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Abstract: The data sharing strategy involves understanding the challenges and problems that can be
solved through the collaboration of different entities sharing their data. The implementation of a data
space in Mallorca is based on understanding the available data and identifying the problems that can
be solved using them. The use of data through data spaces will contribute to the transformation of
destinations into smart tourism destinations. Smart tourism destinations are considered as smart cities
in which the tourism industry offers a new layer of complexity in which technologies, digitalization,
and intelligence are powered by data. This study analyzes four scenarios in which geo-dashboards
are developed: flood exposure of tourist accommodation, land-cover changes, human pressure,
and tourist uses in urban areas. The results of applying the geo-dashboards to these different
scenarios provide tourists and destination managers with valuable information for decision-making,
highlighting the utility of this type of tool, and laying the foundations for a future tourism data space
in Mallorca.
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1. Introduction

Tourism, as a global socio-economic phenomenon, finds itself in a situation of singular
relevance where the challenges of sustainability [1-4] and their adaptation to changing mar-
ket dynamics and consumer preferences call for a holistic approach in which information
and communication technologies take on significant importance [5-7].

In this context, smart tourism destinations (STDs) emerge [4,8,9] which are oriented
toward an evolution in tourism management and development in smart cities. They focus
on the integration of advanced technologies, providing a framework for improving sus-
tainability and accessibility to achieve an enhanced tourism experience. STDs make use of
technologies such as the Internet of Things (IoT) [10], big data [11], artificial intelligence,
and digital platforms allowing them to better understand the needs and behaviors of
tourists. This facilitates the personalization of services and improved resource manage-
ment [9,12,13].

Smart tourism destinations are considered as smart cities in which the tourism industry
offers a new layer of complexity in which technologies, digitalization, and intelligence are
powered by data.

STDs place significant emphasis on sustainability, seeking to minimize the environmen-
tal impact of tourism through efficient resource management, the promotion of environmen-
tally friendly practices, and the encouragement of responsible tourism [14]. Accessibility
is another important characteristic, ensuring that the destination is easily accessible and
enjoyable for all [15,16]. They seek to enhance the visitor experience through technology,
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with mobile apps offering personalized guides, augmented reality to enrich visits to sites
of interest, and queue management systems at popular attractions [17].

The management of these destinations Involves an innovative approach that integrates
all local stakeholders, from authorities to businesses and the local community, to create
a cohesive and sustainable tourism experience. A robust connectivity infrastructure is
essential to support the technologies employed, enabling seamless communication between
tourists, service providers and destination managers.

Tourism data spaces (TDS) emerge as digital infrastructures or platforms dedicated
to the collection, analysis, and sharing of large volumes of data related to the tourism
sector [18]. These spaces priorities the secure and efficient handling of information, en-
compassing diverse data on travel patterns, consumer preferences, accommodation, and
transport statistics, among others. The purpose of these data spaces is to provide valuable
and relevant information to various stakeholders within the tourism sector, including
businesses, researchers, planners, and policymakers. This facilitates data-driven decision-
making, the personalization of tourism services, and the development of more effective
marketing strategies. Data sharing also plays an important role in anticipating and adapting
to market trends, as well as responding to challenges such as sustainability and changing
travel dynamics.

It is noteworthy that the European Union has provided a decisive impetus for the
implementation of data spaces through the approval of various standards, regulations, and
communications. Particularly significant is the Commission Communication COM (2020)
on the definition of a European Data Strategy. This strategy is built upon four pillars which
are as follows:

e  The establishment of a cross-sectoral governance framework for access to and use of
data;

e The implementation of catalysts (investment in data and reinforcement of capacities,
infrastructures, and interoperability);
The empowerment of people and SMEs (investment in skills);
The creation of common European data spaces in strategic sectors and areas of public
interest, including industry, the green pact, mobility, health, financial matters, energy,
the agricultural sector, public administrations, and skills in the education system.
Additionally, an initiative has been launched to include tourism as a specific area [19].

Smart tourism destinations will greatly benefit from tourism data spaces, by increasing
the access to data and the availability of data from private sources, STDs focus on the
integration of advanced technologies, sustainability, accessibility, and enhancements in
the tourism experience in a specific physical destination. Tourism data spaces focus on
the collection, analysis, and use of tourism-related data, allowing data sharing at the
level of the destination, but also at a broader level, and therefore, complementing the
information existing at the local level. TDS involve the creation of infrastructures for the
secure and efficient handling of large volumes of tourism data, utilizing digital platforms
or data repositories. Their goal is to provide support for tourism planning, data-driven
decision-making, and personalization of tourism services.

A tourism data space is a new possibility to complement smart destinations by provid-
ing the knowledge and tools necessary for efficient and sustainable tourism management.
Data sharing improves the tourist experience, the efficiency and effectiveness of manage-
ment tasks, as well as the well-being and long-term competitiveness of destinations.

Open data and interoperability play a pivotal role in the context of smart tourism
destinations and tourism data spaces, exerting significant influence on how tourism is
managed and experienced in the digital era [20-22].

Open data, which implies free and unrestricted access to tourism-relevant data, serves
as a catalyst for innovation and development in the tourism sector [23]. This availability of
data enables tourists to plan more efficiently and enrich their trips, thereby significantly
enhancing the tourism experience. This openness of data fosters the creation of innovative
tourism applications and services, boosting the local economy and enhancing the com-
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petitiveness of destinations. Additionally, it also promotes transparency, which increases
the confidence of tourists and other stakeholders in the sector, such as investors and local
authorities.

Interoperability, on the other hand, refers to the ability of different systems and
organizations to work effectively together [21,24]. In the context of smart destinations,
interoperability is crucial for integrating various data systems and technology platforms.
This capability enables more efficient tourism management, fostering collaboration between
different entities such as governments, tourism businesses, and service providers. Interop-
erability ensures that information flows seamlessly between different actors, enhancing
coordination in destination management and responsiveness to the needs and expectations
of tourists.

Currently, despite the tourism sector generating a large amount of data and digital
information being available on topics closely related to tourism (such as natural resources,
natural hazards, infrastructure, planning, etc.), there is a notable lack of integrated digital
tools that allow planners, stakeholders, and tourists themselves to visualize and interact
with this data in an intuitive and effective way. In this context, interactive dashboards
can help fill this gap, providing a user-friendly interface to visualize and explore tourism
information, detect trends, patterns, and critical insights. It is also worth noting that
many existing data analysis systems are not specifically tailored to the unique needs of the
tourism sector. Therefore, a significant opportunity is recognized to develop dashboards
that focus on tourism, thereby improving the effectiveness of decision-making. Accessible
and user-friendly dashboards have the potential to democratize access to data intelligence
in the sector.

Integrating concepts such as artificial intelligence (Al) into tourism data spaces (TDS)
and geo-dashboards represents a transformative step in managing and enhancing the
tourism experience within smart tourism destinations (STDs). Al's ability to analyze
large datasets, recognize patterns, and make predictive analyses aligns perfectly with the
objectives of TDS and geo-dashboards, which are centered around collecting, analyzing,
and visually presenting vast amounts of tourism-related data.

This research concentrates on the development of four dashboards in the tourism
context of the island of Mallorca (Spain) with the aim of enhancing knowledge and offer-
ing support for decision-making when it comes to tourism management and planning.
The study aligns with the emerging need in the field of tourism data spaces, especially
concerning the creation of interactive visualization tools based on data from the tourism
ecosystem. This ecosystem encompasses various data sources including travel patterns,
user preferences, economic statistics, and environmental data. However, the effective
integration of these sources into a unified platform that provides a holistic and detailed
view, which well-designed dashboards could offer, is often lacking.

A dashboard is a data visualization tool that provides a summarized and accessible
view of various key metrics and data. Its main purpose is to enable users, especially
managers and decision-makers, to quickly understand the relevant information and make
informed decisions. A dashboard typically presents information through a graphical
interface that includes elements such as graphs, charts, tables, indicators, and maps. These
elements are designed to be intuitive and easy to interpret.

Dashboards are widely used in different sectors such as business, health, education,
smart cities, and technology, owing to their ability to consolidate and simplify large amounts
of data. They can be customized to the specific needs of the user or organization, and are
often interactive, allowing users to filter and drill down into the data for more detailed
analysis.

Tourism is a rapidly evolving industry, marked by shifts in consumer trends, mar-
ket conditions and external factors such as environmental regulations or health crises.
Dashboards that facilitate swift adaptations and responses to these changes are crucial for
maintaining competitiveness within the sector. This approach highlights the significance
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of tourism data spaces as crucial tools, not only for retrospective analysis, but also for
proactive planning and adaptation to the dynamic conditions of the tourism market.

Despite the challenges posed by the inaccessibility, fragmentation, and disorganization
of some tourist information, it is currently relevant to point out that the Balearic Islands
(Spain) currently have significant, accessible, structured, and updated digital data, which
enable a direct focus on advanced analysis in the field of tourism.

The dashboards that have been generated share the common characteristic of integrat-
ing the geographical component of the tourism information, and in this context, they are
referred to as geo-dashboards [25]. Geo-dashboards are embedded in geospatial business
intelligence (GBI), which is a fusion of technologies and practices that combines geospatial
analysis with business intelligence. This integration involves the use of geographic and
spatial data to enhance decision-making and analysis in the business world.

GBI promotes the use of geographic information systems (GIS) and other technologies
(remote sensing, GPS, etc.) to visualize, understand, and analyze data with a geographic
context. GBI facilitates the integration and analysis of large amounts of data from various
sources, encompassing internal company data, such as sales and customer data, as well as
external data, like demographic information or traffic and environmental data.

The hypothesis of this study asserts that there currently exist extensive volumes of ac-
cessible, high-quality tourist information, which can facilitate progress in the development
of tourism data spaces. This progress is achieved through the deployment of visualization
and analysis tools that support decision-making in tourism planning and management.

The scientific question aimed to be answered is: How can the development of in-
novative geo-dashboards for visualizing and analyzing open tourist and territorial data
contribute to more informed and sustainable tourism management?

The general objective of this article is to design and implement a suite of advanced
geo-dashboards, aimed at enhancing tourism management through detailed visualization
and analysis of open tourism-related data. These dashboards are intended to contribute
to the creation and consolidation of a tourism data space, with the goal of optimizing
decision-making in tourism management and promoting more informed and sustainable
practices. The island of Mallorca is proposed as a case study.

The designed geo-dashboards aim to address the following specific objectives:

- Analyze the vulnerability of tourist accommodation and holiday homes to flooding in
Mallorca;

- Examine changes and evolution in land cover on the island of Mallorca at a municipal
level;

- Study human pressure in sensitive areas using open social media data;

- Analyze the distribution of tourist activity in urban environments and its relationship
with the income level of the resident population.

This study addresses a significant gap in the existing literature by focusing on the inte-
gration and application of advanced geo-dashboards within smart tourism destinations and
tourism data spaces. Significantly, our study highlights the absence of specific references
in the scientific literature concerning the use of geo-dashboards in tourism planning and
management, providing a comprehensive framework for their implementation in Mallorca
and offering a replicable model for other regions.

2. Case Study and Focus Areas

The island of Mallorca is part of the Balearic Islands archipelago, together with
Menorca, Ibiza, and Formentera. It is located in the Eastern Mediterranean and is in-
cluded in the Autonomous Community of the Balearic Islands, forming part of the Spanish
State (Figure 1).
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Figure 1. Location map of Mallorca [A] in the Mediterranean Sea.

It is an island of 36,357 km?, with a population of 914,564 people [26]. Its geographical
characteristics attract millions of visitors annually, seduced by its sandy beaches, crystal
clear waters, mountainous landscapes, and vibrant cultural heritage. Tourism is the main
economic activity on the island of Mallorca. This is reflected in the tourist GDP, which
in the Balearic Islands accounts for more than 44.8% of GDP [25], and the more than 16
million tourists who visit annually [27].

Mallorca is a mature tourist destination that has undergone significant transformations
in recent decades. However, Mallorca’s growing popularity as a tourist destination has
brought a series of challenges and issues that require attention and careful management.
Among the most relevant impacts and pressures experienced by the island, environmen-
tal issues (water consumption, water quality, etc., are to be highlighted [28,29]; as well
as salinization of aquifers [30], land artificialization [31], ecosystem pressure [32,33], cli-
mate change adaptation [32]), social issues (congestion [34-36], gentrification [37], social
imbalances [38]), economic aspects (sectorization of the economy, economic imbalances,
abandonment of the primary and secondary sectors, increased costs, etc.), and financial
aspects (sectorization of the economy, economic imbalances, abandonment of the primary
and secondary sectors, increased costs, etc.) must be explored. Insularity further aggra-
vates these pressures, as limited resources and dependence on transport exacerbate their
environmental and socio-economic vulnerability [39].

Within this complex geographical framework, we focus on four specific issues of
tourism activity on the island, for which we will develop geo-dashboards that will provide
detailed knowledge of the issues raised and can support decision-making. The issues
addressed are the following:

e Increased exposure of the island to natural hazards, especially flooding. Increased
tourism and consequent urbanization have changed how water is managed and how it
flows on the island, exacerbating the risk of flooding in densely populated and tourist
areas [40]. This not only poses a danger to inhabitants and tourists but also affects
critical infrastructure for tourism and the local economy. The situation is particularly
sensitive in the case of holiday dwellings. The problem is particularly sensitive in the
case of holiday homes [41], as the tourist population that occupies them is uninformed
about the dangers of exposure to flooding which makes them particularly vulnerable;

e Changesinland use show a marked increase in urbanized areas to accommodate hotels,
restaurants, and other tourist infrastructure. This urban expansion has often been at
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the expense of the island’s natural and agricultural areas, leading to biodiversity loss
and a disruption of local ecosystems;

e  The pressure and congestion of ecosystems due to the presence of people is another
side effect of the tourist boom in Mallorca. During the summer months, when the
flow of tourists reaches its peak, there is considerable stress on certain sites. This
constant pressure can lead to environmental degradation, affecting not only the tourist
experience but also the quality of life of residents [42];

o  Tourism activities in urban environments can lead to processes of gentrification and
economic segregation of the population. Tourism in Mallorca has created a dual
economy where, on the one hand, there is a thriving tourism-focused sector and, on
the other, there are local communities that often do not benefit equally from this boom.
This imbalance can lead to economic and social segregation, where local residents can
feel displaced or marginalized within their own island [43].

Moving toward the creation of a robust and efficient tourism data space in Mallorca
is necessary. Such a space would allow for a detailed and continuous analysis of tourism
patterns and environmental and socio-economic impacts of tourism and would make
management measures more effective. Such a platform would facilitate more informed
and data-driven decision-making, allowing policymakers, tourism entrepreneurs, and the
local community to collaborate in developing sustainable strategies that balance tourism
needs with the protection of natural and cultural heritage. Its implementation would also
be essential to mitigate the negative impacts of tourism and ensure that Mallorca remains
an attractive and sustainable tourist destination in the future.

Selecting the island of Mallorca, a mature tourist destination, as the setting for the
development of the proposed geo-dashboards presents a unique and opportune choice.
Mallorca, renowned for its diverse tourist offerings and established tourism infrastructure,
embodies a rich tapestry of data sources, ranging from visitor patterns to environmental
impacts, which are ripe for analysis and visualization. The island’s popularity and well-
documented tourism history provide a robust dataset that is ideal for demonstrating the
efficacy of geo-dashboards. By leveraging Mallorca’s comprehensive tourism data, these
dashboards can offer nuanced insights into tourism management, including aspects like re-
source allocation, visitor flow optimization, and sustainable tourism practices. Furthermore,
the lessons learned and the successes achieved in Mallorca can serve as a valuable model
for similar tourist destinations worldwide, showcasing the potential of geo-dashboards in
enhancing the tourism experience and supporting sustainable tourism development.

In the following sections, the conceptual bases that frame the four geo-dashboards to
be developed on the island of Mallorca will be presented.

2.1. Flood Exposition of Tourist Accommodation (Geo-Dashboard 1)

Tourism activity involves the arrival of people in geographical areas that are normally
unknown to them. Therefore, they may have little information about the natural hazards to
which they may be exposed, let alone how to cope with them.

The safety of people and their property are key elements to consider in managing a
tourist destination. Exposure to natural and man-made hazards is regarded as an exclusion
or penalizing factor for tourist destinations; therefore, the communication of exposure
to risks is not usually promoted, nor are the consequences of catastrophic events that
may have occurred in the past.

Tourists are generally unaware of the natural hazards to which they are exposed in
the tourist destinations they visit and are more vulnerable to their effects than the resident
population. Tourists” lack of rootedness in the tourist destination makes them inherently
more susceptible to natural hazards than the resident population. This vulnerability is
accentuated for tourists such as older people, children, and people with disabilities. In
addition, the lack of tourist interaction with host communities results in their isolation
in the comfort of their tourist accommodation. In a disaster, this isolation can become a
trap [44-46].
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Knowledge of the territory and the tourist’s relationships with the host population
contribute to reducing their vulnerability to natural hazards [47]. The typology of tourism
also has implications for social vulnerability to hazards. For example, adventure or cultural
tourism, which has a stronger relationship with the host society, reduces its vulnerability
due to a better knowledge of the environment.

Typically, tourism is accommodated in establishments specifically oriented to tourist
use, such as hotels, flats, and aparthotels, which are usually concentrated in coastal, moun-
tain, or city tourist areas. In more developed countries, generally these infrastructures
are usually constructed considering exposure to natural hazards, thanks to established
urban planning regulations and risk plans. In an emergency in the face of catastrophic
events, tourists staying in regulated hotel infrastructures can rely on the hoteliers and
their infrastructures to protect them or move them to safer places, thus reducing their
vulnerability [48,49].

However, in recent years, there has been a massive emergence and implementation of
the sharing economy in the tourism sector, generating a new type of holiday tourism [50].
The Web 2.0 internet has led to a new model of shared accommodation whose growth has
been exponential [51]. Holiday tourism develops a less concentrated and more dispersed
geographical distribution model, breaking into the host territory more comprehensively. It
takes place in urban, agricultural, and natural settings. As a result, exposure to natural haz-
ards increases exponentially for both the accommodation and the people exposed. Even
though tourism is given the motto “live like a local”, the reality is that holiday tourists do
not receive sufficient information about the natural hazards to which their accommodation
is exposed, let alone how to act in the event of a disaster [52,53]. In the case of a flood, forest
fire, landslide, etc., there are no protocols for action and often the tourist’s only contact is
the host’s telephone number.

Tourism is a vital economic pillar for Mallorca, and any adverse impact on tourism in-
frastructure can have significant financial repercussions. Flooding can lead to the temporary
closure of accommodation, resulting in a loss of income not only for holiday homeowners
and tour operators but also for the local economy, which is heavily dependent on tourism.
This situation is exacerbated by the fact that post-flood recovery and reconstruction can be
a lengthy and costly process.

The increase in the frequency, intensity, and severity of natural catastrophic events
is one of the main problems generated by global change. Many of the areas exposed to
natural hazards are currently used for tourism.

The island of Mallorca is exposed to a significant risk of flooding due to various
climatic, geomorphological, and anthropic factors. Mallorca’s rainfall regime is generally
adapted to a dry Mediterranean climate and gives rise to a fluvial regime based on the
absence of permanent watercourses. Extreme and concentrated rainfall at certain times of
the year (preferably in autumn) frequently causes torrents to overflow.

It is especially interesting to note that the municipality of Sant Lloreng¢ des Cardassar
suffered terrible floods on 10 October 2018. As a result, thirteen people died, of which six
were tourists who were circulating in the municipality, unaware of the danger of flooding
in the area [54].

Tourism destinations are preferred territories for developing strategic actions to reduce
vulnerability. The analysis of exposure to natural hazards is an obligation for destinations.
From the local or global level, governments and civil society should increase resilience to
such hazards [55-57].

From this perspective, the objectives of this dashboard are to inform tourism managers
about the type of exposure to flood hazards of each regulated hotel accommodation (hotels
and flats), as well as the exposure to flood risks of the Airbnb (and other short-term rental
businesses) company’s holiday offer.
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2.2. Land-Cover Changes (Geo-Dashboard 2)

The dynamics of changes in land use are of great interest from a territorial, environ-
mental, social, and economic perspective. Tourism as a transversal economic activity has a
fundamental impact on the transformation of the territory. In general, the greatest effect is
the increase in urban uses and the artificialization of the territory.

In recent decades, the Mediterranean coastline has experienced strong urban pressure
due to the construction of infrastructures and hotel facilities (hotels, flats, golf courses,
theme parks, etc.). The increase in artificial surfaces has a notable environmental impact on
terrestrial and marine ecosystems, an effect on the destruction of habitats, modification of
the hydrological regime, increased exposure to natural hazards, etc.

In island environments, the effects of changes in land use can be particularly sensitive
due to their irreversibility in relation to limited resources. Therefore, tourism planning
must necessarily consider and monitor changes in land use/land cover and try to balance
uses to ensure tourism destinations’ sustainability and competitiveness.

On the island of Mallorca, the evolution of land cover from 1990 to 2018 is closely
linked to tourist pressure but also to the abandonment of agricultural land, an increase in
residential pressure in rural areas, the abandonment of forestry, and the abandonment of
natural areas.

The tourist boom in Mallorca has driven a remarkable development of infrastructures
and services to meet visitors’ needs. This growth has led to a significant landscape transfor-
mation, where areas previously dedicated to agriculture or preserved as natural spaces have
been converted into urban or tourist areas. This change in land use has direct implications
in several respects. One of these is the increased risk of fire in the wildland-urban interface.
As urbanized areas expand into regions closer to forests or natural areas, the risk of forest
fires affecting these inhabited areas increases. This not only poses a danger to life and
property but also poses significant challenges in terms of emergency management and
urban planning.

In parallel, reducing agricultural areas is another direct consequence of this change.
The conversion of agricultural land into intensive or extensive urban developments for
tourism uses reduces the island’s capacity for local food production, impacting the rural
economy and food sustainability. In addition, this transformation can lead to the loss of
biodiversity and the alteration of local ecosystems, affecting the environmental balance of
the island.

In addition, the increase in built-up areas due to tourism development brings nu-
merous challenges. These include increased pressure on water resources and other public
services, waste generation, and the need for additional infrastructure. Massive urbanization
can lead to congestion problems and negatively impact the quality of life of residents as
well as the experience of tourists.

Pons Esteva (2003) [58] studied the evolution of land use in the Balearic Islands using
cartography based on photo-interpretation at a scale of 1:50,000 for the years 1956, 1973,
1995, and 2000. The study shows that urban use experienced strong growth in the period
analyzed, from 1.1% of the territory in 1956 to 5% in 2000. Pons Esteva (2016) [39] analyses
the relationship between artificialization. He points out that island nature is one of the
reasons why the pattern of urbanization of the coastline in the Balearic Islands is not as
intense as in the Spanish coast. As a general rule, the larger an island is, the more continental
it is and the smaller its islandness, and consequently the greater the development pressure
on the coast. Connectivity is the other dimension of islandness that explains the lower
degree of urbanization of the islands’ coastal strip.

The objective of the land-cover changes geo-dashboard is to provide an overview
of the dynamics of land-cover transformation on the island of Mallorca for the period
1990-2018, providing detailed information on the main transformations experienced, which
are divided into three main areas: dynamics of artificial areas, dynamics of agricultural
areas, and dynamics in forests and semi-natural areas.
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2.3. Human Pressure (Geo-Dashboard 3)

The growing population and tourist pressure on the island of Mallorca, especially in
urban areas, sensitive natural areas (beaches, tourist routes), and areas with a concentration
of cultural heritage (cathedral, Lluc Monastery, etc.), pose significant challenges that we
must try to understand to find rational solutions.

The island, known for its natural beauty and cultural richness, attracts many tourists
seeking to enjoy these environments. However, this constant flow of visitors can have
negative impacts on both the environment and cultural heritage, as well as on the quality
of life of the residents, etc.

In sensitive natural areas, increasing visitor numbers can lead to progressive environ-
mental degradation. This includes soil erosion, disturbance of wildlife habitats, contamina-
tion by waste, etc. If not properly managed, tourism activities, such as hiking, cycling, and
boat trips, can alter fragile ecosystems and decrease their biodiversity.

Regarding cultural heritage, historical sites and sites of cultural importance also face
similar challenges. The large influx of tourists can cause physical wear and tear on ancient
structures and archaeological sites. In addition, the massive presence of visitors can alter
the authenticity and atmosphere of these places, affecting the experience of both tourists
and residents.

Tourist congestion is another significant problem associated with tourism pressure.
During peak seasons, visitors can overwhelm popular tourist areas, resulting in crowded
streets, crowded beaches, shortages of public services such as parking, and increased traffic
and pollution. This situation can negatively affect the quality of the tourist experience and
diminish the quality of life for residents.

The need for appropriate regulation is key to addressing these challenges. It is essential
to implement policies and strategies that balance promoting tourism with protecting and
conserving natural and cultural resources. This may include limiting the number of visitors
in certain areas, promoting sustainable tourism practices, improving infrastructure to
manage crowds better, and encouraging off-season tourism to distribute visitors throughout
the year better. In addition, it is crucial to involve local communities in tourism planning
and management to ensure that tourism development benefits the resident population and
respects their culture and environment.

It is considered relevant to have historical or real-time information on visitors to a
given resource (natural, cultural) to be able to assess the pressure it presents and thus be
able to develop plans or actions to adapt this pressure to its true carrying capacity. From
this perspective, information on the location of people obtained from the georeferencing of
mobile devices is increasingly used.

In the human pressure analysis geo-dashboard, a test is carried out to evaluate the
human pressure on the territory of Mallorca obtained from the information extracted from
the geo-positioning of photographs of Mallorca published on the Flickr platform.

Flickr is an online photo and video-sharing platform known for its large user commu-
nity and extensive image library. On the other hand, the Flickr APl is a set of programming
interfaces allowing developers to interact with the Flickr platform. This includes accessing
photos, user information, and metadata associated with images. Many pictures on Flickr
are tagged with geographic information indicating where they were taken [59-61]. This
information can include latitude and longitude coordinates and other location-related
metadata. By accessing these photos and their metadata through the AP, it is possible to
use this information to geo-reference the images. Thus, pictures locating the photos on a
map or performing analysis based on their geographic location is possible.

The starting hypothesis is that the location of Flickr photos indicates the number of
people at a site, so that a level of human pressure can be extrapolated from the number of
pictures in a geographical environment for a given period. In addition, these photos have
been taken at a site with a certain land cover/land use, so they can also be used to assess
whether human pressure is on a natural, agricultural, or forested geographic environment.
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The objective is to generate a geo-dashboard that provides information on human
pressure on the territory at the census section level and to assess the level of affectation for
every kind of land cover according to level I of the Corine Land Cover 2018 legend.

2.4. Tourism Uses at Urban Areas (Geo-Dashboard 4)

The distribution of tourist uses in urban areas, the income level of the resident pop-
ulation, the externalities generated by tourism, and tourist congestion are issues of great
importance in the planning and management of tourism on the island of Mallorca.

The correlation between tourism uses and the income level of the local population can
be significant. Areas with a high concentration of tourism often experience an increase in
the cost of living, including housing prices and rents, which can displace lower-income
residents. This phenomenon, known as tourist gentrification, can alter neighborhoods’
social and economic composition, creating areas where only the better-off can afford to live
or vacation. This can lead to socio-economic segregation and the loss of local identity and
character of communities.

In addition, tourism generates externalities, both positive and negative. Positive
externalities include economic development, job creation, and infrastructure improvement.
However, negative externalities can vary significantly, including environmental pollution,
noise, and wear and tear on public services and infrastructure. These effects can negatively
affect local residents’ quality of life and alter urban areas’ ecological and social balance.

To address these issues, urban planning and management that addresses the needs
of both tourists and residents is crucial. This includes fair housing policies, measures to
mitigate the negative externalities of tourism, and urban planning that balances tourist
spaces with residential areas. Promoting sustainable and responsible tourism that benefits
local communities and preserves the unique character of urban areas is also important.

The city of Palma, the capital of the Community of the Balearic Islands (Mallorca),
presents a scenario that largely reproduces the set of problems mentioned above. There is
an important line of research in this regard [37,62—-64].

In this context, the development of a geo-dashboard oriented to the management of
tourist uses in urban spaces is considered appropriate to be able to analyze information
corresponding to the tourist offer in an integrated way, together with demographic and
economic variables. To this end, it is necessary to integrate various available data sources
that provide information of interest. Specifically, on the one hand, the National Institute
of Statistics offers demographic and income information, and, on the other, the cadastral
cartography of the Electronic Headquarters of the Cadastre includes information on the
urban uses of the territory. The fusion of both cartographies provides a very suitable
monitoring tool for the urban diagnosis of tourist activity.

3. Conceptual Framework and State of the Art: Geo-Dashboards

Tourism data spaces reflect a significant evolution in the use of advanced technologies
for more efficient management and better understanding of the tourism sector [65,66]. In
this context, the integration of various data sources has become increasingly important
in the digital era, primarily driven by the need for informed decision-making based on
accurate and up-to-date information.

Regarding analytical data tools in tourism, the use of Big Data [60,67-69] and predictive
analysis [70-73] has become fundamental. The ability to analyze large volumes of real-
time data, ranging from booking pattern detection to integrated analysis of social media
comments, enables a deeper understanding of tourism market trends. This information
is crucial for anticipating changes in consumer preferences and behaviors, as well as
forecasting the demand for tourism services [74,75].

Artificial intelligence and machine learning represent another significant pillar in these
data spaces [7,76]. These technologies are used to personalize the tourism experience [77,78],
providing recommendations based on users’ previous preferences and behaviors. The abil-
ity to process and autonomously learn from data enables these tools to offer increasingly
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precise and useful insights for tourism planning. Artificial intelligence (AI) plays a crucial
role in tourism data analysis. By integrating Al with geo-dashboards, we can enhance
tourism planning and support, reducing environmental and social impacts for more sus-
tainable tourism. Al can process vast amounts of data, providing valuable insights into
tourist behaviors and preferences. However, it is important to clarify that this project
does not aim to incorporate Al tools into the developed geo-dashboards. Our focus is on
monitoring aspects rather than on advanced Al functions like pattern detection, modelling,
or prediction, defining the scope of our geo-dashboard application in tourism management.

Geolocation and mapping of tourism variables play a crucial role in tourism data
spaces. These technologies enable the geographical visualization of tourism data, facili-
tating functions such as analyzing movement patterns, identifying areas of high tourist
concentration, and mapping the distribution of resources and services [79-81].

Data dissemination platforms have become an essential component of tourism data
spaces. The creation of interactive dashboards and data visualizations allows stakeholders,
ranging from tourism planners to businesses and tourists, to access relevant information
easily and understandably [82-85]. These platforms not only represent data visually but
also provide interactive analysis, facilitating the identification of complex patterns and
emerging trends [22,86,87].

A prominent feature of tourism dashboards is their high degree of interactivity. These
tools allow users to manipulate and explore data in various ways, including filtering
information by specific categories such as location, time, and type of tourism. This flexibility
ensures that different users can customize data visualization to their specific needs. The
integration of real-time data is another vital functionality of these dashboards [88]. They
capture and display continually updated information, which is crucial in a dynamic sector
like tourism. This feature allows tourism operators and planners to respond quickly to
emerging changes in travel patterns, bookings, and consumer preferences.

Furthermore, tourism dashboards are effective communication tools. They facilitate
the dissemination of complex information to a broad audience, including stakeholders,
tourism planners, investors, and the local community [89]. By presenting data in a visual
and accessible manner, these dashboards help all those involved to better understand the
factors impacting tourism in a specific region.

Geo-dashboards (also known as geospatial dashboards or map-based dashboards) have
evolved significantly from their origins, where static maps and limited functionalities were
prevalent. The integration of geographic information systems (GIS) and business intelli-
gence (BI) technologies has marked a turning point, greatly expanding their capabilities
and applications [82,90,91]. Today, various platforms and tools range from open-source
solutions to advanced commercial products. Leaders in the market like QGIS, ArcGIS,
Tableau, and Power BI offer advanced spatial analysis and real-time visualization capabili-
ties. Table 1 displays a selection of geo-dashboards as described in the scientific literature,
including their objectives and the types of information included in the panels.
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Table 1. Objective and type of information of some geo-dashboards.

References Objective Information Included in the Panels
2 Ui it bl g amaiipl porement
[93] Traveler mobility analysis Tweets, users
[94] Predicting development of a company Financial, organizational, and non-financial
[95] Sardegna touristic movements Tourist movements
[84] Lisbon tourism monitoring Accommodation, expenditures, travel, satisfaction, visits
Real-time information (air quality, hydrometric, river levels,
[96,97] Dublin urban dashboard traffic, etc.), non-real-time (employment, households,
students, crime, etc.)

= Tt manogement Beyde s perking g e e e
[99] Crime analysis National crime reco;gzi;f;fivif(i)crilelz focusing on crimes
[100] Social resilience Employment, jobs, healthcare, income, etc.
[101] Epidemiology COVID-19 cases, infected, viral sequences.

Geo-dashboards in tourism represent an integral and advanced tool in the field of
smart tourism, serving as a bridge between data collection and strategic decision-making
in smart tourism destinations. These dashboards are sophisticated systems that utilize
a combination of geographic and alphanumeric data to provide a comprehensive and
real-time view of various key aspects of tourism.

Geo-dashboards feed on a wide spectrum of data collected from diverse sources.
This data can include detailed geographical information, such as the location of tourist
attractions, traffic patterns, areas of high tourist influx, and visitor demographics. In
addition, they also incorporate alphanumeric data, which can range from hotel occupancy
statistics to tourist spending trends. The integration of these types of data offers a holistic
and multidimensional view of the tourism environment.

The power of geo-dashboards lies in their ability to apply advanced analytical and
statistical tools. By using artificial intelligence techniques and statistical analysis, these
dashboards can process large data sets to identify patterns, trends, and correlations. This
enables tourism destination managers to gain valuable insights, such as identifying high-
demand areas, predicting tourism trends, and optimizing resources and services.

These systems are situated within a “tourism data space”, a digital ecosystem where
relevant information for tourism is accumulated, processed, and analyzed. This data space
acts as a centralized repository, facilitating access to up-to-date and accurate information,
which is crucial for efficient and effective decision-making. Geo-dashboards enable an
interactive and easy-to-understand visualization of data, which helps tourism destination
managers to quickly adapt their strategies and services to the changing needs of tourists
and the market, thereby fostering a richer, more efficient, and sustainable tourist experience
(Figure 2).

Presently, geo-dashboards are indispensable across multiple sectors. In both public
and private sectors, their use is widespread, encompassing urban management and public
health [102,103], playing a crucial role in disease tracking [101], to logistics and retail plan-
ning [104]. In the tourism sector, they add significant value by integrating spatial compo-
nents into visualization, indicator generation, and implemented analytical tools [90,105,106].
With the increasing availability of real-time data and the adoption of technologies like
artificial intelligence and machine learning, geo-dashboards are evolving into smarter and
more predictive platforms [107]. This not only enhances real-time analysis capabilities but
also opens new possibilities for event and trend prediction and simulation.
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Figure 2. Geo-dashboards in the smart tourism destination and tourism data spaces framework.

Geo-dashboards provide a suitable platform for integrating citizen-provided data
(volunteered geographic information) [108], supporting the monitoring of tourism mobil-
ity [93,109].

Investigating the development of tourism-focused geo-dashboards is crucial as it fills
a significant gap in the existing scientific literature, offering applied possibilities that have
not been extensively explored [110]. Advancing interactive geo-dashboards in tourism
is vital for sustainable tourism planning and decision-making. These tools can provide
comprehensive insights into travel patterns, environmental impacts, and tourist behaviors,
enhancing decision-making for both tourists and decision-makers. Such advancements not
only align with sustainable tourism objectives but also address a critical need for dynamic
and informed tourism management strategies in an increasingly data-driven industry.

4. Methodology

For the construction of the four tourism geo-dashboards to support tourism planning
and management, we propose the use of accessible, open, and published tourism and
territorial information from various public administrations or private entities that provide
information in standard digital formats (Shape, ESRI-Geodatabase, CSV, etc.).

The methodology used for the development of the geo-dashboards is presented in
Figure 3. It consists of five phases. The first involves the selection of various geographical
information sources from both public and private entities. Information is extracted and
integrated into a data repository. Subsequently, in the second phase, various indicators
are generated using spatial analysis tools. In the following phases, the creation of the
geo-dashboards takes place, which includes the design of functionalities and interface, the
implementation of the defined functionalities, and finally, the publication of the tool on
the Web.

The four geo-dashboards developed in this project are strategically designed to pro-
mote the sustainability of tourism activities on the island of Mallorca. Each dashboard is
tailored to address specific aspects of the island’s tourism dynamics: assessing the vulnera-
bility of tourist accommodations to flooding, monitoring changes in land cover, studying
human pressure in environmentally sensitive areas, and analyzing the distribution of
tourist activities in relation to the economic impact on local communities. By providing
detailed visualization and analysis of these crucial factors, the dashboards enable a more
informed and strategic approach to tourism management. This approach not only opti-
mizes decision-making for sustainable tourism practices but also contributes significantly
to the broader goal of creating a harmonious balance between tourism development and
environmental preservation on the island.
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The sources of information and the analytical processes used in each case will be
discussed in detail separately for each geo-dashboard created in the next sections.

OpenData
Public Administration Data Private Sector Data
e e e =y
Statistical Cadastral nsus Other
Data Data Data Sources
e e e = -

Interoperatibility data standards
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Phase V. Geo-Dashboard Web Publication =

Figure 3. Development phases.

Phase IV. Geo-Dashboard Implementation
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4.1. Geo-Dashboard 1: Flood Tourism Exposition

The geo-dashboard “Flood tourism exposition” uses Airbnb data on the location of
holiday homes and regulated tourist accommodation, as well as information from the
National Floodplain Mapping System, including flood recurrence periods for 10, 100, and
500 years. The formats of these data vary between CSV and Shape, and sources include
the Airbnb website, the Govern de les Illes Balears” open data portal, and the Ministry for
Ecological Transition and the Demographic Challenge (Table 2).

Table 2. Sources of information from the geo-dashboard based on exposure to flood hazards.

Geo-Dashboard Source of Data Format Link
Airbnb location of sy http:/ /insideairbnb.com/get-the-data
holiday homes (accessed on 15 November 2023)

Govern de les Illes Balears. Open data catalogue

Regulated tourist Shape https:/ /www.caib.es/sites/opendatacaib/ca/

Flood tourism accommodation inici_home/?campa=yes
i (accessed on 15 November 2023)
exposition
Ministry for Ecological Transition and the

National Floodplain Demographic Challenge
Mapping System Shape Flood Risk Management

Recurrence periods of 500, P https:/ /www.miteco.gob.es/es/agua/temas/

100, 10 years gestion-de-los-riesgos-de-inundacion/snczi.html

(accessed on 15 November 2023)

For unregulated tourist accommodation, data from the Airbnb platform was used.
Airbnb is a platform that allows ordinary people to rent out their residences to tourists.
Some authors consider it as a disruptive innovation that has transformed the accommo-
dation market [111]. Peer-to-peer accommodation is cannibalizing the traditional tourism
market. Its geographic scope is wider and more dispersed across the territory. The benefits
of tourism are spreading, as is the exposure of tourists to hazards. For the analysis of the
location of unregulated tourist accommodation, the Inside Airbnb platform has been taken
into account for the location of the holiday tourism offers. This type of source is being used
by a number of researchers [112-116].


http://insideairbnb.com/get-the-data
https://www.caib.es/sites/opendatacaib/ca/inici_home/?campa=yes
https://www.caib.es/sites/opendatacaib/ca/inici_home/?campa=yes
https://www.miteco.gob.es/es/agua/temas/gestion-de-los-riesgos-de-inundacion/snczi.html
https://www.miteco.gob.es/es/agua/temas/gestion-de-los-riesgos-de-inundacion/snczi.html
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The floods tourism exposition geo-dashboard has been constructed by integrating
flood hazard mapping and point data corresponding to tourist accommodation and holiday
homes. The methodology consists of superimposing point entities on polygons representing
flood zones (Point over Polygon). In this way, the attributes of the flood zones are integrated
with the characteristics of the accommodation and holiday homes.

The interfaces of the designed geo-dashboards have been implemented using ESRI'’s
dashboard tool, which is included in its ArcGIS.com platform.

It is important to note that this work represents a scientific product developed on an
experimental basis in the context of academic research and is not an operational manage-
ment tool for open use by tourism managers. The use of the geo-dashboards created until
now is strictly academic.

4.2. Geo-Dashboard 2

The land-cover changes geo-dashboard is based on the use of Corine Land Cover data
for the years 1990, 2000, 2006, 2012, and 2018, and the municipal division, to analyze the
evolution of land-cover changes for each municipality on the island of Mallorca. The data
are in geodatabase and Shape formats, and sources include the EU Copernicus land moni-
toring services and the Organismo Auténomo Centro Nacional de Informacion Geografica
(Table 3).

Table 3. Geo-dashboard data sources: land-cover changes.

Geo-Dashboard Source of Data Format Link
Corine Land Cover Land Monitoring Services. Copernicus. EU
1990, 2000, 2006, 2006, Geodatabase https:/ /land.copernicus.eu/en/products/corine-land-cover
2012, 2018 (accessed on 15 November 2023)

Land-Cover
Changes

Municipal division Shape

Autonomous Organization National Centre for Geographic
Information
National Geographic Institute
Ministry of Transport Mobility and Urban Agenda

The analytical process developed consists of the cartographic overlaying using ArcGIS
Pro (Intersect) of the series of land-cover maps of the Corine Land Cover project, covering
the years 1990, 2000, 2006, 2012, and 2018 on the island of Mallorca, together with the mu-
nicipal division. Subsequently, a statistical summary is generated, grouping municipalities
by the different level 1 categories of the Corine Land Cover legend [117]. This methodology
provides a broad and evolutionary view of land-use distribution in all the municipalities
of Mallorca, allowing a comprehensive analysis of the changes that have occurred in each
municipal area over time.

4.3. Geo-Dashboard 3

The human pressure geo-dashboard extracts geographic metadata from Flickr photos
between 2015 and 2019 and groups them by NGI census tracts and 2018 Corine Land Cover
typologies. This dashboard focuses on the assessment of population pressure. The data
used are presented in Table 4, and their format includes CSV, Shape, and geodatabase. Data
sources are the Flickr API, the National Institute of Statistics, and the Copernicus land
monitoring services.

The geo-dashboard of human pressure (residential and tourist) is built from the
georeferencing of the geographic metadata obtained through a program made in the Python
language that consults the Flickr API and extracts the coordinates of the georeferenced
photos of the platform for the period 20152019 (the program is attached in Table 4 of the
Supplementary Materials). A layer of points representing the location of each photo is
generated from the pictures. A total of 61,021 photographs have been obtained.


https://land.copernicus.eu/en/products/corine-land-cover
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Table 4. Dashboard interface analysis: territorial pressure.

Geo-Dashboard Source of Data Format Link

Flickr photos 2015-2019. Flickr API
Metadata with Ccsv https:/ /www.flickr.com /services/api/

geographical coordinates (accessed on 15 November 2023)

People P National Statistical Institute

cople Tressure Census sections IGN Shape http:/ /www.ine.es
(accessed on 15 November 2023)
Land Monitoring Services. Copernicus. EU

Corine Land Cover 2018 Geodatabase https:/ /land.copernicus.eu/en/products/corine-land-cover

(accessed on 15 November 2023)

Subsequently, the photo layer (points) is superimposed (Overlay: Intersect) on the
census section layers, Corine Land Cover 2018. In this way, the attributes of the census
sections and land covers are incorporated into the photo layer.

4.4. Geo-Dashboard 4

The tourist uses at urban spaces geo-dashboard uses urban cadastral cartography, IGN
census sections, and demographic and income data to analyze tourist uses of urban land
and their relationship with socio-demographic variables. The data are in the Shape and
Excel formats and come from the Electronic Headquarters of the Cadastre, the Ministry of
Finance and Public Function, and the National Institute of Statistics. Table 5 presents the
data sources and the format of the information used to create the geo-dashboard.

Table 5. Dashboard interface analysis: tourist activities at urban spaces.

Geo-Dashboard

Source of Data Format Link

Urban Touristic
Land Uses

Electronic Headquarters of the Cadastre

Urban Cadastral Ministry of Finance and the Civil Service
Cartography

Shape https:/ /www.sedecatastro.gob.es/

(accessed on 15 November 2023)

National Statistical Institute

Census sections IGN Shape http://www.ine.es

(accessed on 15 November 2023)

Demographic data
Income data

National Statistical Institute
Excel http://www.ine.es
(accessed on 15 November 2023)

With regard to the analytical methodology developed, firstly, a meticulous process
of data extraction from the cadastral cartography (alphanumeric and geographic) of the
Electronic Headquarters of the Cadastre was carried out, corresponding to the municipality
of Palma, complemented with the use of the QGIS program and its Cadastral Classifier
extension. This extension allows the efficient classification of urban land uses in the
categories identified by the Cadastre. Secondly, demographic and income data from the
National Institute of Statistics have been integrated into the city of Palma (Mallorca) census
sections. Subsequently, an overlay has been carried out, combining the information from
cadastral parcels and census sections to obtain information on land use for each census
section for which demographic and economic variables are available.

All the geo-dashboards were created with the ESRI Dashboard tool. First, it was
necessary to create ArcGIS Pro v.3.0 projects and publish them through the ArcGIS.com
platform. The implementation criteria for the dashboards follow the design guidelines
proposed by Janes et al. 2013 [118].


https://www.flickr.com/services/api/
http://www.ine.es
https://land.copernicus.eu/en/products/corine-land-cover
https://www.sedecatastro.gob.es/
http://www.ine.es
http://www.ine.es
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5. Results and Discussion
5.1. Geo-Dashboard: Floods Exposition of Tourist Accommodation

The dashboard aims to dynamically identify the exposure to flood hazards of the
tourist accommodation and holiday homes displayed on the base map. A modification of
the extent of the visible map leads to a dynamic update of the indicators.

Figure 4 shows the interface of the generated dashboard.
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Figure 4. The general interface of the geo-dashboard: floods exposition of tourist accommodation.
Accessible at URL: https:/ /cartouib.maps.arcgis.com/apps/dashboards/83368c3457dc4a619728688
€92dda594 (accessed on 15 November 2023).

The screen has been divided into three columns (Table 6).

Table 6. Dashboard interface analysis: floods exposition of tourist accommodation.

ACCOMODATIONS EXPOSED AIRBNB VACATION HOUSES

g P The left column includes two graphs. The first (top left)
£ 100 “ 1k represents the number of regulated tourist accommodations by
?; sz 2 4y 3,0 173 116 10, 100, and 500-year recurrence flood hazard zones. The second
L L graph (bottom left) shows the number of holiday homes by
i T flood zones.

Recurrence periods (years) Recurrence periods (yeal

Tt ccomodaion Accomnions pesed o s

1,5k & 157 &

ey The central column shows the interactive map with a legend

showing flood zones by return period (polygons), tourist

accommodation (dots), and holiday homes published on Airbnb.

At the top of the map is an indicator of the total count of

accommodations visible on the map and the total number of

accommodations exposed to flooding. At the bottom, two

counters are displayed, in this case, to show the total number of
¢ Airbnb vacation rentals visible on the map and a total number
EoLPERE o Fougsine, A TSN ._Poweredby b of vacation rentals exposed to flood hazards.

Total Airbnb exposed to floods.

1,7k &

The right-hand column provides detailed information on each
of the accommodations exposed to flood hazards (top window)
and the exposed holiday homes (bottom window).



https://cartouib.maps.arcgis.com/apps/dashboards/83368c3457dc4a619728688e92dda594
https://cartouib.maps.arcgis.com/apps/dashboards/83368c3457dc4a619728688e92dda594
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The dashboard’s functionality is to identify interactively and in detail the flood risk
exposure of accommodation and holiday homes. A movement of the map extension triggers
an update of the indicators.

The information presented by this geo-dashboard is useful and informative for tourists
staying in hotels, flats, or holiday homes in Mallorca. The tool makes it possible to identify
the site’s exposure level and take appropriate measures to mitigate the potential effects
of a flood. Tourism managers/territorial planners can identify which accommodations
are exposed to flooding and take preventive and emergency management measures in the
occurrence of an event.

In the Supplementary Materials, Tables S1 and S2 are attached, showing the distribu-
tion of tourist accommodation and holiday homes exposed to flooding by municipality. In
general, Mallorca is widely exposed to flood zones for a recurrence period of 500 years. The
municipalities with the highest degree of exposure are Calvia, Campos, Manacor, Palma,
Pollenga, and Soller. These results warn of the need to implement appropriate measures to
disseminate information on risk exposure and promote risk culture on the island, not only
for residents but also for tourists and visitors.

In terms of improvements, the tool could incorporate other functionalities, such as the
inclusion of other types of risks (fires, landslides). If it were implemented in the field of
public administration, it could provide direct access to the contact telephone numbers of
the accommodation facilities to implement protection measures in the event of potential
events.

This is an example of a geo-dashboard that uses open and up-to-date data sources
to support tourism planning for natural hazard prevention. This is an example of the
potential of tourism data spaces in Mallorca to support sustainable tourism planning by
integrating geo-scientific information on natural hazards with hotel and holiday home
data. The sharing of data between the private sector, academia, and the public sector is the
cornerstone of this tourism data space, which has as a direct positive result an increase in
the safety of the destination and, therefore, in its attractiveness to tourists.

5.2. Dashboard of Municipal Land-Cover Changes

Figure 5 shows the interface of the land-cover changes geo-dashboard, and Table 4
explains each of the built-in functionalities in detail.
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Figure 5. Land-cover changes from the Corine Land Cover (1990-2018) geo-dashboard. https:
/ /cartouib.maps.arcgis.com/apps/dashboards/29ba3854dd46434d9408d3df18e1£57d (accessed on
15 November 2023).


https://cartouib.maps.arcgis.com/apps/dashboards/29ba3854dd46434d9408d3df18e1f57d
https://cartouib.maps.arcgis.com/apps/dashboards/29ba3854dd46434d9408d3df18e1f57d
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A black background has been selected for the dashboard to highlight both the map
and the graphics generated. The interactivity is given by the possibility of choosing the
municipality under study. It is also possible to interactively visualize the legend that
provides information on the changes experienced (Table 7).

Table 7. Dashboard interface analysis: land-cover changes 1990-2018.

LAND COVER CHANGES

The left column includes a summary graph showing the
changes in the selected municipality in relation to the increase
in urban areas (red), agricultural areas (orange), and
forest-semi-natural areas (green). The results are presented as a
percentage of the municipal total.

The attached example shows the land-cover dynamics for the
municipality of Séller from 1990 to 2000. It shows an increase of
4.3% in artificial surfaces, a decrease of 18.8% in agricultural
areas, and an increase of 14.5% in forest areas.

The information provided makes it possible to identify each
municipality’s dynamics and assess the degree of human
ARTIFICIAL pressure in each geographical area.
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At the top of the map are three indicators of the number of
hectares converted to artificial, agricultural, and forest areas in
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In this case, the municipality of Séller experiences a clear
increase in urbanized areas (181.5 ha), a decrease in agricultural
areas (—802 ha), and an increase in natural areas (618.4 ha).
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The land-cover changes geo-dashboard is an example of a digital tool built from
Corine Land Cover open territorial information which, once integrated into an analysis
platform and conveniently combined with municipal details, provides a synthetic vision of
the dynamics of land-use transformation on the island of Mallorca.

This is a clear example of the current possibilities that can be implemented within the
framework of constructing a tourism data space in Mallorca. The information exists, it is
available, and it is feasible to integrate it into a data space.

The interest of the tool from the perspective of tourism planning is highlighted by the
fact that it provides relevant indicators of the anthropic pressure of tourist municipalities
and allows for the evaluation of the territory’s carrying capacity in the face of new urban-
tourist developments.

The analysis of the municipal evolution of land cover, which served as the basis for
the dashboard, shows that Mallorca has experienced a notable increase in urbanized areas
between 1990 and 2018. However, it is in recent years that the transformation has been
most evident (see Table 54 of the Supplementary Materials). Likewise, there has also been a
significant decrease in agricultural areas due to the abandonment of farms and an increase
in forest and semi-natural areas to cover the agricultural areas. This circumstance means
an increase in urban forest areas, which increases the exposure of urbanized areas to the
danger of forest fires.

5.3. Human Pressure

Figure 6 shows the user interface of the geo-dashboard. On this occasion, a dark
background has been chosen for the design to highlight the color of the graphics and maps.

Territorial pressure analysis using Flickr photographs (22015-2019) maliorca
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Figure 6. Human pressure geo-dashboard. https://cartouib.maps.arcgis.com/apps/dashboards/
2bfcbdcd74£f46d69f661866cf5802d6 (accessed on 15 November 2023).

The functionality of the interface is summarized in Table 8.

Table 8. Analysis of dashboard interface: human pressure.
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The human pressure geo-dashboard is an example of an analysis tool for assessing
tourist pressure in Mallorca. Although the information provided by the Flickr platform has
not been sufficiently filtered to extract those photos taken by non-residents of the island, the
results show a clear pattern that tourist environments include a greater number of images.
The tool provides a territorial indicator of human pressure that can be suitably improved
to support tourism planning.

This dashboard is a clear example of the potential use of information extracted from
social networks to support tourism management and the detection of congestion in ge-
ographical areas. The map that serves as a sample in the interface description provides
a view of the city of Palma, in which the port area and the old town are the ones with
the highest values. These areas correspond to the greatest tourist areas of the city, so it is
possible to use this map to indicate human pressure.

The dashboard has been built with private information accessible through an API
and public territorial information, confirming the value of synergy in the construction of
tourism decision support tools based on data. This type of application would be a suitable
tool for incorporation into a tourism data space for Mallorca.
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5.4. Geo-Dashboard of Tourism Uses in Urban Areas

Figure 7 shows the user interface of the geo-dashboard.
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Figure 7. Human pressure geo-dashboard. https://cartouib.maps.arcgis.com/apps/dashboards/cb0
£4£42980648e2b784be96542245b2 (accessed on 15 November 2023).
The functionality of the interface is summarized in Table 9.
Table 9. Dashboard interface analysis: human pressure.
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A choropleth map representing the area of hotels and
restaurants used by the census tract is presented.

It can be seen that the coastal areas next to the city’s historic
center concentrate tourist uses in the city of Palma. It is
significant to note the absence of tourist uses in the urban
periphery of the city.

In addition, the dashboard makes it possible to activate a layer
of urban uses of the city of Palma extracted from the cadastral
cartography.

The maximum occupancy uses for each of the cadastral plots are
shown.
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The creation of a geo-dashboard of tourism uses in urban areas for the city of Palma in
Mallorca is presented as an essential and timely tool for the island’s tourism data space.
This type of dashboard facilitates an integrated and in-depth analysis of the tourist offer
and demographic and economic variables, which is crucial to understanding the complex
interactions between tourism and the local community.

One of the main advantages of this dashboard is its ability to identify and address
problems of tourist gentrification. In many tourist cities, including Palma, the increase in
tourism and the corresponding demand for accommodation can lead to a displacement of
lower-income residents and alter the social and economic composition of neighborhoods.
By correlating tourism uses with local income levels, the dashboard can help identify areas
at risk of gentrification and thus formulate policies to mitigate these negative effects.

Moreover, tourism generates both positive and negative externalities. While it can
boost economic development and job creation, it can also lead to problems such as envi-
ronmental pollution, noise, and wear and tear on public services and infrastructure. These
effects can negatively affect the quality of life of residents and disrupt the ecological and
social balance of urban areas. The geo-dashboard provides a platform to monitor these
externalities and develop strategies to balance the benefits and disadvantages of tourism.
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The dashboard functionality, which allows tourism, demographic, and economic infor-
mation to be viewed simultaneously and in detail, is particularly valuable. Providing a clear
picture of how tourism impacts the different census sections of Palma, facilitates informed
and strategic decision-making for more sustainable and equitable tourism management.

6. Conclusions

Currently, the availability of open digital data related to territory, tourism infrastruc-
ture, people’s location, and territorial risks, provided by public administrations at various
levels, is crucial for developing monitoring and planning tools in tourism. This develop-
ment significantly contributes to creating a robust tourism data space, highlighting the
applicability of these data for decision-making in the tourism sector. The usefulness of
this data motivates administrations, the private sector, and academia to produce and share
valuable information for the tourism ecosystem.

In this article, we have demonstrated that using open data, it was possible to develop
four tools for consulting and monitoring various aspects of tourism activity in Mallorca:
risk exposure, changes in land use, human pressure, and tourism activity in urban en-
vironments. Mallorca, as a mature tourism destination, has been taken as a case study
for the implementation of these digital tools, underlining the need for accessible and
operational data.

The developed geo-dashboards represent an initial step in capitalizing on territorial
information to support tourism planning on the island. Open access to these dashboards
provides a new and attractive perspective on information relevant to tourism planning and
management.

However, the research has limitations, mainly due to not incorporating all available
information sources and the need for new data sources, both open and private, to advance
in creating more advanced analytical tools. This underscores the urgency of developing
tourism data spaces in the Balearic Islands and other tourist destinations.

Another limitation is the possibility of improving the functionalities of the built tools
by incorporating more precise analyses with advanced artificial intelligence tools for the
development of prediction and pattern detection instruments, as well as the inclusion of
collaborative planning tools that allow global assessments by experts in real-time to obtain
more robust and integrated results.

In the realm of geo-dashboards, the integration of Al can revolutionize how geograph-
ical data is processed and visualized. Al can enhance the capabilities of these dashboards
by automating the analysis of spatial data, thus providing more accurate and real-time
insights into tourist movements, the popularity of destinations, and resource allocation. By
incorporating Al, geo-dashboards can transform from merely being tools for data visual-
ization into intelligent systems capable of predictive analytics and trend forecasting. This
integration allows for a more dynamic and responsive approach to tourism management,
where decisions are informed by real-time data and predictive insights, ensuring a more
efficient, sustainable, and personalized tourism experience.

Building on the findings and limitations identified in the article, future activities aimed
at enhancing the work conducted on geo-dashboards and contributing to the sustainability
of the tourism destination of Mallorca involve several strategic directions.

Firstly, expanding the data sources is crucial. While the current geo-dashboards utilize
open data, integrating additional data sources, both open and private, could significantly
enrich the analysis. This means actively seeking partnerships with local businesses, tourism
operators, and other private entities to gain access to a broader range of data, such as
visitor feedback, detailed accommodation statistics, and specific environmental impact
data. Collaborating with these stakeholders not only diversifies the data pool but also
fosters a more comprehensive understanding of the tourism ecosystem in Mallorca.

Secondly, enhancing the analytical capabilities of the geo-dashboards through ad-
vanced Al and machine learning techniques is a vital step.
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Additionally, there is an opportunity to improve the functionality of the dashboards
by incorporating collaborative planning tools. These tools can enable real-time global
assessments by experts, facilitating a more integrated and robust decision-making process.
The inclusion of interactive features, where stakeholders can input data, share insights, or
even simulate different management scenarios, can significantly enhance the utility and
effectiveness of the dashboards.

Furthermore, continuous updating and refinement of the dashboards is necessary to
ensure they remain relevant and effective. This involves regular reviews of the data sources,
updating the analytical algorithms, and adjusting the dashboards to reflect new tourism
trends or environmental concerns.

Lastly, disseminating the findings and methodologies used in developing these geo-
dashboards can serve as a model for other tourist destinations. Sharing the lessons learned,
challenges faced, and successes achieved in Mallorca with the broader tourism and data sci-
ence communities can inspire similar initiatives globally, contributing to the advancement
of sustainable tourism practices through data-driven insights.
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