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Abstract: This study aims to contribute to theoretical debate concerning urban planning, 

highlighting the need for a renewal of approaches and tools that could allow for the achievement of 

urban smartness. The concept of urban sustainability is evolving, also in relation to the incoming 

world of “smart cities,” and it should be related to a systemic vision of the city. Referring to a 

systemic approach for the study of urban phenomena, sustainability can be considered as a target 

condition that cities have to achieve in order to contrast “urban entropy” and behave as smart cities. 

In this regard, our study starts from the premise that entropy is a negative state, which can affect 

the urban system in all its components. Among these components, the social subsystem can play a 

strategic role and some urban functions (such as the components of the functional subsystem) can 

be designated as “driving functions” that are able to lead the urban system towards a sustainable 

and smarter state of equilibrium. This equilibrium, though not static, can provide the efficiency of 

the system. Since tourism interests several aspects and sectors, it can be considered as one of the 

forces that, if properly controlled (i.e., by integrating it into the process of evolution of the system), 

would positively influence the evolution of the urban system. The application of the theoretical 

framework refers to the social (active) component of tourism, represented by the tourist flows that 

move inside the physical subsystem and can be traced through the data they disseminate by the use 

of their personal devices, with the aim of individuating the urban zones where the load of tourism 

concentrates. These areas can be marked as the ones urban planners and decision-makers have to 

first monitor in order to control the general state of the urban system equilibrium. 

Keywords: systemic approach; urban entropy; urban tourism; urban smartness 

 

1. Introduction 

The present study deals with the concept of urban smartness meant as a set of conditions that 

can lead a city towards sustainable states of development. These conditions, among others, also refer 

to the ability of the city to monitor phenomena that occur, arise, develop, spread, and run out within 

the process of evolution of the city itself. Tourism will be considered as one of the forces, that if 

properly controlled (i.e., by integrating it in the process of evolution of the system), can positively 

influence the evolution of the urban system toward more sustainable and “smarter” development 

scenarios. Thus, tourism activity will be investigated as a component of the urban system, taking into 

account its complexity and pondering its aptitude to concentrate in urban areas that can be identified 

as sensible zones in which the interventions aimed at rationalizing the urban supply system could 

have a positive effect on the proper and efficient functioning of the whole urban system.  
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Over the last decade, the concept of a “smart city” has gained attention as an approach 

propounding a model based on efficiency, resilience, and social equity. This model appears to reflect 

the targets of sustainability, though it seems to be far from reality when looking at people’s current 

lifestyles (that are far from sustainable) [1]. 

The smart city concept, as well as the concept of sustainability, suggests the need to delineate a 

theoretical framework that, as of yet, is still lacking, mainly in the context of urban planning.  

After a starting phase in which the word smartness was used as a synonym for technologies, the 

multiple definitions of smart city found in literature [2–7] agree with the acknowledgement that the 

social component plays a strategic role in the achievement of “urban smartness,” meant as the will to 

pursue collective interests instead of individual objectives. This vision points out the active role that 

residents and city users, such as commuters, tourists, stakeholders, and other categories, must play 

in order to contribute to the process of evolution of the city itself [8,9].  

Beyond the definitions, the subject of smart city should be considered both as a research 

perspective to be investigated and as an opportunity to reflect on the basic concepts of urban 

development, also reconsidering the traditional tools of urban planning. What surely makes the 

“smart city” different from the other “city models” is the use of new information and communication 

technologies (ICTs) and, inevitably, in this transition, the highest level of expertise is needed to 

manage innovation, especially referring to the large amount of data that a smart city produces, in 

order to channel them toward sustainable uses of the city. These new competences should contribute 

to describe, interpret, and manage urban phenomena using technology as a powerful engine able to 

improve the smart dimension of a city [10], but, instead, technology is still used as an additional 

structure rather than an integrated component of the city. In this regard, a real paradox can be 

remarked considering the close connection between city and technology. A city can be seen also as 

the result of the application of technology to human action (nothing natural happens inside the cities). 

Nevertheless, despite the origins of technology, the digital revolution has radically changed the 

relationship between man and technology, modifying social interactions; this variation has happened 

faster than the city could coordinate its functional organization and its physical dimensions. 

Technology is essential for the smart city but, at the same time, the risk that it could turn into a social 

divider rather than an accelerator of progress is very high.  

By considering these premises, this paper focuses on the functional planning of urban activities 

and attempts to demonstrate how big data originated from tourists acting in the physical system 

could support the decision-makers in defining priorities for intervention, individualizing areas of 

physical congestions, and functional overlapping (sensible urban areas). This paper, thus, is 

structured in three main parts: in the first part, the theoretical framework is sketched referring to the 

adoption of the systemic approach and the paradigm of complexity for studying urban phenomena 

[11]; in the second part, the topic of using big data produced inside the city from urban tourists is 

discussed; and the final part considers the tourist city of Naples as a case study, both to endorse the 

theoretical hypothesis and test the use of big data as a support tool to individualize the “sensible 

areas” within the urban system.  

2. Theoretical Background 

2.1. Urban Entropy and the City as a Complex Dynamic and Spatial System  

This part of the paper considers the definition of the theoretical framework, taking full account 

of the objective of proposing the concept of “urban smartness,” as being connected with the 

“condition” that cities can reach by reducing the production of urban entropy.  

Many scholars [12–18] have argued that a city behaves as a complex and dynamic system, and 

as such, it can be studied as an open and complex geospatial system. Analogies between complex 

systems and cities allow for the adoption of some specific characteristics while studying urban 

phenomena. Among these characteristics, primary consideration should be given to: a) the 

multiplicity of elements composing the complex system, b) the multilayer structure of the complex 

system, c) the adaptability of the system’s dynamics, d) the non-linearity of the relations within the 
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system, e) the non-linearity of the interactions that occur within the system, and f) the property of 

self-organization of the complex systems. 

By applying one of the properties of the complex systems (according to which, a system is part 

of a larger system and it, in turn, can be broken up into smaller subsystems), it is possible to consider 

the city (the main complex system) as composed by subsystems. Partitioning a system into 

subsystems has mostly to do with managing complexity, which refers to the non-linearity of the 

relations (a large number) among the elements of the system. The city, thus, can be thought of as a 

main complex system composed of three main subsystems (which, in turn, are complex): 1) physical 

subsystem; 2) functional subsystem; and 3) socio-perceptive subsystem, made of material and non-

material elements as well as of static and dynamic components (Table 1). 

Table 1. Static and dynamic components of the subsystems composing the city according to the 

adopted approach (source: authors’ elaboration). 

Subsystem Static Component Dynamic Component 

Physical 
Physical spaces: squares, buildings, 

homes, etc. 

Physical channels of communication: 

streets, mains, hydraulic infrastructure, 

technological networks, etc.  

Functional 

Urban activities: administration, 

education, culture, leisure, safety, 

health, mobility, etc.  

Communications and exchanges 

Socio-

perceptive 

People living and enjoying the city 

Personal images of the city 

Exchanges of information and feelings 

Personal interpretations 

Being complex systems, cities are also open systems, which evolve in space and time by changing 

their equilibrium and having interactions with the outside environment. 

If the elements and the relationships within the urban subsystems are properly balanced, the 

city is in a sustainable dynamic state. Problems arise when one or more subsystems change the 

evolution trajectory and start to produce entropy [19,20]. The corrective actions to restore order have 

economic and social costs since resources are needed to re-drive the system toward conditions of 

efficiency; in doing this, the system produces entropy and loses energy.  

The concept of entropy has its theoretical assumption in the second law of thermodynamics [21], 

which determines the variations of entropy of an isolated system but does not define its value. Within 

a system, an increase in entropy leads to a decrease in available energy [22]. When energy is no longer 

available, the system slides into the greatest level of disorder [23,24]; in this sense, entropy has been 

referred to as a measure of disorder. Unlike a closed system, an open system will not reach a static 

equilibrium but it will get a steady state characterized by continuous exchanges and changes. Open 

systems need to exchange materials and energy with their environment to keep themselves alive. 

This reaction, also known as “negentropy” [25,26], has deeply changed the recent approach to the 

study of complexity. With the new vision of the open complex systems, some more characteristics 

have been outlined: the capacity of adaptation, the presence of chaotic attractor, the dissipative 

structure, self-organizational features, and the autopoietic ability. Taking these references into 

account, one of the goals of the present study consists in proposing a reflection on the application of 

entropy to the evolution of the urban system meant as a condition that contrasts sustainability in this 

development process. 

Referring to the urban system, entropy (i.e., the production of energy that is no longer available) 

can be considered as a condition of scattered unconstructiveness (that produces negative effects 

within the system) representing an inappropriate use of the economic, social, and territorial resources 

required for its evolution. The system, thus, falls into a structural state of crisis and the urban entropy 

can be thought of as an unsustainable condition (entropy as opposed to sustainability). Being a 

dynamic system, the city evolves continuously in time and space, but as a complex system, it can 

enact a process of self-organization that can be defined as a “capability of adaptation,” a widely 

investigated concept, especially in the field of systems science. Silvestrini [24] refers to the 

identification of the adaptability of a time-varying system [25–30]. In this regard, the present study 
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assumes that, as a complex and dynamic system, the city has high levels of adaptation and its 

components change continuously and use endogenous processes to face external causes that can 

destabilize its equilibrium. When this occurs, the system is in a condition of entropy. Hence, the city 

smartness depends on its ability to mitigate the production of entropy. Can this target be gained 

through the individuation of some urban functions that play a leading role in the transition from 

entropy states to smarter states?  

To answer this question, in the following paragraphs, tourism will be investigated as a particular 

urban function that, pursuant to its own cross-over nature, can foster a positive evolution of the urban 

system. Urban tourism is characterized by transversality and pervasivity. It is a transversal 

phenomenon as it interests, at the same time, several sectors (public and private) involved for its 

development. It is a pervasive phenomenon as it can be a sort of social practice that affects human 

behaviors, or a tourisming activity of everyday life [31].  

2.2. Tourism as an Urban Function in Tension between Entropy and Sustainability 

This part of the study assumes that tourism can be considered as a “leading urban function,” 

capable of moving the urban system towards “states of smartness.” In this transition, the physical, 

functional, and social components of the city are inevitably involved. The accomplishment of urban 

smartness is represented as a status of equilibrium between tourist demand and urban supply. 

Tourism in urban areas can be thought of as a system composed of a particular use of the urban 

system (demand side) and a supply side mainly composed of urban services and facilities designed 

to meet the needs and exigencies of a temporary urban population (tourists) that represents an 

additional load for the city. 

Cities interested in tourism have to face a double issue due to the overlapping of two different 

types of demand using the city. On the one side, the specific “tourist demand” for services, 

infrastructures, and facilities, as well as attractions; on the other side, the traditional urban demand 

expressed by residents or by the daily and ordinary city users. In particular, the tourist demand 

(social component – anthropic subsystem) connects to a set of specific needs (Table 2) that urban 

systems must meet by making facilities (material component – physical subsystem) and services 

(immaterial component – functional subsystem) available. Many scholars have already highlighted 

that many of the urban services, spaces, and facilities have not been projected for tourist use [32–34]. 

This aspect, on the one hand, can affect the carrying capacity of the urban system, and on the other 

hand, can lead to conflicts between residents and visitors. 
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Table 2. Intersection between tourism and residents through the main physical structures. 

 Functional subsystem: activities 
 Main Tourist Needs Amusing Eating Moving Reaching Relaxing Security Sleeping Visiting 

P
h

y
si

ca
l 

su
b

sy
st

em
: s

p
ac

es
 a

n
d

 b
u

il
d

in
g

s 

Accommodation 

Facilities 
            T   

Airports       T/R         

Archeological areas               T 

Auditorium T/R               

Bars   T/R             

Bike sharing stations     T/R           

Bus stations     T/R T/R         

Car rental agencies     T           

Cinema T/R               

Disco T/R               

Embassy           T     

Fast food; Bars   T/R             

Historical, Botanical 

Garden 
        T/R     T/R 

Local Public 

Transport 
    T/R           

Monuments               T/R 

Motorways       T/R         

Museums               T/R 

Night club T/R               

Panoramic points               T/R 

Police and Order 

Offices 
          T/R     

Ports       T/R         

Railways stations     T/R T/R         

Restaurants   T/R             

Shopping center         T/R       

Subway stations     T/R T/R         

Taxies     T/R T/R         

Theatre T/R               

Thermal and 

Wellness Center 
T/R       T/R       

Tourist Information 

Offices 
T T T T     T T 

Notes: T: Tourist Use; T/R: Mixed Use (Tourists and Residents). 

From Table 2, it can be observed that tourism concentrates in specific urban areas in which 

residents’ use coexists with tourists’ use, generating both physical congestion (traffic, noise, pollution, 

etc.) and functional overlapping that jeopardizes the organization of the entire urban system and its 

equilibrium.  

Regarding these aspects, in the following paragraphs, this study considers tourism conceived as 

an urban leading function able to drive the city from unsustainability to smartness if well-planned 

and integrated within the urban process of evolution.  

One of the main paradoxes in the connection between tourism and the city can be that today 

most of the cities aim to promote themselves as tourist destinations to increase their competitiveness, 

while tourism is seldom studied as an intrusive activity because of its indisputable positive economic 

effects (new employment, capital improvement, revenues, public and private investments, etc.).  

As a matter of fact, tourism has a key role in socio-economic progress: according to the World 

Tourism Organization, about 9% of the gross domestic product (GDP) comes from tourist activities 

(direct, indirect, and induced), and tourist arrivals worldwide are expected to increase by 3.3% a year 

to reach 1.8 billion by 2030 [35]. Actually, in the history of tourism, cities have always been favorite 
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destinations. A city represents the physical place in which the “tourist desire” is accomplished. Urban 

tourism is generated from this legacy, becoming both an object of scientific research [36,37] and a 

target for urban transformation. In recent years, the focus of urban policies has converged towards 

the tourism development as one of the main opportunities to lift territorial economies. This possibility 

makes the city an exclusive “sensible” tourist destination. Sensibility refers to the need of managing 

the tourist flows in the city in order to reduce the negative impacts on the urban system’s evolution 

[38,39]. The need to manage urban tourism has also been discussed in scientific literature [40–44], 

though a lack of interest in considering the management of this phenomenon as part of the city 

planning, the transport design, or the policies for urban regeneration (where most of the local tourism 

strategies take place) still exists. Although many scholars highlight the need to develop policies 

according to a holistic approach [45], up to now, the main focus has been on the promotion of tourism 

regardless of the consequences that a not well-planned development could weaken the fruition of the 

territorial resources. The role of urban planning (the pursuit of an order via a plan) concerning the 

tourist use of a city should be addressed toward an integration between urban marketing and 

governance goals, and it must take into account that tourist cities as tourist destinations evolve and 

behave as complex dynamic (open) systems.  

2.3. Tourism as a Driving Urban Function 

A systemic approach and the paradigm of complexity allows for the proposal of studying the 

relationship between tourism and the city according to a different way of thinking. This approach 

makes it possible to consider the connections and simultaneous interactions that could occur among 

each urban subsystem and with the entire system. Thus, if a single element changes, it inevitably 

produces an alteration of the status of the whole subsystem, and this, in turn, modifies other 

subsystems, and so forth like a domino chain. The state of structural crisis occurs when during this 

chain effect, the production of entropy is amplified, affecting subsystems and hence the entire urban 

system. On the other hand, when the system lays in a balanced state, even if not static at all, it is able 

to control the production of entropy such that it can evolve along a controlled sustainable trajectory. 

When an endogenous malfunction occurs within the subsystem generating entropy, the system itself 

collapses beyond repair (Figure 1). 

With particular reference to the functional subsystem, it is possible to observe that activities are 

the driving forces playing the double role of being elements of positive propulsion when acting 

appropriately, while becoming “entropic generators” if affected by anomalies. In this regard, 

considering tourism in its complexity as urban function [36,38,39,46], it is possible to observe its 

double role in this performance of the system.  

When tourism oversteps the carrying capacity of the entire urban system, it generates entropic 

chains that gradually lead the city toward an unsustainable state of evolution. The tourism paradox 

is found in the fact that tourists are both the inducement and the deterrent for the success/failure of 

a “destination.” The “overtourism” [40] concept shows that in a city, tourism has to be managed and 

planned to reduce the impacts deriving from the not well-balanced supply–demand system. In this 

case, tourists can be observed as a particular typology of users defined as “entropic temporary 

residents” [36], and as such, they represent the part of urban demand to be planned and monitored.  
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Figure 1. The functional subsystem affected by entropy drives the entire urban system towards the 

entropy zones (authors’ elaboration). 

In view of the above, this study considers tourism as one of the urban activities and does not 

approach the study of the tourism–city relationship from the destination management perspective. 

Rather, by assuming the logic of the complex system, it aims to demonstrate that (if considered as a 

component of the urban system) the role of tourism can be fundamental to improve urban policies 

targeted toward sustainability objectives. For this part of the research, the authors supposed that the 

study of tourist flows inside the city could represent a first step toward the integration of methods 

and the modernization of tools of urban planning. In other words, at the present state of the research, 

it has been deemed that the dynamic component of tourism inside the city (the flows of movement) 

would have been more significant for the goals of the study itself. Further research developments 

will be oriented toward a deeper analysis of the consistence and typology of tourist flows.  

3. The Active Role of Tourists inside the Urban System 

This section aims at investigating the possibility of using data generated from tourists during 

their visit and particularly focuses on the transformations that occurred in the social subsystem due 

to the use of technologies. 

It can be observed that citizens’ behaviors have deeply changed and they are rapidly modifying 

their habits by introducing new technologies into their daily lives. The number of people connected 

to the web through a mobile device is expected to be about five billion by the end of the current year 

[47], which is particularly significant considering that the world’s population is about seven and half 

billion people. In Italy, for instance, there are at present about 95 million connected devices, and this 

number is expected to rise to about 160 million by 2021. In this regard, it is possible to state that the 

technological interaction has taken over a significant portion of the dynamics of human relationships 

and that a “new” technological revolution is affecting the social component of the urban system.  

The main changes concern the switch from a “passive role” to an “active role” played by citizens 

and city users as they become producers and consumers of information and data at the same time. 

Such a transition also involves tourism, radically modifying the way tourists plan, live, and share 

their tourist experiences. The so-called big data phenomenon (meant as the product of information 

generated by people living and using the city through their personal devices that inevitably influence 

their everyday actions) is characterizing the relationship between people and urban spaces and is 

giving researchers the chance to observe some occurrences while they are happening (the “real 

time”).  

What is more important for the objective of this section of the paper is the possibility to use big 

data for the analysis of tourism as an urban phenomenon, bypassing the traditional datasets, which 

are rarely available and updated [39]. The main difficulties in studying urban tourism consist in the 

impracticality of assessing tourist flows that concentrate in the city, apart from the number of tourist 

overnight stays in traditional accommodations. This condition does not allow researchers to consider 
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the different flows that tourism activates inside the city, and makes it difficult for decision-makers to 

define appropriate management policies of the phenomenon. 

In the context of these issues, the use of big data as a revolutionary tool has gained significance, 

especially in the tourism industry. Actually, big data are used within the marketing strategies to 

investigate the interactions between users’ behaviors and their satisfaction level in order to improve 

the quality of the supply-side and reduce costs. As previously stated, the use of big data is especially 

relevant for tourism companies, since the “traceability” of users becomes fundamental, both to 

improve the tourist market and optimize the supply, in order to adapt to the complexity of the 

demand-side. The Italian Digital Tourism Laboratory, founded in 2014 by the Ministry of Tourism, 

highlighted that tourism is more and more involved in the use of digital technologies. In Italy, about 

91% of tourists planned their holidays and travel by using the Internet, and about 42% used mobile 

devices for moving and visiting destinations. The constant use of technologies is producing a huge 

amount of information (the big data) that needs high levels of specialization to be interpreted and 

effectively useful, especially to analyze the relations between tourists and places, according to an 

urban planning perspective.  

In the context of these considerations, the following part of the paper deals with the attempt to 

formalize the use of data produced by tourists while visiting a city in order to identify the urban 

zones in which tourism flows concentrate. The objective is to detect urban sensible areas that need 

priority interventions to improve the livability of the city for both visitors and inhabitants. The 

methodological premises have been implemented for the city of Naples, considered as an interesting 

case for both its re-emergent role as a tourist city and its intrinsic complexity.  

4. Study Design: Method and Phases  

In order to investigate tourist flows and their concentration, data deriving from TripAdvisor’s 

(https://www.tripadvisor.it/TripAdvisorInsights) massive data sets seemed to be the most reliable in 

the tourism sector, both for their relevance (320 million reviews and opinions referring to tourism 

experiences in 2017) and dissemination (about 47 countries in the world in 2017). The TripAdvisor 

platform works according to the same principle of social networks: users provide contributions to 

create the content. In this respect, TripAdvisor can be considered as a social network that integrates 

the phase of travel planning by supporting users in their decision making. Besides, the possibility to 

integrate TripAdvisor with Facebook makes it the most pervasive system for sharing the opinions 

currently available. Actually, such pervasiveness could limit the reliability of information, as well as 

that of the contents. Nevertheless, according to a survey conducted by PhoCusWright 87% of the 

sample states that consulting TripAdvisor helps improve users’ final decision to travel to a 

destination or not [48].  

Despite recognizing the limits that a survey exclusively based on a social network entails, within 

this study, the large amount of information stored on the TripAdvisor platform has been considered 

as a resource comparable to big data and useful for the implementation of algorithms supporting 

analysis regarding dynamics of urban phenomena, such as tourism. In this framework, this part of 

the study presents an initial experimental application by using the TripAdvisor platform to define 

where tourist flows concentrate and, thus, to individuate tourist attractive zones within the urban 

system. Identification of the most congested and overcrowded urban areas can represent a tool for 

urban planners to determine a hierarchy of interventions aimed at restoring conditions for urban 

equilibrium.  

The analysis was conducted according to three main phases: 

1. collection and organization of data; 

2. export and geo-referencing of data using GIS technologies; 

3. development of spatial analysis. 

Phase 1: Collection and Organization of Data 

This first phase was focused on data mining related to the pursuit of the research objectives. The 

first step concerned the use of TripAdvisor for the collection of raw data in HTML format. The choice 
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of User Generating Content (UGC) data in this specific case concerns the possibility of using such 

data in relation to the placement of tourists/visitors within specific areas beyond the content of the 

reviews (object, instead of significant analyses that fell outside the objectives of this research 

segment). Therefore, the analyses carried out concerned UGC data from the largest review website 

available today [49]. The use of such data is particularly significant and partly innovative in the study 

of spatial analysis of user flows within the city and in the definition of their mobility. Much more 

widespread are the applications of sentiment analysis, aimed at defining preferences and the quality 

of visitors’ experiences. 

As already highlighted, the analysis focused on the location of the reviews rather than on their 

contents. To this end, a preliminary phase that involved the selection of significant information and 

their subsequent organization into a database was necessary. Within the TripAdvisor portal, users 

release information on three main service categories: 1) POI (points of interest), or the attractions; 2) 

restaurants; and 3) accommodations. Among the three categories, the data of the first and third 

categories were identified as significant for the purpose of this work. The second category, despite 

being relevant within the tourist supply, is too widespread in the area and very promiscuous 

compared to its specific tourist use. 

The data skimming phase was carried out through the use of a crawler (Web Scraper since its 

scope was quantitative rather than limited to content analysis. However, the content of the text was 

used to select the reviews according to their significance, referring to the category of interest. The 

next phase involved the construction of clusters for spatial analysis aimed at defining the intensity of 

tourist visits to a given place (actors/spaces relationship). 

Phase 2: Export and Geo-Referencing of Data using GIS Technologies 

The use of GIS was the focus of this second phase. The raw data selected and organized in the 

database were imported into the GIS environment to perform operations of information geolocation. 

The users’ reviews were considered as the actual trace of their presence in the place they reviewed. 

Therefore, it was assumed that the reviews corresponded to the number of visitors of the chosen 

tourist destination and to its attractive elements. This hypothesis was based on the existence of a 

relationship between the location of a tourist accommodation and the number of reviews, which 

proves the intensity of use of the structure itself. 

Phase 3: Density Analysis 

Density analysis is based on the distance and neighborhood principle. In theory, a significant 

number of points belonging to a specific cluster must be contained within a neighborhood measure, 

defined by a given radius that the detector can assign according to the observed phenomenon. In this 

phase, the elaborations were carried out through spatial analyses conducted in the GIS environment 

(it was decided that QGIS software was to be used). In particular, we adopted a double analysis 

method that referred to the use of hotspot analysis tools through the kernel density estimation (KDE), 

a non-parametric method widely applied in territorial analysis [50,51]. This type of analysis makes it 

possible to identify the areas of greatest concentration of the phenomenon under examination (hot 

areas) and those where the phenomenon is null or not very relevant (cold areas). The parameters and 

the relations among them are fundamental in defining the density mapping, and are regulated by the 

following expression: 

λ(s) = �
1

��

�

���

� �
� − ��
�

� (1) 

where  

λ(s) = estimate of the intensity of points distribution 

k = kernel function 

s = measuring point of density estimation 

si = ith point of analysis 
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τ = bandwidth 

Equation (1) considers that for each point “s” located in the study area, the intensity of 

concentration of “si” points is measured, in relation to a bandwidth “τ.” Such an index allows for the 

visualization of the functional urban environment by means of a density surface related to the 

physical areas of the urban system in which activities concentrate.  

5. The Case Study: Exploring the Tourist City of Naples 

5.1. The “Tourist City” of Naples 

Tourist cities have been normally defined by urban geographers as referred to three main types:  

 resort city created expressly for tourism;  

 tourist-historical cities with a defined identity;  

 converted cities that originally were not suited to host tourism, but to regenerate their 

economies they had to adapt some urban spaces to this specific function [52]. 

Regarding the aforementioned categories, it is possible to add a fourth type that refers to the 

“tourist city” as a part of the city itself, sometimes geographically identifiable as a sort of “sub-city.” 

Normally, these sub-cities coincide with the inner city in which historical monuments concentrate, 

but in spite of their historical origins, they have gradually changed into “representative urban areas” 

in which tourist services have replaced urban activities. These areas fall within the concept of 

“sensible areas” of the urban system in which urban policies have to focus not exclusively on 

improving their tourist attractiveness but especially on increasing their urban livability, both for 

tourists and residents.  

In this regard, the tourist city is a city inside the city in which the elements of the urban supply 

system (mainly devoted to tourist use) concentrate. The tourist urban supply is an articulated system 

composed of two main subsystems: on the one side, the historical heritage representing the “hard 

core” of the supply system; on the other side, the variety of ancillary services for tourism activities 

(from accommodation to “where to eat,” entertainment, visits, and so on) representing the “soft core” 

of the urban supply. The localization of these structures inside the urban context can help define the 

“tourist city” as it has been outlined in this study.  

In a previous study, La Rocca [46] individuated the “tourist city of Naples” and elaborated a city 

zoning based on the level of attraction (Figure 2) defined using the elements of the supply side that 

were present at the time. The urban supply system for a tourism use referred to three main categories: 

a) the attractive poles (museum, historical sites, historical buildings, environmental areas, historical 

parks, etc.); b) accommodation facilities; and c) public local transport supply, particularly referring 

to subway lines (Figures 3–5).  

 

Figure 2. The procedure for the definition of the tourist city as applied to Naples (authors’ 

elaboration). 
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Figure 3. The tourist city of Naples as a product of the implementation of the procedure illustrated in 

Figure 2. 

 

 Figure 4. Supply-side elements in Naples in 2003 (authors’ elaboration).  
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Figure 5. A zoning map of the tourist city of Naples according to the attractiveness index calculated 

in La Rocca [46]. The red area defines a unique central zone corresponding to the inner city, a 

recognized United Nations Educational, Scientific and Cultural Organization (UNESCO) World 

Heritage site in 1995 (authors’ elaboration). 

The analyses carried out were based on the definition of the supply-side elements with reference 

to three prevailing categories: accommodation, attractiveness, and mobility. The categorization of the 

areas had been elaborated in the GIS environment under the condition of the simultaneous presence 

of the three elements above mentioned in the areas of attraction. The tools used did not refer with 

respect to the components of the demand-side since the available data were not accessible for security 

and privacy reasons. Thus, the limit of the research essentially consisted in the lack of comparability 

between the elements of the physical system (substantially rigid) and those of the functional and 

social system (characterized, instead, by a rapid evolution in behavior and means of communication). 

Hence, the need to resume the results of the analysis carried out by using more up-to-date tools 

mainly focused on the behavioral component in order to simulate the distribution of the tourist load 

within the city, and consequently, to make appropriate choices for monitoring and managing these 

flows. Interestingly, the elements of the supply system that constitute the “fixed” component (that is, 

the physical elements representative of the city’s history and culture) were not modified (as probably 

foreseeable), as well as the rail public transport supply considered in the previous analysis, except 

for some new stations on the hill subway line (now Line 1). On the other hand, the elements of the 

supply related to accommodation facilities, which in the period under review recorded a decisive 

increase (+7.3%), and represented the variable component. The figure becomes even more significant 

considering the development of the hospitality industry with the introduction of new categories of 

accommodation facilities (i.e., Airbnb) (Figures 6 and 7). 
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Figure 6. Total tourist accommodation facilities (hotels and B&B) in Naples from 2003 to 2017 

(authors’ elaboration on National Institute of Statistic ISTAT [53]). 

 

 

Figure 7. Airbnb in Naples in 2017 (source Inside Airbnb, accessed 10th October 2018; authors’ 

elaboration using Airbnb data). 
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Once again, particular attention is drawn to the difficulty in finding reliable data to provide a 

real assessment of the current accommodation supply. Even the Airbnb data manager recognizes the 

unofficial structures and the non-traceability of data. Beyond the merely statistical issues, it is 

relevant to point out that the elements relating to the supply system and affecting the receptive 

component show the most significant increase over the period considered. However, the density of 

tourist accommodations is concentrated in the central areas of the city. 

Therefore, the physical space of the tourist city of Naples does not change significantly, unlike 

its functional components that register a strong increase in density values (relationship between 

activity and territory). Thus, the subsequent phase of the work was oriented toward the use of new 

analysis tools for data updates in order to highlight the urban areas where the tourist load was 

concentrated and identify the “sensible areas” within the tourist city. 

5.2. Exploring the “Urban Tourist Sensible” Areas in Naples through UGC 

Tourist sensible areas are those urban zones where the overload of tourist flows occur, 

jeopardizing the livability of the city. These zones have been identified using data mining techniques, 

based on the most common social web-based platforms collecting “tourism experiences.” Before 

delving into the phases of our analysis, some considerations about how the use of ICTs applied to a 

social dimension (social media) contributes to the evolution of tourism activity can be useful for the 

topic of this part of the research (even though the transformation of the tourism industry is not its 

focus).  

The use of social media for tourism is radically changing the way tourists plan, spend, and live 

their trips. One of the fundamental changes generated by technologies is the shift of the customers’ 

role from passive to active, from consumers of services to co-creators of information [54].  

Sigala [55] indicates the main functions for the role of technologies in tourism (p. 152), two of 

which seem to be particularly relevant for the subject of this section:  

 market intelligence sources for collecting, storing, analyzing, sharing, visualizing, and 

interpreting big data (characterized by volume, variety, velocity, veracity, and value);  

 co-creation platform (i.e., review websites, wiki-based tourism guides, and peer-to-peer 

marketplaces) empowering and providing space, functionality, and connectivity to all tourism 

actors who actively engage and participate in value co-creation. 

The first one seemed to be much closer to the aim of this part of the paper in relation to the 

opportunities to investigate the tourism activity through the traces left within the destination chosen. 

The second one seemed to refer particularly to the use of web platforms to share opinions about the 

quality of services, provide hotel reviews, and describe how to enjoy a tourist attraction system. 

TravBuddy.com, TripAdvisor, Travellerspoint, Wayn, and Booking are some examples of the most 

common websites used in the era of “smart tourism,” characterized by a large amount of digital 

traces. While recognizing the issue raised by the smart tourism production of information and data 

not yet structured [56], the aim of this study refers to the attempt of relating the digital traces left by 

visitors to the identification of the tourist city using the demand-side preferences. The analysis of 

UGC (user-generated content) allows for the application of an innovative way to consider tourist 

flows, mainly for three reasons: data are directly produced by users; are more rapidly available than 

traditional data; and finally and most importantly, their use allows less expensive analysis, assuring 

the same reliability as questionnaires or GPS analysis. 

The application to the case of Naples has been oriented toward a dual purpose: on the one hand, 

for a comparison between the previous analyses [46], especially with reference to the area of the 

“tourist city” of Naples; on the other, for the experimentation of new methodologies for the physical 

representation of an urban activity (the tourist one) with high impact for the functioning and 

efficiency of the urban system. The ultimate aim of this experimentation consists in the development 

of a useful tool for supporting a public decision-maker’s definition of tools and policies of urban 

transformation in the most “sensible” areas (by concentrating and/or overlapping user flows) within 

the urban system. 
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The role of Naples as a city of tourist attraction within the national and international scene is the 

basis of this work, supported by the official traditional data elaborated by ISTAT (National Institute 

of Statistic) and Eurostat about the tourism flows in the last decade. This condition strengthens the 

case study significance in relation to the objectives of the entire work, which assumes that the tourist 

activity phenomenon has the potential of stressing the equilibrium of a complex urban system. 

The development of the experimentation refers to the three main phases described above and 

focuses on the data relating to attractions and accommodation facilities. 

Analysis refers to two main categories: points of interest (that act as attractors of urban tourist 

flows) and accommodations (referring to the number of hotels and B&Bs in Naples in the period from 

March 2017 to April 2018). The information extracted for each item of the macrocategories (Table 3 

and Figure 8) especially refers to:  

 personal information (name, address); 

 number of reviews posted in the last year;  

 types of tourists (families, couples, solo-travelers);  

 motivation of the visits (business, visit friends, leisure, etc.). 



Sustainability 2019, 11, 1071 16 of 24 

Table 3. The table shows the categories in TripAdvisor clustered into two macrocategories. 

Macrocategories TripAdvisor Categories Number of Records for Categories  
P

o
in

t 
o

f 
In

te
re

st
 

Arenas & stadiums 2 

 

Seaward 3 

Lookouts  1 

Castles  3 

Caverns and cave 1 

Churches & Cathedrals  71 

Historic cemeteries  3 

Architectural Buildings  33 

Government Buildings  3 

Fountains  14 

Points of Interest & 

Landmarks 
58 

Monuments & Statues  7 

Antique shops 1 

Historic Walking Areas  5 

Neighbourhood 6 

Ancient Ruins  9 

Mysterious Sites 1 

Sacred & Religious Sites  19 

Historic Sites  20 

Observation Decks & 

Towers  
1 

Art Galleries  20 

Art Museums  14 

Science Museums 2 

Speciality Museums 32 

Natural History 

Museums  
1 

History Museums  6 

Observatories & 

Planetariums  
1 

 337 
Total number of records 

for macrocategory POI 

A
cc

o
m

m
o

d
a

ti
o

n
 

F
ac

il
it

ie
s 

(A
F

) 

Hotel 162 
 

Bed & breakfast 576 

 738 
Total number of records 

for macrocategory AF 

  1075 Total number of records 
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Figure 8. The picture shows an example applied to the Chapel of San Severo, one of the most famous 

points of interest within the tourist city of Naples. The red boxes underline the data mining 

information collected from TripAdvisor. 

The second phase (export and georeference of data using GIS technologies) was carried out 

through a geocoding technique for multiple addresses. The adoption of a plugin (Mmqgis) of the 

QGis software allowed for the georeferencing of each element composing the chain of the tourist 

urban supply, particularly referring to the points of interests and accommodation facilities, as 

structured in Table 3. 

 

Figure 9. Geocoding for multiple addresses of 337 points of interest (POI) and 738 accommodation 

facilities in Naples. 
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As mapped in Figure 12, the elements of the urban tourist supply chain are mainly concentrated 

in the inner city. Few elements are concentrated in external areas, following two opposite directions: 

on the eastern side, toward the environmental system of Vesuvio; and on the western side, where 

elements distribute towards the residential area of Fuorigrotta (characterized by the presence of the 

large Bagnoli brownfield site, ex-Italsider) with its pivotal role between the city and the Phlegrean 

Fields volcanic site.  

Concerning the third phase (spatial analysis), some preliminary conditions have been fixed. 

Considering both the characteristics of the distribution of the urban supply elements, the territorial 

orography and the extension of the inner city, the bandwidth (bw) was set at 400 meters in order to 

map the kernel density estimation as this distance can be comfortably walkable in about five minutes 

at a speed of 1.3 m/s. This distance, which refers to the rules of the Highway Code, was established 

considering all the pedestrian paths existing within the Historical Center of Naples to reach the place 

of interest. In addition to testing the distance as effectively passable, KDE applications show that the 

size of the bandwidths controls how smooth the resultant surface is and a small bandwidth will give 

a spiky surface as a result, which is very difficult to control and describe. 

In order to estimate the value of density, the kernel method refers to the definition of a grid that 

acts as territorial base of analysis. The definition of the grid is another basic aspect of the spatial 

analysis because it can hardly modify the significance level of the results. The grid size was calculated 

to be 10 meters in relation to both the scale representation of the phenomenon and to literature 

experiences [56–60], showing that the smaller the grid, the better the results will fit the phenomenon 

observed. The value of density was calculated by overlapping the grid with the punctual distribution 

of the elements of the supply chains, as mapped in Figure 9. 

In the analysis of TripAdvisor data, it was considered that the number of reviews could 

correspond to the number of visitors according to a proportion related to the type of tourists (families, 

couples, solo-travelers). Table 4 shows an example of the proportion applied to convert the number 

of reviews into a corresponding number of visitors. The example refers to the Chapel of San Severo, 

(Figure 8 and table 4) considered as one of the most significant for the processing of the present 

analysis. 

Table 4. Multiplication coefficient for converting the number of reviews into visitors, referring to the 

“Museum of the Chapel of San Severo” in the inner city of Naples. 

Type of 

Traveler 

Number of 

Reviews 

Multiplication 

Coefficient 

Number of 

Estimated 

Visitors 

Total Number of Reviews 

Considered in the Kernel 

Analysis 

Families 1868 4 7472 15,254 

Couples 3563 2 7126  

Solo 

Travelers 
656 1 656  

The results of the kernel density estimation have been mapped referring to the urban system of 

Naples. Considering the two macrocategories, the value of density concerned two types of tourist 

flows: visitors and guests. Figure 10 particularly illustrates the map of density referring to the number 

of “visitors,” meant as the tourist flows that concentrate in the points of interest identified above 

(Figure 9), while Figure 11 shows the map of density for “guests,” corresponding to the number of 

presences registered in the accommodation facilities already identified (Figure 9). The final results of 

the total density estimation of tourism flows in Naples have been showed in Figure 12. The levels of 

polarization have been classified by using the natural breaks (Jenks) method, articulated in four 

classes according to a grey to red color scheme to point out highs (red) and lows (grey) of point 

pattern densities. As expected, “visitors” flows concentrated inside the inner city where the most 

known attractions are located. Concerning “guests,” they concentrated both in the areas close to the 

historical center and in those strategically close to the “access points” to the city (the central railway 

station on the east side, for example). It is very interesting to note how “the tourist city of Naples” 

has remained virtually unchanged and concentrated in the central areas of the city. 
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Figure 10. Map of the density estimation for “visitors” flows in Naples (kernel density, cs = 10; bw = 

400). 

 

Figure 11. Map of the density estimation for the “guests” flows in Naples (kernel density, cs = 10; bw 

= 400). 
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Figure 12. Polarization of tourism flows inside the tourist city of Naples. 

6. Consideration of the Outcomes 

Kernel density estimation [58–62] is mostly used in spatial analysis to understand how events 

could distribute in a defined area. These methods are often applied to the definition of risk assessment 

or damage analysis, road accidents [63], and crime distribution [64–69]. Hot spots describing the 

density estimation show the intensity of the phenomenon in a certain location and some specific 

decisions can be taken regarding the interventions to control the impacts on the overall system 

concerned. Besides, spatial analysis is useful for describing relations between the three main urban 

subsystems and particularly among their elements (activities, spaces, and behaviors). When applied 

to tourism, spatial analysis is a useful means for studying phenomena that can affect urban 

equilibrium (even if it is connected to positive effects on local economies).  

In the case shown, the “sensible urban areas” identified could be the object of a strategic plan for 

tourism in Naples that integrates the indications of an urban master plan for sustainable 

development, underlying the need to merge the objectives of traditional urban planning and the 

improvement of sustainable ways to live and visit a city. The present procedure, furthermore, has to 

be considered as an initial useful tool for managing and promoting tourism with respect to the 

characteristics of the urban system involved, and at the same time, it can act as a means for monitoring 

the efficiency of urban policies oriented towards the sustainable development of tourism. 

7. Conclusions and Further Research Developments 

This study represents a first attempt to ponder the transition era we are living in, thus advocating 

different mindsets and actions. Cities are the physical places where these changes are taking place, 

but at the same time, that is where answers can be found. 

Technologies play a strategic role for both the development of the processes and for the 

improvement of cities’ “smartness” in all their components.  

The possibility of tracing the “urban agents” (residents, city users, tourists, commuters) has 

radically modified the relation between spaces and activities. This possibility can be a chance as well 

as a risk. Urban planning has its own responsibilities in this transition as it has called for a renewal 



Sustainability 2019, 11, 1071 21 of 24 

of methods, approaches, and tools to obtain objectives of sustainability and to make cities efficient 

and livable. 

The example of tourism refers to a phenomenon that is increasingly affecting cities, characterized 

by being a double-faced activity that, if not well-planned, can backfire on both the objectives of 

development and sustainability.  

Considering tourist activities necessarily requires a wide availability of data and information. In 

this regard, the use of social media to collect data from people living and moving inside the city could 

be very useful in individuating those urban areas where action is urgently needed. The role of ICTs 

could be fundamental if they also referred to multiple contextualized transactions, not only 

information but also the context’s description and impression. In this framework, residents, city 

users, and tourists can be thought of as “anthropic sensors,” both sharing information in the 

functional space and describing phenomena occurring in the physical space. This is the meaning 

given to the UGC platform, such as TripAdvisor, in the context of this study. 

What really ought to be pointed out is the exigency of being able to determine the correct use of 

technologies within the process of governance of the urban system. The major challenge, thus, is not 

the collection of data from web platforms, but rather the capability of converting them into useful 

tools for understanding the complexity of urban phenomena.  

Further investigations shall be carried out to improve the subject of this study and to better 

explore the behaviors of urban populations [70]. 

Indeed, the analysis of tourist flows explored in the case study will need a deeper definition in 

order to strengthen the linkage between the theoretical baselines of the study and the effect of a 

complex urban function such as tourism. The starting point for further development of the proposed 

study could be oriented toward the study of the relationship between urban entropy and the 

concentration of users in areas of the city that, for their characteristics, play as “urban magnets” 

(namely they act as poles of attraction inside the urban system), and as such, they need particular 

attention in the management of the city, both to assure its efficiency and to achieve the city 

equilibrium.  

The studies on destinations as open complex systems [71–73] demonstrate that it is possible to 

propose different from the usual paradigms to approach the theme of tourist destination [74]. In this 

study, it has been just suggested that the relationship between tourism and the city could open 

interesting perspectives in the field of urban planning, if tourism will be thought as an urban activity, 

and as such, the management of flows that it activates inside the city has to be one of the objectives 

of the present actions of urban governance. 
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