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Abstract

:

In recent decades, the concept of the healthy city (HC) has become more and more relevant in many fields, such as city administration and scientific environment, and has become a commonly understood concept in the general public. Due to the breakneck growth of people living in urban contexts, the subsequent necessity to guarantee good urban conditions for all kinds of citizens, and the general deterioration of the hearth environment caused by human activities (concentrated in urban settlements), this issue is increasing in its relevance. In this paper, the authors discuss the concept of the HC from an ontological point of view to organize the highly complex system of elements and the mutual relations that constitute the idea of HC. The main goals of an HC are quite intuitive, but the number of components that define and manage it is vast and related to different disciplines: sustainability, urban management, urban planning, and health and social studies. With the presented research, the authors intend to start an organizational definition of the HC using basic formal ontology (BFO). Considering the definition of HC, the authors focus on the ontology process and the different typologies of ontological structures. Then, the authors describe a first-level scheme of HC ontology and, finally, discuss possible applications of the presented study and next research steps.
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1. Introduction


The numerous urban transformations that have rapidly taken place over the last decade have captured the attention of many countries and related institutions at a global level. Cities, in particular, play a fundamental role in the process of change. Indeed, it has become essential to implement interactions between the specific environments describing the urban, physical, socioeconomic, and mental contexts in order to support cities as successful generators of good health. They represent a necessary resource for everyday life that cannot and must not be categorized as a single goal for a good existence or, simply, as the absence of disease [1]. The relationship between care for the health of inhabitants and care for the built environment is evident and has to be deepened [2].



Thus, the concept of health is strictly connected with the city’s health, and discussions are various and of different nature. In 2015, Agenda 2030 made this clear with its 17 Sustainable Development Goals (SDGs), notably, goals 3 and 11: ‘Ensure healthy lives and promote well-being for all at all ages’ and ‘Make cities inclusive, safe, resilient and sustainable’ [3]. Overall, these goals, together with targets and indicators, aim to end poverty; improve economic growth, education, health, social protection, and job opportunities; prevent climate change; and protect the environment. The New Urban Agenda was adopted one year later, offering further insights into the mentioned topics. It has been proposed as the primary vehicle for the direct strengthening of the SDGs, in particular towards urban settlements.



However, it is not surprising that most current reflections on healthy cities result from re-elaborations, starting from the first official documents dating back to the 1980s. In fact, the ‘Healthy Cities Project’ was formally disseminated by the World Health Organization (WHO) between 1987 and 1988. The initiative aimed to develop and implement actions to promote urban health, design models and guidelines suitable for more contexts, hence replicable and subject to further modifications. In addition, in 1986, the first international conference on health promotion was held in Ottawa, Canada, which ended with the signing of the Ottawa Charter for Health Promotion [1]. It established that health promotion needs to be addressed by all the sectors of society, not only by the health one [4]. In this regard, the Healthy Cities Project represented a concrete opportunity to implement the Charter’s strategy that ensured health for all at the local level. Since then, concepts have evolved, and dedicated programs have stimulated models’ elaboration centered on the emerging issues. Hence, contemporary researchers and practitioners, both technical and medical, are looking to formulate interdisciplinary and trans-disciplinary approaches to face the city’s main health problems. The focus is set on defining conditions for improved livability of cities’ elements and processes, avoiding inhibiting possible future developments: individuals, households, communities, and local governments are all involved and should try to be healthy while carrying on with their everyday lives [5,6].



The presented contribution aims to transform such conceptual systems using a precise tool to define the main concepts related to the healthy city (HC) idea and the relations among them that could be easy to understand and sharable. The steps include constructing a dedicated basis ontology, going beyond its philosophical meaning, that expresses the need to manage and spread information through different domains and application areas by employing a common language and semantics. Ontologies are efficient instruments that allow for more accessible communication and integration of information among different sectors and actors. In the authors’ case, applying ontology’s principles within the urban domain becomes interesting and challenging since concepts are loosely defined and remain open to interpretation, raising questions about healthy practices and thoughts.



The main objectives consist of providing the thematic core of the general theory of an HC, based on official descriptions and formalizations, and subsequently implementing the concepts through a structured ontology basis. In particular, HC ontology employs the basic formal ontology (BFO) as upper-level ontology. The goal is to define and organize the essential set of first-level classes of universals referring to notions, relations, events, and processes that describe the conceptual models of the HC’s structure [7].



This work is intended to lay the foundations for possible future additions and the harmonization of knowledge. Clarifying the connotations of the HC topic is a fundamental action for a practical application in the urban field at different scales of representation. The contribution starts with an overview of ontology, considering its leading definitions and classifications and focusing on urban planning applications. Then, HC’s organization and brief evolution is presented and further implemented, explaining the architecture of BFO. HC ontology provides an initial framework that can describe the most important entities involved in healthy city urban planning that can be easily improved by extending coherent notions and relations following BFO’s framework.




2. What Is Ontology?


The use of ‘Ontology’, as an uncountable noun with an uppercase initial, refers to the philosophical discipline. On the other hand, ‘ontology’, as a countable noun with a lowercase initial, refers to computer and information science. Regarding computer and information science, ontology reflects a formal description of knowledge as a set of concepts and the relationships between them in a specific domain [8]. The most widely well-known definition of ontology is stated by Gruber: ‘An ontology is an explicit specification of a conceptualization’ [9]. In 1997, Borst identified additional requirements: the conceptualization should express a shared view between several parties and should be expressed in a machine-readable environment. He defined ontology as a ‘formal specification of a shared conceptualization’ [10]. Later, in 1998, Studer et al. extracted a further illustration of an ontology by merging the two former definitions and stated that ‘An ontology is a formal, explicit specification of a shared conceptualization’ [11]. In 1998, Guarino formulated the other definition that should be considered. The definition emphasizes the role of logic theory as a tool in representing ontology. Guarino stated, ‘An ontology is a set of logical axioms designed to account for the intended meaning of a vocabulary’ [12]. Overall, ontologies represent a specification of a reality’s (or domain) conceptualization which is a theoretical model describing the set of domain’s entities in terms of concepts, relations, and other elements.



During the last three decades, ontologies development studies have shifted from theoretical models to practical implementation in real-world and large-scale applications. As a consequence, nowadays, the goals of ontological development have become wider. Ontologies development attempts to define machine-interpretable concepts and their relationships, share a common understanding of information structure between people and software agents, and enable experts to reuse domain knowledge. Moreover, ontologies allow researchers to analyze domains’ knowledge easily and, in some cases, modify their assumptions. [13,14]. Therefore, several reasons have justified the demand for ontologies in different fields of science, such as archaeology, medicine, business, etc. [15,16,17].



2.1. Ontology in Urban Planning


The urban planning field is also concerned with ontologies and has published several studies. Since 2002, creating ontologies for urban planning has been employed, and it has attempted to accomplish one or more of the previously listed ontologies’ benefits. In particular, it intends to facilitate the communication between planners, stakeholders, and information systems. The first steps were initiated by two European laboratories at INSA of Lyon and supported by the European Co-operation in Scientific and Technical Research. The project is called Towntology (also known as COST Action C21), aiming to define ontology in urban civil engineering projects (UCE) [18,19]. The project intended to define a taxonomy of ontologies in the UCE field, implement a UCE ontology and build a visual editor to update concepts, develop guidelines valid for the construction of ontologies, and then report the impacts on communication level between stakeholders belonging to UCE domain. Berdier describes in [18] three case studies discussing the construction of urban ontology using the Towntology prototype. Indeed, Towntology represents a valuable resource to define the urban space from a civil engineering perspective. However, it has limitations related to the urban space’s representation with all its components [20]. Another ontology study was released by the American Planning Association in 2000 regarding land-based classification standards (LBCS) [21]. It was centered on compliance with federal and state needs to establish a land use classification standard. LBCS has been employed by several research projects related to urban ontologies. Montenegro describes [22] a land use planning ontology based on the LBCS classification standards that he named LBCS:OWL2. This ontology was a part of a research project called City Induction based on developing a tool for urban planning and design [23]. The goal was to provide a semantic description of land use using geospatial data and the LBCS dimensions as classes.



Otero-Caldeira et al., on the other hand, illustrated an ontology regarding smart cities and how smart objects for intelligent applications could support the interpretability between heterogeneous devices and embedded systems [24]. Similarly, regarding smart cities, Komninos et al. presented an ontology based on the definition of smart cities. This ontology identified the underlying causes of the low impact of transport application and smart energy [25]. From a different study, Km4City ontology was introduced as a knowledge model for the city and its services, which covered seven macro aspects concerning experiences in Florence and Tuscany in Italy. Two aspects deal with modeling of metadata and time, and the other five are specific for the city, such as street modeling, administration, and local public transportation [26]. Differently, Hellmund et al. concentrated on urban heat island mitigation strategies (UHIMS) and defined strategies to face increasing urban temperature, which generally impact air quality, human health, outdoor thermal comfort, and energy consumption [27]. Unlike other studies, Nandini et al. devoted the study to representing an ontology for the transportation system. This study aimed to provide information on transportation systems from a traveler’s perspective [28].



The mentioned studies allow urban planning knowledge understanding by formally establishing concepts and relationships. They are related to various domains appointed in general to road systems, urban mobility, urban renewal, urban communication, land-use, smart city, the city and its services, cultural heritage management, and the transportation system.



Nevertheless, ontologies development has not covered all relevant urban planning issues since the latter are involved in a complex system. Urban planning ontologies require considering additional domains viewpoints by adopting a correct approach to promote a holistic ontology definition.




2.2. Ontology Components and Classification


To benefit from the use of ontology and build a correct schema, it is essential to distinguish and clarify the differences between each type of ontology. ‘Ontology designers have to make conscious and explicit choices of what they admit as referents in a particular system or language’ [29]. Several authors introduced ontology classifications in the literature, such as Lassila and McGuinness in 2001, Gomez-Perez et al. in 2004, and Borgo in 2007 [30,31,32]. Each author considers different dimensions against which ontologies can be classified. The most common ontology components can be elaborated into concepts (classes), instances (individuals), properties (attributes, roles, or slots) of each concept, relations (between instances and concepts) such as is-a, related-to, part-of, has-part, etc., and axioms.



From a practical viewpoint, ontology development mainly focuses on defining concepts, the taxonomic hierarchy of concepts, the properties and their allowed values. Moreover, the focus is on identifying the instances and setting the values for each instance’s properties. The taxonomy hierarchy term refers to the classification of sub-class and super-class of an ontology. There are three different approaches in developing class hierarchy [33,34]:




	
Top-down approach: this approach begins with the most general classes in a domain, and then the sub-classes are defined. As stated by Gandon, ‘This approach is prone to the reuse of ontologies and inclusion of high-level philosophical considerations which can be very interesting for coherence maintenance’.



	
Bottom-up approach: this approach defines the most specific classes and groups the sub-classes, then generates the super-classes. ‘This approach is prone to provide tailored and specific ontologies with fine detail grain concepts’.



	
Middle-out approach: this approach blends both bottom-up and top-down approaches. It intends to identify the central classes in each selected domain and then specialize and generalize them to complete the ontology. ‘This approach is prone to encourage the emergence of thematic fields and to enhance modularity and stability of the result’.








According to Roussey et al., the classification of ontologies can be based on: (a) language formality and expressivity; and (b) the scope of the ontology [35]. Regarding language formality and expressivity, ontologies are classified into four types:




	
Information ontology: this type aims to organize and clarify the ideas and plans in developing a project using visual languages such as sketches and diagrams. Humans only use this type of ontology, and it is considered an informal ontology.



	
Terminological/linguistic ontology: this type mainly focuses on terms and their relationships. This can include dictionaries, glossaries, web metadata, or a lexical database, such as resource description framework (RDF). This linguistic ontology type is considered semi-informal.



	
Software ontology: this type defines conceptual modeling languages that are used in database engineering and software. It aims to provide a schema for databases as well as data manipulation to guarantee their consistency. Usually, a conceptual modeling language such as unified modeling language (UML) is used during the software design procedure. This ontology type is considered semi-formal.



	
Formal ontology: this type is defined by axioms. It is usually developed using precise semantics to describe the rules for defining the concepts and relationships. Different formal languages are used to describe formal ontology, such as the web ontology language (OWL), the most well-known formal language, and recommended by the World Wide Web Consortium (W3C).








The other classification of ontologies concerning the scope classifies them into five different categories [36,37]:




	
Foundation/top-level or upper ontology: this category can be viewed as a meta-model of a conceptual schema. Foundation ontology consists of a wide range of generic concepts or primitives used to define other ontologies. It applies to various domains. Usually, every domain or core ontology (described in the following categories) includes a foundation ontology in its structure. There are different candidates for foundation ontologies, some recognized examples are: basic formal ontology (BFO), descriptive ontology for linguistic and cognitive engineering (DOLCE), and suggested upper merged ontology (SUMO).



	
General ontology: this category contains the general knowledge of a vast area. It is not dedicated to a particular domain, describing concepts such as state, event, process, action, component, etc. Cyc ontology is considered as a general knowledge base that includes hundreds of thousand terms.



	
Core ontology: this category defines a particular task and minimal concepts that are important for understanding other concepts in a domain and integrates many perspectives from different groups. This type of ontology integrates several domain ontologies or may be derived from a foundation ontology. Developing a core ontology about urban domain means considering generic concepts (for example, means of transport, construction, building, material, urban form, political action) related to a roadway system or urban renewal. The CityGML is an example of core ontology.



	
Domain ontology: this category defines a specific domain by representing its concepts and relations to the real world, integrating and making available information pertinent to it. It shows how a group of users and experts perceive a specific domain. Again, this domain ontology may be based on the interpretation and the integration of foundation ontology. An example of domain ontology is the open biological and biomedical ontologies (OBO) foundry, which is related to biological sciences.



	
Application/local ontology: this category is extracted from the core and domain ontologies to define a particular model. This model is presented from a single viewpoint of a user or a developer. One example of this type is the situational awareness and preparedness for public health incidents using reasoning engines (SAPPHIRE).








Indeed, no one can claim that there is a unique way to define the ontology of a domain. Instead, the best method to develop an ontology depends on the domain and application of ontology and the extent to which a domain overlaps with other fields of science.





3. The Paradigm of Healthy City


The paradigm expressed by healthy city became explicit during the conference entitled Beyond Health Care, which was held in Toronto in 1984, jointly sponsored by the Toronto Board of Health, the Canadian Public Health Association, and Health and Welfare Canada. On this occasion, the focus shifted from an individualistic interpretation of modifications in health to a common agreement about the necessity of public policies able to promote and ensure health [38]. The event produced two essential results: the notion of “healthy public policy”, the notion of a “healthy city”, and the related idea of “Healthy Cities Project” [39]. The program wanted to put at the center of its planning and design process a proper use of resources to reassemble all the spatial–temporal relations influencing the urban thinking of both specialists and society [40]. Three main issues were put at its basis:




	
The essential role reserved for local action in developing health issues;



	
The value of urban environments regarding health and well-being;



	
The responsibility given to local governments to work for developing beneficial environments for healthy living for all.








As the WHO expresses it: ‘A healthy city is one that is continually creating and improving those physical and social environments and strengthening those community resources which enable people to mutually support each other in performing all the functions of life and achieving their maximum potential’ [41]. The definition takes into consideration numerous intra- and interdisciplinary subjects, and it is founded on the following main steps:




	
Building a solid wide-ranging structure;



	
Involving community participation;



	
Understanding and evaluating community needs;



	
Accurately defining strategic and effective plans for healthy cities;



	
Interacting with the political side;



	
Acting at the local level.








Hence, the process depends on each cities’ actions that have to fulfill a set of requirements, including [42]:




	
Engagement from both political and administrative sides;



	
A joined contribution from different sectors and civil society about infrastructural and strategic development;



	
Construction of a network working simultaneously at the local, national, and international level;



	
Well-organized reporting activity able to evaluate progress and lessons learned.








Considering its overall structure, HC has been implemented as a concrete opportunity to nurture new hopes and experiment with further purposes and directions on the public health stage [43,44,45,46,47,48]. Policies and actions deriving from the HC vision need to be organized as a set of well-defined processes able to raise awareness among the different community levels by mobilizing it and enhancing local governments’ work in a matter of public health to implement the WHO Health for All strategy [49]. The latter was designed as a long-term vision requiring reforms and efforts regarding health from the WHO internal side, and intersectoral action and participation from others. The approach was integrated and developed in the HCs Project initiative by adopting five-year action plans starting from 1988. Participation in each phase is voluntary. However, it is strictly necessary to make an effort and produce suitable material that certifies the results achieved. Furthermore, the process’s layout through well-structured phases becomes essential to build a wide range of practical experiences on how to increase health and establish a benchmark that gives an adequate measure of the progress made. Moreover, during its evolution, the definition has become a-scalar to the processual characteristic, avoiding static results. As a direct consequence, any city can be healthy, despite its initial health status [50].



Activities and experiences in this regard have been flourishing for many years, and HC’s boundaries often appear challenging to identify and effectively analyze, moving well beyond the exclusive administrative level. Therefore, confusion is generated when trying to translate policies into efficient actions to evaluate benefits in terms of improved health. Overall, the HCs movement has consistently evidenced significant limitations affecting scale actions compared with early expectations [51,52,53,54,55,56]. The involvement is placed on a bigger scale, and a functional tool is necessary to make order within this context.



Identifying Core Elements and Relations


A synthesis of the HC’s framework is provided through the proposed intuitive scheme in Figure 1. The intention is to clarify the primary actions and relations describing the HC’s overall structure, considering its formulation and description provided by the official document entitled ‘World Health Organization Healthy Cities Project: A Project Becomes a Movement: review of progress from 1987 to 1990’. The latter is considered one of the most influential texts exploited globally in HCs development [57]. It analyzes the initial phases of the first five-year action plan (1988–1992) and draws attention to strategies, objectives, achievements, needs, and implications.



Notions are linked through specific actions, and they are set into a hierarchy, identifying super-classes, classes, and sub-classes. The approach can be defined top-down since the general classes have been defined first, informally specifying more elements during the second stage (see Section 2.2). The logical structure collects the fundamental concepts related to HCs Project and it elaborates them into classes with different hierarchical levels. The step is essential since the represented concepts will help identify the ontology’s components that will be implemented through the specific BFO’s approach.



The system contributed evidence of the essential role played by the community resource in terms of collaboration and promotion. The community takes ownership of programs and initiatives proposed by the HC organizing body. It has legal or authorized right to participate in health issues. This action is fundamental since it can promote responsibility among people from the community and then arise co-operation and coordination with the stakeholders. To achieve it, involvement with programs has to start from their initial steps and be at the same level as the local governments’ activity.



One crucial challenge is ensuring this process since it has to be long-term, sustainable, and non-exclusive. Political commitment is identified as one of the most important objectives, and it is connected to the proper exploitation of resources to reduce inequalities. Innovation in these terms will support a wide set of experiences connecting health, people, the physical and social environment, and lifestyle based on multi-sectoral healthy public policies implemented locally. Replicability and dissemination are other important elements; the project intends to build strong local networks and reach national and international coalitions.





4. Implementing Basic Formal Ontology in the Healthy City Environment


The urban organism needs to be read and studied considering the set of complex independent entities, which includes built objects, contextual factors, visual sights, and temporal pauses that can, at the same time, influence healthiness conditions (positively or negatively) and generate new advantages of living in cities [6]. To have an exhaustive vision of the considered system, it is also necessary to evaluate the qualities deriving from the dependent components.



The authors have chosen the basic formal ontology as a primary tool to guide the design and description of the domain-specific ontology for HC. BFO is classified as a foundation ontology (also indicated as top-level or upper ontology). It describes a strict domain-neutral domain, and its use assumes relevance in terms of interoperability, rigor, and clearness.



The project was initiated in 2002 and developed at Saarland University by Barry Smith and his associates. It is designed to represent the entities in the world and their relations at a high level of generality. BFO is a beginning stage for categorizing entities and their relationships by more than 250 domain ontologies. It can be applied to various problem cases and support information retrieval, analysis, and integration in various domains. BFO is also easy to learn and use [37,58].



Several publications have already been produced discussing the main structure of BFO and its components [37,59,60]. In addition, attention has also been brought to its use in domains related to science and technology [61,62,63,64].



BFO represents consistent support for building domain ontologies by providing a pre-established top-level structure and a set of ready-made answers to facilitate and increase the possibility of sharing knowledge among multiple domain ontologies produced following its principles. The advantages become evident [37]:




	
Ontology developers make their work and training extremely flexible by using a shared basis of top-level configuration;



	
The overall process of governance becomes more effective, and it positively influences the ontology development;



	
The number of ontology developers and users will increase since they will have suitable instruments to conduct overall and valuable revision work.








In addition to this, considering the already existing list of foundation ontologies coming from the research community, it is worth conducting some comparisons to demonstrate BFO potentialities with respect to other upper ontologies [65,66,67]. In this regard, the paper represents two other very common top-level ontologies: DOLCE and SUMO (Table 1) [68].



DOLCE, meaning domain ontology for linguistic and cognitive engineering, was developed by researchers from the Laboratory of Applied Ontology, headed by Nicola Guarino in 2002 in the context of the WonderWeb EU project. It is designed to capture ontological categories underlying natural language and human common sense. DOLCE is described as an ‘ontology of particular’, which means an ontology for instances rather than universals or properties. It intends to be descriptive of notions that support a formal specification of domain conceptualizations [69]. DOLCE and BFO share a common Aristotelian background and similar goals; they are built by following the same upper-level structure with the basic distinction between continuants and occurrents, and between independent entities and dependent entities (“qualities” in DOLCE) (see Section 4.1); and they have been employed in many projects. They are both small and open. One crucial difference is that DOLCE includes some human-specific terms, such as ‘society’, referring to social objects and social agents, that are not present in BFO. In fact, DOLCE shows a marked cognitive bias linked to a descriptive/multiplicative approach that generates multiple and simultaneous entities’ locations. On the other hand, BFO endorses a completely realistic approach. Moreover, DOLCE provides poor user documentation and fails in organizing effective information hubs. It assists people who are using it and not people who want to use it. Instead, BFO supplies pretty good user and technical documentation, plus it supports ontology developers.



Additionally, DOLCE only focuses on describing particulars, while BFO is intended as an ontology including both particulars and universals [70]. In fact, according to BFO, the aspect of conceptualism, highlighted by Studer (see Section 2), is considered too ambiguous, and it proposes the use of a ‘universal’ for the ontology classes. Therefore, ontologies based on BFO also work with ‘universals’. They correspond to what is treated as general in reality, rather than only with ‘particulars’ (or ‘instances’). Finally, domain ontologies built on its basis will have a consistent and coherent structure expressing universals in their respective domains [37].



SUMO, which stands for suggested upper merged ontology, was released in 2000, and was created at the Teknowledge Corporation by the Institute of Electrical and Electronics Engineers (IEEE) (originally by Ian Niles and Adam Pease). SUMO is considered a mixed foundation ontology that contains both elements of realism and cognitive-specific categories. It has merged several existing upper ontologies that did not have licensing restrictions, such as Barry Smith’s ontology of boundaries, John Sowa’s foundation ontology, Guarino’s formal mereotopology, and various formal representations of plans and processes. It has been used for research and applications in search as well as linguistics and reasoning [71]. Although SUMO is claimed to be an upper ontology describing both universals and particulars, it includes numerous specific domain terms referring to particular disciplines (for example, biology or physics). As a consequence, it is too big and dispersive in comparison with BFO and DOLCE.



As stated before, other upper ontologies exist that are possible candidates, such as BORGO, GFO, and Proton. However, they are exploited by few users or have not been maintained for several years.



The necessity of BFO comes from the fact that a certain number of researchers are putting effort in creating domain ontologies that, in the end, reveal to be incompatible with each other, only focusing on their local specific needs and objectives, then accumulating a set of inaccessible and non-sharable data. In the presented work, authors integrate information to propose a common structure valid for all the different actors involved during healthy cities’ transformation processes (citizens, scientists, researchers, politicians, local administrators, urbanists, architects, etc.). The purpose is in line with the main ontology’s principle of realism, and it is coherent with the one evidenced by BFO to give consistency [58]: “BFO’s primary goal is to assist scientists and others in the development of practically useful, accurate, coherent, and interoperable domain ontologies by providing a starting point for downward population through the formulation of Aristotelian definitions” [60] (p. 111). In other words, BFO is based on ontological categories able to provide information-driven researchers with practical results, being far from more contentious metaphysics’ questions.



4.1. BFO Main Architecture and Entities Organization


BFO can describe reality as a top-level division of it, which means dividing all particular entities, ‘anything that exists’, into two dissociated categories of continuant and occurrent [72]. The organization proposed is valid considering any domain, and it works along two dimensions (namely time and scale). The time dimension refers to the subdivision of reality between continuant and occurrent, while the scale classification is based on entities’ granularity.



The continuant classification incorporates objects, attributes, and locations, and it is opposed to the occurrent one, which refers to processes and temporal regions. Processes exist over time since they happen or occur. They have temporal parts and always depend on some (at least one) material entity (for example, the process including the life of this organism, that meiosis process, etc.). Nevertheless, the life process cannot be considered thoroughly, but it is made of temporal parts characterized by different levels of granularity (childhood, adolescence, adult life, old age). A human being can keep living as a continuant entity (even without a limb). However, his or her life process is unique; when a human being changes, his or her life process is not the same anymore. Contrarily, continuants exist entirely at any time of their existence. More specifically, this category includes [37] (p. 87) (Figure 2):




	
Independent objects, divided into material and immaterial entities (such as human beings, a building and its constructive components, communities, Piazza del Duomo, the North Pole, the Greenwich meridian, any surface of a material object);



	
Dependent continuants that incorporate qualities (for example, the weight of a person, the color of the façade of that building); roles (such as the role of engineer or doctor); dispositions (an element X has the predisposition to evolve in Y; some people have the predisposition to develop colon cancer); and functions (the function of a window to open);



	
Spatial regions are occupied by the entities at any given time.








Meanwhile, the occurrent category comprises (Figure 3):




	
Processes made of different phases, as stated before;



	
Boundaries, meaning the processual limits that represent the beginning and the end of such processes; they refer to instantaneous changes rather than to results due to those changes (the creation of a synapsis, the starting of REM sleep);



	
Temporal and spatiotemporal regions, where the processes can happen.








According to BFO, continuant and occurrent entities do not exist side by side in a simple environment. They both have a specific character, and they look at the same reality with different and complementary perspectives. The result is that none of the two have the power to intervene in the reality described by the other.





5. Proposing a Framework for Healthy City First-Level Universals


Once the elements characterizing an HC have been identified, and in the light of BFO structure, it is possible to define some steps to provide evidence of the set of universals composing the specific urban domain, the object of this paper. The scale dimension is divided into healthy city, healthy city component, and healthy city element, while the time dimension is divided into continuant and occurrent entities (Table 2).



5.1. Continuant Entities


An HC keeps transforming and improving its physical and social environment, considering all the sets of material entities and immaterial entities composing the independent category explained by BFO. The entities describe the lowest level of granularity, and they can be related to three main layers. One is represented by the physical subsystem of the city, to which all the structures, networks, and artifacts belong, and where all human activities are carried out. These activities are part of the socioeconomic level, including interactions among individuals. The third layer is connected to ethics and aesthetics, then to urban design and housing that generate mental objects and relations following architects or urban designers’ thoughts on planning healthy cities. Together the different layers are essential to explain a city’s complex organism by establishing more viewpoints. Moreover, a similar organization of the city derives from the large body of theories discussing urban systems that have been encoded and shared over time [73].



The elements put together by the physical system are, for example, houses, buildings, streets, squares, green areas, and monuments. Generally, both natural and anthropic areas or volumes of the city where healthy activities can be located. Under BFO classification, the mentioned entities can be ‘object’, ‘fiat object part’, ‘object aggregate’, ‘spatial region’, ‘site’, and ‘fiat boundary’ (see Figure 2).



Creating connections between community and neighborhood components constitutes a fundamental step that can help reduce morbidity and mortality and positively transform the city into a healthier place to live [74]. The action, to be effective, requires active participation, and from the HC’s perspective, citizens have a significant impact on the whole process. They participate firsthand in health issues when interacting with HC elements, which means choosing their lifestyle, health care services, and even their beliefs about health.



Today’s lifestyle is mainly affected by the worldwide spread of so-called non-communicable diseases, mainly due to sedentary lifestyle, improper nutrition, and unhealthy habits (smoking, alcohol, drugs, etc.), accounting for about 2/3 of the total burden of these pathologies. Most of them are cardiovascular and respiratory diseases, cancers, obesity, allergies, diabetes, stress, anxiety, sleep disorders, cognitive development, and social exclusion. Additional causes affecting lifestyle depend on road accidents and crime, which, in many cases, involve entire urban areas (slums, outskirts, isolated areas) that generate high levels of perceived insecurity and related psychological health problems. Therefore, lifestyle depends on HC’s elements and can significantly affect people’s physical, mental, social, and environmental well-being.



Furthermore, lifestyle can be considered an internal dependent factor, being linked, in part, to each individual’s behavior. However, HC’s elements also cause external dependent entities. These entities are mostly connected to the extended set of indicators evaluating the potential positive or negative impacts on health, medical services, environment, and socioeconomic system [75].



Those living in the city every day are strictly involved and, under the HC vision, they can directly influence local governments’ decisions. Following a very simple and intuitive way, it will be the latter, through their actions, who decide whether to stay or move to a city that they consider ‘healthy’ or abandon or keep away from one they consider ‘unhealthy’. The collaboration between the urban and administrative sides aims to produce many examples and resources freely available to other network members. Indeed, citizens and local governments are two substantial universals together with community and neighborhood. The term community, in the discussion, is intended as a bond among individuals, from which the spatial definition and implementation of a healthy neighborhood arise.



The analysis regarding the dependent class of entities focuses, in particular, on the role. The latter represents a realizable entity owned by its bearer due to external circumstances (the role is always optional since the bearer does not necessarily have to be in those circumstances). The existence of the role thus depends on whether some qualities’ bearer exists in some physical, social, or institutional condition.



HC formulation discusses the importance of developing the role of local governments, thus the roles of people who can effectively find new ways to promote HC projects and propose a real change for the community. They can be mayors, city councilors, municipal technicians, senior executives in city departments responsible for the environment, urban planning, housing, education, social services, or health care professionals. An HC initiative enhances more active roles for people belonging to these administrative fields. Academics with valuable training in social policy, public health, urban development, and ecology also have a role to play.



Information and support play a unique role by helping projects and initiatives bring new and interesting perspectives from community groups. Subjective insights are vital since they give form to a dense set of information and data regarding livability in the city: when a positive opinion is expressed, a judgment is made in holistic terms. They help provide the correct focal point able to induce local government actors to re-examine their policies. Once all of the selected stakeholders have agreed about the necessity to intervene and have acquired enough knowledge, the development process can start.




5.2. Occurrent Entities


HC concept necessarily implies a process, not just an outcome. Therefore, the processual quality of HC directly refers to the occurrent class of BFO. The processes arising are consequences of citizens’ and local governments’ decisions converted into multi-sectoral policies and initiatives. In many cases, actions are targeted at reducing environmental risk factors connected with impacts on health concerning lifestyle. At present, numerous strategies have been designed and enforced focusing, in particular on the following: green/blue/grey infrastructures, biodiversity protection, adverse meteoric events management, public transport systems, vehicular traffic reduction, pedestrian and cycling paths, social/functional mixitè, urban solid waste management, renewable energy and efficiency, outdoor spaces lighting, and design for all [76].



Facing this, identifying process indicators assessing the health status of an urban conglomerate is essential from the point of view of the implementation and monitoring of the process of change. Evaluation of projects is valid when process indicators instead of impact indicators are employed; they constitute the most important component displaying activities and interacting with the community [77]. The goal is to develop a set of comprehensive indicators both qualitatively and quantitatively, subjective and objective, that are analytical and holistic and that, above all, consider the social context [49].



Analyzing the overall scale, intersectoral action represents the process through which more organizations and bodies can actively participate and be protagonists at the same level of the health sector. This process is necessarily implemented by another process (that is, the one of innovation). The constant and diligent search for new ideas and methods is required to create valid opportunities and experiment with new policies and programs, encouraging knowledge acquisition.





6. Discussion and Conclusions


Nowadays, HC embodies a clear idea in general terms. However, specific technical definitions are still vague. This paper has highlighted HC’s first character, which is its intrinsic multi-disciplinarity and inter-disciplinarity. Urban and health studies must interact to create a well-structured system of objects, subjects, actions, policies, and related results toward an urban environment that can improve human health. Considering city operations’ specific nature, disciplines such as sociology, economy, psychology, modeling, and decision-making processes are necessarily involved. Therefore, the HC logical structure can be considered as an example of a multilayer complex system.



One of the ontology’s main characteristics concerns the particular perspective from which every phenomenon is studied. The authors can affirm that a HC involves the study of the elements that compose the city and the related causes of diseases affecting people. Moreover, the complete process of conceiving, planning, designing, and managing the city involves multiple subjects with different roles (from technicians to politicians and from scholars to all citizens, as all classic urban planning manuals describe). Hence, HC ontology must be understandable to different types of people, with different cultures, multiple visions of the city itself, and individual goals; the organizational scheme must also be clear and simple to be represented.



To organize the hierarchy and mutual interactions among all the elements that compose an HC’s system, which corresponds to the first step of the ontology creation, the authors decided to choose a specific ontological approach, one that is followed by the basic formal ontology (BFO).



BFO’s approach applied to the study of the HC gives consistent support in defining the first hierarchy of elements. BFO’s structure and interpretation of reality are built coherently and intuitively, and it has been chosen by the authors as a means of clarification and facilitation. At the same time, the work is not intended to establish a pre-eminence of one tool for others. Considering such an ample domain, the perspective becomes flexible, and, starting from the same considerations, it is possible to provide more ontological schemes.



In this specific context, ontology is employed to read the complex city system by intuitively defining HC vision’s main entities. The latter are described and connected to the overall system following BFO’s subdivision. The effort is also made concerning the dissemination and interoperation opportunities offered by ontologies and their related editing tools. One of the most well-known and freely available is the Protégé editor. It is described as a ‘free, open-source ontology editor and framework for building intelligent systems.’ [78]. Ontologies edited using Protégé, built with BFO, are considered interoperable with other domains with a similar foundation [79]. Using BFO is a premeditated decision taken by the authors derived from comparing the existing approaches in ontology building.



After creating an ontology, authors and scholars are called to use this logical scheme to build representation tools, simulation models, and decision support systems. Representation tools are helpful for policies’ implementation and communication to citizens, who must accept or adapt to the rules defined by a public administration. Furthermore, representation also constitutes an essential step in scientific fields, particularly when different disciplines are involved. In this sense, the ontology can create a common basic language indispensable for making scholars with different backgrounds interact.



Simulation models can be divided into two main categories, namely descriptive models and predictive models. Ontology is the basis for a general descriptive model of HC, and it can also be implemented as a predictive one, knowing that, in complex systems, previsions are infected by the surprise creation of the system itself. Moreover, according to the history of urban modeling and use of data, it is well known that forecasts are credible when they define ‘possible scenarios’, which is what is necessary to improve urban policies [80,81].



Decision support systems are growing faster and faster in urban management mainly since they have a continuous interaction between planners (or designers, politicians, and scholars) and automatic systems. The ontology is fundamental to providing users with a scheme of all implications involved in specific decisions or issues. Of course, in this last case, the ontology should be flexible in letting users modify interactions between the elements according to their specific objectives.



In conclusion, the present contribution represents a preliminary phase of research that aims to improve the understanding of what already exists in HC planning to design and structure new formalizations using ontology tools. It will then be possible to choose the most suitable approach for developing a complete ontological structure intended to define the entire domain of an HC.







Author Contributions


Conceptualization, C.P. and R.D.L.; methodology, C.P.; validation, R.D.L., C.P. and R.B.; formal analysis, R.B.; investigation, C.P. and R.B.; writing—original draft preparation, C.P. and R.B.; writing—review and editing, C.P. and R.D.L.; supervision, R.D.L. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable.




Acknowledgments


We acknowledge Pavia University funding for Doctoral Education 34th Cycle in “Design, Modeling and Simulation in Engineering”.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



World Health Organization. The Ottawa Charter for Health Promotion; World Health Organization, Health and Welfare Canada, and Canadian Public Health Association: Ottawa, ON, Canada, 1986. [Google Scholar]

	



Galea, S.; Vlahov, D. Urban Health. In Handbook of Urban Health: Populations, Methods, and Practice; Galea, S., Vlahov, D., Eds.; Springer Publishing Company: Berlin/Heidelberg, Germany, 2005; pp. 1–15. [Google Scholar]

	



17 Sustainable Development Goals (SDGs)—The United Nations. Available online: https://sdgs.un.org/goals (accessed on 13 August 2021).

	



World Health Organization. Health 2020: Policy Framework and Strategy; EUR/RC62/8; World Health Organization, Regional Office for Europe: Copenhagen, Denmark, 2012. [Google Scholar]

	



Kenzer, M. Healthy Cities: A guide to the literature. Public Health Rep. 2000, 115, 279–289. [Google Scholar] [CrossRef]

	



Angelucci, F.; Cellucci, C. Il paradigma della healthy city tra permanenze e innovazioni nelle piccole città. Prospettive tecnologiche per il sistema degli spazi urbani aperti. J. Technol. Archit. Environ. 2016, 12, 129–136. [Google Scholar] [CrossRef]

	



Fonseca, F.; Davis, C.; Câmara, G. Bridging Ontologies and Conceptual Schemas in Geographic Applications Development. Geoinformatica 2003, 7, 355–378. [Google Scholar] [CrossRef]

	



Guarino, N. Ontologies and Knowledge Bases: Towards a Terminological Clarification. In Towards Very Large Knowledge Bases; Mars, N.J.I., Ed.; IOS Press: Amsterdam, The Netherlands, 1995; pp. 25–33. [Google Scholar]

	



Gruber, T.R. A Translation Approach to Portable Ontology Specifications. Knowl. Acquis. 1993, 5, 199–220. [Google Scholar] [CrossRef]

	



Borst, W.N. Construction of Engineering Ontologies for Knowledge Sharing and Reuse. Ph.D. Thesis, University of Twente, Enschede, The Netherlands, September 1997. [Google Scholar]

	



Studer, R.; Benjamins, V.R.; Fensel, D. Knowledge Engineering: Principles and Methods. Data Knowl. Eng. 1998, 25, 161–197. [Google Scholar] [CrossRef]

	



Guarino, N. Formal Ontology in Information Systems. In Proceedings of the 1st International Conference-FOIS’98, Trento, Italy, 6–8 June 1998. [Google Scholar]

	



Noy, N.; Mcguinness, D. Ontology Development 101: A Guide to Creating Your First Ontology; Knowledge Systems Laboratory, University: Stanford, CA, USA, 2001. [Google Scholar]

	



Métral, C.; Cutting-Decelle, A. Ontologies for Interconnecting Urban Models. In Ontologies in Urban Development Projects; Falquet, G., Métral, C., Teller, J., Tweed, C., Eds.; Advanced Information and Knowledge Processing; Springer: London, UK, 2011; Volume 1, pp. 105–122. [Google Scholar] [CrossRef]

	



Métral, C.; Billen, R.; Cutting-Decelle, A.; Ruymbeke, M. Ontology-Based Approaches for Improving the Interoperability between 3D Urban Models. J. Inf. Technol. Constr. 2010, 15, 169–184. [Google Scholar]

	



Ceusters, W.; Smith, B.; Flanagan, J. Ontology and Medical Terminology: Why Description Logics Are Not Enough. In Proceedings of the Conference: Towards an Electronic Patient Record (TEPR 2003), Boston, MA, USA, 10–14 May 2003. [Google Scholar]

	



Bennett, M. The Financial Industry Business Ontology: Best Practice for Big Data. J. Bank. Regul. 2013, 14, 255–268. [Google Scholar] [CrossRef]

	



Berdier, C.; Roussey, C. Urban Ontologies: The Towntology Prototype towards Case Studies. In Ontologies for Urban Development; Teller, J., Lee, J.R., Roussey, C., Eds.; Studies in Computational Intelligence; Springer: Berlin/Heidelberg, Germany, 2007; Volume 61, pp. 143–155. [Google Scholar] [CrossRef]

	



Teller, J.; Billen, R.; Cutting-Decelle, A.F. Bringing urban ontologies into practice. J. Inf. Technol. Constr. 2010, 15, 108–110. [Google Scholar]

	



Barramou, F.; Mansouri, K.; Addou, M. Toward a Multi-Dimensional Ontology Model for Urban Planning. J. Geogr. Inf. Syst. 2020, 12, 697–715. [Google Scholar] [CrossRef]

	



LBCS: American Planning Association. Land Based Classification Standards. Available online: http://www.planning.org/lbcs (accessed on 9 November 2021).

	



Montenegro, N.; Gomes, J.C.; Urbano, P.; Duarte, J.P. A Land Use Planning Ontology: LBCS. Future Internet 2012, 4, 65–82. [Google Scholar] [CrossRef]

	



Métral, C.; Falquet, G.; Vonlanthen, M. An Ontology-based Model for Urban Planning Communication. In Ontologies for Urban Development; Teller, J., Lee, J.R., Roussey, C., Eds.; Studies in Computational Intelligence; Springer: Berlin/Heidelberg, Germany, 2007; pp. 61–72. [Google Scholar] [CrossRef]

	



Otero-Cerdeira, L.; Rodríguez-Martínez, F.J.; Gómez-Rodríguez, A. Definition of an Ontology Matching Algorithm for Context Integration in Smart Cities. Sensors 2014, 14, 23581–23619. [Google Scholar] [CrossRef] [PubMed]

	



Komninos, N.; Bratsas, C.; Kakderi, C. Tsarchopoulos, P. Smart city Ontologies: Improving the Effectiveness of Smart City Applications. J. Smart Cities 2015, 1, 1–16. [Google Scholar] [CrossRef]

	



Bellini, P.; Benigni, M.; Billero, R.; Nesi, P.; Rauch, N. Km4City Ontology Building vs Data Harvesting and Cleaning for Smart-city Services. J. Vis. Lang. Comput. 2014, 25, 827–839. [Google Scholar] [CrossRef]

	



Hellmund, T.; Hertweck, P.; Hilbring, D.; Mossgraber, J.; Alexandrakis, G.; Pouli, P.; Siatou, A.; Padeletti, G. Introducing the HERACLES Ontology—Semantics for Cultural Heritage Management. Heritage 2018, 1, 377–391. [Google Scholar] [CrossRef]

	



Nandini, D.; Shahi, G.K. An Ontology for Transportation System. In Proceedings of the 2nd International Joint Conference on Rules and Reasoning (RuleML + RR 2018), Luxembourg, 18–21 September 2018; Available online: https://easychair.org/publications/open/8Fls (accessed on 23 July 2021).

	



Kuhn, W. Ontologies in Support of Activities in Geographical Space. Int. J. Geogr. Inf. Sci. 2001, 15, 613–631. [Google Scholar] [CrossRef]

	



Lassila, O.; Mcguinness, D. The Role of Frame-based Representation on the Semantic Web. Linköping Electron. Artic. Comput. Inf. Sci. 2001, 6, 2001. [Google Scholar]

	



Gomez-Perez, A.; Fernández-López, M.; Corcho, O. Ontological Engineering: With Examples from the Areas of Knowledge Management, e-Commerce and the Semantic Web, 1st ed.; Springer: London, UK, 2004. [Google Scholar]

	



Borgo, S. How Formal Ontology can help Civil Engineers. In Ontologies for Urban Development; Teller, J., Lee, J.R., Roussey, C., Eds.; Studies in Computational Intelligence; Springer: Berlin/Heidelberg, Germany, 2007; pp. 37–47. [Google Scholar] [CrossRef]

	



Gandon, F. Distributed Artificial Intelligence and Knowledge Management: Ontologies and Multi-Agent Systems for a Corporate Semantic Web. Ph.D. Thesis, Université Nice Sophia Antipolis, Nice, Germany, 2002. [Google Scholar]

	



Raffat, S.K.; Siddiqui, M.S.; Shaikh, Z.; Memon, A.R. Ontology: A Scientific Classification Technique. Sindh Univ. Res. J. 2012, 44, 63–68. [Google Scholar]

	



Roussey, C.; Pinet, F.; Kang, M.A.; Corcho, O. An Introduction to Ontologies and Ontology Engineering. In Ontologies in Urban Development Projects; Falquet, G., Métral, C., Teller, J., Tweed, C., Eds.; Advanced Information and Knowledge Processing; Springer: London, UK, 2011; pp. 9–38. [Google Scholar] [CrossRef]

	



Keet, C.M. An Introduction to Ontology Engineering; eBook-Meteck.org, v 1.5, 2020; College Publications: London, UK, 2018. [Google Scholar]

	



Arp, R.; Smith, B.; Spear, A. Building Ontologies with Basic Formal Ontology; MIT Press: Cambridge, MA, USA, 2015. [Google Scholar]

	



Canadian Public Health Association. Beyond Health Care. Proceedings of a working conference on Healthy public policy. Can. J. Public Health 1985, 76 (Suppl. S1), 1–104. [Google Scholar]

	



O’Neill, M.; Rootman, I.; Pederson, A. in Beyond Lalonde: Two decades of Canadian health promotion. In Health Promotion in Canada; Pederson, A., O’Neill, M., Rootman, I., Eds.; W.B. Saunders: Toronto, ON, Canada, 1994. [Google Scholar]

	



Spanò, A.; Colucci, E. Ontologie geografiche nel dominio spaziale urbano e del patrimonio costruito. Boll. Della Soc. Ital. Fotogramm. Topogr. 2020, 1, 47–56. [Google Scholar] [CrossRef]

	



Nutbeam, D.; Kickbusch, I. Health promotion glossary. Health Promot. Int. 1998, 13, 349–364. [Google Scholar] [CrossRef]

	



Tsouros, A.D. Twenty-seven years of the WHO European Healthy Cities movement: A sustainable movement for change and innovation at the local level. Health Promot. Int. 2015, 30, i3–i7. [Google Scholar] [CrossRef] [PubMed]

	



Ashton, J.; Seymour, H.; Ingledew, D.; Ireland, R.; Hopley, E.; Parry, A.; Ryan, M.; Holbourn, A. Promoting the new public health in Mersey. Health Educ. J. 1986, 45, 174–179. [Google Scholar] [CrossRef]

	



Tsouros, A.D. (Ed.) World Health Organization Healthy Cities Project: A Project Becomes a Movement: Review of Progress 1987 to 1990; SOGESS: Milano, Italy, 1991. [Google Scholar]

	



Tsouros, A.D. The WHO Healthy Cities Project: State of the art and Future Plans; WHO Regional Office for Europe: Copenhagen, Denmark, 1997. [Google Scholar]

	



Tsouros, A.D. City leadership for health and sustainable development: The World Health Organization European Healthy Cities Network. Health Promot. Int. 2009, 24 (Suppl. S1), i4–i10. [Google Scholar] [CrossRef]

	



Draper, R. WHO Healthy Cities Project: Review of the First Five Years (1987–1992): A Working Tool and a Reference Framework for Evaluating the Project; World Health Organization, Regional Office for Europe: Copenhagen, Denmark, 1993. [Google Scholar]

	



Lawrence, R.; Fudge, C. Healthy Cities in a global and regional context. Health Promot. Int. 2009, 24 (Suppl. S1), i11–i18. [Google Scholar] [CrossRef]

	



Kickbush, I. Healthy Cities: A working project and a growing movement. Health Promot. Int. 1989, 4, 77–82. [Google Scholar] [CrossRef]

	



Hancock, T.; Duhl, L. Promoting Health in the Urban Context. WHO Healthy Cities Papers No. 1; FADL Publishers: Copenhagen, Denmark, 1988. [Google Scholar]

	



World Health Organization. City Leadership for Health: Summary Evaluation of Phase IV of the World Health Organization. European Healthy Cities Network; World Health Organization, Regional Office for Europe: Copenhagen, Denmark, 2008; p. 20. Available online: http://www.euro.who.int/document/E91886.pdf (accessed on 23 July 2021).

	



Ritsatakis, A.; Makara, P. Gaining health: Analysis of policy development in European countries for tackling noncommunicable diseases. Bull. World Health Organ. 2009, 12, 188. [Google Scholar]

	



Takano, T. Healthy Cities and Urban Policy Research; Spon Press: London, UK, 2003. [Google Scholar]

	



Goumans, D.; Springett, J. From rhetoric to reality: Barriers faced by health for all initiatives. Soc. Sci. Med. 1997, 63, 179–188. [Google Scholar]

	



Werna, E.; Harpham, S. Urban Health Research in Developing Countries: Implications for Policy; CAB International: Wallingford, UK, 1996. [Google Scholar]

	



Boyce, T.; Patel, S. The Health Impacts of Spatial Planning Decisions; The King’s Fund: London, UK, 2009. [Google Scholar]

	



De Leeuw, E.; Green, G.; Tsouros, A.; Dyakova, M.; Farrington, J.; Faskunger, J.; Grant, M.; Ison, E.; Jackisch, J.; Lafond, L.J.; et al. Healthy Cities Network. Healthy Cities Phase V evaluation: Further synthesizing realism. Health Promot. Int. 2015, 30 (Suppl. S1), i118–i125. [Google Scholar] [CrossRef]

	



Smith, B.; Ceusters, W. Ontological Realism: A Methodology for Coordinated Evolution of Scientific Ontologies. Appl. Ontol. 2010, 5, 139–188. [Google Scholar] [CrossRef] [PubMed]

	



Arp, R.; Smith, B. Function, role, and disposition in basic formal ontology. Nat. Preced. 2008, 1, 1–4. [Google Scholar] [CrossRef]

	



Spear, A.D.; Ceusters, W.; Smith, B. Functions in basic formal ontology. Appl. Ontol. 2016, 11, 103–128. [Google Scholar] [CrossRef]

	



Brandão, A.A.; Loureiro, G. An Overview of the BFO-Basic Formal Ontology-and Its Applicability for Satellite Systems. In Ampliação e Aprofundamento de Conhecimentos nas Áreas das Engenharias; Braga Machado Tullio, F., Braga Machado, L.M., Eds.; Atena Editora: Ponta Grossa, Brasil, 2020; pp. 30–38. [Google Scholar]

	



Smith, B. Ontologies for Space and Ground Systems. In Ground System Architectures Workshop; GSAW: Los Angeles, CA, USA, 2020; pp. 1–3. [Google Scholar]

	



Hagedorn, T.J.; Smith, B.; Krishnamurty, S.; Grosse, I. Interoperability of disparate engineering domain ontologies using basic formal ontology. J. Eng. Des. 2019, 30, 625–654. [Google Scholar] [CrossRef]

	



Iliadis, A. The Tower of Babel problem: Making data make sense with Basic Formal Ontology. Online Inf. Rev. 2019, 43, 1021–1045. [Google Scholar] [CrossRef]

	



Elmhadhbi, L.; Karray, H.; Archimède, B. Toward the Use of Upper-Level Ontologies for Semantically Interoperable Systems: An Emergency Management Use Case. In Proceedings of the 9th Conference on Interoperability for Enterprise Systems and Applications I-ESA2018 Conference, Berlin, Germany, 19–23 March 2018; pp. 1–10. [Google Scholar]

	



Chris, P.; Andrew, M.; Al, C.; Jan, S.; Matthew, W. A Survey of Top-Level Ontologies: To Inform the Ontological Choices for a Foundation Data Model; CDBB, University of Cambridge: Cambridge, UK, 2020. [Google Scholar] [CrossRef]

	



Mascardi, V.; Cordì, V.; Rosso, P. A Comparison of Upper Ontologies. In Proceedings of the Conference WOA 2007: Dagli Oggetti agli Agenti, 8th AI*IA/TABOO Joint Workshop “From Objects to Agents”: Agents and Industry: Technological Applications of Software Agents, Genova, Italy, 24–25 September 2007; pp. 55–64. [Google Scholar]

	



Smith, B. BFO Tutorial (2019)-Part 5: BFO as Top-Level Ontology. Available online: https://www.youtube.com/watch?v=ZMUM1z2Zi9c (accessed on 13 August 2021).

	



Gangemi, A.; Guarino, N.; Masolo, C.; Oltramari, A.; Schneider, L. Sweetening ontologies with DOLCE. In Proceedings of the 13th European Conference on Knowledge Engineering and Knowledge Management, Siguenza, Spain, 1–4 October 2002. [Google Scholar] [CrossRef]

	



Grenon, P. BFO in a Nutshell: A Bi-Categorical Axiomatization of BFO and Comparison with DOLCE; Technical Report; IFOMIS, University of Leipzig: Leipzig, Germany, 2003. [Google Scholar]

	



Farrar, S.; Bateman, J. General Ontology Baseline. OntoSpace Project Report-Deliverable D1; University of Bremen: Bremen, Germany, 2005. [Google Scholar]

	



Smith, B.; Almeida, M.; Bona, J.; Brochhausen, M.; Ceusters, W.; Courtot, M.; Dipert, R.; Goldfain, A.; Grenon, P.; Hastings, J.; et al. Basic Formal Ontology 2.0. Specification and User’s Guide. Available online: http://basic-formal-ontology.org/ (accessed on 13 August 2021).

	



Casti, J. Complexification: Explaining a Paradoxical World Through the Science of Surprise; HarperCollins: New York, NY, USA, 1994. [Google Scholar]

	



Duhl, L.J. The healthy city: Its function and its future. Health Promot. Int. 1986, 1, 55–60. [Google Scholar] [CrossRef]

	



Webster, P.; Sanderson, D. Healthy Cities Indicators—A Suitable Instrument to Measure Health? J. Urban Health Bull. N. Y. Acad. Med. 2013, 90, 52–61. [Google Scholar] [CrossRef]

	



Capolongo, S.; Buffoli, M.; Brambilla, A.; Rebecchi, A. Healthy urban planning and design strategies to improve urban quality and attractiveness of places. J. Technol. Archit. Environ. 2020, 19, 271–279. [Google Scholar] [CrossRef]

	



Werna, E.; Trudy, H. The evaluation of Healthy City projects in developing countries. Habitat Int. 1995, 19, 629–641. [Google Scholar] [CrossRef]

	



Protégé. Available online: https://protege.stanford.edu/ (accessed on 23 July 2021).

	



Protégé OWL Tutorial. Available online: http://130.88.198.11/tutorials/protegeowltutorial/ (accessed on 13 August 2021).

	



Allen, P.M.; Sanglier, M. Urban evolution, self-organization and decision making. Environ. Plan. A Econ. Space 1981, 3, 169–183. [Google Scholar] [CrossRef]

	



Williams, S. Data Action: Using Data for Public Good; The MIT Press: Cambridge, MA, USA, 2020. [Google Scholar]








[image: Sustainability 13 13844 g001 550] 





Figure 1. Logical structure of ‘Healthy Cities Project’ promoted by WHO. 
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Figure 2. The hierarchy of BFO continuant category. 
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Figure 3. The hierarchy of BFO occurrent category. 
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Table 1. The importance of using BFO for building and spreading ontologies compared to other top-level ontologies; elaboration by authors.
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Table 2. Healthy city first-level classes organized through BFO.
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