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In this first section, the central research studies in the academic period 2018-2021 are
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outlined, in addition to other milestones of scientific dissemination.
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thesis.

Scientific production activities
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0.2.1.  Conferences Contributions 12
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0.2.3.  Other non-indexed publications (Peer Reviewed) 3
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https://doi.org/10.1007/978-3-030-56219-9 18

2) Ruiz-Reina, M.A. Entropy Method for Decision-Making:
Uncertainty Cycles in Tourism Demand. Entropy 2021, 23, 1370.
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3) Ruiz-Reina, M. A. (2021). Spatio-temporal clustering:
Neighbourhoods based on median seasonal Entropy. Spatial
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0.2. Other contributions in the research period
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2) Ruiz-Reina, M.A., "Google queries for Spanish Tourism Demand: A
dynamic explanation in the digital market", | International workshop
in Statistics and Econometrics methods applied to Tourism,
Universidad Complutense de Madrid (Spain), September 2nd and
3rd 2019

12


https://doi.org/10.1007/978-3-030-56219-9_18
https://doi.org/10.3390/e23111370
https://doi.org/https:/doi.org/10.1016/j.spasta.2021.100535

3)

4)

5)

6)

7)

8)

9)
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Universidad Pompeu Fabra (UPF), Barcelona, Spain
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Ruiz-Reina, M. (2020). "Google Trends and Tourism: Regression
Cluster Analysis". 11th International Conference on Modern
Research in Management, Economics and Accounting, ISBN: 978-
609-485-093-6 pub. University of Oxford, UK. 2020

Ruiz-Reina, M.A. (2021), "Clustering Spatio-Temporal for Tourism
Demand in Spain”, Il Jornadas doctorales del programa en
Economiay Empresa Malaga\ 11 Doctoral Conference in Economics
and Business, Universidad de Malaga (Spain), 3y 4 de junio 2021

Ruiz-Reina, M. (2021). "Statistical learning: Bernoulli time series
modelling for discrete decision choice”. 4th International
Conference on Econometrics and Statistics (EcoSta 2021), 24-26
June 2021, Virtual Conference, HKUST, Hong Kong. 2021. ISBN:
978-9925-7812-0-1

10) Ruiz-Reina, Miguel A. 2021. "Tourism and Big Data: Forecasting

with Hierarchical and Sequential Cluster Analysis", International
Conference on Time Series and Forecasting. ITISE 2021. 19th - 21th
July 2021, Las Palmas de Gran Canarias (Spain)

11) Ruiz-Reina, Miguel A. 2021. "Cycles and Uncertainty: Applications

in the Tourist Accommodation Market", International Conference on
Time Series and Forecasting. ITISE 2021. 19th - 21th July 2021, Las
Palmas de Gran Canarias (Spain)
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1.1. The current Research

This thesis belongs to the methodological field of Data Science, involving scientific
methods, processes and systems to extract knowledge in data sets in business
(Coussement & Benoit, 2021). Research improves learning and pattern representation by
structuring Data Science and vice versa; the characterisations identified and modelled by
Data Science allow decisions on large scales. For this, novel analysis methodologies are
developed in fields such as Big Data, Information Theory, Spatial-Statistics, Time Series,
Econometrics and Forecasting analytics to empower the decision-making of economic
agents. Forecasting techniques have always been in the foreground in the context of
planning and decisions. The uncertainty of individuals and organisations are about
minimising together with maximising utility (Petropoulos et al., 2020). This PhD
dissertation contributes to the methodological and empirical fields of science, thus filling
gaps in knowledge and creating new lines of research (Martinez et al., 2021). The
empirical application of this extensive work is analysed with monthly data on tourist
accommodation for international visitors with data from the Spanish National Institute of
Statistics (INE). In particular, this thesis develops innovative methodologies in the
description of consumer decision-making. It creates tools for the intervention of future
actions of firms with the analysis of behaviour patterns in the decision of tourist
accommodation in Spain according to country of origin, analysing the last 15 years. This
thesis is methodological and provides tools for public or private organisations. This
analysis pursues the following objectives (Reina, 2020; Ruiz Reina, 2021; Ruiz-Reina,
2021): (i) theoretically demonstrate that internet searches with Google Trends search
engines are produced prior to tourist accommodation using keywords; (ii) demonstrate
temporary causal relationships in the decision-making of tourist accommodation between
hotels and tourist apartments. This study will model demand in a secondary market
(apartments demand) through a primary accommodation market (hotel demand). The
linear and non-linear temporal causality tests will determine the direction of the demand
for accommodation. Studying cycles of uncertainty in the domain in time and frequency
will provide cyclical information; (iii) finally, we will develop unsupervised spatio-
temporal clustering methods. These unsupervised methods will allow spatial and
temporal ordering of demands to carry out an intervention based on the knowledge
obtained by the techniques developed. Combining this unsupervised analysis and in a
context without limiting assumptions will allow firms and organisations to make efficient
decisions in contexts of uncertainty, complexity and spatial information. (Batty et al.,
2014). These spatial results could complement previous studies on Spatial-Econometrics

for tourist demand flows (Alvarez-Diaz et al., 2020).
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This doctoral thesis answers scientific questions related to the tourism industry: Big Data
(chapter 1) — Is there a causal relationship between tourism demand and Big Data
(Google Trends)? Seasonal analysis of searches in Google, modelling and selection
criteria for predictive models; Information Theory and decision-making (chapter 2) — Is
there a relationship between the demand for hotels and tourist apartments by country of
origin? Is there a linear coincidence or not? Are there cycles of uncertainty in the
behaviour of demand? Do all the nationalities of tourists present the same seasonality or
cyclical behaviour? Spatio-Temporal Clustering (chapter 3) — How do we group tourist
demands according to seasonal behaviour for accommodation in hotels and apartments?

Are seasonality cycles and behaviours identified in decision-making?

1.2. Big Data and the data life cycle in tourism demand modelling

The focus of this thesis is methodological, developing novel data analysis techniques, and
empirical with the application of the methodology to the Spanish tourist accommodation
market. The benefits of understanding data applied to the tourism sector are high for the
scientific community. The role of Big Data analysis and the understanding of the data life
cycle is a central axis in the development of this thesis. The structuring of the data
supports the effective communication of the modelling, improves the quality of decision-
making, decreases approval time in the presentation of results to decision-makers
(McKendry et al., 2021).

Applying a generic concept such as Big Data in a superconnected world responds to a
prior question based on decision-making. Since NASA researchers Michael Cox and
David Ellsworth used the term "Big Data" for the first time in 1997, the scientific
literature has exceeded unsuspected limits. The researchers themselves highlighted
applying this concept to numerous areas as a basis for understanding the visualisation of
complex problems (Cox & Ellsworth, 1997). Understanding complex problems allows

knowing and understanding the challenges in order to make efficient decisions.

The application of Big Data in a digital environment represents a competitive advantage
over those who do not use advanced data analytics. This use plays a significant role for
people and companies daily, revealing competitive advantages. Combining the five v’s
of Big Data (volume, velocity, value, variety and veracity) has led to a rapid expansion
of data storage, analysis and visualisation techniques (Mikalef et al., 2018) The
mechanisms for understanding and processing data through Big Data is based on added

value for economic agents. The scientific literature has been based on all the aspects
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collected under the concept of Big Data, assuming investments in infrastructure, business

intelligence or analysis tools in areas not yet developed. (Gupta & George, 2016).

This rapid development of Big Data in the tourism industry has standardised and
improved Data Science techniques for decision-making (J. Li et al., 2018). The
information generated on the internet and the structuring of large volumes of data
represent an unsuspected tool at the beginning of the international tourism market.
Economic agents, particularly companies and agencies, have discovered methods of
interacting with potential consumers. This exchange of information through data allows
efficient decisions to be made at any given moment. Figure 1 shows the so-called life
cycle of tourist demand data, which is the basis for understanding the Big Data
environment for academics and professionals (Ruiz-Reina, 2019d).

From this Figure 1, all the knowledge developed in this doctoral thesis is extracted, it is
convenient to describe the scheme for a better understanding of the later chapters in this
work. Initially, we will begin to analyse the scheme from the ad-hoc point of view of the
data set available in the "Data Warehouse" (Timakum et al., 2021). In this sense, we will
work with two types of data: structured data (INE) and initially unstructured data (Google
Trends). This unstructured data is initially structured by Google's engineering
architectures, assuming a free and easily accessible ad-hoc resource in this research. The
next point of the scheme is called "Analytics: Modelling and Forecasting”, this is the
central working scheme of this thesis. In particular, it is subdivided into three chapters:
“Descriptive and Predictive Analytics (Chapter 1): Big Data — Forecasting and Control
for Tourism Demand”; "Uncertainty Modelling (Chapter 2): Entropy Method for
Decision-Making: Uncertainty Cycles in Tourism Demand"; "Prescriptive Analytics
(Chapter 3): Spatio-temporal clustering: Neighbourhoods based on median seasonal
Entropy."

The three chapters of the thesis will be developed extensively in the two articles and book
chapter that make up this compendium of publications. This modelling will allow
stakeholders to make data-driven decisions in efficiency in terms of knowledge, process
improvements, cost reduction, time savings or management optimization. With this
information, firms will structure their tourist offer on the web, including accommodation,
transportation and additional services for potential consumers. Once consumers have this
information on the Internet, they search Google, where potential consumers will find the
offer. In this way, the tourist demand finally emerges, generating new data on the network
that would be analysed again based on the behaviour of the life cycle of the data described

above in the tourist demand.
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Fig. 1 The life cycle of the data in the Tourism Demand. Own elaboration.

Big Data and data analytics have grown with tourism demand's descriptive and predictive
purpose in the last decade. The Data Science applied in this work summarizes and
visualises the information obtained from the data to obtain conclusions in decision-
making. The data produces knowledge, which supposes an added value in interpreting
mathematical patterns to the organisations. However, despite the extensive written
literature, unaddressed issues challenge developing this work (Wu et al., 2021). This work
is supported by a book chapter publication and two scientific articles in which innovations
in the methodology are developed in topics such as Big Data, Google Trends, Spatial-

Statistics, Econometrics, Information Theory or unsupervised seasonal clustering.

Big Data analysis applied to the tourism industry involves knowing patterns of behaviour
of individuals. Sometimes generalist and objectivist treatments of people are applied
(Weaver, 2021). With the methodologies developed in this work, it is intended to obtain
the most significant knowledge to adapt to the maximum patterns of tourists. Once the
reader has understood what the general work scheme for modelling tourism demand is,
we will focus on the three chapters that make up the preparation of this thesis by a
compendium of publications. In particular, we will work with spatial data from the time
series of demand for tourist accommodation in Spain. We will formally demonstrate the
causality between Google searches and hotel demand. This analysis allows us to model

the relationship between the demand for hotel accommodation and tourist apartments and
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finally model the spatio-temporal classification algorithms. However, at this point, it is
considered relevant to include a specific section on how important the tourism industry is

in the Spanish economy.

1.3. The tourism industry and relevance in modern economies: the case of Spain

In an internationalised world economy where mobility flows have meant a sustained
growth of the world tourism industry. Tourism has become one of the main drivers of
growth in many regions, with a strong interaction between nature, industry prone to
recession, terrorism or wars, natural disasters and infectious diseases (Hall, 2010;
Cardenete et al., 2021; Pham et al., 2021). The contribution of this industry in the global
Gross Domestic Product (GDP) has presented a sustained growth until the end of 2019,
driven by the growth of the middle class in emerging economies, technological advances
and bureaucratic simplification, among other factors. The tourism industry is one of the
largest employers worldwide and the energy industry (ILO, 2020).

Despite the constant growth of the industry recently, it is fragile to exogenous factors that
can mean negative perceptions about a balanced security environment such as strikes,
wars, negative news about the destination area or citizen security. Studies have revealed
the high exposure and vulnerability of the sector (Aliperti et al., 2019). The Severe Acute
Respiratory Syndrome (SARS-CoV-2) virus that causes the COVID-19 disease is highly
infectious and contagious. In addition to the damage to the tourism industry from SARS-
CoV-2 (Zeng et al., 2005), there have been other epidemics such as Ebola (Novelli et al.,
2018) or Foot and Mouth Disease (Frisby, 2003) The long-term consequences are
unknown, and the dramatic effects on restrictions in social relationships due to social
distance, mobility restrictions, protective equipment, transportation systems, hotel
accommodation or events are yet to be determined in the tourism industry due to the crisis
COVID-19. The studies indicate that tourism businesses have to pay attention to the
change of personalised offers and towards digital technology (Abbas et al., 2021)

Since the end of 2019 and the beginning of 2020, the pandemic caused by COVID-19 has
represented a negative exogenous shock to any previous modelling, which, although it
may be unlikely, has been possible. Despite the gradual arrival of the vaccine to the
countries, the dynamic adjustment of the sector is a progressive lifting of travel and social
distance restrictions. Tourism supply chains may take years to adjust to the new
circumstances (Gossling et al., 2020) The impact on the global economy due to the health
emergency has been negative, especially in tourism (Zhang et al., 2021). The global

tragedy with a very high number of infections and deaths has led to restrictions on the
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international mobility of people. Exogenous conditions are unprecedented in recent
industry analysis. According to official studies, the decline in the sector has meant
different temporary recovery responses. We can say that tourism is a resilient economic
sector and has shown rapid recoveries from exogenous shocks. Three international
tourism crises have been the attacks of 11th September in NYC 2001 with an intermittent
growth recovery in six months (Bonham et al., 2006), the SARS health crisis with a five-
month recovery (Kuo et al., 2008) and the global economic-financial crisis of 2009 with
the first month showing signs of recovery in the tenth month (UNWTO, 2013). Due to
this, the analysis of this work is carried out in the context of international mobility without

restrictions.

Spain, a country in southwestern Europe, finds itself in a political, social, economic,
cultural and demographic environment conducive to developing the world's fastest-
growing industry in the service sector. The entry of Spain into the European Union (EU)
in 1986 represents a paradigm shift in the internal economy and the EU cluster due to the
unrestricted mobility of people and capital in the environment. As a result, Spain in 2019
represents the second largest number of people in the world (82.7 million) of the arrival
of people only behind France (89.4 million) and ahead of the world giant USA (79.6
million), in fourth position China with 62.9 million, in fifth Italy 62.1 and sixth position
Turkey with 45.7 million people received (UNWTO, 2021). Figures from the World
Economic Forum revealed that Spain is the most prepared country for the tourism industry
with an index of 5.4 in 2019 ahead of economically more developed countries in other
industries such as France, Germany, Japan, United States, United Kingdom, Australia,

Italy, Canada or Switzerland (Uppink-Calderwood, 2019).

Official statistical sources indicate an approximate contribution of 12.4% to Spanish GDP
(including 6.4% directly and 6% indirectly) and 12.8% of the workforce in the labour
market for the year 2019. Since 2015, the tourism sector's contribution to the Spanish
economy has grown by 1.3% and attained a figure of 2.72 million jobs in 2019. This
figure is slightly lower (-0.1%) than in 2018. Similarly, workers in the tourism sector have
grown by 0.8% since 2015 (INE, 2019). All this information analysed from Official
Spanish data sources of the National Statistics Institute (INE) reveals significant growth
in the sector, paralysed in 2020 by the global pandemic and with expectations of recovery
in 2022 with the expectations of the frameworks designed in the literature (Rastegar et
al., 2021).

The domestic tourism industry plays a pivotal role in the Spanish market (Arbul et al.,

2021). However, a broad vision of the international market allows the diversification of
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potential consumers for a more significant contribution of the sector to GDP. Regarding
the nationalities that visit Spain, the three largest emitting countries are the United
Kingdom, Germany and France since 1999 according to the Big Data analysis, to a lesser
extent under significantly Italy, the Netherlands or the USA (Ruiz Reina, 2021). The
decision-making process is an added value in the tourist accommodation sector and the
sectors involved. The exogenous shock experienced in 2020 in the Spanish economy and
the consequent limitation of international mobility of potential consumers is not an
obstacle to achieving a recovery in a similar way to the data prior to the crisis. The
industry structure (accommodations, transport and service infrastructures) indicates the

sector's recovery as soon as international mobility recovers to previous levels.

Macroeconomic conditions related to tourism and exogenous factors determine the
contribution to GDP (Santamaria & Filis, 2019). The monthly study of the behaviour of
international tourists with a tourist destination in Spain is essential to understand the
market and make efficient decisions. This knowledge of the market and its granularity
provide tools to the industry's economic agents of primary or secondary markets. In this
way, the objective is to analyse from a “Big Data” approach to a “Small Data” approach
for its understanding, overcoming the limitations of generality identified in the literature.
(Weaver, 2021).

This doctoral thesis focuses on three chapters that make up the compendium to answer
the scientific questions indicated at the beginning of this introductory section. In order to
answer these questions applied to the field of the tourism industry, this thesis develops
and innovates methodologies in the field of Data Science. The following subsections

introduce the techniques developed to respond to all of the above.

1.4. Structure of the thesis

Once the importance of the data analysis and the tourism sector in the Spanish economy
has been understood, it is necessary to underline that the tourism market is broad and
made up of many economic agents that interact with each other. The complexity of the
unsupervised analysis in a context of uncertainty gives value to this research to analyse
the demand for tourist accommodation (Powell, 2019). The methodology of this thesis is
described sequentially in the decision-making process contextualised in the life cycle of
the data. In each chapter, it is described with an objective serving as the basis for further
study development. In the following subsections, the three publications that compose the

compendium of this thesis are introduced.
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Three structural elements compose this research work; the first chapter demonstrates the
causal relationships between internet searches and hotel demand. Once the relationship
with Big Data has been demonstrated with primary data from official sources of the INE
and secondary data from Google Trends, forecasting models are compared. A relative
method of prediction accuracy is developed; right after the Information Theory chapter is
introduced, this innovative line of research allows us to measure and quantify consumer
decision-making. In addition, it allows us to know the existence of uncertainty cycles
according to the country of origin by analysing the domain of time and frequency. Finally,
in the third and final chapter, with the demonstrated knowledge and the methodological
analysis developed, we highlight a new methodology of unsupervised clustering with
seasonal series data to measure uncertainty in clients' decision-making process according

to country of origin.

1.4.1.Forecasting with Big Data using Google Trends: keyword “visit Spain”’

In this first introductory subsection, we try to present a methodology for analysing tourist
data combined with keywords from previous searches on the internet, causality with the
demand for accommodation for the first chapter. The amount of data generated in the
network and communicated over the network exceeds the initially suspected limits.
Initially, Big Data is linkable with large volumes of data and complex structures (Khoury
& loannidis, 2014). Understanding the large volumes of data from social network data,
commercial web pages, geographic data, among others, are the basis for decision-making
by companies and consumers. In this way, it is possible to understand social changes and
make predictions with non-primary quantitative data. In addition to the causal analysis
explained with the Autorregressive Distributed Lag model extended to Seasonality
(ARDL + seasonality), this chapter includes two novel contributions: Granger test-
causality extended to seasonality, and accuracy matrix for forecasting called matrix Ul
Theil that allows making comparisons between models in order to quantify and relativise
models (Ruiz-Reina, 2019b). The decision matrix will allow us to reliably quantify the
techniques used, being able to measure the quality of the proposed modelling of each
model for the same comparative time horizon of tourism demand (G. Li et al., 2005; Song
& Li, 2008; Peng et al., 2014; Jiao & Chen, 2019).

In the research carried out, we have analysed the correlation and causality of hotel demand
with previous searches made by consumers. This study contributes to understanding the
behaviour of demand through Google search engines. Our main goal was to understand
the directions of causality between Big Data keywords to develop predictive models. Our

study is based on developing and expanding previous models from the scientific literature
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since 2008 using Google Trends (Jun et al., 2018). This research aims to provide modern
information and communication generated by large volumes of tourism and tourist
activities. The methodology developed allows interacting with potential consumers in the
previous stages of tourist accommodation with the previously generated statistics for

decision-making and forecast quantification.

Since 2006 Google has offered open data detailed analytics of its users' search terms.
They found correlations in different fields, such as the unemployment rate and
correlations between car sales and home purchases, among other fields (Jun et al., 2018).
Researchers have used Google Trends as the leading search engine in the scientific
literature applied to tourism and Baidu index as the central information server. Search
engines show similarities and differences, highlighting the following as geographical area
of use (Baidu only for China), data collection start (Google since 2004, Baidu since 2006)
or indexing frequency (Google Trends: monthly and weekly; Baidu Weekly and daily) (J.
Li et al., 2018). Considering the language / geographical limitation of Baidu and that
according to official data from Spain, Chinese tourism does not represent a significant
percentage of hotel overnight stays, we declined the use of the Chinese tool, focusing
only on Big Data analysis from Google Trends. The conceptual map proposed for the
analysis identifies essential tools for hotel demand in the Spanish market, covering needs
in business intelligence with interdisciplinary analysis found in the scientific literature
(Mariani et al., 2018).

The research works with data that allows obtaining knowledge of the behaviour of
international tourism demand in Spain. In particular, forecasting methodologies are
developed for the leading countries of origin that stay in Spanish hotels: Germany, France,
Italy, the Netherlands, United Kingdom (UK), United States of America (USA) and a
temporary variable added with the rest of countries called “residents abroad”. The
analysis period is between January 2010 and June 2019, using a training period until
December 2017. The out-sample training period is between January 2018 and June 2019,
establishing evaluation windows with a time horizon of 3, 6, 12 and 18 months. The
model developed is the ARDL + seasonality that allows us to study the dynamic
elasticities (Peng et al., 2015), with a previous Granger-causality analysis extended to
seasonality. The development of this seasonal methodology allows analysing the
forecasting period in the short and long-term. We find a high predictive capacity in this

sense which can be quantified with matrix U1 Theil developed in this work (Reina, 2020).

Regarding the measurement of prediction errors, the time series analysis is found in

phenomena such as Statistics, Econometrics, Communications, Climate, Economy,
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Finance, Machine Learning and other sciences with measurement purposes for the
decision-making process. The first goal is to understand the phenomena in training
periods and then evaluate their predictive periods in time horizons (Tsay, 2000).
Predictions in social sciences are subject to many exogenous changes after the training
period, such as outliers, shocks or structural changes (Inoue et al., 2017). It means that
understanding prior data is essential to address specific problems. Thus, comparing
methods with multiple measures can be cumbersome because of a single error measure
(Armstrong & Collopy, 1992). The debate on error measurements has been extensive in
the scientific literature, and no scientific consensus has been found at present (Makridakis
etal., 2020).

The main error measurement measures can be differentiated into absolute or relative error
criteria (Hyndman & Koehler, 2006). In the published work of the first chapter, predictive
models are compared to quantify errors in different time horizons in hotel demand. To do
this, we compare our ARDL + seasonality model with models such as Singular Spectrum
Analysis (SSA) or Seasonal Autorregressive Integrated Moving Average (SARIMA). The
training period for the predictions is from January 2018 to June 2019 (Reina, 2020).

Concluding with this initial work, it is shown that consumers carry out searches prior to
their hotel accommodation decision and that with the use of this tool, they find a high
explanatory capacity, giving rise to investigations that involve a more significant number

of keywords in their hierarchical analysis (Ruiz-Reina, 2020; Reina, 2021c).

1.4.2.Measuring Uncertainty in Decision-Making

Once the causality among Google searches and hotel tourism demand has been
demonstrated (Ruiz-Reina, 2020, 2019d; Reina, 2021c), the next step is to
methodologically describe the agents' decision-making process with space-time data in a
“big” to “small” data approach. Science reports have previously shown that non-trivial
decision-making carries uncertainty (Stanton & Roelich, 2021). This uncertainty usually
implies information gaps in decision-making that must be minimised. Economic agents
have to maximise their benefits by minimising uncertainty. The lack of prior knowledge,
the absence of prerequisites, and the seasonality analysis add difficulty to the analysis.
Then, the methodological development of this second chapter models the spatio-temporal
uncertainty, measuring and quantifying the decision-making of consumers of tourist
accommodation according to country of origin for data from the INE. For this, the
methodology developed is based on a static concept of Information Theory, particularly

the Shannon Entropy (Shannon, 1948) under the hypothesis of adaptive expectations of
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the markets. For this, understanding the concept of Entropy and maximum Entropy is the
key (Delgado-Bonal & Marshak, 2019). This initial static analysis has allowed the
construction of the Entropy time series and the verification of cyclical behaviours
compatible with seasonality in tourism research (Chatfield & Baron, 1976; Smith, 2005;
Vatsa, 2020). The pseudo-cycles identified with the methodology accurately determine
the seasonal turning points in the decision-making of individuals in uncertain

environments, finding a good performance in terms of precision (Camacho et al., 2020).

This novel modelling plays a successful role in the temporal analysis of the
accommodation decision process between hotels and tourist apartments with seasonal
cycles for data from the INE (Ruiz-Reina, 2021). They are expanding the spectrum of
Information Theory analysis to fields unsuspected until Thermoeconomics (Saslow,
1999). In this sense, the Information Theory, the methodology, concept and solutions are
widely recognised, understood and currently used (Golan & Maasoumi, 2008). The
concepts of Entropy and their innovative applications to the field of decision-making
suppose a new discipline of knowledge without limiting assumptions of laws and
regularities of analysed data. The work scheme developed in this chapter allows the
identification of information patterns unsuspected until now based on the concept of
Maximum Entropy (Ruiz Reina, 2021). The study of the decision-making cycles between
two possible temporal events, through the time domain using the correlogram and spectral
analysis with the periodogram, contributes to the knowledge of amplitudes and
frequencies of the identified cycles of consumer behaviour. The introduction of the
heterodox concept supposes a contribution to Thermoeconomics by applying concepts of

statistical mechanics to economic theory (Saslow, 1999).

Studying the theoretical aspects surrounding the Information Theory and Chaos Theory
provides resources for analysing data from many disciplines (Delgado-Bonal & Marshak,
2019). To do this, in our work, we analyse time series without prior assumptions and
establish causal time relationships. The causal relationships demonstrated in this work are
not necessarily defined by an economic theory behind the events described. Instead, it is
a causality of information transmission among systems (time series analysed) in the broad
sense of the Shannon Entropy concept (Shannon, 1948). In particular, we propose a
theoretical and empirical work scheme on uncertainty modelling for a temporal decision
process. Causality in this work connected with Entropy is possible by defining time as a
metric of causality in discrete time (Riek, 2020). In addition, this analysis must consider
an assumption about the analysed sample, and in each period, the independent temporary
random sample assumption must be fulfilled (Deaton, 1985). In this way, each period

analysed individually would be independent of previous periods. For example, by the
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definition of tourist accommodation, we assume that accommodation demands by
nationalities of origin are made by temporarily independent individuals and share a cross-
sectional characteristic such as nationality. Without performing an in-depth analysis,
there is a simple analysis of pseudo-panel data with dependent analyses in the literature
(Tovar et al., 2012) This type of data study could be framed within the pseudo-panel data

with independent samples and lays the foundations for future research.

To understand the procedure and use of Entropy, we describe a mathematical and
statistical scheme based on Information Theory. We describe a binary decision process
between two mutually exclusive events and define the Entropy time series as a measure
of uncertainty. In our work, the two processes are the choice of tourist accommodation
among hotels and tourist apartments, the uncertainty measure being a factor that
determines the transmission of information from one time series to another. Once the
Entropy time series have been obtained, we continue to analyse the causal relationship
between both variables to demonstrate linear (Granger-causality) or non-linear (Transfer
Entropy) relationships in the context of decision-making uncertainty (Granger, 1969;
Gengaga, 2018; Schreiber, 2000). In this sense, we seek to empirically demonstrate
temporal causality between tourist accommodation in hotels and apartments. Once
causality has been demonstrated, we analyse the time series of Shannon Entropy to
determine the cycles of seasonal behaviour in the time domain (Box et al., 2013) and in
the frequency domain (Harvey, 2006). Having demonstrated the existence of seasonal
cycles and causal relationships, we model decision-making for accommodation using the
Entropy uncertainty factor, obtaining a high explanatory capacity of the models for

visiting tourists from Spain (Ruiz-Reina, 2021).

The modelling of this chapter shows relevant results in the cycles of seasonal behaviour
in demand for tourist accommodation by country of origin. Among the relevant
discoveries, the following stand out in summary: unit elasticities in decision exchanges
between accommodation in tourist apartments and hotels for the period analysed;
Entropy-based uncertainty factors indicate that when chaos increases, tourists prefer to
stay in tourist apartments; finally, the study of cycles in the domain of time and frequency
give rise to repetitive cycles according to the nationality of origin visiting tourist in
Spain—having demonstrated these aspects of temporal causality and cycles of
uncertainty. The study of this doctoral thesis continues with the innovative modelling of
unsupervised spatio-temporal clustering based on seasonal Entropy cycles. This research
represents a contribution in Spatial Statistics with theoretical and empirical implications
in analysing tourism demand in contexts of uncertainty without prior assumptions for

unsupervised clustering (Ruiz Reina, 2021). Finally, we can conclude that the
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measurement of cyclical uncertainty makes it possible to quantify alternative
concentrations to decomposition the Gini index in national and international markets
(Fernandez-Morales, 2021).

1.4.3.Clustering Spatio-temporal

The rise of Big Data technologies and their application in scientific business fields mean
added value in decision-making processes. In the first two chapters, the theoretical
methodology has initially focused on demonstrating temporal causality and measurement
of uncertainty, applying it empirically to the Spanish tourist accommodation market
according to the nationalities of origin of consumers in the last 15 years. Once the Entropy
has been modelled, this chapter develops an innovative Spatio-temporal clustering
methodology with seasonal patterns to group the homogeneous demands into
conglomerates of unsupervised Entropy neighbours. This classification method based on
a reference series allows the organisation and classification of information from the time

series into flexible unsupervised groups.

This novel analysis deals with an unsupervised neighbourhood-based clustering
modelling based on the median seasonal Entropy and contributes to Statistics and Spatial
Economics. Since 1960, cluster analyses have tried to solve three questions: How many
clusters are there? What is the best clustering algorithm? What should we do with the
outlier values? The main goal of cluster analysis is to find groups with similar
characteristics and more remarkable dissimilarities between the elements of each group
(Luna-Romera et al., 2018). Time series clustering analyses became more popular since
the 1990s, prompting the recent study of dynamic phenomena (Ruiz Reina, 2021).
Emerging technologies and computing in a data-based knowledge environment justify
clustering techniques to solve efficiency, quality, and complexity problems data analysis
(Aghabozorgi et al., 2015).

The application and development of clustering methods have analysed the time domain,
frequency domain, wavelet decomposition, or other transformations. In this third chapter,
an unexplored framework for time series data with seasonality is developed whose
clustering criterion is based on the median Entropy for seasonal cycle data. This
unsupervised clustering analysis measures the median seasonal Entropy distances based
on a reference series, this reference series assuming a centroid for the remainder of the
analysis. This analysis implies developing a technique for non-Gaussian series based on
Neighborhoods. Once the Neighborhoods are found, a similarity criterion called

““coefficient of internal verification of the neighbourhood’’ is developed, this metric
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chosen to evaluate the difference between data objects plays a fundamental role in
clustering time series (Alonso et al., 2006). This foundation of space-time analysis is a

consequence of the analysis of the two previous chapters that make up this thesis.

The seasonal space-time measurement based on Entropy develops a work scheme based
on three steps: (1) data pre-processing, (2) uncertainty modelling, and (3) finally the
clustering process. The first two steps are defined in the second chapter (Ruiz-Reina,
2021) and the third step is the one that makes up this third chapter (Ruiz Reina, 2021).
This innovative methodology in Spatial Statistics, based on Information Theory, presents
its empirical application in Spatial Economy applied to Spanish tourist accommodation
time series. We have known the importance of the tourism sector and its growth in the
Spanish and world economy. Its empirical application represents a decision-making
knowledge tool for organisations based on the work scheme of Figure 1. The contribution
of this clustering analysis can be exploited or compared with methodologies of main

component analysis and on distances to a reference point (Blancas et al., 2010).

The decision-making grouping of tourist accommodation consumers among tourist
apartments and hotels is based on the INE data's seasonal (temporal) and country of origin
(spatial) criteria. The growing economic importance of the sector justifies the
development of these techniques to improve efficiency in decision-making. It is a
consequence of the analysis carried out in this thesis sequentially, assuming a comparative
advantage of analysis and adaptation of commercial offers to potential consumers. After
analysing more than 20 countries of origin, this study allows adjusting offers, adapting
the labour market, identifying consumer behaviours in primary and secondary markets of

the tourism industry based on seasonal Entropy measurement criteria.

Consequently, the sequential development of this third chapter presents contributions to
theoretical statistics and economic implications in the Spanish tourism market. They are
helping Big Data analysis tools such as Next Best Activity in the marketing process. This
approach allows the prioritisation and subsequent selection of the best activity for a
potential client at each moment of their demand process. Knowing the type of client in
each season based on the clustering processes, the firms' campaign to be carried out is
prioritised. Finally, depending on the sector involved in each stage, the activities will be
carried out based on the results obtained by the classification methods for mutual benefit

in decision-making.
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1.5. The Added Value of this Thesis to the Scientific Field

The multidisciplinary analysis of this thesis attains a high level in several directions,
combining methodology and empirical analysis. The combination of numerous tools adds
value to Data Science. The methodological development allows understanding decision-
making processes of tourist accommodation demand, translating into knowledge through

their analysis. The study of the past and present provide tools for future decision-making.

The contribution of this thesis has involved adding theoretical and empirical analysis tools
to the scientific field since the late 1990s. The process of digitisation of society and the
impact is enormous for economic agents. The data revolution and its vast amounts are
issues to be addressed. The spatial-temporal human behaviour data analysed in this thesis
lack connection in the scientific literature. This thesis concatenates three chapters for the
improvement of decision-making by economic agents. The data trail produced in the
future by human behaviour and the accessibility of these data will be sources of analysis

for this type of methodology developed in this research.

Big Data technologies provide researchers with valuable knowledge to establish profiles
of consumer and business behaviour. The application schemes developed in the papers of
this work direct strategies for fields such as Tourism, Finance, Sports, Health, among
others. This information is widely regulated by Spanish and European legislation for any
text, image, biometric or sound data. The European Union has focused its efforts on
protecting this fundamental right, The General Data Protection Regulation (GDPR), the
Data Protection Law Enforcement Directive, and other rules concerning personal data
protection applied since May 23, 2018 (EU, 2016).

The techniques of causality, measurement of uncertainty and clustering developed in this
thesis lay the groundwork for significant projects in the knowledge society. In this way,
we can infer intelligence on the databases with the five v’s mentioned at the beginning of
this introductory section. This thesis has worked with Big Data from Google Trend
technologies. However, applying these techniques could be inferred to the massive study
of emails or social networks for researchers who have access to databases. Saocial
interaction generates relevant information to define the behaviour patterns of people.
Unstructured data such as videos, images, texts or locations can be classified to improve
analysis. Structuring the data is not the objective of this thesis, but it is considered a
previous step to the methodological framework developed to speed up and improve
decision-making in the context of business intelligence. In this way, this thesis is framed

within the analysis of the life cycle of the data in Figure 1. In the following sections of
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this thesis, the three chapters are cited sequentially in the following sections, giving

content to this thesis.
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2.Chapter 1: Big Data: Forecasting and
Control for Tourism Demand
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2.1. Big Data: Forecasting and Control for Tourism Demand

Book Chapter (Peer Reviewed)

Book series: Contributions to Statistics

Book tittle: Theory and Applications of Time Series Analysis
Publisher: Springer Nature Switzerland AG

Year of publication: 2020

Indexed in Scholarly Publishers Indicators (SPI). The ICEE of this Editorial is 88
(position 2 of 26) in Economics 2018, (obtained from SP1 Books in humanities and Social

Sciences reviewed 19" January 2022)
Citation:

Reina, M.A.R. (2020) Big Data: Forecasting and Control for Tourism Demand. In:
Valenzuela O., Rojas F., Herrera L.J., Pomares H., Rojas I. (eds) Theory and
Applications of Time Series Analysis. ITISE 2019. Contributions to Statistics. Springer,
Cham. https://doi.org/10.1007/978-3-030-56219-9_18

Abstract

In this study, innovative forecasting techniques and data sources from Big Data are used
for the study of Hotel Overnight Stays for Spain, from January 2018 to June 2019. The
unstoppable development of the Tourism sector with the application of Big Data
technologies, allow to make efficient decisions by economic agents. In this work, the use
of the data collected from the Google Data Mining tools allows to obtain knowledge about
Hotel Tourism Demand in Spain. The analysis carried out meets the four basic principles
of Big Data analysis: volume, velocity, variety and veracity. In this setting, the
methodology used corresponds to ARDL models, and ECM models being developed
Granger-Causality extended to seasonality. The first one explains easily when economic
agents will make their decisions; while the second one allows forecasting for short-term
and long-term. This fact means that tourist offers and demands can be perfectly adjusted
at every moment of the year. As a criterion for the selection of models, the innovative
matrix U1 Theil is proposed, this allows to quantify how much a model is better than

another in terms of forecasting.

Keywords: Big Data, Forecasting, Google trends

35


https://doi.org/10.1007/978-3-030-56219-9_18

2.1.1.The BOOK CHAPTER is organised as follows:
2.1.1.1. Introduction
2.1.1.2. Literature Review

2.1.1.2.1. Forecasting Methods Using Search Engines (Google
Trends)

2.1.1.3.  Methodology
2.1.1.3.1. Modelling and Forecasting Evaluation
2.1.1.4. Data
2.1.15. Empirical Results
2.1.1.6.  Conclusions

2.1.1.7. References
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3.1. Entropy Method for Decision-Making: Uncertainty Cycles in Tourism Demand

Research paper (Peer Reviewed)

Scientific Journal: Entropy

Indexed in Journal Citation Reports (JCR). The Impact Factor of this journal is 2.587 in
2020, (obtained from Journal Impact Factor List- 2021)

Year of Publication: 2021
Citation:

Ruiz Reina, M.A. Entropy Method for Decision-Making: Uncertainty Cycles in Tourism
Demand. Entropy 2021, 23, 1370. https://doi.org/10.3390/e23111370

Abstract

A new methodology is presented for measuring, classifying and predicting the cycles of
uncertainty that occur in temporary decision-making in the tourist accommodation market
(apartments and hotels). Special attention is paid to the role of Entropy and cycles in the
process under the Adaptive Markets Hypothesis. The work scheme analyses random
cycles from time to time, and in the frequency domain, the linear and nonlinear causality
relationships between variables are studied. The period analysed is from January 2005 to
December 2018; the following empirical results stand out: (1) On longer scales, the
periodicity of the uncertainty of decision-making is between 6 and 12 months,
respectively, for all the nationalities described. (2) The elasticity of demand for tourist
apartments is approximately 1% due to changes in demand for tourist hotels. (3) The
elasticity of the uncertainty factor is highly correlated with the country of origin of tourists
visiting Spain. For example, it has been empirically shown that increases of 1% in
uncertainty cause increases in the demand for apartments of 2.12% (worldwide), 3.05%
(UK), 1.91% (Germany), 1.78% (France), 7.21% (lreland), 3.61% (The Netherlands)
respectively. This modelling has an explanatory capacity of 99% in all the models

analysed.

Keywords: Information Theory, Shannon Entropy, forecasting, decision-making,

randomness, cycle, tourism
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Randomness in Decision-Making

3.1.1.1.2. Literature Review
3.1.1.2. Material and Methods

3.1.1.2.1. Causality Testing: Linear and Nonlinear Relationships
Data

3.1.1.2.1.1. Granger-Causality
3.1.1.2.1.2. Transfer Entropy
3.1.1.2.2. Information Theory: Shannon Entropy

3.1.1.2.3. Correlogram in the Time Domain and Cycles in the
Frequency Domain

3.1.1.2.4. Causality Modelling

3.1.1.3. Results

3.1.1.3.1. Causality Testing

3.1.1.3.2. Randomness Measurement
3.1.1.3.3. Random Cycles

3.1.1.3.4. Causality Model and Forecasting

3.1.1.4.  Theoretical Implications
3.1.1.5.  Conclusions
3.1.1.6.  Appendix A
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4.1. Spatio-temporal clustering: Neighbourhoods based on median seasonal
Entropy

Research paper (Peer Reviewed)

Scientific Journal: Spatial Statistics

Indexed in Journal Citation Reports (JCR). The Impact Factor of this journal is 2.060 in
2020, (obtained from Journal Impact Factor List- 2021)

Year of publication: 2021
Citation:

Ruiz Reina, M. A. (2021). Spatio-temporal clustering: Neighbourhoods based on
median seasonal Entropy. Spatial Statistics, 45, 100535.
https://doi.org/https://doi.org/10.1016/j.spasta.2021.100535

Abstract

In this research, a new uncertainty clustering method has been developed and applied to
the spatial time series with seasonality. The new unsupervised grouping method is based
on Neighbourhoods and Median Seasonal Entropy. This classification method aims to
discover similar behaviours for a time series group and find a dissimilarity measure
concerning a reference series r. The Neighbourhood’s Internal Verification Coefficient
criterion makes it possible to measure intra-group similarity. This clustering criterion is
flexible for spatial information. Our empirical approach allows us to measure
accommodation decisions for tourists who visit Spain and decide to stay either in hotels
or in tourist apartments. The results show the existence of dynamic seasonal patterns of

behaviour. These insights support the decisions of economic agents.

Keywords: Spatial time series. Seasonal clustering, Entropy, Tourism economics,

Neighbourhoods, Information Theory
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4.1.1.2. Methodology

41.1.2.1. Data Pre-processing
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4.1.1.3. A Case Study: Entropy in Decision-Making regarding the
Tourist Demand for Spanish Accommodation

4.1.1.3.1. Theoretical Analysis Framework for Tourism Demand

4.1.1.3.2. Empirical Results

4.1.1.4. Discussions: Theoretical and Practical Implications in Tourism
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4.1.15.  Conclusions
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5. Results, Discussion, Conclusions and
Future Research Lines
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5.1. Results and Discussion

Once all the research has been sequentially concatenated in the three chapters of this
thesis, for the following, we will indicate the main results and the scientific discussion of
the analysis under the criterion of parsimony. Starting with the first chapter, we can
conclude a double aspect: the methodological component and the empirical results. These
two aspects of the research have been supported by the well-known five v’s of Big Data
and give the following results: 1) A chance test extended to seasonality has been studied:;
2) the relative measurement criterion based on the Theil ratio forming the matrix Ul
Theil; 3) the economic modelling ARDL + seasonality with data from Big Data sources
requires a high explanatory capacity of the model and improvements in forecasting; 4)
the causal relationship among hotel demand and Google searches through a keyword with
a seasonal component has been empirically demonstrated; 5) the cointegration
relationships are statistically significant expressed in the Error Correction Model (ECM).

The methodology highlights the introduction of the ARDL + seasonality model; this
model allows us to quantify the short-term relationships among endogenous and
exogenous variables with a seasonal factor. In this way, it is possible to quantify the
cyclical monthly effects. This causality relationship in the short and long-term (ECM)
contrasts with the Granger-causality test extended to seasonality. It assumes an innovation
compared to the traditional contrast proposed in the literature (Granger, 1969). To finalise
the proposed methodology, it is worth highlighting the development of the modelling
evaluation matrix called matrix U1 Theil. This matrix allows us to quantify the benefits
of using our ARDL + seasonality model compared to other forecasting models in the
literature such as SSA, SARIMA models, Hierarchical Neural Networks (HNN) or the
multiplicative and additive versions of Holt-Winters (Ruiz-Reina, 2019b, 2019d, Reina,
2020). The development of this decision matrix for the evaluation of forecasting in the
comparison of models under a relative criterion supposes to overcome certain limitations
found in the literature and to avoid the appearance of “black swans” in the decision-
making of the best model (Hyndman & Koehler, 2006; Makridakis et al., 2020).

From an empirical point of view, highlight primary data sources from the INE and
secondary data from Google Trends. The Big Data tool from Google Trends favours the
analysis of our modelling. The use of the keyword "visit Spain™ as an exogenous variable
shows a high explanatory capacity. With the application of the methodological approach,
we were able to demonstrate that hotel accommodation consumers are relevant and that
Big Data resources, in this case, demonstrate seasonal causality. The study applied to the

main nationalities of origin that visit Spain reveals relationships in the short and long-
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term among the hotel demand for visitors from Germany, France, Italy, the Netherlands,
the UK and the USA. The explanatory capacity of the model in all cases is found with R-
squared coefficients between 0.96 and 0.97. Matrix U1 Theil has allowed us to evaluate
the predictive capacity of the modelling compared to other prediction models at time
horizons of h = 3, 6, 12 and 18 months. The matrix results indicate that the best results
are not always obtained by modelling the data from Big Data; in addition, the
relationships in the long-term of cointegration expressed by the ECM explain future
tourism demands. Finally, indicating that better models with less predictive capacity do

not imply that they present less explanatory capacity with data from Big Data.

Once the existence of causal relationships between Big Data tools and Google trend data
has been demonstrated, the work of Small Data in the decision-making process based on
Entropy plays a significant role in the development of this thesis (Faraway & Augustin,
2018). Developing a working scheme is essential to understand the theoretical modelling
of uncertainty measurement in the cycle theory. This work scheme allows solving
uncertainty problems in the decision-making processes for two possible temporal events.
The definition of the Entropy series and the chance contrast between two variables allows
us to know two fundamental points: 1) the direction of causality between the variables to
be studied; 2) the linear relationship or not for modelling the endogenous variable. The
study of uncertainty cycles based on Entropy reveals the periodicity in which decisions
are made. To finally model the causality following the work scheme for forecasting and

control purposes.

The definition of the Entropy time series is based on a static context, and the proposal of
this work allows one to know the possible unobserved cyclical behaviours of the series
studied in the time domain using the correlogram and in the frequency domain using
periodogram (Ruiz-Reina, 2019c). The causal model allows knowing the elasticities
between exogenous and endogenous variables, and the uncertainty factor influences the
decision-making of economic agents (Morikawa, 2020; Shoja & Soofi, 2017). The
theoretical implications obtained with this modelling are relevant because it is possible to
identify cycles in decision-making compatible with the seasonal patterns usually studied
in the literature applied to tourism (Chatfield & Baron, 1976; Corluka, 2019).

The empirical results obtained for the main nationalities that visit Spain and spend the
night (hotels and tourist apartments) are relevant for decision-making. We can indicate
that for all the nationalities studied between January 2005 to December 2018, the causal
relationships are unidirectional. In this way, first, it is theoretically demonstrated

(Smallman & Moore, 2010) that hotel demand generates a secondary market for
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accommodation in tourist apartments under the Adaptative Markets Hypothesis approach
(Delgado-Bonal, 2019), in addition to being a linear relationship between both variables
according to the main nationalities studied (UK, Germany, France, Ireland, The
Netherlands and the rest of the world). Secondly, the models present tourist
accommodation as a dependent variable and hotel demand as an explanatory variable; it
should be noted that all have presented an expected positive sign among series with
approximately unitary elasticity. The Entropy uncertainty factor shows a positive sign
(Riek, 2020). From the latter, we can infer that the demand for tourist apartments is higher
in the year in which uncertainty increases. The elasticities of the uncertainty factor the
demand for tourist apartments are 2.12 rest of the world, 3.05 UK, 1.91 Germany, 1.78
France, 7.21 Ireland and 3.61 the Netherlands (Peng et al., 2015). Third, about the above,
we can verify an empirical result with the theoretical demonstration; the Entropy grows
with the increase in the probability of uncertainty, we find similarities with previous
studies when the proportion is 0.5 in decision-making (Ruiz Reina, 2021). Fourth, we can
quantify uncertainty cycles compatible with seasonality and previous literature results
(Ruiz-Reina, 2019a). The most commonly encountered uncertainty cycles are between 6
and 12 months for all the nationalities studied except for Irish consumers, who present an
additional 4-month cycle of uncertainty. In the short-term, this combination of intrinsic
cycles coincides with long-period cycles is compatible with movements in the 174-month
trend (Kaiser & Maravall, 1999). Finally, the empirical results have been obtained and
contrasted with the theoretical work scheme on which the paper is based for the period

analysed between January 2005 and December 2018 (Ruiz-Reina, 2021).

In the third chapter of the thesis, the development of the previous chapters is fundamental.
Understanding causal relationships among Big Data, on the one hand, and on the other,
the demonstration of uncertainty cycles is part of the data pre-processing with subsequent
modelling, laying the foundations for understanding this thesis. Once the above is
understood, the next step is developing the unsupervised seasonal clustering system based
on medians of Entropy. This methodological contribution makes it possible to classify
and organise individuals into groups based on their seasonal uncertainty. Mathematically
initially, we must find a reference series that will be the dynamic centroid in a first step.
The second part describes the dissimilarity measure called Median Seasonal Clustering
Entropy against this reference series. Third, we classify clusters according to
neighbourhood criteria whose intracluster similarity criterion is the Neighborhood's

Internal Verification Coefficient representing robust data interpretation (Box, 1979).

As in previous chapters, we focus our empirical study on primary databases of the INE.

It aims is to model the demand for tourist accommodation in hotels and apartments. In
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this way, firms or organisations can intervene in each stage of the decision-making
process for individualised tourism demand. This seasonal clustering allows knowing the
behaviour of the accommodation decision for 20 nationalities that visited Spain between
January 2005 and August 2019. The 20-uncertainty series analysed are divided into large
geographical groupings (Other European Countries, Rest of the EU, Rest of the world,
Africa) and the rest by countries such as Germany, Austria, Belgium, Denmark, USA,
Finland, France, Greece, Ireland, Italy, Luxembourg, Norway, the Netherlands, Portugal,
UK, and Sweden. According to official sources, this indicates that the highest number of
monthly overnight stays occurred from the UK and Germany in the analysed period, the
reference series finally being the global behaviour of all the countries. From the empirical
results of this unsupervised clustering, the following stand out: 1) the decision processes
under uncertainty vary seasonally, and the described technique is a robust tool, 2) the
number of clusters is dynamic, varying the number of countries the number of clusters
generated seasonally. We can conclude from this third chapter that the consequences of
this analysis allow Stakeholders to make seasonal decisions based on Entropy as a
measure of uncertainty and the individuality of the country of origin, with direct
consequences on the primary market for hotel accommodation and secondary markets
such as accommodation in tourist apartments, car rental, restaurants, business in the hotel
accommodation environment. In addition, it has a direct implication in the labour market
since the knowledge of the type of seasonal client will allow the hiring of qualified and

adequate offer labour to the circumstances of the dynamic demand.

To conclude, the development of this thesis in the development of the chapters takes place
from Big a to Small Data (Faraway & Augustin, 2018). As indicated, it started with a Big
Data approach to finding causality between hotel demand and secondary data sources
from Google Trends. Subsequently, the concept of uncertainty measurement has been
worked on for its quantification, classification and empirically applied to the Spanish
tourism market according to country of origin. The objective of this approach is the
classification for the analysis of consumer behaviour in the tourism demand processes.
From this, studies may arise related to the marginal propensity to consume, the calculation
of the potential value of customers according to seasonal patterns or even regenerate
predictive models with spatio-temporal behaviour patterns with the following purposes:

pricing strategies, the market of work, or sociodemographic profiles.

This initial analysis, thought of Big Data and focused on Small Data, is carried out based
on the principle of parsimony. The authors previously indicated that it is possible to
represent a real-world with some simple model (Box, 1979). In particular, the criterion of

parsimony used in this thesis is for several reasons: (i) simple reality illustrates,
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complication obscures. In particular, we discovered causal relationships from Big Data
keywords with a high explanatory capacity in modelling. With posterity, we developed
an uncertainty methodology based on Entropy and seasonal clustering for the two main
accommodation options highlighted by official Spanish statistics (hotels and tourist
apartments); (ii) parsimony is typically rewarded by greater precision. Specifically,
theoretical modelling describes seasonal behaviours with high precision and allows their
classification to empower the decision-making process of organisations. (iii) In any case,
indiscriminate modelling is not a practical option because this path is endless. In our case,
the exogenous and uncontrollable factors mentioned in the introduction may be unlikely
in a consolidated market such as tourism, where the legal environment, climate and

industry structures will provide a speedy recovery after the COVID-19 crisis.

In practical terms, since this thesis is framed within a social sciences' scientific analysis,
exogenous and uncontrollable factors can affect modelling. Practitioners and researchers
can more easily access open database resources by facilitating modelling to fields of
study. Theoretical modelling under the criterion of parsimony of this work allows
obtaining robust results that contribute to science. The insensitivity can define the
robustness of these results to deviations of the data in the analysis. Thus, the expansion
of Information Theory overcomes the limitations of the usual ideal assumptions in
econometric analyses. These ideal assumptions in scientific modelling can be widely
simplified to understand the nature of the applied realities in this thesis. The need for

robust, simple models for complex realities seems to be closely linked (Lisciandra, 2016).

Lastly, it should be noted that observing large volumes of data does not guarantee robust
results for social realities. On certain occasions, the simplicity and parsimony criterion
beats the analysis of large data sets that require a costly imbalance against large volumes
of data. In terms of statistical inference, we can find fundamental multicollinearity
problems or the inclusion of redundant variables, damaging the estimators' statistical
analysis and properties (Faraway & Augustin, 2018). Due to the latter, an analysis at the

microscopic level is justified in chapters 2 and 3 of this thesis.

5.2. Conclusions

This thesis has tried to analyse the reality of the Spanish tourist market and the decision-
making between two possible options: accommodation in hotels or tourist apartments.
The theoretical modelling of this thesis contributes to Spatial Statistics and the
Information Theory of decision-making. On the other hand, empirical modelling applied

to the tourism market provides robust results in decision-making modelling. It focuses
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the analysis on the causality of keywords to model hotel demand, modelling uncertainty
and clustering decision-making based on Information Theory as the central axis of this
research. Data Science has been applied to gain knowledge by developing combined
seasonal causality, Spatial Statistics, and Information Theory techniques. In this sense,
the published works that make up this thesis are presented as novel contributions, filling

gaps in the literature and opening new lines of future research.

This thesis has delved into the Spanish tourist accommodation market's theoretical and
empirical research fields in the last 15 years. The combination of techniques allows
understanding the decision-making procedure of consumers in order to achieve efficiency
in decision-making by firms and organisations. Based on this, it has been demonstrated
through a theoretical framework the previous search for information on the web before
deciding on tourist accommodation for the main visiting nationalities in Spain. This
analysis is completed with the final two chapters of this thesis; firstly, the modelling of
uncertainty allows us to know how agents determine their decision to stay in tourist
apartments or hotels. Finally, once we have modelled how agents seasonally decide their
accommodation, we theoretically model the process of unsupervised clustering and
similarity between groups to guarantee the homogeneity of foreign tourist groups in
Spain. This analysis is valid regardless of structural or temporal changes in the series,

mainly supported by the robust statistical procedures designed in this thesis.

It is necessary to emphasise that numerous theoretical and empirical recommendations
are derived from this thesis. Its application or future development in the field of spatio-
temporal Information Theory requires the involvement of investors (public and private
institutions) and economic agents. The use of these empirical results represents a
competitive advantage in the knowledge society. The use of empirical data in this thesis
is open for the understanding or improvement of the theoretical and empirical analysis to

obtain valid conclusions.

Another valid conclusion of this study is that individuals behave according to country of
origin and that geographic proximity reveals seasonal demand behaviours. Assuming this,
a powerful analysis tool in decision-making in the different stages of commercial
strategies. Finally, the world reality of tourism is multivariate and immense in terms of
data to be analysed. However, always under the criterion of parsimony, the
methodological content of this thesis has been developed. Due to this, in the next section,

we add future lines of research derived from this study.
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5.3. Future Research Lines

This thesis supposes the first contribution of Information Theory in decision-making
applied to the social sciences (tourism) with space-time data. The total absence of initial
assumptions was the core of this thesis. In a context of unsupervised learning and without
prior theoretical impositions, causality has been demonstrated among the existing
information on the internet network collected by Google search engines and the actual
demand for overnight hotel stays. This causality is the axis of work in which a linear
temporal causal relationship has been demonstrated between the demand for hotels and
tourist apartments in Spain for the different countries of origin. As a measure of
uncertainty, entropy has allowed us to develop methodologies for measuring uncertainty
cycles and spatio-temporal clustering with seasonality. Information Theory modelling has
made a theoretical contribution in Data Science, Spatial Statistics and the theory of
decision-making cycles in the domain of time and frequency. From the empirical point of
view, the decision processes and behaviour of visiting tourists in Spain have been
demonstrated in the period analysed. It means a contribution to a sector of constant growth
in developed economies, particularly the Thermoeconomics. This contribution to
Information Theory involves providing work structures among the agents participating in
the decision-making process (Watson, 2019).

Although the theoretical and empirical results represent a contribution to science, the
research branches derived from this thesis are numerous and by themselves would give
rise to new doctoral theses, scientific papers or books. Taking into account that this thesis
combines diverse knowledge of data analysis, business, Information Theory and Spatial
Statistics. Any element outlined in figure 1 of the data life cycle represents a new line of
research in its corresponding branch. For the recommendation of new lines of research, it
is convenient to differentiate methodological aspects from an empirical point of view. We

can highlight that the techniques can be applied to numerous lines of research.

The first chapter highlights that the techniques used can be a short or long-term analysis
with relevant keywords. For this, it is recommended to use hierarchical decision
algorithms based on keywords whose lines of research have already begun to be
developed (Ruiz-Reina, 2020; Reina, 2021c). In addition, given the abundant and
increasingly accessible information, it is recommended to add new models based on
nowecasting and data flows in real-time with machine learning to forecasting techniques
(Carriére-Swallow & Labbé, 2013; Richardson et al., 2021). Matrix U1 Theil assumes a
contribution based on dimensionless selection criteria and allows quantifying the

advantage of using some models for the model decision criteria. However, it is
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recommended to deepen these techniques to overcome theoretical limitations as exact
predictions (Hyndman & Koehler, 2005, 2006; Ruiz-Reina, 2019d; Makridakis et al.,
2020).

On the other hand, from a statistical point of view, future researchers are recommended
to delve into the idea of Small Data versus Big Data (Faraway & Augustin, 2018). In this
way, it is possible to delve into classical problems of Econometrics such as collinearity
or the inclusion of irrelevant/ redundant variables (Wooldridge, 2013). The empirical
framework in the tourist accommodation market developed in this thesis using keywords
from Google search engines can be extended to other fields of study such as Finance (Hu
et al., 2018), Economy and growth (Niesert et al., 2020), insurance sector and
unemployment (Aaronson et al., 2021), Mental health and emergency (Knipe etal., 2021),
Psychiatry (Lopez-Agudo, 2020), pandemics (Simionescu & Raisiené, 2021), infections
(Nishimura et al., 2021) among others. The research requirement, in this case, assumes
that there are previous searches that generate Big Data content in Google search engines.

In this way, in a digitalised and connected society, the lines of research are inexhaustible.

In the second chapter, Information Theory is the basis of the decision-making process. In
particular, the core of work has been Shannon Entropy's classic concept of
communication and perception (Tishby et al., 2011) this initial concept can be applied to
other types of Entropy within Mechanical Statistics (Jaynes, 1957; Golan & Maasoumi,
2008). In particular, in this thesis, we have worked on a binary decision (two possible
mutually exclusive events) of Shannon Entropy; this same analysis can be performed with
the Bernoulli Entropy function. In the same way, the estimation methods could generate
desirable properties based on the estimated parameters' consistency (Reina, 2021b). In
addition, it is recommended to work with multivariate decision-making to broaden the
spectrum of this primary work (Azami et al., 2019). The theoretical work scheme has
been defined in time and frequency to analyse repetitive cycles; in this line, it is
recommended to deepen the analysis of wavelets related to harmonic analysis (Fernandez-
Macho, 2018).

Regarding cycles, they have worked with short memory cycles; a possible line of research
would be the study of seasonal long memory cycles (Arteche, 2007). These lines cited are
the primary investigations that can expand this section. However, it is recommended to
deepen the concept of Information Theory for subsequent contributions to the field of
Econophysics applied to decision-making (Delgado-Bonal & Marshak, 2019). Regarding
the empirical section, it should be noted that the decision of accommaodation in hotels or

tourist apartments has been worked on, but this can be extended to other options such as
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rural accommodation or campsites, transport (car, train or aeroplane), destinations (beach,
mountain or city), types of trips (business, leisure or cultural) and a wide range of
possibilities. In addition, there are numerous empirical applications in fields such as
finance (real estate investment in housing or rustic land), health (measurement of risk
uncertainty), automobiles (selection of types of cars to buy), or any field of application
that involves deciding in a context of uncertainty. All this serves as a working outline of

what was developed in chapter 2 of this thesis.

The Entropy weight plays an essential role (third chapter) in decision-making, and the
Entropy classification is a consequence of the uncertainty measurement (Yue, 2017).
Unsupervised clustering criteria applied to time series are less developed than traditional
analyses on cross-section data (Aghabozorgi et al., 2015). This type of analysis applied
to Spatial Statistics is in itself new lines of research in multiple contexts. Entropy,
complexity and spatial information based on the context of the Shannon Entropy are
unsuspected fields in many scientific areas of study. In this way, the measurement of
increasing information means adding complexity to the analysis in two-dimensional
spatial systems (Batty et al., 2014). In this sense, the space-time study with seasonal data
invites us to expand the fields of recent studies (Ruiz Reina, 2021). The technological
improvement of data extraction, transformation and collection make Spatial Statistics
applications a source of future research in any field (Gelfand, 2020): child mortality
(Morales-Otero & Nufiez-Anton, 2021), Big Data analysis (Banerjee, 2020),
segmentation studies for international tourists for religious reasons according to spending
levels (Mercadé-Melé & Barreal Pernas, 2021) or animal movements (Hooten et al.,
2020). In short, Spatial Statistics has been placed among the first lines of research in the
last 15 years; mainly, this thesis represents a beginning towards new frontiers of
geospatial data in discrete time, for which additional lines would be the development of
clustering models in continuous data. As in the previous chapters, the empirical

applications are extensive and diverse to practitioners and researchers.

Finally, this thesis is an investigation for a better understanding of the decision-making
processes unusual until now. This contribution has surpassed, contributed to and opened
new frontiers of knowledge in the temporary causal relationships between information
systems and clustering. Bibliographic references are relatively modern and involve up-
to-date knowledge. This thesis as a whole can encourage future researchers to improve
and understand the knowledge generated. The questions and answers of this thesis are the

starting point for breaking the current frontiers of knowledge.
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Esta tesis se encuadra en el marco metodologico de la Ciencia de Datos envolviendo
métodos cientificos, procesos y sistemas para extraer conocimiento con aplicaciones
directas en la toma de decisiones (Coussement & Benoit, 2021). La investigacion consiste
en el aprendizaje y la representacién de patrones de datos, y viceversa, las
caracterizaciones identificadas y modeladas permiten tomar decisiones en grandes
escalas. Para ello se desarrollan metodologias novedosas de andlisis en campos como Big
Data, Teoria de la Informacion, Estadistica espacial, Series Temporales, Econometria y
analitica predictiva para empoderar la toma de decisiones de los agentes econdmicos. Las
técnicas de prondstico siempre han estado en primer plano en el contexto de planificacion
de las organizaciones. Por esto, los individuos toman decisiones en un contexto de
incertidumbre, donde tratan de minimizar su riesgo maximizando beneficios particulares
(Petropoulos et al., 2020). En este sentido, esta tesis doctoral se considera una
contribucion en los campos metodoldgicos y empiricos de la ciencia, cubriendo lagunas
de informacion en la literatura cientifica (Martinez et al., 2021). La aplicacion empirica
de este extenso trabajo se analiza con datos mensuales de alojamiento turistico para
visitantes internacionales con datos procedentes del Instituto Nacional de Estadistica
espafiol (INE) en el periodo desde 2005 a 2019. Esta tesis es metodoldgica y provee de
herramientas de analisis para organizaciones publicas o privadas. Este analisis persigue
los siguientes objetivos (Reina, 2020; Ruiz Reina, 2021; Ruiz-Reina, 2021): (i) demostrar
tedricamente que se producen previamente al alojamiento turistico busquedas en internet
con los motores de busqueda de Google Trends con el uso de palabras clave; (ii)
demostrar relaciones causales temporales en la toma de decision del alojamiento turistico
entre hoteles y apartamentos. A través de este estudio, podremos modelizar la demanda
en un mercado secundario a través de un mercado primario de alojamiento. Los test de
causalidad lineal y no lineal temporal nos determinaran el sentido de la demanda de
alojamientos. El estudio de ciclos de incertidumbre en el dominio en el tiempo y la
frecuencia proporcionaran informacion estacional sobre comportamientos de turistas
segun el pais de origen; (iii) finalmente, desarrollaremos métodos de agrupamiento
(clustering) espacio temporal no supervisados. Estos métodos no supervisados permitiran
ordenar espacial y temporalmente las demandas turisticas con el objetivo de realizar una
intervencion basada en el conocimiento obtenido por las técnicas desarrolladas. La
combinacion de este analisis no supervisado y en un contexto sin suposiciones limitantes,
permitiré a las empresas y organizaciones tomar decisiones en eficiencia en contextos de

incertidumbre, complejidad e informacidn espacial (Batty et al., 2014).

Esta tesis doctoral tratard de responder formalmente a preguntas cientificas relacionadas

con la industria turistica: “Big Data (capitulo 1)” — ¢Existe relacion causal entre la
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demanda turistica y Big Data (Google Trends) ?, Anélisis estacional de basquedas en
Google, modelizacién y criterios de seleccion de modelos predictivos; “Information
Theory and decision-making (capitulo 2)”” — ¢ Existe relacion entre la demanda de hoteles
y apartamentos turisticos?, ;existe casualidad lineal o no? ¢Se producen ciclos de
incertidumbre en el comportamiento en la demanda?, ¢Todas las nacionalidades de
turistas presentan la misma estacionalidad?; “Clustering Spatio-Temporal (capitulo 3)”
— ¢COmo agrupamos a las demandas turisticas seglin comportamiento estacional para
alojamientos en hoteles y apartamentos?, ¢Se identifican los ciclos de estacionalidad y

los comportamientos en la toma de decisiones?

Para el desarrollo de esta tesis doctoral, es fundamental el entendimiento de grandes
volumenes y si la combinacion de esta se realiza con un sector en auge como es el turismo,
los beneficios de este analisis son ain mayores. El rol del andlisis Big Data y el
entendimiento del ciclo de vida del dato es un eje central en el desarrollo de esta tesis. La
estructuracion del dato respalda la comunicacion efectiva de la modelizacién, mejora la
calidad de toma de decisiones, disminuye tiempo de aprobacién em la presentacion de

resultados a las personas decisoras (McKendry et al., 2021).

La aplicacion de un concepto genérico como es el Big Data en un mundo digitalizado
responde a una cuestion previa basada en la toma de decisiones. Desde que en 1997 los
investigadores de la NASA Michael Cox y David Ellsworth usaron el término “Big Data”
por primera vez, la literatura cientifica ha superado limites insospechados. Los propios
investigadores resaltaban la aplicacion de este concepto a numerosas areas como base del
entendimiento en la visualizacion de problemas complejos (Cox & Ellsworth, 1997). El
entendimiento de problemas complejos permite conocer y entender los retos en aras tomar

decisiones en eficiencia.

La aplicacion de Big Data en un entorno digital supone una ventaja competitiva frente a
los que no usan analitica de datos avanzada. Este uso juega un rol principal para personas
y compafiias diariamente revelando ventajas competitivas. La combinacién de las cinco
v’s del Big Data (volumen, velocidad, valor, variedad y veracidad) ha supuesto una rapida
expansion de las técnicas de almacenado de datos, analisis y visualizacién (Mikalef et al.,
2018) Los mecanismos de entendimiento y procesado de datos a través de los cuales se
basa el Big Data son la base del valor afiadido para los agentes econémicos. La literatura
cientifica se ha basado en todos los aspectos recogidos bajo el concepto de Big Data
suponiendo inversiones en infraestructura, inteligencia de negocio o herramientas de

analisis en areas no desarrolladas hasta el momento (Gupta & George, 2016).
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Este rapido desarrollo del Big Data en la industria turistica ha normalizado y mejorado
las técnicas para la toma de decisiones (J. Li et al., 2018). La informacion generada en la
red de internet y la estructuracién de los grandes volimenes de datos suponen una
herramienta insospechada en los inicios del mercado turistico internacional. Los agentes
econémicos, en particular empresas Yy agencias, han descubierto métodos de
interactuacion con los consumidores potenciales. Este intercambio de informacién a
través de los datos permite tomar decisiones en eficiencia en cada momento determinado.
En la figura 2 se observa el denominado ciclo de vida del dato en la demanda turistica,
siendo la base del entendimiento del entorno Big Data para académicos y profesionales
(Ruiz-Reina, 2019d).

De esta Figura 2 se extrae todo el conocimiento desarrollado en esta tesis doctoral,
conviene describir el esquema para un mejor entendimiento de los capitulos que
componen dicho trabajo. Inicialmente comenzaremos a analizar el esquema desde el
punto de vista ad-hoc del conjunto de datos disponibles en el “Data Warchouse”
(Timakum et al., 2021). En este sentido trabajaremos con dos tipos de datos: datos
estructurados (INE) y datos inicialmente no estructurados (Google Trends). Estos datos
no estructurados inicialmente son estructurados por las arquitecturas de ingenieria de
Google suponiendo un recurso ad-hoc en esta investigacion. El siguiente punto del
esquema es el denominado “Analytics: Modelling and Forecasting”, este es el esquema
central de trabajo de la tesis. En particular se subdivide en tres capitulos: “Descriptive
and Predictive Analytics (Chapter 1): Big Data — Forecasting and Control for Tourism
Demand”; “Uncertainty Modelling (Chapter 2): Entropy Method for Decision-Making:
Uncertainty Cycles in Tourism Demand”; “Prescriptive Analytics (Chapter 3): Spatio-

temporal clustering: Neighbourhoods based on median seasonal entropy”.

Los tres capitulos de la tesis, se desarrollan extensamente en los dos articulos y el capitulo
de libro que componen este compendio de publicaciones. Esta modelizacion permitira a
los implicados tomar decisiones en eficiencia en términos de conocimiento, mejoras de
procesos, reduccion de costes, ahorro de tiempo u optimizacién de administracion. Con
esta informacion las firmas podran estructurar su oferta turistica en la web incluyendo
alojamientos, transportes y servicios adicionales para los potenciales consumidores (Ruiz
Reina, 2021). Una vez que los consumidores disponen de esa informacion en la red de
internet, realizan busquedas en Google donde encontrardn la oferta los potenciales
consumidores. De este modo emerge finalmente la demanda turistica, generandose y
retroalimentandose los nuevos datos en la red que volverian a ser analizados en base a los

comportamientos del ciclo de vida del dato descrito anteriormente en la demanda turistica.
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Fig. 2 El ciclo de vida del dato en la demanda turistica. Elaboracion propia (en inglés).

En la tltima década, el interés en Big Data y analitica de datos ha sido creciente con la
finalidad descriptiva y predictiva de la demanda turistica. La ciencia de datos aplicada en
este trabajo resume y visualiza la informacion obtenida de los datos para obtener
conclusiones en la toma de decisiones. Los datos producen conocimiento y esto supone
un valor afiadido en la interpretacion de patrones matematicos a las organizaciones. Sin
embargo, a pesar de la amplia literatura escrita existen temas no abordados que suponen

el reto de desarrollo de este trabajo (Wu et al., 2021).

El analisis Big Data aplicado a la industria turistica supone conocer patrones de
comportamiento de los individuos, en ocasiones se aplican tratamientos generalistas y
objetivistas de personas perjudicando la sensacién de bienestar del consumidor (Weaver,
2021). Con las metodologias desarrolladas en este trabajo, se pretende obtener el mayor
conocimiento con la finalidad de adecuar al maximo los patrones de los turistas segun
pais de origen. Una vez que el lector ha entendido cudl es el esquema general de trabajo
para la modelizacion de la demanda turistica, conviene resaltar la importancia del sector

turistico en las economias y en particular en la espafiola.

En una economia mundial internacionalizada donde los flujos de movilidad han supuesto
un crecimiento sostenido de la industria turistica mundial desde hace décadas. El turismo
llega a ser uno de los principales conductores de crecimiento en muchas regiones con una
fuerte interaccion con la naturaleza, siendo una industria propensa a la recesion,

problemas de terrorismo o guerras, desastres naturales y enfermedades infecciosas (Hall,
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2010; Cardenete et al., 2021; Pham et al., 2021). La contribucion de esta industria en el
Producto Interior bruto (PIB) mundial ha presentado un crecimiento sostenido hasta
finales de 2019 impulsado por el crecimiento de la clase media en economias emergentes,
avances tecnologicos y simplificacion burocratica entre otros factores. La industria
turistica es una de las mayores empleadoras a nivel mundial junto con la industria
energética (ILO, 2020).

A pesar del crecimiento constante de la industria recientemente, es muy frégil a factores
ex0genos que puedan significar percepciones negativas sobre un ambiente de equilibrio
de seguridad como huelgas, guerras, noticias negativas sobre el area de destino o de
seguridad ciudadana. Los estudios han revelado la alta exposicion y vulnerabilidad del
sector (Aliperti et al., 2019). Del virus SARS-CoV-2 y COVID-19 debido a su alta
infecciosidad e indice de contagio han limitado su crecimiento. Ademas de los dafios en
la industria turistica del SARS-CoV-2 (Zeng et al., 2005), han existido otras epidemias
tales como Ebola (Novelli et al., 2018) u otras enfermedades contagiosas (Frisby, 2003)
Las consecuencias en el largo plazo son desconocidas y los efectos draméticos sobre las
restricciones en relaciones sociales por distancia social, restricciones de movilidad, el uso
equipos de proteccion, efectos en sistemas de transportes, alojamientos hoteleros o
eventos estan adn por determinar en la industria turistica debido a la crisis COVID-19.
Los estudios indican que los negocios turisticos han de prestar atencion en el cambio de

oferta personalizada y hacia la tecnologia digital (Abbas et al., 2021)

Desde finales de 2019 e inicios 2020 la pandemia causada por la COVID-19 ha supuesto
un impacto exdgeno negativo a cualquier modelado previo, que pudiendo ser poco
probable ha sido posible. A pesar de la llegada paulatina de la vacuna a los paises el ajuste
dindmico del sector es progresivo con restricciones de viajes y distancia social, la oferta
turistica puede tardar en ajustarse a las nuevas circunstancias afios (Gossling et al., 2020).
El impacto en la economia global debido a la emergencia sanitaria ha sido negativo y
especialmente en el turismo (Zhang et al., 2021). La tragedia mundial con altisimo
namero de infectados y muertes han supuesto restricciones de movilidad internacional de
personas. Esto dltimo supone impacto sobre las condiciones de estabilidad
experimentadas previamente a la crisis y sin antecedentes por su volumen de implicacion
mundial. De acuerdo a cifras oficiales el decrecimiento del sector ha significado distintas
respuestas temporales de recuperacion. Podemos decir que el turismo es un sector
economico resiliente y ha mostrado rdpidas recuperaciones ante impactos exégenos. Tres
crisis internacionales del turismo han sido relevantes: los ataques del 11 septiembre en la
ciudad de Nueva York en 2001 con una recuperacion intermitente de crecimiento en seis

meses (Bonham et al., 2006); la crisis sanitaria del SARS-CoV-2 con una recuperacion
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de cinco meses (Kuo et al., 2008) y la crisis financiera econdmica global de 2009 con el
primer mes con sefales de recuperacion en el décimo mes (UNWTO, 2013). Debido a
estas recuperaciones, el anlisis de este trabajo se realiza en un contexto de movilidad

internacional sin restricciones.

Espafia, pais en el suroeste de Europa, se encuentra en un entorno politico, social,
economico, cultural y demogréfico propicio para el desarrollo de la industria con mayor
crecimiento mundial en el sector servicios. La entrada de Espafia en la Unién Europea
(UE) en el afio 1986 supone un cambio de paradigma en la economia interna y del
conjunto UE debido a la libre movilidad de personas y capitales en el entorno. A
consecuencia de esto, Espafa en el afio 2019 representa la segunda mayor cifra mundial
(82.7 millones) de llegada de personas Gnicamente por detras de Francia (89,4 millones)
y por delante del gigante mundial como los EEUU (79.6 millones), en cuarta posicion se
encuentra China con 62.9 millones, en quinta Italia 62.1 y sexta posicion Turquia con
45.7 millones de personas recibidas (UNWTO, 2021). Las cifras del Foro Econémico
Mundial revelan que Espafa es el pais mas preparado para la industria turistica con un
indice de 5.4 en 2019 por delante de paises econémicamente mas desarrollados en otras
industrias tales como Francia, Alemania, Japon, Estados Unidos, Reino Unido, Australia,
Italia, Canada o Suiza (Uppink-Calderwood, 2019).

Las fuentes estadisticas oficiales indican una contribucion aproximada del 12.4% al GDP
espanol (incluyendo 6.4% directamente y 6% indirectamente) y en el mercado laboral un
12.8% de la fuerza de trabajo para el afio 2019. Desde el afio 2015, la contribucién del
sector turistico a la economia espafiola ha crecido por 1.3% y alcanzando una cifra de
2.72 millones de trabajos en 2019. Esta cifra ligeramente inferior (-0.1%) a la de 2018.
De igual modo los trabajadores del sector turistico han crecido por 0.8% desde el afio
2015 (INE, 2019). Toda esta informacion analizada de fuentes de datos oficiales
espafolas del INE revela un crecimiento significativo del sector, paralizado en el afio
2020 por la pandemia mundial y con expectativas de recuperacion en el afio 2022 con las

expectativas de los informes disefiados en la literatura (Rastegar et al., 2021).

La industria doméstica turistica presenta un papel crucial en el mercado espafiol (Arbull
et al., 2021), no obstante, una vision amplia del mercado internacional permite la
diversificacion de potenciales consumidores para una mayor aportacion del sector al PIB.
En cuanto a las nacionalidades que visitan Espafia los tres mayores paises emisores son
en este orden Reino Unido, Alemania y Francia desde el afio 1999 segln fuentes oficiales,
en menor medida pero muy significativa también Italia, Paises Bajos 0 USA (Ruiz Reina,

2021). El analisis de un mercado global y su toma de decisiones segun tipo de alojamiento
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proveen de conocimiento a los interesados en este mercado. El impacto exdgeno
experimentado en 2020 en la economia espafiola y la consecuente limitacion de movilidad
internacional de los potenciales consumidores no es &bice para conseguir una
recuperacion de modo similar a los datos previos a la crisis. La estructura de la industria,
las infraestructuras de transportes y servicios, hacen indicar la recuperacién de la

movilidad internacional hasta niveles previos a la pandemia.

Debido a la importancia econémica que representa la industria turistica y a un peso mayor
del sector servicios en las economias modernas (Santamaria & Filis, 2019), el estudio
mensual del comportamiento de turistas internacionales con destino turistico en Espafia
es fundamental para entender el mercado y tomar decisiones en eficiencia. Este
conocimiento del mercado y su desagregacion, permiten proveer de herramientas a los
agentes econémicos de mercados primarios o secundarios en la Industria. De este modo
el objetivo es analizar desde un enfoque “Big Data” a un enfoque “Small Data” para su
entendimiento superando las limitaciones de generalidad identificadas en la literatura
(Weaver, 2021).

Esta tesis doctoral se enfoca en tres capitulos que conforman el compendio para responder
a preguntas cientificas indicadas al inicio de este resumen. Una vez entendida la
importancia del analisis de datos y del sector turistico en la economia espafiola. Sin
embargo, la realidad del mercado turistico es tan amplia y compuesto por muchos agentes
econémicos que interactian entre si. La complejidad del analisis no supervisado en un
contexto de incertidumbre da valor a esta investigacion para el andlisis de la demanda de
alojamientos turisticos (Powell, 2019). La metodologia de esta tesis se describe
secuencialmente en el proceso de toma de decisiones contextualizado en el ciclo de vida
del dato. En cada capitulo se describe con un objetivo sirviendo de base para el estudio
posterior desarrollo. En los siguientes parrafos se ofrece un resumen de las tres

publicaciones que conforman el compendio de esta Tesis.

Para comenzar con los tres elementos estructurales, el primer capitulo esta dedicado a
demostrar las relaciones causales entre blsquedas en internet y demanda hotelera. Una
vez demostrada la relacion con Big Data con datos primarios de fuentes oficiales de
estadistica (INE) y secundarios de Google Trends se comparan modelos de forecasting.
Para medir la bondad del forecasting se desarrolla un método relativo de acuracidad de
las predicciones. Justo después, se introduce el capitulo de Teoria de la Informacion, esta
linea de investigacion innovadora en el campo de procesos de decision contribuyendo a
medir y cuantificar la toma de decisiones. Ademas, nos permite conocer la existencia de

ciclos de incertidumbre segun el pais de origen analizando el dominio del tiempo y de la
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frecuencia. Finalmente, en el tercer y ltimo capitulo, con el conocimiento demostrado y
el andlisis metodoldgico desarrollado destacamos una hueva metodologia de agrupacion
no supervisado con datos de series estacionales para la medicion de incertidumbre en el

proceso de decision de los clientes turisticos segun pais de origen.

En este primer capitulo tratamos de exponer una metodologia para el andlisis de datos
turisticos combinados con palabras clave procedentes de busquedas previas en la red de
internet, causalidad con la demanda de alojamientos. La cantidad de datos que son
generados en la red y comunicados sobre la red superan los limites sospechados
inicialmente. El entendimiento de los grandes volumenes de datos procedentes de datos
redes sociales, paginas web comerciales, datos geogréficos entre otros suponen la base de
la toma de decisiones de empresas y consumidores. De este modo, es posible entender los
cambios sociales y realizar predicciones con datos cuantitativos no primarios. Ademas
del analisis causal explicado con el modelo Autorregresivo de Retardos Distribuidos
extendido a la estacionalidad (en inglés ARDL + seasonality), este capitulo incluye dos
novedosas contribuciones: test de Granger- causalidad extendido a la estacionalidad una
matriz de acuracidad para predicciones con denominada matriz U1 Theil que permite
realizar comparaciones entre modelos de con la finalidad de cuantificar y relativizar
modelos de prondéstico (Ruiz-Reina, 2019b). La matriz de decision nos permitira
cuantificar de un modo fiable las técnicas utilizadas, pudiendo medirse la calidad del
modelado propuesto de cada modelo para un mismo comparativo horizonte temporal de
la demanda turistica (G. Li et al., 2005; Song & L.i, 2008; Peng et al., 2014; Jiao & Chen,
2019).

En la investigacion llevada a cabo, hemos analizado la correlacion y causalidad de la
demanda hotelera con las basquedas previas que han realizado los consumidores a través
de una palabra clave por pais de origen. Este estudio supone una contribucién para el
entendimiento del comportamiento de la demanda a través de los motores de blsqueda de
datos abiertos de Google. Nuestra meta principal fue entender las direcciones de
causalidad entre las palabras clave del Big Data para desarrollar modelos predictivos.
Nuestro estudio estd basado en desarrollar y ampliar modelados previos de la literatura
cientifica desde 2008 usando Google Trends (Jun et al., 2018). La finalidad de esta
investigacion es proporcionar una moderna informacién y comunicacion generada por
grandes volimenes de datos sobre el turismo y las actividades turisticas. La metodologia
desarrollada permite interactuar con potenciales consumidores en los estados previos de
alojamiento turistico con las estadisticas generadas previamente con fines de tomas de

decisiones y cuantificacion del pronéstico.
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Desde el afio 2006 Google ofrece analiticas detalladas de los términos de busquedas de
sus usuarios de modo abierto. Encontrandose correlaciones en distintos campos como la
ratio de desempleo, correlaciones entre ventas de coches y compras de casas, entre otros
campos (Jun et al., 2018). En la literatura cientifica aplicada al turismo, los investigadores
han usado como principales motores de busqueda Google Trends e indices de Baidu como
principales servidores de informacion. Los buscadores presentan similitudes entre si y
diferencias destacando las siguientes como area geografica de uso (Baidu Unicamente es
para China), inicio de recogida de datos (Google desde 2004, Baidu desde 2006) o
frecuencia de indexado (Google Trends: mensual y semanal; Baidu Semanal y diaria) (J.
Li et al., 2018). Teniendo en cuenta la limitacién idiomatica/geografica de Baidu y que
segun los datos oficiales de Espafia el turismo chino no representa un porcentaje
importante en las pernoctaciones hoteleras, declinamos el uso de la herramienta China,
centrandonos Unicamente en el andlisis de Big Data procedente de Google Trends. El
mapa conceptual propuesto para el andlisis identifica herramientas claves para la demanda
hotelera en el mercado espafiol cubriendo necesidades en la inteligencia de negocio con
analisis interdisciplinar encontrados en la literatura cientifica (Mariani et al., 2018).

En la investigacion se trabaja con datos que permiten obtener conocimiento del
comportamiento la demanda turistica internacional en Espafia. En particular se
desarrollan metodologias de prediccidn para los principales paises de origen que se alojan
en hoteles espafioles: Alemania, Francia, Italia, los Paises Bajos, Reino Unido (RU), los
Estados Unidos de América y una variable temporal agregada con el resto de paises
denominada “residents abroad”. El periodo de analisis es entre enero 2010 y junio 2019,
utilizando un periodo de entrenamiento hasta diciembre 2017. El periodo de
entrenamiento predictivo es entre enero 2018 a junio 2019 estableciendo ventanas de
evaluacion con horizonte temporal de 3, 6, 12 y 18 meses. EI modelo desarrollado es el
ARDL + seasonality nos permite estudiar las elasticidades dinamicas (Peng et al., 2015),
con un previo analisis de Granger-causalidad extendido a la estacionalidad. El desarrollo
de esta metodologia estacional permite analizar el periodo de prondstico en el corto y
largo plazo. En este sentido encontramos una alta capacidad predictiva del modelo
pudiéndose cuantificar con la matriz U1 de Theil desarrollada en este trabajo (Reina,
2020).

En cuanto a la medicién de los errores de prediccion, el anélisis de las Series Temporales
se encuentra en fenémenos tales como Estadistica, Econometria, Comunicaciones, Clima,
Economia, Finanzas, Machine Learning y otras ciencias con finalidades de medicion para
el proceso de toma de decisiones. La primera meta es entender los fenémenos en periodos

de entrenamiento, para luego evaluar sus periodos predictivos en horizontes temporales
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(Tsay, 2000). Las predicciones en ciencias sociales estan sujetas a multitud de cambios
exogenos tras el periodo de entrenamiento tales como outliers, shocks o cambios
estructurales (Inoue et al., 2017). Esto significa que el entendimiento de datos previos es
fundamental para abordar ciertos problemas. De este modo, la comparacion entre métodos
con multiples medidas puede resultar engorrosa debido a la no existencia de una Unica
medida de error (Armstrong & Collopy, 1992). En la literatura cientifica el debate sobre
mediciones del error ha sido extenso, y no se ha encontrado consenso cientifico
actualmente (Makridakis et al., 2020).

De la metodologia desarrollada en este capitulo, destacar la introduccion del modelo
ARDL + seasonality, este modelo nos permite cuantificar las relaciones a corto plazo
entre las variables enddgenas y las exdgenas con factor estacional mensual en el corto y
largo plazo (error correction term). Cabe destacar el desarrollo de la matriz de evaluacion
de modelado denominada matriz U1 Theil. Esta matriz permite cuantificar los beneficios
del utilizar nuestro modelo ARDL + seasonality frente a otros modelos de forecasting de
la literatura como Singular Spectrum Analysis, modelos SARIMA, redes Neuronales
Jerarquicas (HNN) o las versiones multiplicativas y aditivas de alisado Holt-Winters
(Ruiz-Reina, 2019b, 2019d; Reina, 2020). El desarrollo de esta matriz de decision para la
evaluacion de forecasting en la comparacion de modelos bajo un criterio relativo, supone
superar ciertas limitaciones encontradas en la literatura y evitar las apariciones de “black
swans” en la toma de decisiones del mejor modelo (Hyndman & Koehler, 2006;
Makridakis et al., 2020).

Desde un punto de vista empirico, destacar el uso de fuentes de datos primarias
procedentes del INE y de datos secundarios de Google Trends. La herramienta Big Data
de Google Trends favorece el andlisis de nuestro modelado. El uso de la palabra clave
“visit Spain” como variable exdgena muestra una alta capacidad explicativa. El estudio
aplicado a las principales nacionalidades de origen que visitan Espafia revela relaciones
en el corto plazo y largo plazo entre la demanda hotelera para los visitantes de Alemania,
Francia, Italia, los Paises bajos, Reino unido y los Estados Unidos. La capacidad
explicativa del modelo en todos los casos se encuentra con coeficientes de determinacion
comprendidos entre 0.96 y 0.97. La matriz U1 de Theil nos ha permitido evaluar la
capacidad predictiva del modelado frente a otros modelos de prediccién en horizontes
temporales de h= 3, 6, 12 y 18 meses. Los resultados de la matriz U1 Theil nos indica que
no siempre se obtienen los mejores resultados modelizando los datos procedentes de Big
Data, ademas las relaciones en el largo plazo de cointegracion expresadas por el ECM

explican las demandas turisticas futuras. Por Gltimo, indicar que existan mejores modelos
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con menos capacidad predictiva, no implica que presenten menor capacidad explicativa

con datos procedentes de Big Data.

Concluyendo con este trabajo inicial, queda demostrado que los consumidores realizan
busquedas previamente a su decision de alojamiento hotelero, y que con el uso de esta
herramienta encuentra una alta capacidad explicativa dando lugar a investigaciones que
implican un mayor nimero de palabras clave en su anélisis jerarquico (Ruiz-Reina, 2020;
Reina, 2021c).

Una vez demostrada la causalidad entre las busquedas de Google y la demanda turistica
hotelera (Ruiz-Reina, 2020, 2019d; Reina, 2021c). El siguiente paso es describir
metodologicamente el proceso de toma de decisiones de los turistas con datos espacio
temporales en enfoque “Big” a “small” de los datos. La ciencia ha demostrado
previamente que la toma de decisiones no triviales conlleva incertidumbre (Stanton &
Roelich, 2021). Esta incertidumbre habitualmente implica lagunas de informacién en la
toma de decisiones y que han de ser minimizadas. La falta de conocimiento previo, la
ausencia de prerrequisitos y el analisis de la estacionalidad afiaden dificultad en el
analisis. Entonces, el desarrollo metodoldgico de este segundo capitulo modeliza la
incertidumbre espacio temporal midiendo y cuantificando la toma de decisiones de los
consumidores de alojamientos turisticos segun pais de origen para datos del INE. Para
ello la metodologia desarrollada se basa en un concepto estatico de Teoria de la
Informacion, en particular la entropia de Shannon (Shannon, 1948) bajo la hipétesis de
expectativas adaptativas de los mercados. Dando lugar al entendimiento del concepto de
entropia y maxima entropia como eje vertebrador (Delgado-Bonal & Marshak, 2019).
Este analisis estatico inicial ha permitido construir las series temporales entropia y
verificarse comportamientos ciclicos compatibles con la estacionalidad en el &rea de
investigacion del turismo (Chatfield & Baron, 1976; Smith, 2005; Vatsa, 2020).

Esta modelizacién novedosa juega un rol exitoso en el analisis temporal del proceso de
decision de alojamiento entre hoteles y apartamentos turisticos con ciclos estacionales
para datos procedentes del INE (Ruiz-Reina, 2021). Ampliando el espectro del andlisis
de la Teoria de la Informacion a campos insospechados hasta el momento de la
Termoeconomia (Saslow, 1999). En este sentido la Teoria de la Informacion, la
metodologia, concepto y soluciones son ampliamente reconocidos, entendidos y
empleados actualmente (Golan & Maasoumi, 2008). Los conceptos de entropia sus
innovadoras aplicaciones al campo de toma de decisiones suponen una nueva disciplina
de conocimiento sin supuestos restrictivos y regularidades de datos analizados. El

esquema de trabajo desarrollado en este capitulo permite identificar patrones de
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informacién insospechados hasta la actualidad basados en el concepto de méxima
entropia (Ruiz Reina, 2021). El estudio de los ciclos de toma de decisiones entre dos
posibles eventos temporales, a traves del dominio del tiempo (usando el correlograma) y
a través del analisis espectral (con el periodograma) son una contribucion en el
conocimiento de amplitudes y frecuencias de los ciclos identificados. En relacion a esto,
la introduccién del concepto heterodoxo supone una contribucion a la Termoeconomia

aplicando conceptos de mecénica estadistica a la teoria econémica (Saslow, 1999).

El estudio de los aspectos tedricos que envuelven la Teoria de la Informacion y Teoria
del Caos, provee de recursos al analisis de datos de un gran numero de disciplinas
(Delgado-Bonal & Marshak, 2019). Para ello, en nuestro trabajo, analizamos series
temporales sin suposiciones previas y estableciendo relaciones temporales causales. Las
relaciones de causalidad demostradas en este trabajo no se definen necesariamente por la
existencia de una teoria econémica tras los hechos descritos, mas bien es una causalidad
de transmisién de informacion entre sistemas (entre series analizadas) en el sentido
amplio del concepto de entropia Shannon (Shannon, 1948). En particular, proponemos un
esquema de trabajo teérico y empirico sobre el modelado de incertidumbre para un
proceso de decision temporal. La causalidad en este trabajo conectada con entropia es
posible al definir el tiempo como métrica de causalidad en tiempo discreto (Riek, 2020).
Ademas, este analisis debe tener en cuenta una suposicion sobre la muestra analizada, y
en cada periodo temporal, el supuesto de muestra aleatoria temporal independiente debe
de cumplirse (Deaton, 1985). De este modo, cada periodo analizado individualmente seria
independientemente de periodos anteriores. Por ejemplo, por la propia definicion de
alojamiento turistico, suponemos que las demandas de alojamientos por nacionalidades
de origen lo realizan individuos independientes temporalmente y compartiendo una

caracteristica de seccion cruzada como la nacionalidad de origen.

Para el entendimiento del procedimiento y del uso de la Entropia, describimos un
esguema matematico y estadistico basado en Teoria de la Informacion. Describimos un
proceso de decision binario entre dos eventos mutuamente excluyentes y definimos la
serie temporal de entropia como medida de incertidumbre. En nuestro trabajo, los dos
procesos son las elecciones de alojamiento turistico entre hoteles y apartamentos
turisticos siendo la medida de incertidumbre un factor que determina transmision de
informacién de una serie temporal a otra. Una vez obtenidas las series temporales de
entropia, continuamos analizando la relacion causal entre ambas variables para demostrar
relaciones lineales (Granger-causalidad) o no lineales (Transfer entropy) en el contexto
de incertidumbre de la toma de decision (Granger, 1969; Schreiber, 2000; Gengaga,

2018). En este sentido buscamos demostrar empiricamente en qué sentido existe la
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causalidad temporal entre alojamientos turisticos en hoteles y apartamentos. Demostrada
la causalidad, analizamos las series de entropia para determinar los ciclos de
comportamiento estacional en el dominio del tiempo (Box et al., 2013) y en el dominio
de la frecuencia (Harvey, 2006). Tras verificar la existencia de ciclos estacionales y las
relaciones causales, modelizamos la toma de decisiones para alojamientos usando el
factor de incertidumbre de entropia obteniendo una alta capacidad explicativa de los
modelos para los turistas visitantes de Espafia (Ruiz-Reina, 2021). Usando la entropia
como medida de incertidumbre en la toma de decisiones de los consumidores, se observan
claramente patrones de comportamientos ciclicos compatibles con la estacionalidad
(Ruiz-Reina, 2019c¢; Reina, 20214, 2021b).

Los resultados empiricos obtenidos para las principales nacionalidades que visitan Espafia
y que pernoctan (hoteles y apartamentos turisticos) son relevantes para el conocimiento
de la toma de decisiones. Podemos indicar que para todas las nacionalidades estudiadas
entre el periodo de enero 2005 a diciembre 2018 las relaciones causales son
unidireccionales. De este modo, primero, se demuestra teéricamente (Smallman &
Moore, 2010) que la demanda hotelera genera un mercado secundario de alojamiento en
apartamentos turisticos bajo el enfoque de hipétesis de adaptativo del mercado (Delgado-
Bonal, 2019), ademéas de ser una relacion lineal entre ambas variables segln las
principales nacionalidades estudiadas (Reno Unido, Alemania, Francia, Irlanda, los
Paises bajos y “resto del mundo”). Segundo, los modelos presentan como variable
dependiente a los alojamientos turisticos y como variable explicativa a la demanda
hotelera, de esto cabe destacar que todos han presentado un signo positivo esperado entre
ambas series con elasticidad aproximadamente unitaria y que el factor de incertidumbre
de entropia muestra un signo positivo (Riek, 2020). De esto ultimo podemos inferir que
en los periodos del afio en los que la incertidumbre aumenta la demanda de apartamentos
turisticos es mayor. Las elasticidades de los factores de incertidumbre frente a la demanda
de apartamentos turisticos son: 2.12 resto del mundo, 3.05 Reino Unido, 1.91 Alemania,
1.78 Francia, 7,21 Irlanda y 3.61 los Paises bajos (Peng et al., 2015). Tercero, en relacion
a lo anterior, podemos verificar un resultado empirico con la demostracion tedrica, la
entropia crece con el incremento de probabilidad de incertidumbre, encontramos
similitudes con estudios previos cuando la proporcién es de 0.5 en la toma de decisiones
(Ruiz Reina, 2021). Cuarto, a nivel microscopico podemos cuantificar los ciclos de
incertidumbre compatibles con la estacionalidad y con resultados previos de la literatura
(Ruiz-Reina, 2019a). Los ciclos de incertidumbre mas cominmente encontrados son de
periodicidad 6 y 12 meses para todas las nacionalidades estudiadas con la excepcion de

los consumidores de Irlanda que presentan un ciclo de incertidumbre adicional de 4
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meses. Esta combinacidon de ciclos intrinsecos en el corto plazo coincide con ciclos de
periodo largo compatibles con los movimientos de la tendencia de 174 meses (Kaiser &
Maravall, 1999).

La modelizacién de este capitulo muestra resultados relevantes para el periodo analizado
entre enero 2005 y diciembre 2018 (Ruiz-Reina, 2021) en los ciclos de comportamiento
estacional en la demanda de alojamiento turistico segun pais de origen. Entre los
descubrimientos relevantes destacan resumidamente los siguientes: elasticidades
unitarias en los intercambios de decisiones entre alojamiento de apartamentos turisticos
y hoteles para el periodo analizado; los factores de incertidumbre basado en entropia
indican que cuando el chaos aumenta, los turistas prefieren alojarse en apartamentos
turisticos; finalmente, el estudio de los ciclos en el dominio del tiempo y la frecuencia
dan lugar a ciclos repetitivos segun la nacionalidad de origen del turista visitante en
Espana.

Habiendo demostrado estos aspectos de causalidad temporal y de ciclos de incertidumbre,
el estudio de esta tesis doctoral continda con la modelizacion innovadora de
agrupamientos no supervisados en el dominio espacio temporal basada en los ciclos de
entropia estacionales. Dicha investigacién supone una contribucién en el area de
Estadistica espacial con implicaciones tedrico y empiricas en el analisis de la demanda
turistica en contextos de incertidumbre sin suposiciones previas para clustering no
supervisado (Ruiz Reina, 2021). La metodologia desarrollada agrupa demandas y
patrones estacionales homogéneos en conglomerados de vecinos de entropia no
supervisados. Este método de clasificacion basados en una serie de referencia, permite la
organizacion y clasificacion de informacion de las time series en grupos flexibles no

supervisados.

Desde 1960, los analisis de agrupamiento tratan de resolver tres tipos de cuestiones:
¢ Cuantos clusters hay? ¢ cual es el mejor algoritmo de clustering? ;qué debemos de hacer
con los valores outliers? La principal meta del analisis de agrupamiento es encontrar
grupos con similares caracteristicas entre grupos y mayores disimilitudes entre los
elementos de cada grupo (Luna-Romera et al., 2018). Una aplicacion desde los inicios del
analisis es la aplicacion a datos de seccion cruzada, la aplicacion de estas técnicas de
clasificacion desde inicio de los 90 para datos de series temporales (Ruiz Reina, 2021).
Las tecnologias emergentes y la computacién en un entorno de conocimiento basados en
datos, justifican las técnicas de clustering para solucionar problemas de eficiencia, calidad

y complejidad del analisis de datos (Aghabozorgi et al., 2015).
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La aplicacion y desarrollo de métodos de clustering se han basado en el anélisis del
dominio del tiempo, el dominio de la frecuencia, descomposicién de ondas u otro tipo de
transformaciones. En este tercer capitulo se desarrolla un marco de trabajo no explorado
para datos de time series con estacionalidad cuyo criterio de agrupamiento esta basado en
la entropia mediana para datos de ciclos estacionales. Este andlisis de clustering no
supervisado mide las distancias medianas de entropia estacional basadas en una serie de
referencia, suponiendo esta serie de referencia un centroide para el resto del analisis. Este
analisis implica desarrollar una técnica para series no Gaussianas basadas en vecindarios
y un criterio de similitud denominado ‘‘coefficient of internal verification of the

neighbourhood”’.

La medicion espacio temporal estacional basada en la entropia desarrolla un esquema de
trabajo basado en tres pasos: (1) pre-procesado de datos, (2) modelizacion de la
incertidumbre, y (3) finalmente el proceso de agrupamiento. Los dos primeros pasos se
definen en el segundo capitulo (Ruiz-Reina, 2021) y el tercer paso es el que compone este
tercer capitulo (Ruiz Reina, 2021). Esta metodologia innovadora en el campo de la
Estadistica espacial basada en Teoria de la Informacion, presenta su aplicacion empirica
en el campo de la economia espacial aplicada a las series temporales del alojamiento
turistico espafiol. Conocida la importancia del sector turistico y el crecimiento de esta en
la economia espafiola y mundial. Su aplicacion empirica representa una herramienta de
conocimiento de decision-making para las organizaciones basado en el esquema de

trabajo de la figura 2.

El agrupamiento de toma de decisiones de los consumidores de alojamiento turistico entre
apartamentos turisticos y hoteles basados en criterios estacionales (temporales) y de pais
de origen (espaciales) para los datos del INE. La importancia econdmica creciente del
sector justifica el desarrollo de estas técnicas en aras de mejorar la eficiencia en la toma
de decisiones. Es consecuencia del andlisis llevado en esta tesis secuencialmente,
suponiendo una ventaja comparativa de analisis y de adecuacidn de ofertas comerciales a
los consumidores potenciales. El entendimiento de las mas de 20 paises de origen
nacionalidades permite ajustar ofertas, adecuar el mercado de trabajo, permite identificar
comportamientos de los consumidores en mercados primarios y secundarios de la

industria turistica basados en criterios de medicion de la entropia estacional.

Las 20 series de incertidumbre analizadas se dividen en grandes areas geograficas (Otros
paises europeos, Resto de la UE, Resto del mundo, Africa) y el resto por paises tales como
Alemania, Austria, Bélgica, Dinamarca, Estados Unidos, Finlandia, Francia, Grecia,

Irlanda, Italia, Luxemburgo, Noruega, Paises Bajos, Portugal, Reino Unido y Suecia. De
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los resultados empiricos de este clustering no supervisado destacan: 1) los procesos de
decision bajo incertidumbre varian estacionalmente y la técnica descrita es una
herramienta robusta, 2) el niamero de clusters es dindmico, variando el nimero de paises
y el nimero de cluster generados estacionalmente. Podemos concluir de este tercer
capitulo que las consecuencias de este analisis permiten a los agentes econémicos tomar
decisiones estacionales basadas en la entropia como medida de incertidumbre y en la
individualidad del pais de origen. Con consecuencias directas en el mercado primario de
alojamiento hotelero y mercados secundarios tales como alojamiento en apartamentos
turisticos, alquiler de coches, restauracion, negocios en el entorno del alojamiento
hotelero. Ademas, presenta una implicacion directa en el mercado laboral, puesto que el
conocimiento del tipo de cliente estacional permitird la contratacion de mano de obra

facultada y adecuada a las circunstancias de la demanda dindmica.

Consecuentemente el desarrollo secuencial de este tercer capitulo, presenta
contribuciones a la Estadistica tedrica e implicaciones econémicas en el mercado turistico
espafol. Ayudando a herramientas de analisis Big Data tales como Next Best Activity en
el proceso de marketing, este acercamiento permite la priorizacion y subsecuente
seleccidon de la mejor actividad para un potencial cliente en cada momento de su proceso
de demanda. Conociendo el tipo de cliente en cada época estacional basados en los
procesos de agrupamiento, se prioriza la campafa a realizar por parte de las empresas.
Finalmente, dependiendo del sector implicado en cada momento, las actividades se
realizardn en funcion de los resultados obtenidos por los métodos de clasificacion para

beneficio mutuo en la toma de decisiones.

Para concluir, el desarrollo de esta tesis en el desarrollo de los capitulos transcurre en
direccion del “Big Data” a “Small Data” (Faraway & Augustin, 2018). Como se ha
indicado se ha iniciado con un enfoque de Big Data para encontrar causalidad entre
demanda hotelera y fuentes secundarias de datos procedentes de Google Trends. Con
posterioridad se ha trabajado con el concepto de medicion de incertidumbre para su
cuantificacion, clasificacién y aplicacion empirica al mercado de alojamiento turistico
espafiol segln pais de origen. El objetivo de este enfoque es la clasificacion para el
andlisis de los comportamientos de consumidores en aras de intervenir en los procesos de
demanda turistica. A partir de esto, pueden surgir estudios relacionados con la propension
marginal al consumo, el calculo del valor potencial de los clientes segin patrones
estacionales o incluso para regenerar modelos predictivos con patrones de
comportamiento espacio temporal con los siguientes fines: estrategias de precios,
mercado de trabajo, perfiles sociodemograficos o industrias relacionadas al alojamiento

turistico.
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Este andlisis inicial pensado en Big Data y enfocado en el Small Data, se realiza basado
en el principio de parsimonia. Los autores de la literatura previamente indican que es
posible representar un mundo real con algin modelo simple (Box, 1979). En particular,
el criterio de parsimonia utilizado en esta tesis es debido a varias razones: (i) la realidad
simple ilustra, la complicacién oscurece. En particular descubrimos relaciones causales
procedentes de palabras clave del Big Data con una alta capacidad explicativa en el
modelado. Con posteridad, desarrollamos metodologia de incertidumbre basadas en
entropia y clustering estacional para las dos principales opciones de alojamiento que las
estadisticas oficiales espafiolas destacan (hoteles y apartamentos turisticos); (ii) La
parsimonia es tipicamente recompensada por una mayor precisién. En concreto la
modelizacion teodrica describe con alta precision comportamientos estacionales y
permiten su clasificacion para empoderar el procedimiento de toma de decisiones en las
organizaciones. (iii) En cualquier caso, la elaboracion indiscriminada de modelos no es
una opcidn practica porque este camino es interminable. En nuestro caso los factores
exogenos e incontrolables citados en la introduccion pueden ser poco probables en un
mercado consolidado como es el mercado turistico dénde el ambiente legal, climatico y
estructuras de la industria proporcionaran una pronta recuperacion tras la crisis de la
COVID-109.

En términos practicos, dado que esta tesis se encuadra dentro de un andlisis cientifico de
las ciencias sociales y los factores exdgenos e incontrolables pueden afectar al modelado.
Los investigadores pueden acceder més facilmente a recursos de bases de datos abiertos
facilitando la aplicacién del modelado a los campos de estudio. La modelizacion teérica
bajo el criterio de parsimonia de este trabajo permite obtener resultados robustos con una
contribucion a la ciencia claramente. La robustez de estos resultados puede definirse por
la insensibilidad a las desviaciones de los datos en el analisis, de este modo la ampliacion
de Teoria de la Informacion supera las limitaciones de los supuestos ideales habituales en
los anélisis econométricos. Estos supuestos ideales en el modelado cientifico pueden
simplificarse ampliamente para entender la naturaleza de las realidades aplicadas en esta
tesis. La necesidad de modelos simples robustos para realidades complejas parece estar

intimamente ligada (Lisciandra, 2016).

Por ultimo, indicar que el observar grandes volimenes de datos no garantiza resultados
robustos de realidades sociales. En determinadas ocasiones la simplicidad y el criterio de
parsimonia bate al analisis de grandes conjuntos de datos que requieren un desequilibrio
costoso en contra de los grandes volimenes de datos. En términos de inferencia
estadistica podemos encontrarnos con problemas basicos de multicolinealidad o inclusion

de variables redundantes perjudicando al analisis estadistico y las propiedades de los
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estimadores (Faraway & Augustin, 2018). Por esto ultimo, queda justificado un andlisis

a nivel microscopico en los capitulos 2 y 3 de esta tesis.

Una vez analizados los principales resultados de la investigacion, los resultados tedricos
y empiricos suponen una contribucion a la ciencia. Debido a esto, las ramas de
investigacion derivadas de esta tesis son numerosas y por si mismas darian lugar a nuevas
tesis doctorales, articulos o libros cientificos. Teniendo en cuenta que esta tesis atna
conocimiento diverso del analisis de datos, negocios, teoria de la informacion y
estadistica espacial. Cualquier elemento esquematizado en la figura 2 del ciclo de vida
del dato supone una nueva linea de investigacion en su rama correspondiente. Para la
recomendacion de nuevas lineas de investigacién, es conveniente diferenciar aspectos
metodoldgicos de aspectos empiricos. De los primeros podemos destacar que las técnicas

pueden ser aplicadas a numerosas lineas de investigacion.

Del primer capitulo, destacar que las técnicas utilizadas pueden ir encaminadas en un
analisis a corto o largo plazo con palabras clave de relevancia. Para ello se recomiendan
usar algoritmos de decision jerarquica basadas en keywords cuyas lineas de investigacion
ya han comenzado a elaborarse (Ruiz-Reina, 2020; Reina, 2021c). Ademas, dada la
informacion abundante y cada vez mas accesible se recomiendan afiadir a las técnicas de
prediccion nuevos modelos basados en nowcasting y flujos de datos en tiempo real con
machine learning (Carriére-Swallow & Labbe, 2013; Richardson et al., 2021). Para los
criterios de decision de modelos, la matriz U1 de Theil supone una contribucion basada
en criterios de seleccién adimensionales y permite cuantificar la ventaja del uso de
algunos modelos, no obstante, se recomienda la profundizacion en estas técnicas con el
objetivo de superar las limitaciones tedricas como predicciones exactas (Hyndman &
Koehler, 2005, 2006; Ruiz-Reina, 2019d; Makridakis et al., 2020). Por otro lado, desde
el punto de vista estadistico, se recomienda a los futuros investigadores profundizar en la
idea del Small Data frente al Big Data (Faraway & Augustin, 2018). De este modo se
puede profundizar en problemas clasicos de la Econometria como la colinealidad o la
inclusion de variables irrelevantes (Wooldridge, 2013). EI marco empirico en el mercado
de alojamiento turistico desarrollado en esta tesis usando palabras clave de los motores
de busqueda de Google puede ser ampliado a otros campos de estudio tales como
Finanzas (Hu et al., 2018), Economia y crecimiento (Niesert et al., 2020), sector
asegurador y desempleo (Aaronson et al., 2021), Salud mental y emergencia (Knipe et
al., 2021), Psicologia (Simionescu & RaiSiené, 2021), pandemias (Simionescu &
Raisiené, 2021), infecciones (Nishimura et al., 2021) entre otros. El requisito de

investigacion en este caso supone que existan busquedas previas que generen contenido
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Big Data en los motores de busqueda de Google. De este modo, en una sociedad

digitalizada y conectada hace que las lineas de investigacion sean inagotables.

En el segundo capitulo, la Teoria de la Informacion es la base del proceso de decision-
making. En particular el nucleo de trabajo ha sido el concepto clasico de la entropia de
Shannon de comunicacién y percepcion (Tishby et al., 2011), este concepto inicial puede
ser aplicado a otros tipos de entropia dentro de la Estadistica Mecéanica (Jaynes, 1957,
Golan & Maasoumi, 2008). En particular, en esta tesis se ha trabajado sobre una decision
binaria (dos posibles eventos mutuamente exclusivos) para la entropia de Shannon, este
mismo analisis se puede realizar con la funcion de entropia de Bernoulli. Del mismo modo
los métodos de estimacion podrian generar propiedades deseables sobre consistencia de
los parametros estimados (Reina, 2021b). Ademas, se recomienda trabajar con toma de
decisiones multivariantes con el fin de ampliar el espectro de este trabajo primario (Azami
et al., 2019). El esquema de trabajo tedrico se ha definido en el dominio del tiempo y de
la frecuencia para el andlisis de ciclos repetitivos, en esta linea se recomienda profundizar
en el analisis de ondas relacionadas con el analisis armonico (Fernandez-Macho, 2018).
En cuanto a los ciclos, se han trabajado con ciclos de memoria corta, una posible linea de
investigacion seria el estudio de ciclos de memoria larga (Arteche, 2007). Estas lineas
citadas son las principales investigaciones que pueden ampliar este apartado, no obstante,
se recomienda profundizar en el concepto de Teoria de la Informacion para aportaciones
posteriores al campo de la Econofisica aplicadas al campo de toma de decisiones
(Delgado-Bonal & Marshak, 2019). En cuanto al apartado empirico, destacar que se ha
trabajado con la decision de alojamiento en hoteles o apartamentos turisticos, pero este
puede ser ampliado a otras opciones tales como alojamientos rurales o campings,
transportes (coche, tren 0 avion), destinos (playa, montafia o ciudad), tipos de viajes (ocio
o culturales) y un amplio conjunto de posibilidades. Ademas, existen numerosas
aplicaciones empiricas en campos como las finanzas (inversién inmobiliaria en vivienda
0 terrenos rusticos), salud (medicion de la incertidumbre del riesgo), automoviles
(seleccion de tipos de coches para comprar), o cualquier campo de aplicacion que suponga
tomar una decision en un contexto de incertidumbre. Todo esto sirviendo como esquema

de trabajo lo desarrollado en el capitulo 2 de esta tesis.

Relacionado con el tercer capitulo, el peso de la entropia juega un rol importante en la
toma de decisiones y la clasificacion de entropia es consecuencia de la medicion de
incertidumbre (Yue, 2017). Los criterios de agrupamiento no supervisados aplicados a las
series temporales se encuentran menos desarrollados que los analisis tradicionales en
datos de seccion cruzada (Aghabozorgi et al., 2015). La aplicacion de este tipo de analisis

aplicado a la Estadistica Espacial supone de por si novedosas lineas de investigacion en
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multiples contextos. La entropia, complejidad y la informacion espacial basadas en el
contexto de la entropia de Shannon son campos insospechados en humerosos campos
cientificos. De este modo la medicion de informacion creciente supone afadir
complejidad al analisis en los sistemas de doble dimensién espacial (Batty et al., 2014).
En este sentido el estudio espacio temporal con datos estacionales invita a ampliar campos
de estudios recientes (Ruiz Reina, 2021). La mejora tecnoldgica de la extraccion,
transformacion y recogida de datos hace que las aplicaciones de Estadistica Espacial sean
fuente de futuras investigaciones en cualquier campo (Gelfand, 2020): mortalidad infantil
(Morales-Otero & Nufez-Anton, 2021), analisis de datos masivos (Banerjee, 2020),
estudios de segmentacion para turistas internacionales por motivos religiosos segin
niveles de gastos (Mercadé-Melé & Barreal Pernas, 2021) o movimientos de animales
(Hooten et al., 2020). En definitiva, la Estadistica Espacial se ha colocado entre las
primeras lineas de investigacion en los ultimos 15 afios, particularmente esta tesis supone
un inicio hacia nuevas fronteras de datos geoespaciales en tiempo discreto, por lo que
lineas adicionales podrian ir enfocadas al desarrollo de modelos de clasificacion en
tiempo continuo. Al igual que en los capitulos anteriores, las aplicaciones empiricas son

muy amplias y diversas para proveer de conocimiento a investigadores.

Finalmente, esta tesis es una investigacion para el mejor entendimiento de los procesos
de toma de decisiones inusitados hasta el momento. Esta contribucién ha superado,
contribuido y abierto nuevas fronteras del conocimiento en las relaciones de causalidad
entre sistemas de informacion y agrupamiento. Las referencias bibliograficas son
relativamente modernas e implican conocimiento actualizado. Esta tesis en su conjunto
puede animar a investigadores futuros a mejorar y entender los conocimientos generados
en este trabajo. Las preguntas y respuestas de esta tesis son el punto de partida de rupturas

en las fronteras actuales del conocimiento.
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“El tiempo es oro, no lo desperdicies porque no volverd” — Me dijeron

“Qjala el oro fuera tiempo” — Y0 pensé
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