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As global urbanization accelerates, the rapidly growing urban population poses
significant challenges to the realization of sustainable development. The Urban
Vulnerability—Adaptation—Settlements (VAS) nexus has emerged as a critical
research domain to address these challenges. This study conducts a
bibliometric analysis of 887 highly cited publications from the Web of Science
Core Collection to identify key scholars, research institutions, countries, core
research domains, and emerging trends in the field. The findings reveal that: (1)
Research related to the Urban VAS nexus can be divided into three developmental
phases: the initial budding stage (1958-1991), the high-growth stage
(1992-2018), and the stable development stage (2019-2024); (2) Current
research primarily focuses on population urbanization, land urbanization, and
industrial development, while addressing core issues such as environmental
sustainability, social equity, smart governance, and community development;
(3) Future research should place greater emphasis on the development of smart
cities, green infrastructure, and energy transitions, while also exploring policy
innovations and technological advancements to foster a more equitable and
sustainable urban future. Based on the finding, this study argues that the key to
future urban development lies not in the “speed of growth” but in the “quality of
resilience.” Researchers are encouraged to promote multi-scale, multi-
dimensional studies of VAS coupling mechanisms, while integrating smart
governance, green transitions, and inclusive development goals into urban
policy and practice.

ecological environment, social insurance, sustainable development, urban sustainability,
VAS nexus

1 Introduction

With the acceleration of urbanization, the proportion of the global population residing
in cities has steadily increased. According to United Nations data, approximately 30% of the
world’s population lived in urban areas in 1950, rising to 55% by 2018, and is projected to
surpass 68% by 2050 (Kundu and Pandey, 2020). While urbanization fosters economic
growth and social advancement, it also exacerbates challenges such as resource scarcity,
land-use conflicts, traffic congestion, and environmental degradation (Onyango, 2018). In
response to these issues, scholars have increasingly explored sustainable urban governance
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models, green infrastructure development, and smart city
technologies to enhance urban resilience (Mohanty & Kumar,
2021). United Nations

Development Goals (SDGs) have positioned urban development

Simultaneously,  the Sustainable
as a key agenda, advocating for integrated governance strategies to
strengthen urban adaptability, reduce social inequalities, and
growth
(Murayama and Estoque, 2019). In this context, reducing urban

promote  environmentally  sustainable  economic
vulnerability, enhancing adaptability, and constructing livable urban
environments have emerged as critical concerns for scholars and
urban policymakers worldwide.

The “Vulnerability-Adaptation-Settlements (VAS) nexus” has
increasingly emerged as a focal point in research on climate change
and sustainable urban development. This framework emphasizes the
vulnerability of urban settlement systems in the face of natural
disasters, environmental risks, and socio-economic disruptions,
while also highlighting the role of adaptive strategies in
enhancing urban resilience and promoting sustainable
development in human settlements (Sharifi and Yamagata, 2018).
The concept of the VAS Nexus originated from the evolution of
urban vulnerability studies. Vulnerability was first introduced in
disaster risk assessments during the 1970s and 1980s, focusing on
the interplay of social, economic, and environmental factors (Fraser,
2014). In the early 21st century, the United Nations’ Millennium
(2001) broadened the

vulnerability, framing it as the degree to which systems are

Ecosystem  Assessment definition of
sensitive, exposed, and lack adaptive capacity in the face of
external disturbances. More recently, rising attention to climate
brought
interconnections

change has increasing academic focus on the

between urban adaptation and settlement
development, leading to the formation of the VAS Nexus as a
comprehensive conceptual framework (Scott et al., 2024; Han
et al.,, 2024).

Urban vulnerability refers to the degree of exposure and the
capacity of urban systems to withstand environmental changes,
economic shocks, and social transformations. It is influenced by
a wide range of factors, including climate change, ageing
infrastructure, socioeconomic inequalities, and weak governance
frameworks. In recent years, researchers have increasingly
focused on scientifically assessing urban vulnerability to provide
policymakers with reliable insights for decision-making (Rozer et al.,
2022). Some studies classify urban vulnerability into internal
vulnerability (e.g., ecosystem degradation, widening income
disparities, and infrastructure deterioration) and external
vulnerability (e.g., extreme weather events and global economic
fluctuations) (Fraser, 2014). To address these vulnerabilities,
scholars have developed various assessment frameworks. For
example, the Risk and Hazard (RH) Framework focuses on
evaluating the impacts of natural disasters, while the Pressure
and Release (PAR) Framework examines how cities respond to
economic and social pressures (Sand, 2011). Additionally, data-
driven scenario analysis methods are increasingly being utilized to
predict potential risks and provide scientific support for
urban planning.

Given the challenges posed by urban vulnerability, enhancing
adaptive capacity is crucial. Urban adaptation refers to the strategies
cities employ through policy adjustments, infrastructure upgrades,

and technological innovations to improve resilience against external
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shocks. Studies have shown that cities with higher adaptive capacity
tend to have effective governance systems, strong social cohesion,
and advanced technological support (T6th and Sebova, 2024). On
the governance front, many cities have established comprehensive
climate adaptation policies, such as promoting green building
initiatives, expanding renewable energy adoption, and optimizing
water resource management, all of which contribute to increased
environmental resilience (Hamdani and Susanti, 2018). From a
technological perspective, smart city innovations play a pivotal
role in urban adaptation. For instance, the Internet of Things
(IoT) and Artificial (AI) facilitate
monitoring of air quality, water usage, and infrastructure

Intelligence real-time
stability, thereby optimizing urban governance and decision-
making (Ho et al., 2022). Moreover, green infrastructure is a key
measure for enhancing urban resilience. Initiatives such as urban
wetlands, public parks, and rainwater management systems help
mitigate flood risks and improve ecosystem services (Acosta-Munoz
et al., 2023). Many cities worldwide are actively exploring these
strategies to strengthen their resilience against external disturbances
and promote sustainable urban development (Pamukcu-Albers
et al., 2021).

The quality of human settlements directly affects public health,
safety, and social integration. Human settlements encompass
various  dimensions, including urban

spatial  planning,

infrastructure development, housing  provision, and
environmental sustainability, all of which are closely linked to
urban resilience (Cirella et al., 2021). Research indicates that
rapid urbanization and imbalanced infrastructure development
can exacerbate social inequalities and intensify urban
vulnerability. For example, low-income communities often face
higher exposure to environmental pollution, inadequate housing,
and limited access to public services, further increasing their
susceptibility to external shocks (Giri et al., 2021). Consequently,
urban planning must incorporate sustainable urban design
principles that promote compact urban development, reduce
urban sprawl, and improve the accessibility of public
transportation and green infrastructure. Additionally, equitable
housing policies play a crucial role in improving human
settlements. Governments should implement land-use regulations
and financial support mechanisms to ensure affordable housing for
low-income groups, thereby reducing socioeconomic disparities
(Smith et al, 2021). Furthermore, promoting green building
technologies can contribute to more sustainable urban living
environments and reduce energy consumption.

Urban
Vulnerability-Adaptation-Settlements (VAS) nexus has yielded a

number of important findings. To assist scholars in systematically

Current research on the

understanding the core research themes, emerging trends, and
future directions within this evolving field, this study conducts a
comprehensive bibliometric analysis using CiteSpace, based on data
from the Web of Science (WoS) Core Collection. The analysis
encompasses

country-level  research  distribution,

publication trends, author collaboration networks, and keyword

journal

clustering. The findings aim to provide valuable insights into the
practical applications and contributions of the VAS nexus in
advancing sustainable urban development, thereby offering
scientific guidance and policy references for scholars and
decision-makers.
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2 Materials and method

2.1 Bibliometric method

Bibliometrics is a quantitative research method that utilizes
statistical and computational techniques to analyze and uncover
the characteristics, developmental trends, and academic impact of
scholarly literature (Patra et al, 2006). The two fundamental
theoretical principles of bibliometrics are Bradford’s Law and
Lotka’s Law (Xu, 2015). According to Bradford’s Law, the
proportion of core journals within a specific research field
remains constant relative to the total number of published
articles, while the number of non-core journals decreases as their
relevance to the core topic diminishes (Saravanan and Aswathy,
2015). Conversely, Lotka’s Law postulates that most scientific
publications are produced by a small number of highly prolific
scholars or institutions (Pinto et al., 2014).

The bibliometric research process typically includes several key
steps: defining the research objective, selecting search terms,
retrieving literature from academic databases, collecting and
preprocessing bibliographic data, and synthesizing findings into a
research report (Patra and Chand, 2006). Various bibliometric tools,
such as EndNote, Zotero, and CiteSpace, are commonly employed to
facilitate these processes. In this study, CiteSpace is used to conduct
bibliometric analysis. CiteSpace is a Java-based visualization
that data
visualization allowing

software integrates mining and information

techniques, researchers to explore

relationships among scientific publications and analyze the
evolution  of  knowledge  structures  (Ravikumar  and
2020). Furthermore, CiteSpace is

around three core concepts; i) centrality, ii) burst detection, and

Thankavadivel, structured
iii) heterogeneous networks that enhance researchers’ ability to
2011).
(SNA),
measures the importance of a node, such as an author, journal,

analyze bibliometric relationships (Hussain et al,

Centrality, derived from Social Network Analysis
or keyword, within an academic network. A higher centrality value
indicates a more influential role in a research domain or knowledge
system (Bailon-Moreno et al, 2005). Burst Detection identifies
keywords or research topics that exhibit a sudden surge in
citation frequency over a specific period. A high burst index
suggests that a keyword has attracted significant scholarly
attention within a short time, indicating an emerging or rapidly
2003). Lastly,

heterogeneous networks consist of nodes and links, where nodes

evolving research trend (Faba-Pérez et al,

represent analytical objects such as subject categories, cited authors,
cited journals, cited documents, and keywords, while links describe
the relationships between these nodes (Jan and Khan, 2012). The
research process is illustrated in Figure 1.

2.2 Data acquisition

This study utilizes the WoS as the primary data source and

selects “urban development,” “urban vulnerability,” “urban
adaptation,” and “human settlements” as search keywords. To
ensure data reliability and scholarly rigour, only articles indexed
in the WoS Core Collection were considered, with the language

restriction set to English. We initially retrieved a total of
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359,270 related studies. To better reflect the mainstream trends
and core findings of this research field, we selected 887 highly
relevant and highly cited representative papers for analysis.

The basic characteristics of the dataset are presented in Table 1.
As shown, the majority of the selected publications are journal
articles (630 articles, 71.0%), followed by conference proceedings
(88 papers, 9.9%), book chapters (53 papers, 6.0%), and book
reviews (42 papers, 4.7%). Other document types included
proceedings papers, books, editorial materials, editorial material
(book chapters), letters, meeting abstracts, notes, reviews, review
book chapters, and early access reviews. These diverse document
types provide a comprehensive representation of the research
within the
sustainability domains.

A preliminary statistical analysis of the selected literature reveals

landscape urban development and

that the publication timeframe spans from January 1958 to
2024. The dataset
publications, authored by 1,832

December comprises 887  scholarly
affiliated with

1,372 institutions across 57 countries. These studies have been

researchers

published in 159 academic journals and have accumulated a total
of 132,291 citations. Detailed statistical information is presented in
Table 2, providing a comprehensive overview of the distribution and
impact of the selected research corpus.

2.3 Distribution of publications

An analysis of the bibliometric data retrieved from the WoS
indicates that the earliest highly cited publication on the urban VAS
nexus appeared in 1958. During the period from 1958 to 1991, the
number of highly cited papers in this research domain remained
relatively stable, with no more than three publications per year.
However, from 1992 to 2018, there was a steady increase in the
number of highly cited papers, reflecting the growing academic
interest in urban VAS nexus research.

In 2018, the United Nations released the World Urbanization
Outlook, which systematically outlined the future trajectory of
global urban development. This report highlighted critical
with
sustainability, and resource carrying capacity, drawing significant

challenges  associated climate  change, ecological
scholarly attention to the urban VAS nexus. Following the
publication of this report, the number of highly cited papers in
this field surged, maintaining a consistent level of over
40 publications per year. The temporal trend of highly cited

publications in urban VAS research is illustrated in Figure 2.

3 Results

3.1 Major country analysis of urban
development research

The number of highly cited publications and the centrality of
different countries in the field of urban VAS research presented in
Figure 3. Table 3 provides an overview of the top 10 countries ranked
by publication volume. As shown in Table 3, the United States ranks
first, with over 200 publications and the highest centrality score,
indicating its dominant role in the urban VAS research domain.
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FIGURE 1
Workflow of the bibliometric analysis.

China follows closely in second place, with 146 publications, a figure
comparable to that of the United States and significantly higher than
that of England. However, China’s centrality score is lower than that
of England, suggesting that while China has made substantial
contributions to urban VAS research, it has yet to establish itself
as a leading or central influence in the field. Additionally, Australia
and Germany exhibit relatively high centrality scores, reaching
0.11 and 0.14, respectively. This suggests that these countries play
a crucial role in international academic collaborations and exert
considerable influence within the research network. In contrast, the
centrality scores of other countries remain below 0.06, indicating
that their impact within the global academic collaboration network
is relatively limited.

3.2 Author co-citation analysis

When two distinct papers are cited together in other scholarly
works, their authors are considered to have a co-citation
relationship. Figure 4 illustrates the co-citation network of
authors in the field of urban VAS research, while Table 4 lists
the top 15 most cited scholars ranked by citation frequency. Overall,

» «

“Ewing R,” “Galster G,” and “Brueckner ] K” are among the most
influential scholars in urban VAS research, with their works being
co-cited 80, 65, and 53 times, respectively. Additionally, “Glaeser E
L” and “Gordon P” exhibit high centrality scores, reaching 0.22 and
0.18, respectively, indicating that their research holds a prominent
position in the urban development field. Their high centrality
suggests that their work has significantly shaped the theoretical
and empirical discourse in urban VAS studies.

Reid Ewing, George Galster, and Jan K. Brueckner are
prominent scholars whose research has significantly influenced
the field of urban VAS studies. Reid Ewing is widely recognized
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for his research on urban sprawl and its implications for sustainable
development. His work provides a comprehensive examination of
the characteristics, causes, and consequences of urban sprawl,
advocating compact city design as a viable alternative for
promoting sustainability (Ewing and Hamidi, 2015). George
Galster focuses on the dynamics of urban neighborhoods and
housing markets, with particular emphasis on spatial inequalities
and social vulnerability. His research investigates the intricate
relationships between urban form, socio-economic disparities,
and spatial segregation, shedding light on how urban planning
and policy interventions can help reduce urban vulnerability and
foster equitable human settlements (Galster, 2013). Brueckner
(2000) is a leading figure in the economic analysis of urban
sprawl and land use. His research explores the economic forces
driving urban expansion, examining their implications for resource
allocation and environmental sustainability.

3.3 Journal co-citation analysis

When two papers published in different journals are
simultaneously cited by a third paper, the two journals are
considered co-cited journals. Figure 5 illustrates the co-citation
network of journals in the field of urban VAS research, while
Table 5 presents the top 10 most co-cited journals ranked by
citation frequency.

As shown in Table 5, the majority of urban development-related
studies are published in Urban Studies and Landscape and Urban
Planning. Furthermore, Cities and the International Journal of
Urban and Regional Research exhibit relatively high centrality
scores, reaching 0.05 and 0.06, respectively. This suggests that
these journals play a leading role in shaping research within the
field of urban studies. Urban Studies primarily focuses on
urbanization and urban processes, covering a wide range of
topics, including urban development, urban planning, urban
policy, urban sociology, urban geography, urban economics, and
urban environmental studies. Similarly, Landscape and Urban
Planning is dedicated to research on urban and landscape design,
with an emphasis on the natural environment and human wellbeing.
Additionally, Cities and International Journal of Urban and Regional
Research are highly influential international journals that encompass
a broad spectrum of research areas, including urban planning and
design, urban sustainability, and urban history and culture. Their
high centrality scores indicate their significant academic influence
and widespread recognition within the urban development and
sustainability research communities.

3.4 Literature co-citation analysis

When two papers are cited together in another publication they

are considered co-cited. Co-citation analysis enables the
identification of key literature within a specific research domain,
facilitating the exploration of foundational studies and emerging
trends. Table 6 presents the top ten highly cited and high-centrality
publications in the urban VAS research field. Notably, the majority
of these papers are published in the journals listed in Table 5. Among

these ten highly cited papers, six focus on the driving factors of
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TABLE 1 Summary of data source and selection.

10.3389/fenvs.2025.1596271

Data source Web of science

Citation indexes Web of Science Core Collection

Research category Urban Studies

Searching period January 1958 to December 2024

Searching keyword

Searching method Highly relevant

Urban development (or) Urban vulnerability (or) Urban adaptation (or) Human settlements

Document types

Book Chapter (1); Review: Early Access (1)

Article (630); Article: Book Chapter (53); Article: Early Access (19); Article: Proceedings Paper (14); Book (3); Book Review (42); Editorial
Material (4); Editorial Material: Book Chapter (11); Letter (1); Meeting Abstract (3); Note (3); Proceedings Paper (88); Review (14); Review:

Language “English”

Sample size 887

TABLE 2 Descriptive statistics of the database.

Criteria Quantity

growth, energy consumption, and community development. The
remaining paper investigates the influence of urban industrial
development on economic transformation and the socio-

Publications 887
environmental landscape. These findings highlight the three core
Authors 1.832 research areas within the urban VAS nexus: land urbanization (Land
Journals 159 Urbanization), population urbanization (Population Urbanization),
Institutions 1372 and urban industrial development (Urban Industrial Development).
These themes represent the fundamental dimensions of urban
Countries 57 transformation,  shaping  scholarly discourse on urban
Cited reference 132291 sustainability and resilience (Kumar et al., 2024).
Urban  development is  fundamentally driven by
industrialization, particularly the emergence of new industries
urban expansion and the ecological, environmental, and social ~ spurred by technological advancements (Barras, 1987).
challenges associated with this process. Additionally, three papers  Industrialization not only fosters economic growth but also
examine the impact of population urbanization on economic  reshapes urban structures by attracting labor migration,
80
70 68
64 963
ef 55 s

FIGURE 2
Distribution of highly cited papers in urban VAS research.
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FIGURE 3
Countries in the urban VAS research.
TABLE 3 Top 10 countries in the urban VAS research field.
Rank Country Publications Centrality Starting year

1 UNITED STATES 211 0.50 1967
2 PEOPLES R CHINA 146 0.16 1998
3 ENGLAND 59 0.22 1990
4 AUSTRALIA 40 0.11 2002
5 ITALY 33 0.05 2000
6 GERMANY 31 0.14 2000
7 SPAIN 30 0.05 2006
8 POLAND 24 0.05 2002
9 JAPAN 22 0.03 1998
10 NETHERLANDS 21 0.06 1998
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FIGURE 4
Author Co-Citation Analysis in urban VAS research.

increasing population density, and expanding urban land use
(Zhang et al, 2018). One of the most significant impacts of
industrialization is population urbanization, which refers to the
migration of rural populations to urban areas in search of better
employment opportunities (Bairoch and Goertz, 1986). This
migration is primarily driven by the demand for labor in
industrial centers, which not only accelerates urban population
growth but also alters local socio-economic structures. For
example, studies on China’s rapid urbanization reveal that
industrial expansion and labor market liberalization led to large-

scale rural-to-urban migration, fundamentally transforming
employment patterns and urban infrastructure demands
(Shangguan, 2024a). Simultaneously, land urbanization—the

conversion of rural land for urban purposes—is closely linked to
industrialization (He et al., 2016). As industries develop, the demand
for factories, residential areas, and commercial hubs significantly
increases, leading to major shifts in land use patterns. Research has
demonstrated that for every 1% increase in population urbanization,
urban construction land expands by approximately 0.87%,
illustrating the direct correlation between industrialization,
demographic shifts, and land consumption (Chen et al., 2008).
land industrial
restructuring plays a critical role in shaping urban development

Beyond  population and urbanization,
(Wu, 2020). Economic transitions, such as the shift from
manufacturing to service-based industries, directly influence

urban spatial planning, infrastructure development, and

Frontiers in Environmental Science 07

citeSpace
=

_—

TABLE 4 Top 15 frequently cited authors in the in urban VAS research field.

Rank Author Citation Centrality Starting
year
1 EWING R 80 0.12 1998
2 GALSTER G 65 0.08 2004
3 BRUECKNER 53 0.05 2002
JK
4 SETO KC 46 0.04 2011
5 GLAESER EL 42 022 1997
6 GRIMM NB 36 0.01 2011
7 MCKINNEY 36 0.00 2008
ML
8 SCHNEIDER A 30 0.05 2010
9 JAEGER JAG 30 0.01 2014
10 GORDON P 28 0.18 2003
11 YEH AGO 28 0.05 2005
12 HAMIDI $ 27 0.07 2015
13 LOPEZ R 26 0.05 2004
14 FRENKEL A 25 0.03 2014
15 BHATTA B 25 0.00 2014
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FIGURE 5
Journal Co-Citation Analysis in urban VAS research.
TABLE 5 Top 10 frequently cited journals in the in urban VAS research field.

Rank Journal Citation Centrality IF 2024

1 URBAN STUD 250 0.04 4.2

2 LANDSCAPE URBAN PLAN 231 0.18 7.9

3 CITIES 164 0.05 6.0

4 ENVIRON PLANN A 129 0.03 4.6

5 HABITAT INT 127 0.02 6.5

6 ] AM PLANN ASSOC 125 0.03 33

7 LAND USE POLICY 123 0.04 6.0

8 ] URBAN ECON 118 0.02 5.7

9 INT ] URBAN REGIONAL 112 0.06 2.7

10 SCIENCE 104 0.02 44.8

environmental sustainability. Studies have shown that cities
undergoing industrial transitions often experience shifts in
employment distribution, land-use policy modifications, and
economic productivity changes, further impacting their social,
economic, and environmental landscapes (Qu and Long, 2018).
In conclusion, population urbanization, land urbanization, and
industrial development form the core research domains of the
urban VAS nexus. These factors are interconnected and serve as
key indicators for assessing urban development. Understanding
their interactions valuable into urban

provides insights
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sustainability, economic planning, and environmental resilience,
guiding policymakers and urban planners in developing adaptive
strategies for future urban expansion.

3.5 Cluster analysis

Keywords encapsulate the core content of a study and serve as
indicators of the fundamental directions within a research domain.
Consequently, conducting a knowledge mapping analysis of
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TABLE 6 Top 10 highly cited references in the urban VAS research field.

10.3389/fenvs.2025.1596271

Citation Title Source Year Centrality
1458 Mega-projects: The changing politics of urban public investment (Altshuler and Luberoff, 2004) Brookings Institution 2004 0.04
Press

1008 The impact of urban form on US residential energy use (Ewing and Rong, 2008) Housing policy debate 2008 0.02

479 Sprawl in the 1990s: measurement, distribution, and trends (Lopez and Hynes, 2003) Urban affairs review 2003 0.04

515 Evolution and assessment of China’s urbanization 1960-2010: under-urbanization or over- Habitat International 2013 0.01

urbanization? (Chen, et al., 2013)

353 Econometric studies of urban population density: A survey (McDonald, 1989) Journal of urban 1989 0.05
economics

379 Measuring urban sprawl and its drivers in large Chinese cities: The case of Hangzhou (Yue et al., Land use policy 2013 0.03

2013)

383 A longitudinal study of changes in urban sprawl between 2000 and 2010 in the United States (Oueslati Landscape and urban 2014 0.07
et al., 2014) planning

374 Determinants of urban sprawl in European cities (Oueslati et al., 2015) Urban Studies 2015 0.05

131 To grow or to sprawl? Land Cover Relationships in a Mediterranean City Region and implications for Cities 2013 0.01

land use management (Salvati et al., 2013)

keywords is instrumental in identifying key research areas. Figure 6
presents the visualized keyword clustering network, providing a
Within the
comprehensive network, the modularity Q value reaches 0.6043,

structured representation of thematic clusters.

indicating a high degree of clustering significance. Simultaneously,
the average silhouette score of 0.8259 suggests strong internal
consistency among the primary clusters. As depicted in Figure 5,
the network comprises ten key clusters. Table 7 outlines each
cluster’s ID, size, silhouette score, label, and average citation year.

In Figure 5, it is evident that Cluster #0 (Urban Sprawl), Cluster
#8 (Urbanization Rate), and Cluster #9 (Market) exhibit no direct
intersections. These three clusters correspond to the three primary
evaluation indicators of urban development: Land Urbanization,
Population Urbanization and Industrial Development. This finding
further reinforces the notion that land urbanization, population
urbanization, and industrial development constitute critical
domains in urban development research. Additionally, the results
align with the co-citation analysis presented in Section 3.5,
confirming the interconnectedness of these key research areas. A
detailed analysis of the keywords within these three clusters reveals
distinct thematic focuses: urban sprawl (cluster #0) involves land-
use policy, water balance, sustainable development, urban
expansion, urban growth, land use planning, and urban land use
policy; 2) urbanization rate (cluster #8) involves urban land use
policy, land hoarding, land use planning, urban growth, urban
sprawl, urban morphology, urban intensification, urban
sustainability, and environmental change; 3) market (cluster #9)
involves network, labor, society, demand fluctuation, urban
industrial, real estate, industrial clustering, spatial distribution
analysis, industrial district, etc.

Additionally, Cluster #6 (Urban) emerges as a broader
conceptual category and does not directly intersect with Cluster
#0 (Urban Sprawl), Cluster #8 (Urbanization Rate), or Cluster #9
(Market). Further examination of its keywords suggests that Cluster
#6 (Urban) encompasses fundamental attributes and elements of

cities, which are extensively explored in urban VAS core research
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areas. These include: occupancy, neighborhood, geography, gender,
identity, ecology, environment, and food. Overall, research within
the urban VAS nexus extends across multiple dimensions,
encompassing economic development, spatial transformation,
social structures, cultural influences, ecology, and environmental
sustainability.

3.6 Keywords burst citation

Table 8 presents keywords that have exhibited significant
citation bursts across different periods, thereby revealing the
evolutionary trajectory of research themes within the urban
VAS domain. In the visualization, deep blue bars represent the
entire research period, while red bars indicate the timeframes in
which keywords experienced citation bursts. Among the key
themes in urban VAS research, “Environmental Pollution” has
exhibited the longest research cycle, spanning from 2000 to 2024,
with a notable citation burst occurring between 2002 and 2008.
This suggests that since the early 21st century, environmental
concerns have consistently remained a core focus in urban VAS
studies. Following the prominence of environmental pollution
research, “Ecological Protection” emerged as a key topic,
experiencing a citation burst between 2011 and 2017.
Subsequently, research related to “Equality,” “Welfare,” and
“Community Development” gained academic attention, with
each theme becoming a research hotspot at different stages.
Notably, research on “Equality” witnessed a decline in citation
bursts after 2019, whereas studies on “Welfare” and “Community”
are projected to continue receiving substantial scholarly attention
through 2024.

This trend highlights the progression of urban VAS research
themes—from an initial emphasis on environmental protection to a
growing focus on social welfare, equity, and community
development. It underscores the increasing recognition of socio-
environmental integration in urban studies, emphasizing the critical
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role of sustainability, social justice, and community wellbeing in the
ongoing discourse on urban development.

4 Discussion

In Sections 3.4, 3.5, integrating software-based analytical results
with existing literature, we conclude that Population Urbanization,
Land Urbanization, and Industrial Development constitute the core
research domains of urban VAS studies. Meanwhile, in Section 3.6,
findings indicate that Environment, Ecology, Social Welfare, Equity,
and Community are emerging as key research hotspots within the
urban VAS framework. Building on these insights, this study further
conducts a comprehensive literature review of the core research
domains of the hotspots. Additionally, we aim to identify gaps in the
existing research and propose future research directions, offering a
deeper understanding of the evolving landscape of urban
VAS studies.

4.1 Impact of population urbanization, land
urbanization and industrial development on
ecological environment

The impact of population urbanization, land urbanization and

industrial development on the ecological environment is complex
and mixed (Zhao et al, 2024; Nahid et al, 2025). In terms of
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population urbanization and land urbanization, their influence on
the ecological environment maintained three mainstream views:
First, building on the population aggregation effect, some scholars
believe that population urbanization and land urbanization will
reduce environmental pollution. Scholars holding this opinion
believe that the spatial aggregation effect of human activities
caused by population urbanization and land urbanization will
help to reduce the distance of people’s economic activities and
the energy consumption of transportation commuting (Li et al,
20215 Bi, 2015). In addition, this spatial aggregation effect will also be
conducive to the output and promotion of scientific and
technological achievements, such as the design of smart cities
and sponge cities, which will further reduce environmental
pollution (Tao et al., 2023). Second, there are certain numbers of
scholars who believe that population urbanization and land
urbanization will significantly increase environmental pollution.
This opinion has been generally confirmed as the truth that air
pollution, water pollution, and climate change are directly caused by
the increase of urban industries, buildings and transportation
facilities Shangguan. (2024b). The main reason for the difference
between the above two opinions is the neglect of the time effect. This
can be well explained by the environmental Kuznets curve, that is, in
the short-term population urbanization and land urbanization will
promote the growth of environmental pollution, which is due to a
certain lag in the science and technology development. However, as
society, economy and technology reach a certain stage, population
urbanization and land urbanization will reduce environmental
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TABLE 7 Top 10 key co-citation clusters.

10.3389/fenvs.2025.1596271

Clusters Size Silhouette Label Mean (cite year)
#0 68 0.798 Urban sprawl 1990
#1 66 0.807 Biodiversity 2005
#2 52 0.865 Urban planning 2001
#3 48 0.955 Urban agriculture 1995
#4 41 0.886 Community 2007
#5 36 0.923 Agglomeration economies 2011
#6 35 0.869 Urban 1998
#7 33 0.815 Competition 2003
#8 31 0.833 Urbanization rate 2004
#9 29 0.823 Market 2006
TABLE 8 Keywords with stronger citation bursts in different periods.
Keyword Burst Begin End 2000-2024
Environmental pollution 3.57 2002 2008
Ecological protection 2.94 2011 2017 —
Equality 3.03 2015 2019 . —
Welfare 3.08 2017 2024 —
Community 2.84 2017 2024 S —

pollution. Therefore, the third views indicate that the relationship
land
urbanization) and environmental pollution presents an inverted
U-shaped curve, which is widely confirmed by scholars globally
(Fan and Zhou, 2019; Sadorsky, 2014; Shangguan, 2024b).

While, when the impact of industrial development on the

between urbanization (population urbanization and

ecological environment is studied, the impact of industrial

rationalization, industrial structure advancement,

industrial agglomeration and industrial synergy on the ecological

structure

environment has been widely discussed, and the commonly used
theories include the economic aggregation effect and the
environmental Kuznets curve. Zhu et al. (2019) concluded that
both industrial structure rationalization and industrial structure
positive the
environment, and the later plays a greater role. Guo et al. (2020)

advancement have impacts on ecological
investigated the impact of industrial agglomeration on the ecological
environment and found a U-shaped relationship between them in
northeast China from 2003 to 2016. Dong et al. (2021) analyzed the
spatial dependence between industrial synergy and the ecological
environment and concluded that the higher the degree of industrial
integration, the better the ecological environment. Ding et al. (2022)
further verified Dong et al.’s conclusion, and they also argued the
leading role of productive service and manufacturing industries in
the sustainable development of the ecological environment.

At present, theoretical research on the impacts of population
urbanization, land urbanization, and industrial development on the

ecological environment has reached a bottleneck. With the United
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Nations actively promoting energy transition and green development,
future studies should explore how these approaches can mitigate the
environmental challenges brought about by urbanization. Potential
directions include: (1) increasing the share of green energy to reduce
carbon footprints; (2) leveraging green finance to promote investment
in green infrastructure; (3) enhancing urban energy efficiency to achieve
green economic growth; and (4) strengthening the participation of local
governments and the public to ensure sustainable governance.

4.2 Impact of population urbanization, land
urbanization and industrial development on
social equity and welfare

The impact of population urbanization, land urbanization and
industrial development on social equity and welfare has both
positive and negative aspects. From a positive perspective,
population urbanization, land wurbanization and industrial
development would increase social welfare and promote social
equity. According to human capital theory, population
urbanization can improve people’s opportunities for education,
skill training and employment, which in turn increases income
and social welfare levels (Nafukho et al., 2004). As the urban
population continues to grow, governments usually invest more
resources to improve the city’s infrastructure and public services,
such as building better roads, parks, hospitals and schools. These

improvements can provide better services and higher social welfare
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for citizens (Xu, 2004). In terms of land urbanization, Locke and
Henley found that land urbanization can reduce poverty, because
these newly urbanized areas will enjoy the economic radiation of the
urban city (Locke and Henley, 2016). Compared with population
urbanization and land urbanization, the impact of industrial
development on poverty is more obvious and direct. As Ravallion
points out, industrial development can provide more employment
opportunities and increase the basic wage level, resulting in a
reduction of poverty for more people (Ravallion, 2002).

From a negative perspective, the process of population
urbanization, land urbani-zation, and industrial development
may exacerbate the urban-rural gap and widen the wealth
disparities within society. The urban sprawl hypothesis holds that
population urbanization leads to inequality between and within
cities (Brueckner and Fansler, 1983). This phenomenon is more
obvious among cities because developed cities usually attract more
resources and talent, which leads to resource scarcity and population
reduction in poor areas; similarly, within cities, the gap between
urban and rural areas is widening (DeSalvo and Su, 2019). The
impact of land urbanization on social equity and welfare is mainly
manifested in the distribution of social and natural resources (Wei
and Ewing, 2018). However, these resources are easily monopolized
by the government or large enterprises. The land finance caused by
the government monopoly will lead to certain corruption
(Chiweshe, 2021); however, when enterprises control land, it is
easy to ignore the interests of vulnerable groups because they seek to
maximize the interests (Shen and Hannah, 2012). Urban industrial
development generally improves social welfare because it is
constrained by market supply and demand (Ravallion, 2002).
However, in the extreme development of industries such as
housing bubbles and market monopolies, the income level and
social welfare of urban residents will deteriorate overall (Myers
and Talarico, 1986). In addition, the siphon effect of industrially
developed regions will further widen the wealth gap between
developed regions and developing regions (Niravita, 2020).

Current research on the impacts of urbanization and industrial
development on social equity and welfare tends to focus primarily on
the macro level. However, the micro-level social challenges they
generate—particularly for vulnerable populations—remain critically
important. As urbanization accelerates, social resources often become
increasingly concentrated among high-income groups, resulting in
disparities for vulnerable populations such as low-income individuals,
children, the elderly, people with disabilities, and migrant communities.
These groups frequently face inequalities in access to housing,
transportation, healthcare, education, and green spaces. Future
research should address these challenges from several key perspectives:
(1) how to accurately identify the needs and spatial distribution of
vulnerable groups; (2) how to assess and improve the equity of urban
basic services; (3) how to promote participatory governance; and (4) how
to integrate social welfare policies with urban design.

4.3 Impact of population urbanization, land
urbanization and industrial development on
community development

The relationship between urbanization and community
development is influenced by community governance, public
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services, economic structures, and environmental sustainability.
While urbanization fosters economic growth, infrastructure
improvement, and community expansion, it also introduces
challenges related to social inequality, environmental degradation,
and resource allocation.

Existing research highlights the transformative role of
population urbanization in community governance and service
provision. The clustering of research and development (R&D)
professionals in urban areas enhances community management
efficiency by promoting public participation, transparency, and
innovation in governance models (Speer, 2012; Atkinson and
Zimmermann, 2018). However, this process is often gradual and
uneven, particularly in-migrant communities, where cultural
differences and social tensions may slow adaptation (Perulli,
2016). Another key impact of population urbanization is its role
in expanding the tertiary sector, which significantly influences
community services. The integration of service industries with
healthcare, education, and housing has shifted community service
provision from state-driven models to market-oriented and socially
managed frameworks, thereby improving service efficiency and
quality of life (Vlahov and Galea, 2002; O’brien et al,, 2005).
However, concerns remain regarding potential threshold effects,
where the marginal benefits of population urbanization on
community services diminish beyond a certain point, requiring
further empirical investigation.

Land urbanization plays a crucial role in shaping community
structures, impacting public service accessibility, residential
patterns, and socioeconomic interactions. One perspective argues
that land urbanization enhances community wellbeing by expanding
thereby
improving residents’ quality of life (Rydin and Pennington,

educational, healthcare, and recreational facilities,
2000). Furthermore, urban land expansion facilitates improved
infrastructure, including public transport, utilities, and green
spaces, which contribute to community connectivity and social
integration (Wu, 2006). However, land urbanization also presents
significant risks, particularly regarding land conversion and resource
scarcity. The large-scale transformation of agricultural land into
urban infrastructure and housing has led to food security concerns,
displacement of rural communities, and economic instability (Jarah
et al, 2019; Bonye et al, 2021). These issues are particularly
in countries, where

pronounced developing

communities struggle to access both agricultural and urban

peri-urban

resources (Long et al, 2021). Additionally, rapid suburban
expansion has disrupted agricultural communities, leading to job
losses, forced migration, and declining social cohesion (Mera, 2015).

Industrial development is a key driver of urban growth, fostering
economic expansion, employment opportunities, and improved
living conditions. From an economic perspective, industrial
agglomeration attracts labor inflows, contributing to demographic
growth and economic diversification (Zhao, et al., 2014). Moreover,
industrial development strengthens community resilience by
generating stable employment and improved infrastructure,
2014).
Conversely, industrial expansion—particularly in heavy industries

facilitating  socioeconomic mobility (Kazak, et al,
and high-pollution sectors—poses environmental and health risks to
communities. The concentration of polluting industries leads to air
and water contamination, noise pollution, and deteriorating living

conditions, negatively affecting public health and urban livability
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(White and Guest, 2003). Furthermore, industrial land use patterns
often exacerbate spatial inequality, where low-income communities
bear a disproportionate burden of environmental hazards and
infrastructure deficiencies.

Future research should explore adaptive urban planning
strategies that integrate technological innovations, participatory
governance models, and sustainable infrastructure solutions.
With the rise of smart technologies, big data, and the IoT, cities
are becoming increasingly digitized, offering new pathways for
community resilience and urban adaptation. Therefore, future
research can proceed from the following key directions: (1)
integrating smart governance with participatory planning; (2)
strengthening the resilience of urban infrastructure; (3) fostering
“smart citizens” and enhancing community self-organization
capabilities; (4) integrating the concepts of “smart cities” and
“resilient cities” to promote an urban adaptation framework that
balances technological innovation with social inclusion.

4.4 Challenges related to the urban
vulnerability-adaptation-human
settlements nexus

The Urban VAS Nexus presents significant challenges that

impact sustainable urban development, requiring
multidimensional governance approaches and integrated planning
frameworks. These challenges stem from the complex interactions
between environmental, economic, and social factors, which
influence urban resilience, adaptation capacity, and human
wellbeing (Adger, 2006). One of the primary challenges within
the VAS nexus is the increasing exposure of urban areas to
environmental risks, including climate change, extreme weather
events, and ecological degradation. Rapid urbanization and
industrialization have led to higher levels of air and water
pollution, biodiversity loss, and increased vulnerability to natural
disasters (Revi et al., 2014). The displacement of natural ecosystems
due to land urbanization has further exacerbated urban heat island
effects, flooding risks, and water resource depletion (Seto et al,
2012). These environmental vulnerabilities not only threaten human
settlements but also challenge urban adaptation policies, as cities
struggle to implement sustainable land-use planning and resilient
infrastructure (Pelling and Blackburn, 2013). In this context, the
integration of green infrastructure—such as urban forests,
permeable surfaces, and nature-based stormwater systems—can
help buffer environmental shocks and reduce urban vulnerability.

Another critical issue is the socioeconomic disparity that
accompanies urbanization and industrial development. While
land urbanization and industrial expansion generate economic
growth, they also contribute to social inequalities, housing
of

(Satterthwaite, 2020). The process of population urbanization

shortages, and displacement low-income  populations
often leads to gentrification and the marginalization of vulnerable
communities, limiting their access to adequate housing, healthcare,
2016).

Moreover, the growing reliance on market-driven community

and employment opportunities (McGranahan et al,

service models has led to unequal access to essential urban

services, further exacerbating disparities in living conditions and
wellbeing (Anguelovski et al, 2018). Adopting smart city
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technologies, such as spatial mapping of service accessibility, real-
time data monitoring, and Al-driven urban service optimization,
can support more equitable planning and enhance service delivery to
underserved populations.

Governance challenges also remain a critical barrier to
addressing urban vulnerability and adaptation. Many cities lack
integrated governance frameworks that effectively balance economic
development, environmental protection, and social equity (Bulkeley,
2013). Fragmented policies and inadequate coordination among
local governments, private sectors, and civil society hinder the
implementation of holistic adaptation strategies (Romero-Lankao
2018). Additionally, the
communities” and digital governance models has introduced both

et al, transition toward “smart
opportunities and risks, as cities struggle to integrate big data, Al,
and the Internet of Things (IoT) into urban planning and resilience-
building efforts (Kitchin, 2015). To address these challenges, future
research should focus on developing interdisciplinary strategies that
bridge the gap between urban vulnerability, adaptation, and human
settlements. Efforts should be directed toward enhancing resilience
through green infrastructure, adaptive governance mechanisms, and
community-based adaptation models (Meerow and Newell, 2019).
To strengthen the nexus between urban resilience and sustainability,
energy transition strategies such as distributed renewable energy
systems, energy-efficient infrastructure, and smart grids should be
incorporated into urban planning to reduce emissions and enhance
adaptive capacity, particularly in vulnerable neighborhoods.

The convergence of smart technologies, ecological design, and
clean energy systems provides a promising pathway for building
urban environments that are both resilient and inclusive.
Additionally, fostering inclusive urban policies that prioritize
social equity and sustainable development will be essential in

mitigating the long-term risks associated with the urban VAS nexus.

5 Conclusion

This study employed bibliometric analysis the Urban
Vulnerability-Adaptation-Settlements (VAS) Nexus from the
WoS database, covering the period from 1985 to 2025. The
findings indicate that research in this field has evolved through
three main phases: the budding period (1958-1991), the high growth
period (1992-2018), and the stable development phase (since 2019).
Geographically, the United States, China, and the United Kingdom
have emerged as key contributors, with scholars such as Ewing R,
Galster G, and Brueckner Jk playing influential roles. Key journals
including Urban Studies, Landscape and Urban Planning, and Cities
serve as primary platforms for publishing on urban history,
environmental planning, and urban economics.

Current research primarily focuses on population urbanization,
land urbanization, and industrial development, while addressing
critical themes such as environmental sustainability, social equity,
smart governance, and community development. Future research
should place greater emphasis on the integration of low-carbon
technologies and green infrastructure to mitigate the environmental
challenges posed by urban expansion and industrialization. At the
same time, ensuring the social equity and wellbeing of vulnerable
groups—particularly in areas such as housing security, employment
opportunities, and access to basic services—remains essential. These
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research priorities directly contribute to achieving the United
Nations SDGs.

The application of smart city technologies such as big data, Al,
and the IoT presents new opportunities to enhance urban
governance, optimize infrastructure management, and improve
Adaptive urban  planning the
implementation of green infrastructure will also be vital to

disaster  response. and
building urban resilience in the face of climate change and
shifting population dynamics. Achieving these goals requires
the social,

environmental, and technological domains to design effective

interdisciplinary ~ collaboration across economic,
policies and innovative solutions. Aligning urban transformation
strategies with the SDGs can ensure that cities are not only resilient
but also inclusive, climate-responsive, and socially just. Based on
these findings, the following recommendation has been made:

o Researchers to advance multi-scale VAS nexus studies,
develop high-resolution assessment tools, and support
precision-based urban adaptation.

« Policymakers to integrate smart governance, green transition,
and inclusive development into urban policies with targeted
regulations and incentives.

o Urban planners to incorporate green infrastructure, energy
transitions, and community participation, shifting from
engineering-based to socio-ecological resilience.
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