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Abstract

Resources are essential for human survival and development, and resource security occupies an important position in national
security. With the increasing resource shortage problem, ecological stability is facing severe challenges. All countries
are actively seeking new sustainable development ways to deal with various issues and shocks caused by the shortage of
resources. This study aims to systematically and comprehensively evaluate the knowledge structure, research hotspots, and
resource security evolution trends. Based on the number of 6391 articles retrieved from the Web of Science database from
1990 to 2021, this article carried out a visual analysis of global resource security research from the perspectives of scientific
output characteristics, keywords, and highly cited literature scientific collaboration networks and hotspot emergence analysis.
The research results show that after humans have experienced new public safety incidents, their understanding of resource
security and sustainable development has risen to a new height. The number of relevant documents is increasing rapidly. At
present, the research on resource security is still dominated by developed countries in Europe and America. This study finds
that “food supply chain,” “water availability,” and “soil resources suitability” are the frontiers and hotspots in the field of
resource security. Besides, “biodiversity,” “mineral resource security,” “medical and health resources” are important topics
and directions of current research. This study provides a theoretical basis for scholars to explore the future research direction
and practice of resource security, to achieve ecological stability and sustainable development.
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Introduction countries have launched fierce competition around the

exploration, exploitation, and supply of resources. This

Resources are essential for measuring a country’s com-
prehensive strength and the cornerstone of national eco-
nomic development. With the accelerating process of eco-
nomic globalization, natural resources are crucial. Various
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indirectly brings a huge challenge to ecological stability.
The issue of resource security has become an essential
strategic plan for all countries in the world (Peng et al.
2004). Also, the problem of resources security, ecologi-
cal stability, and sustainable development has become
increasingly severe, especially in recent years. The crisis
threatening global environmental resilience and human
health continues to intensify, such as global temperature
rise, sea-level rise, Fukushima earthquake in Japan and
the nuclear leakage in 2011, Japanese nuclear wastewa-
ter discharge, COVID-19 in 2020, and desertification in
Darfur, leading to thoughts and worries about coopera-
tion between countries around the world (Zheng 2017).
Resource security and ecological stability are conducive
to promoting sustainable urban development and accelerat-
ing low-carbon development goals. In this context, global
scholars will pay more attention to resource security. To
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deeply understand global resource security research status,
it is vital to comprehensively review and summarize the
current research achievements in global resource security.

Different scholars have studied the field of resource
security. Christina Cook et al. comprehensively reviewed
water security from both academic and policy literature,
compared the definitions and analyzed methods of water
security in different sciences, and put forward the idea of
putting good governance first (Cook and Bakker 2012).
Ronald Amundson analyzed the difficulties and challenges
of policies related to soil resources in the management
process (Amundson 2020). Ronald Vargas Rojas studied
the relationship between soil health and food security and
advocated the establishment of a global soil partnership
to achieve world food security (Rojas et al. 2016). Yao
Liming explored the relationship between water-energy
food and proposed an important method to improve water
quality (Yao et al. 2016). This research is of great signifi-
cance for realizing resource conservation and sustainable
development in the future (Xu and Yao 2022). Tatiana
Ponomarenko (Ponomarenko et al. 2021) and Antoine
Beylot (Beylot et al. 2021) conducted in-depth studies on
the dilemmas and dissipation of mineral resources. Zeng
Xianlai researched the sustainability of critical metals
and e-waste management (Zeng et al. 2015; 2018). Also,
other scholars have carried out analyses from the aspects
of biological resources diversity (Flgjgaard et al. 2020),
medical and health resources (Takura et al. 2021), sus-
tainable circulation of water resources (Xiang et al. 2021;
Shen et al. 2014; Sutapa et al. 2021), and mineral resource
safety (Baninla et al. 2019; Shao 2019; Zhang et al. 2021).
Based on the research of scholars, this paper systemati-
cally sorts out the research in the field of resource security
and provides suggestions for policy.

In recent years, the number of relevant literature on
resource security research is increasing, covering a wide
range of topics involving multiple disciplinary fields. This
brings certain drawbacks to the exploration of emerging
research fields, research hotspots, and research frontiers of
global resource security. The advent of big data has brought
great value to all fields of current society (Wang and Lu
2020). Data mining, data analysis, and graphics process-
ing technology are widely used in the research of various
industries. The combination of computer technology and
traditional mathematical statistics makes the visualization
analysis of scientometrics possible. Scientometrics can intui-
tively reflect all the information in the research field through
knowledge graphs to explore the research hotspots and future
trends in specific fields. It is widely used in medical (Wang
et al. 2019), intelligent manufacturing (Asemi and Ko 2020),
business economics (Castillo-Vergara et al. 2018), artificial
intelligence (Darko et al. 2020; Mustak et al. 2021), and
other fields.

In this paper, we will use scientometric research methods
from a new research perspective to comprehensively and
systematically review relevant research in the field of global
resource security and use Rostcm 6 published by Wuhan
University and CiteSpace to conduct text mining, cluster
analysis, co-citation analysis, network analysis, and emer-
gent analysis to answer the following questions: (1) Which
countries or regions, research institutions, and scholars have
made outstanding contributions to the development of global
resource security research? (2) What are the development
trends, research frontiers, and future trends in the field of
resource security? (3) Which journals have a significant
influence in the field of resource security research? (4)
What changes have scholars’ attention to resource security
research? (5) What areas do international cooperation in
resource security involve?

Materials and methods
Data sources

At present, the databases commonly used by international
experts and scholars include PubMed, Web of Science, Sco-
pus, and Google Scholar (Liao 2009). Each of these data-
bases has its unique advantages and disadvantages. The best
results can be obtained when using the PubMed database for
keyword retrieval. It is mainly based on biomedical elec-
tronic research but lacks data from other fields (Falagas et al.
2008). Scopus database covers a wider range of journals.
It can better provide keyword search and citation research.
However, the Web of Science database is limited to recent
publications (published after 1995) (Falagas et al. 2008;
Anker et al. 2019; Chertow et al. 2021). As a bibliometric
data collection tool, the Google Scholar database has a wide
range of research, but the data quality is relatively low, and
the repetition rate is high (Bar-Ilan 2010; Harzing 2019).
Web of science is a comprehensive database (Orduna-Malea
et al. 2019). It provides unified and standardized literature,
which can better visualize the collected data. Most schol-
ars prefer the Web of Science database for bibliometric and
visual analysis (Chen et al. 2020; Radu et al. 2021).

Based on these reasons and to ensure the reliability
of the data, this paper selected the core databases in
Web of Science: Sci-Expanded, Ccr-Expanded, SSCI,
and Index Chemicus to retrieve relevant literature data.
The data collection method and scientometric analysis
structure adopted are shown in Fig. 1. The determined
search formula is TS = (global resource security) OR
TS = (global resource safety) OR TS = (zero risk of global
resources) OR TS = (International resource security) OR
TS = (International resource safety) OR TS = (zero risk
of international resources) AND PY =(1990-2021).
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Fig. 1 The research framework of resource safety

TS =“Topic” is the expression used in Web of Science  such as reports because such literature does not have the
for advanced retrieval and then manually remove lit-  standard format for CiteSpace analysis. They will not
erature not related to this research topic. The literature ~ have an excessive impact on the results of the visualiza-
analyzed in this paper does not include “gray literature”  tion analysis (Hou et al. 2018).
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Research methods and tools

Bibliometrics is a statistical method to quantitatively ana-
lyze scientific literature by applying the relevant theories
of mathematics and statistics. By collecting and comparing
papers from different sources in a specific research field, this
paper summarizes the number of publications, research hot-
spots, and research methods to analyze the current research
status and trends. Scientific knowledge mapping (mapping
knowledge domains) is a kind of image that takes the knowl-
edge domain as the research object. It shows the relation-
ship between the development process and the structure of
scientific knowledge. Also, it can help researchers analyze,
judge, and predict the development dynamics and discipli-
nary frontier trends of certain subject areas (Chen 2006; Guo
et al. 2015; Chen et al. 2015).

Among the numerous bibliometrics and knowledge map-
ping tools, CiteSpace developed by Professor Chen Chaomei
from Drexel University in the USA is highly favored and
recognized by researchers (Chen et al. 2014). This software
is an information visualization software developed based on
Java language (Liao 2009), which can present knowledge
structure, distribution, and law through visualization. It is
also commonly used to draw scientific knowledge maps to
explore research hotspots, research frontiers, and research
trends (Hou et al. 2018), specifically national cooperative
research, institutional cooperative research, and author coop-
erative research. In this paper, we use CiteSpace 5.5 R2 as
a metrological tool to visually analyze the knowledge struc-
ture, law in the field of global resource security, and con-
duct a co-citation analysis of relevant literature to explore
knowledge clustering and distribution. At the same time, it
carries out a detailed analysis of the cited literature to clar-
ify the research hotspots and frontiers at this stage. Finally,

Fig.2 The number of publica-
tions in the global resource
safety area from 1995 to 2021

based on the results of quantitative analysis, it constructs the
knowledge map of global resource security research.

Results
Analysis of publication types and periodicals

The number of scientific achievements can reflect the degree
of scholars’ attention to a certain field. This paper retrieved
6391 literature data about global resource security, including
4973 articles, 1036 reviews, 255 proceedings papers, and
127 Editorial materials. The paper used the data analysis
software ROSTCM 6 and the Excel tool to carry out sta-
tistics and draw the histogram, as shown in Fig. 2. From
the time dimension distribution of literature publication
quantity, the number of articles on resource security has
increased exponentially, from 8 in 1995 to 978 in 2020;
from another perspective, resource security-related research
is receiving increasing attention from society and scholars
from all walks of life. Besides, the growth rate of the litera-
ture can be roughly divided into three stages: the first stage is
from 1995 to 2003; the number of literature grew slowly, and
researchers started to explore the field of resource security;
the second stage is from 2004 to 2008; the number of lit-
erature reached a rapid growth. After the SARS epidemic in
2003, the concept of human development changed, and peo-
ple began to realize the importance of “total global work.”
By sharing and managing global resources and strengthening
cooperation, we can ensure orderly and sustainable human
civilization (Guo 2004). This may be one of the reasons
for the vital turning point of the number of papers in 2003.
The third stage is from 2009 to 2021, the number of arti-
cles reached a boom period. The financial crisis has brought

y= 13.36&0'1551"

R2=0.8436
1000
900
800 . . : L :
Preparation period ‘Growth period | Boom period
gy 79 (4.34%) (7.39%) ! (88.27%)
2 600 < SESSEEER—— P SR, Y [ S - -—-n- o
2 500 r
400 <
300
o I | |
wl 4 | |
o DU— e | I
AR Rf 8888228288858 ss88s888
o~ S AN AN AN AN AN AN A AN AN AN AN AN AN AN AN AN AN ANANANANNAN
B Number of papers Year

@ Springer



50196

Environmental Science and Pollution Research (2022) 29:50192-50207

severe challenges to the resource security of all countries,
which are gradually realizing that bundled economy will
bring greater development conflicts. So far, more and more
scholars are devoted to the research of resource security.

From the distribution of journals, we can see that more
than 100 journals publish papers related to resource security.
In this paper, the top 10 source journals of resource security
are selected (as shown in Table 1). It can be seen that “Sus-
tainability” has the largest number of papers published, while
the Journal of Cleaner Production and Science of the Total
Environment have relatively high impact factors in the top 10
journals, with impact factors of 7.246 and 6.551. The subject
categories are “Green & Sustainable Science & Technology”
and “Environmental Sciences & Ecology.” The discipline of
these journals involves multiple disciplines such as Sustain-
able Science, Ecology Sciences, Environmental Sciences, and
Atmospheric Sciences. This shows that the research in the
field of resource security is interdisciplinary.

Analysis of scientific cooperation networks
Analysis of author cooperation

Scientific cooperation refers to exploring the relationship
between different countries, institutions, or authors of the
same article. Authors with a large number of literary publica-
tions and citations indicate that they have continuous academic
commitment and influence in the field of resource security (He
2020). The authors’ statistical analysis from two aspects can
get the core research author in this field more comprehensively
and accurately. In bibliometrics, the American scientist Price
proposed the famous Lipes law in studying the relationship
between the number of scientists and the number of scientists’
literature (Ding 1993). According to this law, the authentica-
tion formula of the core author is in Formula (1):

M =~ 0.749 % \/ Nmax (1

Table 1 The top 10 journals in terms of publications

where Nmax represents the researcher with the most pub-
lished papers and M is the minimum number of published
papers. In terms of the number of papers issued, the maxi-
mum number of papers published by the authors from 1990
to 2021 was 21, that is, Nmax =21, M~3.432. Therefore,
the number of single authors published in more than four
articles was selected as the core authors in this field. Accord-
ing to the statistics, 57 authors have published more than
four papers, and these authors have published 312 papers in
total. In terms of the number of citations, the author had the
highest citation times of 243 times from 1990 to 2021, that
is, Nmax =243, M~11.676. It indicates that the authors are
identified as core authors only when the citation times of
their articles are 12 or more. One hundred five authors meet
the requirements.

Based on the above two evaluation indexes of core
authors, ten authors are meeting both evaluation indexes,
the total number of publications is 73, and the number of
cited authors is 818, accounting for 13.3% of the total num-
ber of cited authors. There is a certain gap between these
two data and the 50% core authors identified in Lipes law.
According to CiteSpace analysis, there is a large gap in the
cooperation between authors in the field of resource secu-
rity, some of which are small-scale cooperation between
two people and some of which are collective research
between most authors. As the core of the collaboration
group, Paolo D'odorico, Edward H Allison, and Maria
Cristina Rulli are the most significant and most closely
connected. The above results indicate that although there
are many small-scale exchanges among scholars in this
field, on the whole, the sense of cooperation and academic
exchanges among scholars need to be strengthened (Fig. 3).

Analysis of collaborating institutions

According to the statistical results, there are 357 institutions
worldwide researching resource security. This paper selects

Source publication Number Impact factor Categories

Sustainability 116 2.56 Environmental Sciences

Journal of Cleaner Production 74 7.246 Green & Sustainable Science & Technology
Renewable Sustainable Energy Reviews 64 5.042 Environmental Sciences & Ecology

Energy Policy 58 6.096 Meteorology & Atmospheric Sciences

Plos One 56 3.227 Science & Technology—Other Topics
Environmental Research Letters 51 6.096 Meteorology & Atmospheric Sciences

Science of the Total Environment 51 6.551 Environmental Sciences & Ecology

Food Security 45 3.285 Food Science & Technology

Marine Policy 43 3.342 Environmental Sciences & Ecology/International Relations
Water 41 2.544 Environmental Sciences & Ecology/Water Resources
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the top ten institutions for statistics (according to the number
of documents) and draws Table 2.

As can be seen from the table, the Chinese Academy
of Sciences published the most significant number of
articles in resource security, followed by the University
of British Columbia and the University of Oxford (Eng-
land). Overall, three of the top 10 institutions (in order
of publication volume) are from the USA, and two are
from Australia. China, Canada, England, and the Neth-
erlands have one institution in the top ten. The analysis
shows that the prominent institutions in resource security
research are still developed countries at this stage. Devel-
oping countries account for a relatively small proportion

T,00UGLASNOVE HOEGHGULDBERG

V2110 ZHMNG

in comparison. Figure 4 shows the cooperation graph
among institutions. Most of the color lines are purple-
red, and purple outer circles appear in institutions such as
the University of Washington, University of Melbourne,
and Sheffield. It indicates that these institutions have high
intermediate centrality. These institutions play an essential
role in cooperation in resource security.

Analysis of collaborating countries
Different countries pay different research and attention to

the field of resource security. According to the number of
published papers, this paper selects the top 10 countries.

Table 2 The top 10 institutions

. L Cooperative organization Freq Percentage of total Centrality

in terms of publications publications (%)
Chinese Academy of Science (China) 147 2.30 0.06
University of British Columbia (Canada) 82 1.28 0.06
University of Oxford (England) 71 1.11 0.17
Wageningen University & Research (Netherlands) 69 1.08 0.08
University of Washington (America) 64 1.00 0.15
World Health Organization (United Nations) 64 1.00 0.12
University of Sydney (Australia) 62 0.97 0.07
University of Queensland (Australia) 55 0.86 0.05
Harvard University (America) 53 0.83 0.03
Columbia University (America) 51 0.80 0.04
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Fig.4 Knowledge graph of institution cooperation

The sigma value is calculated by centrality and saliency.
Generally, the node with higher centrality and emergent will
have a higher sigma value. It means that the structure and
citation changes are significant (Chen 2011). “Peoples R
China” is the abbreviation of “China” in the Web of Science
database. This paper uses “China” to express. As shown
in Fig. 5, the USA is the country with the largest number
of published papers in the field of resource security in the
world, with a total of 2145 papers, accounting for 33.6% of
the total number of papers, followed by England (14.8%),
China (11.0%), Australia (9.5%), Germany (7.6%), Canada
(7.6%), Italy (5.8%), the Netherlands (5.8%), India (5.4%),
and France (4.4%). In the top ten, only Peoples R China and
India are the two developing countries located in Southeast
Asia, while the rest are developed countries distributed in
Europe, Australia, and the USA. This shows that the research
on resource security is still mainly in developed countries,
and the progress of developing countries is relatively slow.

This article plots the cooperation between countries.
More connecting lines between developed countries are
in the USA, the UK, and Canada. It indicates that coop-
eration and exchanges between countries are closer. From
the perspective of intermediary centrality, Switzerland has

@ Springer

the highest centrality with a centrality value of 0.13. It can
be illustrated by the purple circle around the country map.
Mexico ranks second with a centrality value of 0.12. There-
fore, Switzerland, Mexico, and Kenya can significantly
influence the research trend in resource security. The differ-
ent colors in the nodes represent the distance of published
literature in the country, and the distance from cold colors
to warm colors represents the distance from far to near. The
red circle on the node has seen an enormous increase in
research in this area over a while. In the figure, the USA
has the coldest colors. It indicates that the USA started to
study the field of resource security in the early period and
has a specific research foundation. China’s Taiwan, Uganda,
Switzerland, and other regions with high emergence value
significantly promote research development in this field. In
general, the development of resource security is inseparable
from the joint efforts of all countries (Fig. 6).

Literature co-citation analysis
Cross-referencing between scientific literature can show

that the literature is not an isolated individual but an inter-
connected and ever-extending system. In 1973, American
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intelligence scientist Small H first proposed the concept of
co-citation as a method to measure the degree of relation-
ship between documents (Small 1973). Co-citation refers to
the relationship between two or more papers that are cited
by one or more subsequent papers at the same time (Barlow
et al. 2017). Therefore, the relationship between these two
papers is called co-citation. Generally, highly cited literature
shows the hot research in a field, and highly cited authors
are considered to have a higher influence in related research
fields. Thus, literature co-citation analysis using CiteSpace
can discover the key literature and main research areas of
resource security research.

Research cluster analysis

In the cluster analysis of literature, CiteSpace software
obtained a relatively high value of clustering results after
several debugs, and its parameters were set as follows:
timespan 1990-2021, time slice selected as 3, screen-
ing criteria as top 20, and log-likelihood ratio algorithm
(LLR) was used to label the clusters. When the value of
modularity Q in the clustering results is > 0.3 and mean
silhouette is > 0.5, the clustering effect is significant. As
shown in Fig. 7, there are 12 major clusters formed in
this paper. The colors of different clustering blocks in the

land use; soil
suitability; nuttiShE

JA(2011); Tilman(2011);

0

{  Godfray HCJ (2010); Foley

!

| Hoekstra and Mekonnen (2012)

Steffen (2015); Mueller (2012);
Wheeler (2013); Rockstrom
(2009); Cordell (2009)

Fig. 7 Cluster network for the resource safety research area
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figure vary from cold to warm, representing the average
clustering time from far to near. The red nodes in the color
block represent the literature with emergent characteris-
tics. The red nodes indicate that the clustering topic is the
research frontier and hotspot.

To further understand the themes of the clusters, this
paper summarizes the detailed information of clustering
and makes it into Table 3. Mean (year) in Table 3 represents
the average time of publication in the same cluster. It can
be used to determine the migration pattern of research in
resource security. As shown from Table 3, the Silhouette
values of the clusters are all greater than 0.7. So, it indicates
that the clusters have certain reliability. According to Fig. 7
and Table 3, the current collections of “food supply chain,”
“water availability,” “wastewater,” and “soil resources suit-
ability” are the frontiers and hotspots of research in the
field of resource security. Besides, “sanitation and health
resources,” “nutrient management,” “biodiversity,” and
“food resources safety” are essential topics and directions
of the current global resource security research.

Analysis of highly cited literature

Usually, scholars quoted the previous research results in
their papers and sorted them out as references to measure

Allan JA (2003); Molden D
(2007); Rockstrom J (2009):
Hoekstra AY(2011)
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Table 3 Main clusters in the resource safety research area

Cluster ID Size Silhouette Mean (year) Label (LLR)

0 30 0.958 2011 Land use; soil suitability; nutrient management

2 23 0.985 2014 Food supply chain; biodiversity; food safety

1 23 1 1992 Urban sustainability; environmental indicator; scarce mineral resources
3 19 0.912 2001 Sustainable development; biofuels; planetary health

4 17 0.958 2006 Fisheries management; soil degradation; pandemic

5 15 0.95 2006 Sanitation and health resources; macronutrients; policy management
6 14 0.863 1999 Soil fertility; food policy; agricultural policy

7 11 0.794 1998 River basin problematic; resources circulation model

8 0.898 1998 Water policy; water resources; water scarcity; water security

11 8 0.987 1996 Food waste; food production; mineral fertilization

10 8 0.974 1999 Water availability; wastewater

the law of scientific development. This paper compiled the
information of the top 10 most cited articles, as shown in
Table 4. The main clusters are in clusters #0 and #2. There-
fore, we can assume that these two clusters focus on resource
security research. The amount of citations in the paper is
not the number of sources in WOS but is limited to the
cross citations among 6391 articles. The most cited article
is “Food security: the challenge of feeding 9 billion peo-
ple” by Godfray HCJ (Godfray 2010). The growing popula-
tion and consumption have led to a sharp increase in food
demand. The fierce competition in land resources, water
resources, and energy resources will affect food produc-
tion capacity. Therefore, the author explored a multi-level
and interconnected global strategy to ensure sustainable
and equitable food security. Foley JA deeply analyzes the
safety and sustainability of food resources. He put forward
recommendations and outlooks from reducing the environ-
mental impact of agriculture, increasing cropping rates, and
closing “yield gaps” on underperforming lands (Foley et al.
2011). Besides, Cordell D explored the current and future
supply of resources in the context of food resources, sug-
gesting the need to pay attention to issues such as resource

Table 4 The top 10 cited documents in global resource safety

shortages (Cordell et al. 2009). The rest of the articles are
mainly about food resources, water security, and water flow
footprint. Most of these ten highly cited pieces of literature
are from “Science” and “Nature” journals.

Emergent analysis in the field of resource security
Analysis of emerging development trends

Emergent words tend to judge the evolution and develop-
ment of a field. They refer to words that frequently appear
in a certain period, and the degree of change can reflect the
research hotspots in this field (Chen et al. 2012). In the burst
test, if there exists a cluster collection containing many arti-
cles with emergent words, this cluster collection is an emerg-
ing trend. In this paper, after using CiteSpace to analyze
the relevant data, we found a lot of literature on emergence.
Therefore, the top 10 articles in the emergence ranking are
selected here (as shown in Table 5).

Six articles are overlapped among the top 10 highly cited
literature and the top 10 highly prominent articles. Most

Rank  Author Freq  Journal Year  Cluster ID  Literature

1 Godfray HCJ 162 Science 2010 O Godfray et al. (2010)

2 Foley JA 129 Nature 2011 O Foley et al. (2011)

3 Tilman D 77 Proceedings of the National Academy of Sciences 2011 0 Tilman et al. (2011)

4 Steffen W 67 Science 2015 2 Steffen et al. (2015)

5 Vorosmarty CJ 65 Nature 2010 O Vorosmarty et al. (2010)
6 Hoekstra AY 58 Proceedings of the National Academy of Sciences 2012 0 Hoekstra and Mekonnen (2012)
7 Mueller ND 56 Nature 2012 2 Mueller et al. (2012)

8 Wheeler T 51 Science 2013 2 Wheeler (2013)

9 Rockstrom J 42 Water Resources Research 2009 2 Rockstrom et al. (2009)
10 Cordell D 42 Global Environmental Change 2009 2 Cordell et al. (2009)
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papers are published in “Nature,” “Science,” and “Global
Environmental Change.” The result shows that the research
direction of these scholars is still the research and hotspot
in recent years and for a long time in the future. According
to the ranking of the burstiness, this study gets the conclu-
sion through further analysis and finds that five of the top
10 highly cited papers belong to cluster #2. It reflects that
“biodiversity,” “food resources safety,” and “food supply
chain” are emerging research trends in the field of resource
security. Godfray HCJ in cluster #0 has the highest emergent
ranking, which means that “land resources use,” “medical
and health resources,” “medical and health resources,” “food
resources supply” are necessary research fields. Resource
security affects people’s lives and development. What kind

Table 5 The top 10 references with the strongest citation bursts

of situation the resources will be in in the future and how
they will affect people’s health are also essential develop-
ment directions.

Through the analysis of keywords, this paper finds the
fast-growing topics in resource security. As shown in Fig. 8,
the keywords with a burst ranking of the top 20 are selected
and shown in Table 6. As shown in Fig. 8, the keywords
with a burst ranking of the top 20 are selected and shown
in Table 6. Resource security development can be divided
into three stages: the first stage is 1999-2010, the second
stage is 2011-2016, and the third stage is 2017-2021. The
first phase is the beginning of resource security. The World
Conference on Environment and Development in 1992 for-
mally proposed a sustainable development strategy with

References (DOI) Cluster#  Strength  Year  Begin  End
Godfray HCJ, 2010, SCIENCE, V327, P812 (Godfray et al. 2010) 0 24.51 2010 2013 2018
Foley JA, 2011, NATURE, V478, P337 (Foley et al. 2011) 0 17.83 2011 2012 2019
Steffen W, 2015, SCIENCE, V347, PO (Steffen et al. 2015) 2 14.85 2015 2016 2021
Mueller ND, 2012, NATURE, V490, P254 (Mueller et al. 2012) 2 14.18 2012 2014 2018
Rockstrom J, 2009, NATURE, V461, P472 46 (Rockstrom et al. 2009) 2 13.34 2009 2011 2016
Cordell D, 2009, GLOBAL ENVIRON CHANG, V19, P292 (Cordell et al. 2009) 2 13.34 2009 2011 2016
Mekonnen MM, 2016, SCI ADV, V2, PO (Mekonnen and Hoekstra 2016) 0 12.27 2016 2014 2016
Tilman D, 2014, NATURE, V515, P518 (Tilman and Clark 2014) 2 11.99 2014 2017 2021
Lobell DB, 2008, SCIENCE, V319, P607 (Lobell et al. 2008) 4 11.05 2008 2009 2014
Schmidhuber J, 2007, P NATL ACAD SCI USA, V104, P19703 (Josef Schmidhuber 2007) 0 10.63 2007 2011 2013
1990 Lo R 2002 2008 28 2011 204 217 NN
CiteSpace, v. 5.5.R2 (64-bit)
January 29, 2022 10:40:36 AM GMT+08:00
WoS: E:\data\input
Timespan: 1990-2021 (Slice Length=3)
Selection CIIYE(I: Ic\pWZO per i“i;'r!‘va:a 0,LBY=8, e=20
ol oy S0
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Fig. 8 A time zone view in the global resource security field: 1990-2021
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Table 6 The top 20 keywords analyze with bursts

Rank Keywords Strength Begin End
1 Developing country 10.9968 1999 2010
2 Risk 14.6715 2000 2016
3 Efficacy 9.3634 2000 2010
4 Water resource 7.3484 2000 2010
5 Food 11.1845 2005 2013
6 Energy 8.4212 2008 2015
7 Trade 5.487 2008 2010
8 Biofuel 5.487 2008 2010
9 Vulnerability 5.1202 2008 2010
10 Quality 14.0538 2011 2016
11 Africa 9.0116 2011 2013
12 Adaptation 8.4651 2011 2013
13 Biodiversity 11.2069 2014 2018
14 Land use 11.1432 2014 2019
15 Conservation 7.8224 2014 2016
16 Challenge 13.5677 2017 2021
17 Health 12.5821 2017 2019
18 Care 9.7605 2017 2019
19 Performance 4.3545 2017 2021
20 China 6.2607 2018 2021

“sustainable development” (Weiss 1992). Since then, coun-
tries worldwide have begun to pay attention to the impor-
tance of strengthening cooperation and “global all-around
work.” The research purpose of resource security is mainly
to analyze the influencing factors of food resources, food
resources risks faced by developing countries, pollution
prevention and control of water resources, excessive burn-
ing of biological fossil fuels, and other issues. So, it can
ensure that resources can meet the needs of human future

Table 7 The top 10 subject categories with bursts

development. In the second stage, with the development of
the social economy, people pay more attention to the limita-
tion of resource supply. The ecological and environmental
problems caused by excessive exploitation and improper
protection of natural resources are becoming increasingly
severe. Therefore, this stage mainly focuses on the extensive
use of land resources, the security of biological resource
diversity, and the restoration of ecosystems. In the third
stage, with the deepening of the research, the focus tends
to focus on human health. Especially after the outbreak
of COVID-19 in 2019, many global social problems and
medical resources were directly exposed. At this stage, the
research in resource security is more biased toward health
care resources, studying the equity and rationality of health
care resources and their allocation. The above analysis
shows that research in resource security will change over
time.

Thematic categories burst analysis in resource security
research

After the above research, we know that the current resource
security field involves many fields such as Environmental
Sciences, Ecology, Agriculture, Energy & Fuels, Food Sci-
ence & Technology, and Health Policy & Services. This
paper carries out the burst detection of topic categories,
analyzes the data through CiteSpace, selects different node
categories, sets the time domain, and finally obtains the
topic category co-occurrence network of resource security
research. Subsequently, we list the top 10 topic categories
with high burstiness, as shown in Table 7. The results show
that Green & Sustainable Science & Technology and Com-
puter Science are the latest emergent topic categories in
resource security.

Subject categories Strength  Begin End 1990-2021
COMPUTER SCIENCE,
INFORMATION SYSTEMS 9055 1996 2006
PHARMACOLOGY &
PHARMACY 14.8526 2000 2010
POLITICAL SCIENCE 10.9832 2011 2012 ——
INTERNATIONAL RELATIONS  25.8057 2008 2013 —
GOVERNMENT & LAW 25.3142 2008 2013 R —
ECONOMICS 17.1734 1998 2014
ENERGY & FUELS 9.361 2016 2018 R
SCIENCE & TECHNOLOGY -
OTHER TOPICS 13.7001 2013 2019 e e e e
COMPUTER SCIENCE 14.9074 2018 2021 e
GREEN & SUSTAINABLE
SCIENCE & TECHNOLOGY 10.9656 2017 2021 —
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Fig.9 A comprehensive knowledge map in the global resource security field: 1990-2021

Finally, based on the analysis in the previous sections, this
paper draws a comprehensive knowledge map in resource
security. It can clarify the cooperative institutions, current
research status, and research frontiers in this field in detail,
as shown in Fig. 9.

Discussion

This research finds that the number of articles covering the
field of resource security has increased exponentially over
the past few decades, from 8 publications in 1995 to 978
publications in 2020. The research areas are broad, cover-
ing theories and methods from multiple disciplines. This
research indicates that sustainable development research

@ Springer

under the combined effect of resource security and ecologi-
cal stability has attracted scholars’ attention. “Sustainability”
has the most publications, while “Journal of Cleaner Produc-
tion” has the highest impact factor in the top ten journals.
Through the research on the number of publications
and the number of citations, it is found that the proportion
of core authors in the field of resource security does not
meet the requirement of Lipes law. Therefore, there are no
relatively stable core authors in this field, but a close col-
laborative group exists. Besides, the Chinese Academy of
Science has published the largest number of papers among
the research institutions. In recent years, the number of pub-
lications in China has been increasing. However, research
in resource security is still focused on developed countries
(Europe, USA, England, Australia, Germany, Canada), while
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developing countries (China, India) are relatively lacking.
The areas of cooperation mainly involve water resources,
land resources, and mineral resources. The collaboration
between countries, institutions, and researchers should be
enhanced. There is an urgent need to promulgate policies
to address resource shortages and ecological crises jointly.

This study explores the analysis of literature co-citation.
It finds that the article “Food security: the challenge of feed-
ing 9 billion people” by Godfray HCJ is the most cited arti-
cle among 6391 articles. Sustainable Science & Technology
and Computer Science are the most recent thematic catego-
ries in resource security. Most of the highly cited articles
are from Science and Nature, and the average research time
was in 2010. The safety of food resources is an issue in all
countries globally. It is related to the health and happiness
of the people and related to the country’s public safety. In
recent years, there have been many food safety issues glob-
ally, such as spoiled beverages, contaminated chocolate, and
toxic milk powder, which have brought hidden dangers to
people’s healthy lives. FAO and World Health Organization
pointed out that 420,000 people die from food insecurity
every year; at the same time, diseases caused by food inse-
curity also increase the burden of medical care. Therefore,
supply safety, storage safety, and planting safety of food
resources will become major issues of long-term concern for
scholars, various industries, and even countries in the future.

Besides, research on the integrated use of land resources
will be a more active area in the coming decades. From clus-
ter analysis and emergent analysis, we find that “food supply
chain,” “water availability,” “wastewater,” and “‘soil resources
suitability” are the frontiers and hotspots of research in the
field of resource security. “Sanitation and health resources,”
“biodiversity,” “food resources safety,” “land resources use,”
“medical and health resources,” “mineral resource security”
are essential topics and directions of current research, espe-
cially in the research on medical resources safety and min-
eral resources safety. After the outbreak of COVID-19 in
2020, more people began to pay attention to their health and
safety. How to coordinate human health development in the
allocation of medical resources will focus on the following
discussion. The mineral resource industry and supply chain’s
security have become all countries’ attention. Scholars will
pay more attention to it in the future.

99 <

Conclusion

Based on the data of 6391 articles on global resource secu-
rity research retrieved from the Web of Science during
1990-2021, this article carries out a scientometrics analysis
of the knowledge structure in this field and draws a compre-
hensive knowledge map. The research in global resource secu-
rity is relatively extensive, involving the theories and methods

of multiple disciplines. The cooperation among countries in
global resource security needs to strengthen. The safe supply
of global resources (water, food, medical and health, and min-
eral resources), prevention mechanisms, policies, and regula-
tions require long-term attention and discussion. People will
face more ecological crises and sustainable resource develop-
ment issues in the future. Therefore, the degree of coupling and
coordination among resource security, environmental stability,
and sustainable development needs to explore in-depth.

This paper provides a detailed analysis of the scientific
output, core authors, critical national institutions, high-
impact journals, and citation content in the field of global
resource security, thus providing researchers with an over-
view of the current stage of resource security. Through a
more comprehensive and systematic mapping of knowledge
in resource security, it is helpful to understand the current
knowledge system in global resource security. This research
provides valuable guidance for subsequent researchers and
related personnel to explore the research direction and prac-
tice of resource security, to achieve ecological stability and
sustainable development of resources.
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