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Understanding the ecological impacts of earthquakes is vital for advancing disaster risk
reduction and sustainability. While seismic hazards are often studied for infrastructure
and human loss, their environmental consequences, land degradation, biodiversity loss,
and pollution remain less explored in a global, systematic context. This study employs a
scientometric approach using Scopus-indexed journal data (2015-2024) retrieved
through an advanced Boolean query combining ‘ecological impact’, ‘earthquake’, and
‘risk mitigation’ terms. The 2015-2024 period aligns with the Sendai Framework for
Disaster Risk Reduction (2015-2030). Bibliometrix R and VOSviewer were used for
trend, network, and thematic analyses. Bibliometrix R and VOSviewer were employed
to assess publication trends, leading journals, influential authors, collaborations, and
thematic evolution. Results reveal a 178% increase in annual publications between 2015
(115 papers) and 2024 (320 papers). China (18.6%), the United States (20.1%), and Italy
(9.5%) collectively contributed nearly half of the total global output. Core outlets include
Journal of Cleaner Production, Science of the Total Environment, and Environmental
Management. Keyword analysis highlighted “sustainability,” “life cycle assessment,”
and “climate change” as central themes, while thematic mapping shows a shift toward
circular economy, remote sensing, and adaptive governance. Collaboration networks
indicate strong intra-Asia and transcontinental ties but limited engagement from
developing regions. The findings emphasize the need for targeted capacity-building in
developing seismic regions, expansion of transdisciplinary research networks, and
integration of life cycle assessment and remote-sensing-based monitoring to enhance
ecological resilience after earthquakes. This study is among the first to quantify global
research patterns linking earthquakes and ecological resilience through a decade-long
bibliometric synthesis.

1. INTRODUCTION

stressors, including extreme drought, sea-level rise, and
increasing ecological vulnerability [3, 4]. As such,

Earthquakes are among the most destructive natural
hazards, not only due to their immediate impact on human
infrastructure and livelihoods but also because of their
profound and long-lasting ecological consequences.
Understanding these ecological effects has become
increasingly relevant in the context of global sustainability
frameworks such as the Sendai Framework for Disaster Risk
Reduction (2015-2030) and the Sustainable Development
Goals (SDGs 13 and 15), which emphasize the integration of
ecosystem resilience into disaster governance. Seismic events
can trigger cascading environmental disruptions such as
landslides,  deforestation,  soil  degradation,  water
contamination, and biodiversity loss, often in ecosystems
already stressed by anthropogenic pressures [1, 2]. These
impacts are further amplified by compound risks, where
seismic disturbances interact with climate change-related
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understanding the ecological dimensions of earthquakes is
critical for developing holistic disaster risk reduction (DRR)
strategies and fostering long-term environmental resilience [5,
6].

Despite the growing attention to seismic risk management,
existing literature reveals several gaps in how ecological
impacts are conceptualized, assessed, and mitigated. While
individual case studies have analyzed localized post-
earthquake ecological changes, there is a lack of
comprehensive scientometric mapping that quantifies global
research progress, interlinkages among countries, and
thematic evolution over time. Previous reviews have often
been narrative or region-specific, offering limited insight into
transnational collaboration and methodological frontiers.
Much of the early research has focused narrowly on structural
damage and human casualties, often overlooking broader
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ecosystem disruptions and long-term environmental recovery
processes [7, 8]. Furthermore, while life cycle assessment
(LCA) and environmental impact assessment (EIA)
frameworks are increasingly applied in post-earthquake
contexts, their integration into adaptive management and
sustainability planning remains limited and inconsistent across
regions [9, 10]. Additionally, significant disparities exist in
research participation and output, with developing countries,
despite being highly vulnerable to seismic hazards,
underrepresented in global collaborative networks [11, 12].

This study presents a scientometric analysis aimed at
systematically mapping the research landscape on the
ecological impacts of earthquakes and associated mitigation
strategies. Unlike previous reviews that tend to be narrative or
regional in focus, this work uses bibliometric and network
visualization tools (VOSviewer) to uncover publication
trends, thematic structures, author and institutional
collaborations, and emerging research frontiers [13, 14]. The
bibliometric approach was selected because it allows
quantitative assessment of global research patterns,
identifying clusters, intellectual structures, and knowledge
gaps across thousands of publications, insights that
conventional narrative reviews cannot capture. By
synthesizing data from Scopus-indexed publications between
2015 and 2024, the study identifies not only dominant clusters
and keywords such as sustainability, climate change, and
environmental management, but also highlights the evolving
role of digital tools like machine learning, GIS, and remote
sensing in advancing the field [15, 16].

The novelty of this research lies in providing the first
decade-long global scientometric synthesis (2015-2024) that
integrates bibliometric indicators, keyword co-occurrence
networks, and thematic evolution to elucidate how earthquake-
ecology research has shifted toward sustainability, life cycle
assessment, and digital-environmental monitoring [17, 18].
The study contributes to both theory and practice by offering
a comprehensive roadmap for future inquiry and policy design.
Ultimately, this work aims to support more resilient,
sustainable, and ecologically grounded responses to one of the
most pressing global risks of the Anthropocene. Specifically,
this study aims to address three main research questions: (1)
What are the global publication trends and major contributing
countries in studies on the ecological impacts of earthquakes?
(2) What thematic structures, collaborations, and research
hotspots characterize this field? (3) How has the thematic
focus evolved toward sustainability and risk mitigation from
2015 to 20247 These questions are intended to clarify the
dynamics, gaps, and future directions of earthquake-ecology
research.

2. MATERIAL AND METHODS
2.1 Data collection and search protocol

The bibliometric dataset was sourced from the Scopus
database in March 2025. The search was limited to journal
articles published between 2015 and 2024, using the following
advanced query: “TITLE-ABS (("ecological impact*" OR
"environmental impact*" OR "ecosystem impact*" OR
"biodiversity impact*") AND ("earthquake*" OR "seismic
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event*" OR "seismic hazard*" OR "tectonic disaster*" OR
"risk mitigation" OR "disaster mitigation" OR "adaptation
strategy" OR ‘"resilience strategy" OR "environmental
management" OR "ecosystem-based mitigation")) AND
PUBYEAR > 2014 AND PUBYEAR < 2025”. The initial
query returned a total of 1,788 journal articles in English
across all subject areas. Only research articles were included
in this study, while other types, such as conference
proceedings, editorials, and book chapters, were excluded to
maintain consistency in content type and quality. The collected
data were exported in two formats: CSV for use in VOSviewer
and BibTeX for processing in RStudio.

To enhance transparency, the literature selection was
organized following the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses) framework,
which clarifies the identification, screening, and inclusion
process (Figure 1). A total of 1,788 Scopus-indexed journal
articles published between 2015 and 2024 were identified, and
after excluding non-article and non-English records, all
remaining documents met the inclusion criteria with no
duplicate entries detected. This confirms the internal
consistency of Scopus metadata and the reliability of the
dataset. Data verification involved standardizing author
names, institutional affiliations, and country identifiers, as
well as unifying equivalent keywords (e.g., “LCA” and “life
cycle assessment”) to improve metadata precision. These
cleaning procedures are scientifically essential to minimize
analytical bias and ensure that bibliometric indicators such as
co-occurrence networks and citation link strength accurately
represent the true structure of the research field. One inherent
limitation of this method lies in the exclusive use of Scopus as
the data source, which may result in the omission of relevant
studies indexed in other databases such as Web of Science or
PubMed.

2.2 Data analysis

The processed bibliometric data were analyzed to identify
patterns in scholarly output related to the environmental
management of earthquake impacts. The analysis covered
multiple indicators, including annual publication growth,
prolific authors and institutions, high-impact journals, and
most cited documents. The RStudio platform (version
2024.12.0-467) was utilized for bibliometric computations
using the Bibliometrix and Biblioshiny packages (BibTeX
input). In parallel, the CSV data were imported into
VOSviewer version 1.6.18 to generate visual maps of keyword
co-occurrence networks. A minimum frequency threshold of
five occurrences was set to ensure analytical robustness.
Nodes in the visualization represented keywords, where node
size correlated with term frequency, and proximity indicated
thematic linkage. The link strength metric quantified the
degree of co-occurrence, with higher values representing
stronger relationships between terms. Through this approach,
core research clusters were identified, enabling the mapping of
thematic evolution and emerging scientific fronts. In addition
to network mapping, temporal trend analysis was conducted to
trace shifts in research focus across the 2015-2024 period.
These analyses provided insights into the collaborative
structure of the field, the development of dominant themes,
and anticipated directions for future investigation.



Figure 1.

3. RESULT AND DISCUSSION
3.1 Pattern and progression of research articles

The bar and line chart presented in Figure 2 depicts the
annual number of publications and cumulative growth of
scientific outputs related to the ecological impacts of
earthquakes and risk mitigation strategies between 2015 and
2024. The blue bars represent the number of publications per
year, while the orange dashed line indicates the cumulative
total of publications over the same period. This dual-axis
visualization captures both the short-term trends and long-term
trajectory of academic interest in this interdisciplinary field. It
is evident from the chart that scholarly attention toward the
ecological consequences of seismic events has shown an
overall increasing trend, particularly accelerating in the last
three years.

From 2015 to 2018, the annual publications exhibited
moderate growth, fluctuating between approximately 115 to
140 articles per year. This period may reflect the foundational
phase in the academic exploration of earthquake-related
ecological impacts, coinciding with increasing global
awareness of disaster resilience frameworks such as the Sendai
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Framework for Disaster Risk Reduction [19]. A significant
rise is noted in 2019, with over 170 publications, marking a
shift in research momentum. This rise may be linked to
heightened interest in environmental resilience following
catastrophic earthquakes in seismically active regions such as
Indonesia, Nepal, and Chile [1, 20].

The growth remains relatively stable through 2020 to 2022,
averaging around 160—190 publications annually. However, a
pronounced spike is observed in 2023 and especially in 2024,
with the latter approaching 320 publications. This exponential
growth in recent years suggests a rapid intensification of
academic focus, potentially driven by the increasing frequency
and severity of climate-related natural hazards,
interdisciplinary integration (ecology, geophysics, urban
planning), and advancements in big data and remote sensing
tools for post-disaster environmental monitoring [21, 22]. The
upward trajectory of cumulative publications further supports
the observation of an expanding and maturing research
landscape, reaching nearly 1,900 documents by 2024.

This trend aligns with broader global shifts toward
sustainability science and transdisciplinary approaches to
disaster risk reduction [23]. The growing volume of research
may also be partially explained by increased funding



mechanisms for climate adaptation and disaster-resilient
infrastructure projects. Moreover, the COVID-19 pandemic
catalyzed interest in compound risks, where ecological
degradation due to natural disasters intersects with public
health vulnerabilities, an area that has been reflected in recent
earthquake-related ecological research [6]. The strong upward
pattern also signals that the topic has moved beyond the niche

scientific community into a broader, policy-relevant research
domain. The chart reveals a dynamic and expanding body of
literature focused on the ecological implications of seismic
events and their mitigation strategies. The marked rise in
publications after 2020 indicates not only increased academic
recognition of the urgency of such research but also its
growing societal relevance.
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Figure 3. Top countries' production of scientific articles

Figure 3 illustrates the geographical distribution of the top
10 most productive countries in the field of ecological impacts
of earthquakes and associated risk mitigation strategies. The
chart ranks countries by the total number of published articles,
with the United States leading at nearly 185 publications,
followed closely by China with approximately 165 articles.
Italy, India, Brazil, and the United Kingdom form the second
tier of contributors, each producing between 90 to 100 papers.
Australia, Spain, Indonesia, and the Russian Federation follow
with a gradually decreasing output, ranging from 40 to 70
publications.

This dominance can be scientifically explained by several
structural and contextual drivers. In the United States, national
funding mechanisms such as the National Science Foundation
(NSF) and the U.S. Geological Survey (USGS) have long
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supported multi-hazard resilience research, linking seismic
risk reduction with environmental sustainability and digital
monitoring programs. China’s prominence, on the other hand,
is closely associated with the strategic emphasis of the
National Natural Science Foundation of China (NSFC) on
post-disaster ecological restoration, particularly after the 2008
Wenchuan and 2013 Lushan earthquakes. These events
catalyzed long-term ecological monitoring initiatives and
investments in data-intensive disaster research centers. Both
countries also benefit from advanced research infrastructure,
extensive satellite-based observation systems, and established
inter-institutional collaboration networks, which collectively
enhance the visibility and volume of their publications in
international databases such as Scopus.

The dominant role of the United States and China in this



research domain reflects their broader scientific influence and
consistent investment in disaster science and environmental
resilience. The United States has been a leader in multi-hazard
risk assessment, integrating ecological perspectives into
seismic impact studies, often through federal agencies like the
USGS and NSF [24]. China’s strong presence is aligned with
its vulnerability to high-magnitude earthquakes in regions
such as Sichuan and Yunnan, driving state-sponsored
initiatives to understand ecosystem disruptions and promote
environmental restoration after seismic events [12].

European countries such as Italy and the United Kingdom
also make notable contributions. Italy’s prominence can be
linked to its active seismic zones (the Apennines) and
historical engagement in hazard risk reduction frameworks
through the European Union’s Horizon 2020 and Civil
Protection Mechanism [25]. Similarly, Brazil and India,
despite being less seismically active compared to other top
contributors, show increasing output due to the inclusion of
broader ecological risk discussions in their environmental
research agendas and urban development planning [4, 26]. The
presence of Indonesia in the top 10 underscores the country’s
strategic research priority on disaster resilience, especially
given its location along the Pacific Ring of Fire and frequent
experiences with catastrophic seismic and tsunami events [27].
The geographic pattern of publication output reveals that both
developed and developing nations are actively engaging in the
discourse  surrounding  earthquake-induced  ecological
disturbances and mitigation strategies.

Interestingly, some expected major contributors, such as
Japan and Turkey, countries with high seismic activity and
mature research systems, show relatively lower representation
in the dataset. This apparent contradiction can be attributed to
two main factors. First, much of Japan’s earthquake-related

ecological research is disseminated through domestic outlets
indexed in the J-STAGE and CiNii databases rather than
Scopus, resulting in underrepresentation in global bibliometric
analyses. Second, language and database indexing biases often
limit the inclusion of non-English or regionally focused
journals, particularly those emphasizing engineering—ecology
integration. This observation underscores the importance of
multi-database integration (e.g., Web of Science and
JSTAGE) in future analyses to achieve a more inclusive and
regionally balanced global perspective.

While scientific leadership is still concentrated among high-
income countries, the involvement of nations such as
Indonesia, Brazil, and India signals a democratization of
disaster research. This trend may be attributed to increased
global collaboration, capacity-building initiatives, and the
cross-border nature of ecological risks. Future scientometric
mapping should delve deeper into regional collaboration
networks and the thematic emphases of each country to further
elucidate the global architecture of this emergent research
landscape.

3.2 Top-performing and impactful academic journals

The table presents a comparative overview of the top ten
scientific journals contributing to the analyzed research field
(Table 1). The metrics presented include each journal’s H-
index, total citations, number of articles published, and the
year of data reference. The Journal of Cleaner Production
emerges as the most impactful source with an H-index of 32,
2,937 total citations, and 54 published articles, all traced back
to 2015. This journal's prominence is attributable to its
interdisciplinary approach, bridging environmental science
with sustainability transitions and industrial ecology [28].

Table 1. Top-performing and impactful academic journals

No. Source H-Index Total Citations No. of Articles Year
1 Journal of Cleaner Production 32 2937 54 2015
2 Journal of Environmental Management 16 792 30 2015
3 Sustainability (Switzerland) 15 900 61 2016
4 Science of the Total Environment 14 861 29 2016
5 Environmental Impact Assessment Review 13 610 20 2015
6 Environmental Science and Pollution Research 8 291 9 2015
7 Business Strategy and the Environment 7 462 8 2015
8 Energy and Buildings 7 273 7 2016
9 Environmental Management 7 616 12 2015
10 Heliyon 7 650 15 2019

Notably, Sustainability (Switzerland) leads in the number of
published articles (61) but has a relatively lower H-index (15)
and total citations (900), reflecting a high publication volume
but moderate impact per article. Similarly, Science of the Total
Environment, Journal of Environmental Management, and
Environmental Impact Assessment Review demonstrate a
balance between article productivity and citation impact,
suggesting that these journals serve as key dissemination
channels for robust and widely referenced research on
environmental disturbances following seismic events [29, 30].
These journals often publish studies on post-disaster land
degradation, restoration ecology, and ecological risk
assessments in earthquake-prone regions.

The remaining sources, including Environmental Science
and Pollution Research, Business Strategy and the
Environment, FEnergy and Buildings, Environmental
Management, and Heliyon, feature fewer publications and
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relatively lower H-indices, ranging from 7 to 8. Despite this,
their inclusion in the top 10 indicates that the field is
multidisciplinary, incorporating aspects of environmental
economics, sustainable architecture, pollution studies, and
open-access platforms to accommodate growing demand for
data accessibility and cross-domain integration [8, 31]. Of
particular interest is Heliyon, a relatively new journal (data
from 2019), which has garnered 650 citations from 15
publications, indicating high average citations per article and
rapid influence growth in a short timeframe. The table
highlights a clear academic orientation toward journals that
prioritize sustainability, integrated environmental
management, and interdisciplinary approaches.

Figure 4 displays the disciplinary distribution of research on
the ecological impacts of earthquakes and associated risk
mitigation strategies. The horizontal bar chart highlights the
number of articles published across various subject areas.



Environmental Science emerges as the dominant field, with
nearly 950 publications, followed by Engineering (over 600
articles) and Social Sciences (around 450 articles). Other
significant contributors include Energy, Earth and Planetary
Sciences, Business, Management and Accounting, and

Materials Science

Economics, Econometrics and Finance
Computer Science

Agricultural and Biological Sciences
Business, Management and Accounting
Earth and Planetary Sciences

Energy

Social Sciences

Engineering

Environmental Science

Agricultural and Biological Sciences. Disciplines such as
Computer Science, Economics, Econometrics and Finance,
and Materials Science exhibit relatively lower levels of
contribution.
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Figure 4. Various subject areas

Table 2. Top-contributing and influential scholars

No. Authors ID Scopus Affiliation Articles  H-Index Total Citations
1 LiY 8594473200 Case Western Reserve g?;::;rsny’ Cleveland, United 14 36 3.828
2 WangY 35207058700 Fudan University, Shanghai, China 11 42 4,883
3 LiuY 57192563944 Ningbo University, Ningbo, China 9 21 1,028
4 Wang Q 55775349500 Zhejiang University of Technology, Hangzhou, China 9 16 975

Research Center for Eco-Environmental Sciences,
3 Wang H 37092129400 Chinese Academy of Sciences, Beijing, China ? 10 288
6 K“Xlar 57212084030 National Taiwan University, Taipei, Taiwan 8 21 2,117
7 LiH 35310730400 Tsinghua University, Beijing, China 8 36 4,081
8 LiJ 57235557700 University of Waterloo, Waterloo, Canada 8 75 21,004
9 Liw 56227636600 State Key Labora.tory pf Chemical Eng1r}eermg, Zhejiang 3 40 5015
University, Hangzhou, China
10 Wang] 56388817500 Chinese Academy of Environmental Planning, Beijing, 3 50 10,481

China

The overwhelming representation of environmental science
underscores the field's central role in examining the ecological
ramifications of seismic events, including biodiversity loss,
ecosystem disruption, and land degradation [32]. This field
also addresses sustainable reconstruction, ecological
restoration, and climate-adaptive planning in post-earthquake
scenarios. Engineering ranks second, reflecting the critical role
of structural design, geotechnical resilience, and infrastructure
planning in mitigating earthquake-induced environmental
damage [33]. This synergy between environmental and
engineering sciences is particularly vital in regions prone to
recurrent seismic activity and ecological sensitivity.

The presence of Social Sciences as the third-highest
contributor indicates a growing recognition of the human
ecological interface in disaster studies. Scholars in this domain
have examined issues such as environmental justice,
community-based disaster preparedness, and the sociopolitical
dimensions of ecological restoration [5]. The integration of
Earth and Planetary Sciences further supports research focused
on tectonic activity, geological risk mapping, and long-term
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ecological monitoring, while the involvement of Energy and
Business, Management and Accounting suggests expanding
interest in sustainable energy systems and disaster-resilient
economic frameworks.

Notably, Computer Science and Materials Science, though
relatively underrepresented, are emerging as interdisciplinary
frontiers. These disciplines are increasingly contributing
through innovations such as remote sensing, Al-driven hazard
modeling, and the development of sustainable construction
materials [14]. As earthquake ecology research evolves, the
involvement of diverse disciplines is expected to grow,
fostering holistic frameworks that address environmental,
technical, and socio-economic dimensions of seismic risk
mitigation.

3.3 Top-contributing and influential scholars
Table 2 showcases the leading authors in the field of

ecological impacts of earthquakes and associated risk
mitigation strategies, as determined by their Scopus-indexed



publication metrics. The indicators include the number of
articles published, H-index (as a proxy of scientific impact),
total citations, institutional affiliation, and Scopus ID. The
most prolific author is Li Y from Case Western Reserve
University, United States, with 14 publications, an H-index of
36, and 3,828 total citations. While this reflects strong
productivity and influence, other authors have achieved higher
citation counts and H-indices despite publishing fewer papers.

Notably, Li J from the University of Waterloo, Canada, has
the highest total citations (21,004) and H-index (75) among all
listed authors, signifying exceptional scholarly influence and
a likely leadership role in this domain. Similarly, Wang J from
the Chinese Academy of Environmental Planning (Beijing,
China) and Li W from Zhejiang University (Hangzhou, China)
demonstrate impressive citation records of 10,481 and 5,015,
respectively, with H-indices of 50 and 40. These figures
suggest that these researchers have published highly cited,
foundational studies likely involving interdisciplinary
methods, policy integration, or advanced modeling approaches
for environmental risk reduction.

The data also reveal a strong concentration of scholarly
excellence in East Asia, particularly in China. Out of the ten
authors listed, seven are affiliated with Chinese institutions,
including Fudan University, Tsinghua University, and the
Chinese Academy of Sciences. This geographic clustering of
expertise may be explained by the region’s frequent seismic
activity, growing governmental support for disaster resilience
research, and strong academic networks in environmental
science and engineering [34]. Other contributors, such as

Kumar A from National Taiwan University and Li J from
Canada, indicate the presence of international collaborations
and knowledge transfer mechanisms in this field. Overall, the
distribution of scholarly impact, as captured in this table,
illustrates both productivity and research excellence in
earthquake-ecology science. Authors with high H-indices and
citation counts have likely contributed significantly to shaping
methodological ~ frameworks, ecosystem  vulnerability
assessments, and disaster mitigation strategies. Future
research agendas can benefit from deeper co-authorship and
citation network analyses to trace thematic clusters,
institutional linkages, and emerging thought leaders in this
rapidly evolving domain.

3.4 Top-cited scientific papers

Table 3 lists the top ten most highly cited articles
contributing to the field of ecological impacts of earthquakes
and risk mitigation, based on total citations and average
citations per year. Leading the list is the article by Whitmee et
al. [35] published in The Lancet, which has amassed 1,932
citations, averaging an impressive 175.64 citations per year.
This article likely discusses broad sustainability health
linkages, setting foundational concepts that resonate within
disaster and ecological health studies [35]. The second most
cited paper is by Pittelkow et al. [36] in Nature, with 1,210
citations and 110.00 citations per year, underscoring its central
role in sustainable agriculture relevant to post-earthquake land
degradation and recovery strategies.

Table 3. Top-cited scientific papers

Total Total
No. Paper DOI Citations Citations/Year
1 Whitmee S, 2015, The Lancet 10'1016/80140_16736(15)60901_ 1932 175.64
2 Pittelkow Cm, 2015, Nature 10.1038/nature13809 1210 110.00
3 Rume T, 2020, Heliyon 10.1016/j.heliyon.2020.e04965 394 65.67
4 Ahmed N, 2019, Environ. Manage. 10.1007/s00267-018-1117-3 334 47.71
5 Cordes Ee, 2016, Front. Environ. Sci. 10.3389/fenvs.2016.00058 321 32.10
6 Hulme Pe, 2017, Biol. Rev. 10.1111/brv.12282 314 34.89
7~ Mardani A, 2017, Renfggjble Sustainable Energy 10.1016/j.rser.2016.12.053 305 33.89
8 Ahmed N, 2021, J. Clean. Prod. 10.1016/j.jclepro.2021.126604 284 56.80
9 Mukherjee N, 2015, Methods Ecol. Evol. 10.1111/2041-210X.12387 266 24.18
10 Testa F, 2015, Bus. Strategy Environ. 10.1002/bse.1821 230 2091

Rume and Didar-Ul Islamb’s [37] article in Heliyon ranks
third in annual citation impact (65.67), emphasizing its rapid
scholarly uptake despite its recent publication. Similarly,
Ahmed’s two articles published in Environmental
Management (2019) and Journal of Cleaner Production
(2021) also feature prominently, with high yearly citation rates
(47.71 and 56.80, respectively). These works have likely
addressed socio-ecological resilience, aquaculture
vulnerability, or green production systems in post-disaster
contexts [38, 39]. Their inclusion illustrates the growing
recognition of sustainability and community-based mitigation
frameworks in the aftermath of ecological disturbances.

Other notable contributors include researcher [40-42],
whose articles offer interdisciplinary insights into ecological
conservation, biological invasions, and renewable energy
policy under stress scenarios. Mukherjee et al. [43], in
Methods in Ecology and Evolution, emphasize methodological
contributions, particularly in stakeholder engagement and
participatory assessments, which are critical for effective post-
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earthquake ecological recovery strategies [43]. Rounds out the
list with a focus on sustainable business strategy, reflecting the
private sector’s role in disaster resilient innovation [44].
Collectively, this table demonstrates that highly cited works in
the field are not limited to core earthquake ecology but span
public health, sustainable development, policy science, and
energy transition. The cross-disciplinary nature of these
articles suggests that addressing the ecological impacts of
earthquakes requires integration of diverse knowledge
domains. Future research may benefit from drawing on the
conceptual and empirical frameworks established in these
works to guide studies in nature-based solutions, adaptive
governance, and ecological restoration.

3.5 Key subject domains and their developmental
trajectory

Figure 5 presents a horizontal bar chart showing the most
frequent keywords found in the scholarly literature addressing



the ecological impacts of earthquakes and related risk
mitigation strategies. The data highlight the top ten keywords
by occurrence count. Sustainability leads with over 120
occurrences, followed closely by environmental management
and life cycle assessment, each surpassing 100 mentions.

Environmental Performance
Environmental Impacts

Climate Change

Sustainable Development
Environment

Environmental Impact Assessment
Environmental Impact

Life Cycle Assessment
Environmental Management

Sustainability

Other highly recurring terms include Environmental Impact,
environmental impact assessment, Environment, and
Sustainable Development, indicating a strong emphasis on
policy integration and systemic approaches to ecological
resilience.

4

=

Figure 5.

The dominance of the term Sustainability confirms that
much of the research in this area is situated within the broader
framework of sustainable development and environmental
stewardship. Earthquakes are increasingly viewed through a
sustainability lens emphasizing not just immediate hazard
response but long-term ecological recovery, social equity, and
resilience building [45]. Closely related, the term
environmental management reflects the role of proactive
planning, governance frameworks, and community
participation in mitigating the impacts of seismic disturbances
on ecosystems [46].

The frequent appearance of life cycle assessment (LCA) and
environmental impact assessment (EIA) points to the
importance of methodological rigor in evaluating both pre-
and post-disaster environmental scenarios. LCA is commonly
applied to assess the ecological footprint of reconstruction
materials and waste management following earthquakes,
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while EIA frameworks guide planning decisions in seismically
active regions [9, 47]. The keyword Climate Change, though
moderately ranked, suggests an emerging interest in how
earthquakes intersect with broader climate-driven risks, such
as increased landslide susceptibility and compounded stress on
ecosystems. This keyword analysis reinforces the
interdisciplinary character of earthquake-ecology research. It
bridges environmental science, policy, risk analysis, and
systems thinking. The prevalence of terms like Environmental
Impacts, Environmental Performance, and Sustainable
Development underscores the community’s commitment to
building ecologically informed strategies that transcend
traditional disaster response and instead focus on holistic,
forward-looking resilience planning. These thematic insights
can help guide future research trajectories, including
integrative modeling, nature-based solutions, and multi-
criteria decision-making under uncertainty.
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Figure 6 presents a Sankey diagram that illustrates the
thematic evolution of key research concepts related to the
ecological impacts of earthquakes between two temporal
phases: 2015-2019 and 2020-2024. Each left-side node
represents dominant themes during 2015-2019, which
transition to their corresponding or evolved themes on the right
side in the 2020-2024 period. The width of the connections
between nodes indicates the strength or frequency of thematic
continuity, thereby providing a visual understanding of
conceptual progression, integration, and divergence in the
field.

The term environmental impact assessment shows strong
thematic persistence across both periods, demonstrating its
foundational role in ecological risk evaluation and planning.
Over time, however, it has diversified into more specialized or
application-oriented themes such as impact assessment,
carbon footprint, and environmental performance. Similarly,
the theme of environmental management in the earlier period
evolves into environmental management systems and connects
directly to sustainability, suggesting a shift from general
environmental  oversight to  structured, measurable
management frameworks that align with global sustainability
metrics [9, 15].

Notably, earthquake as a thematic keyword in 2015-2019
becomes increasingly interlinked with adaptation, agriculture,
and remote sensing in 2020-2024. This shift reflects the
growing focus on resilience-based approaches and the use of
geospatial technologies to monitor post-seismic ecological
change and agricultural vulnerability [13, 48]. The emergence
of green supply chain management, cleaner production, and
energy efficiency as thematic endpoints in the 2020-2024
period also highlights a deepening integration between seismic

likely influenced by broader planetary health and climate
mitigation agendas [49].

The diagram also indicates the rise of life cycle analysis and
sustainability as central organizing frameworks in the latter
half of the decade. These themes now absorb earlier concepts
like environmental performance, hydraulic fracturing, and
mitigation measures, consolidating the field under more
comprehensive and quantifiable models. Such evolution is
aligned with the research community's need to operationalize
resilience, using lifecycle indicators and sustainability metrics
to guide post-earthquake reconstruction, energy transition, and
ecological rehabilitation [50]. The Sankey diagram reveals a
research trajectory that has moved from general environmental
and impact assessments toward integrative, system-based, and
action-oriented frameworks in the post-2020 period. This
thematic evolution suggests a maturing research field that now
embraces data-intensive, multi-sectoral, and solution-focused
approaches to address the ecological implications of seismic
activity.

3.6 Framework of academic partnerships

Figure 7 provides a world map visualization of international
research collaboration on the ecological impacts of
earthquakes and risk mitigation strategies. Countries are color-
coded by the intensity of their publication volume, with darker
shades of blue representing higher research output. Red-brown
connecting lines indicate collaborative linkages between
countries, where the thickness of each line denotes the strength
or frequency of co-authorship in scientific publications. This
geospatial co-authorship network map highlights the
transnational and interdisciplinary nature of research in this
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The map reveals that the United States, China, Germany,
the United Kingdom, and Australia are major hubs of global
collaboration, acting as central nodes in the international
research network. These countries not only produce a high
volume of scientific output but also maintain extensive
bilateral and multilateral research partnerships, particularly
with emerging economies and disaster-prone regions such as
Indonesia, India, Brazil, and Turkey. The collaboration
between China and Southeast Asian nations is particularly
prominent, likely driven by shared seismic vulnerabilities and
regional initiatives on disaster risk reduction (DRR) and
environmental sustainability [51].

The presence of dense intercontinental linkages across
North America, Europe, and Asia indicates that earthquake-
ecology research is supported by well-established global
knowledge-sharing mechanisms. Institutions in Europe
(Germany, France, the Netherlands) appear to serve as
connectors between research groups in both hemispheres,
facilitating cross-border studies that integrate environmental
science, engineering, and policy frameworks. This reflects the
broader success of European Union research funding
instruments like Horizon 2020, which prioritize disaster

wang q

resilience, climate adaptation, and cross-sectoral ecological
research [52].

Interestingly, South America and Sub-Saharan Africa show
moderate participation, often through partnerships with high-
output countries. Brazil, Argentina, and South Africa maintain
active collaborations, particularly on issues related to post-
disaster ecological restoration and sustainable infrastructure.
While the map does suggest underrepresentation of some low-
and middle-income countries, especially in Central Africa and
Central Asia, the growing web of international ties presents
opportunities for more inclusive and locally relevant research
agendas. Collaborative capacity-building, data-sharing
platforms, and open access initiatives are critical to bridging
these gaps and enhancing global resilience against seismic
ecological threats [53]. The global collaboration map
demonstrates that the study of earthquake-induced ecological
impacts is a truly international endeavor, increasingly
characterized by multidirectional partnerships and integrative
research approaches. These collaborations are vital not only
for advancing scientific understanding but also for translating
findings into policy and practice across diverse ecological,
political, and cultural contexts.
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Figure 8. (a) Co-authorship and (b) Institutional collaboration networks



Figures 8(a) and 8&(b) provide detailed network
visualizations of scientific collaboration in the domain of
earthquake ecology and risk mitigation. Figure 8(a) shows the
author-level co-authorship network, while Figure 8(b) depicts
institutional collaboration. These maps, based on co-
authorship frequencies and affiliations, offer insights into the
structure, density, and centrality of academic collaboration
within the field. The co-authorship map in Figure 8(a)
highlights several prominent author clusters, distinguished by
color, with node size proportional to the number of co-
authored publications and edge thickness reflecting
collaboration strength. The most central and influential author
is Li Y, who appears in a large, densely interconnected blue
cluster. This author collaborates extensively with Zhao Y,
Wang H, Wang J, and Xu H, suggesting a well-integrated
research team, likely focused on ecological assessments or
engineering-based mitigation strategies.

A second major cluster (red) centers around Li H, Li X,
Wang Q, and Zhang J, indicating another influential research
group with high internal collaboration. These authors are
known for their contributions to sustainability, life cycle
assessment, and environmental performance frameworks in
the context of seismic impacts [11]. Smaller, independent
clusters such as those featuring Kumar A, Caruso M, and
Gracia J represent regionally focused or niche research efforts
with limited integration into the global network, potentially
reflecting different thematic or geographic focuses. The
network structure shows a “small-world” pattern: dense intra-
cluster collaboration with limited inter-cluster links. This
suggests the field is moderately fragmented, with several
research silos operating independently. Nonetheless, cross-
cluster nodes such as Li J and Wang Y may act as bridging
authors, facilitating interdisciplinary integration.

At the institutional level, Figure 8(b) identifies Tsinghua
University, Tongji University, and the Chinese Academy of
Sciences (CAS) as key nodes in the global academic
collaboration landscape. These institutions demonstrate strong
interconnectivity, particularly with Peking University, Beijing
Normal University, and international partners such as the
University of California and the University of Washington,
forming a robust East-West collaboration corridor. This
reflects China’s strategic research investment in disaster risk
reduction, ecological restoration, and sustainability science
[54].

Meanwhile, the University of Chinese Academy of Sciences
shows strong bilateral cooperation with the Chinese Research
Academy of Environmental Sciences, reinforcing national-
level scientific coordination. Australian institutions like
Griffith University, University of Queensland, and Heriot-
Watt University (UK) form another collaborative subnetwork,
often involved in ecological engineering and climate
adaptation research. On the other hand, universities in Latin
America, Scandinavia, and Southeast Asia, such as
Universidad de Chile, Chalmers University of Technology,
and Universiti Kebangsaan Malaysia, appear in smaller, more
isolated clusters, indicating limited but emerging contributions
to the field.

The diversity of institutions and the presence of
intercontinental  linkages underscore the increasing
globalization of earthquake-ecology research. However, the
network topology still reveals areas of limited integration,
particularly for institutions in the Global South, suggesting the
need for more inclusive international frameworks and funding
mechanisms to support collaborative disaster resilience
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science. Together, these collaboration networks underscore
the growing interconnectedness and leadership of East Asian
institutions and authors, particularly from China, in shaping
the discourse on the ecological impacts of seismic events.
While strong intra-national collaboration is evident, future
advances in the field will benefit from enhanced inter-cluster
and Global South-North research partnerships. Strengthening
these ties will help address context-specific ecological
vulnerabilities and foster innovations in post-disaster
environmental governance.

3.7 The future trends and challenge research

Figure 9, derived from VOSviewer keyword co-occurrence
analysis, maps the thematic landscape of scientific literature
on the ecological impacts of earthquakes and environmental
risk mitigation. The network visualization captures the
interconnectivity and temporal evolution of major research
concepts from 2015 to 2024. Central themes such as
“sustainability,” “life cycle assessment,” “environmental
impact,” “climate change,” and “environmental management”
dominate the field, as indicated by their size and central
positioning. The future trajectory of this field appears
increasingly interdisciplinary, with emerging connections to
digital tools, circular economy models, and adaptation
strategies signaling a paradigm shift toward integrated and
systems-based approaches in addressing disaster-ecology
challenges [55, 56].

The term "climate change" exhibits strong links with
"earthquake," "mitigation measures," "remote sensing," and
"vulnerability," suggesting that scholars are exploring
compound risks and cascading hazards. This aligns with the
global research agenda, highlighting the intersection of
climatic and tectonic threats, particularly in regions prone to
both drought and seismic instability [3, 57]. Future research
must deepen our understanding of multi-hazard interactions
using advanced environmental modeling, machine learning,
and GIS-based decision support systems [58, 59].
Furthermore, environmental risks posed by earthquakes, such
as landslides, soil erosion, and aquifer disruption, require
integration with climate adaptation strategies to ensure long-
term socio-ecological resilience [60, 61].

Digital transformation of environmental science emerges as
a powerful trend in the network, as indicated by newer
keywords such as “IoT,” “machine learning,” “remote
sensing,” and “GIS.” These tools enable real-time disaster
monitoring,  predictive  analytics, and  automated
environmental risk assessments [2, 62]. For instance, post-
seismic vegetation loss and pollution dispersion can be
captured using drone-based multispectral imaging and satellite
telemetry [63]. However, challenges remain in terms of data
integration, validation of Al models across geographies, and
ensuring equitable access to technological tools in resource-
limited settings [10, 64].

The concept of “life cycle assessment (LCA)” is
increasingly linked with “sustainable construction,” “circular
economy,” and “infrastructure resilience,” indicating a shift
toward ecological footprint minimization in post-disaster
rebuilding [9, 24]. LCA methodologies are being refined to
evaluate not only carbon emissions but also ecological
degradation, social impacts, and resource usage across seismic
event cycles [65, 66]. The challenge lies in harmonizing LCA
frameworks across diverse climatic and regulatory contexts, as
well as incorporating dynamic impact modeling to capture the



temporal variability of environmental stress post-earthquake
[16, 67].

Sustainability transitions are increasingly viewed through
the lens of systems resilience, green infrastructure, and
adaptive environmental governance [7, 68]. Concepts such as
“adaptive management,” “public participation,”
“environmental justice,” and “multi-criteria decision-making”
reveal an emergent shift from top-down command-and-control
strategies toward participatory, inclusive, and context-
sensitive approaches [18, 69]. However, operationalizing
sustainability in post-disaster contexts remains complex due to
competing stakeholder interests, policy fragmentation, and
insufficient transdisciplinary frameworks [17, 70]. Future
research must focus on participatory action models, co-
production of knowledge, and localized governance
innovations.

Another promising but underdeveloped area is
bioenvironmental engineering, including nature-based
solutions, bioremediation, and eco-design in seismic zones
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seismic gesilience

bicewergy

reinforcagiconcrete

[71, 72]. The keywords “bioremediation,” ‘“wastewater,”
“ecosystem services,” and “soil contamination” suggest a
growing concern with earthquake-induced pollution and
ecological degradation. Research must explore engineered-
natural systems, such as constructed wetlands and green roofs,
that both buffer seismic shock and contribute to long-term
ecological recovery [59, 73]. However, challenges remain in
quantifying their performance under dynamic stress conditions
and scaling them for urban-rural gradients. The future of
earthquake-ecology research lies at the intersection of
resilience science, digital innovation, ecological economics,
and participatory governance. The main research challenges
ahead include: (1) managing compound disaster risks; (2)
scaling digital tools equitably; (3) integrating dynamic LCA
into planning frameworks; (4) designing inclusive adaptation
models; and (5) developing context-responsive bioengineering
interventions. Addressing these challenges requires robust
international collaboration, open data ecosystems, and
sustained policy-science dialogues.
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Figure 9. A keyword co-occurrence analysis for future trends

4. CONCLUSIONS

Based on the comprehensive bibliometric analysis and
thematic visualizations, research on the ecological impacts of
earthquakes and associated risk mitigation strategies is
becoming increasingly interdisciplinary and globally
connected. The field has evolved from conventional
environmental impact assessments toward integrated
approaches emphasizing sustainability, life cycle assessment,
and the use of advanced technologies such as remote sensing
and machine learning. International collaboration at both
author and institutional levels is intensifying, with countries
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like China, the United States, and Australia emerging as
central hubs in the global research network. Nevertheless,
significant challenges remain, including data integration
across sectors, limited participation from developing
countries, and the operationalization of environmental justice
in post-disaster contexts. Future research must prioritize
methodological innovation, more inclusive collaborative
frameworks, and the enhancement of socio-ecological
adaptive capacities. These efforts are essential for supporting
long-term resilience and sustainable recovery in earthquake-
prone regions.

From a policy and management perspective, the findings of



this study provide strategic guidance for several stakeholder
groups. For policymakers, there is an urgent need to integrate
ecological restoration and environmental monitoring into
national disaster risk reduction (DRR) frameworks,
particularly in developing seismic regions. Research funding
agencies should promote multi-hazard and interdisciplinary
projects that combine environmental science, engineering, and
social dimensions of disaster resilience. Meanwhile, academic
institutions and regional research centers can play a key role
in strengthening capacity building through open data
initiatives, joint publications, and researcher mobility
programs. Establishing transdisciplinary consortia and
regional centers of excellence would help bridge the gap
between scientific innovation and on-ground implementation
in ecological earthquake resilience.

Despite its comprehensive scope, this study has several
limitations that should be acknowledged. First, the analysis
relied solely on the Scopus database, which, although widely
recognized for its coverage and reliability, may exclude
relevant literature indexed in other repositories such as Web of
Science, JSTAGE, or regional databases. Second, only peer-
reviewed journal articles were included, thereby omitting
potentially valuable information from conference proceedings,
reports, and grey literature. Third, the bibliometric approach
focuses on publication metadata rather than full-text content,
which may limit the depth of thematic interpretation. Future
studies should integrate multi-database sources, expand
document types, and apply text-mining or topic-modeling
approaches to capture more nuanced insights into earthquake
ecology research.
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