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Abstract

:

The continuous growth of cities brings out various concerns for improved development and management of the multifaceted urban systems, including those of resilience and smartness. Despite the many significant efforts in the research field, both notions remain changeable, thus retaining the lack of commonly accepted conceptual and terminological frameworks. The paper’s research goals are to designate the current direct and indirect links in the conceptualizations and research trends of the resilience and smart city frameworks and to prove the potential of the conceptual convergence between them in the context of urban systems. The application of a semi-systematic literature review, including bibliometric evidence and followed by content analysis, has led to the observation that as the resilience discourse opens up to embrace other dimensions, including technology, the smart city research turns its interest to the perspective of urban protection. Therefore, both concepts share the goal for urban sustainability realized through specific capacities and processes and operationalized with the deployment of technology. The paper’s findings suggest that the conceptual and operational foundations of these two concepts could support the emergence of an integrated framework. Such a prospect acknowledges the instrumental role of the smart city approach in the pursuit of urban resilience and unfolds a new model for sustainable city management and development.
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1. Introduction


For the last 20 years, the concepts of resilience and smart city have been addressed as frameworks for infrastructure and urban development, and the respective research and applications have established new requirements and new perspectives for the built environment. Baron [1] suggested that the two concepts are “operationalized on the basis of similar or even the same systems, having similar trajectories of development and similar dilemmas to be solved”. While, normally, the two concepts should be interlinked or, at least, converge, both a simple reading of the concepts’ definitions and the literature findings [2,3,4] prove otherwise. This situation may be, largely, attributed to the fact that both concepts, obviously, are not determined in a definitive and clear way, despite the many respective efforts. The popular notion of resilience conveys so many different interpretations, that the actual meaning of the term is still unclear [5]. Likewise, while the smart city has become a trend in the field of urban development [6,7,8], the understanding of the term remains obscure [4,9]. At the same time, the necessity to integrate the two concepts at the operational level towards a transition from conventional, vulnerable, and mismanaged urban built environments to smart, sustainable, and resilient ones has just recently started to emerge [4,10]. It is interesting that only a few research projects have already explored the resonance between the smart city and the resilience frameworks in real urban systems. Such examples are the city of Florence in Italy, where researchers employed applications of smart technology to monitor the levels of urban resilience [11], and the city quarter Bahnstadt of Heidelberg in Germany, where researchers aimed to model the vulnerabilities and the overall resilience in the context of the smart city [12]. At a nation-wide scale, Zhu, Li, and Feng [13] aimed to evaluate the resilience of 187 Chinese smart cities and highlighted the cities of Shenzhen, Beijing, Shanghai, and Guangzhou as the most successful examples of smart and resilient urban development. All these, demonstrate the existence of a vague epistemic background, which hinders from the integration of the two concepts despite the implied potential and the operational need for such a development. The research hypothesis in this paper is that the potential for convergence between the two concepts in the context of urban systems lies in the direct and indirect links between the fundamental conceptual parameters of the two contexts. Consequently, the research goal in this paper is to designate these parameters and prove the potential of the conceptual convergence between the resilience and smart city frameworks based on the evidence that literature review provides on the emerging common theoretical framework of urban resilience and smartness.



The paper is organized in the following way: Section 2 presents the applied methodology in the context of this research. Section 3 provides the findings for the framework of resilience, its current conceptualizations and the emerging perspectives, while Section 4 presents the corresponding findings for the smart city framework. Then, Section 5 emphasizes on the compatibility of the two approaches towards the emergence of a common conceptual framework. Finally, the conclusions of this work are presented in Section 6.




2. Research Methodology


The research design comprised three phases as shown in Figure 1, namely the review of the resilience concept, the review of the smart city concept, and the identification of the potential for integration of the two concepts in a common framework.



The research methodology for the first two phases was similar and was applied through the following steps:




	(1)

	
Setting the hypothesis and goals for the literature review. This step addressed the hypothesis that certain fundamental parameters exist for the conceptual definition of the studied framework. The goal of this phase was to identify these parameters and their theoretical evolution through published previous works.




	(2)

	
Conduct a thorough literature review in the respective field (i.e., resilience and smart city). This step aimed at providing the required pool of literature sources that could be studied to confirm or discard the hypothesis set in the previous step and achieve the targeted goal. A semi-systematic review process was selected based on this approach’s appropriateness when exploring patterns in loosely defined fields, while at the same time seeking for an insight to the progress of development of these fields [14].




	(3)

	
Perform content analysis on the data collected from the literature review. Content analysis is a typical analysis of data drawn from semi-systematic reviews [14] and it supports the preliminary identification of main aspects of interest in the literature review process.




	(4)

	
Proceed with text-data mapping and a high-level bibliometric analysis of the results drawn from the content analysis to provide a solid documentation of the fundamental parameters of the conceptual framework under study and the detection of emerging research trends in the field.









The reviewed relative sources span the ten years period from 2010 to 2019, and they were traced through search over several databases with the use of appropriate keywords. The pool of sources for the resilience framework included a total of 114 publications, while for the smart city framework, the literature review included 109 publications. Following the distinct mapping of the two frameworks and the identification of an initial linkage between the smart city research and the resilience approach, the emerging conceptual convergence had to be examined vice versa. Therefore, in the third phase of the research methodology the concepts of smart city and smartness were searched in publications related to resilience, in order to explore the convergence of the two conceptual approaches based on bibliometric evidence of the literature in the field of resilience and previous results of emerging research trends. The results of all analyses are rigorously presented in Section 3.




3. Analysis and Results: The Framework of Resilience


A decisive factor to interpret “resilience” is the context of reference, and this is presumably the main reason behind the lack of a clear and shared understanding of the term in the entire research community. Consequently, the first goal of the analysis was to identify the current conceptualizations of resilience. A second goal was to trace the research trend towards the association of resilience with notions, which are frequently met in the respective literature as determinants of the term’s contextual framework, yet not in a standard manner, thus creating a varying interpretation of the term in different periods. These notions are namely the complexity, technology, learning, and sustainability. The results from those analyses are put together in Section 3.3 to describe the context wherein the emerging definition for the concept of resilience lies.



3.1. Current Conceptualizations of Resilience


As already stated, the current literature clearly shows the lack of an overall consensus on the definition of resilience, especially across the different contexts of application. Resilience is largely considered as a compound theoretical framework to describe a system’s performance before, during, and after a disruptive event and thus, it is described as a complex conceptual construct that can integrate effectively many notions. The literature review underlined a range of notions, which are practically employed for the definition of resilience, in order to reflect the diverse conceptualizations. The employment of these notions in the examined publications, frequently follows a pattern of using two levels for the definition of resilience. At the first level, notions with more generic meaning tend to be employed, such as the terms “property” and “ability”, which describe the core concept of resilience. Then, at a second level, other terms are engaged in the conceptual construct, such as “process”, “capacity”, and “capability”, which reflect more context-related specifications.



Throughout the examined literature and regardless of the application field, the generic notion of property is steadily used to describe the concept of resilience by academia [15,16,17,18], organizations [19], and industry bodies [20]. Likewise, the term “ability” also conveys a generic meaning and consequently is effectively employed by diverse scientific disciplines, according to many researchers [21,22] and established organizations [19,23]. On the other hand, the conceptualization of resilience as a process is complementary to the aforementioned frameworks, mainly with the purpose of operationalization [12,24,25,26,27]. A similar condition is observed for the notions “capacity” and “capability”, which are employed in more context-specific theoretical frameworks. In particular, the term “capacity” conveys a specific understanding derived from the context of socio-ecological resilience and is strongly related with the notion of adaptation [28], while “capability” is more related with the context of social structures [29]. This pluralism in the existing terminological framework depicts the ambiguities and the conceptual controversies, which are embedded in the current resilience thinking.



The definition of resilience as seen in the context of a system’s recovery from disruptions is characterized as a descriptive concept of ecological systems that portrays its functions [30]. On the other hand, it is possible to interpret resilience as a way of understanding systems’ interactions [31], which clearly implies the concept’s perception in a normative manner [32]. This contrast in the interpretations reflects the various levels of emphasis or the difficulty to distinguish the limits (or both) between conservation and evolution for a given system, two states, which coexist in the context of resilience and their antagonistic nature is captured in multiple conceptual controversies in the respective literature. A prevailing interpretative dichotomy regards the consideration of a single equilibrium state opposed to consecutive cycles of adaptation that presuppose the existence of multiple equilibria [21,31,33,34]. This controversy essentially highlights a fundamental dipole of the resilience framework, that of stability and transformation, which is also identified in several contradicting pair of notions, like robustness and flexibility [5,35], or interdependency and interconnectedness [36].



The interpretative duality between a stable conservation and a transformative evolution is also evident in the dichotomy between a “result-oriented” versus a “process-oriented” understanding of resilience, [24], which is essential not only to examine the causality or the normativity of a resilient system [37], but also to determine its static and dynamic prospects. According to Forsyth [38], resilience can be coined as the outcome of a given transformation process, a definition implying that both conceptions are effectively integrated in the resilience thinking.



A possible explanation for this duality is that resilience can be achieved in various ways and at different levels in a system, according to given circumstances and conditions. Therefore, it is assumed that a system cannot be completely resilient, but instead it is possible to increase the resilience of specific facets of the system, while other facets remain more vulnerable [5]. So, depending on specific systemic characteristics and the disruption scenarios, resilience can be conditionally expressed through diverse qualities that pertain to an entire spectrum of conceptual aspects, ranging from stability to transformation.




3.2. Notions Frequently Associated with Resilience


The notion of resilience is a wide and yet flexible theoretical framework that may encompass a variety of different aspects, according to the given application context. During the last 20 years, though, the extensive resilience discourse on both theoretical and operationalization frameworks revolves around some specific issues, which can be categorized into the four (4) broader theoretical notions of complexity, learning, technology and sustainability. A number of 69 out of 114 publications refer to at least one of these notions representing the 62.28% of the total number of publications, while Figure 2 demonstrates the frequency of appearance of these notions in the examined literature.



These four notions represent the different perspectives of the resilience research explored from the theoretical frameworks to the operationalization approaches. In detail, the research on resilience faces the issue of complexity, which is an inherent property of systems, and a challenging parameter of the explored reference framework. From a different point of view, the notion of learning is an integral part of the conceptual construct of resilience that relates, emphatically with the dimension of operationalization. The perspective of technology, on the other hand, adds a new dimension in the resilience research with the reconfiguration of systemic structures and with the provision of operationalization means. Technology can be considered as the tool to respond to the challenges derived from complexity and to exploit the opportunities from learning. Finally, the notion of sustainability refers mainly to the theoretical framework and reflects the effort to establish compatibility between the resilient and the sustainable development paths.



The investigation of these aspects has not been consistent through the years, but according to the evidence from the examined literature, it has followed different patterns of gradual development and evolution. Figure 3 presents this evolution towards the current multi-dimensional approaches of the resilience notion.



A first observation is that in the very short period of two years (2010–2012) the resilience discourse had addressed all four aspects starting with only few references to the notion of complexity and learning in 2010 that steadily grew until the introduction of the notions of sustainability and technology in 2012.



In the next two years (2012–2014) a feeble increase is observed in the number of references to these notions; however, after 2014 sustainability and technology are increasingly addressed until 2018, while after 2016 complexity and learning are also gaining attention again in the literature. Figure 3 reflects a standard process followed by the research community in establishing a new research field, which starts from the initial, yet adequate, field definition (2010–2012) and progresses with the debate between the new field’s features and the existing paradigm’s standards (2012–2014) [39]. Then, when the field is already better shaped, a more in-depth delineation initiates by scrutinizing the fundamental pillars of the new theory (2014–today). In this process, it is obvious that resilience is acknowledged as a multifaceted concept as researchers tend to examine simultaneously the identified aspects, thus supporting the argument of multidimensionality.



Last, Figure 3 suggests that the four notions are evenly gaining acknowledgement by the research community especially after 2016 when they seem to increasingly appear at almost the same pace. Section 3.2.1, Section 3.2.2, Section 3.2.3 and Section 3.2.4 present in more detail the discussed notions of resilience.



3.2.1. Complexity


Complexity is the aspect of the notion of resilience, which is highlighted most often in the examined literature. This finding is reasonably expected, since the notion of resilience pertains to systemic structures and complexity is an inherent aspect of systems thinking. In many researches, there is a tendency to address the aspect of complexity [5,40] especially in the context of socio-technical systems [12,41,42], while other researches give prominence to the existence of interdependencies, as the main feature of complexity that affects the overall systems’ performance [43]. It is also argued that the notion of resilience captures the interconnectedness of a system [24,36].



The main challenge of complexity, though, is to frame the unknown mechanisms of the occurrence and propagation of interdependencies throughout the systems. Complexity is a systemic property that must be understood and properly addressed in order to enhance the effectiveness of resilience management [12,44]. In particular, Vollmer et al. [45] suggest that, compared to risk management that involves uncertainty and vulnerability, resilience management can additionally deal with the notion of complexity, to achieve a more effective and complete response to disturbed systems.




3.2.2. Technology


The advancements in both the theoretical field and the practical applications of the resilience notion can offer new potential to the respective research field and cause a two-sided impact. On the one hand, the integration of technology increases the system’s complexity, but on the other hand it is regarded as an enabling asset for the system.



Based on systems thinking, embedding technology to a system increases the interdependencies among systemic entities and possibly between different systems, leading to a vicious circle for the rise of complexity [46]. The integration of the Information and Communication Technologies (ICT) is regarded as a vulnerability factor and a threat for the system’s resilience [10,47].



Nevertheless, several researches emphasize on the promising role of ICT in the resilience of the examined systems. These researches adopt a more technical perspective of resilience and tend to regard the incorporation of ICT in infrastructure systems as a beneficial integration for operationalization purposes [25,26,27,43,48,49] and particularly for optimization processes [15,50,51]. For example, Ferreira and Bellini [43] highlight the potential of information management for the enhancement of resilience, whilst Faturechi, Levenberg and Miller-Hooks [50] describe a decision support tool for the optimization of crisis management. In these efforts, it is assumed that technology is the only means that can tackle the intrinsic interdependencies of complex systems even at the expense of increasing the level of the systems’ interconnectedness [52]. Moreover, the integration of technology in a system could enhance its overall performance by increasing the levels of efficiency, flexibility [15], and interoperability, and finally improving its capacity for learning [49]. Current information technology can facilitate, optimize, or even automate learning, enabling to reach higher levels of resilience [53].




3.2.3. Learning


Learning is another important perspective in the resilience research. Often described as a fundamental capacity of resilient systems, it is also included as a dimension for the operationalization of resilience [5,16,35,54]. The aspect of learning also captures the asset of community knowledge [49,55], and most importantly the process of building new knowledge.



Almost complementary to learning is monitoring, namely the system’s process to collect the necessary data over its performance [5]. Monitoring is primarily conceived as a core capacity of resilient systems [5], while it is also regarded as a main input especially for information and service systems, which function as autonomous or auxiliary networks [40].



A very important perspective of learning, connected to the evolution of socio-economical systems, regards innovation [54,56]. Innovation, which is connected to the notion of resilience [37] is also linked with the development of technology, and, also, regarded as an aspect of social welfare, contributing to sustainable development and adaptability [34]. With a focus on the process rather than the impacts, Coaffee et al. [54] conceptualize innovation as a property of resilience, while Annarelli and Nonino [29] consider it as an enabler for resilience. The capacity to innovate is considered as an important step for the building of system’s resilience [33,41], since innovation is strongly connected to adaptation [56].




3.2.4. Sustainability


The notion of sustainability is fundamental for the most recent research approaches to resilience, particularly when the systems’ social dimension is explored. The two notions are related as they both express the “ecological modernization” and share the same principles. It is interesting that the aspect of sustainability is highlighted through the lens of connectivity, learning [24], and social innovation [55,57] that promote social engagement and the citizens’ life quality [18,19,31]. The resilient city, on the other hand, is often regarded as a sustainable paradigm for urban management [58], governance [59], and social development [60].



The literature suggests that resilience is essentially conceived as an aspect of sustainability, a fact highlighted by the majority of the examined urban development frameworks. However, the compatibility of the two concepts should not be taken for granted [18], as the special contextual conditions and characteristics, such as the issue of interdependencies in complex systemic structures may lead to divergent directions. The epistemic vagueness and the uncertainty regarding their implementation, leads few researchers, like Randers et al. [61], to investigate more the compatibility between sustainability and resilience concerning their operationalization in the urban system’s context.





3.3. The Emergence of a Revised Definition of Resilience


The ongoing scientific discourse leads to the evolution in the understanding of resilience. The recent resilience definitions seem to become more inclusive and alleviate former conceptual controversies, by highlighting the notion’s multifaceted nature. Resilience is currently understood, mainly, as an intrinsic property of an entire system, which is enabled on the occasion of a disturbance at different levels according to the system’s internal features (structure, interdependencies, etc.) and external environment. Consequently, depending on the conditions, resilience balances dynamically between its diverse features and scales [58,62] through many potential trade-offs [30]. It is now evident that under the prism of resilience pairs of antagonistic notions, like stability and adaptation represent two sides of the same coin.



The recent definitions of resilience share some common conceptual assumptions that indicate the emergence of a revised framework for the notion’s understanding. Firstly, resilience is conceived as a complex property referring to the sum of the parts of the examined system [17,27]. Moreover, the current interpretations of resilience include all the relative systemic processes and qualities, while they incidentally explain the observed multiplicity of certain terms in the examined definitions. As a result of the above, despite the various theoretical backgrounds and the various suggested interpretations, a great number of experts from the technical to the social context, embraces the specific approach of considering resilience as an inherent collective systemic property [17,26,27,63]. A limited number of researchers so far has explicitly suggested that this inclusive understanding of resilience should be conceptually defined as an emergent property [56,64,65]. The conceptualization of the emergent property pertains to the Theory of Emergence, which served as foundation for systems thinking and the complexity theory [66].



In addition to the above, the investigation of the resilience concept, especially in the context of urban systems is based on the understanding and the modeling of the diverse systemic structures, which gradually adopt more complex and multidisciplinary approaches. Particularly, hybrid forms of systems, like the socio-technical systems [65] and the system of systems [67] are developed to capture the complexity of the existing urban structures and to integrate recognized self-organizing capabilities and functions [5,56]. However, in spite of the progress of the relative modeling approaches, an integrated resilience framework covering complexity and interdisciplinarity is still missing [62].





4. Analysis and Results: The Framework of Smart City


Although, initially, the concept of the smart city emerged as an idealistic and visionary approach for city development, several technological advancements, such as Artificial Intelligence and the Internet of Things (IoT), have forced the examination of the smart city framework in a pragmatic and operational basis. Section 4 presents and analyzes the main conceptualizations that are found in the recent literature, as well as the principal dimensions of the smart city research related to the urban challenges including the issue of city protection against various shocks and stresses. The presented analysis concludes with providing evidence of a new discourse towards a revised understanding of the framework of the smart city.



4.1. Current Conceptualizations of Smart City


As the cities worldwide continue to grow, the smart city concept can be recognized as a new and evolving cycle of urbanization that could determine decisively the urban form and life, introducing a new, more advanced, generalized socio-material transformation of cities [68]. According to the investigated literature, the term “smart city” is still regarded as a vague vision for the future of cities [69], despite the efforts made towards defining and determining a specific city model that would correspond to the increasing need for operationalization of the smart city. While it is argued that the term “smart city” provides a wider conceptual framework in which different dimensions are developed, practically it is, mainly, conceived as a city development model based on ICT applications [70].



Apart from the urban growth context, the literature review reveals that in many cases the concept of smart city is analyzed using the systems thinking approach [71,72,73,74] in order to deal effectively with the notions of complexity and interdependence. Moreover, a number of researchers embraces the system of systems model for analyzing the smart city [75,76], based on this architecture’s ability to capture collective capacities like knowledge creation and adaptation.



Instead of exploring a debatable theoretical background, some researchers purposefully identify the essence of smart city in the integration of ICT solutions in the existing urban systems [6,74,77,78,79]. This approach acknowledges the enabling role of technology in the pursuit of smartness and hence, the incorporation of the so-called smart infrastructure in the existing urban systems could increase the latter’s performance and quality, with benefits to businesses and citizens [72].



As the discourse on the smart city definition continues, in practice the concept evolves to become more holistic and to reach a generic understanding. This evolution has involved the conceptualization of smart city as an urban development policy [8,80,81] that can be dynamically adjusted and implemented in the existing urban systems. Similarly, the deployment of smart solutions creates new prospects for urban management and turns research interest to the direction of smart city governance [82].




4.2. Other Notions Associated with Smart City


Over the last years, the research on the “smart” approach for urban development intensified and revealed a tendency to address additional aspects from different domains. In this context, it has been observed that the research turned to the response to urban challenges and to the corresponding theoretical backgrounds of urban systems protection and resilience. These trends are further presented in Section 4.2.1 and Section 4.2.2, respectively.



4.2.1. Response to Urban Challenges


As demonstrated in Figure 4, the discourse about urban challenges, with the exception of one year (i.e., 2016), is constantly increasing in the current literature on smart cities and, according to the content analysis of the respective publications, this dimension integrates various different perspectives.



The smart city concept is believed to solve persistent problems of different sources or nature, often characterized as “wicked problems”, ranging from technical, to social, and to economic contexts [8]. Another branch of relevant issues that smart cities are suggested to solve includes environmental problems and potentially the provision of opportunities for more sustainable development [4,81,83], whilst an additional category focuses on issues deriving from the urbanization phenomenon [7,84]. Some researchers also identify as urban challenges that the smart approach can tackle, the diverse issues of urban safety and security that rise in the field of operational management [72,74].



The broadly acknowledged need for response to urban problems also entails some specific challenges, especially in the context of emergency. Particularly, in the cases of catastrophic events, when direct and effective responses are needed, the qualities of rapidity and early warning are required and the existence of a proactive emergency planning is underlined [76]. Of course, these specific prerequisites towards a successful response to shocks and stresses are related to comprehensive frameworks for urban safety and civil protection that incorporate the resilience approach. Official organizations, like the Joint Technical Committee of the International Organization of Standardization and the International Electrotechnical Commission (ISO/IEC JTC1) [76], embrace this approach of emergency response and make a direct reference to the concept of urban resilience.



The addressing of the above-mentioned urban problems in the smart city concept remains largely a generalized statement, with some exceptions that introduce several perspectives and courses of action. In more detail, there are researchers suggesting that smart solutions could enhance the operation of existing multidimensional urban systems [85], diminish the impacts of potential hazards [79], and offer new perspectives in urban governance through participatory management [73]. For Andreani et al. [86] it is clear that all the dynamic features that a smart city presents, when inserted into the existing urban systems, contribute effectively to the response to all these challenges.




4.2.2. References to Protection, Resilience, and Related Properties


The smart city discourse has recently started to address aspects of urban protection and especially, that of resilience, which offers the contextual framework for smart urban systems’ response to the problems mentioned in Section 4.2.1. Either by tacitly linking smartness with properties of resilience, or by clear references to the notion itself, there is some evidence that smart city researchers start to consider the resilience context in their research. Figure 5 presents a graphical record of the references to the resilience context in the smart city’s literature, wherefrom several interesting observations are feasible.



A first interesting note when comparing the numbers of publications addressing resilience in the field of smart cities to the respective number of total publications in the field is that there is no specific trend or equal growth of the resilience concept inside the smart city context. Based on the evidence, it seems that the research on smart cities has partially included the aspect of resilience, yet not as a trend or a topic that could attract more interest to the field’s researchers compared to other topics. With reference to the number of publications that address resilience, Figure 5 also helps to observe that since 2017, there seems to be a more systematic introduction of the notion of resilience to the smart city field of research. Indeed, until then there is no pattern in the references to the notion of resilience or terms and topics that are directly related to it; however, after 2017, it seems that there is a systematization in the discussion of resilience in the context of smart city, wherein the notion of resilience and its features and properties are evenly addressed. Although the graph of Figure 5 examines the smart city publications that refer to the resilience term and to the properties of resilience as independent sets, it is observed that gradually the publications that refer to the concept of resilience, may also refer to the features of the resilience thinking. This finding might also reflect a better understanding of the resilience framework and a more conscious employment of it in the smart city research field.



The content analysis of the studied body of literature confirms the findings of the bibliometric approach. The discussion of resilience aspects from smart city experts is predominantly unsystematic and fragmented, especially until 2016. While there are suggestions about how the smart cities can improve certain capacities of urban systems connected to restoration processes, these suggestions are outside the resilience context. The discussion, also, of notions like recovery, rapidity, adaptation, and redundancy are, often, without direct references to the resilience approach [71], while proactive capacities inherently connected with the resilience framework, such as preparedness or self-organization, are presented as assets of the smart city concept [71,75,86] without relating to the resilience context.



A beginning of change towards a more systematic discussion of resilience aspects becomes evident after 2017, when the evolutionary conceptualizations of city as an urban ecosystem, or the introduction of concepts like smart-sustainability, both being ideas that correspond to the ecological background of the resilience thinking, are growing to become quite common [84,87]. This development is aligned with the concurrent evolutionary approaches on urban development and proves that the smart city concept can be perfectly compatible with this broader theoretical framework.



Aside from the systematic incorporation of resilience aspects in the current smart city research, a direct embrace of resilience thinking as a context is, also noted after 2017. Experts who emphasize on the citizen-centered dimensions of smart city adopt a more holistic perspective and tend to refer more to the aspect of resilience. Following the earlier example of Kunzmann [88] who suggested that the smart city model can promote both the livability and the resilience of cities, there is a growing number of researchers who adopt a more generalized perspective and regard smart city as a hub that fosters both sustainability and resilience [89,90]. In this perspective, the concept of resilience is highlighted when the aspects of environmental sustainability are incorporated in the smart city discourse [91]. This allows the connection of smartness with the notion of resilience not only based on a technical background, but also on the socioeconomic and ecological aspects of urban systems.



In the same direction and by following a little differentiated conceptual approach, few experts refer directly to the model of “resilient city”, as a comprehensive construct that integrates the principles and the ideals of smart city [4]. This point of view leads to the identification of the smart and resilient city models as labels and promotes the comparison between the respective development models, while it highlights the contradicting or complementary elements between the two approaches, according to different conceptual interpretations.



The investigation of smart city models under the prism of resilience allows, also, for a less popular and different perspective, which implies that the integration of smart solutions is harmful for the overall resilience of a city. Few researchers suggest that the incorporation of smart technology and the consequent rise of systemic interdependencies could diminish the resilience level of existing cities, especially in the social and the environmental context [77]. Nevertheless, the impacts of such interdependencies on system’s resilience are still ambiguous and, thus, the researchers’ views are not unanimous.



Overall, the trend of expanding the smart city context by embracing properties and capacities, and even complete conceptual constructs, which have been originally and extensively developed in other contexts, and especially the resilience context, brings out the need of a more holistic approach in the process of transformation to smart urban systems.





4.3. Towards a Revised Definition of Smart City


An evolving trend in the current smart city research is to focus on the property of smartness, rather than the more limiting perception of the urban development model. The emphasis on the attribute ‘smart’, as well as the prospect of a system to get ‘smarter’ [92] reveal the multidimensional conditionality and the comparative perspective of the concept. This conceptualization offers a more generalized and abstract understanding of ‘being smart’, with less context-specific and scale-related restrictions. According to some researchers “smartness” is coined as synonym of intelligence [93], while the majority of experts recognize it intuitively as a positive feature.



The most acknowledged element of smartness is undoubtedly the employment of ICT solutions, but certainly, it cannot be the only one. The idea of a ‘smart city’ that suggests a one-sided digitization has been widely accused for lack of purpose [94] and therefore, a meaningful idea is needed to refine this vision. In this context, the concept of smartness retains the positive connotation by providing an added value to each specific reference framework, connected with notions like efficiency, sustainability, and innovation in the context of complex socio-technical systems. Consequently, the malleable term ‘urban smartness’ describes an attribute or aspect of urban systems that could be easily integrated into other research frameworks. The new hybrid forms of city development models that emerge by the combination of smartness with other notions, like sustainability [59,61] and resilience [2,31], are evidence of new integration frameworks, which, still, require more efforts towards their conceptual clarification.





5. Analysis and Results: The Integration Framework


The literature review and the corresponding analysis have clearly described, so far, the conceptual frameworks, the research dimensions and the development trends for the terms of resilience and smart city. Moreover, the findings of the research analysis clearly suggest that urban resilience and smartness are not two entirely independent concepts, but rather two complementary frameworks in the context of urban systems determined by gradually converging fundamental parameters that exist in both frameworks. This section argues on the emerging common ground of the two frameworks, first by providing evidence from the bibliometric analysis for the perspective of such a field and then, by presenting, based on content analysis, the specific constituents that determine the field of convergence and the type of relation between the two contexts.



5.1. The Emerging Common Ground


The recent progress in the understanding of the smart city context and specifically the conceptualization of smartness as a property revealed a new perspective for the convergence with the resilience thinking. The adjective “smart” is linked to efficiency, interconnectedness, and digitalization, referring to diverse scales, i.e., from a single circuit to an entire city. The qualities of smartness offer a new perspective, mainly in the operationalization of resilience in the socio-technical context. Particularly, according to Allam and Dhunny [95], the attributes of smart and resilient contexts are complementary in the pursuit of sustainable urban development. This is a reasonable assumption, since the employment of smart technology can improve various aspects of cities’ processes and, consequently, promote urban resilience in terms of governance, economy, ecology, and overall quality of life [78].



Figure 6 presents graphically a feeble, yet steadily growing interest of researchers from 2010 to 2019, pertaining to the field of urban development and infrastructure systems that links resilience with smartness. The evidence from the examined literature, including the multiplicative power of research in emerging fields, shows that this trend is expected to continue in the near future.



As illustrated by the trend lines in the diagram of Figure 7, there is a slightly increasing tendency among researchers of urban resilience to embrace primarily the approach of smart city, and secondarily the diverse aspects of smart urban systems, such as smart infrastructure or urban management. According to some of them, the employment of smart technology and smart infrastructure are requirements for the enhancement of urban resilience [48,63,96]. This desirable feature of smartness, which is related with urban resilience, refers to the dimension of urban governance and particularly, to the optimization of its operational deployment [16,59], while, according to economic perspectives, smartness can refer to the nexus urban growth that can foster resilience [21].



The research conducted in the first two phases revealed certain compatibilities between the smart city and the resilient city models, which prove the potential of a conceptual convergence between urban resilience and smartness, and set the ground for the conceptual and operational integration of the two frameworks. First of all, both conceptual frameworks refer to systemic structures that incorporate multiple and interdisciplinary facets. Especially for the context of urban systems, the employment of hybrid forms of systems that integrate technical and social dimensions, along with their interdependencies can serve the operational integration of the smart city model with the resilience approach. Additionally, the two concepts share the common goal of urban sustainability enhancement through the reduction in vulnerabilities and the improvement of life quality for citizens [31].



The above-mentioned operational integration is suggested from some researchers through reference to specific smart city aspects and their instrumental role in the enhancement of urban resilience [48,97]. Instead of integrating the different models of smart and resilient city into a new hybrid one, this approach focuses on the refinement of the smart city approaches through the prism of resilience [16]. The concept of resilience, with its wide spectrum, offers the theoretical framework to (re)define the purpose of interventions towards transforming a traditional city to a smart one. Similarly, the smart and digitalized infrastructure is the appropriate means to orchestrate the urban systems’ response and adaptation after a disruption. For example, in this context, Ganin et al. [97] present the operational framework of a smart infrastructure system that can promote urban resilience.



Simultaneously, in the context of urban development, the concepts of the smart city and resilience feature common capacities and processes, which refer to innovation, learning, and self-organization, and are substantially promoted by technological developments. The invention and adoption of smarter tools is driven by the system’s capacities for learning and innovation [44], which are also considered core capacities of resilience. Emphasizing on the property of smartness in the promotion of resilience, some researchers recognize the contribution of specific methods and tools of digital technology that mainly enhance the capacities of monitoring and learning [98] and promote the interaction between a network and its operators [22]. The smart technology offers new potential to some practical challenges like the identification and collection of valid operational inputs for resilience management, derived from monitoring [5,25] with appropriate BIM and GIS tools [27] and analytical models [99]. Additional technological advancements that already promote automation in monitoring include applications of Big Data management [43,99] and IoT frameworks [51].



At the same time, the researchers who acknowledge the emerging conceptual and operational integration between urban resilience and smartness, cannot overlook the serious challenges that arise. Although the demand for the increase in urban resilience is unquestionable [100], the difficulty lies in the reconfiguration of the complex urban systems towards a new direction, determined by the anticipatory logic to support the features of preparedness and adaptation [101]. This required shift of focus to these features is characterized as a challenge for the existing smart city framework [100,101]. Moreover, the extensive employment of smart systems includes a negative side pertaining to the increased level of complexity and interdependency [12]. Since the proliferation of these systemic structures is now a fact, it is important to identify their overall impact on a given system’s resilience.




5.2. The Convergence of the Two Concepts


According to the research’s findings, there are multiple aspects of convergence between urban resilience and smartness that support the integration, conceptually and operationally, in a unified single framework. Starting from complexity, the need to incorporate the dimensions of protection and adaptation [2], as expressed in the resilience context, is recognized in the constantly evolving field of urban development. Urban resilience is now a requirement in the design and operation of city models, including smart cities, which is based on specific capacities, like adaptation, learning [102], response, and preparedness [103]. The emphasis on these core capacities highlights the compatibility of the smart concept with the principles of resilience.



Ιn practice, systems thinking and the dimension of complexity serve as the shared operational framework for the urban development of the resilience and smart city concepts. Urban resilience can be promoted with the employment of conceptual constructs, such as the complex adaptive systems, which are also used to describe the development of smart city [6]. Furthermore, it is easy to detect the conceptual linkage of these two approaches in the perspective of sustainability and more specifically, for the reduction in vulnerability and the improvement of efficiency and overall quality of the urban systems. In fact, many smart city researchers that acknowledge the resilience concept claim that the employment of technology can enhance the capacities of any urban system [88] towards more resilient performance [82,103].



Another point of convergence between the concepts of smartness and resilience lies in the area of knowledge creation and management. Smart urban systems are prominent as structures built on networks of information and knowledge [103], but it is the multifaceted innovation, which is the most important moving force in this scheme [102]. At the same time, the ability to create knowledge, to solve problems in the process of adapting to given conditions reflects the main objectives of the resilience approach. Moreover, it can be assumed that, in terms of the examined socio-technical systems, innovation is an equivalent expression of adaptation in the context of complex urban challenges and therefore, the smart approach resonates with the resilience thinking. It is characteristic that, according to Marsal-Llacuna and Segal [104], in given contexts, the enhancement of the attribute of smartness leads to the enhancement of the entire system’s resilience.



The solutions provided by the transformation to smart cities comprise some of the operational tools to achieve the required urban resilience. Since, smart city emphasizes on the improvement of urban operations and services, it essentially aims at the transformation of processes, rather at the actual infrastructural assets [100]. On the other hand, resilience refers to the further development of certain capacities [100], which derive as outputs of multiple interdependent and complex processes in the urban systems. Consequently, from this point of view, smart city is not only resonant with the concept of urban resilience, but an effective means to build relevant capacities as well. An interesting approach on the relationship between the smart and the urban resilience concepts implies that resilience is an intrinsic characteristic and that the technological solutions offer the means to promote it [70]. In this framework of understanding, smart technology is regarded as means for the pursuit of resilience, and therefore the smart city concept represents a context-specific and operational aspect of the generalized concept of resilience.





6. Conclusions


Despite the vagueness that characterizes the understanding of the resilience and the smart city concepts, they are increasingly employed together in several theoretical and operational studies; however, the framework of this integration is still unclear. The purpose of this research was to examine the potential of convergence between these two frameworks based on the definition of common ground and fundamental parameters that determine both frameworks. The review on the definitions of resilience revealed the conceptual malleability of the term, its understanding as an emergent property, and its integration with the notions of complexity, technology, learning, and sustainability. On the other hand, the review on the framework of smart city underlined the evolution of the concept from a particular model of urban development, to smartness, an intellectual property that characterizes the multiple interconnected dimensions of modern urban systems.



The analysis for the identification of the compatibility between the resilience and the smart city frameworks confirmed the hypothesis that the two frameworks share specific fundamental determinants that allow the development of a unified concept instead of two discrete approaches in the context of urban development. Both urban resilience and smart city concepts serve the goal of sustainability and share the operational framework of systems’ thinking. Additionally, the systemic capacities of adaptation, efficiency and knowledge creation are common in the frameworks of urban resilience and smartness. However, based on the importance of the dimension of technology, the smart city model seems to play an instrumental role in the operationalization of resilience. This finding highlights the specific roles of the two concepts in the emerging integrated framework, where the resilience thinking is the theoretical background and the design requirement for the deployment of the smart city solutions.
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Figure 1. Research methodology. 
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Figure 2. Distribution of the notions frequently met in association with resilience. 
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Figure 3. Evolution of the frequently met notions in association to resilience. 
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Figure 4. Evolution in references to urban challenges. 
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Figure 5. Number of smart city publications referring to the properties of resilience and the resilience term. 
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Figure 6. Evolution of resilience publications referring to aspects of smartness. 
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Figure 7. Evolution of resilience publications referring to the smart city concept (black colored lines) and the diverse aspects of smart systems (grey colored lines). 
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