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This study systematically examines the evolution of coastal land-use and resilience
research using CiteSpace, a bibliometric analysis tool. Results identify nine major
clusters, with land-use dynamics, climate impacts, and management forming the
field’s core structure. Three dominant evolutionary trajectories emerged: (1) the
integration of land-use and ecosystem dynamics as foundational resilience drivers;
(2) a shift toward climate risk, variability, and adaptation-oriented analysis; and (3)
the rise of governance and community-focused perspectives prioritizing socio-
ecological resilience. However, significant structural biases remain, especially
regarding data availability in the Global South. This review underscores the need
for coherent frameworks that reconceptualize coastal systems as coupled socio-
ecological interfaces. To advance long-term sustainability, future research must
bridge methodological gaps by integrating multi-scale monitoring, from regional
trends to neighborhood-level human expansion, with inclusive, justice-oriented
adaptation strategies.
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1. Introduction

The coastal zone serves as a transitional interface between terrestrial and marine ecosystems [1] making it
one of Earth’s most intensively coupled human-natural systems. These regions host a disproportionate share of the
global population and economic activity within a narrow strip. Specifically, it accommodates over one-third of the
world’s population and nearly half of the world’s urban population [2,3]. By 2018, over 1.7 billion people resided
within 50 km of the coast, with 1.09 billion living in high-risk zones within 10 km [4,5]. Currently, as this
concentration of population and economic activity accelerates, projections suggest that hundreds of millions more
will inhabit low-elevation coastal zones (LECZs) by 2050 [4]. Consequently, rapid coastal urbanization, industrial
clustering, and extensive land reclamation are fundamentally reshaping coastal land-use and land-cover (LULC)
dynamics, driving environmental challenges such as shoreline retreat, wetland destruction, and coastal squeeze [6,7].
Climate change stressors, sea-level rise, and intensified storms further amplify these anthropogenic disruptions,
making coastal zones critical areas of global concern and risk.

Crucially, these anthropogenic land-use transitions are intricately intertwined with major biophysical coastal
processes, including sea-level rise (SLR), shoreline erosion, wetland degradation, and habitat fragmentation [8,9].
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Over the past century, large areas of natural coastal ecosystems have been irreversibly transformed by agriculture,
aquaculture, and urban sprawl [10]. Historical analysis suggests that 25-50% of global coastal wetlands were
converted to agriculture or aquaculture in the 20th century, with an additional 20-45% projected to be lost due to
sea-level rise by 2100 [11]. However, these transformative trajectories exhibit profound spatial heterogeneity.
Empirically, land reclamation for industry and aquaculture dominates in China and parts of Southeast Asia [12], while
West Africa has experienced rapid, informal urban expansion along with significant forest fragmentation [13].
Meanwhile, in the EU, the extended low-elevation zone now accounts for over 15% of total urban area by 2023 [14].
Recent studies have moved beyond descriptive monitoring to incorporate scenario-based modeling, revealing that
while global trajectories share commonalities, regional outcomes are highly heterogeneous and driven by distinct
socioeconomic and governance frameworks [15—18].

However, coastal zones no longer face merely isolated environmental pressures, such as gradual sea-level
rise or localized nutrient pollution. Instead, they are increasingly facing compounded extreme events, where
ongoing landscape degradation synergizes with disturbances such as intensified storm surges and successive
hurricanes. As a consequence, beyond direct spatial transformation, such profound coastal LULC changes trigger
cascading ecological impacts across multiple biophysical dimensions [19]. Structurally, the conversion of natural
habitats into impervious surfaces intensifies fragmentation and restricts ecosystem migration, exacerbating coastal
squeeze [20], particularly where hard infrastructure restricts landward ecosystem migration under sea-level rise [15].
Functionally, these changes reshape biogeochemical and hydrological cycles. Wetland loss impairs carbon
sequestration and flood attenuation [21], while altered surface permeability and hydrological connectivity further
modify groundwater-surface water exchanges [22] and nutrient fluxes [23], with downstream consequences for
primary productivity and trophic structure [24]. Ultimately, these coupled disturbances degrade water quality,
modify microclimates, and critically diminish the inherent capacity of coastal ecosystems to buffer against and
recover from compounding climatic stressors [25].

Further, regarding compounding disturbances, ecosystem resilience has emerged as an indispensable
conceptual framework for assessing how coastal systems maintain their functional integrity [26,27]. Resilience in
this coastal context encompasses not only the capacity to absorb sudden shocks but also the capacity to adapt,
reorganize, and maintain essential ecological functions amid long-term environmental challenges [28-30].
Existing studies show that intensive land conversion not only decreases ecosystem performance but also gradually
erodes intrinsic stabilizing feedbacks, pushing coastal ecosystems toward critical tipping points where abrupt regime
shifts may happen [31,32]. This phenomenon often incurs a resilience debt or budget, in which short-term economic
gains from coastal exploitation mask long-term, potentially irreversible losses in ecological stability and adaptive
capacity [33]. Consequently, while interventions such as nature-based solutions (NbS) and strategic retreat can
partially restore connectivity, their success depends on alignment with underlying biophysical processes [34,35].
However, their effectiveness still depends significantly on local context, especially regarding temporal dynamics,
spatial scale, and alignment with underlying biophysical processes.

Methodologies for assessing coastal resilience are evolving from static frameworks (e.g., PSR, DPSIR) to
integrated, spatially explicit quantitative models [36,37]. Advances in high-resolution remote sensing data and the
application of novel process-based models have significantly deepened our understanding of LUCC dynamics and
cascading impacts [38,39]. For instance, combining high-resolution remote sensing with process-based models (e.g.,
InVEST, ARIES, MIMES, CLUE-S, SLEUTH, DIVA, SLAMM) now allows for projecting resilience across various
climate and LUCC scenarios [40—42]. However, significant gaps remain. For example, current studies often treat
land-use impacts as linear and reversible, underestimating feedback amplification and threshold effects [25,31].
Specifically, critical mechanistic studies, such as how landscape fragmentation increases system vulnerability,
nonlinear threshold effects, or how hydrological connectivity gradually weakens the inherent stabilizing feedbacks
of coastal wetlands, are dispersed across isolated disciplinary fields, from geography to biogeochemistry, rather
than being integrated into a unified socio-ecological perspective. However, previous literature reviews have largely
failed to summarize this interdisciplinary scatter. Furthermore, the integration of land-system science with
resilience theory remains fragmented; resilience research often treats land-use dynamics as static background
factors, thereby obscuring how land transformation actively reshapes adaptive space [32]. They overlooked
mapping how the different land transformation processes (e.g., coastal squeeze, habitat degradation, wetland
recalmation) interact to induce systemic resilience loss, and they ignored the shift from descriptive land-cover
monitoring to dynamic resilience modeling. Therefore, this study objectively maps existing disciplinary research,
tracks critical thematic turning points, and synthesizes the dispersed mechanistic links between coastal land-use
dynamics and ecosystem resilience.

To address this critical knowledge-synthesis gap, the main aim of the study is to conduct a comprehensive
bibliometric analysis of global research on coastal LULC and ecosystem resilience using the Web of Science Core
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Collection database. By employing CiteSpace-based knowledge mapping techniques, we quantitatively analyze
publication trends, keyword co-occurrence networks, thematic clusters, and citation bursts to reveal the intellectual
evolution of the field. Specifically, the research is designed to address three main objectives: (i) to quantify the
knowledge-based evolution of the field, specifically identifying how research paradigms have shifted from
descriptive LULC monitoring toward dynamic socio-ecological resilience modeling; (ii) to synthesize and
characterize how coastal land transformation affects ecosystem resilience across various spatial scales and socio-
ecological contexts; and (iii) to evaluate the integration of LUCC with resilience application, identifying critical
geographic or mechanistic directions to propose context-specific adaptation pathways (e.g., NbS) against extreme
coastal events. Ultimately, the findings aim to provide a coherent, evidence-based framework for advancing
science-based coastal planning and proactive climate adaptation strategies under accelerating global change.

2. Data Acquisition and Methodology
2.1. Bibliometric Approach and Analytical Tool

This study employs bibliometric analysis to quantitatively map the intellectual structure and thematic
evolution of the coastal land use and resilience knowledge domain [43]. We utilized CiteSpace (6.4.R2), a dynamic
visualization tool optimized for detecting critical turning points, research hotspots, and emerging trends within
complex scientific fields [44,45]. By applying co-citation analysis and pathfinder network scaling, CiteSpace
facilitates the visualization of structural relationships among authors, institutions, and keywords, enabling a
comprehensive exploration of the field’s dynamic mechanisms [46,47].

2.2. Data Source and Search Strategy

Bibliographic data were retrieved from the Web of Science Core Collection (WoSCC) to ensure high-quality
and standardized citation data [48]. The keyword selection was systematically structured around the spatial
domain, driver mechanisms, and systemic outcomes to ensure both thoroughness and specificity. However, the
initial broad search produced many irrelevant publications from unrelated fields, requiring the addition of more
specific keywords to clearly define the socio-ecological research context (refined search). A two-stage retrieval
strategy was implemented to balance breadth and precision:

(1) Broad Search: A preliminary search using TS = (“coastal land use*” OR “coastal land use change*”) AND
TS = (“ecosystem resilience®*” OR “ecological resilience*”) yielded 5057 records. This dataset was utilized
to analyze long-term global publication trends. After refinement by Web of Science categories, non-English
records, non-article and non-review document types, and publications before 2005 were excluded, leaving a
dataset of 4916 publications.

(2) Refined Search: To identify specific interaction mechanisms, a detailed query was created using expanded
terms, including TS = (“coast” OR “littoral” OR “shoreline*” OR “estuary*” OR “bay area*”” OR “intertidal
zone*”) AND TS = (“land use*” OR “land cover*” OR “LULC” OR “LUCC” OR “coastal urbanization”
OR “land transition*” OR “land reclamation”) AND TS = (“resilience*” OR “coastal resilience*” OR
“ecosystem resilience*” OR “ecological resilience*” OR “adaptive capacity” OR “recovery capacity” OR
“ecosystem stability”). This search returned 798 core records spanning 2005 to 2025.

2.3. Screening and Eligibility Criteria

To ensure data quality, the dataset was restricted to peer-reviewed articles and review papers published in
English. Duplicates were removed automatically. Non-scholarly document types, including editorials, conference
proceedings, and book chapters, were excluded. Following a rigorous manual review of titles and abstracts to
remove duplicates and irrelevant entries (e.g., unrelated engineering or medical studies), a final dataset of 765
high-quality publications was selected for detailed analysis.

2.4. Analytic Configuration in CiteSpace

The bibliometric analysis was configured with the following parameters to ensure network clarity and
structural significance:

(1) Time slicing: Data were segmented into 1-year intervals (January—December 2025).

(2) Node selection: A dual strategy was applied using the g-index (k =20) and a Top N threshold of 50 to extract
the most representative and highly cited nodes within each time slice, effectively balancing network scale
and legibility.
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(3) Network pruning: The Pathfinder and Pruning Sliced Networks algorithms were employed to crop the merged
network, eliminating redundant links and highlighting critical structural paths.

(4) Clustering: Keyword co-occurrences were clustered using the Log-Likelihood Ratio (LLR) algorithm, which
is known for producing distinct, high-quality labels with high intra-class similarity, to identify distinct
research themes, with institutions, countries, and keywords set as primary node types for visualization.

2.5. Analytical Techniques and Network Metrics

To systematically map the field’s intellectual structure, this study employed four analytical modules in
CiteSpace (6.4.R2) [44,45]. First, Collaboration network analysis was conducted using co-authorship matrices at
the country, institution, and author levels to measure social cooperation. In these networks, node size represents
publication volume, while link thickness indicates collaboration intensity. Second, Keyword co-occurrence
analysis was utilized to map conceptual hotspots. The structural importance of nodes within this network was
quantified using Betweenness Centrality. Nodes with a centrality score > 0.1 are identified as critical structural
hubs that bridge different research domains, visually represented by purple rings. Third, Document co-citation and
clustering analysis were applied to delineate major thematic groupings. Clusters were extracted using the Log-
Likelihood Ratio (LLR) algorithm, which ensures high intra-cluster similarity and inter-cluster distinctiveness,
evaluated by the Modularity (Q-value) and Silhouette (S-score) metrics. Across all generated networks, the Q
scores were consistently greater than 0.3 (like keywords value = 0.4368), and the S scores exceeded 0.7 (like
keywords value = 0.7499), statistically confirming that the network structures are significant and the clustering results
are highly convincing. Finally, burst detection analysis was performed using Kleinberg’s burst-detection algorithm.
This technique identifies sudden, statistically significant spikes in keyword frequency or citation rates within specific
time windows, providing a robust basis for identifying emerging research frontiers and paradigm shifts.

3. Bibliometric Review Results
3.1. Bibliometric Review of LUCC and Coastal Resilience
3.1.1. Annual Publication Trend

Research output has demonstrated a consistent upward trend since 2005, with a significant acceleration after
2019 (Figure 1). To systematically understand this evolution, the timeline was divided into distinct stages: the
Preparation Stage (2005-2010), the Increase Stage (2010-2015), the Expansion Stage (2015-2019), and the Boost
Stage (2020—Present). These classifications depend on a dual-criteria approach: quantitative inflection points in
yearly publication volumes and growth rates, as well as qualitative paradigm shifts driven by key global policy
frameworks and technological advances. Specifically, the exponential growth in post-2015 is not merely a natural
academic progression. Rather, it reflects a reactive scientific response to major global policy milestones (e.g., the
Paris Agreement and the UN Sustainable Development Goals). On the other hand, the sharp increase in
publications directly reflects the growing frequency of compound coastal hazards in the real world, indicating that
land-use resilience has shifted from a theoretical niche to an urgent, policy-driven imperative.

(1) Preparation Stage (2005-2010): Low output (<50 papers/year), focused on descriptive assessments of
wetland loss.

(2) Expansion Stage (2015-2019): Following the Paris Agreement, research diversified into interdisciplinary
domains, coupling climate scenarios with land-use models.

(3) Boost Stage (2020-Present): An intense increase driven by the urgency of climate agendas and the
availability of big data, considering coastal regions as critical cases for coupled land-sea system studies.

3.1.2. Study Location

We divided the papers collected in the first stage into Total and those selected for subsequent analyses (e.g.,
keyword analysis), which were classified as Typical. They originated from 160 and 118 countries and regions
worldwide, respectively. Uncovering the spatiotemporal trends of Total research, the highest volumes were published
in Asia (27%), Europe (35%), and North America (21%), with smaller volumes in Africa (5%), Oceania (7%), and
South America (5%), indicating that this research topic has received global attention (Figure 2). Research in this field
has been primarily (Top 10) concentrated in the United States (USA), China, the United Kingdom (UK), Australia,
Canada, Germany, Spain, France, Italy, and the Netherlands. China, the US, and the UK account for 15%, 16%, and
7% of all research on this topic, respectively. Australia was the fourth largest country in publications (4%). Western
European countries, including the United Kingdom, Germany, France, Italy, and the Netherlands, also exhibit high
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publication intensities, consistent with their strong research infrastructures, active engagement in Integrated Coastal
Zone Management (ICZM), and policy-driven focus on coastal resilience under climate change.
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Figure 1. Trends in publications from January 2005 to April 2025. Papers collected in the first stage are categorized
as Total, whereas those selected for subsequent analyses (e.g., keyword analysis) are classified as Typical.

By contrast, many regions in Africa, South America, and Southeast Asia have low publication proportion despite
high coastal exposure and socio-ecological vulnerability. This suggests geographic biases in the global knowledge base,
with areas under significant coastal pressures and climate risks underrepresented in the total literature. These disparities
may be attributed to variations in research capacity, funding, data accessibility, and integration into international research
networks. Another reason was that database retrieval in the study was limited to English-language journals, which may
have contributed to the limited geographical distribution represented in this review. Overall, the observed global
distribution underscores that research on coastal land-use change and its impact on ecosystem resilience is shaped not
only by environmental risk but also by uneven scientific capacity and institutional support.
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Figure 2. Global distribution of the retrieved studies. Numbers and circle size represent the number of typical papers
published. The redder and yellower the color, the more publications there are. Light blue indicates fewer posts.
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3.1.3. Quantitative Analysis of Significant Countries/Regions

Figure 3 shows the collaborative distribution among countries/regions, focusing on typical studies and their
collaboration network. Significantly, the network exhibits a highly centralized yet polycentric structure, dominated
by the United States and the People’s Republic of China (China), which serve as the primary hubs in terms of both
publication volume and collaborative intensity (Figure 3). European countries, particularly England, Germany,
Italy, France, and Spain, form a tightly interconnected sub-network and play crucial bridging roles linking
transatlantic and global research collaborations. For degree centrality, which reflects the number of direct
international collaboration ties per country, the USA has the highest degree centrality (52), followed by England
(41) and Germany (38). In addition, China (37) and Australia (33) also demonstrate extensive international
engagement. Betweenness centrality further underscores the structural importance of the United States (0.47),
followed by Germany (0.26), China (0.22), and England (0.21), highlighting their key intermediary positions in
facilitating international knowledge exchange. Australia and Italy also show notable bridging capacity. In contrast,
several emerging countries, including Chile, India, and Mexico, exhibit strong citation bursts, indicating rapid
increases in engagement during specific periods. Overall, the collaboration network reflects an increasingly
globalized research landscape, characterized by core-periphery interactions, regional cooperation clusters, and the
growing participation of emerging research economies. The visualization shows that the Global South (e.g.,
African coastal nations and Small Island Developing States), which are arguably the most vulnerable to coastal
squeeze and LULC degradation, remains structurally marginalized in global scientific collaboration. This
disconnect between research capacity and actual climate vulnerability highlights an urgent need to decolonize
coastal resilience research.
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Figure 3. Map of the cooperation networks among countries in the field. Node size and color corresponded to the
volume of publications, whereas the thickness of the connecting lines illustrated the extent of collaborative intensity
among nations. The more papers published, the larger the node. In addition, node colors indicate the publication
date of the articles, with red hues indicating older publications.

3.1.4. Institutions Performances

Figure 4 illustrates the distribution of institutions and their connections. As shown in Figure 3, the same
network diagram form is used for research networks across different research institutions (Figure 4). The
institutional collaboration network reveals a highly stratified topology, characterized not by a proliferation of
isolated nodes but by the dominance of a few macro-institutional hubs. Notably, multi-campus university systems,
institutions such as the University of California System, the State University of Florida, and Texas A&M
University, exhibit greater network centrality than individual institutions, highlighting the agglomeration effect of
system-level organizations in shaping global research collaboration. Beyond academia, government-affiliated
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research agencies, including the United States Geological Survey (USGS) and the U.S. Department of the Interior,
serve as critical boundary organizations. These entities exhibit high betweenness centrality, bridging distinct
university clusters and enabling the translation of scientific research into applied, policy-relevant knowledge.
Chinese institutions, dominated by the Chinese Academy of Sciences (CAS), East China Normal University (ECNU),
and the University of Chinese Academy of Sciences (UCAS), form a densely connected cluster with strong internal
homophily. At the global scale, cross-regional collaboration follows a core-periphery structure, primarily mediated
by a select group of high-degree nodes. North American university systems and government agencies serve as global
brokers, connecting institutions across East Asia, the Asia-Pacific, and emerging regions. Finally, the network
exhibits a globalized collaboration pattern characterized by dominant North American leadership, growing East Asian
involvement, and enhanced interconnectivity among different institutions and nations.
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Figure 4. The cooperation network among research institutions. The number of connecting lines between nodes
indicates the number of joint publications by various research institutions.

3.2. Analysis of Research Themes and Frontiers
3.2.1. Research Themes Analysis

The time-zone visualization of co-occurring keywords delineates the progression of knowledge within a
specified temporal range. It helps provide a chronological examination of the research landscape and shifts in key
focus areas. The analysis arranges nodes from left to right by publication year. Using the timing view function in
CiteSpace, the distribution of keywords, calculated by frequency per year, is shown (Figure 5). The increasing
appearance of keywords after 2020 indicates the emergence of research areas in the field that urgently require
attention. The eight parallel axes represent 8 different clusters; the position represents the year of the first
appearance of the keyword, and the arc-shaped connecting line represents the co-occurrence relationship of the
keyword. The weighted mean silhouette (S) and modularity (Q) obtained from the cluster analysis were 0.7483
and 0.5702, respectively, indicating a significant cluster structure and reasonable results.
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Next, the cluster focuses primarily on models and methods, including methodological advances and
perspectives on climate-driven risk modeling. These clusters, to some extent, reflect the rapid development of
analytical methods and climate-risk-oriented research, marking a shift toward spatially explicit, high-resolution,
data-intensive approaches. For instance, Cluster #1 (remote sensing) forms the primary methodological backbone
of the field, with keywords such as GIS, remote sensing, land cover classification, machine learning, and deep
learning becoming increasingly prominent over time. These methods are widely used to monitor coastal flooding,
land subsidence, and ecosystem degradation, enabling fine-scale assessments of dynamic coastal processes.
Complementing these perspectives on social and economic considerations, Cluster #3 (investment model)
highlights the growing use of decision-support and evaluation tools, including the analytic hierarchy process,
allocation models, and cost-related assessments, to inform adaptation planning and infrastructure investment. In
particular, when operationalizing ecosystem service frameworks, the InVEST model is widely considered the most
mature valuation tool. However, despite its recognition as a mature valuation tool, applying the InVEST in
dynamic coastal environments has inherent limitations. Specifically, its heavy dependence on static spatial data
limits its analytical capacity to capture temporal dynamics and non-linear threshold effects, such as ecological
tipping points. This methodological limitation highlights a significant research gap in accurately modeling the
complex, feedback-driven realities of coastal resilience. In parallel, Cluster #2 (climate change) focuses on
climate-induced hazards and vulnerabilities, including sea-level rise, extreme events, flood risk, and coastal
vulnerability. The timeline shows a gradual transition within this cluster from impact-centered analyses to
adaptation-oriented research, with increasing attention to risk reduction, resilience, and community adaptation.

The remaining clusters show an increasing emphasis on management practices, strategic planning, and the social
and cultural aspects of coastal systems, indicating a broadening of research themes beyond biophysical and technical
analyses. For example, Cluster #6 (coastal management) emphasizes applied governance and policy implementation,
with keywords such as adaptive management, disaster resilience, and risk governance, highlighting efforts to turn
scientific insights into operational practice frameworks. At a more integrative level, Cluster #7 (strategy) emphasizes
long-term, cross-sectoral planning that links sustainability, adaptation pathways, and system-level coordination.
Cluster #8 (coastal communities) is a relatively recent, increasingly prominent theme that highlights livelihoods,
cultural heritage, and community resilience. Overall, these clusters show that methodological innovation and climate
risk assessment have become tightly intertwined in contemporary coastal research. The temporal evolution of
keywords indicates a significant paradigm shift in the field, which serves as an empirical indicator of conceptual
restructuring. For practice, it has advanced from static descriptive terms to proactive interventionist tech, reflecting
a move beyond quantifying LUCC degradation to actively engineering recovery pathways.

3.2.2. Research Frontiers Analysis

Keyword bursts can indicate clear temporal shifts in research frontiers and thematic priorities. We applied
keyword-burst analysis to identify keywords while excluding case-study regions, data-analysis methods, and
single-word ambiguities. Figure 6 shows the top 17 keywords with significant burst strengths (Figure 6). The
detected bursts exhibit distinct stage-wise patterns, reflecting the evolution of coastal research from early
integrative ecological assessments toward risk-oriented, data-driven machine-learning models and regionally
grounded sustainability studies. Before 2020, system-level ecological perspectives and environmental quality were
predominant. Terms like social-ecological systems, water quality, future simulation, and resilience showed
significant early relevance. These concepts underscore the integration of human-environment interactions and
scenario-based simulations for predicting coastal dynamics. Concurrently, the rise in nitrogen levels indicates
increased focus on nutrient loading and biogeochemical processes, while sea-level rise highlights the recognition
of many climate change stressors. Overall, this phase underscores a fundamental emphasis on ecological integrity,
system resilience, and the environmental influences on coastal transformation.

After 2019, the period marks a transition toward more analytical and management-oriented research frontiers.
Keywords such as variability (3.21, 2018-2020) and mitigation (3.05, 2019—2021) indicate increasing recognition
of uncertainty and dynamic processes, as well as the need for intervention strategies. Meanwhile, the appearance
of risk analysis (2.24, 2022-2023) further underscores a growing orientation toward decision-relevant science,
linking hazard assessment with planning and management needs. In the most recent phase, research frontiers have
shifted markedly toward data-intensive approaches, sustainability discourses, and region-specific challenges.
Keywords such as machine learning (3.01, 2023-2025) highlight the rapid integration of advanced computational
techniques for modeling, prediction, and pattern recognition in coastal systems. Concurrently, sustainability (2.76)
and inundation (2.34, primarily referring to territorial land inundation and coastal inundation) reflect heightened
attention to long-term adaptive capacity and the tangible impacts of climate extremes. The burst analysis reveals
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a distinct trajectory of research frontiers, beginning with early socio-ecological conceptualizations and
environmental quality, advancing through variability-aware mitigation strategies and indicator-based evaluations,
and culminating in contemporary data-driven, sustainability-oriented, and regionally contextualized coastal
research. This temporal progression highlights the domain’s increasing complexity and interdisciplinarity, thereby
laying a foundation for future exploration of emerging research frontiers.

Top 17 Keywords with the Strongest Citation Bursts

Keywords

2= —9 Social-ecological systems
Water quality
2 —.“E Future simulation
O 5 @ Resilience
O—z’ﬂ. Nitrogen
@— = o Sea-level rise
o— 9 Variability
e— 3 @ Mitigation
O = ) Assessment indicators
Vegetation
253
o9 Ecology
—0 5 Conservation
O—=9 o Risk analysis
© Begin 3.01 Indla.
—n Machine learning
® e 278 e
S — Sustainability
Value Strength 2.34 .
C— Inundation

2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Year

Figure 6. Keywords with intense frequency bursts. Begin represents the time when the emergent growth trend of
the keyword first appeared, End indicates the year in which the emergent growth of the keyword ended, the line
between the circles indicates the duration of the emergent continuation, and the value of that represents the strength
of the emergent words.

3.3. Synthesizes Ecological Outcomes and Resilience Mechanisms

While the above bibliometric metadata outlines the field’s structural evolution, a deep thematic synthesis of
the literature reveals the substantive ecological outcomes of coastal LULC changes. Moving beyond surface-level
land conversions, the literature highlights how different anthropogenic drivers trigger various cascading impacts
and destroy specific resilience mechanisms across heterogeneous geographic regions (Table 1). We highlight four
primary drivers: rapid urbanization, aquaculture and agricultural expansion, land reclamation and
hydromodification, and tourism development and informal settlements, as they significantly characterize major
coastal regions globally. For instance, East Asia (e.g., China), North America, and Western Europe predominantly
experience rapid coastal urbanization, population concentration, and economic growth, while agricultural and
fisheries development is mainly concentrated in East and Southeast Asia, reflecting the associated ecological
consequences. Moreover, LUCC impacts vary with scale. At the micro-scale, changes like reclamation or
aquaculture) drive benthic biodiversity collapse and the loss of critical habitats for critical species (e.g., migratory
bird stopovers). At the meso-scale, these activities cause significant habitat fragmentation and coastal squeeze.
Ultimately, at the landscape scale, they result in widespread spatial changes, including the rigidification of the
urban-coastal mosaic, disruption of landscape connectivity, and homogenization of socio-ecological boundaries.

Furthermore, multi-scale and cross-scale ecological consequences may interact and trade off, potentially
causing cascading effects and shifting resilience mechanisms. For example, the proliferation of impermeable hard
infrastructure hinders the landward movement of wetlands. With sea-level rise (SLR), this spatial constraint causes
ecosystems to submerge, irrevocably surpassing ecological thresholds. Likewise, aquaculture expansion increases
nutrient loading, resulting in hypoxia and disruption of trophic food webs. Additionally, we briefly summarize a
process that undermines resilience from the perspective of resilience components (e.g., resistance, recovery,
redundancy, adaptivity), such as how hard infrastructure and reclamation mainly decrease the ecosystem’s
resistance (e.g., physical wave energy attenuation) and Adaptive capacity (e.g., spatial migration). In contrast,
agricultural and informal expansion frequently compromise the system’s recovery (e.g., biogeochemical self-
purification) and socio-ecological redundancy, making marginalized coastal communities more vulnerable to
increasing extreme events. Thus, the synthesized results suggest that resilience loss is context-specific and
characterized by cascading failures influenced by regional land-use and land-cover.
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Table 1. Synthesis of ecological cascading impacts and resilience mechanisms driven by major coastal LULC transformations across different geographic hotspots.

LUCC Driver Multi-Scale Ecological Outcomes Cascading Impacts Compromised Resilience Regime Geographic Hotspots
(Primary) (Species/Habitat/Ecosystem/Landscape) (Up > Down) P g (Key Area)
L f breedi d foragi ds. i . .
058 O1 Drecding and Toraging Srouncs Imp ermeab!e su'rfaces resth et (1) Resistance: Weakened wave attenuation. . .
. . Coastal squeeze, habitat fragmentation. landward migration > Habitats . . . East Asia (e.g., China),
Rapid urbanization - - - — : (2) Adaptive capacity: Loss of spatial .
. Disruption of tidal connectivity. drown under incremental SLR > S . North America,
and hard infrastructure — . migration corridors and
Altered landscape connectivity, urban- Irreversible loss of coastal . Western Europe
. . . structural plasticity.
coastal mosaic fragmentation. buffering zones.
Benthic biodiversity collapse.
Massive clearance of . . . (1) Recovery: Impaired biogeochemical
Jsal h Excessive nutrient loading > . . ) .
Aquaculture and mangroves/salt marshes Hypoxia, and algal blooms > cycling and se}f—pquﬁcatlon. South/Southeast .As1a
d Eutrophication and depletion of ? (2) Robustness: Simplified food webs (e.g., Bangladesh, Vietnam),

agricultural expansion .
& p blue carbon sinks

Expansion of non-point source pollution
networks across the coastal landscape.

Collapse of the trophic cascade
and aquatic food webs.

lower the threshold for ecological Latin America

regime shifts.

Eradication of migratory bird stopovers.

(M

Dynamic stability: Loss of self-

' Burial of intertidal mudflats. Altered wave energy Qissip.ation > healing morpho-dynamics. East Asia
Land reclamation and Severe sediment starvation. Accelerated erosion in adjacent (2) Resistance: Rigidification increases (e.g., Japan, South Korea),
hydromodification natural coasts > Systemic sediment - N8 Middle East

Morpho-dynamic regime shifts and
disruption of alongshore continuity.

budget imbalance.

vulnerability to pulse disturbances

(e.g., storm surges). (e.g., Persian Gulf)

Endemic species disturbance . (1) Socio-ecological redundancy:
Sand dune flattening Over-extraction of resources > Mareinalized communities
Tourism sprawl and groundwater depletion saltwater intrusion > coastal losei atural defense buffers Mediterranean Coast,
informal settlements Freshwater lens salinization vegetation die-off > Dune (2) Adaptive capacity: Amplified Small Island Developing

Socio-ecological spatial decoupling and
landscape homogenization.

destabilization and accelerated
coastal erosion.

. . s States (SIDS)
socioeconomic inequalities

during disasters.

Notes: (1) > denotes the sequential propagation and top-down directional flow of cascading impacts across socio-ecological dimensions. (2) In the Multi-scale ecological outcomes column,
elements are structurally ordered from top to bottom to reflect a hierarchical spatial progression from micro to macro scales. (3) The compromised resilience components column evaluates resilience
not as a monolithic state, but deconstructs it into specific procedural and functional components (e.g., resistance, recovery, dynamic stability, adaptive capacity) to elucidate the precise mechanisms
of ecosystem resilience.
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4. Discussions and Prospects
4.1. Temporal Shifis in Research Frontiers: LUCC Patterns, Drivers, and Focus Transitions

The temporal and spatial distribution of keyword bursts indicates the evolution of coastal research frontiers.
During the earlier period (Figures 1 and 5), research frontiers were primarily oriented toward understanding the
impacts of coastal land-use and land-cover change on ecosystem structure and functions, and toward identifying
underlying environmental pressures [49,50]. For instance, the prominence of burst terms such as water quality,
nitrogen, vegetation, and soil biogenic elements reflects a phase in which scholars sought to conceptualize coastal
regions as integrated systems while simultaneously diagnosing key stressors affecting their stability [51,52]. With
growing global attention to climate change impacts following the IPCC Fifth and Sixth Assessment Reports and
increasing awareness of cumulative and diffuse pressures on coastal ecosystems, more studies have focused on
establishing causal associations, improving conceptual clarity, and developing scenario-based simulations to
explore future trajectories across different climate and development pathways [53,54]. In this context, the interplay
between climate change and land-use dynamics is now a focal point, driving significant research on coastal
vulnerability, resilience under multiple stressors, and regional sustainability [55]. As research themes and frontiers
(Figure 5 and 6), this trend reflects a shift from monitoring environmental state variables to understanding the
holistic adaptive capacity of coastal social-ecological systems.

Importantly, the emergence of terms related to variability and uncertainty indicates a shift away from static
or equilibrium-based views toward a more dynamic understanding of coastal processes [56]. Rather than treating
environmental change as gradual and predictable, studies increasingly highlight interannual variability, nonlinear
responses, and combined effects [57,58]. This focus marks a crucial turning point in which coastal research moved
beyond simple descriptive characterizations toward explicit recognition of LUCC-driven pattern drivers and
related physical mechanisms, as well as climate risks. However, study responses remained largely analytical, with
limited emphasis on practical intervention or policy governance [59]. In this sense, the early frontier phase
(Clusters #1 and #3) can be characterized as a problem-diagnosis stage, in which the primary objective was to
understand what LUCC and resilience were changing, why they were changing, and how vulnerable coastal
systems might be under future conditions.

Recently, particularly after 2019 (Figure 6), burst keywords such as mitigation, assessment indicators, risk
analysis, inundation, and sustainability indicate that research attention has increasingly shifted from identifying
risks to evaluating practical responses and supporting decision-making. This reflects broader societal and
institutional demands for actionable knowledge, particularly amid accelerating climate impacts, more frequent
extreme events, and heightened policy attention to adaptation and resilience [60]. The growing set of assessment
indicators reflects an effort to translate complex system dynamics into measurable, comparable, and policy-
relevant metrics that inform spatial planning, prioritization, and governance at various scales [61,62].

On the one hand, recent bursts in machine learning and region-specific terms, such as India, which represents
the global south, further deepen this action-oriented shift (Figure 6). Advances in data availability and
computational capacity have enabled more detailed modeling of inundation risks, exposure patterns [63], and
adaptive capacity [64], while also facilitating applications in data-scarce and rapidly changing regions. On the
other hand, the geographical concentration of recent bursts points to an expanding research focus on highly
vulnerable coastal areas in the Global South (India, Figure 5), where urbanization, demographic change, and
climate risks intersect most acutely [65]. In summary, the evolution of keyword bursts, network analysis, and, to
some extent, the establishment of theoretical groundwork for understanding system dynamics, along with the
operationalization and recognition of resilience, define the current frontier. Significantly, most studies are moving
beyond descriptive analysis to generate actionable knowledge by leveraging data-driven models to inform spatial
planning and risk mitigation.

4.2. Coastal Coupled Socio-Ecological System Perspective

The thematic structure revealed by the keyword clustering and timeline analysis suggests that coastal land
use studies have undergone a fundamental transformation from an environmental impact-oriented knowledge base
toward an increasingly integrated socio-ecological research paradigm. Here, we acknowledge that quantitative
bibliometric metrics (e.g., keyword co-occurrence algorithms and node centrality) empirically reflect structural
connectivity and thematic prominence within the dataset, but they do not inherently demonstrate conceptual
restructuring. Therefore, the paradigm shift proposed in this study represents an interpretive extrapolation. Early
studies focused on distinct themes, such as land-use patterns, intensity, and their impacts on ecosystem processes,
water quality, and wetland ecosystems, often in isolation and within specific contexts [16,49]. However, the
sustained prevalence of topics related to LUCC, climate change, and ecosystem dynamics suggests a gradual
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convergence among these areas rather than independent development, such as climate change amplifying the
multiple impacts of land use [52].

It is potentially due to growing recognition that coastal systems are inherently complex, characterized by
strong feedbacks among physical processes, ecological structures, and human interventions. As land-use change
intensifies under urbanization and development pressures, and as climate-driven stressors such as sea-level rise
and extreme events become more pronounced [57], single-factor or sector-specific approaches have proven
insufficient to explain observed patterns or to support effective decision-making. Coastal research, therefore, has
moved beyond compartmentalized ecological or engineering analyses toward frameworks that explicitly recognize
cross-scale linkages and coupled human-natural processes [66]. This perspective lays the conceptual groundwork
for understanding coastal regions as socio-ecological systems in which environmental change, spatial planning,
and most human activities are inseparable components of a single, evolving system [27,40].

Further, building on the integration of thematic structure, a second, equally significant transformation is the
gradual shift from ecosystem-centered analyses to people-centered socio-ecological resilience frameworks [27].
While early coastal studies emphasized biophysical conditions, such as habitat degradation, nutrient loading, and
shoreline change [18], the emergence and growing prominence of themes related to resilience, risk, and coastal
communities indicate an expanding focus on the social dimensions of coastal systems [67]. This shift reflects
growing recognition that ecological and social vulnerabilities are deeply intertwined, particularly in densely
populated, rapidly urbanizing coastal regions [68,69].

Meanwhile, coastal communities (Cluster #6 and #8) not only experience the impacts of environmental
change but also actively shape exposure, sensitivity, and adaptive capacity through land-use decisions, governance
structures, and livelihood strategies [70,71]. As a result, resilience has evolved from a primarily ecological concept
into a multidimensional framework encompassing social, institutional, and economic dimensions alongside
environmental processes [72]. Additionally, rather than prioritizing ecological optimization alone, recent studies
increasingly emphasize equity, livelihoods, cultural heritage, and local adaptive practices as integral components
of sustainable coastal futures [68,73]. In other words, most is increasingly aligning with a people-centered
perception of resilience that acknowledges trade-offs, power dynamics, and heterogeneous impacts across social
groups [74,75]. Ultimately, these developments suggest that isolated environmental impact themes no longer
define contemporary research, but rather a complex systems perspective that seeks to understand and manage
coastal regions as coupled socio-ecological systems facing compound, interconnected challenges.

4.3. Structural Biases in Methods, Data Availability, Scale, and Geographic Representation

Methodologically, the growing prominence of remote sensing, geospatial analysis, and machine learning
reflects a broader transformation toward data-intensive, computationally driven science [76]. For example,
advances in satellite imagery, sensor networks, and cloud-based processing platforms have enabled unprecedented
temporal and spatial coverage of coastal processes [77,78], facilitating detailed assessments of land-use change,
inundation dynamics, vegetation patterns, and hazard exposure. Furthermore, with higher-resolution datasets,
coastal research has increasingly shifted from localized case studies to large-scale comparative analyses and
scenario-based modeling, yielding more generalizable insights across regions and systems [79].

Regarding models and functions learning, the integration of machine learning and related algorithms has
shifted the emphasis from descriptive and explanatory models toward predictive and pattern-recognition
approaches (Clusters #1 and #3, Figure 5). These methods have proven particularly effective in handling high-
dimensional datasets and capturing nonlinear or causal relationships [71,80]. However, this methodological
development made concepts such as inundation risk, land-cover change, and exposure indices/indexes readily
amenable to computational analysis. In contrast, social processes such as governance effectiveness, institutional
capacity, and cultural adaptation remain more difficult to quantify [81]. Actually, technological advances
simultaneously generate both positive and negative implications for knowledge production. As analytical
techniques become more sophisticated, research agendas always increasingly prioritize phenomena that are
measurable, mappable, and algorithmically tractable.

Beyond methodological considerations, data availability, spatial scale, and regional representation also
contributed to structural biases. First, the growing reliance on earth observation platforms (e.g., Landsat, Sentinel)
and global datasets has enabled cross-regional comparisons and longitudinal analyses [77]. Yet it has also
reinforced a tendency to prioritize regions with dense, consistent, and easily accessible data, particularly in North
America, Western Europe, and coastal China [17]. This dynamic contributes to uneven geographic representation,
with coastal hotspots experiencing rapid urbanization, such as the Pearl River Delta, the Yangtze River Delta, and
the New York metropolitan area, receiving disproportionate scholarly attention because their landscape changes
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are particularly visible. Conversely, data-scarce regions in parts of Africa and Small Island Developing States
(SIDS) often remain understudied despite their high climate vulnerability. In addition, the recent emergence of
region-specific bursts, such as those associated with India (e.g., the Sundarbans or coastal megacities like
Mumbai), reflects a shifting frontier driven by both growing risk exposure and improved open-access data. This
convergence of urgency and data readiness often dictates research priorities.

Additionally, we think contemporary discourse on coastal land use and resilience is witnessing a notable
epistemic turn, one that increasingly valorizes Indigenous and Local Knowledge (ILK) and their governance
practices [82]. Theoretically, coastal resilience is conceptualized as a multidimensional construct spanning
engineering (recovery time), ecological (absorptive capacity), social, and economic domains [83]. Coastal land-
use dynamics profoundly reshape these dimensions through complex biophysical and socio-economic coupling
mechanisms [25]. Recognizing this systemic complexity, recent studies argue that local experiences are
indispensable for navigating the specific interactions between human activities and environmental processes.
However, indicator-based assessments and machine-learning-driven models often require simplification and
standardization, which can inadvertently marginalize qualitative knowledge, Traditional Ecological Knowledge
(TEK), and informal governance mechanisms unique to local communities [84]. As a result, coastal studies
underrepresent place-based insights essential for understanding lived vulnerability. Recognizing these biases does
not reduce the importance of recent methodological advances; instead, it highlights the need for critical reflection
on how tools and data influence research priorities.

4.4. Limitations and Future Implications for Coastal Sustainability

While this study provides a comprehensive synthesis of the cascading impacts between coastal LUCC
transformations and ecosystem resilience, several limitations must be acknowledged to contextualize these
findings. First, regarding data sourcing, the bibliometric analysis relied exclusively on the Web of Science Core
Collection (WoSCC). Although this ensures the inclusion of high-impact peer-reviewed literature, it may
inadvertently exclude relevant studies indexed in other databases (e.g., Scopus, CNKI), non-English regional
publications, and valuable grey literature, such as local government reports on coastal adaptation. Second, from a
methodological perspective, while CiteSpace effectively maps macrostructural trends, its reliance on metadata
(titles, abstracts, and keywords) inherently simplifies complex, localized ecological narratives. Although we
mitigated this limitation through our in-depth qualitative synthesis (Section 3.3), certain highly context-specific
nonlinear mechanisms may remain underrepresented. Finally, the multi-scale resilience frameworks and paradigm
shifts proposed in this review represent interpretive extrapolation derived from literature synthesis. Consequently,
future empirical research is urgently needed to quantitatively validate these theoretical pathways across diverse
geographic and socio-ecological narratives.

Although substantial progress has been made in understanding land-use dynamics, climate impacts,
ecosystem responses, and social vulnerability, these components are still often examined in insufficient detail.
Future work should deepen the integration of biophysical and social sciences to address these gaps. Specifically,
four key frontiers require urgent attention:

(1) Process-Based Modeling: Future research must move beyond correlation to model feedback loops and trade-
offs in coupled systems. Studies need to shift from treating environmental and social variables separately
toward explicitly process-based modeling of interactions across coupled socio-ecological systems [25]. This
involves integrating land-use change, hazard exposure, ecological processes, and human decision-making
into unified analytical frameworks that capture nonlinearity, path dependence, and effects across different
scales [85].

(2) Multi-Scale Approaches: It is essential to bridge the gap between localized case studies and global
assessments to understand how local actions contribute to system-level outcomes. Currently, many studies
operate either at broad regional scales or highly localized levels with limited conceptual connection.
Advancing coastal sustainability requires methods that connect fine-scale processes, such as neighborhood-
level exposure, ecosystem fragmentation, and community adaptation strategies, to broader regional and
global forces, including climate forcing and economic integration [86]. This integration enables robust
exploration of how global pressures are mediated by coastal spatial planning and governance structures [87].

(3) Social Equity & Justice: Researchers need to explicitly assess the social distributional impacts of resilience
strategies to prevent climate gentrification and ensure just transitions. The aspect of social equity remains
insufficiently explored within the land-use resilience relationship. As strategies like managed retreat and
resilient urban design alter coastal landscapes, future research should examine whether policies focused on
increasing physical resilience unintentionally displace vulnerable populations or exacerbate socio-spatial
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inequalities. This emphasizes the importance of advancing theories that combine quantitative modeling with
qualitative insights into governance, behavior, and institutional change [88,89].

(4) Nature-Based Solutions (NbS): There is a critical need to thoroughly measure the long-term effectiveness
and adaptation limits of NbS under changing land-use pressures [90,91]. Future research should assess how
ecosystems like mangroves and wetlands perform under the combined impacts of coastal squeeze from
urbanization and rising sea levels, and identify the specific thresholds where hybrid or natural infrastructure
might fail or succeed.

Ultimately, the future focus and priority of coastal research should strive to harmonize the engineering of
safe landscapes with the stewardship of just and inclusive societies. By embracing reflexivity alongside
methodological innovation, coastal sustainability research can evolve toward a more balanced and comprehensive
science that advances technical capabilities while deepening the understanding of the complex, evolving
relationships between human societies and coastal environments.

5. Conclusions

This study provides a comprehensive, bibliometric review of global coastal LUCC and ecosystem resilience
studies. By integrating keyword co-occurrence, thematic clustering, and burst detection in CiteSpace, this review
visualizes the field’s significant knowledge evolution from 2005 to 2025. Results showed that core themes related
to land-use dynamics, climate change, ecosystem processes, and management practices form the structural
foundation. Fundamentally, the paradigm has shifted from isolated, static environmental monitoring to highly
integrated, dynamic socio-ecological resilience modeling. Emerging frontiers increasingly emphasize community-
scale resilience, nature-based solutions (NbS), and data-driven sustainability models, reflecting a critical
broadening of the research scope. Temporally, early studies prioritized system comprehension and environmental
assessment, focusing on theoretical frameworks and biophysical pressures, including water quality, nutrient influx,
and sea-level rise. In contrast, contemporary research has shifted towards pragmatic, solution-focused
investigations, marked by an increase in evaluative metrics, risk assessment and mitigation approaches, and
sophisticated computational techniques, including machine learning and high-resolution remote sensing. However,
while this growing reliance on large-scale datasets and predictive algorithms has unprecedentedly expanded our
analytical capacity, we argue that the increasing reliance on multi-model datasets is widening the gap between the
Global North and South.

Therefore, addressing these structural biases and methodological limitations provides clear guidance for
future research. Moving forward, the scientific community must actively bridge the geographic and data disparities
identified in this review. Future studies should prioritize downscaling global computational models by coupling
them with localized, high-fidelity empirical data and participatory, ground-based, and local community observations.
Furthermore, to move beyond theoretical resilience, future interdisciplinary research must deeply integrate
environmental justice and socio-economic equity into Integrated Coastal Zone Management (ICZM) frameworks.
Ultimately, by situating thematic trajectories, frontier dynamics, and methodological shifts within a unified analytical
framework, this study provides a robust, evidence-based foundation for advancing actionable, equitable climate
adaptation strategies in coastal socio-ecological systems amid accelerating global transformation.
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