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Abstract

This paper examines the literature on the Sustainability in the Arctic region, using a bibliometric analysis of 213 English-
language articles published between 1980 and 2022 exploiting Bibliometrix, an R package. To find relevant literature
using the Web of Science (WOS) database, we searched for documents using mesh terms based on the query of two
terms, “Arctic & Sustainability”. We used the Boolean operator "AND” to combine the two terms and the Boolean operator
“OR"to include synonyms of the terms. The articles retrieved were authored by 724 researchers, published in 98 journals,
representing 132 countries, and growing at 5.08% annually. The findings reveal that a substantial portion of the Arctic
sustainability literature placed significant emphasis on the examination of climate change, adaptation, and vulnerabili-
ties affecting local communities. Furthermore, the more recent publications in this field concentrate predominantly on
exploring perceptions and governance.
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1 Introduction

The Arctic region has faces multiple challenges climate change, sustainable resource extraction, community infrastruc-
ture, transportation development, and environmental degradation [1-3, 7]. These challenges place increasing pressure
on the ecological and social sustainability of the Arctic and its inhabitants. As per the GLOBIO Report commissioned by
the United Nations Environment Programme, projections indicate that a substantial portion of the Arctic, ranging from
50 to 80%, may encounter significant anthropogenic disruptions by the year 2050. This alarming trend is anticipated to
occur even with relatively moderate levels of economic expansion [4]. Given the challenges confronting the Arctic, it is
important to take stock of region, progress on sustainability research in the Arctic to understand the trajectory of Arctic
research as a basis for further analysis of the potential policy gaps not addressed by current research. This paper aims are
modest in scope and provides a first step. It is essential to conduct a bibliometric analysis of the existing literature and
synthesize the main findings, as this can help to reveal the current knowledge and challenges of Arctic sustainability, as
well as the basis for future assessment of possible recommendations for research priorities to address the urgent chal-
lenges facing the Arctic. In particular, a bibliometric analysis can identify the most overlooked or under-studied aspects
of sustainability research in the Arctic region.
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A bibliometric analysis offers a valuable analytical technique for mapping existing literature concerning a specific
research theme broadly used as a trend assessment tool [5]. Bibliometric analysis is a computer-aided scientific review
method that uses statistics to analyze the bibliometric publications data such as peer-reviewed journal articles, books,
conference proceedings, periodicals, reviews, reports, and related documents [6]. The approach offers robust analytics
to facilitate research retrospection, identify the research gaps and assess the publication’s evaluation in from different
perspectives quantitatively and qualitative [61]. Bibliometric analysis can help researchers map the existing literature
on a specific research theme and evaluate the academic quality and impact of journals or authors [8]. By using biblio-
metric tools, researchers can also explore the connections between authors, frameworks, methodology, and practice [9].
Furthermore, by applying diverse research methodology using Bibliometrics tools in R such as, Top Cited Publications,
Co-occurrence, Co-authorship, word frequency, etc., researchers can assess and evaluate scientific research trends, a
research topic and determine the relative importance of publications [10]. Bibliometrics provides a holistic perspective
of a particular field, including its organizational aspects and notable features such as trends, influential authors and
publications, and emerging ideas. Moreover, it serves as a valuable resource for researchers, directing them towards
particular domains and specialized research prospects with potential for advancement [9, 11, 62].

Several studies have applied bibliometric analysis to various topics, such as the United Nations sustainable Develop-
ment Goals (SDGs) [12], political connections [5], Sustainability reporting [8], and artificial intelligence in sustainable
development [13]. However, there is a lack of bibliometric studies on sustainability in the Arctic, which is an important
and emerging area of research. Therefore, this study aims to fill this gap by conducting the first bibliometric analysis of
sustainability in the Arctic based on the Web of Science database from 1980 to 2022. The specific objectives of this analysis
are: (1) to identify the growth, publication, and citation trends of sustainability research in the Arctic over time; (2) to rank
the most productive and influential countries, journals, authors, institutions and (3) to visualize the most frequently used
keywords and the conceptual structure of sustainability research in the Arctic using word-cloud and co-word network
methods. This analysis will provide a comprehensive overview and insight into the current state and future directions of
sustainability research in the Arctic for the scientific community and policy makers.

2 Methodology

This paper examines the literature on the Sustainability in the Arctic region, using a bibliometric analysis of 213 English-
language articles published between 1980 and 2022 exploiting Bibliometrix, an R package. Bibliometrix is an R pack-
age for comprehensive science mapping analysis of scientific publications. It provides various functions for importing,
analyzing, and visualizing bibliographic data from different sources.

2.1 Research design

For our literature review, we opted to use the Web of Science database as our source of articles. Previous research [14-16]
has demonstrated the numerous benefits of utilizing this database for bibliometric analysis. Adriaanse & Rensleigh [14]
found that the Web of Science database provides a more comprehensive range of journals in the social sciences and
humanities compared to Scopus and Google Scholar, particularly for older publications. The database also utilizes clear
and consistent criteria for selecting and indexing articles, ensuring that the literature’s quality and relevance is of high
standard. Additionally, the Web of Science database is more user-friendly and flexible than other databases, such as Sco-
pus and Google Scholar, allowing for easier searching, filtering, sorting, and exporting of data. This allows for accurate
and reliable citation analysis and bibliometric research, with little to no data cleaning required [7]. Furthermore, Birkle
et al. [15] and Mengist et al. [16] also acknowledged that the Web of Science database offers selective and balanced
coverage of the world’s leading research journals, books, proceedings, and data sets. This is based on expert evaluation
and quality criteria, making it a suitable database for conducting a bibliometric analysis of literature on sustainability in
the Arctic. Therefore, we believe that utilizing the Web of Science database for our literature review will provide us with
high-quality, reliable, and relevant information on this topic.

2.2 Search strategy

The study utilized the Web of Science database as our primary data source. We searched for articles in English lan-
guage that addressed the topic of sustainability in the Arctic, including articles, book chapters, and reviews published
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on SCI-EXPANDED indexed journals. We depend on specific criteria to filter the relevant articles that met our research
objectives. Firstly, we used mesh terms based on the query of “Arctic & Sustainability,” and we combined the terms
using the Boolean operator “AND” and “OR" to include synonyms of the terms. Secondly, the articles had to mention
a term related to sustainability in their titles, such as sustainability, climate change, poverty, health, SDG’'S or any
relevant topic. Thirdly, the articles had to mention a term related to the Arctic in their titles, such as Arctic, North
Pole, polar region, circumpolar, or boreal, etc. Fourthly, the articles had to meet our research objectives and provide
adequate research perspective, as verified by reading the full text of each article.

We followed a rigorous and transparent search strategy to select the relevant articles following [63-66] as pre-
sented in PRISMA flow diagram. We started by retrieving 1910 articles from various disciplines and time periods using
the Web of Science database. We then filtered out articles that were not relevant or of high quality for our study using
two criteria. The first criterion was selecting articles published in Q1 or Q2 ranked journals by the Journal Citation
Reports from 1980 to 2022, which indicated their academic excellence and impact. The second criterion was selecting
articles that had a clear focus on the Arctic region, which we determined by checking if their title included a term
related to the Arctic. We then performed a citation analysis to identify the most pertinent articles for our research
aim and question, using forward and backward citation searches. This allowed us to capture the most influential
and recent literature on our topic.

[ Identification of studies via Web of Science ]
)
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related to the Arctic (1502)
]
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(n=390) Records
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Next, we screened the articles based on their abstracts and keywords to ensure they addressed aspects of sustain-
ability in the Arctic that were relevant to our research question. Three authors independently reviewed the abstracts
of the articles, and we agreed on their inclusion or exclusion. Lastly, we conducted bibliometric and critical analysis
using Bibliometrix in R to extract and synthesize information that answered our research question, resulting in a list
of 213 articles that formed the basis of our paper.
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3 Results

This paper performs a bibliometric analysis of the existing literature on the topic of sustainability in the Arctic region.
The objective of this review is to explore and evaluate the research that has been done and identify the main con-
tributors, topics, trends, and challenges that emerge in the literature on this issue.

Bibliometrics is gaining popularity across different fields, especially for science mapping. Science mapping helps
organize the vast amount of research being produced, but it's complicated and requires various software tools, some
of which aren't free. We exploit a new open-source tool called bibliometrix has been created to simplify science map-
ping analyses. It's programmed in R, making it flexible and easy to update, which is crucial in a field that’s always
changing like bibliometrics [5, 17].

We searched for relevant documents in various sources, such as academic journals, books, conference proceed-
ings, and review articles, using keywords that relate to sustainability and the Arctic region. We selected 213 docu-
ments that were published between 1980 and 2022 and that satisfied our inclusion criteria based on their relevance
and quality. Using descriptive statistics, bibliometric analysis with R software and content analysis techniques, we
extracted and analyzed data from these documents. The data covered information on the documents themselves,
such as their publication dates, sources, citations, references, and document types; the contents of the documents,
such as their keywords; and the authors of the documents, such as their number of authors, single-authored docu-
ments, co-authors per document, and international co-authorships and the full abstract. This review offers a com-
prehensive overview of the current state of knowledge on sustainability in the Arctic region and identifies the gaps
and opportunities for future research on this topic.

The document types of the selected documents reflect the diversity and complexity of the literature on sustain-
ability in the Arctic. The most common document type is article, with 142 documents (70.9% of the sample), followed
by review, with 51 documents (24.2% of the sample). Articles are original research papers that report new findings
and contribute to the advancement of knowledge on a specific topic. Reviews are critical evaluations of the exist-
ing literature on a topic, synthesizing and summarizing the main issues, debates, and gaps. Other document types
include editorial material, book chapter, book review, letter, proceedings paper, and early access. Editorial material
consists of introductions, prefaces, or comments by editors or guest editors of journals or special issues.

3.1 Top cited publications

Table 1 displays the most cited papers with at least 100 citations in the last 40 years from 1980 to 2022. The top five
most cited papers are [18-22] with 1053, 673, 515, 493 and 445 citations respectively. Remarkably, four of these
papers are related to climate change and its environmental impacts. Hinzman et al. [18] examined the evidence and
consequences of recent climate change in arctic terrestrial ecosystems. Similarly, McGuire et al. [19] assessed the
status of the current carbon cycle of the Arctic and its vulnerability to climate change. Furthermore, Wassmann et al.
[20] analysed the evidence of how climate change has already caused noticeable changes in marine Arctic ecosys-
tems while Stroeve et al. [22] explored the changes and trends in the Arctic melt season and their implications for sea
ice loss. However, Armitage et al. [21] investigated the role of knowledge co-production as an institutional factor or
mechanism to facilitate learning and adaptation in co-management arrangements in the Canadian Arctic. The result
indicates that the research on the environmental aspect of sustainability in the Arctic is extensive.

3.2 Research production and trend topics over years

This section describes the data from the paper sample and gives a preliminary overview of the literature on sustain-
ability in the Arctic. Figure 1 shows the trend of publications over time, from 1980 to 2022. The number of papers on
sustainability in the Arctic increased until it reached a peak of 25 publications in 2012 and then started to decline. The
reasons for this decline are not self-evident. In 2018, the number of publications began to rise again and remained
stable until 2020, when the COVID-19 pandemic affected the world and possibly disrupted the production of sus-
tainability research in the Arctic that relies on field data. As a result, only 5 papers were published in 2021. However,
the number seems to recover in 2022. The first papers in the sample focused on human adaptation to Arctic zones

@ Discover



Research

| https://doi.org/10.1007/s43621-024-00312-4

(2024) 5:121

Discover Sustainability

€€'8 00l 44 suoisuawiq A31|od puy uewnH-abuey) |eluswuoIIAUT [BGO[D [¥S] ounew
LLLL 00l S10¢ SUIDIP3 13 BDUBIDS [e1DOS [€S] 1232 D3JRYINQ
(RayA LoL 0L0¢C JUdWUOJIAUT i UollezZIUebhIO [zS] uewbouy pue ‘duied)
L S0l 600¢ ydieasay Jejod [1LS] [9zusmp
St ol 0L0z abuey) onewid [05] "|e 18 ‘preaylesn
786 801 €10¢ abuey) dnewid [6¥] '|e 32 XO[[IM
909 601 900C BOLISWY JO S338IS PAHUN BY L JO SDUIIDS JO Awdpedy [euoneN 3yl 4O sbuipasdoid [8t7] "|e 13 ‘'uideyd
8 41 0L0z suoisuawiq A31|0d puy uewnH-abuey) [elusWUOIIAUT [BGO[D [£¥] e 33 ‘pio4
LT0lL €Ll €102 abuey) dnewi|d [9¥] "|e 12 ‘uosuaydas
SSoL oLl €10C YdJeasay anleyjend [S¥] e 13 ‘Xo|IM
9891 8Ll £10T Abojoig sbuey) jeqo|n [¥] "|e 33 ‘sdwedsaq
1’9 (44} 700¢ olquy [ev] ‘|2 3@ ‘'uidey)
A 44} £00¢ oIy [2¥] ‘|e 1 ‘piod
L oClL 900T U3|edH Jejodwindi) 4O [eUINOf [euoleuwIRu| [L¥][e39 ‘'ueyd
vl'6 8Cl oLoz 191197 YDJeasay |ejuswuoIiAug [ot7] 924834 pue ‘pio4
9'8 6Cl 600C £31]0d 73 92UBIDS |LIUBWIUOIIAUT [6€] yoean pue bulio
60°CL €el €10¢ BOLISWY JO S93.IS PAHUN BY L JO SIDURIDS JO Awadpedy [euotieN 3yl 4O sbulpasdoid [8€] uideyD pue usuoig
'8 Gel 800¢ Jeusnor |es1ydesboan [£€] 1233 ‘p104
SelL qelL 102 Aydesboan Jejod [o€] '|e 12 ‘ou4e4
€8'LL wl (4114 uonRuINN 4O |eusnor [G€] 1239 donH
oL oSl 600C ydJeasay Jejod €] |e 19 ‘921edd
S6°L 651 ¥00¢ olquy [€€] '|e 13 ‘ueybejjed
ST6 g8l ¥00¢ Y3|eaH 21|9Nnd JO |eulnof uelAeUIpURDS [z€] ‘|e 19 ‘pieebalialg
€Lee S8l 910¢C DUIIPS [L€] 1pseIag pue A13sIy
LYVTL /81 6002 BOLBWY JO $91LIS PAUUN 3YL JO SDURIDS JO AWapedy [euoneN ay L JO sbulpaadold [0€] '|e 33 'saquo4
L991 00T z1oz SUPIP3N 7§ SIUBIDS [e0S [62] '|e 33 XO[|1MW
vl vLT 10T abuey) ajew|D-smairsy Areuljdidsipiaiul A3|im [8Z] IIeH pue oslwo)
8061 62CC z102 suojsuawi £31]0d puy uewnH-abueyd [eluswUoIIAUT |[eqO|D [£Z] uosdwe)
Yoz 6vC €107 $215Ayd puy Adsiwayd dusydsowsy [97] |2 32 ‘|y03s
8L 8¢ ¢00¢ DUBIDS [s2]°1e 3@ ‘Ao
144! 62 0002 Abojoig abueyd [eqo| [¥2] "|e 18 423563
6€91 S6¢C 900¢ suoisuawiq Ad1j0d puy uewny-abuey) [eUSWUOIIAUT [RCO[D [€2] ‘|21 ‘piod
Sy Strb 10T 5191197 Youeasay |edishydoan [cz] ‘e 1 'ans0ns
T6°L€ €61 L10T suoisuawiq A31|0d puy uewnH-abuey) [elusWUOIIAUT [BGO[D [12] |2 39 ‘obenwy
29°6€ Sl L10Z Abojoig abuey) [eqo| [0Z] ‘|e 1° ‘uueWSSEAL
L81Y €19 600C sydesBouol |ed160j0d3 (611212 ‘2unboy
Tr'ss €501 5002 abuey) dnew|d [81] e 38 ‘UrWZUIH
1eak 1ad abeiany Ssuol3ed |e3o] Jeap |eusnor sloyiny

sioded pay) 1SON 9yl L d|qel

@ Discover



Research Discover Sustainability (2024) 5:121 | https://doi.org/10.1007/s43621-024-00312-4

Annual Scientific Production
Articles 25

20

1980
1982
1984
1986
1988
1990
1992
1994
1996
1998
2000
2002
2004
2006
2008
2010
2012
2014
2016
2018
2020
2022

Year
Fig. 1 Annual Scientific Production
[55, 56]. Interestingly, the close connection between social and environmental issues is not new, as Lewis & Thomas
[57] examined the social, political, and economic aspects of expanding subarctic agriculture in Alaska and its impli-
cations for sustainability, such as land use conflicts, environmental degradation, food security, rural development,
and energy consumption.

3.3 Trends topic over time

To investigate the evaluation and the trends of the sustainability topics in the Arctic over years, the study exploited
R bibliometrix software to analyses the abstracts, references, sources and all the data extracted of all the 213 papers

Trend Topics
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Fig.2 Trend topics on Sustainability in the Arctic
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Fig.4 Authors production over Time

and correlate the topics. The results in Fig. 2 show that the Arctic sustainability literature from 2014 to 2018 heav-
ily investigated climate change, adaptation, and vulnerabilities for the communities. Additionally, the most recent
literature focus on perceptions and governance.

3.4 Word frequency over time
There is an increase in the word frequency for all the terms starting from 2004 to 2022 highlighting the evaluation

of the sustainability literature over years. As shown in Fig. 3 the term vulnerability is the most influential term whose
frequency increased dramatically over the years, followed by sea ice.
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Fig.5 Authors productivity through Lotka’s Law on Sustainability in the Arctic

Table 2 Authors productivity

Documents written N. of Authors Proportion of Authors Expected

through Lotka’s Law on

Sustainability in the Arctic 1 633 0.874 0.72
2 56 0.077 0.19
3 14 0.019 0.08
4 6 0.008 0.04
5 5 0.007 0.03
6 2 0.003 0.02
7 2 0.003 0.01
8 2 0.003 0.01
12 2 0.003 0
14 1 0.001 0
33 1 0.001 0

3.5 Productive and influential authors

The bibliometrix analysis of the most effective authors in the sustainability field in the Arctic shows how many articles
each researcher has published from 1980 to 2022. For example, Fig. 4 shows the frequency and citation impact of
academic papers written by different authors in different years. The figure shows that Ford has contributed with 37
papers used in this study about sustanability in the Arctic between 2006 and 2020, followed by Pearce, with 12 papers
between 2007 and 2020. The author with the highest total citations is Chapin who received 1,869 citations for eight
papers only between 2000 and 2017, followed by Ford who has 1,839 citations for 37 papers between 2006 and 2020.

To identify the most influntial authors in sustainbility in the Arctic, we use Bibliometrix on R to produce a graph that
shows the frequency of publication by authors in studing the sustainability in the Arctic to explain the productivity
of the authors using Lotka’s Law as showen in Fig. 5. Lotka’s law is a formula that shows how many authors publish
how many papers in a specific field.

It calculates the fraction of authors who publish n papers is 1/n/Aa times the fraction of authors who publish one
paper. The graph compares the real (black line) and the predicted (fitted line) fractions. For instance, 0.874 means that
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almost 9 out of 10 authors publish one paper only which is a little bit higher that the expected value of Lotka’s law.
All the results are reported in Table 2. However, 0.077 means that less than 1 out of 100 authors publish two papers,
indicating a low level of expertise among most authors. Only a few authors, such as Ford, Pearce, Noble and Poelzer,
have published several papers and can be considered as experienced researchers in studing sustainabilty in the Arctic.

3.6 Co-authorship network

The analysis of the co-authorship network shows how different researchers work together to write research about Sus-
tainiabilty in the Arctic. The researchers are represented by circles with their names. The circles have different colors
and sizes. The colors show which researchers work with each other more often than with others. The sizes show which
researchers are more important and influential in the network. The lines between the circles show how many articles the
researchers have written together. The more lines, the more articles. The information helps us understand the patterns
and levels of collaboration among the researchers in Arctic studies. The graph shows the collaboration network between
the researchers based on their co-authorship of articles. The data was analyzed using bibliometrics in R and depends in
four measures of centrality: cluster, betweenness, closeness, and PageRank, that extracted from the data and used to
generate the graph. Cluster indicates the group of nodes that are more connected to each other than to other nodes.
Betweenness measures how often a node acts as a bridge between other nodes. Closeness measures how easily a node
can reach other nodes. PageRank measures how important a node is based on the number and quality of its connections.

The results in Fig. 6 shows that James Ford is the most central and influential node in the network, with the highest
values of betweenness and PageRank. He belongs to cluster 5, which also includes Pearce, Smit, and Willox. They are the
second most connected group after cluster 2, which consists of Noble and Poelzer. Cluster 2 has the highest values of
closeness, indicating that they can access other nodes quickly. Cluster 4 includes Forbes, Huntington, and Walker. They
have moderate values of centrality, except for Walker who has a high betweenness. The graph suggests that there are
different patterns and levels of collaboration among the researchers in Arctic studies, and that some researchers play
more prominent and bridging roles than others.

3.7 Most active sources
Figure 7 to illustrate the main journals that publish on sustainability in the Arctic. The journals were ranked accord-
ing to the g-index, which is a measure of the citation impact of a set of articles. The g-index is defined as the largest

number g such that the top g articles in the set have received at least g2 citations in total. As Fig. 7 shows, the most
influential journals in this field are The Journal of Climatic Change, Arctic Journal, Global Environmental Change:

4

9 pearce t

Fig. 6 Co-authorship Network
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Human and Policy Dimensions and Ambio, with 10, 10, 9 and 9 articles respectively. These journals also have high
Journal Citation Report (JCR) impact factors, which are 1.36, 0.50, 1.66 and 3.15 respectively. Figure 8 also reveals
that many journals cover environmental issues from various angles and scopes.

Figure 8 shows the yearly journal production of publications over time, from 1980 to 2022. It calculates yearly
cumulative occurrences of top keywords/terms. The general trend is increasing over time, but especially for the Jour-
nal of Climatic Change and Global Environmental Change. Interestingly, Sustainability journal focus on sustainability
in the Arctic topics started to increase and continued to surge from 2019 onward.
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3.8 Countries contributions

Scientific collaboration is important because it helps scientists improve their work, make new discoveries, and share their
findings with the world [10]. When one scientist works alone, they can make mistakes or miss a key piece of information
that could change their entire approach to a problem. By working with others, they can benefit from different perspec-
tives, expertise, and resources.

Scientific collaboration also enables scientists to tackle complex and global challenges that require cross-disciplinary
and cross-sector approaches, such as COVID-19, climate change, biodiversity loss, food security, and future health crises
[58]. Scientific collaboration can also foster peace and progress by bringing together warring nations, rebuilding coop-
eration, and reaching scientific excellence.

Figure 9 shows a world map with the countries that have published papers on sustainability in the Arctic. The countries
are colored according to their frequency of publications, with darker colors indicating higher frequencies and lighter
colors indicating lower frequencies. The graph also shows the exact frequency for each country as a number next to the
country name. The graph shows that Canada has the highest frequency of publications, with 415 papers, followed by
the USA with 241 papers. Figure 10 shows that the UK is the third most frequent country, with 51 papers. Norway and
Finland are the next two countries, with 46 and 40 papers respectively. Russia, Sweden, Denmark, Australia and Germany
are the last five countries in the graph, with frequencies ranging from 34 to 10 papers (Fig. 10).

Table 3 shows the total citations (TC) and the average article citations per year for the top 7 countries that have pub-
lished papers on sustainability in the Arctic. The table is sorted in descending order of total citations. The table shows
that Canada has the highest total citations, with 5142 citations, followed by the USA with 4634 citations. Norway is the
third country with the highest total citations, with 1123 citations. The United Kingdom and Finland are the next two
countries, with 832 and 418 citations respectively. Sweden, and Switzerland are the last two countries in the table, with
total citations 313 and 301 respectivly. The table also shows that Switzerland has the highest average article citations
per year, with 150.5 citations per year, followed by Norway with 112 citations per year.

Moreover, graph (10) is a scientific collaboration map shows the frequency of scientific collaboration between research-
ers from different countries, based on the co-authorship of research papers. The map shows the connections between
cities or countries where researchers work together on scientific projects. The thickness or color of the lines indicates the
strength or frequency of the collaboration. For example, Canada and the USA have the highest frequency of collaboration
(15), followed by Canada and the UK (8), and Finland and Russia (10). The most connected countries are Canada, Finland,
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Fig. 10 Countries’ Collaboration Map on sustainability in the Arctic

Norway, Russia, Sweden and the USA, as they have more than 40 collaborations each. The least connected countries are
Austria, China, France, Iceland, Poland and Spain, as they have less than 10 collaborations each.

3.9 Institutions contributions

Additionally, fig. 11 shows the number of articles published by four universities about sustainability in the Arctic from
1980 to 2022. The graph reveals the trends and patterns of research output over time for each university. The graph
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Fig. 11 Institution-Based Co-Authorship Analysis on Sustainability in the Arctic
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Table 3 Total and Average

T Country TC Average article
Citation Per Country

citations per year

Canada 5142 51.40
USA 4634 92.70
Norway 1123 112.30
United Kingdom 832 52.00
Finland 418 46.40
Sweden 313 44.70
Switzerland 301 150.50

indicates that Mcgill University had the most consistent and rapid growth in the number of articles, reaching 85 in 2020
and maintaining that level until 2022. University of Alaska Fairbanks also showed a steady increase in the number of
articles, reaching 36 in 2022. University of Saskatchewan had a slower but steady growth, reaching 48 in 2022. Univer-
sity of Guelph had a more fluctuating pattern, with a peak of 31 in 2018 and no change since then. The results suggests
that there are different factors and strategies influencing the research productivity and focus of each university in Arctic
studies.

3.10 Co-word analysis

One of the methods to analyze complex networks is to measure the centrality of nodes, which reflects how important or
influential they are in the network structure. There are different types of centrality metrics, such as betweenness, close-
ness, and PageRank, that capture different aspects of node importance.

Previous research has employed co-word analysis to define the content of a particular field. Co-word analysis helps
map the knowledge structure and dynamics of a research topic by illustrating the frequency and strength of associa-
tion between keywords [59]. It also identifies research gaps, emerging issues, and future directions within a field [9],
visualizing the knowledge structure and underlying forces of a research field through graphs, maps, or diagrams [60].
Keywords with high betweenness values connect many other keywords and clusters, while those with high PageRank
values frequently co-occur with other keywords and clusters. Additionally, keywords with high closeness values are
closely linked to many other keywords and clusters.

Table 4 shows the values of these metrics for some nodes in a network related to sustinability research. The nodes
represent keywords or topics, and the edges represent co-occurrences or citations between them. The table also shows
the cluster that each node belongs to, which indicates a group of nodes that are more densely connected to each other
than to the rest of the network. By comparing the values of the centrality metrics, we can identify some patterns and
insights about the network. For example, we can see that sea-ice has the highest betweenness centrality, which means
that it lies on many shortest paths between other nodes and can act as a bridge or a bottleneck in the network. We can
also see that vulnerability has the highest closeness centrality, which means that it has the shortest average distance
to all other nodes and can reach them quickly. Moreover, we can see that PageRank centrality is correlated with cluster
membership, as nodes in cluster 3 have much higher values than nodes in clusters 1 and 2. This suggests that cluster 3
is more influential and authoritative in the network, as it receives more links from other nodes. These centrality metrics
can help us understand the roles and relationships of nodes in complex networks and reveal some key features of the
network topology.

Figure 12 shows in deatails the Co-occurrences of the words, the blue cluster consists of 14 nodes that are related
to various aspects of the physical environment and its changes, such as sea-ice, ocean, variability, change impacts, etc.
These nodes have moderate values of betweenness and closeness centrality, which means that they are somewhat
important or influential in the network. They also have some edges to cluster 3, which indicates that they have some
connections or interactions with the social and human dimensions of climate change research. However, these nodes
have low values of PageRank centrality, which means that they are not very authoritative or influential in the network.
They receive fewer links from other nodes than cluster 3, which suggests that they are less cited or referenced in the
literature. The green cluster consists of 19 nodes that are related to various aspects of the social and human dimensions
of climate change research, such as vulnerability, adaptation, communities, health, knowledge, etc. These nodes have
high values of betweenness, closeness, and centrality, which means that they are very important or influential in the
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Table 4 Metrics for Some Node

) Cluster Betweenness Closeness PageRank
Nodes in a Network Related to
Sustainability Research Science 1 8.182078439 0.010869565 0.009759923
Policy 1 0.2 0.008264463 0.005830011
Sea-lce 2 221.6083581 0.015873016 0.061555808
Nunavut 2 11.17593695 0.013333333 0.030439683
Alaska 2 0.535418376 0.011904762 0.016393439
Ocean 2 0.562000007 0.00952381 0.006821297
Capacity 2 0.52636614 0.011764706 0.014380344
Security 2 0.125088842 0.011363636 0.010779525
Systems 2 0.075967597 0.011363636 0.009422828
Beaufort Sea 2 2.497684084 0.011627907 0.012980174
Sustainability 2 0.034188034 0.010204082 0.007199526
Traditional Ecological 2 0.992662454 0.011235955 0.011144199
Knowledge
Variability 2 0 0.01010101 0.006645308
Change Impacts 2 0 0.010526316 0.007244977
Igloolik 2 0 0.011363636 0.011579607
Polar Bears 2 0 0.009259259 0.005111579
Vulnerability 3 197.619859 0.016949153 0.088882246
Climate-Change 3 91.71555083 0.015384615 0.053575407
Adaptation 3 58.65377666 0.015151515 0.066550372
Communities 3 85.37801877 0.015151515 0.058218377
Impacts 3 43.04634373 0.014492754 0.045887398
Inuit 3 26.79749908 0.013888889 0.043950535
Resilience 3 18.83230853 0.01369863 0.042935366
Health 3 18.68684207 0.01369863 0.032512076
Knowledge 3 39.41448483 0.013157895 0.032496712
Management 3 14.23989004 0.0125 0.021928913
Adaptive Capacity 3 15.27200131 0.013333333 0.029776458
Canada 3 2.300884289 0.010989011 0.014314003
Framework 3 3.076860261 0.012048193 0.026405365
Community 3 0.343149756 0.012048193 0.016454964
Governance 3 39.12773785 0.012658228 0.021891008
Ice 3 0.095400305 0.011235955 0.014955316
Future 3 2.7396199 0.010989011 0.010126903
Human Dimensions 3 3.258386735 0.012195122 0.022883233
Fresh-Water 3 0.105600412 0.011111111 0.010086068
Risks 3 0.654080389 0.010989011 0.012939109
Determinants 3 0.304588887 0.010526316 0.010136559
Energy 3 0 0.01 0.007434442
Indigenous Health 3 0.068965517 0.01010101 0.007319605
Challenges 4 24.17040036 0.011235955 0.016636628
Perceptions 4 0.153846154 0.00877193 0.005920946
Perspectives 5 2.499780503 0.011627907 0.012661761
Dimensions 5 2.043701691 0.010752688 0.011134131
Human 5 0.42166624 0.011363636 0.010922506
Indigenous Peoples 5 0.177216298 0.01 0.006589631
Climate 6 45.28579064 0.00990099 0.010904606
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Fig. 12 Co-occurrence analysis

network as showen in Table 4. They also have many edges to each other and to the blue cluster, which indicates that they
have many connections or interactions with the physical environment and its changes. These nodes have high values of
PageRank centrality, which means that they are very authoritative or influential in the network. They receive many links
from other nodes, which suggests that they are highly cited or referenced in the literature.

The analysis shows the frequency of some key words in the literature on sustainability in the Arctic. The most frequent
word is vulnerability, which appears 45 times and reflects the main theme of the literature: how the Arctic and its people
are vulnerable to various environmental and social challenges. The second most frequent word is climate-change, which
appears 34 times and indicates the major driver of change in the Arctic region. The third and fourth most frequent words
are sea-ice and adaptation, which appear 32 and 31 times respectively and suggest the importance of sea-ice as a criti-
cal resource and a source of risk for the Arctic inhabitants, as well as their adaptive strategies to cope with its changes.
It reveals that the frequency of these words has increased over time, suggesting a growing interest and concern for
sustainability issues in the Arctic. The next four words are communities, impacts, inuit and resilience, which appear 25,
25,24 and 21 times respectively and imply the focus of the literature on the human dimension of sustainability in the
Arctic, especially the indigenous Inuit communities who face multiple impacts from climate change and other factors
and who demonstrate resilience in their responses. The last two words are health and knowledge, which appear 19 and
17 times respectively and indicate the relevance of health issues and local knowledge systems for understanding and
enhancing sustainability in the Arctic. The graph also reveals that some topics are more stable than others, such as food
security and Inuit culture, while others are more dynamic, such as climate change and resilience.

4 Conclusion and future directions

Although bibliometric analyses have been extended to other regions and substantive policy areas, there are none that
have been undertaken for sustainability in the Arctic region. This paper represents this first bibliometric analysis of
sustainability in the Arctic region using 213 English-language articles published between 1980 and 2022 from the Web
of Science database, revealing key research trends of research. The results have shown that the research on Arctic sus-
tainability has been growing at a moderate rate, with a significant increase in the last decade. Overwhelmingly, and not
surprisingly, Canada, the United States, Norway, and Russia, have led research on Arctic sustainability. The bibliometric
analysis has demonstrated that they collaborated extensively with each other, but also with other countries. The most
productive and influential institution was McGill University, followed by the University of Saskatchewan and University of
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Alaska Fairbanks. The most published journals were the journal of Climatic Change, Arctic Journal, Global Environmental
Change: Human and Policy Dimensions and Ambio.

What researchers focus on matters. In terms of research trends, the bibliometric analysis, identified beyond Arctic
and sustainability, of course, that vulnerability, adaptation, climate-change, sea-ice were the key words associated with
scholarly inquiry. And, among these, the most cited articles were those that addressed the impacts of climate change on
the Arctic environment and society, the adaptation and resilience strategies of the Arctic communities, and the govern-
ance and policy issues related to Arctic sustainability.

Our study offers important findings, yet it is subject to certain limitations. The research is based solely on English
articles from the Web of Science, which might miss important work in other languages or databases. It also only includes
papers published until 2022, leaving out any newer research. The search terms used could overlook relevant studies that
use different words for the same concepts. The focus of the research might lean towards certain sustainability issues, like
climate change, and not give enough attention to others. Lastly, the study might not capture the full interdisciplinary
nature of sustainability if the literature is too specialized.

This bibliometric analysis suggests that further research is warranted to understand why the imbalances among
areas of inquiry, given the various topics from health to food security to energy, among others, are often at the top of
the agenda of national government, bodies such as Arctic Council, and Indigenous organizations. This suggests further
research should be undertaken to understand whether policy drives the research agenda or vice versa, or whether there
is any connection at all. And, why?
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