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Abstract Profile

Baekdudaegan is a protected mountain range that spans 1,400 km across the
Korean Peninsula and serves as a hub of biodiversity and cultural heritage. This study
presents a comprehensive analysis of research insights into this complex mountain
ecosystem through bibliometric analysis and Latent Dirichlet Allocation (LDA) topic
modelling approaches using metadata from 165 scholarly publications sourced from
the Web of Science (WoS) core collection. We observed a discernible upward trend

in Baekdudaegan-related literature, with a notable surge in scholarly interest post-
2017, primarily from institutions such as the Baekdudaegan National Arboretum and
the Korea National Arboretum. According to WoS categories, the examined research
was dominated by plant science, ecology and environmental science clusters. Em-
ploying the LDA model to the corpus of texts extracted from keywords and abstracts
of each observed literature, we identified six principal research topics: biochemical
pathways, forest ecosystem dynamics, genomic taxonomy, seedling dynamics, biodi-
versity conservation and climate change. Finally, we visualized the keyword network
and LDA-trained word cloud topics. The findings of this study enhance a deeper
understanding of Baekdudaegan Mountains research, offering valuable insights for
researchers and policymakers. This study serves as a resource for future investiga-
tions and informed decision-making regarding the sustainable management of
mountain ecosystems.
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Introduction

Mountains serve as significant reservoirs of bio-
diversity, regulate climate and provide vital resources
such as freshwater fuel and other natural materials
essential for human survival and ecological balance
(Korner 2004; Payne et al. 2017). Research on moun-
tains is increasing and essential for understanding their
conservation challenges, ecological dynamics and the
impacts of climate change, as well as to provide the
status of mountain studies globally (Gunya & Sarm-
iento 2022; Solar & Solar 2020; Thaler et al. 2021).
Much research has been conducted in various disci-
plines within a variety of approaches and frameworks
(Kratzer 2018; Palau & Claramunt-Lopez 2024).
Strengthening mountain specific research is necessary
to assess sensitivity to global climate scenarios and to
ensure sustainable mountain ecosystems (Negi et al.
2014; Schmidt-Vogt et al. 2016). Recent studies have
highlighted the importance of expanding literatures,
particularly those relating to protected mountain rang-
es such as Baekdudaegan in East Asia (Chung et al.
2017; Schroth et al. 2009; Theobald et al. 2024).

The Baekdudaegan mountain range (BMR) has sig-
nificant historical, ecological, cultural and conserva-
tion importance in the Korean Peninsula (Choi 2004;
Chung et al. 2018a). It is also called the spine of Korea,
stretching more than 1,400 km across the Korean Pen-

insula, from the northern border with North Korea to
the southernmost point of South Korea (Cho & Chun
2015; Min et al. 2019). Baekdudaegan’s classification
as a biosphere reserve and other conservation efforts
have been implemented by governmental and non-
governmental organizations (Park & Lee 2014; Hayes
2010). Significant obstacles still exist in some regions
despite these initiatives, such as conflicting land use
interests, economic constraints and political difficul-
ties (Lee 2019). Previous studies have explored com-
prehensive strategies to tackle these issues including
community involvement and sustainable development
methods; strong legislative frameworks are necessary
for successtul conservation (Cardenas et al. 2018; Cho
et al. 2022; Kim 2011). Scholars have directed their
focus towards understanding the significance and
characteristics of notable mountains like those of
Baekdudaegan in Korea, resulting in a burgeoning of
literature offering diverse perspectives (Altaweel et al.
2019; Arroyave et al. 2024).

When one explores the latent structures of exist-
ing research, bibliometric studies and topic model-
ling emerge as effective tools for communicating with
scholars (Calvo et al. 2022; Cheng et al. 2018; Davies
et al. 2012). Bibliometric studies shed light on research
development and its significance by analysing litera-
ture quantitatively and focusing on publication pat-
terns and research themes (Cobo et al. 2011; Donthu
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Figure 1 — Location of Korea in the East Asian map and the Baekdudaegan mountain system (where the main ridgeline is repre-
sented by a thick black dashed line), which runs north to south along the Korean Peninsula. The thin curved lines in diverse colours
represent 14 subsidiary monntain ranges of the Baekdudaegan Mountains (which form one jeonggan and 13 jeongmaeks): a — Jang-
baekjeonggan, b — Cheongbufkjeongmaek; ¢ — Cheongnamjeongmack; d — Haeseojeongmaek; e — Imjinbukyesungnamjeongmaet;
f — Hanbukjeongmacek; g — Hannamjeongmacek; b — Geunbukjeongmaek; i — Hannamgenmbukjeongmaek; j— Genmnanjeong-
macek; k — Geummnamhonamjeongmack; | — Honamyjeongmaek; m — Naknamjeongmacek; and n — Nakdongjeongmaek (Chung et

al. 2017). Dotted line: DMZ — Korean Demilitarized Zone.

et al. 2021; Gaviria-Marin et al. 2018; Kratzer 2018).
Understanding content from a large corpus of docu-
ments may be facilitated by means of topic modelling,
which uncovers the latent thematic patterns of words
(Abdelrazek et al. 2023; Daud et al. 2010). In recent
decades, bibliometric and natural language topic mod-
elling techniques have garnered increasing research in-
terest and are gaining in popularity on account of the
development of new software programs, the ability
to handle large databases and sophisticated machine
learning techniques (Ellegaard & Wallin 2015; Grisales
et al. 2023; Wang et al. 2023).

A combination of probabilistic natural language-
based topic modelling and qualitative bibliometric
research methods helps delve into the significance, re-
search trajectories and prospective avenues of schol-
arly inquiry (Cobelli & Blasi 2024; Jiang et al. 20106).
These studies have been conducted in multiple sec-
tors, including ecological dynamics, cultural heritage
prevention, climate change, energy conservation and
socioeconomic studies (Vlase & Lihdesmiki 2023;
Woolston 2023). During our literature search, com-
prehensive studies on mountain research using bib-
liometric analysis and topic modelling were limited.
Therefore, this paper aims to fill this gap by conduct-
ing an in-depth analysis through bibliometrics and
topic modelling to analyse research relating to the
BMR, offering valuable insights for international dia-
logues concerning mountain conservation and ecosys-

tem management. The findings and approach enhance
understanding and advance knowledge in the field of
mountain research.

Materials and methods

Baekdudaegan

Backdudaegan, designated as the Baekdudaegan
Mountains Reserve is located in East Asia and is the
ecological axis of the Korean Peninsula. The BMR
is critical to Korea’s natural heritage and the global
significance of its biodiversity. It is an approximately
1,400 km-long central mountain range that extends
from Mt Baeckdu, North Korea to Mt Jiri, South Ko-
rea (Figure 1). There ate fourteen subsidiary mountain
ranges connected to the BMR (one jeonggan and 13
jeongmacks), see Figure 1. Backdudaegan is a treas-
ured representation of Korean identity considering its
varied ecosystems, immaculate scenery and tich cul-
tural legacy. It is a key corridor for wildlife, a place of
inspiration for artists and a path for spiritual seekers.
Baekdudaegan plays a vital role in the country’s climate
and water systems. It symbolizes Korea’s natural herit-
age and is a focal point for conservation initiatives (Je-
Hun & Doo-Hee 2013; Jung 2015; Kim et al. 2023).

The present conservation status of the BMR pre-
sents considerable differences between South and
North Kotea. In South Korea, the Korea Forest Set-
vice passed the Baeckdudaegan Protection Act in 2003
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and designated the Baekdudaegan protected area in
2005 (Cho & Chun 2015). South Korea offers a good
degree of protection, as large parts are covered by the
network of protected areas (Chung et al. 2017). In
contrast, the North Korean part of the Backdudaegan
mountains system is rarely covered by protected areas,
whereas deforestation affects large parts, including in
the globally recognized Mt Baeckdu Biosphere Reserve
zone (Tang et al. 2010). The mountain range is rich
in species diversity, with an estimated 4,662 vascular
plants, 135 bird, 36 mammals and 32 amphibian and
reptile species (Chung et al. 2018a). In the South Ko-
rean section, there are 379 villages linking directly to
BMR (Kim et al. 2023). In this study, we have explored
the latent themes contents of research centred on the
glacial refugium of the BMR.

Data

Scholatly data can be obtained from various
platforms, including Web of Science (WoS), Sco-
pus, Google Scholar, Semantic Scholar, PubMed and
Crossrref. WoS is a comprehensive science-indexed
database that extensively collects academic journals,
conference proceedings and the most accepted peer-
reviewed scholarly publications (Falagas et al. 2008; Li
et al. 2018). Considering the relevance and impact of
publications, this study has examined Baekdudaegan-
related research sourced from the WoS Core Collec-
tion. A total of 165 scholarly publications retrieved
using the search function {ALL="Baeckdudacgan"} in
the WoS Core Collection, as of 27 December 2023,
have been examined for bibliometric analysis and topic
modelling in this study (see Supplementary File S1). To
examine the transition of dominant latent words and
modelled topics, keywords and abstracts of the litera-
ture were used without considering general words such
as auxiliary verbs, connecting words, stop words and
punctuation after transferring all text into lowercase.
The research data for 2023 were incomplete. There-
fore, we analysed the publication trend and assessed
the goodness of fit with R2 value (Cameron & Wind-
meijer 1997), along with overall citations, based on the
literature data between 2004 and 2022.

Bibliometrics insights

Bibliometrics offer valuable insights into scholarly
communication dynamics and the impact of research
across academic disciplines (Ninkov et al. 2022; Pan et
al. 2024). Reporting, influential articles is essential for
recognizing impactful research domains, the sustain-
able development goals (SDG) alignment of articles
enhances the strategic value of academic efforts and
WoS categories can effectively navigate and make use
of the specific field of scholarly literature. The con-
tributing institution facilitates the potential stakehold-
ers in the research ecosystem, and keywords and their
networks enhance an understanding of how different
concepts are interconnected (Calvo et al. 2022; Cheng
et al. 2018; Davies et al. 2012). Similarly, the number

of authors contributing to a single publication attests
to collaborative projects and the authors’ network sug-
gests an association between two or more scientists
pursuing shared goals (Kratzer 2018; Ortega 2014;
Venturini et al. 2024).

We therefore examined the influencing research,
SDG alignments, WoS categories, collaborative in-
stitutions and authors using the WoS core collection
analysis tool. The relationship among keywords that
contained at least two publications were visualized us-
ing a co-occurrence network graph that was generated
using VOS Viewer software version 11.6.18 (Van Eck
& Waltman 2018). The keywords and authors net-
works were graphed with the default configuration of
the VOSviewer software (Van Eck & Waltman 2018).
The ten most cited articles were summarized with key
findings and annual citation rate. We visualized the an-
nual latent words, which examined a collection of five
dominant words for each year, and the transitions of
the most frequently used 30 words were presented in
the RStudio environment (R Core Team 2023).

Topic modelling

Topic modelling is an unsupervised probabilistic
text classification technique used to uncover latent
textual data frameworks (Griffiths & Steyvers 2004).
With advances in research and development (R&D)
and robust computational tools, various techniques
such as Latent Dirichlet Allocation (LDA) (Blei et al.
2003), non-negative matrix factorization (Da Kuang
et al. 2015), correlation (Blei & Lafferty 2005), joint
sentiment (Lin & He 2009), bidirectional encoder rep-
resentations from transformers (Devlin et al. 2019)
and models in natural language processing (NLP)
have been applied to topic modelling (Abdelrazek et
al. 2023). Several researchers have gravitated to LDA,
which has been successfully applied to different re-
search clusters (Du et al. 2021; Jelodar et al. 2019;
Laureate et al. 2023; Vayansky & Kumar 2020). LDA
is highly recommended for analysing latent topics be-
cause of its advantages in flexibility and coherence
(Stevens et al. 2012; Vayansky & Kumar 2020). LDA is
a generative probabilistic model that follows the three-
level hierarchical Bayesian rule (Blei et al. 2003).

LDA characterizes documents as distributions over
topics, with each topic represented as a collection of
words, thereby revealing topic generation within a cor-
pus (Vayansky & Kumar 2020). Using a Dirichlet dis-
tribution, LDA initially samples a document-specific
multinomial distribution over subjects to construct a
document. Words from these topics were sampled re-
peatedly based on the Bayesian rule (Blei et al. 2003).
In LDA, o and § are the corpus-level hyperparameters
and are assumed to be sampled once while generating
a corpus; 0 is the document-level parameter sampled
once in a document; and @ is the topic-level distribu-
tion of words. The variables z and w are word-level
variables sampled once for each word in each docu-
ment, as graphically represented in Figure 2. In LDA,
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Figure 2 — A graphical representation of the latent Dirichlet
allocation (LLDA) model. The Figure illustrates the relation be-
tween documents, topics and words. The letters a and [ are the
corpus-level hyperparameters; 0 is the document-level parameter
sampled once in a document; D is the topic-level distribution of
words; 3 and w are word-level variables sampled once for each
word in each document; M is the total number of documents; N
is the number of words in each document; and K is the prede-
Jined number of topics (Blei et al. 2003).

M

each M document is a mixture of K latent topics and
each topic describes a multinomial distribution of N
words (Blei et al. 2003). These parameters have been
estimated using Gibbs sampling and variational expec-
tation maximization (VEM) approaches, implemented
via the zopicmodels package within the RStudio environ-
ment (Griin & Hornik 2011). Gibbs sampling is more
accurate and provides more stable topics than the
VEM approach (Marani & Baumer 2023; Mardones-
Segovia et al. 2022; Zubir et al. 2018). Leveraging this
established understanding, the current study employed
the Gibbs sampling method for its topic modelling,

It is essential to determine the appropriate number
of topics in topic modelling (Arun et al. 2010; Cao et
al. 2009). In this study, the possible number of op-
timal topics (K) was determined by comparing four
metrics — Griffiths 2004 (Griffiths & Steyvers 2004),
Cao 2009 (Cao et al. 2009), Arun 2010 (Arun et al.
2010) and Deveaud 2014 (Deveaud et al. 2014) — each
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Figure 3 — Workflow summary for bibliometric and topic mod-
elling analysis of Baekdudaegan research indexed in WoS da-
tabase from 2004 to 2022.

offering distinct perspectives on topic selection. Grif-
fiths 2004 assesses topic coherence by measuring the
semantic similarity among the top words within each
topic, while Cao 2009 focuses on model perplexity,
indicating the model’s ability to predict unseen data.
Arun 2010 strikes a balance between model complexi-
ty and coherence by maximizing intra-topic coherence
and minimizing inter-topic separation. Deveaud 2014
provides a comprehensive evaluation of topic model
quality, considering both coherence and coverage. Our
study evaluated these metrics by employing a range
of optimization techniques: Griffiths 2004 and De-
veaud 2014 were optimized for maximization, while
Cao 2009 and Arun 2010 were optimized for mini-
mization. The topic K=10 was initially arbitrarily de-
fined, and the scenarios were evaluated for each met-
ric using the /datuning package (Murzintcev & Chaney
2022). Visualizing a larger number of words can lead
to overcrowding in the word cloud, making it difficult
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Figure 4 — WoS-indexed Baekdudaegan research contents: a) cumulative publication (CP), citation trend and exponential fit of CP
(dominated words in each year in parentheses; HIN/A: no record), b) highly dominated 30 words transitions over time (colourbar
represents the frequency of words).
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Figure 5 — Frequency plots for research alignment to a) Sustainable Development Goals and b) top 20 Web of Sciences categories.

for viewers to interpret. We therefore extracted the
first 100 dominant words for each topic and visualized
the word cloud computed in the RStudio environment
(Fellows 2022; R Core Team 2023). A detailed sum-
mary of research flow is shown in Figure 3.

Results

Publication trend

Choi (2004) was the first report of the 165 publica-
tions (Articles: 157; Reviews: 4; Proceeding papers: 1;
Editorial material: 2; Meeting abstracts: 1) publications
indexed in the WoS database. Remarkably, there was
a conspicuous absence of WoS-indexed publications
from 2004 to 2012, followed by a notable surge in
publications post-2017 (Figure 4a). There is an upward
trajectory in cumulative publications, characterized by
an exponential growth rate of 0.34 literatures per year
with a constant multiplier of 0.25 (R? = 0.989). Con-
currently, citations exhibit a corresponding increase
correlating with the rising rate at 5.19 citations per
publication. When scoping the influence publication
on the topic Baekdudaegan, Altitudinal patterns of plant
species richness on the Baekdudaegan Mountains, South Ko-
rea: mid-domain effect, area, climate, and Rapoport’s rule (Lee
et al. 2013) was observed as the most cited (41 times
and 3.42 citations per year) (Table 1). The existing lit-
erature on Baekdudaegan mainly focuses on species
distribution, climate influences and the glacial refu-
gium characteristics of this mountain region (Chung
et al. 2017). The latent words derived from keywords
assigned by authors and the abstracts of publications
revealed a notable shift in research focus over time.
Initially, the discourse was dominated by terms such
as Baekdudaegan and mountain, gradually transitioning to
include words like species, seed, plant and germination in
recent years (as indicated by x-level in parentheses in
Figure 4a). Further scrutiny concentrated on the five
most frequently employed words, leading to the ex-

traction of the thirty most recurrent terms over time.
Notably, terms such as species, plant and seed emerged as
dominant themes across various temporal segments,
as depicted in the heatmap illustrated in Figure 4b.

We revealed that the research outputs were pre-
dominantly aligned with nine specific SDGs that were
observed using the SDGs feature within the WoS core
collection analysis tool. Notably, a substantial portion
of the research corpus (comprising 99 articles) was
aligned with the exploration of SDG 15, concerning
life on land. This was closely followed by contributions
to SDG 13, addressing climate action, and SDG 3, fo-
cusing on good health and well-being (Figure 5a). The
examined literature ranged from various (a total of 45)
WoS categories, with plant science as the dominant
WoS category, followed by ecology, environmental sci-
ence and forestry (see top 20 categories in Figure 5b).

We examined the authors’ affiliations, number of
authors per article and dominant authors’ publica-
tions (Figure 6) to identify collaborating institutes
and authors. A total of 454 authors from 171 insti-
tutions contributed to the examined literature. The
Baekdudaegan National Arboretum was the dominant
organization, followed by the Korea National Arbo-
retum, Chonnam National University and Korea For-
est Research Institute (Figure 6a). Similarly, there were
38 publications contributed by five authors, with the
maximum number of authors per article being 17 and
an average of eight authors (Figure 6b). The author
Kim, YS made the highest number of occurances
(n=25), followed by Na, CS (#=19) and Kim, DW
(n=18) (Figure 6c¢).

Keyword and authors’ networks

A total of 399 co-occurring keywords were identi-
fied while analysing the VOSviewer framework, where
65 words met the threshold of the minimum number
of occurrences (two times) of a keyword visualized in
the network graph with thematic clusters (Figure 7a).
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Figure 6 — Publication frequency of a) top 20 dominated institutions b) number of anthors per article and c) top 20 authors.

It was observed that the keyword conservation was po-
sitioned as the central theme of networks linked to
the terms genetic diversity, biodiversity, diversity, phylogeogra-
DPhy, biosphere reserve and Baekdudaegan. These keywords
focus on environmental and ecological research, with
a specific emphasis on areas such as the Baekdudae-
gan Mountains, biodiversity and evolutionary genetics.
Similarly, we graphed the co-authorship network (Fig-
ure 7b) to visualize the collaborative community, espe-
cially working on conservation and biodiversity topics
related to the themes linked to the Korean Baeckdudae-
gan environment. We observed that Kim, Yeong-su
(Kim Y.S.), Kim, Dae Wook (Kim D.W)), Kim, Jeong
Yoon (Kim ].Y.) and Woo H.S. were serving as central
nodes and they connected with other authors, forming
a collaborative research group. Other researchers such
as Kim Jae Woo (Kim J.W)) and Lee, Andosung (Lee
A.S.) led to smaller clusters within the network.

accuracy

Topic visualization

We observed extreme values of the four metrics,
Griffiths 2004, Cao 2009, Arun 2010 and Deveaud
2014 on the LDA model (Figure 8). Arun 2010 and
Griffiths 2004 demonstrated a better fit when increas-
ing the number of topics (K). Good convergence was
observed in Cao 2009 and Deveaud 2014 at K= 6 that
we proceed in LDA modelling for further analysis.

The thematic delineations were examined to facili-
tate a deeper understanding of the multifaceted di-
mensions of research within the examined literature.
We found six distinct topics, each characterized by
dominant terms encapsulating key thematic elements.
Word clouds depicting the top 100 dominant words
for each topic were visualized (Figure 9). The first
topic exhibited a prevalence of terms such as activity,
Pplant, cell, enzyme and production, indicative of a focus
on biochemical processes and productivity within
plant systems. In the second topic, prominent terms
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Figure 7 — Network visualization of (a) co-occurrence of keywords and (b) co-authorship relationships (node colors represent the-
matic groups, where node size corresponds to the frequency of occurrence (for keywords) or the number of publications (for authors)
and link thickness shows the strength of associations, based on co-occurrence frequency).
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included forest, species, vegetation, area and soil, suggesting
an emphasis on ecosystem dynamics and landscape-
level interactions within forested environments. The
third topic was characterized by terms such as species,
genome, region, gene and faxon, suggesting a concentration
on the genomic and taxonomic aspects of biodiversity.
Conversely, the fourth topic featured terms like seed,
germination, temperature, treatment and dormancy, indicat-
ing a focus on the dynamics and mechanisms gov-
erning seed behaviour under varying environmental
conditions. The fifth topic highlighted terms such as
genetic, population, species, Baekdudaegan and diversity, sug-
gesting a thematic exploration of genetic diversity and
population dynamics, particularly within mountainous
regions. Lastly, the sixth topic was marked by words
such as species, change, plant, climate and pattern, indicating
an investigation into the impacts of climate change on
plant communities and ecological patterns. Through
careful examination of the word distribution within
each topic, we synthesized the overarching themes
into six categories: bioactive plant components, forest
ecosystem restoration, genomic diversity, seed germi-
nation dynamics, mountain biodiversity and climate-
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Figure 8 — Estimation of the optimal number of topics (six
topics) based on 1.DA model quality using four measures: Grif-
fiths (2004), CaoJuan (2009), Arun (2010), and Deveand
(2014). The top panel shows metrics (CaoJuan (2009) and
Arun (2010)) that should be minimized, as lower values in-
dicate better topic separation. The bottom panel presents met-
ries (Griffiths (2004) and Deveand (2014)) that should be
maximiged, as higher values reflect improved topic coberence and
model performance. Based on these measures, six topics were
selected as the optimal number.

induced changes.

Table 1 — Top ten most-cited research and their findings linking to Baekdudaegan indexed in WoS until 27 December 2023.

TC: Total citations; C/Y: Citations per year

Title (Type) Key findings TC (C/Y)
Altitudinal Patterns of Plant Species Richness in the Hump-shaped species richness pattern in the Baekdudaegan moun- | 41 (3.42)
Baekdudaegan Mountains, South Korea: Mid-domain tains where plant richness is influenced by mid-domain effect (MDE)
Effect, Area, Climate and Rapoport’s rule (Article) (Lee et | and climatic factors.
al. 2013)
The role of the Baekdudaegan (Korean Peninsula) as a The Baekdudaegan mountains hypothetically served as a glacial 40 (5)
major glacial refugium for plant species: A priority for refugium and have genetic diversity of plant populations. They are
conservation. (Review) (Chung et al. 2017). also regarded as the holy mountain system of Korea.
Environmental drivers of patterns of plant diversity along | Plant species distribution in the Baekdudaegan mountains follows 26 (2.89)
a wide environmental gradient in Korean temperate diverse elevational patterns, with regional area, habitat heterogeneity
forests. (Article) (Lee & Chun 2016). and climate being significant influencing factors.
Incorporating differences between genetic diversity of Along the Baekdudaegan mountain network, forest trees exhibit 23 (4.6)
trees and herbaceous plants in conservation strategies. higher genetic diversity at both population and species levels com-
(Article) (Chung et al. 2020) pared to annuals and herbaceous perennials and herbaceous plant

populations are low and vulnerable to the loss of genetic diversity.
The Korean Baekdudaegan mountains: A glacial The Baekdudaegan, a biodiversity hotspot with cultural and spiritual | 23 (3.29)
refugium and a biodiversity hotspot that needs to be significance, requires concerted conservation and cooperation efforts
conserved. (Article) (Chung et al. 2018a). for its sustainable management.
Large effective population sizes and high levels of gene | In the Baekdudaegan mountain region, there are high levels of 16 (1.45)
flow between subpopulations of Lilium cernuum (Lili- within-population genetic variation and low between-population
aceae). (Article) (Chung & Chung 2014). genetic differentiation. Cold-adapted species are found in large

refugial areas.
Were the main mountain ranges in the Korean Peninsula | The Baekdudaegan mountain range serves as glacial refugia for 15 (1.36)
a glacial refugium for plants2 Insights from the con- boreal plant species, providing stable habitats and supporting large
generic pair Lilium cernuum — Lilium amabile. (Article) population sizes.
(Chung et al. 2014).
Potential distribution of amphibians with different habitat | Amphibian species face heightened vulnerability to climate change, 14 (3.5)
characteristics in response to climate change in South anticipating significant declines and potential extinctions. Their habi-
Korea. (Article) (H.W. Kim et al. 2021) tats are projected to concentrate along the Baekdudaegan mountain

range and in the southeastern region, demanding urgent conserva-

tion action.
Comparison of genetic variation between northern and | There is genetic diversity of boreal or temperate plant species in the 14 (2)
southern populations of Lilium cernuum (Liliaceae): southern glacial refugium in the Baekdudaegan mountains and in the
Implications for Pleistocene refugia. (Article) (Chung et northern area (Northeast China and the Russian Far East).
al. 2018b).
Driven to the edge: Species distribution modeling of Climate change significantly impacts amphibian diversity, resulting in 12 (3)
a clawed salamander (Hynobiidae: Onychodactylus a northeastward shift of their habitat suitability towards high-eleva-
koreanus) predicts range shifts and drastic decrease of tion areas along the central ridge of the Baekdudaegan range, as it
suitable habitats in response to climate change. (Article) | serves as a climatic refugium for the species.
(Y. Shin et al. 2021)




Overall, research linked to the BMR is an increas-
ing trend, largely due to its critical role in conservation
and ecosystem management. The research is predomi-
nantly aligned with SDG 15, particularly in the field of
plant science, and is largely conducted by the Baekdu-
daegan National Arboretum. The unsupervised topics
extracted from the LDA model also revealed a strong
emphasis on conservation, biodiversity and ecosystem
services. Given the growing importance of the BMR
and similar protected mountain areas, it is crucial to
continue research and systematically to monitor their
conservation status.

Discussion

Mountains are special places to be protected for
sustainable conservation (Kollmair et al. 2005). They
serve as habitats for species worldwide, emphasizing
the importance of effective management strategies
and monitoring such indicators as conservation sta-
tus, threats, socioeconomic context and social valua-
tion and perception (Chung et al. 2017; Schmeller et
al. 2022; Shin 2004). Representing approximately a
quarter of the world’s land area across 139 countries,
mountains are integral landscapes of the planet, ne-
cessitating research to understand their systems and
current threats (Kohler et al. 2012; Ng 2022; Schmel-
ler et al. 2022). The inclusion of a dedicated moun-
tain chapter in UN Agenda 21 (United Nations 1992,
Chapter 13: Managing Fragile Ecosystems: Sustainable
Mountain Development) catalysed significant progress
in mountain research, leading to the establishment of
global mountain institutions such as the Global Moun-

es«abhshmem

important  hydrolyze i

T1 response o op ec‘glo T2 RO SO
structureenhance apphcallon specificity prepare  densiflora
Iom;gpgg:\la:ldltlon pIatchSIde mdusma\ n comp growth
degradat.onmflammatory SXNIDI sscherchia ,;;“g’h;; good
mg‘ﬂﬂgwsecondltlon bacterial~ mechanism diversity §
Fiien increase i,
isomerase prOd UCtlo n allosepajioon tolerant @,

study g _include

seiproteinplant g a%zgyegr;;:,""

government

composition  precipitation
e Characteristicauaity
Criver tree natural

conimar S &3 index owSOl urban

establish LVegeta‘tlo n

Dhakal et al.

tain Biodiversity Assessment Network, the Mountain
Research Initiative, the International Centre for In-
tegrated Mountain Development and the Mountain
Partnership (Bhandary 2015; Grumbine & Xu 2021;
Price et al. 2021). These institutions facilitate intet-
disciplinary research, knowledge exchange with local
communities and awareness-raising efforts regarding
mountain ecosystems and their services at both lo-
cal and global levels. As global and local interest in
mountain research continues to rise, literature centred
on mountainous regions has experienced a notable
surge (Gurgiser et al. 2022; Ng 2022). Research linked
to local mountains highlights indigenous conserva-
tion practices, traditional ecological knowledge and
community-based management strategies that sup-
port sustainable conservation efforts (Farina & Mullet
2024; Garrard 2012; Palau & Claramunt-Lopez 2024;
Xu et al. 2023). Acknowledging the assistance of bib-
liometric studies and LDA modelling to identify major
research concerns and guide future investigations, the
current study examined the insights from 165 research
papers linked to the Korean BMR obtained from the
WoS core collection database.

The BMR in South Korea occupies a significant
position in ecological research because of its designa-
tion as a biodiversity hotspot and its role as a crucial
glacial refugium refuge for plant species (Chung et al.
2018a; Shin et al. 2021). In recent years, an increasing
number of studies have focused on various facets of
this mountain range, including changes in forest land-
scapes, village characteristics, plant species diversity
and the impacts of climate change on species distribu-
tion (Choi et al. 2006; Dhakal et al. 2023; Kim et al.
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Research

2021; Kim et al. 2023; Park et al. 2022, 2017; Shin et
al. 2021). We also observed that the most influential
highly influenced literature focused on the species dis-
tribution, genetic diversity and glacial refugium char-
acteristics of the BMR and the annual changes in year
wise dominant thematic words within the literature
highlighted the genetics, species, population and seeds
as current focal points.

Mountain ecosystem research is increasing glob-
ally (Gurgiser et al. 2022; Liu et al. 2022). We also ob-
served that Backdudaegan-linked research has exhib-
ited an increasing pattern, but one that appears to be
in the early stages of research diffusion (Rogers 1983).
The publication of Baekdudaegan-linked research fol-
lowed an exponential trajectory with a rate of 0.34
WoS indexed publications in a year. This increasing
trend could be of growing interest in investigating the
ecological, cultural and socioeconomic dimensions of
the study region. Forest and mountain-related research
is aligned with multiple disciplines of SDGs (Baum-
gartner 2019; Timko et al. 2018). We observed that the
alignment of the examined literature was dominated
by SDG 15 with a particular focus on biodiversity con-
servation and ecosystem management (UNDP 2021).
By aligning research efforts with the broader frame-
work of the SDGs, Backdudaegan-linked research can
contribute significantly to sustainable development
outcomes, while fostering interdisciplinary collabora-
tion and knowledge exchange (Bettencourt & Kaur
2011; Zimmermann et al. 2018).

We observed the research landscape linked to the
BMR, dominant latent words, SDG alignments, re-
search categories, contributing authors, institutions and
LDA topics. This would support collaborative effort
on local as well as global mountain studies. Similar WoS
categories such as plant science and ecology were the
leading clusters within Backdudaegan studies as high-
lighted in the previous mountain-related research (Gur-
giser et al. 2022; Liu et al. 2021; Mengist et al. 2020).
Understanding research-contributing institutions sup-
ports resource and knowledge sharing (Mufungizi et al.
2023; Shen et al. 2023; Subramanyam 1983). The Bae-
kdudaegan National Arboretum is the predominant
contributing institution that has conducted numerous
projects focused on in- and ex-situ conservation, and
the use of biological resources (Backdudaegan Nation-
al Arboretum 2024). In addition, we employed visuali-
zation techniques to elucidate keyword networks, facili-
tating the identification of interdisciplinary keywords
and revealing link-strength distributions (Van Eck &
Waltman 2018).

The LDA model was fitted to the keywords and
abstracts, suggesting that six topics provided insights
into the current research trends in the forest dynamics
of the BMR. The first LDA-modelled topic comprised
words related to biochemical pathways and their im-
pact on industries and health supplements. The second
topic included complex forest ecosystems and myriad
indices defining ecological balance related to compre-

hensive evaluations and strategies for forest conserva-
tion. The third topic consisted of genomic taxonomy
and molecular identification across species, using mo-
lecular identification techniques related to deciphering
evolutionary relationships and preserving diverse ge-
netic lineages. The fourth topic covered seed physiol-
ogy, germination dynamics and environmental factors
related to agricultural practices, ecosystem restoration
and conservation. The fifth topic covered mountain
biodiversity conservation, genetic diversity and popu-
lation genetics related to sustaining ecological balance
in mountainous landscapes. The sixth topic comprised
the species response to climate change and adoption,
focusing on habitat distribution which is inclined to
stress the urgency of setting strategies to mitigate the
threats of ongoing environmental challenges.

Based on the distribution of dominant words in
LDA, we have proposed six potential broad topics:
1) bioactive plant components, biochemical signifi-
cance and disease; 2) forest ecosystem restoration by
contrasting urban-natural dynamics; 3) genomic tax-
onomy for molecular insights and evolutionary signifi-
cance; 4) seed germination dynamics and environmen-
tal factors; 5) mountain biodiversity and conservation
strategies; and 6) climate-induced changes and species
resilience that contribute to ecosystem services, eco-
logical policy research and SDGs (Altaweel et al. 2019;
Liu et al. 2022; Mengist et al. 2020). The WoS categori-
zation of the analysed literature predominantly aligned
with SDG 15. Additionally, the results from the LDA
model reveal that topics primarily associated with
SDG 15 often intersect with other SDGs, depending
on their emphasis on aspects such as health, climate,
ecosystems and sustainability This convergence be-
tween the WoS report and LDA findings validates the
consistent association of the topics with the SDGs,
highlighting the importance of BMR research for sus-
tainable biodiversity conservation and land manage-
ment.

Although the current study explores research in-
sights gained from the publication trends and the-
matic structure of BMR linked studies, it has several
limitations. The inherent limitations of bibliometric
and LDA topic modelling methods is their inclina-
tion towards data-driven research outputs rather than
specific content. This study relied only on the WoS
database, missing valuable information from other
sources such as Google Scholar, Scopus and the Ko-
rean Science Index (KSCI). Although there are biases,
bibliometric studies explore various insights such as
authors, institutional and document contents (Donthu
et al. 2021). We examined publication trends, article
keyword networks, contributing institutions and the
2030 agenda for the SDG alignment, as suggested in
the WoS database. In-depth research on science map-
ping, research performance and network analysis of
all scholarly sources can influence the results. Further-
more, the study employs LDA modelling, defining six
topics concerning current research trends that may



oversimplify complex phenomena. Comparing differ-
ent metrics and topic modelling approaches, such as
non-negative matrix factorization (NMF) and latent
semantic analysis (LSA), could achieve a more robust
and nuanced examination of scientific content related
to the Backdudaegan mountain network.

This is a case study involving the Korean Peninsula.
We have identified some noticeable areas for future
research linking mountain ecosystems such as climate
change impact and adaptation, biodiversity and con-
servation, ecosystem services, forest dynamics and
restoration ecology, genetic diversity and evolution,
anthropological impact and conflict mitigation and
ecological monitoring and data generation that can
enhance understanding and management (Blattert et
al. 2017; Canedoli et al. 2024; Shen et al. 2023). The
increasing BMR research centred on biodiversity and
nature has contributed to South Korea achieving the
seventh position on the 2023 Nature Index (NI). NI is
examined based on research publications in 82 natural
science journals selected by an independent group of
researchers (Woolston 2023). Upgrading the national
NI rank would be a future goal for researchers in this
region. The Man and Biosphere Program (MAB) of
UNESCO has established fundamental principles and
methodologies for proficiently governing the Bio-
sphere Reserve, necessitating ecological research and
conservation endeavours to uphold biodiversity and
sustainable practices (Batisse 1982). In the keywords
network of this study, terms such as protected area, Bio-
sphere Reserve, and Korea are cohesively clustered, yet
challenges persist in the incorporation of the BMR
into Biosphere Reserve regions (Lee 2019). Examin-
ing social issues and contributing factors will be the
next research path. Continuous research and develop-
ment within the Baeckdudaegan networks hold prom-
ise for achieving diverse objectives, serving as a crucial
pathway towards enhanced ecological understanding,
conservation efficacy and sustainable resource man-
agement. Future study could also be bibliometrically
comparative, employing topic modelling on other lo-
callly and globally protected, as well as non-protected,
mountain ranges in the world.

Conclusions

Mountain research has focused on the unique spe-
cies and ecological characteristics of different moun-
tain ranges worldwide. This study has explored in-
sights into the research surrounding the BMR in the
Korean peninsula applying bibliometric analysis and
LDA modelling to the metadata of 165 WoS-indexed
articles. We examined research trends and their align-
ment with WoS categories and the 2030 agenda for
UN SDGs, co-occurrence networks, collaborating
institutions and LDA topics. Overall, the results of
the hybrid bibliometric analysis and topic modelling
approaches of this study benefit local ecosystems
and open avenues for studies across global mountain

Dhakal et al.

networks. Beyond academia, this study encourages co-
operation and knowledge exchange among research-
ers and policymakers to address challenging environ-
mental issues and to promote sustainable management
practices.
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