
Citation: Xie, H.; Sun, Q.; Song, W.

Exploring the Ecological Effects of

Rural Land Use Changes: A

Bibliometric Overview. Land 2024, 13,

303. https://doi.org/10.3390/

land13030303

Academic Editors: Le Yu and

Pengyu Hao

Received: 25 January 2024

Revised: 24 February 2024

Accepted: 25 February 2024

Published: 28 February 2024

Copyright: © 2024 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/).

land

Review

Exploring the Ecological Effects of Rural Land Use Changes: A
Bibliometric Overview
Haojun Xie 1, Quan Sun 1,* and Wei Song 2,3,*

1 School of Agriculture, Ningxia University, Yinchuan 750021, China; 12021131171@stu.nxu.edu.cn
2 Key Laboratory of Land Surface Pattern and Simulation, Institute of Geographic Sciences and Natural

Resources Research, Chinese Academy of Sciences, Beijing 100101, China
3 Hebei Collaborative Innovation Center for Urban-Rural Integration Development, Shijiazhuang 050061, China
* Correspondence: sqnxu@sina.com (Q.S.); songw@igsnrr.ac.cn (W.S.)

Abstract: Land use change is a significant contributor to global environmental change. The expansion
of urban areas has increasingly impacted rural ecological environments, in particular the shift from
agro-ecosystems to urban ecosystems, leading to alterations in land use patterns. Rural land use has
led to economic, social, and environmental problems, including poor economic efficiency, emissions
of pollutants, and increased environmental crises. The research of alterations in rural land use and
their consequential environmental ramifications has garnered escalating attention, evolving into an
indispensable subject of inquiry within pertinent academic disciplines. This study aims to obtain
a comprehensive understanding of the ecological impacts of rural land use change. We examined
1237 literature sources through the Web of Science database and conducted a bibliometric analysis
utilizing the Bibliometrix tool. Secondly, based on the results of bibliometric analysis, we conducted
a review study on the impact of rural land use changes on the ecological environment, clarified the
current research status in this field, and looked forward to future research directions. The study’s
findings indicate that there has been a steady rise in publication volume from 1982 to 2023 and a
significant potential for growth. The top three journals by publication volume are Sustainability,
Land Use Policy, and Land. (2) A total of 4768 scholars from 95 countries or regions have contributed
publications in this domain, notably led by researchers and institutions predominantly based in
China. Developed nations, exemplified by the U.S., exhibit a notable citation frequency and robust
research prowess within this field. (3) Land use, urbanization, China, ecosystem services, biodiversity,
and remote sensing emerge as keywords of elevated frequency within the field, indicative of the
scholarly emphasis on these subjects. (4) Studies in this domain are directed towards evaluating
the effects on intrinsic components of the environment, including but not limited to soil quality,
atmospheric conditions, water resources, and biodiversity. The implementation of sustainable rural
land use strategies is essential for the realization of rural development and environmental protection.
In future research efforts, the use of remote sensing technology holds immense potential as a robust
technical tool for investigating both land use change and rural ecology, offering viable strategies for
addressing environmental challenges in specific, localized regions. The results of this study can assist
in comprehending the current state and direction of research in this field.

Keywords: rural land use; land use change; urbanization; ecological environment; bibliometric

1. Introduction

Alterations in land use practices are being recognized as a significant contributor to
broad-scale environmental changes on a global level [1–3]. These shifts in land utilization
carry extensive and enduring consequences for the viability of our planet’s ecosystems [4–6].
The ability of land to support diverse functions is paramount to maintaining ecological bal-
ance [7]. Furthermore, it is critically important for achieving sustainable living conditions
for communities across the globe [8]. Urbanization is reshaping the terrestrial landscape
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at a rapid rate with intricate and multifaceted processes that transform rural areas into
urban centers and repurpose agricultural land for alternative industrial use [9,10]. The
expansion of urban areas is occurring at an unprecedented velocity, encroaching upon
previously agricultural terrains, woodlands, and a range of pristine natural habitats [11,12].
Land management decisions and the policies overseeing our natural resources have the
potential to have a pronounced direct or indirect impact on ecological phenomena and
processes [13]. The interplay between human endeavors and the natural environment
clearly results in outcomes that are often permanent, imprinting lasting changes on our
environmental systems [14].

The phenomenon of urbanization is seen around the world and is widely accepted as a
change that cannot be turned back [15,16]. This movement of people and resources towards
urban areas results in a clustering of human populations, a congregation of social networks
and assets, and intensified industrial and commercial endeavors [17]. Nonetheless, this
same concentration offers up vulnerabilities, making cities and their dense populations
more susceptible to a gamut of risks and potential disasters [18]. The swift pace at which
urban areas have expanded has brought about profound changes to their natural surround-
ings, particularly in regions once dominated by farming and agriculture [19]. What were
previously landscapes sculpted by agricultural needs are now increasingly becoming part
of the urban footprint, transforming into what we know as urban ecosystems [20]. This shift
in how rural land is utilized in the wake of development carries with it a set of complex
difficulties [21]. These difficulties have both tangible and intangible facets manifesting as
lessened economic productivity, particularly in regions transitioning away from agriculture
without adequate investment in new industries. Pollution has soared as well, with the
prevalence of contaminants rising to levels that are not only harmful to the environment but
also to human health [22]. The environmental situation has deteriorated as a result, with
damage ranging from the loss of biodiversity to the depletion of natural resources. This
degradation further complicates the prospects of sustainable development, as ecological
considerations are often sidelined by the pressing need for urban expansion. Overall, the
urbanization trend binds both opportunity and adversity. As population centers grow and
draw in more human and financial capital, the challenges posed—economic, societal, and
environmental—also magnify. These include, but are not limited to, reduced effectiveness
in traditional economic sectors, an upsurge in pollution, and acceleration in the decline of
environmental health [10,23–25], underscoring an urgent need for policy interventions and
sustainable planning.

The study of global change by an increasing number of researchers from various fields
has shifted towards analyzing the relationship between land use and ecosystems [26,27].
This research focuses on the ecological consequences that result from changes in land use
and how they interact with the ecosystem. The analysis of alterations in rural land use and
their ecological repercussions has increasingly gained attention, becoming a crucial topic
of investigation in fields like geography, environmental science, landscape ecology, and
ecological economics [28,29]. Previous research has thoroughly evaluated many aspects
of modifications in rural land use and ecosystems. Laan et al. investigated the ecological
consequences of changes in land use associated with agricultural production in the South
African region, with a focus on specific amelioration measures [30]. Benoit et al. developed
new techniques for assessing the effects of land use on the ecological environment, with
the objective of identifying the degree of interdependence among various components [31].
However, many of these investigations focused on isolated aspects within the field without
providing a comprehensive overview of the current state of development. Additionally,
they did not provide predictions for future trends, thus limiting the progress of the field.

The expanding community of scientists from diverse fields is now concentrating on
how the use of land affects the natural environments we live in and depend upon [26].
These experts are honing in on the intricate ways that our decisions about land develop-
ment, agriculture, and conservation ripple through ecosystems. With each new building,
farm, or protected area, there arise important questions about the balance of nature and
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the foreseeable effects of our footprint on Earth. This body of work has become pivotal,
touching on several disciplines, including geography with its spatial awareness, environ-
mental science with its dedication to holistic health, landscape ecology’s understanding
of spatial patterns, and ecological economics with its fusion of ecology and financial in-
sights [28,29]. Extensive examinations have shed light on many facets of how altering rural
landscapes impacts natural ecosystems. In the South African context, for instance, research
conducted by Laan and colleagues peeled away the layers of complexity to reveal how
shifts in land dedicated to farming activities are influencing the natural order and what
measures could possibly soften these impacts [30]. Similarly, the efforts of Benoit and team
shed light on innovative methodologies to quantify the footprint of human land use on the
environment, aiming to untangle the web of relationships between diverse components of
these ecosystems [31]. Despite the depth of these investigations, many have tunneled into
specific niches without stepping back to consider the broader picture of progression within
this vital area of study. Furthermore, there is an observable gap in the body of research
regarding foresight, as few studies venture to predict where our current path may lead
us in terms of environmental integrity. This shortfall highlights a potential stasis in the
advancement of knowledge around land use and ecosystem dynamics, marking out a clear
path for future research endeavors.

Bibliometric analysis is a method that relies on the adept use of literature data visual-
ization instruments for the purpose of data mining, engaging in thorough network analysis,
and effectively mapping to concisely articulate the breadth of knowledge that spans across
various related subject areas [32]. In contrast to other methodologies, the strength of bib-
liometric analysis lies in its provision of a lens that is objective and systematic, essential
for the in-depth examination of the prevailing hotspots and the emergent trends within
the research field at large [33]. Standing on the cusp of contemporary academic study, the
method has seen significant development and has been widely employed to scrutinize
and identify the prevailing disciplinary tendencies among scholars and researchers alike.
Among the tools commonly harnessed in the pursuit of bibliometric analysis, some stand
out due to their high frequency of use and recognized effectiveness, including but not
limited to CiteSpace, VOSviewer, and Bibliometrix [34,35]. These tools have gained acclaim
and are frequently referenced within academic circles, evidencing their prominent roles in
the pursuit of bibliometric study and analysis.

Bibliometrix, an open-source bibliometric analysis tool, was developed in 2017 by Mas-
simo Aria et al. [36]. Unlike other bibliometric software, Bibliometrix can import and convert
data from various databases, such as the Web of Science and Scopus. Additionally, it offers a
wider range of literature analysis functions and visualization alternatives [36,37]. Currently,
many researchers utilize bibliometric analysis in various fields, such as agriculture, ecology,
and geography. In their study, Xu et al. conducted data extraction and statistical analysis
by searching the Web of Science database for research papers related to land reclamation
published between 2000 and 2020. Their research aims to identify future research directions
in this field [38]. Li et al. conducted a bibliometric analysis to quantitatively examine the
literature on rural settlements in the Web of Science core collection database from 1973 to
2021. Their study identified the current state of research and future trends in the field [39].

There is widespread global interest in rural land use and ecology, but there is still
a lack of relevant review studies. Consequently, this study systematically sifts through
potentially pertinent literature on the subject of rural land use alteration and ecology,
utilizing the Web of Science (WOS) core database. The identified literature is meticulously
organized and scrutinized employing the Bibliometrix R language package. This research
aims to analyze its research dynamics and development trends more objectively, elucidating
the advancements in existing studies and enhancing comprehension of future trends. To
achieve the research objectives of this study, the following questions will be addressed:

(1) What are the trends in the production of relevant literature in this field?
(2) How are academic journals, authors, research countries, and institutions in this field

of research developing?
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(3) How have the research focal points and topics within this field progressed and advanced?
(4) What are the ecological impacts of changing land use in rural areas?
(5) What are the prospects for future directions of research in this field?

2. Data Sources and Methods
2.1. Data Sources

Bibliometrics is an objective technique for efficiently obtaining and analyzing publica-
tion data. The Web of Science is a vast and comprehensive academic database that contains
a wealth of literature. It is a crucial tool for retrieving global scholarly information and
is widely recognized as one of the world’s most valuable resources in this field. The data
used in this study was obtained from the Web of Science Core Collection database, which
is a reliable source for academic research. Literature on the relationship between rural land
use and the ecological environment was retrieved using the search term “topic”. Through
repeated experiments by the authors, the search formula is as follows: (TS = (rural land
use) OR TS = (rural land use change)) AND (TS = (ecological environment)). The data were
collected in November 2023, and the search criteria were limited to articles and reviews
published between 1982 and 2023. Additional search results were obtained by screening
entries to ensure search quality. The outcomes were exported to “complete records and
cited references” and saved in text format. A total of 1237 articles meeting the specified
criteria were retrieved from the search.

2.2. Methods

With reference to the general steps of bibliometric analysis, the steps of bibliometric
analysis conducted in this paper include data collection and cleaning, data analysis and
visualization, and data interpretation (Figure 1). Data collection and cleaning have been
described in Section 2.1.
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Data Analysis and Visualization: To ascertain the primary research topics, the current
research landscape, and the developmental trajectory of rural land use and the ecologi-
cal environment, we employed Biblioshiny. Bibliometrix has introduced an online data
analysis tool replete with numerous statistical methodologies and a diverse array of visual-
ization charts. This tool is accessible for users, thereby fulfilling the fundamental needs
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of researchers [36,40]. For the field of rural land use and ecology, this paper will conduct
a quantitative analysis of issuing journals and citations; a quantitative and collaborative
network analysis of researchers, institutions, and countries; keyword analysis; and an
examination of the evolution of research topics. In addition to utilizing the Biblioshiny
software package, this study incorporates Origin software for graphing and charting to
enhance data visualization.

Data Interpretation: While bibliometric software streamlines literature review research,
it still necessitates comprehensive literature reading. To fully leverage the indispensable role
of bibliometric analysis, the literature is meticulously reviewed and analyzed subsequent to
the analysis. Consequently, it can offer a more objective, convenient, and accurate synthesis
of the field’s current state and its intricacies and predict future research directions.

3. Results of the Bibliometric Analysis
3.1. Quantitative Analysis of the Literature

The amount of published research in the fields of rural land use change and ecological
environment can be indicative of the level of research focus and progress in the area.
Figure 2 illustrates a fluctuating upward trend in the quantity of published papers in this
field from 1982 to 2023.
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Figure 2. Annual publication trend in the field of rural land use change and ecological environment
from 1982 to 2023.

This paper analyzes the trend of change in relevant studies by dividing them into
three stages: 1982–2007, 2008–2014, and 2015–2023. During the 1982–2007 stage, there
was a slow growth with a limited number of papers published, only amounting to 175,
which represented 14.1% of the total number of publications. Conversely, the 2008–2014
stage witnessed significant growth, accompanied by a remarkable surge in the quantity
of publications compared to the previous stage. Over the period, a total of 252 papers
were produced, which represents 20.4% of the overall number of papers published. On
average, 36 papers were published per year. The period from 2015 to present is the rapid
growth stage, with a significant increase in the number of papers published reaching
810, representing 65.5% of the total number of papers published. The average number of
articles per year in this phase reached 90, and relevant research in this area has entered a
different phase.
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3.2. Analysis of Journals

Based on the collected data, we tallied the number of articles published in each journal
and identified the top ten journals based on the quantity of articles published between 1982
and 2023 (Table 1). According to the statistical information provided by the periodicals, the
journals cover several subject areas, such as environmental sciences, environmental studies,
ecology, and biodiversity conservation, among others. It is worth noting that the majority
of journals publishing articles belong to the field of environmental sciences.

Table 1. Top ten journals with publications about rural land use change and ecological environment
in the time period of 1982 to 2023.

Sources Category Number of Publications H-Index

Sustainability Environmental Sciences 59 12
Land Use Policy Environmental Studies 47 23

Land Environmental Studies 46 11
Ecological Indicators Environmental Sciences 37 22

Science of The Total Environment Environmental Sciences 32 20
Landscape and Urban Planning Ecology 28 21

Journal of Environmental Management Environmental Sciences 24 15
Landscape Ecology Ecology 23 17
Urban Ecosystems Biodiversity Conservation 23 10

International Journal of Environmental
Research and Public Health Environmental Sciences 21 7

The included journals each published 20 or more articles. Sustainability leads with
59 publications, followed by Land Use Policy with 47 papers, and Land with 46. The H-
index, a quantitative measure developed by American physicist Jorge E. Hirsch, evaluates
academic output. A higher H-index implies a more significant impact of the journal in the
field. Among the journals listed, Land Use Policy, Ecological Indicators, Landscape and Urban
Planning, and Science of The Total Environment exhibit a higher H-index, which infers their
greater impact in the research field.

A trend analysis of the top five journals, based on the number of publications, indicates
that Science of The Total Environment has focused the most on the field. It published its first
article in 1991, followed by Ecological Indicators in 2004 and Land Use Policy in 2005 (Figure 3).
Land Use Policy has been the most productive journal between 2009 and 2021 in terms of the
number of publications. Sustainability and Land, on the other hand, began publishing their
first papers in 2014 and 2018, respectively. However, the quantity of published articles has
substantially increased over time. All five publications have consistently shown growth
in the number of articles published from their inception until 2023. As of November 2023,
Sustainability, Land Use Policy, and Land have released 59, 47, and 46 articles, respectively.
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3.3. Analysis of Key Researchers, Institutions, and Countries
3.3.1. Analysis of Key Researchers

The researchers in the field of rural land use change and ecological environment
included 4768 participants. There are only nineteen authors who have published five
or more papers. On the other hand, 91.2% of the total number of researchers, a total of
4350 individuals, have only published one paper, according to the study results. The results
show that there are fewer researchers who have been working in this field for a long period
of time.

In accordance with their contributions to the field in terms of publications (Figure 4),
we counted the top ten scholars who had the greatest impact on the field. As of 2021,
Liu Yansui, a researcher at the Institute of Geographic Sciences and Resources of the
Chinese Academy of Sciences, holds the highest number of publications. Four of them
are highly cited. As one of the leading scholars in human-land system science, Liu Yansui
has spent a significant amount of time researching rural geography and land use, with
his main focus on rural geography and land use as his main research focus. His work
has significantly contributed to the academic impact of this field. Following him is Li
Yurui of the Chinese Academy of Sciences Institute of Geographic Sciences and Resources.
As the earliest author of this paper, Long Hualou, an expert in urban-rural development
and land-use transformation at the Institute of Geographic Sciences and Resources of the
Chinese Academy of Sciences, is a leading expert in these topics. In addition to researching
transformational rural development, he is mainly involved in research on land use change
and land-use transformation. Having a high level of academic influence in the field is part
of his expertise.
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shade of color reflects the number of citations received.

Five clusters of authors were identified in the field of rural land use change and
ecological environment (Figure 5). Liu Yansui’s research has had a significant impact in
this area, exploring topics such as China’s transition from urban to rural development, new
urbanization, as well as land use and reclamation engineering. Additionally, the research
cluster led by E.C. Ellis at the University of Maryland in the United States is relatively
robust and focuses primarily on global ecosystems, landscape ecology, and sustainable
land management.
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3.3.2. Analysis of the Main Countries and Institutions

The published papers from different countries enlighten the level of inquiry on rural
land use change and its impact on the environment. The significance of these studies
can be specific to certain regions. Based on the statistical results, 1691 institutions across
95 countries or regions are currently involved in research on rural land-use change and
its ecological consequences. Table 2 presents the top ten publishing countries, with one
Asian country (China) and three North American countries (the United States, Brazil, and
Canada), along with five European countries (the United Kingdom, Germany, Italy, Spain,
and France) and one Oceanian country (Australia).

Table 2. Dissertations published in major countries in the field of rural land use change and ecological
environment from 1982 to 2023.

Country Number of Publications Total Citations Average Article Citations

China 345 6393 18.53
USA 175 9783 55.90

United Kingdom 67 4204 62.75
Germany 56 2476 44.21

Brazil 50 796 15.92
Australia 43 2939 68.35

Italy 42 1392 33.14
Spain 37 1160 31.35
France 35 1427 40.77
Canada 30 998 33.27
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China published the highest number of papers, with a total of 345, and came in second
place after the United States in terms of citations, with 6393. However, the papers had a
low average citation frequency of 18.53 times, suggesting that further improvement could
increase interest. Australia boasts the highest average citation frequency for papers at
68.35 citations, followed by both the United Kingdom and the United States at 62.75 and
55.90 citations, respectively. Furthermore, the United States is ranked at the top of the list
of many countries in terms of total citation frequency, with a staggering 9783 citations.
This result suggests that developed countries possess robust research capabilities in ru-
ral land-use change and ecological environment research, resulting in highly influential
research publications.

Our network analysis of collaborations among the highest yielding countries and
regions indicates that research institutions in most countries cooperate with each other
(Figure 6) and are grouped into four clusters: China and the United States (represented by
red circles), France and Italy (represented by purple circles), Germany and New Zealand
(represented by green circles), and the United Kingdom and Australia (represented by
blue circles). In the context of changes in rural land use and the ecological environment,
China and the United States have a closely intertwined relationship. Additionally, there
are significant cooperative relationships between China and Japan, China and Brazil, and
also between the United Kingdom and Australia. However, the United States has more
extensive cooperative relationships with specific countries.
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We compiled the top ten academic institutions in the field of rural land use change
and ecological environment with the highest number of publications (Table 3). Of these, six
institutions are based in China, three in the United States, and one in Brazil. The top four
institutions, based on publication numbers, are located in China. They are the Institute of
Geographic Sciences and Natural Resources Research, the Chinese Academy of Sciences,
Beijing Normal University, and two units of the Chinese Academy of Sciences. Their articles
numbered 59, 41, 28, and 28, respectively.

Table 3. Number of published articles by major research institutions in the field of rural land use
change and ecological environment from 1982 to 2023.

Affiliation Number of
Publications

Institute of Geographic Sciences and Natural Resources Research, CAS 59
University of Chinese Academy of Sciences 41

Beijing Normal University 28
Chinese Academy of Sciences 28

University of São Paulo 22
Arizona State University 19

Northwest A&F University 19
China University of Geosciences 18

University of Georgia 18
The University of North Carolina at Chapel Hill 16

In the context of cooperation between research institutions (Figure 7), the top four
Chinese institutions maintain close relationships (indicated by red circles). The Institute
of Geographic Sciences and Natural Resources Research, CAS, has the highest degree
of centrality in collaboration, indicating the strongest impact on relationships within the
collaborative network. These institutions exhibit significant publishing frequency and
centrality and have served as the primary research centers in this field. Nanjing Agricultural
University and Nanjing Normal University have established a strong domestic partnership.
Additionally, closer international cooperation is underway between the China University
of Geosciences and the University of North Carolina at Chapel Hill.
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3.4. Keyword Analysis
3.4.1. Analysis of High-Frequency Keywords

Keywords can provide an overview of the research topic and content and aid in
identifying the knowledge structure of a field [41]. In this study, a word cloud was used to
visualize the top 50 high-frequency keywords in this area (Figure 8). The top keywords and
their frequency of occurrence in this field are as follows: land use (57), urbanization (49),
China (41), ecosystem services (36), biodiversity (34), remote sensing (31), sustainability
(28), land-use change (24), urban ecology (23), and climate change (22). Scholars in this
field prioritize researching rural land use, urbanization, ecosystem services, biodiversity,
sustainable development, and climate change.

Land 2024, 13, x FOR PEER REVIEW 11 of 25 
 

 

Figure 7. Collaborative network of relevant research institutions in the field of rural land use 

change and ecological environment from 1982 to 2023. Note: The colored circles in the figure rep-

resent different cooperative network relationships, and the larger the circle, the more papers pub-

lished by the research institution. 

3.4. Keyword Analysis 

3.4.1. Analysis of High-Frequency Keywords 

Keywords can provide an overview of the research topic and content and aid in iden-

tifying the knowledge structure of a field [41]. In this study, a word cloud was used to 

visualize the top 50 high-frequency keywords in this area (Figure 8). The top keywords 

and their frequency of occurrence in this field are as follows: land use (57), urbanization 

(49), China (41), ecosystem services (36), biodiversity (34), remote sensing (31), sustaina-

bility (28), land-use change (24), urban ecology (23), and climate change (22). Scholars in 

this field prioritize researching rural land use, urbanization, ecosystem services, biodiver-

sity, sustainable development, and climate change. 

 

Figure 8. High-frequency keywords in the field of rural land use and ecological environment from 

1982 to 2023. 

Figure 8. High-frequency keywords in the field of rural land use and ecological environment from
1982 to 2023.

3.4.2. Co-Occurrence Network Analysis of High-Frequency Keywords

A co-occurrence network analysis was conducted on commonly used keywords per-
taining to rural environmental and land use change (Figure 9). This study’s keyword
co-occurrence network illustrates seven clusters that are centered around land use, urban-
ization, climate change, rural areas, biodiversity, urban ecology, and remote sensing as key
nodes. These nodes are also more closely linked to each other.

3.5. Analysis of the Evolution of Research Hotspots

This paper presents the development of research themes in three phases, categorized
by yearly publication frequency trends (Figure 10). The time period from 1982–2007
demonstrated slow growth, and themes emphasized agriculture, conservation, and land use.
The time period from 2008–2014 exhibited steady growth, and research topics continued
to expand, with a primary focus on conservation, biodiversity, and ecological restoration.
Ecological protection, biodiversity, and ecological restoration are increasingly prominent
research topics. The period from 2015 to the present has experienced rapid growth in this
field, focusing on keywords such as land use, urbanization, climate change, and remote
sensing. These keywords suggest that global changes, specifically urbanization and climate
change, have impacted research in this area. Additionally, the utilization of remote sensing
technology has made a substantial contribution to the advancement of this research area
and has provided technical assistance for associated research endeavors.
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4. Review of the Ecological Effects of Rural Land Use Changes

Land use change is a core area of global environmental change research. It is of
great significance to understand the impact of rural land use changes on the ecological
environment. Judging from the results of the bibliometric analysis, land use change,
urbanization, climate change, remote sensing technology, biodiversity, ecosystem services,
etc. are all high-frequency keywords in this field and are also the subject headings for
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topic evolution. How rural land use changes affect the ecological environment deserves an
in-depth study. In this section, we will conduct a review study in this field around subject
headings and look forward to future research directions.

4.1. Urbanization and Rural Land Use Change

Urbanization is a significant aspect in bibliometric analyses and a prominent research
theme in current studies. The concept of urbanization first appeared in the eighteenth
century, after the industrial revolution in Europe. With economic development and social
progress, urbanization has become a focus of attention and research for many scholars. Due
to different starting points of research, different scholars have different interpretations of
urbanization. This study considers urbanization from the perspective of territorial space.

4.1.1. Linkages between Urbanization and Rural Land Use Change

Urban development cannot be separated from land, and urbanization is always accom-
panied by the inevitable result of land expropriation and reduction of cultivated land [42].
Urbanization remains a substantial alteration in land use and land cover that is taking
place globally [43]. Urbanization is an inevitable phenomenon and process of economic
and social development [44], a transformation in the direction of “rural–urban”, bringing
about drastic changes in the structure of the rural economy and social relations, and hav-
ing a broad and profound impact on rural society. The linkage between rural land use
change and urbanization is close. In the strong impact of urbanization on rural society,
rural land, as the most basic factor of production in rural areas, has borne the brunt of
the impact, and the structure, pattern, and manner of its utilization have been affected in
a comprehensive manner, which in turn has changed the process of natural, social, and
economic development of the rural areas [45]. As land is converted to human use during
urbanization, the process is frequently irreversible [46]. On the other hand, the changes
in human activities have resulted in positive impacts on land use and the development of
associated policies [47]. However, despite the many benefits of urbanization, the world’s
rapid urbanization faces growing resource scarcity and environmental degradation.

Urbanization refers to the process of changing from a rural society based on agriculture
to an industrialized urban society [48]. This shift is typically achieved via the acquisition of
arable land for urban development or by encouraging farmers to abandon farming in favor
of more lucrative non-agricultural economic opportunities [49]. There are several categories
of rural land use, which can be separated into three primary functions: productive land,
living land, and ecology land [50]. The majority of research pertaining to rural land use
change has concentrated on cropland. Urbanization usually leads to the depletion of
cultivable land. During rapid economic development and urbanization construction, there
has been a significant loss of arable land resources, particularly high-quality arable land
surrounding towns and cities, which has become the primary aspect of arable land changes
in recent years [15,51]. Developing nations are currently experiencing rapid urban growth
compared to developed nations. China, as the biggest developing nation, is prominent in
this area of research. The bibliometric results provide evidence to support this. China’s
urbanization rate increased from 17.9% in 1978 to 56.1% in 2015 [52]. However, studies
indicate that in the first decade of the 21st century, China lost 4.37 million hectares of
cultivated land [49], with over 80% of urbanization occurring on arable land issued by
first-tier cities [53]. As a basic material for agricultural production, cultivated land plays an
important role in natural evolution, human survival, the ecological cycle, resource economy,
and other activities and is most widely and profoundly affected by human beings [54]. The
loss of cultivated land is a product of direct or indirect human interference [55]. On the one
hand, it is the loss of cultivated land use—the transformation of the type of cultivated land
utilization [56]. A large amount of cultivated land has been utilized for non-agricultural
and non-food purposes, and the resources of cultivated land have undergone great changes.
On the other hand, there is the loss of cultivated land reserves—the risk of potential loss
of cultivated land reserves. In rapidly urbanizing areas, high-quality cultivated land is
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rapidly lost with the outward expansion of urban space, and there is less and less land
available for cultivated land reserve resources. Most of the potential cultivated land is
usually of poor quality. In addition, problems such as land erosion, heavy metal pollution,
and land salinization have led to an increasing decline in the quality of cultivated land, and
the contradiction between people and land has become more prominent [57]. The decrease
in arable land is primarily attributed to the growing demand for urban development. In
the process of rapid urbanization, the demand for urban construction land remains high,
while most of the high-quality cultivated land is located in the urban and rural periphery
and near major transportation routes. Along with the increasing contradiction between
economic growth and cultivated land protection, the risk of cultivated land being occupied
has been increasing.

4.1.2. Protection of Cultivated Land in the Process of Urbanization

Urbanization has a strong correlation with economic development and is a process
of agglomeration and integration of factors of production and economic activities. The
process of urbanization is better promoted through the comprehensive benefits brought
about by economic development. Cultivated land, as the basis of agriculture, provides
most of the agricultural products for human beings. However, considering the occupation
of cultivated land in the process of urbanization and the increasingly serious resource and
environmental problems, it is necessary to take certain measures to strengthen the rational
development and utilization of cultivated land. Only in this way can we better promote
stable economic and social development.

First, land resources should be rationally allocated, and land-use efficiency should be
improved. In the current process of urbanization, in order to realize the effective protection
of cultivated land, it is necessary to rationally plan land-use zones, scientifically control
the scale of urbanized land, and improve the efficiency of land use so as to realize the
economical and intensive use of land. Second, it is essential to strengthen the monitoring
of hot spots of arable land loss, especially the long-term time series monitoring method
that can ensure spatial and temporal continuity [58], in order to strictly control the loss
of high-quality arable land. Furthermore, the development of strategies and policies
that effectively guide the pattern of urban expansion [59] is crucial for the protection of
arable land. Policies aimed at protecting arable land by encouraging urban migration may
paradoxically accelerate the occupation of arable land [60]. Therefore, it is important to
rationally plan the development pattern of urbanization at the national level and make
efforts to reform the land system.

4.2. Ecological Impacts of Rural Land Use Change

With the continuous development of the global economy, ecological and environmental
issues have become increasingly important. Therefore, the ecological and environmental
impacts of land use have been extensively studied, focusing on natural elements such as
soil quality, atmospheric quality, water resources, biodiversity, and others [61,62]. With the
application of related theories, techniques, and models in this field, the relevant studies
have been gradually deepened, and the reliability has been greatly improved. At the
beginning of this century, after the Global Land Project (GLP) was proposed, the focus
of land use research gradually shifted to the impact of land use change on the ecological
environment [63]. The evolution of research topics shows that, since 2015, research on the
relationship between land use and ecosystem services has become more comprehensive
and profound.

4.2.1. Impact of Rural Land Use Change on the Soil Environment

As the loose material layer on the earth’s surface, soil serves as a crucial interface, facil-
itating the reciprocal exchange of energy between ecosystems and the external environment.
Different land uses in this process exert diverse effects on the soil [64]. Reasonable land use
can improve soil structure, increase soil resistance to external environmental changes, and
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maintain and improve soil quality [65,66]. The land has been transformed by urbanization
and added to by human activities, and external intruders may enter the soil, thus causing a
certain degree of pollution. For example, when forest lands are converted to agriculture,
the soil often undergoes degradation. The removal of the forest canopy exposes soil to
direct sunlight and rainfall, leading to increased soil erosion. Moreover, the loss of litterfall
and root systems decreases organic matter input and soil cohesion, respectively, further
exacerbating soil erosion and loss of fertility [65]. Irrational land use practices can cause
problems such as soil ecological deterioration. The alterations in rural land use stemming
from urbanization have markedly transformed the physicochemical environment of the
soil, soil ecosystem services, and the communities of soil organisms [67].

With the population explosion and the expansion of the scope and intensity of human
activities, the contradiction between the scarcity of the economic supply of land resources
and the growth of their social demand is becoming increasingly acute [68]. Land use
changes in areas of rapid economic development are dramatic, and important processes
such as urbanization and industrialization threaten the stability and security of agricultural
production. Changes in rural land use have caused many natural phenomena and changes
in ecological processes, such as soil nutrients and soil heavy metal content. It has been
shown that soil heavy metal accumulation is highly related to urbanization, industrializa-
tion, and land use changes, and that soil environmental quality in different areas within the
same city may also have great spatial variability due to differences in land use patterns [65].

Soil microorganisms play a pivotal role in the soil environment, undertaking essential
functions in ecological processes such as nutrient cycling, carbon sequestration, remedia-
tion of contaminated soil, and the decomposition of soil organic matter [69]. Significant
variations have been observed in the composition, diversity, and network structure of soil
bacteria in urban, peri-urban, and rural areas [70]. Urban peripheries, in particular, have
emerged as hotspots of soil microbial diversity due to increased environmental heterogene-
ity resulting from disturbances, while rural soil bacterial communities exhibit intricate and
stable structural networks [70]. The mechanisms influencing soil microbial communities
necessitate further investigation to ensure the sustainability and health of soil ecosystems.

4.2.2. Impact of Rural Land Use Change on the Water Environment

Water resources constitute a fundamental component in sustaining the equilibrium
of our ecological system. Alterations in land utilization, marked by an escalation in agri-
cultural activities and construction, along with a decrease in forested and grassland areas,
have multifaceted impacts on water resources. Such transformations can precipitate in-
creased surface runoff in watershed areas, elevating both the likelihood and intensity of
flooding. This escalation, in turn, augments the water volume within these regions. Modifi-
cations in the use of rural land further influence the discharge and dispersal of pollutants.
Land designated predominantly for agriculture and construction, in conjunction with
suboptimal farming practices, can lead to the substantial erosion of soil, water, nitrogen,
and phosphorus and the introduction of further contaminants [71]. This degradation not
only contaminates our water sources but also undermines aquatic habitats, reduces water
storage capabilities, and elevates the expenses associated with water purification due to
sedimentation. Additionally, the erosion of topsoil precipitates the depletion of nutrients,
which, despite their importance to aquatic ecosystems, can engender excessive nutrient
runoff [72]. Consequently, this may induce eutrophication, a phenomenon that depletes
oxygen in water bodies, leading to the demise of fish and other aquatic organisms. More-
over, eroded soil can convey other detrimental pollutants, such as pesticides and heavy
metals, from agricultural and industrial activities, further compromising water quality and
posing risks to aquatic ecosystems and public health.

4.2.3. Impact of Rural Land Use Change on Biodiversity

The global issue of biological species diversity loss has garnered extensive research
attention, emphasizing the paramount importance of biodiversity. Biodiversity-related
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research is currently a hotspot and focus of ecological research, which directly affects the
stability and sustainability of ecosystems. Land use change affecting biodiversity has
received great attention [73]. Land use change is the most direct manifestation of the impact
of human activities on natural ecosystems on the Earth’s surface, and it is the main process
leading to species fragmentation and the loss of effective habitats, as well as the main driver
threatening biodiversity [74]. The rural environment serves as a pivotal provider of habitats
for diverse biological species [75]. The rapid evolution of rural environments has engen-
dered notable transformations in rural land use, agricultural production, and tourism [76].
Consequently, these environmental shifts pose a potential threat to the survival of primitive
biological species. Alterations in rural land use and heightened activities have profoundly
modified traditional rural environments, resulting in a direct and detrimental impact on
biodiversity. At the same time, environmental pollution, the increase in greenhouse gases,
and the imbalance in carbon balance caused by land-use change have also indirectly af-
fected biodiversity. Biodiversity is the basis for the harmonious development of mankind
and nature, and with the continuous loss of biodiversity and changes in land use, the
search for effective strategies and approaches to biodiversity must rely on in-depth re-
search on the relationship between land-use changes and spatial and temporal variations
in biodiversity [77] and requires the support of biodiversity conservation technologies [78].

4.2.4. Impact of Rural Land Use Change on Climate Change

The impact of rural land use change on climate change is a significant global phe-
nomenon in the environmental field [79]. Climate change serves as the central theme of
research in the current phase of investigation within this field. Changes in land use, such as
forestry and cropland conversion, influence the emission of trace gases due to alterations
in nutrient cycling and the distribution of organic matter [13]. Rural land use activities,
encompassing land reclamation, cultivation, and wetland drainage, exert a substantial
impact on carbon and nitrogen cycling. Moreover, in numerous developing countries,
land reclamation is frequently associated with biomass burning, which releases substantial
amounts of carbon dioxide into the atmosphere, leading to changes in greenhouse gas
fluxes from agricultural lands globally [80]. Addressing climate change involves two pri-
mary objectives: mitigation and adaptation. Estimates indicate that the agriculture and
land use sectors contribute to 30% of total greenhouse gas emissions globally [81]. There
are widespread efforts globally to integrate the goals of mitigation and adaptation into
regional and national policies.

Nature-based solutions (NbS) have become key in tackling the many challenges
brought on by climate change [82]. These solutions bank on the natural abilities of ecosys-
tems to both mitigate and adapt to environmental transformations, offering a sustainable
and efficient way to manage rural land [83]. Preserving forests and extending the periods
between harvests are standout examples of how NbS can boost carbon capture and storage,
which is vital in the fight against climate change [84]. However, deploying NbS is not with-
out its hurdles, such as disputes over land ownership, financial constraints, and the need
for detailed planning and supportive policies. For the successful application of strategies
like forest preservation and prolonged harvesting cycles, it is necessary to have cooper-
ation between governments, NGOs, landowners, and local communities. Additionally,
policies must encourage sustainable land management and the protection of ecosystems,
along with financial support for landowners and communities to adopt these sustainable
methods [85,86].

4.3. Global Innovations in Sustainable Land Use: Benefiting Rural Areas

Through the examination of scholarly research, we investigate novel approaches to
encouraging sustainable practices in rural land use. It underscores four principal domains:
green infrastructure integration, green space management, climate change adaptation, and
agricultural policy. These strategies are pivotal for achieving equilibrium among rural
advancement, environmental conservation, and societal well-being.
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4.3.1. Green Infrastructure Integration

The integration of green infrastructure into the planning and development of rural
landscapes represents a critical strategy for promoting sustainable land use and ameliorat-
ing its environmental repercussions [87]. This strategy adeptly marries the objectives of
developmental growth with conservation principles, embedding sustainability within the
architectural blueprint of transportation planning [88]. Such cohesion facilitates a symbi-
otic relationship between rural development aspirations and environmental preservation
mandates, crucial for protecting natural habitats, reducing pollutants, and elevating the
living standards of rural communities [89]. This holistic methodology is characterized
by the sequential development of eco-friendly roads and pathways, the execution of inte-
grative land use and transportation planning, and the advocacy for sustainable tourism
and recreation pathways, cumulatively contributing to the edification of resilient rural
infrastructure [90,91].

The prioritization of eco-friendly road and pathway designs underscores the need for
thoroughfares that minimize ecological disruption [92]. These designs strive to mitigate
habitat fragmentation, diminish runoff pollution, and integrate wildlife crossings to ensure
animal safety. The deployment of wildlife overpasses and underpasses in Canada’s Banff
National Park serves as a prime example of initiatives aimed at reducing animal-vehicle
collisions and conserving natural migratory paths [93,94]. Moreover, the concept of inte-
grative land use and transportation planning highlights the importance of harmonizing
development efforts with ecological sustainability goals and promoting the use of existing
public and non-motorized transport infrastructures to safeguard open spaces and curb
urban sprawl [95,96]. The urban growth boundary initiative in Portland, Oregon, encapsu-
lates this strategy by constraining urban expansion and enhancing public transit efficacy,
thereby supporting sustainable tourism and recreational endeavors [97,98]. Sustainable
Tourism and Recreation Pathways advocate for the creation of transport infrastructures
that bolster eco-tourism and leisure activities, contributing to both economic development
and environmental preservation [99,100].

4.3.2. Green Space Management

Effective management of green spaces in rural areas necessitates a comprehensive
approach that harmoniously balances agricultural productivity with the principles of
ecological conservation. By adopting strategic measures for the implementation and
stewardship of green spaces, rural communities can significantly augment biodiversity,
enhance the quality of air and water, and contribute positively to the overall vitality of the
ecosystem [101–103]. The three principal modalities through which these objectives can be
realized include conservation agriculture, agroforestry systems, and wetland restoration
and management.

Conservation agriculture, encompassing no-till farming, crop rotation, and cover
crops, aims to minimize soil disturbance, thus preserving soil health, reducing erosion,
and enhancing water retention [104]. The adoption of these practices in Brazil highlights
their efficacy, demonstrating significant soil health improvements, erosion reduction, and
increased crop yields, and underscores the vital role of sustainable practices in agricultural
sustainability [105]. Agroforestry, integrating trees and shrubs into agricultural landscapes,
fosters a beneficial synergy between agriculture and forestry, enriching biodiversity, soil
structure, and carbon sequestration [106]. In Kenya, agroforestry initiatives by smallholder
farmers, involving nitrogen-fixing trees, have notably improved soil fertility, agricultural
productivity, and wildlife habitats, illustrating the environmental gains from effective green
space management [107]. Furthermore, the restoration and judicious management of wet-
lands are crucial for enhancing water quality, supporting wildlife habitats, and providing
natural flood management [108]. These instances highlight an integrated approach to
green space management in rural settings, emphasizing the importance of conservation
agriculture, agroforestry, and wetland restoration as pillars for sustainable land use and
environmental conservation.
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4.3.3. Climate Change Adaptation

Climate change adaptation in rural areas involves the implementation of strategies
that promote sustainable land use and aim to reduce the negative impacts on the ecological
environment [109]. Strategies are designed to enhance the resilience of agricultural systems,
conserve biodiversity, manage water resources efficiently, and safeguard livelihoods against
the challenges posed by a changing climate.

The advancement of climate-resilient crops plays a pivotal role in counteracting food
production deficits caused by climate change by enhancing crop tolerance to extreme
weather conditions, including drought and salinity [110]. This strategy improves the
resilience of agricultural ecosystems by diversifying the portfolio of drought-resistant
crops. For example, in sub-Saharan Africa, the adoption of drought-tolerant maize vari-
eties developed through selective breeding has proven superior under arid conditions,
securing food production and offering a solution to areas prone to unpredictable rainfall
and drought [111]. Furthermore, the integration of agroforestry and sustainable farming
practices boosts soil health, organic matter, and erosion while promoting natural vegetation
recovery and carbon sequestration, essential for climate change mitigation [112]. Specif-
ically, in the Sahel region, such as Niger, farmer-managed natural regeneration (FMNR)
has gained traction. FMNR involves the regeneration and management of trees and shrubs
from existing stumps, roots, and seeds, leading to enhancements in soil fertility, increased
agricultural yields, and landscape restoration, marking it as an effective climate adaptation
and sustainable land use strategy [113]. Additionally, managing rural water resources
strengthens resilience to climate extremes like floods and droughts [114]. In Rajasthan, In-
dia, the resurgence of traditional rainwater harvesting techniques, through the construction
of johads (small earthen check dams), has improved aquifer recharge and water availability
for irrigation and domestic use, thereby securing water resources amidst the growing
unpredictability of monsoon rains due to climate change [115].

4.3.4. Agricultural Policy

Agricultural policies serve an essential function in fostering sustainable land use
within rural domains while concurrently mitigating adverse environmental impacts [116].
These policies are strategically structured to stimulate land use efficiency, conservation of
natural resources, and maintenance of ecological equilibrium.

Offering subsidies and financial incentives encourages farmers to adopt sustainable
practices by making them more affordable. These practices include enhancing soil health,
reducing chemical use, and protecting biodiversity. An example is the European Union’s
Common Agricultural Policy, which supports eco-friendly farming to lower environmental
damage and increase biodiversity [117]. Setting environmental protection standards forces
farmers to follow certain practices, preventing deforestation and overuse of resources.
Brazil’s Forest Code, for instance, requires farmers in the Amazon to keep part of their land
forested to reduce deforestation [118]. Land Use Planning and Zoning helps protect natural
habitats and manage land use by setting restrictions in sensitive areas, like China’s Ecolog-
ical Red Lines Policy, which limits development in crucial ecological zones [119]. These
policies balance economic growth with environmental preservation, ensuring sustainable
land use in rural areas.

4.4. Future Research Directions

In the research on the impact of rural land use change on the ecological environment,
various factors have led to research in this field. The object of the study is mostly focused
on the larger macro-scale regional research, while the small-scale research is less focused,
ignoring its importance in the process of urbanization. Choosing a typical small-scale
area as the object of study is an effective way to analyze rural land use changes in depth,
and it can also provide a basis for comprehensive large-scale research. The process of
urbanization has led to a number of ecological and environmental problems in rural areas
of developing countries. Strategies and measures to deal with these problems have not
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been studied in sufficient depth. For illustration, consider the application of scenario
analysis in examining the ecological consequences of alterations in land use within rural
regions. This methodology allows for the construction of a conceptual framework to
envision potential future scenarios. It serves as an invaluable instrument for policymakers,
urban planners, and researchers, facilitating the prediction and evaluation of ecological
outcomes resulting from various land use and management strategies. The objective is to
enhance our comprehension of potential environmental repercussions. In the preparation of
a scenario analysis, forthcoming studies may investigate alternatives such as the Business-
as-Usual scenario, wherein agricultural and urban expansion proceeds uninhibited, and
the Governmental Intervention scenario, which concentrates on initiatives like sustainable
land management, green infrastructure, reforestation programs, and a shift towards a low-
carbon economy. Each scenario presents a distinct trajectory regarding the utilization of
rural land and its ecological ramifications. The Business-as-Usual scenario underscores the
grave dangers of inaction, highlighting the necessity for policy modifications. Conversely,
the Governmental Intervention scenarios illustrate how targeted policies can facilitate
sustainable land use and mitigate environmental degradation. Through the examination
of these scenarios, we can discern proactive measures that can be adopted to preserve
rural landscapes and ecosystem integrity over the long term, steering us towards more
sustainable practices and investments.

In addition, with the wide application of GIS and remote sensing technologies in
the fields of land use and ecosystems, strong technical support has been provided to the
research in this field. Thus, remote sensing as a research topic in the current research
phase can also show the importance of these technologies in conducting the research work.
Future research should aim to improve the practical implementation of remote sensing and
other technological advances while promoting the integration of different data sets, such as
remote sensing, ecological, environmental, meteorological, and socio-economic data. In
addition, it is imperative to improve our predictive and analytical capabilities and to move
from environmental monitoring to comprehensive capabilities.

4.5. Limitations of the Research

This study has some limitations, which should be recognized. The results of the
bibliometric analysis are highly dependent on the type of database chosen. Only the Web
of Science Core Collection database was used as the data source for this study. The Web of
Science database is one of the most influential databases, but it may not include all relevant
publications in the field. The inclusion of other databases, such as the Scopus database
and the China National Knowledge Infrastructure (CNKI) database, can provide a more
comprehensive global perspective. In a follow-up study, we will explore the inclusion of
other databases to expand the scope of our study based on the current discussion.

After decades of development of bibliometric analysis, both the theoretical system
and the scope of application have been greatly developed and have received extensive
attention from the academic community. However, bibliometric methods also have certain
limitations. First of all, the measurement index of bibliometrics is only limited to the output
of published papers, not the quality of papers. The methodology chosen in the process
of bibliometric analysis may be influenced by the publication method of the journal, such
as open access or subscription. Secondly, there is a lack of a standard for recognizing the
number of published papers, citations, etc. as indicators of quality. This criterion is difficult
to accurately quantify. These problems need to be solved by conducting in-depth research
on relevant theories and methods.

5. Conclusions

Urbanization induces multiple changes in rural areas and agricultural industries,
leading to the emergence of non-agricultural industries and urban sprawls that reshape the
global land surface. Land use change has profound implications for the sustainability of
the global environment. To comprehensively understand the macroscopic impact of rural
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land use change on the ecological environment, this paper uses bibliometric analysis to
systematically organize 1237 papers related to this field in the core database of the Web of
Science. It elucidates the trend in the number of papers and journals published in this field,
analyzes the main researchers, countries, and institutions, and captures the development of
high-frequency keywords and research topics. On the basis of the results of the bibliometric
analysis, we conducted an overview study of the impact of rural land-use change on the
ecological environment and discussed future research directions. The following are the
main conclusions:

During the period 1982–2023, there is a general upward trend in the number of pub-
lications in the field, which can be divided into three phases: a slow growth phase from
1982–2007, a steady growth phase from 2008–2014, and a rapid growth phase from 2015–2023.
Sustainability, Land Use Policy, and Land are the journals with a high number of articles;
Land Use Policy, Ecological Indicators, Landscape and Urban Planning, and Science of The Total
Environment are the journals with a high impact in the field. Moreover, 4768 researchers
from 95 countries and regions have published papers in this field, and the main researchers
and institutions are from China. Developed countries, such as the United States, have a
high citation frequency and strong research strengths in this field. The high-frequency
keywords in this field include land use, urbanization, China, ecosystem services, biodiver-
sity, remote sensing, and so on, reflecting the key issues that scholars focus on. Research
in this field focuses on the impact on natural elements such as soil quality, atmospheric
quality, water resources, and biodiversity. In addition, we reviewed strategies to promote
sustainable rural land use, focusing on four main areas: green infrastructure integration,
green space management, climate change adaptation, and agricultural policy. These strate-
gies are essential for realizing rural development and environmental protection. In future
research, remote sensing technology can provide strong technical support for research
on land use change in typical small-scale areas and strategies for rural ecological and
environmental problems.
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