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Abstract

The Important Agricultural Heritage Systems (IAHS), a newly recognized category of cultural
heritage, has garnered significant attention within the international scientific community. As global
research on IAHS continues to grow, numerous scholars have conducted literature reviews on this
subject. However, there remains a lack of visualized studies that effectively delineate emerging
research trends. To address this gap, this study employs a bibliometric approach to provide a
comprehensive analysis of the research progress and overarching development trends of the Global
Important Agricultural Heritage Systems (GIAHS) from 2006 to 2023, offering valuable insights for
the future development of related regions and nations. A total of 537 articles from the Web of
Science Core Collection, published between 2006 and 2023, were analyzed using CiteSpace software.
The findings reveal that international IAHS research can be divided into two phases: a fluctuating
growth phase and a stable growth phase. Key countries and regions contributing numerous papers to
core journals on IAHS include Canada, China, the United States, the Netherlands, the United
Kingdom, and Italy. Influential institutions in IAHS research include the Chinese Academy of
Sciences, University of Chinese Academy of Sciences, McMaster University, University of Twente,
and the University of Toronto. Water Resources Research and Journal of Hydrology are the most
frequently cited journals. Research hotspots over the past 18 years have concentrated on topics such
as agricultural heritage systems, regeneration, agroforestry systems, dry stone walls, social capital,
instability, and agricultural biodiversity. Research themes have primarily focused on GIAHS, tourism,
livelihood assets, and georeferencing. Authors from different countries and regions have focused on
distinct research themes. Based on the findings, future research should prioritize practical
applications, micro–level perspectives, social science research, standardized quantitative methods,
and expanding international collaboration. In–depth exploration in these areas will provide
substantial support and guidance for the continued development of IAHS research.

Keywords: Important agricultural cultural heritage; CiteSpace; Globally important agricultural
cultural heritage; Bibliometrics

1 Introduction

In response to the global environmental challenges posed by traditional agriculture and the excessive
use of chemical inputs, the Food and Agriculture Organization (FAO) of the United Nations launched
the Globally Important Agricultural Heritage Systems (GIAHS) Conservation Project in 2002.
GIAHS are defined as unique land use systems and agricultural landscapes that have evolved over
time and dynamically adapted in rural areas and their surrounding environments. These systems are
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rich in biodiversity, meet local social, economic, and cultural needs, promote sustainable regional
development, and are of significant value in enhancing rural ecological systems[1].

To be recognized as a GIAHS, traditional agricultural systems must fulfill five main criteria: food
and livelihood security, biodiversity and ecosystem functions, knowledge systems and adaptation
technologies, cultural value systems and social organization (agriculture), and compelling landscape
and resource management practices endorsed by the FAO(Food and Agriculture Organization[2]. As
of October 2023, 78 Important Agricultural Cultural Heritage (IACH) sites have been established
globally, spread across 24 countries on five continents. Since 2012, National Important Agricultural
Cultural Heritage Systems (NIAHS) have also been initiated. In Europe, for example, the Italian
Ministry of Agriculture, Food, and Forestry Policies has established the National Register of Historic
Rural Landscapes[3]. These IAHS systems, including both GIAHS and NIAHS, are dynamic, adaptive,
composite, and sustainable[4].The promotion and implementation of GIAHS has generated substantial
interest worldwide, emerging as a distinct field of research. Since the FAO's initial identification of
GIAHS, literature related to IAHS has steadily increased, with 2006 marking the beginning of the
field of IAHS research[5]. Therefore, a review of the research outcomes regarding internationally
important agricultural cultural heritage over the past 18 years can provide deep insights into the
evolving trends of both international and domestic agricultural cultural heritage.Research on globally
important agricultural heritage systems began at different times in various countries, resulting in
considerable variations in the depth, breadth, focus, and academic disciplines applied to IAHS
research. To systematically summarize existing research findings and outline areas for future
exploration, numerous scholars have conducted reviews. For instance, Kohsaka et al. utilized text
mining to analyze official interviews, revealing practical issues related to citizen participation in
GIAHS conservation[6]. Similarly, they examined official records of GIAHS certification issuance in
Japan[7]. Kajima et al. employed text mining techniques to analyze official minutes from city council
meetings, addressing issues surrounding GIAHS certification, especially the relationships between
residents and visitors[8,9]. Nagata summarized the development of GIAHS in Japan over the past
decade and proposed strategies for its sustainable development in the future[10]. Additionally, Zhang
et al employed bibliometric methods to assess IAHS research papers published in China from 2005 to
2015, identifying research hotspots and future priorities in this field[11].

While many literature reviews on IAHS research focus on specific regions or countries, relatively
few have adopted bibliometric methods to conduct an international review. More critically, as
relevant research continues to emerge, scholars’ comprehensive understanding of the development of
international GIAHS has become increasingly fragmented. With the expanding volume of studies,
there is a pressing need to stay informed about the latest trends in global GIAHS–related research. A
methodology that can clearly present these trends and guide future research directions is essential.
CiteSpace, a powerful literature visualization tool, can address these challenges. Thus, this study
utilizes the core literature from the Web of Science database as the sample base and visualizes and
analyzes IAHS–related topics published between January 1, 2006, and November 8, 2023, using
CiteSpace 6.2.R6 software. This paper not only summarizes the current state of IAHS research but
also proposes future research directions, offering valuable insights for the development of the
theoretical framework of IAHS.
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2 Data and methodology

2.1 Data sources

In this study, we conducted a literature search using the core journals from the Web of Science
database, employing "agricultural cultural heritage," "GIAHS," "IAHS," and "important agricultural
cultural heritage" as the key search terms. Since 2006, scholars have published papers addressing the
background and concepts of GIAHS, marking the initial establishment of the IAHS research field[12].
As such, we restricted the literature search to articles published between January 1, 2006, and
November 7, 2023. The types of literature included primarily consisted of English–language articles
and reviews. After eliminating duplicate entries and papers that were unrelated to the topic, the
search results provided a comprehensive overview of IAHS–related research over the past 18 years,
summarizing the development trends within this field during that period.

2.2 Methods of analysis

CiteSpace, a widely recognized information visualization tool, not only uncovers the knowledge
structure within a research field but also illustrates the knowledge evolution process of related areas
through knowledge mapping [13]. Bibliometrics, grounded in quantitative research methods such as
mathematical statistics, uses Bradford’s Law to determine the distribution of topics, thereby
reflecting the research landscape and progression within a particular field[14]. Developed by Dr.
Chaomei Chen at Drexel University, CiteSpace is a citation network visualization tool[15].

In this study, we utilized the latest version of CiteSpace 6.2.R6, integrating bibliometric methods to
visualize and analyze IAHS research, ultimately constructing a knowledge map of the field. This
approach facilitates a deeper exploration of the current status and emerging hotspots in GIAHS
research. Through keyword co–occurrence and social network analysis, we identify key research
hotspots [16]. Hotspot emergence analysis and co–occurrence clustering analysis effectively highlight
prominent themes, where hotspots represent categories of keywords with shared characteristics.
These hotspots offer valuable insights for analyzing the overarching trends in IAHS research.
Consequently, in CiteSpace, hotspots are often used to predict future research trends[17].

Additional related terms in this paper stem from studies by Dr. Chaomei Chen and his colleagues.
Readers are encouraged to consult relevant literature or books for further details. The knowledge map
presented in this article represents the key research topics and hotspots within the international IAHS
field.

3 Analysis of research progress

3.1 Analysis of IAHS Research Progress

3.1.1 Changes in the number of publications issued
To gain insights into the trends of Globally Important Agricultural Heritage Systems (GIAHS)
research from 2006 to 2023, we analyzed the last 18 years of publications in the Web of Science core
collection. The results of the literature search are illustrated in Figure. 1. The number of publications
on GIAHS demonstrates clear fluctuations, followed by a general upward trend during this period
(see Figure. 1). In 2006, only 16 articles were published, primarily offering brief introductions to
GIAHS. By 2023, the number of published papers had increased to 38, reflecting growing academic
interest.
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Figure 1: Annual Distribution of International IAHS Research Publications from 2006 to 2023
Based on the fluctuating trends in the number of publications, we can categorize the development of
international IAHS research into two distinct phases. The first phase, spanning from 2006 to 2014, is
characterized as a fluctuating growth phase. During this period, the volume of literature remained
relatively low, with a trend that initially increased and then declined, peaking at around 20
publications or fewer. Notably, two peaks in research activity occurred in 2008 and 2014. This
indicates that IAHS research was still in its nascent stage during this period, with only a few
institutions or researchers actively contributing to the GIAHS program and IAHS research.The
second phase, from 2014 to 2023, marks a period of steady and sustained growth in the volume of
literature, suggesting that international IAHS research is gaining momentum and increasing in
prominence. The rising number of publications indicates that more international scholars are
engaging with IAHS research from various perspectives. This phase signals the transition of IAHS
research into a phase of rapid development and growing global recognition.

3.1.2 Analysis of Publishing Countries and Institutions
To gain a deeper understanding of the cooperation trends between different countries in the IAHS
field and the influence of each country in this domain, we used the "Country" option in the node type
column of CiteSpace 6.2.R6 software, setting the time range from 2006 to 2023. This enabled us to
generate a country collaboration map, as shown in Figure. 2 and Table 1. Leveraging CiteSpace’s
social network analysis functionality, we explored the social network relationships between countries
and institutions involved in IAHS research at both macro and micro levels. This analytical approach
provides a visual representation of the collaborative landscape of IAHS research, highlighting the
cooperation patterns among different countries and institutions. Additionally, it reflects the influence
of each country or institution in the international IAHS field[18]. Notably, the CiteSpace international
collaboration map reveals the structural features of research clusters, emphasizing key nodes and
significant connections within the network.

To gain a deeper understanding of international IAHS cooperation, we used CiteSpace software to
generate a country node map, where each node represents a country, and the connecting lines indicate
the level of collaboration between countries. The size of the nodes in the map reflects the number of
IAHS–related publications produced by each country, while the thickness of the lines indicates the
strength of collaboration between two countries[19]. By setting the "country" as the network node, we
obtained a network map with 22 nodes and 225 connecting lines. This indicates that between 2006
and 2023, IAHS–related literature originated from 22 different countries. The density of the IAHS
cooperation network was calculated as 0.3561 (see Figure. 2). This map highlights the extent of
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collaboration between these countries in the IAHS field. Among these countries, the top 10 with the
highest number of IAHS publications are: Canada, China, the United States, the Netherlands, the
United Kingdom, Italy, Australia, Sweden, France, and Austria (see Table 1). Observing Figure. 2
and Table 1, we find that the United Kingdom and Italy exhibit higher levels of collaboration with
other countries, while China shows relatively lower levels of cooperation with other nations.

Table 1. High–Yield Countries in International IAHS Literature (2006–2023)

sort node number centrality country percentage

1 189 0.47 CANADA 0.35

2 89 0.14 CHINA 0.16

3 83 0.11 USA 0.13

4 58 0.19 NETHERLANDS 0.09

5 49 0.09 ENGLAND 0.08

6 48 0.12 ITALY 0.08

7 32 0.3 AUSTRALIA 0.05

8 32 0.1 SWEDEN 0.05

9 28 0.14 FRANCE 0.04

10 26 0.04 AUSTRIA 0.04

Figure 2: International Collaboration Map of IAHS Research from 2006 to 2023
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Among the countries, Canada has published the most IAHS research papers (189), accounting for
35.20% of the total publications. Following Canada are China, the United States, the Netherlands, the
United Kingdom, and Italy, which contribute 16.58%, 13.01%, 9.67%, 8.89%, and 8.56% of the total
literature, respectively. Centrality reflects the importance of a node within the network (see Table 1).
The centrality of a node represents the percentage of the shortest paths in the network that pass
through that node[19]. The greater the node's degree of association, the higher its centrality, indicating
its greater influence within the domain[15]. Canada has a centrality of 0.47, which indicates stronger
collaboration with other countries in IAHS research. Although China ranks second in terms of the
number of publications, its centrality is relatively low (centrality of 0.14). This suggests that China’s
collaboration with other countries in international IAHS research remains weak.

A comprehensive understanding of high–level international research institutions involved in Global
Important Agricultural Heritage Systems (GIAHS) helps to reveal the distribution of research
institutions and the extent of international collaboration in the field. Therefore, this study focused on
institutions and conducted a search for GIAHS–related literature in CiteSpace 6.2.R6. Using
"organization" as the network node, a map was generated with 394 nodes, representing 394 core
research institutions in the IAHS field. Chinese institutions include the Chinese Academy of Sciences,
University of Chinese Academy of Sciences, Chinese Academy of Agricultural Sciences, Beijing
Union University, Renmin University of China, and China Agricultural University. Representative
institutions from other countries include McMaster University, University of Twente, University of
Toronto, Delft University of Technology, University of Florence, Vienna University of Technology,
Western University, University of Bologna, University of Padua in Italy, Commonwealth Scientific
and Industrial Research Organisation (CSIRO) in Australia, and the University of Arizona in the
United States (see Figure. 3 and Table 2).

Figure 3: Academic Institutions in International IAHS Research from 2006 to 2023
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Table 2. Institutions with More Than 16 IAHS Publications from 2006 to 2023

Rank Number Nodes Centrality Institution

1 200 0.31 McMaster Univ

2 34 0.06 Chinese Acad Sci

3 21 0.03 Univ Twente

4 20 0.13 Univ Toronto

5 18 0.13 Delft Univ Technol

6 17 0.01 Univ Chinese Acad Sci

7 16 0 Univ Florence

8 16 0.04 Vienna Univ Technol

9 16 0.05 Univ Western Ontario

10 16 0.05 Univ Bologna

From 2006 to 2023, a total of 394 major research institutions were involved in IAHS research.
Among them, 11 institutions published more than 16 papers, accounting for 2.79% of the total
publications. The institution with the highest number of publications is McMaster University,
contributing 37.24% of the total. It is followed by the Chinese Academy of Sciences, University of
Twente, University of Toronto, and Delft University of Technology. McMaster University has the
highest centrality in the IAHS research field, with a centrality value of 0.31, indicating its significant
influence within the field. The Chinese Academy of Sciences and University of Twente have also
published a substantial number of papers (Table 2).

3.1.3 Analysis of Author Collaboration Groups
By statistically analyzing the distribution of authors in the IAHS field, we can gain insights into their
contributions and publication activity, offering a micro–level perspective on scholar engagement in
the field. This analysis serves as a useful reference for evaluating scholars within the IAHS
community and identifying key works for further reading. In this study, we utilized the "author"
option in the node type column of CiteSpace 6.2.R6, setting the time frame from 2006 to 2023 and
selecting the "Go Cluster" function. The resulting author collaboration map is shown in Figure. 4 and
Table 3.

In the map, the size of the nodes represents the quantity of collaborations, with larger nodes
indicating authors who have published more papers in the given year. The connections between
nodes illustrate the collaborative relationships between different authors, with thicker lines signifying
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stronger collaborative ties. This visualization helps to reveal the central figures in IAHS research and
their network of cooperation, offering valuable insights into the collaborative dynamics within the
field.

Figure 4: Collaboration Network of High–Productivity Authors in International IAHS Research
from 2006 to 2023

Table 3. Scholars with More Than 9 Publications on IAHS Research from 2006 to 2023

Rank Number of Nodes Centrality Author Percentage

1 22 0 QINGWEN MIN 0.17

2 19 0.04 JOY C MACDERMID 0.15

3 17 0 ARJEN Y HOEKSTRA 0.13

4 13 0.02 MARY LAW 0.10

5 11 0 ANTONIO SANTORO 0.08

6 10 0.02 HENNY A J VAN LANEN 0.08

7 10 0.03 GIULIANODIBALDASSARRE 0.08

8 10 0.01 NORMA J MACINTYRE 0.08
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9 9 0 LISA C CARLESSO 0.07

10 9 0 JULIE RICHARDSON 0.07

The purple outline around the nodes indicates that the authors possess strong centrality, serving as
key figures within the research network. Based on the analysis, several collaboration groups were
identified:

Group 1: ALBERTO MONTANARI, ALBERTO VIGLIONE, ANNE F VAN LOON, ATTILIO
CASTELLARIN, HEIDI KREIBICH, among others[7];

Group 2: NORMA J MACINTYRE, B ARHEIMER, C CUDENNEC, A MONTANARI, M
SIVAPALAN, etc. [20];

Group 3: PETER ROSENBAUM, FRANCESCO PIRAS, ANTONIO SANTORO, MAURO
AGNOLETTI, MARTINA VENTURI[9];

Group 4: QINGWEN MIN, MOUCHENG LIU, YONGXUN ZHANG, etc[21]. (see Figure. 4).

The prominent purple outline around the node of ALBERTO MONTANARI highlights his strong
centrality in the network, indicating his role as a regional bridge between different author
communities or institutions. His ability to control and distribute information has made him a leader in
IAHS research. A red circle in the collaboration network centered on ALBERTO MONTANARI
appeared between 2015 and 2017. During this period, researchers from Canada, such as Wall, G., and
U.S. researchers like Fulle, established a level of cooperation with Chinese authors. Additionally,
Italian researchers like Santoro, A. formed close collaboration networks with authors from Tunisia
and El Salvador[22,23], suggesting Italy's strong representation in IAHS research.

As international collaboration in GIAHS research gradually strengthened, further analysis revealed
that Japanese authors such as Kohsaka, R., Uchiyama, Y., and Kajihara, H. have also developed
regional connections with Korean authors like You, W.H. and Chinese authors. These core authors
play a crucial role in leading and advancing the field of IAHS. Based on the methodology for
determining core authors, which is based on the number of publications, it was found that
QINGWEN MIN is the author with the highest number of papers, publishing 22 articles. Thus, Nmax
= 22, and N1 ≈ 9. Authors who have published more than nine papers are considered core
contributors to the IAHS field[18]. According to the statistics, there are 11 core authors in IAHS
research, with a total of 139 papers, representing 25.88% of the total literature in international IAHS
research. However, the formation of a core author group requires that the core authors contribute
50% of the total publications in the field, which this threshold does not meet. Therefore, a core group
of authors has yet to be fully established in IAHS research.

3.1.4 Cited Authors and Journals
To systematically understand the authors and their publication impact, we selected the "Cited
Authors" and "Cited Journals" options in the node type column of CiteSpace 6.2.R6, with the time
frame set from 2006 to 2023. After running the software, we obtained citation networks for authors
and journals, as shown in Table 4 and Table 5. These networks reveal the academic community
within the research field. By analyzing the co–citation of journals, we can identify the knowledge
base of a specific research area[15].
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The most cited author, ANONYMOUS, has been cited 285 times. Among the journals, Water
Resources Research and Journal of Hydrology are the most frequently cited, each with 124 citations.
Both journals have an impact factor of 5.4 (Q1) and 6.4 (Q1), respectively, in 2023. Table 4 and
Table 5 provide rankings of influential authors and journals in the field of IAHS.

Table 4. Top 8 Most Cited Authors in IAHS Research

Cited Times Centrality Cited Author Name

285 0.44 ANONYMOUS

38 0.07 MONTANARI A

38 0.25 FAO

37 0.05 DI BG

34 0.04 SIVAPALAN M

34 0.09 BL枚 SCHL G

29 0.07 KOOHAFKAN P

28 0.03 HOEKSTRA AY

24 0.07 AGNOLETTI M

23 0.03 BLOSCHL G

Table 5. Top 10 Most Cited Journals in IAHS Research

Cited Times Centrality Year Cited Institution

124 0.02 2006 WATER RESOUR RES

124 0.01 2006 J HYDROL

123 0.01 2008 HYDROL EARTH SYST
SC

112 0.14 2011 P NATL ACAD SCI USA
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106 0.10 2006 NATURE

103 0.01 2006 HYDROL PROCESS

95 0.31 2007 SCIENCE

92 0.01 2008 HYDROLOG SCI J

69 0.08 2006 ARCH PHYS MED
REHAB

65 0.04 2008 GEOPHYS RES LETT

3.2 Cluster Analysis of Research Hotspots

Keywords serve as key indicators of the research hotspots and trends within a specific field. By
ranking keywords based on their frequency, scholars can gain a deeper understanding of the central
topics and the most influential terms within the field. In this study, we used CiteSpace 6.2.R6 to
analyze the extracted literature, selecting the "keywords" option in the node type column, with the
time frame set from 2006 to 2023. The resulting country collaboration map is shown in Table 6.

Table 6. Centrality and Frequency Statistics of High–Frequency Keywords in International IAHS
Research from 2006 to 2023

No. Frequency Centrality Keyword

1 43 0.46 impact

2 41 0.13 climate change

4 36 0.26 management

4 29 0.03 GIAHS

5 23 0.24 model

6 22 0.32 System

7 20 0.06 landscape

8 16 0.07 Sustainability
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9 16 0.19 reliability

10 16 0.12 rehabilitation

11 16 0.09 conservation

12 13 0.04 agricultural heritage

13 13 0.22 China

14 12 0 agricultural heritage
system

15 12 0.01 biodiversity

16 10 0.02 prediction

17 10 0.2 tourism

18 9 0.04 uncertainty

19 8 0.01 land use

20 8 0.07 performance

By ranking 158 keywords from 2006 to 2023 based on their frequency, we determined the number of
papers that included each keyword. The most frequently used keywords include impact, climate
change, management, Global Important Agricultural Heritage Systems (GIAHS), models, systems,
landscapes, sustainability, reliability, restoration, environmental protection, agricultural heritage,
China, agricultural heritage systems, biodiversity, prediction, tourism, uncertainty, land use, and
performance (see Table 6). Keywords related to the impact of agricultural heritage and ecosystem
services show a high centrality, with centrality values above 0.3, indicating that multiple papers have
cited these terms. In the GIAHS field(Food and Agriculture Organization)[21], scholars have focused
on topics such as heritage management, heritage landscapes, land use, water resources, and terraced
landscapes[24]. Researchers have also delved into significant landscape features related to agricultural
heritage, land and water resource management, as well as biodiversity, ecosystem services, heritage
diversity, climate change impacts, and sustainability in agricultural heritage. These research themes
align closely with the unique characteristics of GIAHS in terms of biodiversity and ecosystem
functionality.Beyond the examination of agricultural heritage issues, scholars have also explored
topics related to food and livelihood security. These studies are integral to the sustainable livelihoods
framework and provide theoretical support for sustainable agricultural practices. Past research has
predominantly concentrated on heritage tourism, heritage systems, agricultural heritage systems, and
China's agricultural heritage. These topics align with cultural values, value systems, and social
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organization in agriculture, offering valuable perspectives on the maintenance and transmission of
agricultural heritage.

Lastly, scholars have dedicated considerable efforts to heritage conservation and traditional
knowledge systems, with these studies emerging as key areas of research. These themes resonate
with the characteristics of knowledge systems and adaptive technologies, playing a crucial role in the
protection and preservation of agricultural heritage.

Using CiteSpace, we conducted a visualized cluster analysis of IAHS keywords, which helped
identify the key research hotspots in the international IAHS field. The timeline view, shown in Figure.
5, emphasizes the relationships between clusters and the historical evolution of key topics. By
applying

CiteSpace’s timeline function, we distributed keywords according to their emergence over time.
After the formation of clusters, we selected the timeline view option in the control panel. In the
resulting visual, the size of each ring on the timeline reflects the frequency with which the
corresponding keyword or research theme has been cited. The larger the ring, the higher the citation
frequency, indicating the increasing significance of that keyword or theme within the international
IAHS research field. This visualization enables us to more clearly identify the evolving trends and

key hotspots in IAHS research.

Figure 5: Co–occurrence Timeline of International IAHS Keywords from 2006 to 2023
As time progresses, the timeline chart, shown in Figure. 5, is created based on high–centrality
keywords within the clusters. The key research hotspots along the timeline focus on the following
keywords:

#0 Agricultural Heritage Systems

#1 Regeneration

#2 Agriculture

#3 Agroforestry Systems
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#4 Dry Stone Walls

#5 Social Capital

#6 non–stationarity

#7 Agrobiodiversity

In the timeline of #0 Agricultural Heritage Systems, the first clustering keyword, "land use,"
appeared in 2008[25]. Over time, related keywords gradually increased, including "culture," "China,"
"landscape use," "landscape," and "terraces." From 2006 to 2019, keywords primarily focused on
"landscape use," "China," and "terraces." By 2020, new keywords such as "terrace landscapes,"
"nitrogen balance," and "site selection" emerged. This suggests that early international research on
IAHS primarily concentrated on the development of system landscapes[26,27], with initial focus on
landscape use methods[28,29]. Subsequently, research shifted to focus on regional landscapes,
particularly in countries like China[30], and later on specific forms such as terrace landscapes [31,32]. In
recent years, the research direction has expanded to ecological element balance, such as nitrogen
balance, with a primary focus on site selection issues in IAHS[33].

In the timeline for #1 Regeneration, the first keyword, "biodiversity," appeared in 2011[28], followed
by terms like "ethnobotany," "food security," and "cultural landscapes." From 2018 to 2023, the
keywords expanded to include "traditional agriculture," "soil," "value," and "agroecosystems." Early
research on IAHS regeneration focused on promoting regeneration through biodiversity
conservation[9,34]. The focus gradually shifted towards more abstract aspects of regeneration,
including food security, heritage, knowledge, and cultural landscapes[29]. The research also began to
explore the regeneration of agricultural production factors, such as the revival of traditional
knowledge and soil regeneration at IAHS sites. The scope of research expanded further to include
ecosystem regeneration[34].

On the #2 Agriculture timeline, the first keyword, "sustainability," appeared in 2012[35]. In 2015,
keywords like "climate change," "watersheds," "resilience," and "agriculture" emerged, followed by
"Spanish national research" in 2017, and by 2020, the latest terms were "adaptation," "strategies,"
and "quality." This trend suggests that early research in international IAHS focused on rural
development and environmental protection issues[36]. The perspective of research expanded from a
global view on climate change to a regional focus on changes within specific areas[37], and further
down to the micro–level of agricultural production systems, focusing on agricultural quality
improvement and solutions[38]. The primary research themes examined the impacts of IAHS on global
agricultural adaptation, resilience, and sustainability[39].

In the timeline for #3 Agroforestry Systems[40,41], the first keyword, "system," appeared in 2006[31].
From 2012 to 2017, keywords like "management," "Europe," "region," and "food" emerged. In 2023,
new keywords included "traditional knowledge," "mid–mountain," and "services." Early IAHS
research focused on the wealth and management of IAHS itself. Over time, the research extended to
the factors related to IAHS development. Initially, the focus was on the primary industry, gradually
expanding to the secondary and tertiary sectors. The scope evolved from global system management
to regional system management, and later to specific site–based management[34,36]. The content
progressed from general system functionality and management to more specific studies on tourism
and traditional knowledge within case study regions[37,42].
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In the #4 Dry Stone Walls timeline, the first term "ecosystem services" appeared in 2014[43]. Between
2015 and 2019, keywords like "prediction[44]," "runoff," "cultural heritage," "abandonment," and
"perception" emerged. By 2022, new terms like "agricultural systems" and "life cycle assessment"
appeared. Research on "dry stone walls" has primarily focused on ecosystem service functions,
runoff, landscapes[35], cultural heritage, and the abandonment of dry stone walls[40]Studies on dry
stone walls in IAHS have evolved from focusing on the characteristics of dry stone wall systems to
their changes and existing issues, and more recently, to analyzing their entire lifecycle[32].

On the #5 Social Capital timeline, the first terms "storage" and "water" appeared in 2007[45]. Between
2014 and 2015, keywords like "stakeholders," "West Africa," and "Bangladesh" emerged. In 2018,
"GIAHS" appeared, and by 2020, "denitrification" was introduced. Research on social capital has
expanded from a micro–level perspective on resources to regional and human impacts, focusing on
the development of climate factors and the growth of GIAHS[46]. Human factors often relate to the
natural conditions of heritage sites and the distribution of benefits among heritage site residents and
stakeholders. Research has since broadened to include strategies to improve and optimize livelihoods
from the perspective of capital and income[47]. Throughout this research, natural resources, such as
water, play a key role, as water resources are critical to tourists and support the sustainable
development of IAHS[48].

On the #6 Instability timeline, the first term appeared in 2014[39], with "denitrification" emerging in
2020. Research on instability in IAHS primarily focuses on the instability caused by climate
change[49]. The focus has shifted from large–scale geographic models to specific geographic models
within particular domains[50].

Lastly, on the #7 Agricultural Biodiversity timeline, the first term "dynamics" appeared in 2011[45],
followed by "agricultural biodiversity" in 2013, "farmers" in 2016, and "seed exchange networks" in
2019. Research on agricultural biodiversity in IAHS covers a wide range, from the overall study of
agricultural biodiversity to its maintenance and the protection of agricultural biodiversity through
germplasm exchange[51,51,53].

3.3 Analysis of Keyword Emergence in International IAHS Research

Emergent keywords refer to terms that appear frequently over a short period, reflecting the research
hotspots that scholars focus on during a specific time. These keywords are crucial for understanding
the evolution and development trends of a field during a given period. CiteSpace software enables the
detection of emergent keywords based on the frequency changes of terms over time. By analyzing the
frequency fluctuations of emergent keywords[15], we can uncover shifts in the research hotspots and
trends within the field. These instantaneous changes reflect specific issues that scholars focused on
during particular periods[54].In CiteSpace 6.2.R6, we set the topn=20 parameter. "Keyword"
represents the type of node (i.e., the keyword), "Year" indicates the year the keyword appeared,
"Intensity" shows the frequency of its occurrence, "Begin" marks when the keyword started
appearing, and "Close" marks when it stopped appearing.

By using these settings, we were able to accurately track the evolution of keywords over time and
identify the emergence of research hotspots. This approach helps provide a comprehensive
understanding of the development trends in IAHS research. In this study, we will detail the results
from CiteSpace, focusing on the evolution paths of emergent keywords to gain deeper insights into
the dynamic research trends in the IAHS field.
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Finally, Figure. 6 shows the top 21 emergent keywords in international IAHS research from 2006 to
2023. The highlighted red line in the image indicates the duration of each keyword’s prominence.
Based on the phase–by–phase changes in keywords, we can divide the evolution of IAHS research
into four stages:

Phase 1 (2006–2013): During this stage, international IAHS research primarily focused on
management, biodiversity, and diversity, discussing IAHS characteristics and usage from a macro
perspective[22,53].

Phase 2 (2014–2016): The research hotspots shifted towards heritage, environment, uncertainty,
areas, and forests. This phase emphasized research on natural environments and regional issues[7,31,55].

Phase 3 (2017–2019): Research topics concentrated on impact, climate change, diversification,
sustainability, region, and perception. During this phase, scholars began focusing on the regional
aspects of the research and the perceptions of farmers in those areas[56].

Phase 4 (2020–2023): The focus shifted to cultural heritage, frameworks, models, sustainability, and
GIAHS. Increasingly, scholars recognized the issues surrounding the protection and development
models of international IAHS and began addressing the inheritance, development, and value of IAHS
systems[57,58].

Figure 6: The Top 21 Most Prominent Keywords in International IAHS Research from 2006 to 2023

3.4 Cluster Analysis of Topic Co–occurrence
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The cited literature within a research dataset reflects the knowledge base of a field. Topic clustering
of cited literature reveals the frontier knowledge and important turning points in the evolution of that
knowledge. It also clarifies the relationships between different research frontiers[15]. To better
understand the development trends and the current state of the frontier topics within GIAHS research,
this study set a one–year time frame and applied a logarithmic likelihood ratio algorithm to generate
the clustering map of topic terms, as shown in Figure. 7.

The clustering map highlights keywords from 2006 to 2023, with the red font representing the major
research topics of that period. The map is followed by a co–occurrence timeline of topic terms and a
clustering of IAHS keywords from 2006 to 2023. Each axis represents authors and their publication
times, corresponding to the topics on the right axis and the first citation time of the related documents.

Based on the topic term clusters and the co–occurrence timeline analysis, we identified four well–
defined clusters (see Figure. 7, numbered 0, 2, 3, and 9). The smaller the number, the more keywords
are included in the cluster. Each cluster contains multiple closely related terms. Other cluster results,
which have been summarized previously, are excluded. The colors on the timeline correspond to the
citation documents associated with each node, representing different years. The same color links
authors collaborating on the same topic across different years[23,59].

These clusters reflect the research hotspots in international IAHS from 2006 to 2023, including:

0# Global Important Agricultural Heritage Systems

2# Tourism

3# Livelihood Assets

9# Direct Georeferencing

Figure. 7: Co–occurrence Timeline of International IAHS Topics from 2006 to 2023
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Figure. 8: Clustering of International IAHS Topic Keywords from 2006 to 2023
0# Global Important Agricultural Heritage Systems (GIAHS): According to the citation frequency
analysis of core literature, key studies focus on the transmission mechanisms of traditional
knowledge at heritage sites, the dynamic adaptation of heritage and protection strategies, and the
tourism development and utilization of heritage resources[48,52].

2# Tourism: In core literature, scholars primarily explore the relationship between tourism and
farmers' livelihood capital[60,61], as well as the sustainable development of tourism resources. In terms
of livelihood capital, research mainly focuses on ecological compensation and government policies
supporting livelihood sustainability. Regarding tourism resources and sustainability, scholars
examine the impact of tourism on farmers' sustainable income and livelihood sources, along with the
identification, development, and protection of tourism resources.

3# Livelihood Assets: Core journal articles focus on the capital investments of community residents,
including the measurement of farmers' livelihood capital, land use, sustainable livelihoods, and labor
migration. The research methods employed include case studies, coupling measurements, and
others[62,63].

9# Direct Georeferencing: Core journal literature concentrates on various perspectives, including
remote sensing technology measurement, topographic map time and spatial measurement,
hydrological models, and rainfall–runoff models. Key papers primarily focus on the direct
application of geographic measurement tools and methods in the IAHS field, as well as the
mechanisms by which these tools and methods contribute to the development of IAHS[5,17].

Overall, from the perspective of co–occurrence clustering analysis, current global research on
Important Agricultural Heritage Systems mainly centers on integrated studies of protection and
sustainable development. Additionally, scholars are focusing on other areas such as tourism,
livelihood assets, and geographic information analysis of international agricultural heritage.

4 Conclusion and Outlook

This study utilizes the bibliometric visualization software CiteSpace 6.2.R6 to analyze 537 IAHS
research papers from the Web of Science core dataset, creating a visual network analysis that
includes distributions of authors, institutions, countries, keywords, and subject terms. Our analysis,
based on the visual distribution of authors, institutions, and countries, provides an overview of
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international IAHS research from 2006 to 2023. Building upon this, we explored the topic and
keyword distributions, and conducted an in–depth analysis of the research trends and hotspots in
international IAHS research. The main conclusions are as follows:

4.1 Results

4.1.1 Known Results
(1) Research Phases and Publication Trends: The international IAHS research from 2006 to 2023
can be divided into two distinct phases: the fluctuating growth phase (2006–2014) and the stable
growth phase (2014–2023). While the overall trend shows an increase in publications, the number of
IAHS papers remains relatively low compared to other academic fields.

(2) Institutional Network in GIAHS: The major institutions involved in IAHS research include
McMaster University, University of Twente, the Chinese Academy of Sciences, University of
Chinese Academy of Sciences, and the University of Toronto. Regarding publication by country,
Canada, China, the United States, the Netherlands, the United Kingdom, Italy, and Australia lead in
the number of published papers. Despite China’s high volume of publications, its centrality is
relatively low, indicating the need for China to strengthen international scientific collaboration to
enhance its global influence in GIAHS research.

(3) Author Collaboration and Research Networks: IAHS research involves multiple author groups,
with key contributors from countries such as Canada, China, Italy, Japan, the United States, the
Netherlands, and the United Kingdom. However, a global core author group has yet to form,
suggesting significant potential for broader international collaboration in the field.

(4) Highly Cited Authors and Journals: In the Web of Science core collection, the most frequently
cited author in the IAHS field is ANONYMOUS, whose works have been cited 285 times. The most
cited journals are Water Resources Research and Journal of Hydrology, each with 124 citations, with
impact factors of 5.4 (Q1) and 6.4 (Q1) in 2023. In terms of keywords, the most prominent terms in
international IAHS research include agricultural heritage systems, regeneration, agriculture,
agroforestry systems, dry stone walls, social capital, instability, and agricultural biodiversity. From
2006 to 2023, the research focused mainly on GIAHS, tourism, livelihood assets, and direct
georeferencing. Overall, the research papers are highly concentrated in areas such as geography,
tourism, capital donations, and biodiversity.

4.1.2 Unexpected Results
Through the analysis of cited literature, several unexpected spatial connections and differences have
emerged:

(1) Geographical Distribution of Research: The geographical distribution of GIAHS research
authors is predominantly concentrated in Asia, including countries such as China, Japan, and India.
In Europe, key countries include Italy, the United Kingdom, Germany, France, Sweden, Spain,
Denmark, and Belgium. In Africa, research is mainly concentrated in South Africa and Ethiopia. In
Oceania, Australia is the primary contributor, and in the Americas, research is led by North America
(Canada and the United States) and South America (including Chile and Brazil).

(2) Research Focus by Country: Authors from China, Canada, Japan, Italy, Germany, France, the
United States, and Australia have made significant contributions to GIAHS research. Each country's
scholars focus on different aspects of agricultural heritage systems. For example, U.S. scholars tend
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to focus more on agricultural heritage systems in other regions, such as in Africa[64,64]and Europe[66],
particularly African agricultural heritage, while doing less research on their own country's
agricultural heritage. Their studies often compare metropolitan or urban farm systems and explore
topics like biodiversity in traditional agricultural systems[67], agricultural policy[66], food security[39],
and geographical exploration [63]. This is likely due to the United States' historical focus on industrial
heritage, with relatively fewer agricultural heritage sites.

(3) Unique Focus in Australia and Japan: Australian scholars have a distinct focus on
environmental issues near World Heritage sites like the Great Barrier Reef, including water pollution,
recycling, and environmental degradation[42,68]. The long coastline of Australia and its rich
biodiversity, particularly the Reef, make water quality an important area of concern. In Asia, Japan
and China have rich agricultural heritage, with their GIAHS projects starting earlier, leading to more
comprehensive research on agricultural heritage. Early Japanese research focused on agricultural
products, tourism, ecosystems, and environmental management[19,69,70], later shifting to landscape
studies, such as the "Chūzan" system, a regional unit that integrates agriculture, forestry, and fishery
activities centered around mid–mountain areas[71]. In China, research topics include systems like
rice–fish cultivation[72].

(4) European Contributions: In Europe, key countries contributing to GIAHS research include Italy,
Germany, Spain, and France. Italian scholars often specialize in specific fields, with research
focusing on ecosystem services, biodiversity, sustainability, and policy management[64,73,74]. German
scholars tend to use vineyards as case studies, focusing on biodiversity and landscapes[53,75]. This may
be related to the country's rich wine heritage. Spanish scholars are inclined to use landscape studies,
given the country’s natural beauty[76], while French scholars focus more on biodiversity–related
terms[57,77].

(5) African Contributions: African authors have not yet formed a large collaborative network, with
research mainly focusing on traditional knowledge[78]. However, there are notable regional
collaborations, such as between the United States and African countries in GIAHS research.

(6) International Research Networks: As mentioned, some countries, such as the U.S. and Africa,
have established research ties, particularly around agricultural heritage. British scholars, given the
country’s industrial development, frequently research agricultural heritage in countries like Egypt
and Turkey, building associated social networks[79,80]. Additionally, Chinese and Australian scholars
have collaborated on the sustainable development of rice cultivation[25,65], while French and
Australian scholars have collaborated on grassland management[76,81]. Similar to Germany, Italian
scholars have also focused on the economic development and biodiversity of vineyards[28,82]. Some
regions have formed true multinational collaborations, such as the East Asia Agricultural Heritage
Systems Research Association (ERAHS), established in October 2013 through an initiative from
China, Japan, and Korea. Since 2014, the three countries have taken turns hosting the association's
activities, except in 2020[83].

(7) Diversity in Agricultural Heritage Forms and Management: The forms and management of
GIAHS differ by country and region. In Asia, particularly Japan, Korea, and China, natural
conditions are similar, but Japan has a relatively richer variety of GIAHS sites, each establishing
various multi–stakeholder participation mechanisms. This gives Japan an advantage in urban
agriculture and historical cultural heritage preservation. For example, the spontaneously organized
Global GIAHS Cooperation Network, led by the governments of GIAHS sites, has played an
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important role in promoting the development and protection of agricultural heritage in Southeast
Asia[15,84].

(8) Regional Differences in Agricultural Heritage Management: In Europe, vineyards and
botanical gardens are the primary types of GIAHS. Spain and Italy are key regions for the
distribution of global agricultural heritage sites. The management approach in these countries is more
top–down and government–guided. In the United States, research has focused on suburban
agricultural preservation and urban farms due to its early industrial development. Furthermore,
countries like Italy and China, with a variety of agricultural heritage, can support each other in cross–
regional sustainable development[85]. Countries or regions with weak policy support can learn from
Japan’s GIAHS management practices.

4.1.3 Significance
This study utilizes CiteSpace visualization analysis and widely cited international GIAHS literature
to directly reflect the development trends of GIAHS over the past 18 years[15,86]. The use of
visualization analysis methods provides a clear representation of the evolution of GIAHS research,
allowing for a deeper understanding of the field's progression[87]. Furthermore, the study highlights
the latest research trends within the GIAHS domain, helping researchers form a clearer understanding
of current issues and future directions[88,89].The findings can assist scholars from different countries in
advancing international exchanges and collaborations on IAHS research. Additionally, through the
analysis of the spatial distribution and cross–regional government management characteristics of
cited literature, this study uncovers interesting spatial–temporal patterns in GIAHS development,
including similarities and differences in GIAHS development across various regions.These results
contribute to the theoretical advancement and practical sustainability of Global Important
Agricultural Heritage Systems, providing a valuable framework for future research and policy
development in agricultural heritage preservation and sustainable management.

4.2 Limitations of the Study

While this study provides valuable insights into the progress and trends in IAHS research, there are
several limitations that should be acknowledged:

(1) Reliance on Web of Science Database

This study exclusively used the Web of Science Core Collection as the data source. Although this
database is widely regarded as highly influential and comprehensive, it does not encompass all
publications in the IAHS field. Some relevant research might be published in other databases or
sources not covered by Web of Science, which may limit the breadth of the analysis.

(2) Exclusion of Non–English Literature

The literature included in this study primarily consists of English–language articles and reviews. This
may have led to the exclusion of significant contributions published in other languages. Non–English
literature, particularly in countries where IAHS research is emerging, could offer valuable insights
and perspectives that are not fully represented in this study.

(3) Focus on Bibliometric Analysis

While the bibliometric approach used in this study provides a broad and quantitative overview of
IAHS research trends, it does not capture the qualitative aspects of the field. For example, the depth
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of analysis regarding the content, context, and implications of individual studies was not addressed.
Future research could benefit from a mixed–methods approach, combining bibliometric analysis with
in–depth qualitative reviews.

(4) Time Frame Limitations

The study is limited to literature published between January 1, 2006, and November 7, 2023. This
time frame excludes some earlier contributions to the IAHS field, particularly those that may have
laid the groundwork for more recent developments. Expanding the time frame to include earlier
studies could provide a more comprehensive historical context to the evolution of IAHS research.

(5) Geographic and Institutional Bias

The study highlights the dominance of certain countries and institutions in IAHS research, such as
Canada, China, and the United States. However, this dominance may reflect publication and
collaboration patterns rather than the true global distribution of research efforts. Future research
should explore the research contributions from a broader range of countries and institutions,
especially from regions with emerging research in IAHS.

Despite these limitations, the study offers a valuable framework for understanding the global trends
in IAHS research and provides a foundation for future studies in this evolving field.

4.3 Research Outlook

Through the cluster analysis of keywords and subject terms, the research directions of scholars in this
field can be summarized from the clustering results, and the shortcomings and prospects of
international IAHS research can be proposed.

(1) The research content of international IAHS is expanded to application areas and micro
perspectives

The current research content mainly focuses on the characteristics of international IAHS, but there is
less research on the summarization, promotion and application of the core values of international
IAHS. On the basis of the existing research, the future IAHS can be expanded to other fields such as
education and research, promotion and application, and also to the research of a certain type of IAHS
and the categorization of IAHS.

(2) IAHS should strengthen the research in the field of social sciences and build a comprehensive
discipline system

At present, the research results of IAHS are mainly concentrated in the fields of natural sciences such
as agriculture, ecology, plants, soil, hydrology and so on. International IAHS is also mainly
concentrated in the field of social sciences such as economics represented by livelihood capital and
social assets, and tourism represented by tourism resources, etc. IAHS is a natural–economic–social
complex system [80]. In the future, the disciplines of international IAHS research should expand to a
variety of disciplines and fields such as psychology, art, management, etc., and seek cross
development[86]. IAHS should construct a complete theoretical system in the field of IAHS to
promote the formation of a multi–perspective understanding of IAHS and effective protection.
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(3) International IAHS should strengthen the application of standardized quantitative research
methods to improve the scientific nature of the research process and results

Throughout the research on international IAHS, most of the studies were initially based on
qualitative research. In recent years, it has gradually expanded from qualitative research to research
combining qualitative and quantitative. Among them, the methods of geography and ecology have
been applied more, such as keywords such as dynamics and other perspectives such as hydrological
terrain modeling, which are more widely used in the international literature on IAHS. However, the
use of empirical methods is still rare. Future research methods can be extended to qualitative research,
such as rooted theory and the use of more sophisticated empirical procedures for quantitative
research on international agricultural IAHS, to enrich the objectivity and feasibility of international
IAHS research.

(4) Expanding international cooperation of IAHS research groups

Currently, the number of publications in China is relatively high, but the centrality is low, which
indicates that China needs to strengthen international cooperation and research. This also provides a
reference for international IAHS research. Research in foreign institutions should strengthen the
professional team. While ensuring the publication volume, it is necessary to strengthen exchanges
and cooperation between countries and regions, expand the influence and cooperation of the core
research team, and enrich the international IAHS research talent team. Finally, international IAHS
research should be carried out comprehensively.
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