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Abstract

Urban seismic resilience, a key concept in risk management and urban planning, has garnered increasing
attention over the past decade owing to the growing complexity of seismic hazards, ongoing urbanization, and
population concentration in high-risk areas. Hazard, vulnerability, risk, and seismic resilience are interconnected
concepts within the seismic risk analysis framework; accordingly, this study examined them as an integrated
knowledge network. The aim of this study was to identify knowledge production patterns, conceptual structures,
scientific collaboration networks, and dominant theoretical trends in the literature on urban seismic resilience and
seismic hazards from 2016 to 2025. A descriptive-analytical approach was adopted, employing bibliometric analysis
and knowledge network analysis. The dataset comprised 3,449 scientific documents indexed in Scopus and retrieved
through searches of titles, abstracts, and keywords with subject areas limited to Earth and Planetary Sciences, Social
Sciences, and Engineering. The data were analyzed by using VVOSviewer through keyword co-occurrence, country co-
authorship, and bibliographic coupling analyses. The results revealed an increasing trend in scientific output with the
number of documents rising from 165 in 2016 to 804 in 2025. In terms of conceptual structure, "urban resilience™
(1,196 occurrences, total link strength of 1,807), "seismic hazard" (245 occurrences), and “seismic vulnerability" (172
occurrences) emerged as central concepts in the network. China (596 documents), the United States (494), Italy (457),
and Iran (169) were among the most active countries in knowledge production. Bibliographic coupling analysis further
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indicated that the theoretical foundations of this literature were mainly rooted in seismic hazard assessment and risk
analysis. By mapping the structure and evolution of knowledge on urban seismic resilience, this study can inform
future research, urban planning, and risk management.

Keywords: Urban Seismic Resilience, Seismic Hazard, Seismic Vulnerability, Knowledge Network Analysis,
Bibliometric Analysis, Urban Planning.

Introduction

Urban seismic resilience is a multidimensional concept that connects earthquake engineering, geography, urban
planning, and social sciences. It refers to the capacity of urban systems to absorb seismic disturbances, reduce
damage, maintain essential functions, and recover after an earthquake. Seismic hazard assessment provides a
basis for understanding potential ground motion, while seismic risk results from the interaction of hazard,
exposure, and vulnerability. Recent research has increasingly moved from static assessments of physical
vulnerability toward more dynamic and system-oriented approaches supported by GIS, network analysis, and
data-driven methods. Bibliometric research has been widely used to examine the development of scientific
fields, but its application to urban seismic resilience remains limited. Liu et al. (2024), for example, reviewed
4,229 publications on seismic risk assessment and damage analysis, mainly from structural and engineering
perspectives. Based on the Scopus literature examined in this study, no knowledge-network analysis focused
specifically on urban seismic resilience and its conceptual, collaborative, and intellectual structure during 2016-
2025 was identified. This study therefore aimed to map the main research patterns, thematic relationships,
scientific collaborations, and intellectual foundations of this field.

Materials & Methods

The study employed a knowledge-network-analysis approach using VOSviewer (Van Eck & Waltman, 2022).
Scopus was selected because of its broad interdisciplinary coverage and standardized citation indexing. An initial
search produced 8,574 records. After refining the subject areas and keyword set, the final dataset contained
3,449 English-language articles, reviews, books, and book chapters indexed between 2016 and 2025. The search
used the TITLE-ABS-KEY field and terms related to seismic risk, vulnerability, urban resilience, and urban
planning. The temporal filter, PUBYEAR>2015 AND PUBYEAR<2026, corresponded to 2016-2025. Subject-
area, document-type, language, and exact-keyword filters were also applied. The records were exported with
their bibliographic information and cited references. Data preparation included duplicate removal and
standardization of keywords, author names, and institutional affiliations using a thesaurus file. Network analyses
were conducted by using full counting. Keyword co-occurrence was analyzed with a minimum occurrence
threshold of 5. Co-authorship was examined at the author, institutional, and country levels, while co-citation
analysis was used to identify highly connected references. Bibliographic coupling was also applied to examine
relationships among documents. The threshold settings used in the analyses were reported to improve
methodological transparency and reproducibility.

Research Findings

The temporal distribution indicated a substantial increase in research output. The number of documents rose
from 165 in 2016 to 480 in 2024. In 2025, 804 records were indexed, including accepted and in-press documents
available at the time of the search. Overall, the number of indexed records in 2025 was approximately 4.9 times
that of 2016 with an average annual growth rate of close to 20%.

The keyword network was centered on urban resilience, which recorded 1,196 occurrences and total link
strength of 1,807. Seismic hazard and seismic vulnerability were followed with 245 and 172 occurrences,
respectively. Other frequently occurring concepts included seismic hazard assessment, climate change, urban
planning, resilience, sustainability, earthquake, peak ground acceleration, seismic risk, green infrastructure,
urban sustainability, nature-based solutions, sustainable development, GIS, and climate adaptation.

China had produced 596 documents followed by the United States with 494 and Italy with 457. Iran ranked
among the leading countries with 169 publications. The co-authorship network showed strong connections
involving the United States, Italy, China, and the United Kingdom, while Iran also occupied a visible position in
the collaboration structure. Co-citation analysis identified 103 core references at the defined threshold. Highly
connected references included works by Ambraseys, Bommer, Baker, Akkar, Allen, and Campbell, reflecting the
continued importance of seismic hazard assessment, ground-motion modeling, and earthquake engineering.
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Discussion of Results & Conclusion

The increase in publication activity was consistent with the broader expansion of research on seismic risk and
resilience. Liu et al. (2024) also reported a marked increase in publications on seismic risk assessment and
damage analysis after 2017. This similarity indicated that urban seismic resilience had developed within a
broader expansion of scientific attention to seismic risk. The shift toward more integrated and system-oriented
approaches was also consistent with the broader evolution of urban resilience research reported by Han et al.
(2026). The thematic structure showed that urban resilience provided the main conceptual connection among the
identified research streams. At the same time, seismic hazard and seismic vulnerability remained strongly
represented, indicating the continued influence of established risk and engineering knowledge. The presence of
urban planning, sustainability, GIS, climate adaptation, and nature-based solutions also reflected the growing
interdisciplinary scope of the literature. The geographical and collaboration patterns demonstrated the
international character of the field. The concentration of publications and collaboration links among major
research-producing countries indicated an interconnected scientific structure. Iran's presence in publication
output and collaboration networks also demonstrated its participation in the global research landscape on urban
seismic resilience. Overall, the knowledge network indicated an expanding research field with connections
across several disciplinary areas, while its intellectual structure remained strongly linked to seismic hazard,
vulnerability, and risk. The findings provided a systematic basis for understanding the development and
organization of research on urban seismic resilience. Future studies could examine thematic changes over shorter
periods, incorporate additional bibliographic databases, and combine quantitative network analysis with
qualitative assessment. The findings should also be considered in light of the study reliance on Scopus, English-
language records, predefined search terms and analytical thresholds, and the quantitative nature of bibliometric
network analysis.
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Figure 1. Publication Trends of Scientific Documents Related to Urban Seismic Resilience and Seismic Hazard in
the Scopus Database, 20162025
Source: Scopus Database (2026); analysis by Microsoft Excel.
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Figure 2. Subject Areas of Scientific Documents Related to Urban Seismic Resilience in the Scopus Database,
2016-2025
Source: Scopus Database (2026); analysis by Microsoft Excel.
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Figure 3. Co-occurrence of Keywords in Studies on Urban Seismic Resilience
Source: Scopus Database, 2026; Analysis using VOSviewer
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Figure 4. Temporal Overlay of Keywords in Studies on Urban Seismic Resilience
Source: Scopus Database, 2026; Analysis using VOSviewer
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Figure 5. Keyword Density of Studies on Urban Seismic Resilience
Source: Scopus Database, 2026; Analysis using VOSviewer
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Figure 6. Leading Countries in Research on Urban Seismic Resilience and Hazards, 20162025
Source: Scopus Database, 2026; Analysis using Excel
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Figure 7. International Co-authorship Network in Studies on Urban Seismic Resilience
Source: Scopus database, 2026; analysis using VOSviewer.
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! Sharifi, A. (The IDEC Institute and Network for Education and Research on Peace and Sustainability (NERPS), Hiroshima
University, Japan).
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Figure 8. Distribution of Leading Researchers in the Field of Urban Seismic Resilience and Seismic Risk, 20162025
Source: Scopus database, 2026; analysis using Excel.
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Figure 9. Distribution of Leading Research Centers in the Field of Urban Seismic Resilience and Seismic Risk,
2016-2025
Source: Scopus database, 2026; analysis using Excel.
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Figure 10. Co-citation Network of Scientific References in the Field of Urban Seismic Resilience (Minimum of 20
Co-citations)
Source: Scopus database, 2026; analysis using VOSviewer.
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