
Citation: Yao, Q.; An, N.; Yang, E.;

Song, Z. Study on the Progress in

Climate-Change-Oriented Human

Settlement Research. Sustainability

2023, 15, 5733. https://doi.org/

10.3390/su15075733

Academic Editors: Linchuan Yang,

Bao-Jie He and Junqing Tang

Received: 28 February 2023

Revised: 20 March 2023

Accepted: 22 March 2023

Published: 24 March 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Review

Study on the Progress in Climate-Change-Oriented Human
Settlement Research
Qiang Yao 1 , Na An 1,* , Ende Yang 2 and Zhengjiang Song 3

1 College of Architecture and Urban Planning, Tongji University, Shanghai 200092, China
2 School of Humanities and Arts, Chongqing University of Science & Technology, Chongqing 401331, China
3 Chengdu Institute of Planning & Design, Chengdu 610041, China
* Correspondence: anna2010255@tongji.edu.cn; Tel.: +1-3329105889

Abstract: Since the 20th century, the escalating impact of climate risks has led to a heightened global
focus on climate-change-oriented human settlement research (hereafter referred to as CCHSR). This
paper presents an econometric analysis of 6830 research papers published from 1975 to 2023 (first
two months) to investigate the characteristics, key issues, and research trends in CCHSR, to provide
valuable insights and recommendations for future research. We used CiteSpace, bibliometric software
that constructs a knowledge-mapping analysis of annual publication volume, source publications,
and country distribution; this study examines the characteristics of the literature sources in CCHSR.
It also explores the literature distribution through an analysis of co-citation and collaboration. The
study identifies the key topics of current research through a keyword clustering analysis, including
extreme climate risk response, environmental safety and sustainability enhancement, and machine
learning technology application. The study identifies three research trends for future investigations
by analysing keyword emergence, including climate risk governance implementation, artificial
intelligence technology application, and settlement security and resilience enhancement. Finally, the
study presents recommendations for priority CCHSR in three areas: theoretical system development,
mechanism strategy design, and technology implementation.

Keywords: climate-change-oriented; human settlements; key issues; research trends; knowledge mapping

1. Introduction

Since the 20th century, the impact of climate risks on various elements of human
settlements, including ecology, settlement forms, and infrastructure, has been steadily in-
creasing [1,2]. According to the United Nations Intergovernmental Panel on Climate
Change (IPCC), the Earth’s average temperature has risen by 0.4 to 0.8 ◦C since the
20th century, accelerating in the last 60 years [3]. It has sharply increased climate-related
disasters, leading to significant human casualties and economic losses [4]. The num-
ber of such disasters between 2000 and 2019 nearly doubled compared to the previous
20 years [1].

Frequent climate extremes have prompted urgent climate action worldwide [5], such
as the Kyoto Protocol, Paris Agreement, Nationally Determined Contributions, and other
action plans under the United Nations Framework Convention on Climate Change [6–8]. As
the virtual environment for human survival [9], human settlements are highly vulnerable to
climate change’s inevitable impacts [10]. Preparing for extreme climate change is necessary
to mitigate the multifaceted effects of climate hazards on human settlements [11]. Hence,
climate-change-oriented human settlement research (hereinafter referred to as CCHSR) is
crucial for sustainable urban development and climate change mitigation.

Previous studies have examined the response of human settlements to climate
change [12,13], with a focus on adaptation to change [14], risk identification [15], and
disaster impacts [16]. However, few research results have utilised knowledge mapping
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to analyse the literature on CCHSR. Previous studies have primarily focused on the ur-
ban microclimate [17], ecosystem health [18], and carbon-oriented impacts of human
settlements [2]. While these reviews have provided valuable insights into the relationship
between human settlements and climate change, they have paid little attention to the charac-
teristics and stages of research on climate-change-oriented human settlements. Knowledge
mapping can analyse the network of relationships, knowledge lines, and hot trends among
a large body of literature [19], and it is employed in this paper to explore the research char-
acteristics and hotspot trends of climate-change-oriented human settlements. This analysis
method enables readers to understand the content of this interdisciplinary field quickly
and accurately as well as intuitively grasp its research hotspots and evolutionary patterns.

Therefore, this study aims to combine knowledge mapping analysis with traditional
literature review methods to investigate three main aspects: (1) we collect CCHSR literature
and analyse its research status, cooperation networks, research hotspots, and developmental
stage features; (2) we analyse the methods and objects of CCHSR, summarise their charac-
teristics, explore their research features and hotspot trends, and visualise them through
central keyword frequency and emergent analysis, and (3) we discuss the limitations of
CCHSR and identify future key topics related to climate change and human settlements.

2. Materials and Methods

In contrast to traditional mathematical and statistical software, the knowledge map-
ping software CiteSpace used in this paper offers visual analysis functions such as collabo-
ration, citation, and literature coupling [20]. These functions enable the scientific analysis
of research collaborations, assessment of academic influence, and exploration of research
frontiers, thereby revealing trends and dynamics in scientific research. Co-citation studies
in particular offer valuable insights into the underlying research patterns and help to
summarise, synthesise, and integrate the characteristics of the research field [21].

This paper conducts a knowledge mapping visualisation and analysis of literature
on CCHSR included in the Web of Science core database from 1990 to 2023 (first two
months). The search was conducted on 15 February 2023, and the search period included
all years (default 1975–2023). The search model used was “topic” + “document type”,
with “(human settlements OR living environments OR human settlements environment) +
(climate change)” as the subject terms, and documents were limited to the English language,
resulting in a total of 6830 entries, with the earliest publication year being 1990. The research
framework of this paper is shown in Figure 1.
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3. Results
3.1. Analysis of Literature Sources

Using the online analytical function of Web of Science (WOS), it is evident that the
total number of CCHSR publications exhibits a fluctuating yet positive trend (Figure 2),
with the highest number of publications occurring in the past five years. The number of
literature studies published per year was relatively low until 2003 (fewer than 40 literature
studies per year), indicating that CCHSR was still in its exploratory stage with less attention
given to it. From 2003 to 2016, literature study numbers increased gradually. The main
development phase of CCHSR can be considered to have occurred between 2017 and 2022,
during which more than 57% of the literature studies (3900 out of 6830) were published.
The number of literature studies is expected to exceed 900 in 2023. This trend shows that
current CCHSR has become one of the current research hotspots.
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The analysis of countries reveals that the USA is the leading country in CCHSR
(Figure 3) with 1814 publications, followed by the UK, China, and Australia. Since 1990,
the USA has been researching climate-change-oriented human settlements and the nation’s
research output has steadily increased, with more than 30 publications per year since 2004
and over 100 publications per year since 2015. In contrast, China’s CCHSR started later
in 1995 and its annual publication rate was lower than that of the USA, with less than
70 publications per year until 2019. However, there was a significant increase in the publica-
tion number of CCHSR studies in China in 2020, indicating potential for future development.

Based on the bibliographic data, the analysis in Figure 4 shows 2661 source pub-
lications related to CCHSR, with the highest number of literature studies published in
Quaternary International (2.65%) and Holocene (1.97%). The top 10 source publications mainly
focus on environmental, sustainability, and ecology themes. The H-index, which indicates
the high citations for periodicals, highlights PNAS USA (H = 805) as the most influen-
tial source journal for CCHSR, focusing on biology and social science research. Plos One
(H = 367) and Ecology and Evolution (H = 357) also have high H-indexes, suggesting that
CCHSR is primarily published in ecology, public science journals, and palaeoclimatology.
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3.2. Co-Citation Analysis of the Literature
3.2.1. Co-Citation Journals

This study used journal co-citation analysis to identify the core journals and disci-
plinary attributes of CCHSR [22]. CiteSpace software was used to create a visual map with
1285 nodes and citation rates were used to assess the importance of journals [23]. Each node
in the resulting Figure 5 represents a journal and the strength of the co-citation relationship
between two journals is indicated by the line connecting them, with node size proportional
to the number of citations a journal receives. The red circles in the figure represent the
nodes’ centrality and the circle sizes reflect the strengths of the links between journals.
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Figure 5 illustrates the most highly cited journals, with over 600 citations in CCHSR.
The analysis indicates that Science, Nature, and PNAS USA are the most frequently cited
journals, suggesting that they publish high-quality research and are core journals in this
field. Table 1 shows the 20 most influential journals in CCHSR, ranked by the number
of citations. These journals cover a range of disciplines, including climate, environment,
biology, and social sciences, and reflect the multidisciplinary nature of this research area.

3.2.2. Co-Citation Literature

This study conducted a literature co-citation analysis to reflect the evolution of research
and knowledge contexts at different stages [24]. Using CiteSpace, a network containing
1602 nodes was created based on a visual analysis of 6830 CCHSR literature studies in the
Web of Science core database. The nodes in Figure 6 represent the literature citations in the
database, with the connections between the nodes representing the co-citation relationships
between the literature studies [25]. The strength of the co-citation relationships is reflected
by the number of node connections, while the node size is proportional to the importance
and novelty of the literature. The co-citation network in Figure 6 shows the documents
cited more than 20 times, along with their primary authors and years of publication.
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Table 1. Top 20 highly cited CCHSR journals.

Number Journal Name Reference Years

1 Science 3180 1992
2 Nature 2788 1992
3 Proceedings of the National Academy of Sciences of the USA 2477 1997
4 Plos One 1759 2009
5 Quaternary Science Reviews 1291 1994
6 Ecology 1248 1991
7 Global Change Biology 1192 1998
8 Climatic Change 1096 1993
9 Quaternary Research 1042 1992

10 Palaeogeography, Palaeoclimatology, Palaeoecology 1041 1990
11 Holocene 1034 1995
12 Quaternary International 1032 2004
13 Geophysical Research Letters 979 1997
14 Trends in Ecology & Evolution 972 1994
15 Science of The Total Environment 970 1998
16 Scientific Reports 953 1999
17 Nature Climate Change 906 2014
18 Proceedings of the Royal Society B: Biological Sciences 897 2012
19 Journal of Archaeological Science 771 1994
20 Journal of Biogeography 767 1997
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Table 2 presents the 20 most highly cited literature in CCHSR. Combined with Figure 6,
it is evident that the two kinds of literature by Paula Reimer et al. investigating the
environmental effects of past climate change [26,27] received the highest citation counts
of 101 and 51, respectively. By examining the distribution of the top 20 cited literature,
it can be observed that CCHSR mainly focuses on three areas: updating climate data
and technology, developing strategies for addressing climate change, and exploring the
adaptation of human settlements to climate change.
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Table 2. Top 20 highly cited literature studies on CCHSR *.

Number Literature Study Name Cited Number Years

1 Intcal13 and marine13 radiocarbon age calibration curves, 0–50,000 years cal BP [26] 103 2013
2 Intcal09 and marine09 radiocarbon age calibration curves 0–50,000 years cal BP [27] 72 2014
3 WorldClim 2: new 1-km spatial resolution climate surfaces for global land areas [28] 57 2018
4 Evaluation of climate models. in: climate change 2013 [29] 51 2009
5 Global warming and recurrent mass bleaching of corals [30] 47 2020
6 R: A language and environment for statistical computing [31] 46 2016
7 Fitting linear mixed-effects models using lme4 [32] 44 2019
8 Composition and consequences of the intcal20 radiocarbon calibration curve [33] 38 2017
9 Climate change 2014 [34] 33 2019
10 Ar5 synthesis report: climate change 2014 [35] 31 2014

11 Agriculture facilitated permanent human occupation of the Tibetan plateau after
3600 B.P. [36] 28 2015

12 Planetary boundaries: guiding human development on a changing planet [37] 28 2013
13 Google earth engine: planetary-scale geospatial analysis for everyone [38] 28 2017
14 Spatial and temporal patterns of mass bleaching of corals in the Anthropocene [39] 25 2018

15 Holocene fluctuations in human population demonstrate repeated links to food
production and climate [40] 24 2015

16 A report of working group I of the intergovernmental panel on climate change [41] 24 2015
17 A language and environment for statistical computing [42]. 24 2017
18 Vegan: community ecology package. R package version 2.5-6. 2019 [43] 23 2017
19 Ar4 climate change 2007: the physical science basis [44] 23 2011
20 Methods and code for ‘classical’ age-modelling of radiocarbon sequences [45] 21 2018

* Highly cited literature studies 6 and 17 contain a free software environment for statistical calculations and
graphics written by the R core team. Literature study 18 is an R language package for sorting methods, diversity
analysis and other functions for community and vegetation ecologists written by Oksanen et al.

The first main area of focus in CCHSR consists of updates in climate data and tech-
nology. It covers various topics, such as temporal projections in remote areas, terrestrial
climate projections, and updates in R-language techniques. One example of data-related
research is Raymer’s calibration of radiocarbon curves, which improves the accuracy of
temporal predictions in remote areas [26,27]. Fick modelled a new 1 km spatially resolved
climate surface over global land areas to analyse the accuracy of temperature, humidity,
wind speed, and other factors on environmental climate predictions [28]. In terms of
technical aspects, there has been an emphasis on the application and updating of new
techniques, including cross-determination techniques in R-language [31,42], optimisation
of lmer functions [32], and the use of environmental monitoring techniques such as Google
Earth Engine [38,45], which have been recently updated and simplified.

The second main area of focus in CCHSR consists of strategies for sustainable devel-
opment in response to climate change. Research in this area spans from policy analysis by
IPCC organisations to investigations of the ecological impacts of climate risks, such as global
warming [30,39]. For instance, Stocker predicted regional and international climate change
to assess climate system components and interactions [46]. Pachauri argued that climate
change would have severe and irreversible impacts on human settlements and ecosystems
and that greenhouse gas emissions must be controlled [34]. Fahu Chen proposed a novel
agropastoral economy in human settlements to address climate change challenges such
as declining temperatures [36]. Steffen introduced the concept of planetary boundaries
to quantify different climate changes, including stratospheric ozone depletion and ocean
acidification, and emphasised the need to combine continued human development with
environmental system maintenance to enhance resilience and adaptive capacity [37].
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3.2.3. Co-Citation Authors

To identify the most prominent and active authors in CCHSR, this study employs co-
citation analysis through Citespace (Figure 7). Each node corresponds to an author, while
the interconnecting lines between nodes indicate their co-citation strengths. The size of
each node fits the number of citations received by the author, thus signifying their research
influence. Additionally, the red circles within each node denote the level of burstiness
in citation frequency over a specific period. It identifies the authors demonstrating the
potential for growth and research value during the period [45].
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The present study sets the minimum threshold for visual analysis at 50 citations,
highlighting authors with a minimum of 50 sources. R Core Team is the most highly cited
author in CCHSR (cited by 400), focusing on using R language techniques in climate predic-
tion [31,42]. Paula Reimer is the second most highly cited author in this field (cited by 385),
having calibrated the accuracy of radiocarbon in paleoclimate prediction [26,27]. Several
associations and institutions have been found to exhibit high co-citation frequencies. For in-
stance, IPCC has a frequency of 349, while FAO has a frequency of 185. These organisations
are involved in climate response, technology development, and food security. These find-
ings underscore the importance of addressing the human settlement issues that arise from
climate change [34]. Stuiver’s highest centrality score indicates that this researcher’s work
is highly influential and well-connected within the scientific community. Stuiver’s research
focuses on paleoclimate and carbon calibration evolution in trees [47]. Table 3 shows the
top 20 authors with the highest number of citations in the fields of climatology [26], human
geography [48], and paleoecology [49], suggesting that core authors play a crucial role in
advancing research on climate change and sustainability (CCHSR).



Sustainability 2023, 15, 5733 9 of 24

Table 3. Top 20 highly cited CCHSR authors.

Number Cited Author Cited Number Year

1 R Core Team 400 2014
2 Reimer PJ 385 2008
3 IPCC 349 1998
4 STUIVER M 248 1997
5 United Nations 237 2007
6 Ramsey CB 192 2005
7 FAO 185 2010
8 Adger WN 185 2008
9 GRIMM EC 164 1997

10 Faegri K 162 1996
11 Parmesan C 161 1999
12 Blaauw M 157 2012
13 Hoegh-Guldberg O 152 2007
14 World Bank 142 2011
15 World Health Organization 130 2000
16 Portner HO 128 2005
17 HUEY RB 111 2009
18 Moore PD 108 1994
19 Hughes TP 108 2008
20 MAGNY M 101 1996

3.3. Collaboration Analysis of the Literature
3.3.1. Author Collaboration

Collaboration analysis is a valuable method for exploring the level of collaboration
among authors in various fields of scientific research worldwide. In this study, we employ
CiteSpace, a tool for network analysis, to investigate scientific research collaboration at the
micro (author), meso (institution), and macro (country) levels, providing a comprehensive
demonstration of the level of cooperation across different scales. Figure 8 presents the
degree of collaboration in CCHSR at the micro level, where node size represents the number
of publications, and the distance between nodes and the thickness of the connections
represent the strength of collaboration. This approach allows for identifying the top eight
author collaboration clusters in CCHSR.

Figure 8 highlights Guanghui Dong as the most collaborative author in CCHSR,
forming the most significant research group with Fahu Chen, the second most collaborative
author, and six other authors. This group’s research focuses on the interactions between
human settlements and climate [50], finding that climate change has impacted human
settlements from ancient times to the present day [51] and that a durable and stable climate
has contributed to human settlements’ prosperity [52]. The second-largest research group,
led by Egill Erlendsson, has five nodes and focuses on the impact of climate change, land
use, and landscapes on Icelandic human settlements [53]. This group has found that
continued climate warming can increase land erosion and vegetation destruction in human
settlements [54]. Additionally, the top 20 most prolific authors in CCHSR, based on the
number of publications listed in Table 4, demonstrate little collaboration between the two
most prolific authors, Fahu Chen (17) and Melanie Jane Leng (14). The top eight author
collaboration clusters indicate many individual authors, suggesting that researchers in
climate-change-oriented human settlements tend to work as individuals or in small groups.
Thus, promoting in-depth collaboration between researchers is necessary for future research
in CCHSR.
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Table 4. Top 10 co-authors of CCHSR.

Number Authors Counts

1 Guanghui Dong 17
2 Fahu Chen 10
3 Alessio Palmisano 9
4 Egill Erlendsson 9
5 Stephen Shennan 7
6 Cheng Zhu 7
7 C Neil Roberts 7
8 Kevin J Edwards 7
9 Andrew Bevan 7
10 Jessie Woodbridge 7

3.3.2. Institutional Collaboration

Figure 9 presents the degree of collaboration in CCHSR at the meso level. Node size
corresponds to the number of literature studies published by institutions, and the connec-
tions between nodes represent coordinated collaborations between different organisations.
A higher number of connections between nodes indicates closer collaboration between
institutions. The figure demonstrates a high level of collaboration and density between
various institutions engaged in CCHSR.
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Table 5 provides a detailed breakdown of the top 20 most influential institutions based
on the number of publications, primarily from Europe, Australia, and China. The Chinese
Academy of Sciences is the top-ranked institution with 922 publications, followed by the
University of Chinese Academy of Sciences and Peking University (Peking University),
with 344 and 180 publications, respectively. Notably, Chinese institutions contribute 39.4%
of the literature studies in the top ten, showcasing their expertise and excellent research
capacity in CCHSR.

3.3.3. National Collaboration

The macro level of collaboration analysis involves examining the collaboration be-
tween countries. Table 6 presents the top 20 countries for research collaboration, show-
casing various publications between institutions. The top five countries alone account
for 70% of the CCHSR literature, with the United States having the highest number of
publications (1753).

Figure 10 presents a visual network for analysing national or regional collaboration
in CCHSR. Each node in the figure represents a country, with node sizes representing
the number of research literature studies published in that country and node connections
reflecting the levels of collaboration. In the graph, a purple ring encircling a node indicates
a country’s centrality, with a ring’s thickness reflecting the degree of its centrality and
international influence. This visual representation highlights the key players in the network
and their significance in shaping global interactions.



Sustainability 2023, 15, 5733 12 of 24

Table 5. Top 20 collaborating institutions for CCHSR.

Number Institution Year Cooperation

1 Chinese Academy of Sciences 2001 922
2 University of Chinese Academy of Sciences 2013 344
3 Peking University 2004 180
4 Max Planck Inst Biogeochemistry 1999 172
5 Lund University 2001 168
6 The University of Exeter 2011 154
7 US Forest Service 2000 147
8 National Oceanic and Atmospheric Administration 2000 134
9 University of Helsinki 2002 132

10 Tsinghua University 2011 129
11 University of California, Berkeley 1998 128
12 US Geological Survey 1998 124
13 University Maryland 2005 123
14 University Colorado 2002 122
15 Columbia University 2003 122
16 National Aeronautics and Space Administration 1992 120
17 University of Copenhagen 1999 117
18 Russian Academy of Sciences 1998 109
19 Oak Ridge National Laboratory 1998 109
20 Colorado State University 1998 108

Table 6. Top 20 collaborating countries of CCHSR.

Number Country Year Cooperation Centrality

1 USA 1991 1753 0.54
2 PEOPLES R CHINA 1996 666 0.13
3 ENGLAND 1988 652 0.22
4 AUSTRALIA 1993 516 0.48
5 GERMANY 1992 492 0.11
6 CANADA 1993 397 0.28
7 FRANCE 1992 396 0.13
8 ITALY 1992 316 0.06
9 SPAIN 1991 316 0.06
10 NORWAY 2001 169 0.05
11 NETHERLANDS 1997 167 0.07
12 INDIA 1993 162 0.03
13 SWEDEN 1992 147 0.07
14 SWITZERLAND 1995 140 0.08
15 SOUTH AFRICA 1996 135 0.04
16 BRAZIL 1997 130 0.16
17 POLAND 1995 123 0.04
18 SCOTLAND 1998 118 0.05
19 JAPAN 1988 118 0.06
20 CAS 1997 115 0.01
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The country with the highest centrality is the United States (0.54), while China did
not conduct research until 1996 and has a relatively low centrality (0.13) and a low overall
citation rate of published papers.

3.4. Analysis of Key Topics Based on Keyword Clustering
3.4.1. Keyword Clustering Analysis

Keywords represent the authors’ distillation and summarisation of the main content
of articles and are often used in bibliometrics to identify research hotspots. This paper
used CiteSpace to conduct a keyword analysis of CCHSR, resulting in 980 nodes. Figure 11
presents the keyword co-occurrence network of keywords with a frequency of 90 times
or greater. Each node in the figure represents a keyword, with node size reflecting the
frequency of keyword occurrences. The connecting lines between nodes represent the links
between different keywords [55]. As shown in Figure 11, the most frequently studied key-
words of CCHSR are climate, environment, adaptation, variability, vegetation, evolution,
management, and environmental change.

Table 7 presents the top 20 most active and influential keywords in CCHSR. Initially,
CCHSR focused on predicting and calibrating paleoclimate by analysing factors such
as pollen [56], trees [57], and sediments [58] to explore the agricultural and landscape
impacts of paleoclimate on human settlements [59]. Subsequently, the focus shifted to the
effects of land use on human settlements and environmental change, particularly regarding
vegetation [60]. Climate extremes can indirectly affect biodiversity and surface carbon
levels, and researchers have predicted long-term climate trends through changes in climate
in human settlements [61]. Growing biodiversity has led to increased consideration of
human settlements’ characteristics, such as adaptability and dynamism [62]. Over time,
CCHSR has shifted its focus from studying the relationship between climate change and
human settlements to examining habitat management and response, with a particular
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emphasis on understanding the vulnerability of human settlements under extreme climate
change. For example, Drejza evaluates the effectiveness of human settlements zoning in
reducing climate risks and stresses the need to strengthen the adaptive capacity of coastal
communities to coastal hazards [63]. Tellman (2001) studied adaptation pathways for
water supply and flood risk in human settlements and found that improving the climate
robustness of human settlements can enhance their resilience to climate change [64].
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Table 7. Top 20 high-frequency keywords for CCHSR.

Number Reference Centrality Years Keywords

1 305 0.03 1991 holocene
2 717 0.08 1992 climate
3 220 0.04 1993 land use
4 406 0.04 1994 environment
5 243 0.02 1994 environmental change
6 238 0.03 1994 history
7 206 0.01 1994 conservation
8 296 0.05 1995 vegetation
9 229 0.03 1997 model
10 368 0.02 1998 adaptation
11 272 0.02 1998 evolution
12 227 0.05 1998 pattern
13 259 0.05 1999 record
14 234 0.02 2000 biodiversity
15 226 0.03 2000 dynamics
16 417 0.03 2001 temperature
17 302 0.03 2003 variability
18 259 0.04 2003 management
19 198 0.02 2004 settlements
20 239 0.01 2008 vulnerability
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3.4.2. Summary of Key Issues

Keyword clustering is a practical approach for identifying research hotspots and
trends in CCHSR. This paper employed CiteSpace to cluster the keywords in the literature,
using the log–likelihood ratio algorithm to annotate each cluster. The clustering quality
was assessed using module value (Q) and mean profile value (S). The module value (Q),
which typically ranges from 0 to 1, with values above 0.3 indicating greater significance,
measures the degree of connectivity between keywords in each cluster. The mean profile
value (S), which ranges from −1 to +1, measures the similarity between cluster content and
the cluster’s stability and robustness.

The results of the keyword clustering analysis are presented in Figure 12 and Table 8.
The module value (Q value) for the CCHSR clusters is 0.4, indicating moderate connectivity
between the keywords within each cluster. The mean profile value (S value) is also 0.4,
suggesting that most clusters are relatively stable and robust. The largest cluster is “urban
heat island”, comprising 227 literature studies and keywords such as built environment,
urbanisation, gender, neocrown pneumonia, human health, poverty, mitigation, risk per-
ception, and policy. The cluster with the highest profile value is “carbon dioxide”, with
keywords such as fossil forest, temperature, elasticity, vegetation, human impact, vulner-
ability, agriculture, biodiversity, ecology, urban, remote sensing, and drought. Overall,
the keyword clustering analysis results suggest that current research in climate-change-
oriented human settlements is focused on addressing extreme climate risks, improving
environmental security and sustainability, and applying machine learning techniques.
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Table 8. Keyword clustering for CCHSR. (# indicates keyword clustering).

Cluster Name Size Contour Years Main Keyword

#0.urban heat island 227 0.659 2014 built environment; urbanisation; gender; COVID-19; human
health; poverty; mitigation; risk perception; policy;

#1.holocene 214 0.683 2005 human occupation; soil erosion; adaptation; vegetation
history; cultural change;

#2.phenotypic
plasticity. 184 0.682 2007 diversity; thermal tolerance; temperature; ocean

acidification; conservation; heat; environment;

#3.arctic 78 0.861 2004 permafrost; tree mortality; forest management; human
settlements suitability; earthquake; infrastructure;

#4.sustainable
development goals 67 0.815 2007 economy; adaptation; historical consciousness; integrated

management; water limitation; ecological restoration;

#5.fire suppression 54 0.85 2002 transmission; fire; fire regime; landscape ecology;
microclimate; water use; spatial model; risk assessment;

#6.deforestation 53 0.877 2005 transmission; fire; fire regime; landscape ecology;
microclimate; water use; spatial model; risk assessment; l

#7.rainfall 51 0.812 2011
disease outbreak; drinking water; deep learning; adaptation;
land management; extreme events; land restoration; cover;

risk analysis;

#8.carbon dioxide 26 0.928 1997
fossil forest; temperature; resilience; vegetation; human
impact; vulnerability; agriculture; biodiversity; ecology;

cities; remote sensing; drought;

The first main topic that CCHSR focuses on consists of investigated responses to
extreme climate risks. Disaster Risk Reduction (DRR) is a key component of the UN’s 2030
Sustainable Development Goals (SDGs). Climate extremes can threaten the sustainability
of human settlements, and public health emergencies such as the COVID-19 pandemic
can exacerbate the risks associated with extreme weather events and complicate disaster
response and evacuation management [65]. Therefore, integrating resilience measures such
as mitigation interventions into development policies, establishing frameworks for thermal
resilience [66], and promoting appropriate urban form and land use [67] can help limit the
socio-economic risks associated with climate extremes and enable human settlements to
respond to the complex challenges posed by disasters.

The second main topic that CCHSR focuses on consists of augmented environmental
security and sustainability. With cities now being the dominant form of human settlements,
they face additional challenges in addressing unusual climatic events. There is a pressing
need to improve the sustainability and resilience of urban areas while ensuring environmen-
tal safety. One approach is to enhance the robustness and resilience of building structures,
reduce damage from major catastrophic events and enable the rapid resumption of daily
activities [68]. Another approach is implementing Carbon Capture and Utilization (CCU)
technologies [69], which can assist in the energy transition and facilitate the achievement of
circular economy goals, leading to the establishment of urban structures that meet safety,
reliability, and environmental standards.

The third main topic that CCHSR focuses on consists of the utilising Novel Tech-
nologies, such as Machine Learning. Machine learning (ML) and cloud computing have
experienced substantial growth in recent years and have found wide-ranging applica-
tions in areas such as building energy simulation [70], urban land cover classification,
water resource forecasting [71], and beyond. For instance, Mazhar used machine learning
techniques to identify and analyse vegetation and urbanisation in Pakistan from 2013 to
2021, thereby illuminating extant trends in land use and human settlement suitability [72].
Emerging technologies such as machine learning present practical pathways for attenuating
the challenges of human settlements that arise from climate change, thereby supporting
sustainable land use and effective management of ecological resources. Future research
in human settlement studies should prioritise deploying new techniques such as machine
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learning to predict, with greater accuracy and precision, the impact of climate change on
human settlement ecosystems [73].

3.5. Analysis of Research Trends Based on Keyword Burst
3.5.1. Analysis of Keyword Burst Results

The Citespace software’s keyword burst function can identify words with frequent
changes within a specific period [74]. These high-burst keywords can serve as indicators
of research frontiers and can be used to represent research trends and hotspots at a given
stage [20]. In the present study, we selected the 20 most frequently occurring keywords
among the 168 burst words generated by Citespace from 1990 to 2023 (first two months) in
CCHSR. These keywords were then subjected to burst analysis (Figure 13).
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The research emphasis in CCHSR has evolved. Before 2013, the focus was primarily
on vegetation restoration and human impacts on human settlements, predominantly within
paleoecology and palaeoclimatology. From 2013 to 2017, research gradually shifted to the
effects of climate change on human settlements within the context of global change. This
phase incorporated several influential factors, such as CO2, black carbon, and high temper-
atures, and brought attention to the hazards of high temperatures and ocean acidification
induced by climate change. Strategies were proposed from the perspectives of natural
selection and demographic adaptation. Research keywords progressively multiplied be-
tween 2014 and 2017, and the research objects and aims expanded. This phase witnessed
the exploration of climate governance approaches, such as forest restoration and land cover
change, as well as more significant consideration of the hazards posed by climate change
and attempts to set objectives for sustainable development and public health. From 2017 to
the present, the advent of the COVID-19 pandemic has propelled a greater emphasis on
adapting green infrastructure to CCHSR. In addition, new research tools such as machine
learning and remote sensing have also been employed, with attention given to food security,
poverty reduction, and other factors such as mental health and environmental justice.
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3.5.2. Research Trend Forecasting

Based on an analysis of keyword burst in CCHSR, this paper predicts that future
research will take one of three paths: implementing climate risk management, applying ar-
tificial intelligence technologies, and enhancing human settlements’ security and resilience:

(1) Implementation of Climate Risk Governance. Since the industrial revolution, the
frequency and scale of climate change events, such as sea level rises, temperature increases,
soil erosion, and associated disasters, have witnessed notable growth. As a result, there is a
critical need for robust climate governance to strengthen the political interpretation of urban
climate risk vulnerability, and the development of analytical models for human settlement
risk management [75] is required to reduce the vulnerability of human settlements to
climate change. The primary objective of future CCHSR will be to enhance the climate
resilience of human settlement ecosystems [76], built environments [77], and infrastructure
systems [78]. Such measures aim to prevent and manage climate change hazards;

(2) Applications of Artificial Intelligence Technology. In the context of the Fourth
Industrial Revolution, research in artificial intelligence (AI) has had a significant impact on
various fields, including the social sciences, architecture, and engineering and construction
(AEC) [79]. Currently, machine learning techniques and intense learning represent the
primary research component of AI technology [80]. Artificial intelligence technologies
offer novel perspectives for climate adaptation and risk reduction in urban governance
and can guarantee effective implementation [81]. Developing and utilising artificial in-
telligence technologies, such as neural networks, deep learning, and big data [82], will
be the technological foundation for future research in climate-change-oriented human
settlement studies;

(3) Enhancement of Settlement Security Resilience. Extreme weather events often
result in human and economic losses [11]. Poorly developed areas and informal settlements
with insufficient infrastructure and low economic levels are more vulnerable to climate
shocks than urban areas [83]. Mitigating disaster risks and managing climate change
more effectively in impoverished regions [84] and informal settlements [85] are critical to
enhancing urban climate resilience and achieving sustainable development. Future CCHSR
should actively develop community mechanisms for climate risk adaptation and promote
collaborative community and local government efforts to manage climate risks, as such an
approach constitutes an effective strategy.

4. Discussion

Human settlements constitute a critical area significantly impacted by climate hazards,
and there is an immediate need to integrate climate adaptation strategies into constructing
human settlements in the future [86]. Based on the distribution characteristics of relevant
literature, key topics, and developmental trends in CCHSR, this paper suggests that future
research prioritises the following three key topics:

(1) Establishment and improvement of the theoretical system of CCHSR. The distribu-
tion characteristics of relevant literature indicate that while CCHSR was initiated earlier (in
1991), it primarily focused on ecology and paleoclimatology during the early stages. Only
after 2010 did literature studies on the theoretical system of CCHSR emerge, covering topics
such as infrastructure improvement, population distribution optimisation [87], and low-
carbon city policies [88]. In the future, the development of a robust theoretical system for
CCHSR must incorporate various factors, including carbon potential, carbon pricing [89],
fossil fuels [90], and renewable energy [91], to assess and classify climate change responses
in human settlements based on different objectives. The impact of land use change on
highly productive ecosystems has been well-documented [92], and previous research has
employed the environmental Kuznets Curve to elucidate the relationship between arable
land run-off and economic growth [93]. An established theoretical system for CCHSR can
effectively respond to extreme weather events, such as hurricanes, droughts, and heat-
waves, and chronic climate-change-induced environmental degradation, such as rises in sea
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level, desertification, glacier retreat, land degradation, ocean acidification, and salinisation.
Ultimately, it can enhance the resilience of human settlements to climate change;

(2) Exploration of climate risk management mechanisms and governance strategies
for human settlements. This category includes research on climate risk management, eco-
logical protection, and climate adaptation planning. Human settlements constitute the
fundamental medium for human life, and their destruction can trigger and exacerbate
climate risks. The interweaving of the uncertainty of climate change and urban devel-
opment [94] may result in new coupled risks, thereby necessitating the development
of effective climate risk management mechanisms and strategies to guide CCHSR. The
27th Conference of the Parties to the United Nations Framework Convention on Climate
Change (COP27) has now proposed measures such as establishing a dedicated fund for cli-
mate loss and damage and increasing the amount of climate finance [95]. In the future, it is
critical to consider integrating climate change adaptation and climate risk management into
urban planning [96], which may involve investing in extreme weather warning systems,
cultivating drought-resistant food varieties, establishing security resilient frameworks for
settlements [97], and promoting low-carbon lifestyles;

(3) Emphasis on Technology Implementation for Human settlements’ Response to
Climate Change. Artificial intelligence (AI) is recognised for its potential in combatting
climate change [98]. Future research efforts in climate change education should explore
the integration of artificial intelligence (AI), neural networks, and digital technologies
(DT) [99] to enhance teaching practices. Additionally, it is imperative to identify human
settlements [100] and implement sustainable development goals [101] to promote climate
resilience. This can be achieved by developing climate-smart technologies and empha-
sising the efficiency of climate action implementation. Such efforts require international
cooperation, such as promoting clean energy, increasing sustainable energy production,
mitigating climate risks through technological investments such as solar energy [102] and
hydrogen [103], and building green economic systems.

In recent years, digital technologies, including the Internet of Things (IoT), artificial
intelligence (AI), big data, augmented reality (AR), virtual reality (VR), and 3D printing,
have been introduced into industrial production, leading to the emergence of the con-
cept of the “fourth industrial revolution” or Industry 4.0 [104]. Industry 4.0 is closely
associated with energy efficiency and can help reduce manufacturing processes’ climate
impact. Thus, proposals have been made to enhance environmental sustainability and
promote more sustainable energy use in the industrial sector. Industry 4.0 is expected to be
crucial in achieving climate goals by enabling more efficient and sustainable production
processes [105]. Its implementation can reduce carbon emissions and enhance human
settlements’ resilience to withstand the effects of climate change, respond effectively to
catastrophic losses, and ultimately create inclusive, productive, healthy, and harmonious
human settlements.

5. Conclusions

Based on a bibliometric analysis of the CiteSpace knowledge graph, this paper investi-
gates the co-citation, collaboration, keyword clustering, and emergence of 6830 papers on
CCHSR from 1990–2023 (first two months) to extract distribution characteristics, key issues,
and research trends in this field. The aim is to provide valuable insights and practical
guidance for future theoretical research and construction practices.

(1) The literature on CCHSR exhibits three distinct aspects: the number of literature
studies, source publications, and country and time zones. The quantity of literature studies
in this field is fluctuating and increasing, with a continuous rise in the number of studies.
In addition, there has been a noticeable increase in the comprehensiveness of research
disciplines, with a growing emphasis on ecosystem dynamics and conservation processes.
Notably, the United States, the United Kingdom, China, and Australia have emerged as the
predominant study countries in this field;
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(2) The core academic journals in the CCHSR field are Science, Nature, and PNAS USA.
The most highly cited literature studies focus on climate data and technology updates
and explore sustainable development strategies to address climate change. The most cited
authors are the R Core Team and Paula Reimer. Guanghui Dong possesses the highest
number of authors and frequency of collaborative publications. As for research institutions,
the Chinese Academy of Sciences has the highest collaborative impact, and the United
States exhibits the highest collaborative effect among countries, followed by the United
Kingdom, China, Australia, and Germany;

(3) Regarding key topics, the high-frequency keywords for CCHSR include climate,
environment, adaptation, and others. The main clusters identified were “sustainability”,
“carbon dioxide”, and “machine learning”, among others. These clusters are mainly con-
centrated in the categories of “urban heat island” (the most frequent keyword) and “carbon
dioxide” (the most significant profile value). The clustering of studies revealed three key
themes: (1) response to extreme climate risks, (2) enhancement of environmental safety and
sustainability, and (3) application of new technologies such as machine learning;

(4) Regarding research trends, based on keyword burst analysis, three development
trends in CCHSR have been identified, namely the implementation of climate risk man-
agement, the application of artificial intelligence technology, and the improvement of the
security and resilience of settlements;

(5) Regarding priority research recommendations for the future, firstly, there is a
need to establish and improve the theoretical system of CCHSR. Secondly, exploring the
mechanism and governance strategy for managing climate risk in human settlements is
recommended. Finally, attention should be given to the technical implementation of human
settlements in response to climate change.

In summary, the exacerbation of global climate change has rendered climate issues in
the human settlement environment a pressing challenge for the worldwide community. To
tackle this challenge, effective integration, planning, and design of the human settlement
environment from a multi-disciplinary perspective are required in the future development
of CCHSR. This paper employs bibliometric analysis to generate five analytical conclusions
regarding CCHSR, which will facilitate researchers from diverse disciplinary backgrounds
to gain comprehensive insights into its development, research hotspots, and research trends
and offer valuable references and suggestions for their future research endeavours.
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Nomenclature

CCHSR Climate-Change-Oriented Human Settlement Research
COVID-19 Coronavirus Disease 2019
DRR Disaster Risk Reduction
FAO Food and Agriculture Organization
IPCC Intergovernmental Panel on Climate Change
PNAS Proceedings of the National Academy of Sciences
SDGs Sustainable Development Goals
WOS Web of Science
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103. Uyar, T.S.; Beşikci, D. Integration of Hydrogen Energy Systems into Renewable Energy Systems for Better Design of 100%
Renewable Energy Communities. Int. J. Hydrogen Energy 2017, 42, 2453–2456. [CrossRef]

104. Fritzsche, K.; Niehoff, S.; Beier, G. Industry 4.0 and Climate Change—Exploring the Science-Policy Gap. Sustainability
2018, 10, 4511. [CrossRef]

105. Bildirici, M.; Ersin, Ö.Ö. Nexus between Industry 4.0 and Environmental Sustainability: A Fourier Panel Bootstrap Cointegration
and Causality Analysis. J. Clean. Prod. 2023, 386, 135786. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.1016/j.gltp.2021.01.004
http://doi.org/10.17645/up.v6i3.4613
http://doi.org/10.1007/s00146-021-01294-x
http://doi.org/10.1016/j.envsci.2018.05.004
http://doi.org/10.1002/wat2.1344
http://doi.org/10.1093/heapro/dau100
http://doi.org/10.1126/science.abo3608
http://doi.org/10.5194/bg-9-1845-2012
http://doi.org/10.4305/METU.JFA.2012.1.2
https://unfccc.int/about-us/regional-collaboration-centres/the-ciaca/about-carbon-pricing?gclid=CjwKCAjw5dqgBhBNEiwA7PryaDEjszSnex7oEo6iWrM7rR-HTtQRz9JNCTlUQ8z32OanE1UvXbg4EhoC47sQAvD_BwE#What-is-Carbon-Pricing?-
https://unfccc.int/about-us/regional-collaboration-centres/the-ciaca/about-carbon-pricing?gclid=CjwKCAjw5dqgBhBNEiwA7PryaDEjszSnex7oEo6iWrM7rR-HTtQRz9JNCTlUQ8z32OanE1UvXbg4EhoC47sQAvD_BwE#What-is-Carbon-Pricing?-
https://unfccc.int/about-us/regional-collaboration-centres/the-ciaca/about-carbon-pricing?gclid=CjwKCAjw5dqgBhBNEiwA7PryaDEjszSnex7oEo6iWrM7rR-HTtQRz9JNCTlUQ8z32OanE1UvXbg4EhoC47sQAvD_BwE#What-is-Carbon-Pricing?-
http://doi.org/10.55088/ijesg.1069747
http://doi.org/10.1016/j.jrurstud.2014.10.005
https://unfccc.int/process-and-meetings/conferences/sharm-el-sheikh-climate-change-conference-november-2022/five-key-takeaways-from-cop27
https://unfccc.int/process-and-meetings/conferences/sharm-el-sheikh-climate-change-conference-november-2022/five-key-takeaways-from-cop27
http://doi.org/10.1016/j.jweia.2020.104376
http://doi.org/10.1016/j.techfore.2022.121662
http://doi.org/10.1038/s42256-020-0192-3
http://doi.org/10.1109/LGRS.2023.3247620
http://doi.org/10.1038/s41467-019-14108-y
http://doi.org/10.1093/ce/zkac023
http://doi.org/10.1016/j.ijhydene.2016.09.086
http://doi.org/10.3390/su10124511
http://doi.org/10.1016/j.jclepro.2022.135786

	Introduction 
	Materials and Methods 
	Results 
	Analysis of Literature Sources 
	Co-Citation Analysis of the Literature 
	Co-Citation Journals 
	Co-Citation Literature 
	Co-Citation Authors 

	Collaboration Analysis of the Literature 
	Author Collaboration 
	Institutional Collaboration 
	National Collaboration 

	Analysis of Key Topics Based on Keyword Clustering 
	Keyword Clustering Analysis 
	Summary of Key Issues 

	Analysis of Research Trends Based on Keyword Burst 
	Analysis of Keyword Burst Results 
	Research Trend Forecasting 


	Discussion 
	Conclusions 
	References

