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Abstract: Geodiversity has elements of exceptional scientific value that are considered to represent
geoheritage, or geological heritage. One way to conserve and promote the knowledge of these
elements is through the initiatives of United Nations Educational, Scientific, and Cultural Organization
(UNESCO) Global Geoparks, which, over a decade ago, began to notably highlight a new sustainable
tourism alternative called geotourism, or geological tourism, that promotes the protection of the unique
geological resources of territory and, at the same time, provides social, economic, and environmental
benefits. This study aims to investigate the scientific information related to geotourism in the Scopus
database through a bibliometric analysis, using the VOSviewer software, for the evaluation of the
structure, conceptual evolution, and trends of geotourism following related publications. The research
comprises four study phases: (i) search criteria of the research field; (ii) search and selection of
documents; (iii) software and data extraction; and (iv) analysis of results and trends. The results
present geotourism as a scientific discipline that is in a phase of exponential research growth and
exhibits its scientific productivity from 1984 to 2019, where three main periods are differentiated:
introduction, theoretical development, and diversification of information. The most active research
area is geomorphological heritage, which is very far from the emerging line of research of engineering
geology in geotourism. However, growing exploration during the last six years has generated the
development of various geoscientific branches promoted by geotourism that, currently, present their
research area trends such as geosites, geoheritages, and geoparks.
Keywords: geotourism; geoheritage; bibliometric analysis; cocitation; co-occurrence; VOSviewer; Scopus

1. Introduction
Planet Earth holds unique places that are outstanding samples of geological evolution and can
be attractive elements for tourism. The range of unique geological features that are products of the
history of the Earth, and that man can currently appreciate in various forms (rocks, minerals, fossils,
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soil), are peculiarities that bring together a very diverse landscape system known as geodiversity [1,2].
Geodiversity is a topic that emerged in 1993 shortly after the Convention on Biological Diversity
(CBD), which promulgated the agreement for the protection of biodiversity the sustainable use of
its elements and genetic resources. The spread of biodiversity sparked the interest of geoscientists
who, later in the 1990s, proposed the term “geodiversity” that would become increasingly used
around the world, even being recognised by the International Union for Conservation of Nature
(IUCN) [3,4]. There are numerous examples of geodiversity singularity or geological destinations of
international relevance (e.g., Pedra-que-Pica, the largest fossiliferous coquina of the approximately
20,000 known ocean-volcanic islands in the world [5], Wieliczka Salt Mine, sites subjected to the
World Heritage Convention in Poland [6], diamond mines of the Yimengshan Geopark (China) [7],
and the Monumental Quarry Remains [8]). Visible to the naked eye, these arouse scientific, educational,
and tourist interest [9], promoting socioeconomic development [10] and sociocultural sustainability [11].
Within geodiversity, the abiotic elements of the natural heritage are identified, which are established
as the product of various actions due to nature and high relevance. There are structures or elements of
the past of great value that still prevail today. These sites (even created by human activity) are called
geoheritage, or geological heritage, which have significant social, historical, and cultural value that
deserves rescued, conserved, and implemented restructuring systems for adequate geoconservation
towards sites that have a unique element of geodiversity [3,12].
The framework of geodiversity, geoconservation, and being able to rescue various unique
characteristics of a site make geotourism or geological tourism a form of sustainable tourism, focused on
promoting and conserving geological heritage or sites with unique geological features of a territory
(geosites) [13]. Geosites consider sites with a high value of geological interest, which are valued
quantitatively and qualitatively through an audit, evaluation, and selection process to develop a
management and threat prevention plan for their respective management and conservation [14].
The term geotourism with a modern approach was first proposed in 1995 by Hose, who defined it as a
form of tourism based on the understanding and acquisition of geological knowledge at a given site,
beyond a superficial and straightforward view of the sector [13,15,16]. However, it was not until 2001
that the alternative vision of geotourism from a geographic tourism approach appeared publicly in the
National Geographic Society (NGS) and Travel Industry Association of America (TIA) [17], where it
officially disclosed the term geotourism, contributing to its popularisation.
Over time, the term geotourism has focused more on the context of geographic tourism. In 2011
at the International Congress on Geotourism held in Arouca (Portugal), the concept of geotourism was
clarified, adding “geology” to the definition of geotourism as “tourism which sustains and enhances
the identity of a territory, taking into consideration its geology, environment, culture, aesthetics,
heritage, and the well-being of its residents.” Additionally, tourism can be viewed as one of the multiple
components of geotourism when considered in its broadest terms [13,18].
Based on Hose‘s concept of geotourism with a geological focus [15], various definitions of
geotourism emerged [19–32]. These definitions exposed different approaches to geotourism such
as those by Larwood and Prosser [19], who associate it with an experience to travel, learn, enjoy,
and, at the same time, promote Earth’s heritage conservation, or by Hose, who redefines geotourism
as the promotion of geosites for its geointerpretation, either inside (urban) or outside (rural) the
site, to guarantee its protection and conservation to appreciate, enjoy, educate, and research [32].
Despite the different approaches and evolution of geotourism, since the mid-90s, the common
denominator is the themes of geoconservation and geointerpretation, which are fundamental elements
for its conceptualisation.
Currently, a globally accepted definition is proposed by Newsome and Dowling [21]: “Geotourism
is a form of natural area tourism that specifically focuses on geology and landscape. It promotes
tourism to geosites and the conservation of geodiversity and an understanding of earth sciences
through appreciation and learning. This is achieved through independent visits to geological features,
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For the recognition of landscapes for singular characteristics, geotourism has been implemented
in different areas of knowledge, with an increase in the search for a reference or model of geotourism
typology [45,48,49]. Geotourism must comply with five fundamental principles such as (i) those
geologically based (geoheritage), (ii) sustainable (geoconservation), (iii) educational (geointerpretation),
(iv) with benefits at the local level, and (v) with tourist satisfaction, the first three principles being
directly linked to geotourism.
The implementation of these characteristics differentiates geotourism from other forms of tourism,
where the human being coexists with nature and its environments, such as ecotourism (focused on
flora and fauna), cultural tourism (geomitology, rock art, and cultural value in vestiges and other
geological elements of society), and adventure tourism (an activity that encourages exploration and
connection with nature through extreme sports) [48].
One of the initiatives that promotes and conserves places that enjoy unique geological and
landscape riches are the so-called geoparks, where geotourism is an integral and essential part of
their development [48,49]. According to the United Nations Educational, Scientific, and Cultural
Organization (UNESCO), geoparks are geographic areas in which highly recognised sites of geological
interest or geosites that possess a unique landscape stand out. Geotourism seeks to preserve sustainable
and beneficial development for local communities, in addition to the protection or geoconservation of
its geological, natural, and cultural heritage. In turn, to be included in its Global Geopark Network,
a network that, until 2020, comprised 147 geoparks, around 41 countries have achieved this official
recognition [50].
Given the importance of geotourism, studies related to bibliometric and bibliographic analyses
are presented. Table 1 highlights the theoretical framework and literature reviews of geotourism:
“A New Form of Tourism Utilising Natural Landscapes and Based on Imagination and Emotion” [51],
a literature review, and the responses from the electronic questionnaires sent to geoparks around
the world [10]; the importance, English origin, and evolution of the term geotourism by Hose [32];
a geographical review of literature on geotourism published between 2012 and 2014 in an online
database “Scopus “of Ruban [52]; the handbook of Dowling and Newsome [53], which brings together
much of the latest concerns and information on geotourism as it has developed over the past two
decades; the research of [54,55]; del Río-Rama et al., [56], tourism in islands, where it places Dowling
and Newsome [57] among the authors who address the new tourism trends; the bibliometric analysis
of Ibáñez, Brevik, and Cerdà [58]; and a systematic literature review (SLR) of geotourism and territorial
development [59].
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Table 1. Geoscientific contribution around geotourism (studies related to the subject that use bibliometric and bibliographic analyses [10,32,51–59]).
Authors

Year

Title

Scientific Contribution

Type of Study

Pralong, J. P.

2006

Geotourism: A New Form of
Tourism Utilising Natural
Landscapes and Based on
Imagination and Emotion

Definition and demand
trends of geotourism

Theoretical framework and
literature review of
geotourism

2011

Geotourism and Geoparks as
Novel Strategies for
Socioeconomic Development in
Rural Areas

Geopark and geotourism
literature review and its role
in the development of rural
economies

Literature review and the
responses from the
electronic questionnaires
sent to geoparks around the
world

Hose, T. A.

2011

The English Origins of
Geotourism (As a Vehicle for
Geoconservation) and their
Relevance to Current Studies

Contextualises the
recognition of the geotourism
concept and propose a new
geotourism definition

Literature Review

Ruban

2015

Geotourism—A Geographical
Review of the Literature

Geographical review of
literature on geotourism

Bibliographical survey

Literature Review

Farsani, N. T., Coelho, C.,
and Costa, C.

Database

Search
Period

Scopus

2012–2014

Dowling, R., and
Newsome, D.

2018

Handbook of Geotourism

Definitions, characteristics,
development, international
perspectives, and case
studies of Geotourism

Ólafsdóttir, R. and
Tverijonaite, E.

2018

Geotourism: A Systematic
Literature Review

Systematic literature review
(geotourism)

Systematic Literature
Review

Scopus, Web of Science y
Science Direct

2012–2018

Ólafsdóttir, R.

2019

Geotourism

The conceptual evolution of
geotourism

Bibliographic review of a
special issue of Geosciences,
entitled “Geotourism”.

MDPI platform

2018

Ibáñez, Brevik and Cerdà

2019

Geodiversity and Geoheritage:
Detecting Scientific and
Geographic Biases and Gaps
through a Bibliometric Study

Bibliometric study
(geodiversity and
geoheritage)

Bibliometric and
bibliographic analysis

Journal “Geoheritage”,
Scopus, Google Scholar,
and list of UNESCO Global
Geoparks

1983–2016

del Río-Rama, M. D. L. C.,
Maldonado-Erazo, C. P.,
Álvarez-García, J.,
and Durán-Sánchez, A.

2020

Cultural and Natural
Resources in Tourism Island:
Bibliometric Mapping

Bibliometric mapping
(tourism island)

Bibliometric and
bibliographic analysis

Scopus

1985–2019

2020

Geotourism and Territorial
Development: A Systematic
Literature Review and
Research Agenda

Systematic literature review
of geotourism and territorial
development and advances

Systematic literature review
and bibliometric analysis

Scopus

2007–2018

Duarte, A., Braga, V.,
Marques, C., and Sá, A. A.
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Even though these studies have contributed to the research topic (Table 1), the existence of a
work that integrates and complements several facets in the geotourism section, focusing on trends,
behaviours, and various projections, including more than the analysis, is essential, as well as bibliometric,
VOS mapping, and clustering techniques [60]. It is a tool that has received considerable attention
from the indications of bibliometric research for its ability to visualise and analyse a wide variety of
bibliometric networks, which helps to integrate knowledge and understand the evolution of a field
of research.
Bibliometric analysis, exposed by de Solla Price [61], is a technique widely and explicitly used
in the quantitative and qualitative evaluation of the characteristics, structure, relationships, patterns,
and current and future trends of scientific disciplines [62–65]. Moreover, it is a technique that can
be used for a multidisciplinary evaluation through citations, cocitations [66,67], coauthorship [68],
co-occurrences [65], and bibliographic coupling [66,69] in achieving transparent and reliable results
that guarantee a significant contribution to researchers investigating a topic of interest.
Geotourism, being an emerging scientific discipline that has gained space as a form of sustainable
tourism, which promotes the protection and preservation of geological resources and their environment,
is a field that has developed many scientific studies and become a topic of interest.
Is it possible that bibliometric analysis in the evolution of the concept of geotourism allows us to
develop the current state and new associations, trends that project the development of this term?
Therefore, a bibliometric study of the scientific publications that are indexed in the Scopus database
during the period from 1984 to 2019, using the VOSviewer software, is proposed for the evaluation of
the structure, conceptual evolution, and presenting trends of geotourism.
2. Materials and Methods
Systematic literature reviews in research work are of high relevance for the researcher, delving
into the intellectual field and developing research questions that provide an increase in the capacity for
knowledge [70]. These systematic reviews have an explicit algorithm that allows the selection and
evaluation of the literature through a transparent and reproducible procedure that allows knowing an
area of knowledge [71,72]. Bibliometric studies contemplate a similar formal and rigorous procedure
that guarantees the quality of the information used [73,74].
Bibliometric analysis considered a scientific field by showing a comprehensive map of the
structure of knowledge, its evaluation, and measurement [65,75], focused on the bibliographic analysis
of scientific publications that are compiled in a database [76]. An essential part of these analyses is
the use of bibliometric maps that allow the study of cognitive structure in detail and its dynamics
over time in a given academic field [77]. For this purpose, the VOSviewer software developed by
Van Eck and Waltman [78], a tool that allows the construction and visualisation of bibliometric networks
for the analysis of an intellectual group (clustering solutions), was used throughout the time of the
investigation, using elements of scientific publications such as authors, journals, keywords, references,
and other bibliographic characteristics [67,78], obtaining information from the field of study related to
its origins, development, and trends.
The procedure to follow to carry out the bibliometric analysis was structured in four study phases,
as shown in Figure 2.
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2.2. Phase II: Search and Selection of Documents
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2.2. Phase
II: Search and Selection
of Documents
bibliographic extraction. Therefore, following the methodological criteria of [56] in choosing the source,
The identification of the source or database must be of high quality and reliability for its
it was decided to carry out the study using the Scopus database, chosen mainly for its quality standards,
bibliographic extraction. Therefore, following the methodological criteria of [56] in choosing the
broad coverage in the collection of information (Scopus currently has 1.7 billion cited references dating
source, it was decided to carry out the study using the Scopus database, chosen mainly for its quality
from 1970), ease in downloading data [82,83], and excellent coverage of geoscience journals [84].
standards, broad coverage in the collection of information (Scopus currently has 1.7 billion cited
The search and collection of information were carried out in the period 1984–2019. Beside, descriptors
references dating from 1970), ease in downloading data [82,83], and excellent coverage of geoscience
contained in titles, abstracts, and keywords related to the term geotourism, such as “geographical
journals [84].
tourism” [85,86], “geotourism” [87], and “geotourism” [17]. Based on the chosen terms, 907 documents
The search and collection of information were carried out in the period 1984-2019. Beside,
were obtained in the initial search, which went through a selection process by applying exclusion criteria
descriptors contained in titles, abstracts, and keywords related to the term geotourism, such as
in order to limit the search to document type (articles) and language (English).
“geographical tourism” [85,86], “geotourism” [87], and “geotourism” [17]. Based on the chosen terms,
907 documents were obtained in the initial search, which went through a selection process by
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Only articles were included to assure the quality of the review, and this type of document goes
through a rigorous pairwise review process. In this study, only articles in English were considered
because English is the most widely used language in scientific publications [88]. Approximately 97–100%
of documents in Google Scholar, are published in English (unique citations), and for unique citations,
the percentage ranges from 62% to 80% (the Life Science and Earth Sciences area has 70% unique
cited documents published in the English language). The second most frequent language is Chinese,
according to Martín-Martín [89]. Additionally, no non-English geoscience journals were ranked
within the top 50 Scimago rankings [90] and used as limitations in different bibliometric studies in
geosciences [54,90–92].
Using Boolean logical operators, the following search was conducted. Search Topic:
ST = (TITLE-ABS-KEY (“Geo-tourism”) OR TITLE-ABS-KEY (“Geographical tourism”) OR TITLE-ABS-KEY
(“Geotourism”)) AND (LIMIT-TO (DOCTYPE, “ar”)) AND (EXCLUDE (PUBYEAR, 2020)) AND
(LIMIT-TO (LANGUAGE, “English”)). A total of 506 scientific documents obtained were used in
the pre-established bibliometric analysis.
2.3. Phase III: Software and Data Extraction
The data collected were verified and examined based on their content or contribution to the
research topic. Therefore, the bibliographic information of the 506 documents was downloaded in a
comma-separated values (CSV) file, which is used in a wide variety of software focused on mapping
analysis and scientific productivity. [79]. The original content that must be included in the download
of this file consists of bibliographic data such as authors, title, year of publication, the title of the source,
an affiliation of the authors, keywords, number, and data of the citations. This will later be published
with great utility [81].
For the cleaning of extracted data, the CSV format was transferred to Microsoft Excel of Office 365
ProPlus for its revision, where it was verified if the bibliographic data coincided with the total number
of scientific articles and that there was no necessary information missing as such as authors, year of
publication, and other data mentioned in the extraction of Scopus. During the analysis, no aberrant
data or missing information was found. Therefore, the work was carried out with the same amount of
data established at the time of download: 506 scientific documents.
For the construction of the bibliometric mapping, the VOSviewer software was used for the ease
of data processing, construction, and visualisation of bibliometric networks. [78,93]. The software has
been used to study various scientific disciplines [56,65].
2.4. Phase IV: Analysis of Results and Trends
Data analysis consisted of two stages: the first focused on a statistical analysis of the metadata
identified using Microsoft Excel of Office 365 ProPlus to obtain an analysis of productivity or annual growth
trajectory, the performance of scientific journals, most cited documents, and the importance of the journal
based on the impact factor or immediacy index (H-index) and SJR (SCImago Journal Rank) indicator.
In the second stage, the generation of bibliometric maps was established through the VOSviewer
software, through which a technique was applied that included the analysis of author citations,
coauthorship, and co-occurrence of the keywords of the authors. Documents were registered with a
relationship or combination with each other. This way, the software was able to assign these words in
similar groups, allowing clusters of various colours to be viewed and interconnected to analyse the
resulting groupings subsequently [93].
3. Results
3.1. Growth Pattern in Publications of Geotourism
The analysis of scientific production was carried out using the content and number of publications
presented per year, which allowed evaluating scientific literary evolution through bibliometric

publications presented per year, which allowed evaluating scientific literary evolution through
bibliometric productivity indicators [94]. The bibliometric indicator known as Price‘s Law [95] was
mainly used for productivity analysis in a particular discipline [94].
To determine if the evolution of scientific productivity followed Price’s exponential growth law,
for practical purposes, we proceeded to evaluate the period 2002–2019 where more than 99.6% of
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equation of the type y = 5.2405x − 10508 and an exponential equation of the type y = 2−249e0.2859x (Figure
2) of both equations, the value of the exponential
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To determine
if the
evolutionArticles
of scientific productivity followed Price’s exponential growth law,
3.2. Annual
Production
of Published
for practical purposes, we proceeded to evaluate the period 2002–2019 where more than 99.6% of articles
The scientific production obtained in the period of this research (Figure 4) presents an
were found. For effect, two types of regression models were evaluated, obtaining a linear equation of the
exponential growth of the articles published from 1984 to 2019. −249
The 0.2859x
development periods of
type y = 5.2405x − 0508 and an exponential equation of the type y = 2
e
(Figure 3). Given the
geotourism research were identified
based
on
the
number
of
published
articles
and the appointments
2
coefficient of determination (R ) of both equations, the value of the exponential productivity curve
received,
obtaining a total of three periods according to the behaviour of the curve.
(R2 = 0.9270) was higher than the linear value (R2 = 0.8043), confirming that the research topic is in an
Period I (1984–2005) exhibits the introduction to the topic of geotourism with a focus on the
exponential growth phase.
context of geographic tourism to increase tourism development and safeguard natural complexes
[85,86].
In 2002,
an article
was published
3.2. Annual
Production
of Published
Articlesin which the term geotourism was officially presented and
a definition was proposed that is associated with the concept of limited sustainable tourism, whose
The scientific production obtained in the period of this research (Figure 4) presents an exponential
definition implicitly reveals geology [17].
growth of the articles published from 1984 to 2019. The development periods of geotourism research were
Period II (2006–2012) is considered a stage of theoretical development and growth linked to the
identified based on the number of published articles and the appointments received, obtaining a total of
subject, with 17.15% of the total number of publications analysed, focusing on the importance of
three periods according to the behaviour of the curve.
geotourism in areas with geological characteristics and an integral part of the UNESCO geoparks
Period I (1984–2005) exhibits the introduction to the topic of geotourism with a focus on the context
[48].
of geographic tourism to increase tourism development and safeguard natural complexes [85,86].
Finally, Period III is the diversification phase of geotourism research and owns 80.89% of all
In 2002, an article was published in which the term geotourism was officially presented and a definition
articles, given the results presented by Ruban, which consider geotourism as a growing scientific
was proposed that is associated with the concept of limited sustainable tourism, whose definition
discipline
that is addressed globally [52].
implicitly reveals geology [17].
Period II (2006–2012) is considered a stage of theoretical development and growth linked to the
subject, with 17.15% of the total number of publications analysed, focusing on the importance of
geotourism in areas with geological characteristics and an integral part of the UNESCO geoparks [48].
Finally, Period III is the diversification phase of geotourism research and owns 80.89% of all
articles, given the results presented by Ruban, which consider geotourism as a growing scientific
discipline that is addressed globally [52].
The considerations made in each period can validate the citations curve presented in Figure 4,
thus having a significant number of citations that represent the elevated influence of the publications
presented in consecutive years.
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of citations.

3.4. Contribution by Country and Region
According to the affiliation obtained from each author in the database, the top 15 countries and
regions that contributed the most in the world during 1984–2019 were identified based on two
approaches: (i) number of documents published by country (Figure 6a) and (ii) number of citations
per country (Figure 6b).
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Table 2. Top 15 most cited documents [1,10,22,43,48,52,96–104].
Title

Authors

Journal

Citations

Geotourism’s Global Growth

Dowling, R. K. [48]

Geoheritage

158

Geoconservation as an Emerging Geoscience

Henriques, M. H., dos Reis, R. P., Brilha, J.,
Mota, T. [101]

Geoheritage

132

3G’s for Modern Geotourism

Hose, T. A. [102]

Geoheritage

114

Geotourism and Geoparks as Novel Strategies for
Socioeconomic Development in Rural Areas

Farsani, N. T., Coelho, C., Costa, C. [10]

International Journal of Tourism
Research

114

Geodiversity: Developing the Paradigm

Gray, M. [1]

Proceedings of the Geologists’
Association

91

Towards a History of Geotourism: Definitions, Antecedents
and the Future

Hose, T. A. [103]

Geological Society Special Publication
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Newsome, D., Dowling, R., Leung, Y.-F. [104]
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59

Scientific research and tourist promotion of
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Buckley, R. [99]
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Hose, T. A., Vasiljevićć, D. A. [22]
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Geotourism has been the centre of study within the analysed research field (Figure 7), including
or supporting the increase in study areas such as geoheritage, geoparks, geosites, geoconservations,
and geodiversity, which were initially part of the most prominent cluster, Cluster 1 (Figure 7b). Over
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that contain nodes of keywords that are related to each other (Figure 7). Table S2 provides the number
of co-occurrences of keywords, links, and total link strength per cluster. Geotourism evolves from 5 to
59 co-occurrences in Period II and later reaches 245 with a connection strength (338) more significant
than the other keywords.
Geotourism has been the centre of study within the analysed research field (Figure 7), including or
supporting the increase in study areas such as geoheritage, geoparks, geosites, geoconservations,
and geodiversity, which were initially part of the most prominent cluster, Cluster 1 (Figure 7b).
Over time, they have developed their area, evolving into a broad field of study (Figure 7c) involving
geotourism related to new issues and approaches. This is similar in Clusters 3, 4 and 5 (Figure 7c).
In Period I (1984–2005; Figure 7a), 28 keywords have at least one occurrence consisting of four
clusters. Cluster 1 (red colour) focuses on indications of natural monuments, palaeontological heritage,
and the creation of geoparks. The research topic “geotourism” focuses on the number of occurrences
(referenced in the size of the node) and is intrinsically related to geomorphosites of all types of
environments, and even deserts. They promote their geoconservation and education of geological
regions. This case is similar to the topic area, which was somewhat far away, like Cluster 3 (aimed at
geoconservation and education) albeit with stable connections.
In Period II (2006–2012; Figure 7b), a total of 223 keywords were found; however, only seven
reached five occurrences, highlighting the formation of two closely related clusters among their nodes.
Geotourism study dominates during this period (Cluster 1); thus, its development and redefinition based
on its roots from the United Kingdom (the late 1990s) were examined [22,32]. There are links between
geodiversity and the three essential aspects such as geointerpretation, geohistory, and geoconservation in
order to achieve a sustainable management that protects geographical heritage and motivates people
to seek new experiences to commemorate their travels [96,102,104]. Thus, they managed to register
geosites, geoheritages, and geoparks through evaluations to validate and expose their geodiversity, uses,
and interests that they present in order to generate adequate information on tourism management and
disclosure for geotourism [1,97,98,107–109].
Finally, Period III (2013–2019; Figure 7b) has 1152 keywords, of which only 33 reached five
occurrences. These were distributed in eight clusters, leading Cluster 1, which shows an increasing
interest in geoheritage, encouraging the recognition and evaluation of geomorphosites (patrimonies with
geological and geomorphological interest) within an urban area [47,110,111]. The valuation, inventory,
and development of nature or cultural heritage that each site presents was also promoted to increase
geotourism interest and improve each place’s management [112,113].
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3.6.2. Author Cocitations Analysis
To complement the results, the most productive authors, according to the number of citations
(Figure 5b) and author cocitations analysis that appeared in the list of references were used to identify
patterns in the number of articles written jointly by the authors on the theme. Cocitations analysis can
identify the intellectual structure of a research field and answer matters regarding the field such as the
primary research areas, most active areas, dissemination paths of the knowledge, and the emerging
trend [114].
Once the references of the 506 scientific documents were processed, there were, in total, 22,922 cited
authors. When applying the author filter with at least 20 citations, the sample was reduced to 240 authors
who were cited 12,589 times. The 15 most cited authors are shown in Table 3.
Table 3. Top 15 authors cocited on 1984–2019.
Number

Authors

Cocitations

Links

Total Link Strength

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Hose, T. A.
Dowling, R. K.
Reynard, E.
Newsome, D.
Brilha, J.
Ruban, D. A.
Coratza, P.
Gray, M.
Marković, S. B.
Panizza, M.
Henriques, M. H.
Nemeth, K.
Prosser, C. D.
Wimbledon, W. A. P.
Pereira, D.

704
529
441
353
278
244
232
230
208
202
143
141
139
133
128

233
236
229
230
226
214
228
230
207
222
218
183
217
228
221

588.3852
472.3633
408.2449
327.1631
261.4808
213.4476
220.1323
220.3576
188.0469
189.7282
134.3866
119.0049
133.6692
126.8341
122.3453

Figure 8 presents a map with a bibliographic network of 240 nodes/authors connected by cocitation
links grouped into 11 clusters. The proximity between each node reveals the relationship of each
author and the number of authors’ citations in the document references represented by circles that
vary in size.
In Table S3, the five most essential academics per cluster, as well as the 11 main research areas,
are presented, considering their total link strength and meeting at least 20 cocitations, except for Cluster
11, which only has two nodes/authors who satisfy this condition.
The five principal cocited authors in the papers in the first cluster (red colour; Figure 8, Table S3)
of 56 nodes are: Reynard (441 cocitations), Coratza (232), Panizza (202), Pereira (128), and Pereira
(99), whose main area of research is geomorphological heritage, in which methods to evaluate
geomorphosites were proposed. As an improvement, to evaluate the scientific and additional values of
geomorphosites from Reynard et al. [115], four main aspects were highlighted such as (i) the evaluation
process, which was part of a broader phase divided into inventory and management, and a second
stage (selection, assessment, use, evaluation); (ii) it was essential to carry out a selection process of
potential geosites before their assessment; (iii) information was added to the assessment method on
the use of geomorphosites; and (iv) mapping and representation during the evaluation phase were
performed and at the end of the inventory (types of qualitative, univariate, bivariate, multivariate
representation). There is a quantitative method to evaluate the scientific parts in a geomorphosite using
Geographic Information System (GIS) tools [116]. Researchers such as Pereira and Pereira designed
and applied a geomorphosite assessment method [117] in Montesinho Natural Park. This assessment
method shows the stages of geomorphosite selection and its quantitative evaluation, which is applied
to other protected areas independently of their size.
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the risk of degradation and concepts necessary for geoconservation strategies. Ruban, in his article
“Quantification of Geodiversity and its Loss” [122], proposes a quantitative method for geodiversity
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analysis is Hose, an author who has contributed to the bases of the definition of geotourism with a
geological approach [15]. This definition was redefined in [22,25,103] which provided the historical
and theoretical foundations of geotourism and its path towards sustainable management. Additionally,
it describes geoconservation, geohistory, and geointerpretation, called the three key “3G”, as aspects of
modern geotourism [102]. Additionally, application of the preliminary geosite assessment model (GAM)
as a quantitative method for the physical evaluation of geosites, based on indicators/subindicators are
grouped in main and additional values, which helps in planning, the sustainable management of sites,
their transformation into touristic destinations [98], and finally, how the loess deposits have become an
essential element of Earth’s geoheritage for applications in geotourism [105,128].
The fourth cluster (yellow colour) consists of 26 nodes, with the five most cocited authors being:
Dowling (529 cocitations), Newsome (353), Gray (230), Zouros (127), and Costa (121), whose investigative
content covers the lines of investigation of geotourism development, geodiversity, and their promotion
through geoparks. Authors like Dowling and Newsome place geotourism as a tool for sustainable
development and the development of rural communities and geoconservations [21,104,129]. Specifically,
Newsome et al. [104] emphasise that inadequate management of geotourism can lead to an opposite
effect of the sustainable development of geoheritages. The concept of geodiversity was initially provided
by Gray and a greater understanding (theoretical, practical, and evolution) of the aspects related to
geodiversity are developed by this author in [1]. Others like McKeever, and Zouros [130] provide a
detailed description of the functions and benefits of geoparks for the community and the development
of geology. Costa, in conjunction with other researchers, discusses the role that geoparks play in the
conservation and management of knowledge [100] and the evaluation of innovative geoparks strategies
for sociocultural sustainability by questionnaires sent to 64 geoparks declared by UNESCO [11].
The fifth cluster (purple colour) consist of 16 nodes, with the five most cocited authors being:
Nemeth (141), Moufti (57), Erfurt-Cooper (46), Kereszturi (42), and Nkouathio (37), who study volcanic
geoheritage. Scientists from this group have shown interest in this issue and its relationship with
tourism aspects and volcanic research [131–135], where volcanic landforms are points of interest for
geotourism and geo-education, and are considered witnesses to the power of nature [134].
The sixth cluster (light blue) consists of 16 nodes, with the five most cocited authors being
Wimbledon (133), Robinson (37), del Lama, (36), Mansur (36), and Borghi (35), who cover topics related
to Geological Heritage and Urban Geoheritage (Conservation and Management). Wimbledon [136]
manifests the importance of geosite conservation in a report on the bases of the International Union
of Geological Science (IUGS) project “Geosites”. This report involves the geological community in
geoconservation and exposes the protection initiatives applied in the national inventories of most
European countries [137]. Robinson [138] presents the first geological theme park in the world called
Crystal Palace Park with reconstructions of life-size fossil animals for geoeducation, which was one
of the most significant events of geointerpretation and geoconservation leading to the development
of geotourism in the United Kingdom. In Robinson’s work [139], conservationists made up of the
Geological Curators’ Group and the Geoconservation Commission of the Geological Society met at the
first geotourism conference in Belfast in 1998, an event where geologically based geotourism gained
international recognition.
Researchers from this group also present new ways of preserving geological heritage in urban
areas through urban geotourism, such as the set of sites (monuments, rocks, buildings, and squares,
typical of the 19th century) where the georoute retains the old centre of Sao Paulo (Brazil) presented by
del Lama [46], the Historic Ornamental Stones in the urban geological heritage of Turin (Italy) [112],
and examples of urban geotourism in the project “Caminhos Geológicos” in Rio de Janeiro (Brazil)
by Manzur [140].
The seventh cluster (orange colour) consists of 16 nodes, with the five most cocited authors
being Migoń (94), Kubalikova (72), Zgłobicki (62), Alexandrowicz (53), and Kirchner (50). They focus
mainly on the study and evaluation of geosites and geomorphosites for the adequate development of
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geotourism, which significantly promotes the protection and geoconservation of the natural heritage
that they possess [141–144].
The eighth cluster (brown colour) consists of 14 nodes, with the five most cocited authors being
Rybar (58), Štrba (50), Fassoulas (31), Martinez-Grana (31), and Goy. (28). The members of this
group researched natural object assessments for geotourism development and technologies applied to
geoheritage management, emphasising the need for further research in the field of geosite evaluation
for their planning and management at different regional, natural, and international scales [145], as well
as the use of the geotourist trail as an essential tool for the educational development of natural heritage
and geotourism [146]. Quantitative methods of geodiversity assessment using three-dimensional
modelling solutions to visualise geodiversity indices in natural areas have been proposed [147].
The method of quantitative evaluation of geotopes includes not only geological and geographical value
but also ecological, cultural, aesthetic, economic, and exploitation value within the area of a geopark
(Fassoulas et al. [97]). In addition, the use of augmented reality and virtual reality technologies to
promote geodiversity through virtual geological itineraries in the works by Martínez-Graña, Goy,
and Cimarra [148].
The ninth cluster (pink colour) consists of 13 nodes, with the five most cocited authors being
Ávila (48), Alcalá (44), Carcavilla (34), Cobos (33), and Lockley (31). They carried out studies related to
palaeontological heritage resources such as the scientific and tourist evaluation of palaeontological
sites on Santa Maria Island and exposed relevant geosites such as Pedra-que-Pica [5] and an integrated
dinosaur site heritage management system using GIS [149]. Additionally, methods for the evaluation
of geodiversity to identify the places of geological interest that includes those of palaeontological type,
based on a set of criteria to reduce subjectivity [150].
The tenth cluster (coral colour) consists of 12 nodes, with the most cocited authors being Tropeano
(48), Sabato (44), Pieri (41), Bentivenga (39), and Rosskopf (39). These authors show some places that
are examples of the study and geotourism of palaeogeography, speleological, and anthropic landscapes
that promote geocultural education [151–158].
The eleventh cluster (light green colour) consists of two nodes, with the most cocited authors
being Marschalko (32) and Yilmaz (23), whose research area is Engineering Geology in Geotourism.
This cluster provides a new form of geotourism, taking advantage of geological engineering tools.
For example, in the eight historical churches of the Czech Republic, it is possible to appreciate the
phenomenon of differential subsidence resulting from underground mining, which are monuments
preserved by man. An example of the effects of subsidence from underground coal mining [159,160]
and studies have additionally been presented in relation to the long-term effects of mining on the
landscape [161].
3.6.3. Coauthorship Analysis
This analysis provides the relationship between authors who collaborate with the research field.
Of the 1252 authors present in this database, only 22 have generated five documents by themselves or
in coauthorship. Figure 9a shows two correlated groups of the 22 authors, with six being related to
each other.
Cluster 1 (red colour) shows a total of four authors (“Hose”, “Vasiljević”, “Lukić”, and “Vujičić”),
having Hose as the most influential author in the research field. With the highest number of
occurrences (530), it also has five connections within this analysis, thus achieving a relationship
with the other authors with whom they collaborated. Cluster 2 (green colour) contains two authors
(“Marković” and “Tomić”). Marković (224 occurrences) collaborated with some authors in Cluster 1.
Tomić has the least collaborations with other authors (only four connections) and is located further to
the end of Figure 9a.
The same cluster system is shown in Figure 9b albeit with a representation of the evolution
in years of the appearance of each one, thus having Hose (with 13 articles) as the author with the
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4. Results, Analysis and Discussion
4. Results, Analysis and Discussion
Based on the results of the different bibliometric analyses applied in the present study, the number
Based on the results of the different bibliometric analyses applied in the present study, the
of citations should not be considered as the only unit to determine the influence or importance of
number of citations should not be considered as the only unit to determine the influence or
an element of analysis. For example, Hose is the most cited and cocited author for geotourism
importance of an element of analysis. For example, Hose is the most cited and cocited author for
with 530 citations (Figure 5b) and 704 cocitations (Table 3), respectively. When observing the author
geotourism with 530 citations (Figure 5b) and 704 cocitations (Table 3), respectively. When observing
cocitation map (Figure 8), the most active area of research (in red colour) is identified to be Cluster 1,
the author cocitation map (Figure 8), the most active area of research (in red colour) is identified to
which focuses mainly on geomorphological heritage and has the most significant number of referenced
be Cluster 1, which focuses mainly on geomorphological heritage and has the most significant
academics (56 nodes). Reynard is the most cited author of this cluster and Hose is not part of this group.
number of referenced academics (56 nodes). Reynard is the most cited author of this cluster and Hose
Authors of Cluster 1 (Figure 8) have proposed various methods for the evaluation of geomorphosites,
is not part of this group.
such as an improved version to evaluate the scientific and additional values of geomorphosites and
Authors of Cluster 1 (Figure 8) have proposed various methods for the evaluation of
Reynard’s [115] quantitative method for the evaluation of the scientific part in a geomorphosite, using a
geomorphosites, such as an improved version to evaluate the scientific and additional values of
Geographic Information Systems (GIS) tool [116]. Researchers such as Pereira and Pereira designed and
geomorphosites and Reynard’s [115] quantitative method for the evaluation of the scientific part in a
applied a geomorphosite assessment method that was also applied to other protected areas [117].
Hose, despite leading “the 15 top authors most cocited in 1984–2019” (Table S3), is located in Cluster
3 alongside other researchers (33 nodes) who addressed issues related to geotourism, GAM application,
and how the loess deposits (eolian sediment that is an essential archive of quaternary climate changes)
have become essential elements of geoheritage for their application as geotourism [105]. These elements
necessary are for scientific, tourist, and educational value, and, additionally, for cultural and social
aspects [128]. Hose has contributed to the foundations of the definition of geotourism with a geological
approach [15]. Hose’s concept was redefined [22,25,103] and has provided the historical and theoretical
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foundations of geotourism and its path towards sustainable management. Geoconservation, geohistory,
and geointerpretation are described as the three key “3G” aspects of modern geotourism [102].
A similar vision is identified when comparing productivity according to the number of publications
of the author and the most cited article. Focusing on the number of articles published, we have the
author Ruban with 23 documents followed by Hose with 13 (Figure 5a). Dowling’s work entitled
“Geotourism’s Global Growth” [48] is the most widely cited work on the subject with 158 citations.
Dowling describes geotourism’s nature and characteristics, the trends and growth of this discipline,
and concludes with some critical elements in the development of geotourism.
Scientific productivity analysis focuses on the annual production of published articles, with three
periods in scientific growth defined from 1984 to 2019 (Figure 4). These include introduction, the theoretical
development of geotourism, and diversification of information based on the historical curvature of the
number of citations received per year in relation to the published article. Therefore, by making a linear
and exponential graphical adjustment to the annual growth curve (Figure 3), according to Price’s Law,
a growth pattern of the research topic is observed, and the research field of geotourism is shown to be in a
phase of exponential growth with an R2 value of 0.9270 and an exponential trajectory higher than the
linear one.
Of the 506 documents analysed, there are a total of 1252 authors who have provided significant
geoscientific contributions during the research period in the different 66 countries identified. According
to contributions by countries and regions, European countries such as Poland and the United Kingdom
are recognised as the most productive according to the number of documents (52 in Poland; Figure 5a)
and citations (954 of the United Kingdom; Figure 5b).
Studies related to the geotourism that use bibliometric analyses have been presented, such as the
geographical review of the literature on geotourism [52]; research by Ólafsdóttir and Tverijonaite [54],
and Ólafsdóttir [55]; bibliometric analysis by Ibáñez, Brevik, and Cerdà [58]; and a systematic literature
review (SLR) of geotourism and territorial development [59]. Although the time interval for the
systematic literature search is limited, they have contributed with knowledge of the intellectual
structure of the study research field and its associated topics (Geodiversity, Geopark, Geoheritage).
The majority of studies conclude that there is a geographical pattern of geotourism research
concentrated in Europe (mainly Italy, Poland, United Kingdom), Brazil, Australia, and China.
In particular, highlighting the most pressing needs in future studies, evaluating the positive and
negative impacts, and providing knowledge of geotourism stakeholders and their relationship with
sustainable development and geoconservation.
However, the present work covers the geotourism research field evolved over the last 25 years,
albeit with some limitations, such as the use of a single database (Scopus), a single type of documents
(articles), and a single language (English). The selection of words, time coverage, and the number of
documents used allow presenting a research work that can serve as a reference for future researchers in
the field of geotourism. The top 15 countries and regions that contributed the most in the world during
the search period from 1984 to 2019 agree with previously cited bibliometric studies [52,54,55,58,59].
There is a geographical pattern of geotourism research concentrated in the European continent; however,
Italy (one of the largest geotourism research communities) is not part of the top 15 most contributions
of articles by country. Instead, it is located within the top three according to the analysis of the number
of citations (Figure 5b).
Regarding the impact and productivity of scientific journals, of the 142 analysis journals,
Geoheritage has the most significant number of published articles (165), the largest number of
citations (1818), and a Q2 rank according to the evaluation by quartiles in SJR (Table S1). Based on
the impact factor (H-index), the journal “Quaternary International” has a value of 93 given its six
published articles, is in the Q1 range, and has 120 citations, placing it in Position 6 based on the
number of citations. Considering the small number of articles produced by the journal is a criterion
that highlights its importance. The study area “Earth and Planetary Sciences” is present in more than
50% of journals, demonstrating its high geoscientific interest and contribution to journals that focus
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on the heritage elements of sites. In addition to geoeducation, geointerpretation and geotourism are
means for the sustainable development of the sector.
Bibliometric analysis of the co-occurrences of author keywords shows the evolutionary field
of the research topic, which is why the database is divided into the three periods previously
identified, thus making it possible to perform an interpretation of conceptual evolution by phases.
In the introduction phase (Period I), the term geotourism begins. Its connections with various areas and
terms (Figure 7), relating approaches, or reasons to visit attractive and geological places—in addition
to the study and geoconservation of geological resources—is present in unique areas and recognised
through geotourism. In the development phase (Period II), geotourism focuses on and relates to
places with high geological importance such as geosites, geoheritage, and geoparks, promoting
geoconservation and sustainable development of the sites and the geodiversity they possess (Figure 8).
Finally, in the growth phase (Period III), significant growth takes place in topics that were previously
part of geotourism and now have their area, such as geoheritage and geoconservation (which includes
geodiversity), geopark (which includes sustainable development), and geosite (volcanic geoheritage
being a recently explored branch).
5. Conclusions
The present study offers an analysis of the intellectual structure of geotourism from a
multidisciplinary point of view. It presents a more recent vision in the development of the research
field that expands and enriches other previous studies by exhibiting a larger and more current data set
(n = 504; 1984–2019), focused on documents with a rigorous pairwise review process (articles) that are
considered to possess certified knowledge.
This study provides a methodological contribution in the field of geotourism by presenting a
bibliometric analysis that allows the evaluation of scientific production, as well as its visualisation
with three bibliometric mapping techniques (co-occurrence analysis of keywords, author cocitations
analysis, and coauthorship analysis), facilitating the knowledge of its structure and the development
of the field of study.
The article revealed that geotourism has experienced sustained growth around the world,
which can be examined by its production and citations over the years (Figure 4), allowing us to
define three phases of the geoscientific evolution of geotourism and the current exponential growth
it has manifested. Moreover, Price’s Law (Figure 3) has shown that geotourism, from the beginning,
is associated with a focus of study, motivation, and conservation of natural and geological resources,
generating branches or areas such as geosites, geoheritage, and geoparks driven by geotourism.
Additionally, over the years, this field of research has increased while maintaining a close relationship
to its roots.
Growing interest in the field is evident considering 506 articles written by 1252 authors and their
research exhibited in 142 journals, from universities and research centres in 66 countries. In these
contributions, Hose (who started geotourism) is the most recognized in both citations and cocitations
(Figure 5b and Table 3), followed by Dowling with his article “Geotourism’s Global Growth” (Table 2).
Downling’s whose work is the most cited on the subject. Both authors have made significant research
contributions through the journal Geoheritage, one of the most representative in terms of content and
quantity of articles presented concerning geotourism (Table S1).
The use of bibliometric maps provides an interesting and revealing visual history of the research
field. It can observe the emergence, development, and decline of topics related to geotourism (Figure 7),
in addition to the contributions of the various authors of citations in the references that are grouped
by subject (Figure 8) or contributions of current authors (Figure 9). These maps allow us to define
some conclusions:
•

Co-occurrence analysis of keywords: This analysis revealed existing topics and substantial changes
in the intellectual structure of geotourism, as well as the stability and strength of other topics
(Figure 7). The central themes are related to geotourism, geoheritages, geosites, geoconservations,
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geoparks, and geodiversity. The study further shows that the topics of geodiversity, geoparks,
and geoheritage have persisted for 35 years (1984–2019) in the field of geotourism (Figure 7a–c).
These topics are interrelated and part of the intellectual structure of geotourism. These results
support what is stated by other bibliometric studies and other topics that are considered relevant
in this field that appear in Figure 7c, such as sustainability and sustainable development,
where geotourism—specifically in rural areas—is considered a tool to reach these topics about
what is discussed in Section 4, “Results, Analysis and Discussion”.
Author cocitations analysis: The present study has identified 11 research areas within geotourism
ranging from “geomorphological heritage” to the emerging line of research from “engineering
geology in geotourism” (Figure 8, Table S3), where geomorphological heritage is the most active
area of research. This research area has the most significant number of referenced researchers
(56) whose works have proposed numerous quantitative methods and models to evaluate
geomorphosites, definitions of a general nature of geomorphosites, and concepts that encompass
a broader meaning as a component of the cultural heritage of the territory. The results obtained
also showed that more research is required in the “engineering geology in geotourism” area.
In this area, significant scientific, tourist, and economic potential is projected for the future in
questions related to the sources of geological hazards and ways to reduce their impact, and how
this raises awareness in the community.
Coauthorship analysis: The study has identified 1252 authors representing the intellectual structure
of which 22 present at least five documents, allowing us to understand the lines of thought related
to these authors and their patterns of collaboration (Figure 9).

Finally, this study has some limitations: First, the use of a single database (Scopus) and not
considering other databases that frequently used in the academic world such as Web of Science or
Dimensions. Second, the consideration of a single type of document (articles) instead of expanding
knowledge by using books, book chapters, conference articles, among others. Third, considering only
articles in English, which, despite being the majority, potentially exclude significant contributions in
other languages. However, the study presents a rigorous methodology for the selected documents and
the use of a database considered reliable among researchers around the world. The selection of words,
time coverage, and the number of documents used allow presenting a research work that can serve as
a reference for future researchers in the field of geotourism. Future research could profitably extend
our analytical approach to another language (e.g., Chinese, German, French, and Spanish), develop a
comprehensive global vision of the literature, and include another type of document.
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