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Abstract: This research panoramically and empirically reviews the scientific production on coastal
governance studies, mapping global networks of countries, organizations, authors, themes, and
journals as referents for this topic. The articles were examined through a bibliometric/scientometric
approach based on 2043 articles corpus stored in the Web of Science (JCR), applying the bibliometric
laws of Price, Lotka, and Zipf to add further validity to the use of VOSviewer for data and metadata
processing. The results highlight an uninterrupted exponential increase in publications since 1991,
with a high concentration in 29 countries (21%), 461 organizations (18%), 99 authors (1.45%), and
4 growing journals (1%). The emerging topics observed in the literature are related to coastal sustain-
ability and coastal management. Complementing previous studies on coastal zone management and
marine territorial planning, we add coastal systems governance as a topic.

Keywords: coastal management; fishing areas; spatial planning; coastal environmental; coastal
geopolitics; blue economy; bibliometrics

1. Introduction

This article aims to provide an empirical and panoramic overview of the worldwide
scientific production on coastal governance. We understand coastal governance to be a
system that integrates and manages the complex contexts that exist in the coastal zone
to support decision making, based on policies, programs, and regulations, encouraging
the participation of stakeholders in achieving sustainable development objectives. Coastal
governance implies confronting problems, most of which are difficult problems without
a technical solution; at this point, the political process of decision making is a key point
in the system and relates to other systems of knowledge, in adjustment with a national
or international normative framework. All these considerations put coastal governance
into a policy framework: the action of the state and the diversity of actors. Thus, coastal
governance encompasses not only the actions of the national/local state but also those of
other actors, such as communities, businesses, and civil society organizations, starting with
policy problems related by these different actors, their solutions, the decision making, the
implementation, and the achievement of those solutions [1–4].

Coastal governance is a topic that has become increasingly important due to the
growing interaction between productive activities, commercial flows, habitability in coastal
zones, and their effects on the ecosystem [5–10], which has forced the incorporation of
participatory and collaborative processes in territorial management and governance [11–16].
The growing interest from the scientific community in the coastal governance phenomenon
is reflected in the increase in the articles published in journals indexed in the Web of Science
(WoS) databases in the last fifteen years, highlighting research generated in countries, such
as Australia [14,17], Canada [18,19], and the USA [20,21].
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To achieve the research aims, bibliometric/scientometric methods were used to ad-
dress questions, such as: What is the evolution of scientific production in recent decades
on research on coastal governance? What is the geographical and organizational distri-
bution of research on coastal governance? Which authors are the main researchers on
coastal governance? Which journals on coastal governance tend to be more influential for
scientific production?

1.1. Fisheries Management and Coastal Governance

Climate change, marine habitat pollution, and indiscriminate fishing are rapidly
affecting the marine environment; therefore, governments are intensifying measures to
mitigate these effects and promote sustainable development [22–25].

Among these measures, Marine Protected Areas (MPAs) have had a positive effect on
conservation processes around the world, through co-management between public and pri-
vate entities, considering a collaborative strategy, technological introduction, aquaculture
development, and tourism promotion [7,8,26]. The challenges presented by Marine Pro-
tected Areas are to have guidelines for conflict resolution, organizations’ rights recognition,
and integration of values and local culture, seeking a balance between the different stake-
holders and their own interests and vulnerabilities [11,13,27,28]. Among the weaknesses
encountered are clashes between the organizations and the public sector, the lack of rules
for co-management between the state and the beneficiaries, instabilities in power groups,
ideological, cultural, and political differences, and disagreements between national and
local actors [25,29].

Another approach for coastal territories’ sustainability has been the implementation
of integrated management focuses [12,30,31]. This approach promotes management de-
centralization, municipal governance power, cooperation with local academic institutions,
and civil society participation to achieve resource conservation and preserve the local
identity and cultural heritage [32–34]. However, the challenges include securing property
rights in small-scale coastal fisheries, stopping illegal fishing, and limiting environmentally
damaging fishing equipment, fostering the organizations’ empowerment, a balance in
co-management, and the internalization of biodiversity conservation [35–37].

Finally, ecosystem-based assessments help to reduce uncertainty in resource invento-
ries and provide ecological functional indicators, allowing for flexible policy integration,
social and ecological justice, collaborative governance, and local autonomy over coastal
resource management [38–43]. To achieve effective long-term protection, conventional
and centralized conservation approaches are not sufficient [9,44]. Challenges in marine
ecosystem planning include resource scarcity management, scientific uncertainty, policy
design to promote species conservation and recovery, coordination among the activities
and practices of the various actors in planning, sensitivity to climate-change-driven species
redistribution, and improving social connectedness [4,14,45–49].

1.2. Policies of Coastal Governance

Researchers have used various terms, such as agency, incentives, governance, envi-
ronmental management, and systemic complexity, to refer to the policy concept. Agency
has been treated as the work of actors in the creation, maintenance, and disruption of
organizational practices [10,50], associated with the collaboration and participation of the
actors involved in these processes, identifying collaborative structures and substructures,
generally referred to as collaborative networks whose policy outcomes will depend on the
characteristics of these structures and substructures.

Co-management has been used by authors, such as Marin et al. [51] and Linke et al. [52],
when referring to the multiplicity of actors that optimize the management of resources and
social capacities that allow the forms and functions of adaptive organizational systems to be
modified in contexts of adaptive and sustainable governance. Co-management recognizes
the multiplicity and types of actors that relate and interrelate [10,51,53] in the planning
and implementation processes related to adaptive strategies and interactions that tend
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to occur at the local level [53], noting the relevance of participatory processes to balance
sustainability with survival, community development, and urbanization [54].

Other studies have noted the agency difficulties, such as the institutional fragmentation
and constant change processes [15], the identification of dense collaborative substructures,
with an increasing specificity and complexity of collaborative links [10], the integrated
agency paradox [50], the diversity of rationalities involved [19], as well as the coexistence of
conflicting preferences in coastal management in the face of various climate scenarios [54].

Economic incentives and coastal economic, social, and territorial transformations are
other aspects that research has examined, addressing the economic incentives and fiscal
reform effects on land development [55], the local public finance effects, urbanization,
economic policy transformation [56], compensation policies in land acquisition processes,
and new problems, such as displaced people [57]. This shows the relevance of financial
management in policies involving coastal land use.

The governance concept has been linked to participatory and collaborative policy
processes, as evidenced when referring to the work of actors and the legitimacy of practices
in territorial management [50] or polycentric multistakeholder governance at various scales
that exceed the state [58]. This can be related to local governance levels [53], governance
practices [59], the regional approach to maritime governance in the pan-European con-
text [15], ecosystem services governance [19], marine/maritime spatial planning (MSP),
as an approach involving an adaptive ecosystem-based approach [42], and Integrated
Management (IM) of coastal and marine activities [14].

Likewise, challenges emerge for environmental governance and restoration, marine
and coastal environments [60,61], and environmental governance [17]. Forms of rescaled
environmental governance have been identified [17], which, in some cases, would lead to
their identification as pendulum swings [17]. These challenges could give way to adaptive
governance, sustainable resource management [52], and a blue economy (BE) [62].

This has been associated with a systemic spatial complexity and the interests of
different actors, identifying multifaceted problems that require complex arrangements [63],
a conflicting spatial competition between economic, maritime, and biodiversity activities
that can lead to the fragmentation of policies, private initiatives, and regulations [15].
The vulnerability of coastal regions is an open question for coastal use, linked to coastal
tourism governance and other land uses [64,65]. A particular challenge has also been
observed in local governments in the face of little or no adequate international governance
in response to climate change, ecosystem integration, and the establishment of systemic
governance [16].

Environmental management has gained relevance in studies associated with policies,
identifying terms related to: watershed approach [17], the combination of complex na-
ture and coastal uses [64], ecosystem-based management (EBM), as an integral approach
to improve the environment and collaborate on public policies and public administra-
tion [10], ecosystem service use improvement to increase human well-being [19], long-term
uncertainty in the face of climate change risks and its impacts [54], the coastal zone’s
characterization as a complex socioecological system [66], the focus on poor people in
access to coastal resources [67], territorial use rights for small-scale fisheries [68], ecosystem
service classification and adaptation to vulnerability [69], and finally, the linkage with the
Sustainable Development Goals [62].

2. Materials and Methods

The method used was oriented to scientific measurement, based on documented scien-
tific research, according to bibliometric laws. Scientometrics as a kind of meta-analysis [70]
focuses on studying what, how much, when, who, and where knowledge is produced [71],
and it is a method recently used in subjects related to this study [72–81].

A set of articles were extracted from the Web of Science Core Collection (WoS), using
the databases: the Science Citation Index Expanded (SCIE) with 178 indexing categories
and the Social Sciences Citation Index (SSCI) with 58 indexing categories; both indexes
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were included in the Journal Citation Report (JCR-WoS) and conformed to high-quality
journals, whose impact is calculated annually based on the average citations received.
These articles were identified with the search vector TS = (Coastal AND Governance), using
the topics field label (TS), Boolean operator (AND), and simultaneously incorporating the
concepts of coastal and governance. Time restrictions were left free, to the date of extraction
(29 September 2021) from the year 1900 for SCI-E and 1956 for SSCI, the restrictions on
access to the WoS database. [82].

The annual growth of research publications on the recovered article set was exam-
ined based on the Price Law [83,84], searching for possible exponential growth, based
on the annual number of published articles and the adjusted coefficient of determination
(R-squared) for the exponential growth rate of these publications over time. For data and
metadata analysis, VOSviewer (CWTS—Leiden University, Leiden, The Netherlands) [85]
was used, as well as the bibliometric laws of: (1) Lotka to identify the prolific authors
set with the highest number of published articles on the coastal governance topic, a set
estimated by the square root of the total authors contributing to the article set analyzed [86];
the author identification process by VOSviewer, based on the database extracted from
WoS, incorporated the total of authors registered as data and metadata for each article
analyzed; and (2) Zipf, which recognizes the exponential decrease in the use frequency of
words inside a knowledge corpus [87–89]; therefore, there are words that are used very
frequently and others that are present in the literature rarely. This law was applied in
this case for the empirical determination of the keywords plus metadata incorporated in
the database extracted from WoS with the highest occurrence frequency in the total set of
articles studied [90].

3. Results

The 2043 articles on coastal governance, extracted on 29 September 2021, presented
a temporal exponential growth, with an R2 of 89.96% between 1991 and 2021, excluding,
in this adjustment, one isolated article published in 1978 (see Supplementary Material
Table S1: CGv2.txt to be read with bibliometric software and a spreadsheet_CG.xlsx for
standard use). This accounted for an overall critical researcher mass, interested in increasing
the knowledge corpus on this topic. In addition to this, the temporal distribution of
the 2043 articles published on coastal governance in 386 JCR-WoS journals is presented
in Figure 1.
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3.1. Global Scientific Benchmarks in Coastal Governance Studies

At the global level, the contribution of countries or territories to the scientific pro-
duction documented on coastal governance studies in JCR-WoS journals varied from one
country or territory to another, with their contribution commonly being at low-production
levels. In this way, it was possible to identify the global referents for exceeding the average
of the geographical set.

Above the average global contribution, 29 countries or territories were identified as
contributing 28 or more articles, and 461 organizations contributed 3 or more articles (see
Figure 2). Other background information provided by the descriptive analysis was the high
atomization of scientific production by territory and institution, corroborated by mode 1
(see Table 1, mode) and the variation coefficient that gave us a value of 2.38 for the territory
and 1.76 for the organizations, confirming high variability. The distribution of the data was
represented by a leptokurtic curve (see Table 1, kurtosis), which indicated that most of the
data were concentrated around the mean and with a higher concentration above the mean,
as indicated by the skewness coefficient (see Table 1, skewness).
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Table 1. Descriptive statistics of territorial and organizational contribution to coastal governance
studies (1978–2021).

Statistics Country/Territory Organization

Mean 27.02 2.28
Standard error 5.52 0.08

Median 5 1
Mode 1 1

Standard deviation 64.41 4.01
Variation coefficient 2.38 1.76

Kurtosis 26.69 64.76
Skewness coefficient 4.69 6.74

Minimum 1 1
Maximum 503 69

Count 136 2587

Figure 2a highlights countries/territories, such as the USA, Australia, England, and
Canada, with over 250 published articles (see Table 2, rank A). Figure 2b highlights orga-
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nizations, such as James Cook University, the University of British Columbia, Stockholm
University, and the University of Tasmania, with over 40 articles (see Table 2, rank B).

Table 2. Main global references to territorial and organizational contribution on coastal governance
studies (1978–2021).

Rank
A

Country/
Territory Articles Contributionto

2043
Average
Citations

Rank
B Organization 1 Country/

Territory Articles Contribution
to 2043

Average
Citations

1 USA 503 25% 31 1 James Cook Univ Australia 69 3% 38

2 Australia 318 16% 31 2 Univ British
Columbia Canada 48 2% 36

3 England 283 14% 35 3 Stockholm Univ Sweden 42 2% 72
4 Canada 251 12% 25 4 Univ Tasmania Australia 41 2% 18

5 Germany 153 7% 20 5 Univ Rhode
Island USA 39 2% 33

6 Peoples
R China 147 7% 12 6 NOAA 2 USA 37 2% 52

7 France 132 6% 20 7 Univ
Queensland Australia 37 2% 17

8 Netherlands 121 6% 28 8 Univ
Washington USA 37 2% 41

9 Spain 116 6% 27 9 Duke Univ USA 35 2% 41

10 Sweden 100 5% 39 10 UC Santa
Barbara USA 33 2% 71

1 Names used according to the data in the WoS database. 2 Considering 12 other forms of NOAA affiliation,
17 additional articles were reported in this period (NOAA Fisheries, NOAA Int Sect Off Gen Counsel, NOAA
Marine Natl Monuments Program, NOAA NCEI, NOAA NMFS, NOAA NOS, NOAA Ocean Initiat Program,
NOAA Papahanaumokuakea Marine Natl Monument, NOAA Scientist Emeritus, NOAA Southwest Fisheries Sci
Ctr, NOAA Star, and NOAAs Off Natl Marine Sanctuaries).

Table 2 details the contribution to the 2043 documents on coastal governance. The top
ten countries contributing to the production of these papers participated in authorship or
co-authorship in over 5% of the total articles published, with the USA (25%) and Australia
(16%) being the major contributors overall. This is reflected at the level of the top ten
organizational contributions, with five affiliation organizations from the USA (Univ Rhode
Island, NOAA, Univ Washington, Duke Univ, and UC Santa Barbara) and three affiliation
organizations from Australia (James Cook Univ, Univ Tasmania, and Univ Queensland),
with James Cook Univ as the organization with the highest global contribution in Australia,
with 3%, given its participation in 69 articles.

Finally, with respect to individual authors who manage to be referents for their level
of scientific production on coastal governance (1978–2021), of the 6826 authors identified
according to Lotka’s law, the prolific authors should be approximately 83 (= sqrt (6826));
we chose to recognize 99 of them with a production of five or more articles (up to 20 were
observed) for the period studied. These 99 authors were adjusted to 98 by merging the
WoS records of the authors: Bennett, Nathan J. (10 articles), and Bennett, Nathan James
(6 articles).

Figure 3 allows us to identify, in the larger nodes, the authors who, among 98 cases,
presented a much higher number of publications. The authors who were at the second
concentration level (sqrt (98) ≈ 10) are detailed below. When considering 10 authors, this
was equivalent to a scientific production level of 10 publications within the article set
analyzed (see Table 3); therefore, 12 authors were considered to include all authors who
had published at least 10 articles.
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Table 3. Authors with the highest production in the co-authorship main researcher network.

Author Network Articles Average Citations Institutional Affiliation

Armitage, Derek Red 20 * 12 Univ Waterloo, Canada
Bennett, Nathan J. Yellow greenish 16 * 60 Univ British Columbia, Canada

Chuenpagdee, Ratana Violet 14 * 46 Mem Univ, Canada
Ban, Natalie C. Yellow greenish 12 25 Univ Victoria, Canada
Gelcich, Stefan Yellow greenish 12 73 ** Pontificia Univ Católica Chile, Chile
Glaser, Marion Red 12 21 ** Univ Bremen, Germany

Haward, Marcus Green 12 * 27 Univ Tasmania, Australia
Aswani, Shankar Green 10 28 ** Rhodes Univ, South Africa

Berkes, Fikret Yellow greenish 10 39 Univ Manitoba, Canada
Cohen, Philippa J. Orange 10 * 32 James Cook Univ, Australia
Fletcher, Stephen Lavender 10 * 24 Univ Plymouth, England
Schlueter, Achim Red 10 13 Jacobs Univ Bremen, Germany

White, Alan T. Blue 10 * 66 Tetra Tech, Indonesia

* Co-author with the highest publications in their network. ** Co-author with the highest average citations
compared to other co-authors in their network.

3.2. Scientific Trends in Coastal Governance Studies

Researchers from new countries are joining the discussion on coastal governance given
the large number of new territorial affiliations shown in Figure 4 in yellow, orange, and red.
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For the 2974 keywords plus identified by Clarivate (WoS proprietary company),
1887 plus keywords only had one occurrence, and, in general, its exponential decrease
fits a power regression (see Appendix A). There were 53 most relevant keywords plus
according to Zipf’s Law with 33 or more occurrences (sqrt (2974) = 54), from 33 (state,
adaptive governance, and areas) to 590 (governance) occurrences. We highlighted several
concepts used more recently, as shown in Figure 5 in red (values expressed in average
years of publication), among them, some specific terms, such as (number of occurrences in
parentheses): challenges (113), climate change (218), communities (46), ecosystem services
(68), impact (56), perceptions (44), risk (49), sea-level rise (60), and vulnerability (125).
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More recently used concepts (mean publication year: 2017), such as ecosystem services
(68 occurrences), communities (46), sea-level rise (60), protected areas (86), climate change
(218), and a set of concepts thematically related to vulnerability (125), challenges (113), risks
(56), and impacts (49), appear in the figure; the frame label size reflects the occurrence level,
and the lines indicate the simultaneous use in articles or co-occurrence.

Figure 6 shows the concentration of publications on coastal governance studies be-
tween 2002 and 2021, the period in which 2008 (98%) of the 2043 articles were published, in
the journals Marine Policy and Ocean Coastal Management. However, there is a notable
increase in the number of publications in the fully open access journals Frontiers in Marine
Science and Sustainability. Table 4 shows some of the characteristics of these four journals.
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Table 4. Journals with the highest numbers of publications in the journal trends.

Journal WoS Categories Publisher IF
(2020)

Best
Quartile

(2020)

Published Articles

2017 2018 2019 2020 * 2021 * Total
OA ** Total

Mar. Pol. Environ. Stud.;
Int. Relat.

Elsevier
(Oxford, ENG) 4.173 Q1 23 29 28 38 40 59 158

Ocean Coastal
Manage.

Oceanogr.; Water
Resour.

Elsevier
(Oxford, ENG) 3.284 Q1 23 23 29 16 39 30 130

Front. Mar. Sci.
Environ.

Sciences; Mar.
Freshw. Biol.

Frontiers Media
(Lausanne, CHE) 4.912 Q1 1 5 12 18 23 59 59

Sustainability
Green Sustain.
Sci. Technol.;
Environ. Sci.;

Environ. Stud.

MDPI
(Basel, CHE) 3.251 Q2 2 10 8 13 17 50 50

Total, selection 4 journals 49 67 77 85 119 198 397
Total, journals * 441 journals 198 224 315 316 356 692 1409

* Data updated from WoS on 27 March 2022. ** Articles published with open access (reading access fees covered
by the authors).

From Table 4, we can observe that these main journals that cover coastal governance
studies belong mainly to the first quartile in their respective WoS categories, given that
their impact factors (2020) fluctuated between 3251 and 4912, and the set of articles with
open access was close to 50% of the total publications [91,92]. The highest impact factor
(2020) corresponded to the journal “Frontiers in Marine Science”, and thematically, the
categories converged mainly to Environmental Studies and Environmental Sciences, al-



J. Mar. Sci. Eng. 2022, 10, 751 10 of 15

though with double indexing variants that fluctuated between science, technology, and
international politics.

4. Discussion

This article allows for the analysis of coastal systems studies from a management
and political decision-making perspective and is, therefore, in line with previous biblio-
metric work by Birch et al. [93] on coastal zone management and Chalastani et al. [94]
on marine spatial planning. However, given the breadth of the term governance, it can
also approximate specific bibliometric analyses on estuarine system aspects [95], flood
vulnerability [96], and coastal biogeochemistry [97].

The analysis was based on a set of 2043 articles analyzed from 386 journals, and their
data and metadata were above the range (318 to 1316 articles from 118 to 309 journals) of
other related bibliometrics identified [94–96]; in the case of Birch et al. [93], their sampling
was even broader (5461 articles from 891 journals) by covering a topic as extensive as
coastal zone management. The work by Gattuso et al. [97] seems, to us, to be an exception
by adding terms in an inclusive way (with OR Boolean operators) to cover the broad
spectrum of 14,743 articles in coastal biogeochemistry. Moreover, the authors’ coverage
analyzed (6826) was higher than those reported in other papers [94,95], although this
figure depends on the co-authorship customs of each discipline and journal. Finally,
VOSviewer was used as data and metadata analysis software, the same choice as other
related bibliometrics [94,95], although, in general, this type of analysis is supported by
specialized software [94,96] or specific Rstudio packages [93,95]. Moreover, we see the use
of bibliometric laws, in this case, Price [86,87], Lotka [89], and Zipf [90], as a value in favor
of this article to provide a methodological contribution to coastal governance studies.

The results reported with publication time series were subjected to growth adjust-
ments, with R2 values from 83.89% to 94.49%, showing adjustments with respect to
quadratic [93,95] or exponential functions [94]; in this respect, we were inclined to an
exponential adjustment reporting values in that range [98]. Moreover, the use of Lotka’s
law [89] allowed us to incorporate, as an additional value, objective, and replicable cri-
teria for the selection of prolific authors, which was also achieved for the establishment
of relevant plus keywords by means of Zipf’s law [90]. The countries with the highest
production (USA, Australia, England, and Canada) were also reflected in the results re-
ported in other related bibliometrics [93–95,97], and in the case of the reference journals
identified in Table 4, there was agreement with the case of Marine Policy [93,94], Ocean
& Coastal Management [93,94], and Frontiers in Marine Science [94]. The same was also
true in the temporal publications that we presented in this article, although in some cases,
this information was only partial [93]. Thus, our article complements previous studies
on coastal zone management and marine territorial planning by providing knowledge on
coastal governance research, so far identified in bibliometric studies only at the marine
governance [93,94] and ocean governance [94] levels.

5. Conclusions

From the present coastal governance bibliometric study, we can conclude that, based
on the research questions and on empirical evidence gathered from three decades of study,
coastal governance is evolving positively at an exponential growth rate, allowing the
generation of an ever-greater volume of knowledge on this topic.

As for the territorial contribution to scientific production, the 2043 articles studied
were the result of the interconnected effort made by authors from 136 countries/territories;
several of these were new contributors, but in total, they contributed an average of 27 arti-
cles in these thirty years, and in 10 cases, they made at least 100 contributions, with authors
from the USA, Australia, England, and Canada standing out with more than 250 articles.

At the organizational level, there were 2587 contributors with 2 to 3 articles on average,
but with peaks reaching 69 publications in the case of James Cook University (Australia),
followed by the University of British Columbia (Canada), Stockholm University (Sweden),
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and the University of Tasmania (Australia). This serves as context for the identification of
12 prolific authors with a contribution of the publication of 10 to 20 articles, some linked
to the universities of James Cook, British Columbia, and Tasmania, and with links to the
reference countries Australia (two cases), Canada (five), England (one), and Germany (two)
but also highlighting authors from Chile, Indonesia, and South Africa.

This research was published mainly in a group of four journals, which gathered a
third of the scientific production analyzed in coastal governance (683 articles), marking
a growing trend in publications on this topic, a situation that is also being recognized by
other contemporary bibliometrics in the marine and coastal management fields, with 50%
of articles now published in open access format. New thematic trends include emerging
concepts related to coastal sustainability (ecosystem services, communities, sea-level rise,
protected areas, and climate change) and coastal management (vulnerability, challenges,
risks, and impacts).

Potential limitations were the lack of greater depth in specific coastal governance areas,
such as fisheries and policy areas, aspects that we considered in a general way. However,
we opted for taking a less classical and more panoramic viewpoint in search of new trends,
such as those observed.

In terms of future research, it seems relevant, from a scientometric perspective, to
delve into the marked trend towards open access publications in the four most prolific
journals and how this could improve their citation value rates, author prominence, and
core and peripheral mobility. From the thematic implication of coastal governance, there
are scale challenges in analyses at the ocean governance and port governance levels that
can be explored and related to our findings. Moreover, the disciplinary interfaces with the
economy in terms of the blue economy [76] and, at the geopolitical level, their impacts are
other variants to be explored [99].
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Appendix A. Zipf Law

This appendix presents the outcomes of fitting keyword plus usage occurrence to a
power regression (y = axβ).

Table A1. Model Summary *.

R R Square Adjusted R Square Std. Error of the Estimate

0.970 0.940 0.940 0.228
* The independent variable is ID.

https://www.mdpi.com/article/10.3390/jmse10060751/s1
https://www.mdpi.com/article/10.3390/jmse10060751/s1
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Table A2. ANOVA *.

ANOVA Sum of Squares df Mean Square F Sig.

Regression 2416.222 1 2416.222 46,385.232 0.000
Residual 153.406 2945 0.052

Total 2569.628 2946
* The independent variable is ID.

Table A3. Coefficients *.

Coefficients
Unstandardized Coefficients Standardized Coefficients t Sig.

B Std. Error Beta

ln(ID) −0.911 0.004 −0.970 −215.372 0.000
(Constant = a) 1006.893 30.087 33.466 0.000

* The dependent variable is ln(occurrences).
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