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Abstract

:

Ordination methods are used in ecological multivariate statistics in order to reduce the number of dimensions and arrange individual variables along environmental variables. Geoheritage designation is a new challenge for conservation planning. Quantification of geoheritage to date is used explicitly for site selection, however, it also carries significant potential to be one of the indicators of sustainable development that is delivered through geosystem services. In order to achieve such a dominant position, geoheritage needs to be included in the business as usual model of conservation planning. Questions about the quantification process that have typically been addressed in geoheritage studies can be answered more directly by their relationships to world development indicators. We aim to relate the major informative geoheritage practices to underlying trends of successful geoheritage implementation through statistical analysis of countries with the highest trackable geoheritage interest. Correspondence analysis (CA) was used to obtain information on how certain indicators bundle together. Multiple correspondence analysis (MCA) was used to detect sets of factors to determine positive geoheritage conservation outcomes. The analysis resulted in ordination diagrams that visualize correlations among determinant variables translated to links between socio-economic background and geoheritage conservation outcomes. Indicators derived from geoheritage-related academic activity and world development metrics show a shift from significant Earth science output toward disciplines of strong international agreement such as tourism, sustainability and biodiversity. Identifying contributing factors to conservation-related decisions helps experts to tailor their proposals for required evidence-based quantification reports and reinforce the scientific significance of geoheritage.
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1. Introduction


Determinant analysis [1] is a detailed examination of the factors affecting the course of geoheritage conservation and reviews the relationships among these factors. Bibliometric and sustainability are an interesting confluence of indicators as the basis of determinant analysis. The measurable aspects of environmental, economic and social sustainability assessed against the bibliometric productivity of researchers and the performance of their output provide informative linkages on what determines the objectives and direction of geoheritage conservation taking place around the globe [2,3,4,5,6,7,8,9,10]. Understanding these latent factors is key to optimizing subjectivity inherited in the assessments of the significance of natural features. In exploratory data analysis, the approach is to summarize the main characteristics of a data set. The statistical model we used was an unconstrained ordination method that is the most suitable operation for determining relationships. The model orders values so that similar variables are near each other and dissimilar variables are farther from each other [11].



Geological and geomorphological environments are extremely complicated. Most geoheritage practitioners aim to simplify the complexity and describe these environments through their most representative occurrences. The lithosphere is the interface between the inside and outside in the context of planetary systems. Geoheritage or any geological site is part of the Earth as a system and, placed into its global context, it provides the advantage of an educational and outreach tool [12]. However, the determinants or conditions of an environment where geoheritage features are successfully conveyed to the public are yet to be discovered. Determinant analysis is used to identify factors affecting the subject of interest and to review the linkages among the factors.



Geoheritage studies grow disconnected from other strongly related disciplines, which makes multi-dimensional decisions difficult. To date, the best practice is the compilation of a geoheritage inventory by Earth scientists [13,14,15,16,17,18,19]. This intellectual freedom breeds continual invention of novel and hybrid inventory methods [20,21,22,23,24,25,26]. Geoheritage assessment methods have a certain level of inherited subjectivity that is subject to optimization [27,28,29,30,31]. In cases where geoheritage exists in specific areas, such as a growing city, decisions on what value can be considered have to be made. Geoheritage value is not directly measurable, and, therefore, that inherently links unreliability to the evaluation. A robust analysis of the state of knowledge is a conventional tool to remove the subjectivity from evaluations and can ratify liability for management of geoheritage by authorities, organizations and landowners. Decision-making tasks involve finding optimum choices among alternatives, often under conditions of uncertainty. In effect, if the item is not certified parametrically, it cannot be considered as an alternative.



Statistical exploratory methods are established in other disciplines like ecology, biology, sociology and psychology [32,33,34,35]. Ordination is the collective term for multivariate techniques that are abundantly used in ecology that arrange sites along an axis on the basis of data on species composition [36]. Ecological systems are complex; one of the biggest challenges of the modern world is quantifying ecosystems as part of sustainability measurements. This challenge is very similar to that of geoheritage; in fact, geoheritage appears in the literature as “geosystem services” [37,38]. Ecosystems consist of many interacting biotic, abiotic and geoheritage components. Geoheritage outright encompasses an unusual range of interactions of abiotic, societal, economic and biotic factors that require a manual to be well understood.



The main need for quantitative procedures for examining vegetation as a continuum prompted the development of ordination techniques [39], years before geoheritage made its appearance in the scientific literature [40]. Ordination methods quickly made their way to other multi-disciplinary fields where stakeholder perspectives are the subject of research [41] and still the most adequate methods to find underlying structures, influencing factors and indicators [32].



When trying to get a comprehensive view on the content of scientific activity in order to inform stakeholders, the most traditional method is the analysis of scientific publications with the construction of performance indicators [42]. Bibliometric markers are a powerful tool for science policy makers. They monitor research and the assessment of the scientific contribution of authors as well as the tracking of knowledge evolution in research hotspots to inform science and public policy [43,44,45]. Bibliometric performance indicators combined with environmental indicators provide insight beyond scientific activity and imply sets of optimum conditions for the high scientific performance of a field [46,47]. Performance indicators can be defined and quantified during link analysis; link counts are used as indicators or measurements of the level of influence and performance of people, domains or nations. These “evaluative link analyses” are used to rank studies according to their influence [48].



The ability of metrics to represent complex information about research in an accessible format is overlooked not only in geoheritage, but also in other scientific fields [44]. Geoheritage studies draw attention to the shortcomings of the inherited subjectivity [49,50]. The heavily biased field is expected to reach the level of reliability required by decision makers after three decades of practice by the adaptation of proven instruments from other disciplines that tackled similar issues. A scoping study explored all approaches to geoheritage conservation as the first step in cleaning up the field and to comprehensively synthesize evidence [51]. Four concepts were identified by a meta-analysis of the literature. These approaches originate from the same maxim, however, they cover fairly different value systems [52,53,54,55,56]. The development of four different concepts suggests a stronger socio-economic influence on geoheritage conservation. While socio-economic background has its place in the frame of geoheritage, its uncontrolled influence will jeopardize core conservation intentions.



This critical study serves against considering geoheritage in abstraction from a socio-political perspective to intensify geoheritage conservation implementation in all agendas amidst rapid urbanization. Surveying the literature and collecting background data on experts created a robust database for further analysis of relationships to determine geoheritage determinants. The main goal of this research is to seek correlation among different types of world development indicators with bibliometric data on geoheritage in order to find those key factors. The research included three objectives to achieve its goals. The first objective was to recognize countries with elevated interest in geoheritage conservation through citation analysis. Next, the study involved looking for indicators of geoheritage interest and relevant socio-economic background. The final and main objective was to report the directions of geoheritage implementations and their determinants at global and local levels by tracking correlations among indicators.



The expected outcome of this study is the identification of the optimum conditions for geoheritage growth that serve the strengthening of geoheritage instruments for successful implementation.



The evolution of the field of geoheritage is best understood by its characterization and comparison at different scales. The research involved collecting data at a global scale and then narrowing them down to a case study of the Auckland Volcanic Field (New Zealand) in order to understand further challenges present at the local scale. New Zealand is a relatively new country (268,021 km2), geographically distant from the next inhabited land yet still globalized, as is reflected in the tripled amount of shares of trade, finance and migration in total among OECD countries (NZ member since 1973) in the past 20 years [57]. The country safeguards its indigenous values while participating in major international agreements. Conservation strategies are based on addressing global issues within the capacity of preserving the bicultural identity that refers to indigenous Māori and the polyethnic communities resulting from European migration [58]. The expansion of its biggest city occurs under the scope of sustainability on an actively researched monogenetic volcanic field [59,60]. The study area encompasses all the components of geoheritage and provides an unprecedented example for the world of an overarching approach to conservation.




2. Indicators at the Global Scale


Sustainable development meets the needs of the present without compromising the ability of future generations to meet their own needs [61,62]. Sustainable development has been successfully adopted worldwide and is gradually permeating all functions of national and provincial governments [63,64,65,66]. Sustainability is the new paradigm of development.



While the concept of sustainable development is derived from the Holdgate [61] report of the Brundtland Commission (World Commission on Environment and Development), it is due to come to a solution on rapidly increasing concerns of an alienated society from natural–geological environments and basic human nature [67,68,69].



Geoheritage conservationists have directed attention toward the overlooked intangible values of non-living features and their fundamental role towards achieving sustainability [55,70,71,72,73]. Therefore, sustainable development also means that any experience of the past handed over to the present is obtainable for future generations to the most accurate extent possible. In other words, landforms and geological features deemed to be significant to the geographical location must be secured for future generations to utilize them as educational tools for knowledge and understanding of basic characteristics of the site, hazards and simply the sense of cultural belonging.



The people who are the object of development must be addressed; those who have the right to preserve their cultural identity and their own community by eradicating poverty through a sustainable environment and political development. However, economic growth always brings the risk of environmental damage as it puts increased pressure on land resources. When policy makers are guided by the concept of sustainability, the development will not necessarily ensure that the ecological roots are nurtured [61]. The concept of geoheritage is to unite an inanimate environment and human societies to pursue resilience through recognition, seeding the ground for communities of coherence and holism. Outstanding landscape elements reduce the feeling of losing control and provide a powerful attraction for understanding the nature of geological processes, all whilst reframing market-based decision-making issues as possibilities for alternative ideas and agendas generated with new problem definitions, ambitions and solutions. Yet, there is no section specifically addressing these outstanding occurrences of geodiversity.



Sustainability also means resilience. Resilient communities understand their environment and potential hazards. Geoscience education through geoheritage is an explicit normative framework for achieving overarching understanding of hazard characteristics. The Sendai Framework for Disaster Risk Reduction 2015–2030 [74] is an instrument created by the United Nations that provides concrete actions for societies of Member States to build resilience of communities to disasters. The agreement outlines four priorities, the first of which is, “…the understanding of disaster risk in all its dimensions of vulnerability, capacity, exposure of persons and assets, hazard characteristics and the environment. Such knowledge can be used for risk assessment, prevention, mitigation, preparedness and response.” Urban areas are more vulnerable due to the high population density and geoheritage is more likely to have been destroyed in the development of urbanized areas. Geoheritage conservation and resilience building go hand in hand with sustainable urbanization, and should be particularly acknowledged in international agreements on hazard mitigation. This priceless knowledge is derived from important geological and geomorphological sites (geoheritage), through rigorous scientific methods. Their rapid loss through intensified landscaping undermines the capacity of accurate hazard forecasts.



New Urban Agenda was adopted as a global framework for achieving sustainable urbanization. The United Nation Human Settlement Programme (UN-Habitat) for human settlements and sustainable urban development envisioned the document as a guideline for urban development. The Agenda “supports science, research and innovation, including a focus on social, technological, digital and nature-based innovation, robust science-policy interfaces in urban and territorial planning and policy formulation and institutionalized mechanisms for sharing and exchanging information, knowledge and expertise, including the collection, analysis, standardization and dissemination of geographically based, community-collected, high-quality, timely and reliable data disaggregated by income, sex, age, race, ethnicity, migration status, disability, geographic location and other characteristics relevant in national, subnational and local contexts” [75]. Although the geoheritage principle completely fits into this description, there is no particular mention of the importance of protecting outstanding geological sites.




3. Indicators at a Local Scale: Auckland Volcanic Field


Rapid urbanization and housing problems are not the only priority areas of urban planners in Auckland, the metropolis built on the Auckland Volcanic Field. Biculturalism implies integrating indigenous streams, protect customs, values and spiritual lands. The first people to arrive in New Zealand were ancestors of the Māori and probably arrived from Polynesia between 1200 and 1300 AD and inhabited lands with perfect conditions such as the volcanic cones of Auckland. The first European settlers arrived in the nineteenth century and the modern urbanization took place during the twentieth century, quarrying away not only iconic volcanoes but also cultural belongings [76,77].



Māori people believed that they were related to the natural world—the earth, the birds, the trees. Many environmental phenomena are considered to be the ancestors of humankind, therefore, every aspect of existence shares an intimate relationship with people. At its root, this view of the world is the projection of human qualities onto the natural world (personification) [77]. Until contact with Europeans, Māori lived in rural areas. In current urbanized areas, they have lost contact with their original hapū (community) and iwi (tribe). In this way, urban youth could reconnect with the tribes of their ancestors [78]. Their value system and connectedness to ancestors and nature have to be included in all political systems and governmental functions, to be preserved for future generations.



Auckland is predicted to include up to 60 percent of New Zealand’s population growth over the next 30 years. The strategic plan for regional growth must meet the standards of international best practices in an effectively integrated spatial planning system. In order to achieve successful geoheritage conservation within the Auckland area, the policy framework must fit into this strategic direction of integrated spatial planning, and must also be drawn from both indigenous identity and international best practices. Strengthening existing linkages between spatial planning and geoheritage is essential for the integration, otherwise competing policy goals such as conservation and opportunity costs could potentially dominate geoheritage efforts [79].



In New Zealand, the term “outstanding natural features” is used to refer to geoheritage, as it appears in the Resource Management Act [80] (RMA). The Act is the blueprint that every related function of national, regional and local governments is based upon in alignment with corresponding international obligations.



In essence, the compilation of the Geopreservation Inventory was carried out under the principles of RMA and its coastal management regime, the New Zealand Coastal Policy Statement [81] (NZCPS). The purpose of the NZCPS is to state policies in order to achieve the purpose of RMA. Policy 1.1.3. (a) is a national priority to protect significant representative examples of each landform which provide variety in each region, visually or scientifically significant geological features and (b) characteristics of special spiritual, historical or cultural significance to Māori.



The Auckland Council today faces the challenge of prioritizing geopreservation action over economic growth. The Inventory highlights all the landforms and geological sites the scientific community has deemed important. However, present decision making has gone through scientific development and resulted in complex spatial planning systems to calculate precise areas of interest. The increasing demand upon land surface forced the production of evidence-based assessment on the value of geographic areas of significant landforms and outstanding features. Satisfying the principles of geoheritage conservation with relevance to indigenous values while sustaining economic growth became an advanced task in the metropolitan area of Auckland. Elaborately designed geopreservation assessment tools are hence indispensable and must start with an analysis of the key factors that dominate geoheritage conservation all around the globe.




4. Methods


This research resulted in the compilation of a report (Figure 1) on the determinants of increased geoheritage activity. Three data types were collected: citing articles and academic output; geographic data on protected areas and geoparks; and world development indicators. Information on the scientific orientation and dynamism of a country and on the impact on both the national and international community serves as a tool for describing emerging theories, methods, orientations and conservation outlooks [82].



4.1. Indicators


Our approach to measuring this performance and extract determinants in high-achieving countries started with the analysis of research metrics. A proven practice for such analysis is the use of online databases of scientific publications such as Web of Science and Scopus [82,83,84,85]. Author metrics were extracted from Scopus [86] and citing articles were extracted from Web of Science [87] through research impact metrics tools of these online databases. The authors of this study considered the major advocates within the scientific discourse on achieving global agreement on the quantification criteria of geoheritage or geodiversity [51]. The search was conducted with the authors’ names in the full databases of Scopus and Web of Science with no minimum time period until 2020. We built two databases, one on the authors’ backgrounds and H-indices extracted from Scopus and another on the origin countries and scientific backgrounds of the citing documents collected from Web of Science. During the summarizing period, the citing countries entailed two criteria of inclusion: to cite at least one of the works of the 47 selected authors and to have at least 15 documents citing one or more of the selected authors. These countries are the entities of the indicators in our determinant analysis.



To explore patterns between countries’ scientific productivity compared to their geoheritage performance, we extracted data that were based on publications from the SCImago Journal & Country Rank that develops scientific indicators for journals and countries from the Scopus database. The ranking site is useful for analyzing and comparing scientific domains [88]. Earth science output and geoheritage interest made up the academic indicators in our determinant analysis.



Biodiversity conservation is strongly associated with geodiversity conservation, therefore, World Protected Areas were chosen as one of the two geographic indicators [89]. The percentage of protected areas was calculated in ArcGIS software. The year of extraction was 2018 and the final data are expressed in percentages of the total land of the country. The data were retrieved from data.worldbank.com based on a world database on protected areas for which the compilation and the management were carried out by the United Nations (Environment World Conservation Monitoring Centre), available for download through the Protected Planet website: protectedplanet.net. The World Database on Protected Areas is the most comprehensive global dataset of areas registered under the IUCN Protected Area Categories I-IV including national parks, wilderness areas, community conserved areas, nature reserves, marine reserves, etc. The count of geoparks of each country and the year of UNESCO Geopark designation were extracted from the website: http://www.unesco.org/new/en/natural-sciences/environment/earth-sciences/unesco-global-geoparks (accessed on 1 October 2020). The number of geoparks, the major measurable manifestation of geoheritage conservation, was added as the second geographic indicator in our research of geoheritage determinants.



Databases on countries’ performance in other functions of society provide tools to discover, compare, predict and attack inequality in the world. World Bank Group, an international organization affiliated with the United Nations, offers a tool for measuring sustainable development through the measurement of the wealth of nations [90]. The country-level community well-being indicators are drawn from the publicly available World Bank Development Indicators. Eight variables are included as indicators of country development: population, urban population, urban population growth, urban land, total land, population density and international tourism receipts. The countries identified through Web of Science as having elevated interest in the scientific communication of geoheritage were compiled into an “interest group” to obtain data of our chosen world development indicators.



Worldbank.com provided an incomplete dataset on the urban landcover. To recover missing data for Austria, Czech Republic, Hungary, Serbia and Slovakia, we used the online database of the European Environment Agency (https://www.eea.europa.eu/data-and-maps, accessed on 19 May 2021) stored as “Artificial Surfaces” of which calculation was based on data of the Copernicus Land Monitoring Service–Corine Land Cover (www.land.copernicus.eu, accessed on 19 May 2021) from 2012–2018. These data are more recent than those of world.bank.com from 2010. However, for the sake of our study on finding influencing factors of geoheritage decisions, the level of inaccuracy caused is statistically insignificant for the final result. This is due to the low land cover of urban and other artificial developments in the 39 European countries, which amounted to 0.1% over the period of 2006–2012 [91]. This rate slowed down even more for the period of 2012–2018, taking up 200 km2 less land per year in all European countries [92].



At present, more than half of the world’s people are living in cities, and that proportion is predicted to expand to about two thirds of the world’s population by 2050 [93]. As the process of urbanization keeps growing, it is crucial to measure and monitor the change to move toward sustainability. The indicators allow planning to move in line with new global targets of sustainability by pinpointing present conditions relative to conditions that have prevailed in the past. These tools are very important to influence all sectors, from energy, land use and social well-being policy making to biodiversity and geoheritage conservation strategy setting.



We developed indices from the publicly available World Bank data to increase insightful indicators. We added three indices: the number of international arrivals per 1000 people, tourist density and trade openness, each explained below.



The arrival number is an index of international arrivals per 1000 people of the country’s population. The index expresses the capacity of tourists to enhance communities’ economic well-being. If the number of arrivals is small in comparison to the host population, then a smaller number of individuals or communities can benefit from tourism. It is more likely to have a significant impact on micro, small and medium enterprises when the number of annual arrivals is relatively large. For the sake of analyzing influencing factors in geoheritage designation, we use 60% of the given local population as a margin to judge the number of visitors as large or small.



The tourist density index is developed to perceive the country’s capacity to distribute tourists. A larger number of tourists concentrated in small geographic areas induces pressure on authorities to enact policies and direct their movement to designated areas. Hence, these authorities are likely to have an interest in promoting geological sites. Based on the data for the studied countries, we established the threshold at 120. Equation: Annual international arrivals/Population * 1000/Total land.



Trade openness and quality of economic growth have a long-term stable co-integration relationship, as a case study showed in China [94]. Another study showed a positive long-term relationship between trade openness and economic growth [95]. The question is whether there is an influence on developing geoheritage conservation by the level of international trade. It is said that international trade lowers barriers toward faster economic progress. Indirectly, international trade openness contributes to a natural increase in international tourism flow. Hence, the importance of analyzing trade openness and whether it is an important influencing factor in geoheritage development. Transnational tourism helps communities to restore their well-being. Studies confirm that changes to the countryside have coincided with growth in tourism and recreational needs and activities in rural areas [96]. Communities, however, exist in cities and based on the explored dynamics of ecotourism, urban geoheritage can direct tourism development in all geographical areas toward a balance between community-driven and operator-driven tourism.



Policy changes have also led to an increase in ecotourism by opening previously restricted areas and increased opportunities for funding for environmental programs [96]




4.2. Correlation Matrix


The indicators showed very different data types. It is important in statistical analysis to unify the data types. Our scaling option was interval scaling. The reliability of the set intervals was validated by the calculation of Cronbach’s alpha. In quantification theory, the general internal consistency and reliability play an important role in interpreting multiple-choice-like data [97]. Cronbach’s alpha, indicated by α, attains a maximum of 1 when all variables are perfectly correlated with the total score. In other words, the score reflects that the reliability is the degree to which the instrument is free from random error. To date, it can only measure the internal consistency through correlations among test items. Introducing such practices leads to the ability to measure reproducibility, that is, the stability over time or the consistency of scores across raters at a point in time. To calculate correlation, we used Spearman’s rank correlation (ρ), because it creates a new variable in order to rank the result and is proved to be the most robust with outliers.




4.3. Correspondence Analysis (CA)


We use exploratory data analysis techniques to identify any systematic relations between variables. Correspondence analysis (CA) is an unconstrained ordination method that orders individuals characterized by categorical values of multiple variables. CA works on categorical datasets that have been divided into categories and is a powerful tool for finding patterns in large datasets [98]. This multivariate method is used for almost any data matrix with non-negative entries and principally involves tables of frequencies of counts and analyzes data without explanatory variables [33]. A particularly powerful technique is to group our indicators in the reduced dimensional spaces to present the key insights on relationships. Ordination orders the individuals so that ones with similar profiles are near each other and dissimilar objects are farther from each other. It simplifies complex data and provides an exhaustive analysis of the data [99]. The technique is appropriate for discrete variates. It is often considered as a simple scaling method and is widely used by plant ecologists. Floristic data to which gradient analysis is applicable consist of occurrences of a number of species at a numerous sites where certain species prefer certain types of habitat and therefore can become indicators [35]. The first stage for such gradient analysis is to scale along a known gradient, for example, a country with a score of 1 may be small in area, a score of 5 may be very large and a score of 3 may be medium. In the interpretation of such data, a geometric approach has the most benefits. The rows and columns are assumed to be points in a high-dimensional Euclidean space redefined so that the principal dimensions capture the most variance possible, allowing for lower-dimensional descriptions of the data [33].




4.4. Multiple Correspondence Analysis (MCA)


While CA showed the relation between variables, multiple correspondence analysis (MCA) analyses relationships within a set of variables and the interrelationships between the statements or categories of variables. MCA is the central analytical tool to embed qualitative data. MCA was applied to detect and represent underlying structures in our dataset to investigate influencing factors for geoheritage designation. Therefore, this analysis can explore whether there is an association between a “high number of geoheritage-related citations” and a “high number of international arrivals”. CA can only tell us whether all the categories of the same variable have a statistically significant correlation with any other variable. This method tackles the more general problem of associations among a set of more than two categorical variables [34]. This unconstrained geometric approach is directly linked to data visualization.





5. Results


5.1. Individual Author Metrics


A previous study presented a robust instrument that leveraged the power of a meta-analysis of the scientific literature in the form of scope review [51]. It pinpointed the most influencing articles (no. = 70), produced by 47 individual authors, that channeled the discipline of geoheritage into four characteristic leading concepts. These concepts are: (i) Observing the changes to complex Earth systems (geosystems); (ii) dealing with geodiversity that can be considered the stage upon which biodiversity acts; (iii) focusing on social interactions of geotourism and support networks of geoparks; (iv) studying the connection of geosystems to communities, ethics and traditions and transnational policies and cultural interconnectedness. Breaking down geoheritage discourse into its elements is crucial for quality implementation. With the understanding of the state of geoheritage, it is possible to take single or dashboard indicators to guide and facilitate decision making [100].



Scopus offers author metrics to show researchers’ performance. We were interested to find out what scientific backgrounds the influence of the 47 authors were coming from and where the highest measurable impact of their research could be found. We first looked at their H-indices that indicate their citation influence and indicates the most influential conceptual orientation. For the research, we took a pool of 47 authors that were identified as the leading characters in geoheritage conceptual evolution. Figure 2 shows the scientific fields these authors are experts in. The main area is Earth and planetary sciences at ~31%, followed by environmental science with ~24% and social sciences with ~16%. Agricultural and biological sciences (10.61%) and business and economics (8.11%) appear with a fair share, revealing the multidisciplinary nature and permeability between areas of geoheritage research. The leading area is Earth science, which is evidence for the core scientific nature of geoheritage conservation. The citation overview of the authors in question (Figure 3) presents consistent growth from the late 1990s when two of the very popular concepts on geosites and geomorphosites were published by Wimbledon [101] and Panizza [102]. This period represents a milestone for development, and the works published in the early 2000s add a fundamental contribution to conceptualizing geoheritage, creating a strong pattern still present today.



Hirsch [103] proposed the H-index, defined as the number of papers with citation number ≥ h, as a useful index to characterize the scientific output of a researcher and quantify the cumulative impact. We organized the authors according to their affiliations and assigned H-indices (Table 1) to their countries. This index shows us the countries providing contributions to geoheritage conservation. The highest impacts in the field are derived from the United Kingdom, United States, Australia, Italy, Spain and Poland. We kept this data as control data to validate our results on geoheritage interest, one of the academic indicators of our study.




5.2. Citing Articles


We hypothesize is that the analysis of the background of the received citations reflects the interest in geoheritage. To collect these data, we used the online database that provides research impact metrics, Web of Science (WoS). We broke down each author’s received citations per citing country and the main scientific areas of the publications’ generated citations by our chosen authors for geoheritage.



The analysis of given cumulative citations produced a list of 54 countries that were the subjects of our further data collection processes. The countries with the largest amounts of citing articles of geoheritage conservation-related works formed the entities used to derive underlying trends. Figure 4 compares these countries’ rankings in terms of their scientific output, respectively, in all scientific fields, in earth sciences and for citing geoheritage authors. The rank in each column is based on the total number of articles published in 2018. We were interested to see if we could identify a linear relationship between Earth science and geoheritage research.



The United States and China are the most fruitful publishers of science research. Studies found that the correlation of resources producing more output moves beyond the obvious assumption but, in fact, bibliometric output increases more than is proportional with revenues [104], the trend of which is clearly identified in geoheritage research.



Figure 4 suggests that increased Earth science research within a country does not necessarily increase geoheritage publications. Earth scientists should be encouraged to translate their findings and their specific knowledge to geotourism education material and nominate outstanding outcrops of their study area for geoheritage evaluation. There is a tendency for authors to reserve a special place in their articles to cite their fellow scientists from shared cultural backgrounds. In comparison with the authors’ H-index analysis, the highest impact countries are ranked in terms of geoheritage interest. The United States and the United Kingdom did not change position compared to the rank columns for Earth sciences and all scientific disciplines. Australia, on the contrary, jumped over six countries and ranked in 3rd place in geoheritage interest without showing any increased interest in Earth sciences compared to all sciences. Spain and Italy showed a very similar trend.



In terms of Web of Science background field categories, Environmental sciences produced the largest numbers of citations, with geology in second place. By grouping the citing counts according to the authors from whom concepts were derived, we could gain insight into further trends in geoheritage conservation. Ratio normalized counts (Figure 5) uncovered special interests within concepts. Certain fields such as remote sensing and anthropology show an increased interest in concept 1, characterized by Earth science compared to the other concepts. Zoology and biodiversity conservation are rather interested in concept 2, the joint evaluation of biodiversity and geodiversity. Social sciences and health care sciences cited authors dealing with concept 3 on geotourism. Sustainability, as concept 4, was the biggest interest of the fields of fisheries, urban studies and development studies, validating our interpretation of sustainability.



The last part of the analysis of the citing articles divided countries per their leading choice of concept (Figure 6). The value was the result of the highest normalized counts of citations generated by the given country for the four different concepts. The first three countries, the United States, United Kingdom and Australia, in the geoheritage interest ranking had cited authors publishing on the relationships between geodiversity and biodiversity. Although the number one interest is geodiversity, the following interests for these leading countries are very different; while in the United Kingdom, Earth sciences is next, in the United States and Australia it is sustainability. China’s biggest interest is in geotourism with geodiversity in last place and, on the contrary, Canada has sustainability in first place and geotourism comes last. Italy, Spain and Portugal appear with the exact same interest pattern: geotourism in first place, with Earth sciences right after and sustainability coming last. This pattern suggests a special acknowledgement of educating geotourists.



The most obvious assumption would be that the type of interest in geoheritage is driven by the size and the societal demand of the country. To understand how certain countries’ preferences are formed in geoheritage or geodiversity conservation, we introduced further indicators to the study to be able to derive evidence-based conclusions on the major drivers in geoheritage interests.



Single indicators provide simple methods for interpretation, encompassing less subjectivity and bias and other synthesis errors inherent in composite indices [100,105]. However, single indicators are only suitable for the measurement of unidimensional issues.




5.3. Indicators


International agreements are based on a convention that countries commit to and they create a framework aligned with their socio-economic background. International committees are established to monitor and ensure these changes are taking place. Thus far, geoheritage conservation does not have a standard measurement tool.



Despite the complexity of geoheritage conservation, the starting point in evaluating features is always the scientific knowledge derived from it. Unfortunately, geographic areas that are distant from scientific hotspots (scientific hotspots are understood here as regions where persistent Earth science research is performed over prolonged periods of time and is of global interest) or different from current scientific interest (areas which were the focal point of Earth science studies in the past, but today are considered as areas where there is “nothing left” to research) will be less likely to be listed in any geoheritage inventory. The intensity of scientific research depends on the governing regime and the level of support science institutions receive. Scientific output can be a great indicator in the geoheritage measurement tool once the number of sites is listed and released in a global database. It could be interesting to see whether a rise in a certain field in a given country increases the number of listed geoheritage sites. In this study, we analyze the country performance in citing geoheritage works against Earth science publications. The indicator in our case could be the outperforming production of geoheritage documents in relation to the output of Earth science documents.



In 2004, Europe and China launched a geopark program to kickstart the publicization of geoheritage conservation [106]. Geoparks (Figure 7) have proved to be successful in contributing to sustainable development goals by revolutionizing tourism, promoting local tourism businesses and ensuring the protection of important geological sites and landscapes [107,108]. Hence, UNESCO put it on its agenda opening new opportunities for propagation. The number and reputation of geoparks increased rapidly and today can be used as an indicator for geoheritage conservation measurement.



In addressing subjectivity in geoheritage evaluation, we have absolutely no tool to measure and compare the effectiveness of geoheritage conservation. The lack of geoheritage conservation policies means successful geoheritage conservation at the site level would most likely take place within already protected areas. However, there is no database on the number of geoheritage sites preserved and promoted over the years within protected areas.



The two maps show an interesting contrast. Countries with the largest number of geoparks appear to have a lower percentage of protected areas.



Visitation, when not as a form of business, will contribute to the tourism sector. Whether geopark, geoheritage site or geomorphologic landscape, the economic aspect is always part of the equation. The teaching Earth science through experience and recreation cannot take place without the visitation of the site. Visitations affect the economy and, if regulated, they increase local development. Basic world development indicators (Table 2) can therefore unearth the optimal socio-economic conditions that motivate decision makers to pursue geoheritage conservation. Such economic effects can be ensured in rural areas, as in urban areas, conservation often leads to opportunity loss.



To validate the data, we used Cronbach’s coefficient α (Figure 8) to calculate the internal consistency of the scaling. The overall scaling reliability of the gradient values was robust at α = 0.83 [109]. Correlation coefficients did not highlight one outstanding relationship that would connect academic, geographic and world development indicators, therefore, we continued the analysis, looking for bundles that indicate determinants in geoheritage conservation.




5.4. Correspondence Analysis (CA)


Several functions are available in R software for computing CA; we used the packages “FactoMineR” and “Factoshiny”. The inertia of the first dimensions suggests that there are strong relationships between variables and suggests the first 3 dimensions to be studied. The first three dimensions of the analysis express 68.46% of the total dataset. By the plane of the first two dimensions, 56% of the total variability is explained. Due to the relatively large number of variables, the variability of the discarded dimensions cannot reveal reliable relationships representing the noise due to the heterogenous construct of the data.



Figure 9 presents the indicator profiles representing the proportions belonging to each country category (Table 3). In the first dimension, we have a bundle of population variables: Total land, Population and Urban population growth, and one bundle for tourism industry-related variables: Trade openness, Tourist arrivals, Urban land and Tourist density. In this dimension, Geoheritage citations and Number of geoparks remained closely linked and presented an association with the bundle of population variables rather than the tourism industry variables.



In the second dimension, we can observe the bundle of geoheritage variables (Table 4): Geoheritage citations, Documents of Earth science, Number of geoparks and, interestingly, joined variables of Urban land. This dimension also joined the variable of International tourism receipts to the tourism industry bundle.



In the third dimension, Geoheritage citations was significantly associated with Urban population and Tourist arrivals. Additionally, Population density and Urban land gained ground in the population bundle.




5.5. Multiple Correspondence Analysis (MCA)


Categories were not made for Urban land and GDP as they did not show statistical significance with any of the indicator bundles. The categories were assigned to the indicators based on the known gradient scaled values from CA computation and, to express the lower and higher range of the spectrum, the scores were split at the medium scale and assigned to categories (Table 5) accordingly unless the value range of the indicator required three categories, in which the medium scale was kept.



The individual factor map (Figure 10) shows the repartition of the countries in the multifactorial analysis plane. Countries are colored according to bibliometric data of concepts. The Wilks’ test p-value indicates that the “concept” factors are the best separated on the plane, best explaining the distance between individuals. A confidence ellipsis is shown around the categories for all the qualitative variables used. Apart from concepts, none of the development descriptors used in this study could distinguish the countries.



The first three dimensions of analysis express 51.9 % of the total variance. The inertia by the 0.95 quantile of random distributions is less, which suggests that only these three dimensions carry real information (Table 6). Accordingly, the description stands for these axes. The Cronbach’s alpha of 0.45 is low but acceptable in exploratory data analysis. It suggests a poor interrelatedness between items. The variation arises from the sampling of indicators [94]. During the construction of the dataset, the aim was to compare measurements taken from different disciplines to explore any potential relationship, and to investigate major drivers behind enhanced geoheritage activities. Geoheritage is a relatively new discipline that has not gained ground among scientific and economic disciplines. It has only recently started appearing on the policy-making agenda.



Based on the graphical depiction of the indicator categories (Figure 11), we were able to identify three opposing trends, six in total.



In dimension 1, the first result shows that an open market, large number of arrivals, concentrated tourism and small total land area have a strong relationship and are associated with “Yes” for geopark, higher population density, >15% protected area and large tourism share. The concept of Earth science (Table 7) was ordered according to these categories.



The opposing result in this dimension, “No” for geopark, sparsely populated countries, scattered tourism, smaller number of arrivals, closed market and large land area show a significant relationship and are associated with small tourism share, prominent urban population growth and <15% protected areas. The concept of geodiversity was ordered according to these categories.



In dimension 2, there is a strong link between the categories of rural population, large tourism share, less significant Earth science output and few geoheritage citations, associated with negative urban population growth and small land area.



On the opposite side, we found stronger relationships among many geoheritage citations and significant Earth science output, associated with small tourism share, urban population, medium land and negligible urban population growth. The concept of sustainability was ordered according to these categories.



In dimension 3, relationships between the rural population, negative urban growth, “Yes” for geopark, >15 protected areas, smaller number of arrivals and medium land area showed a trend, but less than that revealed by the first two axes. The concept of geotourism was ordered according to these categories. On the opposite side, a relationship was found among high population density, “No” for geopark, urban population, a large number of arrivals, <15 protected areas and small land area.





6. Discussion


6.1. Determinant Analysis at the Global Scale


Quality implementation requires reliability and credibility. Longstanding activities, or a pressing issue, will determine decision outcomes until these two factors are not present. Geoheritage as a scientific discipline embraces a bottom-up approach and lack of need for developing regulatory policies. Consequently, the conceptual background can be shaped to make implementation happen in receptive areas rather than in rapid geoheritage loss areas to avoid the difficulties that specific adaptation imply. The geoheritage concept continues to gain popularity, with communities recognizing the value of their natural features. Year by year, new geoparks appear in the network, involving an increasing number of a wide variety of scientists in the program. Global activities achieved a level that allows us to investigate what determines this evolution. The question is what indicators can uncover such determinants. The primary purpose of the United Nations is to solve international problems, creating numerous bodies to work towards goals solving these problems. The Sustainable Development Goals were launched in 2015 and became a core framework of national strategies. The Commission on Sustainable Development defined 14 indicator themes: poverty; governance; health; education; demographics; natural hazards; atmosphere; land; oceans, seas and coasts; freshwater, biodiversity; economic development; global partnership; consumption and production patterns. We chose the closest themes to geoheritage as indicators for our research. These are land, biodiversity, economic development and global partnership. Each country that adopted the Agenda 21 plan and Rio Declaration on Environment and Development committed themselves to working towards sustainable development and should work towards adopting the highest standards for geoheritage conservation.



The limitation of a procedure based on scientific literature and research metrics is that it cannot use unpublished material, technical reports or gray literature (e.g., literature appearing in magazines not listed on Web of Science or Scopus or any major global science database). The survey has also not included scientific outputs published in non-English languages. We acknowledge that geoheritage conservation initiatives often take place in non-academic environments. The countries in our study are not the target subjects, they were the chosen as test subjects through a replicable procedure. With the help of these countries’ publicly available statistical data, trends in global practices can be extracted and used to understand how New Zealand measures up to international practices.



The authors’ backgrounds are Earth sciences, environmental sciences, social sciences and agricultural Sciences. There is a fair share of business and economics background that explains the geotourism aspect of geoheritage. The citation of these authors, steadily rising from the early 1990s, proves the scientific field achieved an amount of data that can unveil underlying trends and patterns in geoheritage practices. Knowing what drives policy makers to put geoheritage on all agendas helps to adjust evaluation methods to provide adequate information for successful policy impact. Geoheritage conservation is still not compensating for the losses of important Earth science sites and landscapes worldwide.



UNESCO took over the global network of geoparks that added a new dynamic in the phenomena. In the age of sustainability and conservation, there is an unprecedented number of bottom-up proposals for UNESCO.



The figure (Figure 12) shows that most countries struggled to increase the number of geoparks, while China, Spain, the United Kingdom, Italy, France and Japan had more success with a continuous expansion of this form of geoheritage conservation. Today, most countries have recognized the benefits of a geopark and wish to make an appearance on the UNESCO Global Geopark Network’s map. However, the evaluation process of the applications is very strict and follows a different approach to IUCN Protected Area management. Communities hold their geological landscape in such high esteem and potentially avoid the high standard assessment practice required by UNESCO. Synthesis of the global state of geoparks sheds light on the approach they need to take to prepare successful applications.



Multivariance analysis enabled us to observe more complex relationships appearing between geoheritage conservation practices. Due to the nature of our study, this is not a robust instrument to measure and monitor geoheritage popularity but, on the one hand, to identify rising trends over time and prompt action for an international framework to avoid adverse interpretations and applications on the subject. On the other hand, the study aimed to understand the complexity of decision making when the natural environment is at high risk of devastation. All conservation planning requires trade-offs. Geoheritage assessments cannot occur without including the demands of the local society and the limited resources of the land. However, when talking about conservation trade-offs, the principles of sustainability cannot be stressed hard enough. Approaches must consider the support of small and medium enterprises and the restoration of cohesive communities with a sense of belonging.



Basic indicators were chosen to first uncover basic trends. To consider further indicators, in-depth data are needed that are not necessarily publicly available from creditable sources. Such work can only be carried out by an international working group under the umbrella of a non-governmental, non-profit organization requiring contributions from practitioners from all around the world.



The derived sets of associated indicators formed three well-distinguished bundles. They formed clusters with population-, tourism industry- and geoheritage-related items. We could also observe that with the formation of the population bundle in the bibliometric indicator, geoheritage citations appeared to be associated. This result suggests a particular proportion of the size of the population, land, urban land and the pace of urban growth triggers enhanced interest in geoheritage research, as opposed to the number of international tourist arrivals and their economic effect. Conservation efforts are triggered by the witnessing of loss. It is a very interesting observation that the GDP of the country does not link to any trend, rather the size of the rural population. Globally, the present issues in today’s world provide opportunities for communities in the countryside. Addressing geoheritage in these areas seems to attract positive geoheritage outcomes.



Analyzing the formation of relationships within the categories offered further insight into the dynamics of geoheritage conservation. In effect, our analysis also supports the theory that high trade openness attracts more visitors and positively affects the economic aspect of the tourism sector. The first axis, dimension 1, ordered the existence of geoparks according to this phenomenon, as well as the maintenance of a larger protected area network, small land area and higher population density. In some countries, an overall intensified conservation strategy was made necessary due to the higher proportion of population to land. These countries encountered the problem of land limitation and noted that society must learn to coexist with the environment in the best way possible. The globalized market and large number of international arrivals lead to a more open approach to imply the idea of extending conservation to geoheritage. At the same time, these circumstances seem to drive decision makers to acknowledge and utilize the power of Earth science education to generate sustainable tourism that can take place in geoparks. Our model ordered the concept “Earth science” according to these conditions.



The category of “no geopark” bonded with categories of sparse population, scattered tourism opportunity, fewer international visitors and lower value of trade openness. Here, the protected area network tends to be smaller and the growth of the urban population is taking place. This suggests there is no land pressure nor social pressure to force conservation policies to be more inclusive in terms of geology. The arrivals use the existing facilities without risking adverse effects and the urbanization has not yet exerted the level of pressure on policies that leads to changes. The concept of “geodiversity” aligns the most with this state. The reason is that the primary focus is yet to shift from merely biodiversity and geodiversity is looked at as a factor for more accurate biodiversity conservation measures.



With dimension 2, we arrived at the main interest of ours, which is the is the categories associated with a high interest in geoheritage. It was no surprise that significant Earth science research activity falls into this group. Other members of this group are small tourism share, urban population, medium land area and a very slow rate of urban population growth. The concept of sustainability falls in line with the categories. The lower contribution from the tourism sector to GDP and the lack of pressure to create opportunities for rural populations makes it less important to guide tourists, or to create geoparks. At the same time, urbanization is becoming stronger, causing scientists to research geoheritage.



The opposite end of the axis showed us that a population living in rural areas, receiving a large tourism share and experiencing a decrease in urban population has low interest in geoheritage. Such a trend is possible in a small or medium country that has a culturally strong and cohesive society with an authentic landscape that attracts tourists. As there is no pressure to expand urban land, society does not experience the loss of geoheritage features. Efforts primarily address an overall economic growth without the weight of losing cultural identity or significant harm to the environment. These circumstances should not stop decision makers to prevent conservational issues from becoming prominent with rapid urbanization.



Dimension 3 had the least common relationships. Here, we can observe the type of rural population with existing geoparks that have a smaller number of arrivals. This is the case where attracting more visitors to the area to enhance local economy opens ways for geoheritage practitioners to create geoparks. In these areas, however, there is no real pressure on geoheritage loss, rather using aesthetically pleasing geomorphological features with the secondary goal of promoting Earth science and geotourism. This approach has its place in an overarching geoheritage conservation framework but cannot grow at the expense of scientific importance. Our model ordered the concept “geotourism” according to this bundle.



On the opposite end, we attained our last category, that is, small land area without geoparks, high population density, large number of arrivals and an urban population. In such areas, urbanization reached an extent where there is no organic landscape to preserve. Visitors here are interested in the built landscape with impressive technology and recreational landscaping aided by urban geoheritage aspects and ex situ geoeducational aspects such as specialist museums or exhibition centers explaining the landscape and geology buried under the urban landscape [110,111].




6.2. Determinant Analysis at a Local Scale


This study sheds light on the underlying trends of geoheritage conservation. The rise in geoheritage publications suggests that the discipline has gained ground at a global scale. However, it is possible that important geological sites and landscapes may keep disappearing due to developments at a local scale. To understand how trends change with the change in scale, we zoomed into our results and had a closer look at geoheritage determinants in an urban area. We selected Auckland, the city where all pressing issues are present with governance is aiming to create a sustainable city for both Western and indigenous communities by 2050. The unique volcanic land paired with a unique socio-economic landscape provided a perfect textbook example for the understanding determinants of geoheritage conservation.



New Zealand is a relatively sparsely populated country (population density: 18 per km2) by OECD standards. Its population density is relatively low but highly concentrated in the Auckland area. Conserving land is a challenging task and is determined by a conflict of interests. Cultural land and geoheritage sites keep disappearing and the reserves and green spaces left for recreation and cultural purposes do not provide compensation for the rapid sprawl. Therefore, there is no better place to conduct a case study and contribute to the world information on what gaps need to be closed to achieve the status needed for geoheritage conservation.



From a geopark perspective, New Zealand has no UNESCO Global Geopark yet, despite that, recognized scientists are involved in the construction of geopark proposals. Interestingly, out of the “expected” locations considered as conservation and tourism hotspots, there is the Central Volcanic Plateau on the North Island or the Rotorua geothermal areas [112,113]. New Zealand has a pending application for the Waitaki Whitestone Aspiring UNESCO Global Geopark on the South Island [114]. Cultural values of the country are invaluable for the world and should be an important node of the network by all means. However, the slower rate of historic events and lower population density limits the cultural aspect of an otherwise geologically unique area shaping a social landscape such as Auckland.



OECD tourism policies highlight the need for coherent and comprehensive approaches. One of the main focuses is the rethinking of tourism through a sustainability lens [115], following up on the growing argument that tourism success is measured by visitor numbers instead of by its contribution to local economies and benefits to destinations. However, there is no standard response to these problems and the OECD Tourism Committee still reports a failure to adequately address the value of tourism for destinations [115]. New Zealand took additional steps to integrate sustainability into tourism through a program managed by New Zealand’s tourism industry association “Tourism Industry Aotearoa” developed by industry for industry. The aim is to achieve sustainability for every New Zealand tourism business by 2025 (https://www.sustainabletourism.nz/).



New Zealand has a set of categories between sustainability and geodiversity. It is sparsely populated, but the country strives to create opportunities for rural communities without undermining community well-being. Additionally, the country regionally experiences immense pressure from rapid urbanization, especially in the Auckland region. According to our analysis, New Zealand not only measures up to international practices but stands out. It shows special interest towards saving geoheritage features of scientific and indigenous value, however, it is a difficult and complex process to carry out, with numerous obstacles to overcome [116,117]. In the Auckland Volcanic Fields, scientists work together with indigenous representatives to create a peaceful future for all communities [118]. Value systems can evolve and merge, and one does not need to suppress the other. Along with the strong measures to preserve cultural identities, Auckland aspires to pursue internationally agreed goals on geodiversity, biodiversity and sustainability [119].



In the scheme of concepts, New Zealand citied geodiversity/biodiversity authors the most. However, Figure 13 suggests the same angle to concepts of sustainability and geotourism. This means environments with complexity, such as Auckland, cannot simply include geoscientific significance in the urban planning agenda, and concepts of existing regulatory frameworks (tourism, biodiversity, sustainability) will have to take over.



The humanitarian governance of Auckland not only allows room for complying to a potential international convention on geoheritage conservation but it is also to shape the outlook of global patterns toward holding diversity of nature and culture in their highest regard.





7. Conclusions


Monitoring and reporting geoheritage conservation changes is essential for effective and long-lasting management. Management of geoheritage conservation is constrained by the absence of an internationally accepted framework. We aimed to relieve constraints by providing connecting links between socio-economic backgrounds and geoheritage conservation. Citation analysis of the most influential academic discourse is a powerful tool for the recognition of countries with elevated interest in geoheritage conservation. The main objective of this study was the comparison of the academic activity and development metrics within these countries to unearth the factors allowing for extensive geoheritage conservation.



The results of the determinant analysis and the metrics research clearly show some key factors determining successful implementation of geoheritage conservation. Indicators derived from geoheritage-related academic activity and world development metrics show patterns towards a shift to other conservation disciplines of strong international agreement on objectives and goals. Socio-economic needs and geographic conditions play strong roles in how and where geoheritage conservation can progress forward. It is also shown that international conventions create the credibility needed for positive decision outcomes that are potentially made at the expense of economic growth.



There is currently no tool to measure and monitor the change in geoheritage conservation. The absence of a framework to quantify the improvement or decay in conservation makes it impossible to carry out credible reporting and applications for conservation. Not all areas face the pressure of rapid geoheritage loss. An area specifically dedicated to protection of biodiversity has associated natural values awaiting recognition, however, geoconservation cannot take place in isolation. Society exploits resources all over the world, and the fate of geoheritage features should not be left to chance. Within and outside of protected, urban, industrial and agricultural areas, geoheritage can be protected without inducing restrictive laws, polices and all type of activities can advance. Additionally, we observed that without the pressure of creating new opportunities or saving rapidly disappearing natural environments, geoheritage interest decreases as well as the enthusiasm to build geoparks. The results show that countries with higher geoheritage interest tend to have a larger protected area network. This is evidence that geoheritage conservation is predominantly taking place in already protected areas. That serves the goal of promoting Earth science in general, but also generates a misconception about opportunity loss when the geoheritage feature is situated in close proximity to development areas.



For a rich understanding of the world, it is important to zoom in and understand how global trends manifest themselves locally in the Auckland Volcanic Field and how local problems relate to global patterns. It is impossible to establish overarching agreement without the acknowledgment of the interdependence of places and the variety of different scales. The identification of relationships between microscale and macroscale phenomena is imperative to solve conservation concerns. New Zealand conservation strategies not only resonate with three out of the four concepts but they also call for further studies to accelerate the pace and scale of sustainable development. Small changes at the local level can result in large differences at the global scale, therefore, locals need to understand not only their place in the big picture but also their crucial role.



This research project has demonstrated the importance of a common goal for implementation strategies in geoheritage conservation. How the identification of geoheritage conservation determinants has the ability to positively influence conservation outlooks at the local scale needs to be analyzed in detail. Further research should take a closer look at the conservation status of geological sites of high geoscientific significance and the geological sites of high cultural and recreational value at the Auckland Volcanic Field. This could influence further success in quality implementation and generate further interest from geoscientists to mediate geoheritage promotion and valorization.
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Figure 1. Flowchart of research process. 
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Figure 2. Background fields of the 47 authors most influencing the conceptual evolution of geoheritage conservation. 
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Figure 3. Cumulative citations (Y-axis) of the 47 authors since 1991. The citation number includes citations for all their published and co-published material available in the Scopus online database. 
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Figure 4. The three columns display the countries extracted through the bibliometric analysis. All columns are rankings according to their scientific output (1) in all scientific subject areas from SCImago, (2) in Earth science and (3) in geoheritage (third column). The width of the arrows is proportional to the flow rate. For detailed explanation, please refer to the main text. 
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Figure 5. The chart depicts relationships between the main background subjects of citing articles and the four main concepts of geoheritage conservation. Concept 1 = Earth science focus, Concept 2 = Geodiversity–biodiversity-aligned conservation, Concept 3 = Geotourism, Concept 4 = Sustainability. 
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Figure 6. This figure provides information on the relation of the origin countries of citing articles and the four different concepts. The dots indicate the normalized value of citations generated by the country for the different concepts. For detailed explanation, please refer to the main text. 
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Figure 7. (a) Number of geoparks per country in the year 2020. (b) Percentage of protected areas per total area of each country in the year 2020. 
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Figure 8. The matrix is built up by the correlation coefficient values of each indicator to detect the level to which they affect one another. The coefficient is based on their variance for all the studied countries. Indicators of academic output are marked with (A), geographic data are marked with (G), world development statistics are marked with (W). 
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Figure 9. Correspondence analysis ordination diagram of the first two axes with countries (gray) and indicators (red); ellipsoids illustrate the three identified indicator bundles. 
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Figure 10. Individual factor map. The chart breaks down the relationship of values with the origin countries of citing articles separately for each indicator. None of the indicators create well-distinguished clusters of the countries (represented by dots), meaning none of the indicators alone influenced the course of geoheritage conservation. 
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Figure 11. Biplot of the first two axes of the multiple correspondence analysis (MCA) illustrating the categories of the three identified indicator bundles with their associations with the four geoheritage concepts. The categories show the highest variation within the first concept. 
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Figure 12. Cumulative number of geoparks in the world. The X-axis represents the year the geopark was established. 
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Figure 13. MCA factor map of the concepts and their positions in New Zealand. The angle between row points and the central point of confidence ellipsoids gives a measure of their correlation. The farther the angle is from 90°, the closer the relations are. 
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Table 1. H-index of the authors listed according to their country of affiliation in 2020.
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Σ Authors

	
H-Index of Each Author






	
United Kingdom

	
12

	
17

	
17

	
1

	
21

	
12

	
6

	
10

	
15

	
3

	
3

	
5

	
22




	
United States

	
8

	
12

	
17

	
12

	
8

	
10

	
8

	
14

	
15

	

	

	

	




	
Australia

	
6

	
7

	
6

	
1

	
20

	
16

	
6

	

	

	

	

	

	




	
Italy

	
4

	
22

	
14

	
13

	
21

	
13

	

	

	

	

	

	

	




	
Poland

	
3

	
6

	
4

	
12

	

	

	

	

	

	

	

	

	




	
Spain

	
3

	
12

	
4

	
18

	

	

	

	

	

	

	

	

	




	
Iran

	
2
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5

	

	

	

	

	

	

	

	

	

	




	
Netherlands

	
2
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6

	

	

	

	

	

	

	

	

	

	




	
Brazil

	
1

	
2

	

	

	

	

	

	

	

	

	

	

	




	
Canada

	
1
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China

	
1

	
2

	

	

	

	

	

	

	

	

	

	

	




	
Czech Republic

	
1
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Finland

	
1

	
24

	

	

	

	

	

	

	

	

	

	

	




	
France

	
1
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Germany

	
1
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Greece

	
1
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Iceland

	
1
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Norway

	
1

	
12

	

	

	

	

	

	

	

	

	

	

	




	
Portugal

	
1

	
14

	

	

	

	

	

	

	

	

	

	

	




	
Russian Federation

	
1

	
18

	

	

	

	

	

	

	

	

	

	

	




	
Slovakia

	
1

	
8

	

	

	

	

	

	

	

	

	

	

	




	
Sweden

	
1

	
98

	

	

	

	

	

	

	

	

	

	

	




	
Switzerland

	
1

	
18
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Table 2. Indicators to measure geoheritage effectiveness. Values were scaled from 1 to 5 to standardize the different data types for further statistical analysis.
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	Indicators
	1 (Very Low)
	2 (Low)
	3 (Medium)
	4 (High)
	5 (Very High)





	Population (million)
	<7
	7–20
	20–100
	100–330
	1300–1500



	Urban population (% of total population)
	<35
	35–55
	55–75
	75–90
	90–100



	Urban population growth (annual %)
	<0
	0–1
	1–2
	2–3
	>3



	Urban land (% of total)
	<5
	5–10
	10–20
	20–30
	>30



	Population density
	<15
	15–50
	50–100
	100–500
	>500



	International tourism, receipts (% of GDP)
	<1
	1–2.5
	2.5–5.5
	5.5–9.0
	>9



	GDP per capita (thousand USD)
	<10
	10–25
	25–50
	50–70
	>70



	Trade openness
	<35
	35–60
	60–100
	100–200
	>200



	Tourist arrivals (per 1000 people)
	<75
	75–400
	400–1000
	1000–2500
	>2500



	Tourist density
	<10
	10–80
	80–200
	200–300
	>300



	Total land (thousand km2)
	<50
	50–300
	300–1000
	1000–5000
	>5000



	Protected areas (%)
	<7
	7–15
	15–25
	25–35
	35–40



	No of geoparks
	none
	1–2
	3–7
	8–20
	>20



	Geoheritage citing papers
	<50
	50–400
	400–1500
	1500–500
	>5000



	Documents in Earth science
	<5
	5 -20
	20–100
	100–200
	>200
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Table 3. CA dimension discrimination measures.






Table 3. CA dimension discrimination measures.





	Indicators
	Dim 1
	Dim 2
	Dim 3





	Population
	−0.387
	−0.003
	0.172



	Urban population
	0.029
	−0.007
	−0.158



	Urban population growth (%)
	−0.219
	−0.291
	0.094



	Urban land (% of total)
	0.275
	0.262
	0.155



	Total land (km2)
	−0.459
	−0.065
	−0.069



	Protected areas (% of total)
	0.043
	0.008
	−0.008



	Population density
	0.089
	0.002
	0.29



	International tourism receipts
	0.13
	−0.259
	−0.063



	No. of geoparks
	−0.009
	0.149
	0.094



	GDP per capita
	0.103
	0.001
	−0.132



	Trade openness
	0.198
	−0.117
	0.008



	Geoheritage citations
	−0.19
	0.322
	−0.167



	Documents in Earth science
	−0.163
	0.252
	−0.05



	Tourist arrivals
	0.263
	−0.097
	−0.148



	Tourist density
	0.354
	0.072
	0.105
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Table 4. Identified indicator bundles.






Table 4. Identified indicator bundles.





	
Population Bundle

	
Tourism Industry Bundle

	
Geoheritage Bundle






	
Total land (km2)

	
Trade openness

	
Geoheritage citations




	
Population

	
Tourist arrivals

	
Documents in Earth science




	
Urban population growth (%)

	
Tourist density

	
No. of geoparks




	
Population density

	
International tourism receipts

	
Protected areas




	
Urban land (% of total)

	
Urban land (% of total)

	
Urban population




	
Geoheritage citations

	

	
Urban land (% of total)




	

	
Tourist arrivals
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Table 5. Categories of indicators for multiple correspondence analysis.






Table 5. Categories of indicators for multiple correspondence analysis.





	
Indicators

	
Categories of Indicators






	
Concept (supplementary var.)

	
Earth science

	
Geodiversity

	
Geotourism

	
Sustainability




	
Urban population

	
rural

	
urban

	

	




	
Urban population growth

	
negative

	
negligible

	
prominent

	




	
Protected areas

	
<15

	
>15

	

	




	
Population density

	
scattered tourism

	
concentrated tourism

	

	




	
International tourism, receipts

	
small tourism share

	
large tourism share

	

	




	
No. of geoparks

	
no

	
yes

	

	




	
Trade openness

	
closed market

	
open market

	

	




	
Geoheritage citations

	
few geoheritage citations

	
many geoheritage citations

	

	




	
Tourist arrivals

	
smaller number of arrivals

	
large number of arrivals

	

	




	
Tourist density

	
scattered tourism

	
concentrated tourism

	

	




	
Total land

	
small

	
medium

	
big

	




	
Earth science output

	
less significant

	
significant
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Table 6. MCA dimension discrimination measures.






Table 6. MCA dimension discrimination measures.





	Categories
	Dim 1
	Dim 2
	Dim 3





	no
	−0.6914
	−0.21107
	−0.61507



	yes
	0.40669
	0.124156
	0.361807



	<15
	−0.5762
	0.036882
	−0.36361



	>15
	0.39613
	−0.02536
	0.249981



	big
	−1.2191
	0.095424
	−0.06502



	medium
	0.31453
	0.710895
	0.710553



	small
	0.70959
	−0.50325
	−0.38445



	many geoheritage citations
	−0.0445
	1.069525
	0.241772



	few geoheritage citations
	0.02619
	−0.62913
	−0.14222



	less significant
	0.0419
	−0.4205
	−0.09211



	significant
	−0.1321
	1.326197
	0.290501



	rural
	−0.1355
	−0.84614
	1.133691



	urban
	0.04296
	0.26829
	−0.35946



	negligible
	0.66807
	0.588311
	−0.02177



	negative
	0.25884
	−1.34325
	2.138608



	prominent
	−0.4081
	−0.16302
	−0.25508



	high population density
	0.53148
	0.264942
	−2.26671



	higher population density
	0.38636
	−0.13251
	0.295789



	sparsely populated
	−0.727
	0.202258
	−0.27514



	closed market
	−1.0347
	−0.17118
	−0.01041



	open market
	0.56172
	0.092929
	0.005654



	large tourism share
	0.48245
	−0.68441
	−0.1501



	small tourism share
	−0.307
	0.435535
	0.09552



	large number of arrivals
	0.87086
	0.061819
	−0.40836



	smaller number of arrivals
	−0.6461
	−0.04587
	0.302975



	concentrated tourism
	1.091578
	0.227105
	−0.36497



	scattered tourism
	−0.50154
	−0.10435
	0.16769
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Table 7. Determinants of concepts derived from MCA.






Table 7. Determinants of concepts derived from MCA.











	Geodiversity
	Sustainability
	Earth Science
	Geotourism





	“No” for geopark
	many geoheritage citations
	open market
	rural population



	sparsely populated countries
	significant Earth science output
	large number of arrivals
	smaller number of arrivals



	small tourism share
	small tourism share
	concentrated tourism
	negative urban growth



	lower number of arrivals
	urban population
	small total land
	medium land



	big land
	medium land
	“Yes” for geopark
	“Yes” for geopark



	prominent urban population growth
	negligible urban population growth
	>15% protected area
	>15 protected areas



	scattered tourism
	
	higher population density
	



	closed market
	
	large tourism share
	



	<15% protected areas
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