and operational tools for improving cities’ response in the face of the heterogeneous challenges posed by the climate-related phenomena. In detail, this contribution focuses on the metaphors of “smart” and “resilient” cities that, according to current scientific literature, seem to play a leading role in enhancing cities’ capacities to cope with climate change. Based on the in-depth analysis of the current scientific literature in the field of both Smart City and Resilient City, this study has been firstly addressed to identify the main characteristics of a smart and resilient urban system. It has to be underlined that while in the resilience research field a large set of studies and researches have been focused on the characteristics of a resilient system, the Smart City literature does not provide in-depth studies on the characteristics of a smart urban system. However, some useful hints in this direction arise from the studies carried out by companies involved in the development of the Smart City standards (e.g., BIS, 2014) and from research works addressed to investigate Smart City performances (e.g., Coe, 2001; Giffinger et al., 2007; Lekamge and Marasinghe, 2013). 
Then, the collected characteristics have been selected and framed into a conceptual model aimed at supporting the development of multi-objective strategies capable to improve the response capacities of complex urban systems in the face of climate change. The model is structured as a cyclical process, based on the learning capacity of urban systems and characterized by the “dynamic interplay of persistence, adaptability and transformability” (Folke et al., 2010); it outlines the temporal and operational phases that characterize the response of a complex urban system in the face of climate change, underlining roles and linkages of the different characteristics along this process, according to the different time spans (short-medium-long term). In detail, the model highlights that some characteristics (transformability) are crucial for supporting long-term strategies capable to reverse current urban development patterns in order to reduce GHG emissions and energy consumptions; others (persistence/adaptability) are relevant to short-medium term strategies aimed at enhancing cities’ capacities to withstand or adapt to the heterogeneous climate-related impacts; others (such as learning) are at the base of the process, allowing the system to start, revise or change the strategies addressed to achieve the key properties of a smart and resilient city.
Although the conceptual model provides planners and decision-makers with a robust theoretical background for building up smart and resilient cities, it represents only a preliminary step for the development of an operational tool capable to guide them in carrying out multi-objective strategies addressed to enhance the response capacities of complex urban systems in the face of climate change. 
To bridge this gap, the next step of this research work will be addressed to further develop the methodological path for guiding planners and decision-makers in evaluating – with reference to the heterogeneous climate drivers and in respect to the different subsystems which constitute an urban system – the characteristics of a smart and resilient urban system, as well as in finding out adequate strategies for enhancing them and monitoring their effectiveness. 
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