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Abstract
Adequate water, electricity, and food are essential for sustainable development. Regional conflicts intensified by global 
water, energy, and food shortages necessitate a rethinking of the security and interdependence of these resources. However, 
most earlier scholars concentrated on the subsystems of the water-energy-food nexus (WEF nexus), lacking holistic studies. 
Therefore, to understand the history and current state of research on the WEF nexus and predict future research directions, 
this study analyzed 1313 journal articles from the Web of Science database between 2007 and 2022 using the bibliometric 
analysis and Citespace software. The findings in this study indicate that (1) the progress of the WEF nexus research can be 
classified into three stages between 2007 and 2022: the early stage (2007–2010), the fast-developing stage (2011–2015), and 
the steady and in-depth stage (2016–2022). The WEF nexus has become a hot zone for academic research. (2) Map of the 
network of countries, institutions, and author collaborations implies tight academic collaboration among countries, institu-
tions, and writers. (3) Climate change, integrated WEF nexus, sustainable development, and security are research hotspots 
in this field. Meanwhile, energy security, circular economy, and resource allocation are advanced subjects in this field. These 
key findings can provide managers and researchers with valuable information for decision-making.

Keywords Water-energy-food nexus · Sustainable development · Bibliometric analysis · Literature visualization · 
Knowledge mapping

Introduction

The viability of humankind is being challenged more than 
ever since the growth of human civilization has irrepa-
rably destroyed the Earth’s ecology. Global sustainable 

development becomes a Utopian concept. In 2015, the UN 
Sustainable Development Summit unveiled the 2030 Agenda 
for Sustainable Development, outlining 17 sustainable devel-
opment objectives to achieve clean, cheap, dependable, and 
sustainable energy for all by 2030 and a world without star-
vation. Despite this, the linkages between ecosystems and 
socioeconomic systems invariably bring about enormous 
challenges for society, particularly in light of the intercon-
nections among food security, access to clean water, and 
energy supply becoming crucial to global sustainable devel-
opment. According to UNFCC COP 27 (2022), 1.1 billion 
people still cannot get modern energy services (SE4All 
2016), and 1 billion people lack access to clean drinking 
water globally. These people rely largely on agricultural 
production and operation for food and income (Stevens and 
Gallagher 2015). Therefore, it is necessary to reconsider the 
resources of water, energy, and food and their inseparable 
connections.

The demand for natural resources is rising with the global 
population and socioeconomic and environmental changes. 
Resources of water, energy, and food are necessary for sus-
taining socioeconomic growth and providing fundamental 
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human requirements. They are inextricably intertwined (Yan 
et al. 2020; Bazilian et al. 2011; Waughray 2011; Shang 
et al. 2018). Water is used in irrigation for food production. 
Energy is necessary for water pumping, transporting, treat-
ing, gathering, and distributing, and it is also a necessary 
resource for extracting and processing fossil fuels and gener-
ating electricity (Liu et al. 2018). For these three resources, 
changes in any one can variously affect the others since 
water, energy, and food interact (Hellegers et al. 2008; El-
Gafy 2017). Therefore, to promote the nexus of the three for 
human beings’ sustainable future, it is of great significance 
to conduct comprehensive research on the water-energy-food 
(WEF) nexus and creating multi-resource strategies.

The nexus of water, energy, and food is a complicated 
problem that can be anticipated and solved with the help of 
nexus, which has attracted more and more attention from 
policymakers and researchers (Zhang et al. 2018). Nexus 
management has become one of the most challenging sub-
jects in the world  (Allouche et al. 2019). According to Brou-
wer et al. (2018), nexus management is no longer confined 
to a single resource but enables collaborations between sec-
tors and sustainable development, thus achieving the high 
security and efficiency of numerous resources (Smajgl et al. 
2016). Moreover, AI-Saidi and Elagib (2017) uncovered the 
motivation for generating nexus thinking and emphasized 
the significance of systematically analyzing the relation-
ships among water, energy, and food. Aiming to effectively 
make trade-offs between sectors or collectives of interest, 
promote sustainable development in each sector, and maxi-
mize resource utilization, the WEF nexus facilitates the syn-
ergistic development and integrated management of water, 
energy, and food (Kurian 2017; Niu et al. 2021).

Extensive research on the WEF nexus has been done from 
various disciplines, methods, and modeling frameworks 
(Hachaichi & Egieya 2022). In spite of this, Albrecht et al. 
(2018) raised the necessity for a knowledge base of the WEF 
nexus approaches, illuminating the urgency of addressing 
the inherent complexity of the essential resource interactions 
in nexus approaches. Nevertheless, merely a small propor-
tion of existing literature thoroughly analyzed the general 
strategies employed in nexus approaches (Keairns et al. 
2016). For instance, Albrecht et al. (2018) considered that 
the studies on the interconnections of all three subsystems 
of the WEF nexus were rare and mostly focused on just two 
of them.

To fill in the gap in the perception of the WEF nexus, 
this study probed into the research trends of the WEF nexus 
from its connotation and investigated the interactions of its 
subsystems using the bibliometric approach. The main con-
tributions of this study are as follows: (1) a thorough analysis 
and critical reflection of existing WEF nexus research for 

further development in relational evaluation techniques; (2) 
a bibliometric analysis of selected publications to identify 
applied methods and addressed problems by determining 
major academic journals; (3) an analysis of the challenges 
faced by WEF nexus research and future research directions.

Literature review

Water‑energy nexus

Gleick (1994) was recognized as one of the early experts 
on the water-energy nexus in the USA. The World Energy 
Outlook released by International Energy acknowledged the 
significance of the water-energy nexus (Zhang et al. 2018; 
Ingram 2011). In the water-energy nexus, water is necessary 
at every stage of energy production, and the availability of 
water resources is crucial for producing and delivering both 
conventional and emerging energy sources (Cai et al. 2018). 
Energy is required to power water transport, irrigation, treat-
ment, and distribution. According to studies, the energy 
industry is the world’s second-largest water consumption 
(Hightower & Pierce 2008). Therefore, water and energy 
systems are complementary and interdependent (Wada et al. 
2013).

However, for multiple reasons, such as global popula-
tion expansion, industrialization, urbanization, and cli-
mate change, the worldwide demand for water and energy 
increases quickly (Chen & Chen 2016; Siciliano et  al. 
2017). Compared with 2015, the world’s freshwater and 
energy consumption will grow by 50% in 2050. Moreover, 
it is anticipated that switching from biofuel production to 
water-intensive power plants will increase water demand 
for energy production by 85% by 2035. In contrast to 2010, 
global demand for primary energy is predicted to rise by 
40% by 2035. In China, energy used for the transportation, 
treatment, and distribution of water resources has dramati-
cally increased due to rapid economic growth and indus-
trial expansion (Li et al. 2016). The supply limitation in the 
majority of the world places tremendous pressure on current 
water and energy infrastructure. Furthermore, environmental 
disasters brought on by unsustainable water and energy use 
are the greatest global concern (Waughray 2011). Therefore, 
conserving water and energy becomes one of the primary 
requirements for achieving worldwide sustainable develop-
ment (Dai et al. 2018; Feng et al. 2012; Gu et al. 2016; 
Ramos et al. 2010).

The scientific and policy community has been paying 
more and more attention to the water-energy nexus  (Dai 
et al. 2018). Zhou et al. (2016) examined the possible effects 
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of energy policy on water use using a general multi-sectoral 
computable dynamic equilibrium model. Fang and Chen 
(2017) adopted the input–output analysis of ecological net-
works to investigate the energy-water nexus. Pacetti et al. 
(2015) examined the trade-offs between water and energy 
production by exploring water footprint and life-cycle 
assessment techniques. Ahmad et al. (2020) conducted a 
systematic examination and a thorough evaluation of the 
water-energy nexus from energy efficiency, spurring initia-
tives to reduce water and energy use and achieve the highest 
potential efficiency for urban water delivery systems.

Water‑food nexus

Due to the uncertainty of future safe access to resources 
necessary for livelihoods, the water-food nexus has recently 
drawn the attention of scientists (Ahmadzadeh et al. 2016). 
Furthermore, the sustainable management of common pool 
resources, such as water and food, has become a substantial 
concern (Endo et al. 2017). The water-food nexus is condu-
cive to achieving fair, balanced, and sustainable access to 
water and food resources and meeting the rising needs of 
the global population (Corona-López et al. 2021). Food and 
water resources work in harmony to guarantee a sustainable 
social environment for human existence. Water resources are 
required for the production, preparation, and consumption 
of food. The capacity to meet food demand depends on the 
availability of water resources (Zhang et al. 2018). Food 
processing, distribution, transaction, and consumption also 
rely on water resources besides food production (Molajou 
et al. 2021).

Agriculture is the largest user of water, accounting for 
around 70% of the world’s freshwater consumption (Mohtar 
& Daher 2012). Besides, due to the increasing demand for 
food, it is predicted that from 2015 to 2050, the worldwide 
demand for food production may increase by 70%, while 
in developing countries, the rate will be up to almost 100% 
(Li et al. 2016). Moreover, a 10% rise in agricultural water 
demand is also anticipated by 2050 (Lee et al. 2017).

Energy‑food nexus

Agriculture systems also contribute to the energy supply 
besides consuming energy. Energy is used for various tasks 
in the food system, such as running agricultural equipment 
and the preparing, processing, packing, and transporting of 
food (Ingram 2011). Energy is also applied to the manu-
facturing of fertilizer, an indispensable nutrient for crops 
(Garcia and You 2016). Energy inputs and utilization play 
an increasingly great role in the mechanization of the agri-
culture industry. Moreover, food crops connect food and 

energy as the primary raw material for the manufacturing 
of biofuels (D'Odorico et al. 2018).

Currently, nearly 30% of the world’s energy is used for 
the production and distribution of food. Although primary 
agriculture just consumes a small portion of the world’s 
energy, food processing and transportation take nearly 40% 
of the energy, greatly raising global energy consumption 
(Sims 2011). Additionally, the food-energy nexus can be 
an approach to climatic environment mitigation as worries 
about climate change increase (Namany & Al-Ansari 2021). 
Therefore, scientists in the world should focus on the exist-
ing energy-food nexus.

Water‑energy‑food nexus

An innovative idea for resource management called the 
WEF nexus has attracted significant attention around the 
world (Weitz et al. 2017). One of the development issues 
was identified as understanding the connections among 
water, energy, and food as early as the 2008 Davos Annual 
Conference (WEF, Ed., 2011). Concerns about the WEF 
nexus have generated many conversations about innovations 
in managing water, energy, and food resources since 2008 
(Giupponi & Gain 2017). In 2011, the issued Global Risks 
Report (6th edition) regarded the “WEF Nexus” as one of 
the three primary risk groupings (World Economic Forum 
2011). The same year, the “Water-food-Energy Security 
Bond Conference” in Bonn, Germany, foresaw threats to 
food, energy, and water security due to the rise in global 
population and economic development. It also stressed the 
complicated mutual connections among the securities of 
water, energy, and food supply and examined the intercon-
nections of the systems of water, food, and energy. The offi-
cial definition is a significant development in the study of 
nexus (Hoff 2011) . The Rio + 20 Summit in 2012 saw the 
rise of “nexus thinking,” urging new approaches to handle 
interconnected water, energy, and food problems. The study 
on “Water-Food-Energy Nexus in the Asia–Pacific Area” 
was published by the United Nations Economic and Social 
Council for Asia and the Pacific in 2013 (Deng et al. 2017). 
Moreover, many worldwide academics expressed their opin-
ions on the relationships among water, energy, and food. 
Hoff (2011) championed the idea of the overall synergy 
of sectors and put forth the framework of the WEF nexus 
research. According to Salem et al. (2022), the WEF nexus 
aims to optimize objectives and expectations by balancing 
social and natural resource development and tackling related 
issues in the context of sustainable development. Simpson 
and Jewitt (2019) regarded the connections among water, 
energy, and food as an efficient instrument for sustainable 
development.
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Researchers have conducted extensive literature reviews 
to explore the interrelationships among water, energy, and 
food, as well as their integrated management and mutual 
impacts. Molajou et al. (2021) delved into the nexus of 
water, energy, and food from a comprehensive management 
perspective. Concurrently, Soleimanian et al. (2022) focused 
on addressing the application barriers within the water-
energy-food (WEF) nexus, seeking optimal water simula-
tion models to integrate into the nexus concept. On another 
front, Arthur et al. (2019) provided a detailed account of 
the current state of quantifying interdependencies among 
food, energy, and water in urban settings through the extrac-
tion and analysis of indicators. Borge-Diez et al. (2022), 
against the backdrop of sustainable development, addressed 
management issues within the water-energy-food nexus by 
reviewing methodologies, tools, and case studies, aiming 
to identify spaces for improvement and analyze existing 
gaps and challenges. Simultaneously, Opejin et al. (2020) 
assessed the trajectory and impact of food-energy-water 
(FEW) nexus literature through bibliometric analysis, aim-
ing to delineate key themes and future research directions. 
Furthermore, Zhang et al. (2019) undertook a comprehen-
sive review of the concepts and methods of the food-energy-
water (FEW) nexus across various scales, aiming to establish 
a conceptual knowledge framework for scientific analysis 
and policy development related to the urban FEW nexus. 
These studies collectively offer crucial insights to facilitate 
a profound comprehension of the intricate interplay among 
food, energy, and water, enabling effective responses to their 
complex relationships.

In this context, scholars from around the world have inves-
tigated management techniques for the links among water, 
energy, and food using various analytical tools. Allan (2003) 
advocated “virtual water” to manage resource pressures and 
foster cross-sectoral cooperation for holistic governance. Sal-
moral and Yan (2018) investigated how water and energy were 
allocated in economic systems using virtual water and embed-
ded energy theory. Al-Ansari et al. (2015) proposed an inte-
grated WEF nexus life cycle evaluation method to assess the 
regional environmental situation and the condition of Qatar’s 
water, energy, and food resources. Similarly, Mannan et al. 
(2018) investigated the inner links in the energy-water-food 
nexus using a life cycle assessment technique. Li et al. (2019) 
created an integrated and intuitive fuzzy multi-objective non-
linear model to manage the scarce resources of water, food, 
and energy in agricultural systems. Medina-Santana et al. 
(2020) realized the optimum WEF nexus for agricultural 
communities using a multi-objective non-linear planning 
model. Yu et al. (2020) proposed a multilevel interval fuzzy 
confidence constrained planning (MIFCP) method for regional 
WEF nexus systems. Aviso et al. (2011) suggested a fuzzy 
input–output model for the optimization of supply chains while 
accounting for water footprints. Owen et al. (2018) introduced 

a multi-regional input–output approach to evaluate the influ-
ence of WEF nexus in supply chains. Al-Thani et al. (2020) 
built a linear optimization model for WEF nexus management 
and optimized the distribution of water and energy resources 
to maximize agricultural production. Figure 1 depicts the intri-
cate relationships among water, energy, and food.

Data sources and research method

Data sources

To demonstrate the concept and application of the WEF nexus 
and verify that the data from the literature are complete and 
representative, this study searched the Web of Science core 
database using the following themes: “water-energy-food,” 
“food-energy-water,” “food-water-energy,” “water-food-
energy,” “energy-water-food,” and “energy-food-water” to 
obtain research data. An advanced search for WEF nexus 
yielded 1399 documents from January 2007 to December 
2022. For analysis, the data in the Web of Science format were 
filtered first, and duplicated ones were removed. Ultimately, 
1313 valid papers were obtained and used as the source data 
in this study.

Bibliographic analysis

CiteSpace is known as an effective visualization program for 
the map of scientific knowledge due to its extensive co-citation 
capability (Zhu et al. 2020). CiteSpace can represent the his-
tory, research frontiers, and changing trends of a specific study 
area in a more effective, intuitive, and multi-angle visualiza-
tion way than other tools (Chen 2006). Consequently, it can 
prevent the influence of researchers’ subjective judgment to 
obtain objective results to some extent. This study adopted 
CiteSpace to examine and evaluate the WEF nexus, thoroughly 
analyzing scientific research on this topic. Using CiteSpace’s 
data conversion tool, the selected literature is sorted by publi-
cation date and transformed into a processable document data 
format. The quantitative analysis process of the WEF nexus 
is shown in Fig. 2.

Results and discussion

Trend analysis of literature publication

Analysis of literature publication volume

The search reveals that 1313 papers screened for this 
study were published after 2007. The annual circulation of 
papers from 2007 to 2022 is depicted in Fig. 3. The search 
results indicate significant differences in the WEF nexus 
at different stages. Its literature volume changes broadly 
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through three phases, newborn, rapid growth, and mature 
development.

First, during the newborn phase from 2007 to 2010, the 
number of publications is relatively small. The research on 
bonding relationships was in its infancy and mainly focused 

on the interconnection of the two subsystems in the WEF 
nexus. Therefore, research on the WEF nexus is scattered 
and yet to be systematized (Zhu et al. 2020). Second, the 
rapid growth phase started from 2011 to 2015, when there 
was an increase in the literature. The Bonn Conference in 

Fig. 1  Map of the WEF nexus 

Fig. 2  Analysis process of WEF nexus
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2011 marks the pinnacle of the nexus study. Around 300 
academic, commercial, and governmental institutions 
engaged in nexus research during this period (Endo et al. 
2017). Moreover, at this time, the WEF nexus research was 
increasingly linked with sustainable development (Hussey 
& Pittock 2012). As a result, there are a substantial number 
of publications on the WEF nexus. Third, from 2016 to 2022 
is the mature development phase. The total number of WEF 
nexus articles increased, reaching a peak of 290 in 2020. It 
suggests that the WEF nexus, a worldwide hot subject, is 
further expanded.

Key journal types

Figure 4 is the periodical co-citation network of the WEF 
nexus built by CiteSpace software. Nodes represent refer-
enced journals. The bigger the node, the more citations. The 
co-citation frequency, centrality, and journal titles of the top 
ten journals in the WEF nexus field are shown in Table 1. 
Majority of the journals that publish literature in WEF nexus 
related areas are from environmental or high-impact pub-
lications. The top five periodicals featuring papers on the 
WEF nexus are the Journal of Cleaner Production, Science 
of the Total Environment, Environmental Science & Policy, 
Energy Policy, and Applied Energy. With 650 citations from 
2007 to 2022, the Journal of Cleaner Production is one of 
the best publications in environmental research. The journal 
aims to share knowledge and research on concepts, tactics, 
and technology developments to promote social and regional 
sustainability. Environmental Science and Policy, the second 
most referenced journal, focuses on ecology and science and 
fosters multidisciplinary studies on environmental concerns. 

The total citations of leading international environmental 
publications of Environmental Science & Policy, Energy 
Policy, and Applied Energy are 593, 586, and 509, respec-
tively. Overall, these publications have the maximum impact 
on water resources and environmental sciences. It implies 
that the WEF nexus is an excellent future topic for environ-
mental professionals.

Network analysis of country, institution, and author 
cooperation

Analysis of country cooperation network

The findings of the research of countries represent the 
development level in this field of each country. Figure 5 
depicts the visual analysis of CiteSpace to comprehend 
the global cooperative network of the WEF nexus. The 
number of published articles in a nation is represented 
by the size of the corresponding node. The lines con-
necting nodes represent international collaborations. The 
thickness of the connection between nodes indicates the 
partnership’s strength. The importance of a nation on a 
map is reflected by its centrality. Table 2 shows the top 
ten nations sorted by the number of published publica-
tions. Figure 5 and Table 2 exhibit that the USA ranks top 
with 505 published articles, followed by China (282), the 
UK (202), Germany (125), and the Netherlands (87). The 
centralities of Germany (0.19), Italy (0.11), and Australia 
(0.12) exceed 0.1, suggesting that these three nations are 
more significant in the field of the WEF nexus. In general, 
the research on the relations of the WEF nexus is domi-
nated by developed nations like those in Europe and the 

Fig. 3  Number of published lit-
erature on research on the WEF 
nexus, 2007–2022
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USA. In contrast, developing nations have less research 
capability. According to Gain et al. (2015), many devel-
oping countries are unaware of the connections among 
water, energy, and food, resulting in a dearth of studies 
on this subject.

Analysis of institutional cooperation network

A visual examination of research institutions displays 
the actual outcomes and collaborations of institutions 
in a subject. The number of articles published by each 
institution is reflected in the size of the corresponding 

node in the graph. The larger the node, the more articles 
are published by the institution. The lines connecting the 
nodes symbolize institutional collaborations. Figure 6 
shows a great number of nodes and lines between insti-
tutions, indicating that many of the institutions in the 

Fig. 4  Journal co-citation net-
work diagram

Table 1  Top 10 most productive research journals in WEF nexus field 

Rank Count Centrality Journal

1 650 0.05 Journal of Cleaner Production
2 634 0.03 Science of the Total Environment
3 593 0.06 Environmental Science & Policy
4 586 0.02 Energy Policy
5 509 0.02 Applied Energy
6 507 0.02 Environment Research Letters
7 482 0.01 Renewable & Sustainable Energy Review
8 456 0 Sustainability
9 442 0.02 Science
10 440 0.01 Water

Fig. 5  Diagram of the country cooperation network
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chart work closely. Then, the data of the papers issued 
by each institution is analyzed. Table 3 shows the top 
ten research institutes in terms of the number of articles 
published in this discipline. The top five institutions of 
the WEF nexus research are the Chinese Academy of Sci-
ences (46 papers), Beijing Normal University (42 papers), 
Texas A&M University (40 papers), Hohai University (28 
papers), and Oxford University (26 papers). Furthermore, 
most organizations produced more than 20 articles, indi-
cating that the WEF nexus has attracted the increasing 
interest of experts.

Analysis of author cooperation network

The co-citation network of authors in the discipline of nexus 
was built using CiteSpace, as illustrated in Fig. 7. Prominent 

authors in this research were compared and analyzed. The 
schematic diagram of the author co-citation network depicts 
the collaborations of authors for the WEF nexus and the 
depth of the relationship, providing researchers with a ref-
erence for collaboration in this research area. As shown in 
Table 4, the co-citations of all three authors, Hoff H, Bazil-
ian M, and Fao, are 250 or more. In addition, Rasul G, Endo 
A, and Biggs EM are ranked fourth, fifth, and sixth with 228, 
218, and 193 frequencies, respectively.

Analysis of literature co‑citation

The literature with the same research topic and reference is 
regarded as co-citation literature, containing a great quan-
tity of scientific knowledge in the scientific map. Co-cita-
tion literature can be used to efficiently conduct research 
on the WEF nexus. The larger the number of co-citation 

Table 2  Top 10 published research countries in WEF nexus field

Rank Count Centrality Year Country

1 505 0.05 2007 USA
2 282 0.04 2009 China
3 202 0.09 2012 England
4 125 0.19 2009 Germany
5 87 0.06 2014 The Netherlands
6 83 0.11 2014 Italy
7 76 0.12 2008 Australia
8 71 0.08 2014 Spain
9 64 0.01 2017 Brazil
10 56 0.08 2015 Canada

Fig. 6  Diagram of the institu-
tional cooperation network

Table 3  Top 10 published research institutions in WEF nexus field

Rank Count Centrality Year Research institution

1 45 0.08 2015 Chinese Acad Sci
2 42 0.12 2016 Beijing Normal Univ
3 40 0.08 2018 Texas A&M Univ
4 28 0.04 2018 Hohai Univ
5 26 0.15 2012 Univ Oxford
6 25 0.19 2017 Univ Exeter
7 22 0.14 2014 Amer Univ Beirut
8 20 0.01 2009 Natl Taiwan Univ
9 20 0.02 2018 Univ Chinese Acad Sci
10 19 0.08 2014 UCL
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literature, the closer the correlation between literature. 
Figure 8 is the network map of the co-citation literature. 
The authors cited the most times are Albrecht TR, Endo 

Ad, and Biggs EM, indicating that their articles have 
significant influences on the research field of the WEF 
nexus. Albrecht TR et al.’s paper in the 2018 Environ-
mental Research Letters, which proposed a comprehensive 
framework and approach to promoting sustainable water, 
energy, and food management, is cited most frequently.

Analysis of hot research topics and frontiers

This section analyzes the keywords in the literature based 
on CiteSpace. It identifies research areas currently concen-
trated and predicts future hotspots, guiding scholars in their 
following research work.

Keyword co‑occurrence analysis

The highlights of the research are summarized in the key-
words. The frequencies of the keywords represent the 

Fig. 7  Diagram of the author’s 
co-citation network

Table 4  Author information 
table of the top 10 in WEF 
nexus field

Rank Count Author

1 390 Hoff H
2 307 Bazilian M
3 255 Fao
4 228 Rasul G
5 218 Endo A
6 193 Biggs EM
7 177 Albrecth TR
8 169 Ringler C
9 151 Liu JG
10 137 United Nations

Fig. 8  Co-citation knowledge 
map of literature
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research directions and hotspots in the field. The sizes of 
nodes in the graph denote the frequencies of keywords. The 
lines connecting these nodes exhibit how closely the key-
words are related. Table 5 shows the distribution of terms 
searched for frequently, such as “nexus,” “water-energy-food 
nexus,” “food-energy-water nexus,” and “sustainable devel-
opment.” Due to the strong connection between the WEF 
nexus and climate change, the word “climate change” is used 
the most frequently, with 259 citations. Water-energy-food 
nexus comes in second place, with 249 citations, followed 
by “the system,” with 183 citations. The co-occurrence of 
topics and keywords that are closely related to WEF can be 
displayed in network graphs. Furthermore, the wider the cir-
cle on the graph, the greater the significance or influence of 
the research field on WEF. The frequency of each keyword 
is displayed in Fig. 9.

Keywords timeline view analysis

The clustering timeline analysis of keywords using Cit-
eSpace further probed into the evolution of each cluster. 
The intensities of the supported associations of keywords 
between clusters can be reflected by the lines between 
clusters. Figure 10 illustrates that grouping yields obvious 
boundaries for the 11 cluster templates. The smaller the clus-
ter number, the larger the cluster template. The largest one is 
cluster 0, and cluster 11 is the smallest. The chart shows that 
each cluster-tagged research area can sustain an ongoing in-
depth study, and a large number of keywords with common 
usage emerge in each research area. Among them, clusters 
5 (water-energy-food nexus), 9 (food-water-energy nexus), 
and 10 (energy-water-food nexus) are search phrases whose 
primary study materials are their keywords.

Table 5  Top 20 keywords with 
co-occurrence

Rank Occurrences Keyword Rank Occurrences Keyword

1 259 Climate change 11 108 Food-energy-water nexus
2 249 Water-energy-food nexus 12 101 Policy
3 183 System 13 100 Resource
4 181 Management 14 95 Sustainability
5 151 Impact 15 87 Framework
6 147 Model 16 87 Land
7 142 Sustainable development 17 84 Consumption
8 136 Security 18 80 Governance
9 130 Nexus 19 77 Life cycle assessment
10 121 Perspective 20 76 Challenge

Fig. 9  Keyword co-occurrence 
network map
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Results analysis of burst keywords

Keyword burst analysis can disclose research trends in the 
industry over the time frame of the study. Clusters containing 
more nodes in CiteSpace represent more active aspects or 
emerging trends in the research field. The timeline is depicted 
by the light blue line in the article, and the red line shows the 
emerging keywords from the literature on the nexus from 
2007 to 2022. High-intensity keywords denote the cutting 
edges of studies at particular times. Figure 11 illustrates that 
the three keywords of the research on the nexus, “food secu-
rity,” “environment,” and “freshwater,” have been active for 
7 years. Food security has the highest intensity. It implies 
that global academics have followed the field for the longest 
time. Researchers’ concentration on system dynamics has 
increased since 2019 and will stay the same in future.

Conclusions

Research conclusions

Due to the rising demand for water, energy, and food, the 
WEF nexus is viewed as a multidisciplinary solution. This 

study employed bibliometric analysis to systematically and 
graphically outline the literature on the WEF nexus from 
2007 to 2022, aiming to deeply comprehend the develop-
ment process and research trends. Since 2011, the number 
of literature has risen steadily, peaking in 2015. Academic 
collaboration across countries and institutions has become a 
prominent topic. The USA is the most productive country in 
this field, followed by China and the UK. The Chinese Acad-
emy of Sciences has the most publications (46), followed 
by Beijing Normal University (42) and Texas A&M Uni-
versity (40). The journals with the most published literature 
include the Journal of Cleaner Production and the Science 
of the Total Environment. The research hotspots and trends 
are shown by the study of frequently referenced publications 
and keywords. Overall, the bibliometric analysis depicts a 
picture of WEF nexus literature and research orientations. 
These findings will be a useful reference for future studies.

Research limitations

Based on the Web of Science database, this study acquired 
and analyzed the literature on the WEF nexus to find hot 
areas and frontiers of research in this field, offering a 

Fig. 10  Clustering timeline view map
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reference for relevant researchers. Because of the limits of 
a single database and the time range, the literature may be 
insufficient, and the data analyzed may be biased. However, 
the research methods and the dependability of the results 
remain unchanged. Future studies can combine with other 
visualization software and databases to obtain more thor-
ough analysis results.

Research implications and prospects

Studying the WEF nexus is essential for worldwide sustain-
able development and socioeconomic expansion. The press-
ing scientific concerns are how to effectively manage the 
three resources through trade-offs and enhance the efficiency 
of resource utilization. Therefore, the primary study direc-
tions in this topic include but are not limited to the following 
two features.

Climate change

As a vital concern for human beings and an immense 
obstacle to sustainable human growth, the effects of global 
climate change have elevated to the top of the agendas of 
governments and academic institutions during the past 
10 years. The hazard and increased climatic unpredictability 
brought on by climate change are anticipated to persist as 
catastrophic climate change–related occurrences rise around 
the world (Yoon et al. 2022). The effects of climate change 
on the three sectors of water, energy, and food have gained 
global attention in studies (Han et al. 2022). Hoff (2011) 
identified these three industries as those that would be the 

most vulnerable to the effects of climate change. Food and 
energy production are subject to climate change, particularly 
unstable precipitation and catastrophic occurrences, such as 
droughts and floods (Zscheischler et al. 2020). The Inter-
governmental Panel on Climate Change (IPCC) reported 
that 14 million people experienced severe drought and food 
shortages in 2016 (Zhang et al. 2021a). According to Tor-
torella et al. (2020), climate change has an influence on the 
availability of water resources, reducing the ability to pro-
duce energy and food. Similarly, Mimi and Jamous (2010) 
hypothesized that global warming would increase the agri-
cultural need for water while decreasing rainfall, resulting in 
water shortages and detrimental impacts on food production. 
The demand for water, energy, and food will grow due to cli-
mate change and human pressures (Shrestha & Aryal 2011; 
Rockström et al. 2009). However, the production of the three 
sectors can decrease global greenhouse gas emissions and 
mitigate climate change (Howells et al. 2013). In contrast, 
economic growth and climate change hinder the sustainabil-
ity of water, energy, and food (Bhaduri et al. 2015; Biggs 
et al. 2015). It highlights the vital need to make decisions 
on the rational utilization of resources in light of the pres-
sure that climate change will put on water, energy, and food 
supplies (Holtermann & Nandalal 2015).

In managing the WEF nexus, climate change must be 
considered. Certain susceptible regions should take action 
to ensure water, food, and energy security under the effects 
of climate change (Holtermann & Nandalal 2015). The 
world community is concentrating on formulating new 
strategies for climate change and developments in water, 
energy, and food security (Rasul & Sharma 2016). The 
influence of climate change on WEF nexus interactions and 

Fig. 11  Keywords with the 
strongest citation bursts in WEF 
nexus filed
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the incorporation of the uncertainties it produces have been 
studied by international experts using a variety of quanti-
tative planning methodologies and analytical tools. Han 
et al. (2022) assessed the influence of climate change and 
socioeconomic changes on water, energy, food, and other 
uncertainties by the meta-regression analysis. The most 
common approach for calculating how climate change will 
affect agricultural output and irrigation water is adopting 
crop models (Araya et al. 2015; Chenu et al. 2017). Yang 
et al. (2016) evaluated the complex effects of various climate 
change models on water, energy, and food in the Indus Basin 
using a hydro-agricultural economy model.

Carbon emissions

As one of humans’ enormous challenges, global warming 
caused by greenhouse gas emissions threatens human life, 
prosperity, and security (Li et al. 2021). Resource usage and 
carbon emissions from agriculture turn into a critical prob-
lem in the setting of the increase in world population (Piao 
et al. 2010; Johnson et al. 2014). Two-thirds of the world’s 
 CO2 pollution come from fossil sources (Mei et al. 2020). 
Additionally, energy consumption will increase  CO2 pollu-
tion (Martinez-Hernandez et al. 2017). Water resources are 
used in energy and food production (Wang et al. 2021), and 
energy is applied to irrigation and food production (Vora 
et al. 2017;  Pellegrini and Fernández 2018), all of which 
aggravate carbon dioxide emissions. Moreover, crop growth 
is specifically impacted by atmospheric  CO2 concentrations 
(West & Marland 2002; She et al. 2017). Therefore, these 
four components of water, energy, food, and  CO2 emissions 
are intricately linked (Rulli et al. 2016; Walker et al. 2014; 
White et al. 2018; Ramaswami et al. 2017). In addition, 
scholars show increasing concern about the importance of 
water, energy, and carbon emissions to environmental initia-
tives (Wang et al. 2020). It is essential to explore the con-
nections among water, energy, food, and carbon emissions.

The water-energy-food-carbon nexus (WEFC) exposes 
the interrelationships across several domains. It is commonly 
employed in integrated assessments to minimize the impact 
on resource consumption and environmental burdens (Sand-
ers & Masri 2016). The Paris Agreement underlines the 
necessity of reducing greenhouse gas emissions and quickly 
addressing climate change and its effects, thus advancing 
sustainable development. Furthermore, worldwide scholars 
use various mathematical planning techniques and analytical 
tools to study carbon emissions and the WEF nexus. In the 
agricultural WFEC nexus, Zhang et al. (2021b) proposed 
a modified model to lower carbon emissions and produce 
adequate water and land management options. Miller-Rob-
bie et al. (2017) employed the WEF nexus to account for 
greenhouse gas emissions using the technique of life cycle 

assessment. It is an urgent need for more research on optimi-
zation techniques for the water-food-energy-carbon nexus.

Author contribution Yangxi Lv: conceptualization, methodology, 
validation, writing — original draft, funding acquisition. Mingkang 
Yuan: data curation, supervision, writing — review and editing, fund-
ing acquisition. Xiaofeng Zhou: visualization, software, validation. 
Yuanmin Wang: data curation, editing and typesetting. Xiaobing Qu: 
software, validation.

Funding This work was supported by the Chengdu University of 
Technology Postgraduate Innovative Cultivation Program (Grant num-
bers [CDUT2022BJCX012]) and the Philosophy and Social Science 
Research Fund of Chengdu University of Technology (Grant numbers 
[ZDJS202204]).

Data Availability Data will be made available on the request.

Declarations 

Ethics approval and consent to participate The experimental scheme 
was formulated by the water resources allocation guidelines of 
Dujiangyan Management Committee and obtained personal written 
informed consent.

Consent for publication Not applicable.

Competing interests The authors declare no competing interests.

References 

Ahmad S, Jia H, Chen Z et al (2020) Water-energy nexus and energy 
efficiency: a systematic analysis of urban water systems. Renew 
Sustain Energy Rev 134:110381. https:// doi. org/ 10. 1016/j. rser. 
2020. 110381

Ahmadzadeh H, Morid S, Delavar M et al (2016) Using the SWAT 
model to assess the impacts of changing irrigation from surface 
to pressurized systems on water productivity and water saving 
in the Zarrineh Rud catchment. Agric Water Manag 175:15–28. 
https:// doi. org/ 10. 1016/j. agwat. 2015. 10. 026

AI-Saidi M, Elagib NA (2017) Towards understanding the integrative 
approach of the water, energy and food nexus. Sci Total Environ 
574:1131–1139. https:// doi. org/ 10. 1016/j. scito tenv. 2016. 09. 046

Al-Ansari T, Korre A, Nie Z et al (2015) Development of a life cycle 
assessment tool for the assessment of food production systems 
within the energy, water and food nexus. Sustainable Production 
and Consumption 2:52–66. https:// doi. org/ 10. 1016/j. spc. 2015. 
07. 005

Albrecht TR, Crootof A, Scott CA (2018) The water-energy-food 
nexus: a systematic review of methods for nexus assessment. 
Environ Res Lett 13(4):043002. https:// doi. org/ 10. 1088/ 1748- 
9326/ aaa9c6

Allan JA (2003) Virtual water-the water, food, and trade nexus. Useful 
concept or misleading metaphor? Water International 28(1):106–
113. https:// doi. org/ 10. 1080/ 02508 060. 2003. 97248 12

Allouche J, Middleton C, Gyawali D (2019) The water-energy-food 
nexus: power, politics, and justice. Routledge, Abingdon, Oxon

Al-Thani NA, Govindan R, Al-Ansari T (2020) Maximising nutritional 
benefits within the energy, water and food nexus. J Clean Prod 
266:121877. https:// doi. org/ 10. 1016/j. jclep ro. 2020. 121877

https://doi.org/10.1016/j.rser.2020.110381
https://doi.org/10.1016/j.rser.2020.110381
https://doi.org/10.1016/j.agwat.2015.10.026
https://doi.org/10.1016/j.scitotenv.2016.09.046
https://doi.org/10.1016/j.spc.2015.07.005
https://doi.org/10.1016/j.spc.2015.07.005
https://doi.org/10.1088/1748-9326/aaa9c6
https://doi.org/10.1088/1748-9326/aaa9c6
https://doi.org/10.1080/02508060.2003.9724812
https://doi.org/10.1016/j.jclepro.2020.121877


121367Environmental Science and Pollution Research (2023) 30:121354–121369 

1 3

Araya A, Hoogenboom G, Luedeling E et al (2015) Assessment of 
maize growth and yield using crop models under present and 
future climate in southwestern Ethiopia. Agric for Meteorol 
214:252–265. https:// doi. org/ 10. 1016/j. agrfo rmet. 2015. 08. 259

Arthur M, Liu G, Hao Y et al (2019) Urban food-energy-water nexus 
indicators: a review. Resour Conserv Recycl 151:104481. https:// 
doi. org/ 10. 1016/j. resco nrec. 2019. 104481

Aviso KB, Tan RR, Culaba AB et al (2011) Fuzzy input–output model 
for optimizing eco-industrial supply chains under water footprint 
constraints. J Clean Prod 19(2–3):187–196. https:// doi. org/ 10. 
1016/j. jclep ro. 2010. 09. 003

Bazilian M, Rogner H, Howells M et al (2011) Considering the energy, 
water and food nexus: towards an integrated modelling approach. 
Energy Policy 39(12):7896–7906. https:// doi. org/ 10. 1016/j. 
enpol. 2011. 09. 039

Bhaduri A, Ringler C, Dombrowski I et al (2015) Sustainability in the 
water–energy–food nexus. Water International 40(5–6):723–732. 
https:// doi. org/ 10. 1080/ 02508 060. 2015. 10961 10

Biggs EM, Bruce E, Boruff B et al (2015) Sustainable development 
and the water–energy–food nexus: a perspective on livelihoods. 
Environ Sci Policy 54:389–397. https:// doi. org/ 10. 1016/j. envsci. 
2015. 08. 002

Borge-Diez D, García-Moya FJ, Rosales-Asensio E (2022) Water 
energy food nexus analysis and management tools: a review. 
Energies 15(3):1146. https:// doi. org/ 10. 3390/ en150 31146

Brouwer F, Anzaldi G, Laspidou C, Munaretto C et al (2018) Com-
mentary to SEI report ‘Where is the added value? A review of 
the water-energy-food nexus literature’. Work Package Number: 
WP7

Cai X, Wallington K, Shafiee-Jood M et al (2018) Understanding and 
managing the food-energy-water nexus–opportunities for water 
resources research. Adv Water Resour 111:259–273. https:// doi. 
org/ 10. 1016/j. advwa tres. 2017. 11. 014

Chen C (2006) CiteSpace II: Detecting and visualizing emerging trends 
and transient patterns in scientific literature. J Am Soc Inform 
Sci Technol 57(3):359–377. https:// doi. org/ 10. 1002/ asi. 20317

Chen S, Chen B (2016) Urban energy–water nexus: a network perspec-
tive. Appl Energy 184:905–914. https:// doi. org/ 10. 1016/j. apene 
rgy. 2016. 03. 042

Chenu K, Porter JR, Martre P et al (2017) Contribution of crop models 
to adaptation in wheat. Trends Plant Sci 22(6):472–490. https:// 
doi. org/ 10. 1016/j. tplan ts. 2017. 02. 003

Corona-López E, Román-Gutiérrez AD, Otazo-Sánchez EM et al 
(2021) Water-Food Nexus assessment in agriculture: a system-
atic review. Int J Environ Res Public Health 18(9):4983. https:// 
doi. org/ 10. 3390/ ijerp h1809 4983

Dai J, Wu S, Han G et  al (2018) Water-energy nexus: a review 
of methods and tools for macro-assessment. Appl Energy 
210:393–408. https:// doi. org/ 10. 1016/j. apene rgy. 2017. 08. 243

Deng P, Chen J, Chen D et al (2017) The evolutionary characteristics 
analysis of the coupling and coordination among water, energy 
and food: take Jiangsu Province as an example. J Water Res 
Water Eng 28(6):232–238

D’Odorico P, Davis KF, Rosa L et al (2018) The global food-energy-
water nexus. Rev Geophys 56(3):456–531. https:// doi. org/ 10. 
1029/ 2017R G0005 91

El-Gafy I (2017) Water–food–energy nexus index: analysis of water–
energy–food nexus of crop’s production system applying the 
indicators approach. Appl Water Sci 7(6):2857–2868. https:// 
doi. org/ 10. 1007/ s13201- 017- 0551-3

Endo A, Tsurita I, Burnett K et al (2017) A review of the current state 
of research on the water, energy, and food nexus. J Hydrol: Reg 
Stud 11:20–30. https:// doi. org/ 10. 1016/j. ejrh. 2015. 11. 010

Fang D, Chen B (2017) Linkage analysis for the water–energy nexus of 
city. Appl Energy 189:770–779. https:// doi. org/ 10. 1016/j. apene 
rgy. 2016. 04. 020

Feng K, Siu YL, Guan D et al (2012) Assessing regional virtual water 
flows and water footprints in the Yellow River Basin, China: 
a consumption based approach. Appl Geogr 32(2):691–701. 
https:// doi. org/ 10. 1016/j. apgeog. 2011. 08. 004

Gain AK, Giupponi C, Benson D (2015) The water–energy–food 
(WEF) security nexus: the policy perspective of Bangladesh. 
Water International 40(5–6):895–910. https:// doi. org/ 10. 1080/ 
02508 060. 2015. 10876 16

Garcia DJ, You F (2016) The water-energy-food nexus and process 
systems engineering: a new focus. Comput Chem Eng 91:49–67. 
https:// doi. org/ 10. 1016/j. compc hemeng. 2016. 03. 003

Giupponi C, Gain AK (2017) Integrated spatial assessment of the 
water, energy and food dimensions of the sustainable develop-
ment goals. Reg Environ Change 17(7):1881–1893. https:// doi. 
org/ 10. 1007/ s10113- 016- 0998-z

Gleick P (1994) Water and energy. Annu Rev Energy Environ 
19:267–299

Gu A, Teng F, Lv Z (2016) Exploring the nexus between water saving 
and energy conservation: Insights from industry sector during the 
12th Five-Year Plan period in China. Renew Sustain Energy Rev 
59:28–38. https:// doi. org/ 10. 1016/j. rser. 2015. 12. 285

Hachaichi M, Egieya J (2022) Water-food-energy nexus in global cities: 
solving urban challenging interdependencies together. https:// doi. 
org/ 10. 21203/ rs.3. rs- 19560 52/ v1

Han X, Hua E, Engel BA et al (2022) Understanding implications of 
climate change and socio-economic development for the water-
energy-food nexus: a meta-regression analysis. Agric Water 
Manag 269:107693. https:// doi. org/ 10. 1016/j. agwat. 2022. 107693

Hellegers P et al (2008) Interactions between water, energy, food and 
environment: evolving perspectives and policy issues. Water 
Policy 10(S1):1–10. https:// doi. org/ 10. 2166/ wp. 2008. 048

Hightower M, Pierce SA (2008) The energy challenge. Nature 
452(7185):285–286. https:// doi. org/ 10. 1038/ 45228 5a

Hoff, H., 2011. Understanding the nexus. Background paper for the 
Bonn 2011 Conference: The Water, Energy and Food Security 
Nexus. Stockholm Environment Institute (SEI). Stockholm, 
Sweden.

Holtermann T, Nandalal KDW (2015) The water–energy–food nexus 
and climate change adaptation. Change Adapt Socio-Ecological 
Syst 2(1). https:// doi. org/ 10. 1515/ cass- 2015- 0022

Howells M, Hermann S, Welsch M et al (2013) Integrated analysis of 
climate change, land-use, energy and water strategies. Nat Clim 
Chang 3(7):621–626. https:// doi. org/ 10. 1038/ nclim ate17 89

Hussey K, Pittock J, (2012) The energy–water nexus: managing the 
links between energy and water for a sustainable future. Ecology 
and society 17(1). https:// www. jstor. org/ stable/ 26268 988

Ingram J (2011) A food systems approach to researching food secu-
rity and its interactions with global environmental change. 
Food Security 3(4):417–431. https:// doi. org/ 10. 1007/ 
s12571- 011- 0149-9

Johnson JA, Runge CF, Senauer B et al (2014) Global agriculture and 
carbon trade-offs. Proc Natl Acad Sci 111(34):12342–12347. 
https:// doi. org/ 10. 1073/ pnas. 14128 35111

Keairns DL, Darton RC, Irabien A (2016) The energy-water-food 
nexus. Annu Rev Chem Biomol Eng 7:239–262. https:// doi. org/ 
10. 1146/ annur ev- chemb ioeng- 080615- 033539

Kurian M (2017) The water-energy-food nexus: trade-offs, thresholds 
and transdisciplinary approaches to sustainable development. 
Environ Sci Policy 68:97–106. https:// doi. org/ 10. 1016/j. envsci. 
2016. 11. 006

Lee M, Keller AA, Chiang PC et al (2017) Water-energy nexus for 
urban water systems: a comparative review on energy intensity 
and environmental impacts in relation to global water risks. Appl 
Energy 205:589–601. https:// doi. org/ 10. 1016/j. apene rgy. 2017. 
08. 002

https://doi.org/10.1016/j.agrformet.2015.08.259
https://doi.org/10.1016/j.resconrec.2019.104481
https://doi.org/10.1016/j.resconrec.2019.104481
https://doi.org/10.1016/j.jclepro.2010.09.003
https://doi.org/10.1016/j.jclepro.2010.09.003
https://doi.org/10.1016/j.enpol.2011.09.039
https://doi.org/10.1016/j.enpol.2011.09.039
https://doi.org/10.1080/02508060.2015.1096110
https://doi.org/10.1016/j.envsci.2015.08.002
https://doi.org/10.1016/j.envsci.2015.08.002
https://doi.org/10.3390/en15031146
https://doi.org/10.1016/j.advwatres.2017.11.014
https://doi.org/10.1016/j.advwatres.2017.11.014
https://doi.org/10.1002/asi.20317
https://doi.org/10.1016/j.apenergy.2016.03.042
https://doi.org/10.1016/j.apenergy.2016.03.042
https://doi.org/10.1016/j.tplants.2017.02.003
https://doi.org/10.1016/j.tplants.2017.02.003
https://doi.org/10.3390/ijerph18094983
https://doi.org/10.3390/ijerph18094983
https://doi.org/10.1016/j.apenergy.2017.08.243
https://doi.org/10.1029/2017RG000591
https://doi.org/10.1029/2017RG000591
https://doi.org/10.1007/s13201-017-0551-3
https://doi.org/10.1007/s13201-017-0551-3
https://doi.org/10.1016/j.ejrh.2015.11.010
https://doi.org/10.1016/j.apenergy.2016.04.020
https://doi.org/10.1016/j.apenergy.2016.04.020
https://doi.org/10.1016/j.apgeog.2011.08.004
https://doi.org/10.1080/02508060.2015.1087616
https://doi.org/10.1080/02508060.2015.1087616
https://doi.org/10.1016/j.compchemeng.2016.03.003
https://doi.org/10.1007/s10113-016-0998-z
https://doi.org/10.1007/s10113-016-0998-z
https://doi.org/10.1016/j.rser.2015.12.285
https://doi.org/10.21203/rs.3.rs-1956052/v1
https://doi.org/10.21203/rs.3.rs-1956052/v1
https://doi.org/10.1016/j.agwat.2022.107693
https://doi.org/10.2166/wp.2008.048
https://doi.org/10.1038/452285a
https://doi.org/10.1515/cass-2015-0022
https://doi.org/10.1038/nclimate1789
https://www.jstor.org/stable/26268988
https://doi.org/10.1007/s12571-011-0149-9
https://doi.org/10.1007/s12571-011-0149-9
https://doi.org/10.1073/pnas.1412835111
https://doi.org/10.1146/annurev-chembioeng-080615-033539
https://doi.org/10.1146/annurev-chembioeng-080615-033539
https://doi.org/10.1016/j.envsci.2016.11.006
https://doi.org/10.1016/j.envsci.2016.11.006
https://doi.org/10.1016/j.apenergy.2017.08.002
https://doi.org/10.1016/j.apenergy.2017.08.002


121368 Environmental Science and Pollution Research (2023) 30:121354–121369

1 3

Li X, Liu J, Zheng C et al (2016) Energy for water utilization in China 
and policy implications for integrated planning. International 
Journal of Water Resource Development 32:477–494. https:// 
doi. org/ 10. 1080/ 07900 627. 2015. 11334 03

Li M, Fu Q, Singh VP et al (2019) An optimal modelling approach 
for managing agricultural water-energy-food nexus under uncer-
tainty. Sci Total Environ 651:1416–1434. https:// doi. org/ 10. 
1016/j. scito tenv. 2018. 09. 291

Li R, Wang Q, Liu Y et al (2021) Per-capita carbon emissions in 147 
countries: the effect of economic, energy, social, and trade struc-
tural changes. Sust Prod Consum 27:1149–1164. https:// doi. org/ 
10. 1016/j. spc. 2021. 02. 031

Liu J, Mao G, Hoekstra AY et  al (2018) Managing the energy-
water-food nexus for sustainable development. Appl Energy 
210(15):377–381. https:// doi. org/ 10. 1016/j. apene rgy. 2017. 10. 
064

Mannan M, Al-Ansari T, Mackey HR et al (2018) Quantifying the 
energy, water and food nexus: a review of the latest develop-
ments based on life-cycle assessment. J Clean Prod 193:300–314. 
https:// doi. org/ 10. 1016/j. jclep ro. 2018. 05. 050

Martinez-Hernandez E, Leach M, Yang A (2017) Understanding water-
energy-food and ecosystem interactions using the nexus simula-
tion tool NexSym. Appl Energy 206(15):1009–1021. https:// doi. 
org/ 10. 1016/j. apene rgy. 2017. 09. 022

Medina-Santana AA, Flores-Tlacuahuac A, Cárdenas-Barrón LE et al 
(2020) Optimal design of the water-energy-food nexus for rural 
communities. Comput Chem Eng 143:107120. https:// doi. org/ 
10. 1016/j. compc hemeng. 2020. 107120

Mei H, Li YP, Suo C et al (2020) Analyzing the impact of climate 
change on energy-economy-carbon nexus system in China. Appl 
Energy 262:114568. https:// doi. org/ 10. 1016/j. apene rgy. 2020. 
114568

Miller-Robbie L, Ramaswami A, Amerasinghe P (2017) Wastewater 
treatment and reuse in urban agriculture: exploring the food, 
energy, water, and health nexus in Hyderabad. India Environ Res 
Letters 12(7):075005. https:// doi. org/ 10. 1088/ 1748- 9326/ aa6bfe

Mimi ZA, Jamous SA (2010) Climate change and agricultural water 
demand: impacts and adaptations. African J Environ Sci Technol 
4(4). http:// www. acade micjo urnals. org/ AJEST

Mohtar RH, Daher B (2012) Water, energy, and food: the ultimate 
nexus. Encyclopedia of agricultural, food, and biological engi-
neering. CRC Press, Taylor and Francis Group

Molajou A, Afshar A, Khosravi M et al (2021). A new paradigm of 
water, food, and energy nexus. Environ Sci Pollut Res1–11. 
https:// doi. org/ 10. 1007/ s11356- 021- 13034-1

Namany S, Al-Ansari T (2021) Energy, water, food nexus decision-
making for sustainable food security. The Water–Energy–Food 
Nexus 191–216. https:// doi. org/ 10. 1007/ 978- 981- 16- 0239-9_7

Niu Y, Xie G, Xiao Y et al (2021) Spatiotemporal patterns and determi-
nants of grain self-sufficiency in China. Foods 10(4):747. https:// 
doi. org/ 10. 3390/ foods 10040 747

Opejin AK, Aggarwal RM, White DD et al (2020) A bibliometric 
analysis of food-energy-water nexus literature. Sustainability 
12(3):1112. https:// doi. org/ 10. 3390/ su120 31112

Owen A, Scott K, Barrett J (2018) Identifying critical supply chains 
and final products: an input-output approach to exploring the 
energy-water-food nexus. Appl Energy 210:632–642. https:// 
doi. org/ 10. 1016/j. apene rgy. 2017. 09. 069

Pacetti T, Lombardi L, Federici G (2015) Water–energy nexus: a case 
of biogas production from energy crops evaluated by water 
footprint and life cycle assessment (LCA) methods. J Clean 
Prod 101:278–291. https:// doi. org/ 10. 1016/j. jclep ro. 2015. 03. 
084

Pellegrini P, Fernández RJ (2018) Crop intensification, land use, and 
on-farm energy-use efficiency during the worldwide spread of 

the green revolution. Proc Natl Acad Sci 115(10):2335–2340. 
https:// doi. org/ 10. 1073/ pnas. 17170 7211

Piao S, Ciais P, Huang Y et  al (2010) The impacts of climate 
change on water resources and agriculture in China. Nature 
467(7311):43–51. https:// doi. org/ 10. 1038/ natur e09364

Ramaswami A, Boyer D, Nagpure AS et al (2017) An urban systems 
framework to assess the trans-boundary food-energy-water 
nexus: implementation in Delhi. India Environ Res Letters 
12(2):025008. https:// doi. org/ 10. 1088/ 1748- 9326/ aa5556

Ramos HM, Mello M, De PK (2010) Clean power in water supply 
systems as a sustainable solution: from planning to practical 
implementation. Water Supply 10(1):39–49. https:// doi. org/ 10. 
2166/ ws. 2010. 720

Rasul G, Sharma B (2016) The nexus approach to water–energy–food 
security: an option for adaptation to climate change. Climate 
Policy 16(6):682–702. https:// doi. org/ 10. 1080/ 14693 062. 2015. 
10298 65

Rockström J, Steffen W, Noone K et al (2009) A safe operating space 
for humanity. Nature 461(7263):472–475. https:// doi. org/ 10. 
1038/ 46147 2a

Rulli MC, Bellomi D, Cazzoli A et al (2016) The water-land-food 
nexus of first-generation biofuels. Sci Rep 6(1):1–10. https:// 
doi. org/ 10. 1038/ srep2 2521

Salem HS, Pudza MY, Yihdego Y (2022) Water strategies and water–
food nexus: challenges and opportunities towards sustainable 
development in various regions of the world. Sustain Water Res 
Manag 8(4):1–54. https:// doi. org/ 10. 1007/ s40899- 022- 00676-3

Salmoral G, Yan X (2018) Food-energy-water nexus: a life cycle analy-
sis on virtual water and embodied energy in food consumption in 
the Tamar catchment, UK. Resour Conserv Recycl 133:320–330. 
https:// doi. org/ 10. 1016/j. resco nrec. 2018. 01. 018

Sanders KT, Masri SF (2016) The energy-water agriculture nexus: 
the past, present and future of holistic resource management via 
remote sensing technologies. J Clean Prod 117:73–88. https:// 
doi. org/ 10. 1016/j. jclep ro. 2016. 01. 034

SE4All. 2016. The sustainable energy for all initiative. Ending energy 
poverty.

Shang Y, Hei P, Lu S et al (2018) China’s energy-water nexus: assess-
ing water conservation synergies of the total coal consumption 
cap strategy until 2050. Appl Energy 210:643–660. https:// doi. 
org/ 10. 1016/j. apene rgy. 2016. 11. 008

She W, Wu Y, Huang H et al (2017) Integrative analysis of carbon 
structure and carbon sink function for major crop production in 
China’s typical agriculture regions. J Clean Prod 162:702–708. 
https:// doi. org/ 10. 1016/j. jclep ro. 2017. 05. 108

Shrestha AB, Aryal R (2011) Climate change in Nepal and its impact 
on Himalayan glaciers. Reg Environ Change 11(1):65–77. https:// 
doi. org/ 10. 1007/ s10113- 010- 0174-9

Siciliano G, Rulli MC, D’odorico P (2017) European large-scale farm-
land investments and the land-water-energy-food nexus. Adv 
Water Resour 110:579–590. https:// doi. org/ 10. 1016/j. advwa 
tres. 2017. 08. 012

Simpson GB, Jewitt GPW (2019) The development of the water-
energy-food nexus as a framework for achieving resource secu-
rity: a review. Front Environ Sci 7:8. https:// doi. org/ 10. 3389/ 
fenvs. 2019. 00008

Sims REH (2011) “Energy-smart” food for people and climate. In: 
Food and Agriculture Organization of the United Nations (FAO).

Smajgl A, Ward J, Pluschke L (2016) The water–food–energy nexus–
realising a new paradigm. J Hydrol 533:533–540. https:// doi. org/ 
10. 1016/j. jhydr ol. 2015. 12. 033

Soleimanian E, Afshar A, Molajou A (2022) A review on water simula-
tion models for the WEF nexus: development perspective. Envi-
ron Sci Pollut Res 29(53):79769–79785. https:// doi. org/ 10. 1007/ 
s11356- 022- 19849-w

https://doi.org/10.1080/07900627.2015.1133403
https://doi.org/10.1080/07900627.2015.1133403
https://doi.org/10.1016/j.scitotenv.2018.09.291
https://doi.org/10.1016/j.scitotenv.2018.09.291
https://doi.org/10.1016/j.spc.2021.02.031
https://doi.org/10.1016/j.spc.2021.02.031
https://doi.org/10.1016/j.apenergy.2017.10.064
https://doi.org/10.1016/j.apenergy.2017.10.064
https://doi.org/10.1016/j.jclepro.2018.05.050
https://doi.org/10.1016/j.apenergy.2017.09.022
https://doi.org/10.1016/j.apenergy.2017.09.022
https://doi.org/10.1016/j.compchemeng.2020.107120
https://doi.org/10.1016/j.compchemeng.2020.107120
https://doi.org/10.1016/j.apenergy.2020.114568
https://doi.org/10.1016/j.apenergy.2020.114568
https://doi.org/10.1088/1748-9326/aa6bfe
http://www.academicjournals.org/AJEST
https://doi.org/10.1007/s11356-021-13034-1
https://doi.org/10.1007/978-981-16-0239-9_7
https://doi.org/10.3390/foods10040747
https://doi.org/10.3390/foods10040747
https://doi.org/10.3390/su12031112
https://doi.org/10.1016/j.apenergy.2017.09.069
https://doi.org/10.1016/j.apenergy.2017.09.069
https://doi.org/10.1016/j.jclepro.2015.03.084
https://doi.org/10.1016/j.jclepro.2015.03.084
https://doi.org/10.1073/pnas.171707211
https://doi.org/10.1038/nature09364
https://doi.org/10.1088/1748-9326/aa5556
https://doi.org/10.2166/ws.2010.720
https://doi.org/10.2166/ws.2010.720
https://doi.org/10.1080/14693062.2015.1029865
https://doi.org/10.1080/14693062.2015.1029865
https://doi.org/10.1038/461472a
https://doi.org/10.1038/461472a
https://doi.org/10.1038/srep22521
https://doi.org/10.1038/srep22521
https://doi.org/10.1007/s40899-022-00676-3
https://doi.org/10.1016/j.resconrec.2018.01.018
https://doi.org/10.1016/j.jclepro.2016.01.034
https://doi.org/10.1016/j.jclepro.2016.01.034
https://doi.org/10.1016/j.apenergy.2016.11.008
https://doi.org/10.1016/j.apenergy.2016.11.008
https://doi.org/10.1016/j.jclepro.2017.05.108
https://doi.org/10.1007/s10113-010-0174-9
https://doi.org/10.1007/s10113-010-0174-9
https://doi.org/10.1016/j.advwatres.2017.08.012
https://doi.org/10.1016/j.advwatres.2017.08.012
https://doi.org/10.3389/fenvs.2019.00008
https://doi.org/10.3389/fenvs.2019.00008
https://doi.org/10.1016/j.jhydrol.2015.12.033
https://doi.org/10.1016/j.jhydrol.2015.12.033
https://doi.org/10.1007/s11356-022-19849-w
https://doi.org/10.1007/s11356-022-19849-w


121369Environmental Science and Pollution Research (2023) 30:121354–121369 

1 3

Stevens L, Gallagher M (2015) The energy–water–food nexus at 
decentralized scales: synergies, trade-offs and how to mANAGE 
THEM. Practical Action Publishing, Rugby

Tortorella MM, Di Leo S, Cosmi C et al (2020) A methodological 
integrated approach to analyse climate change effects in agri-food 
sector: the TIMES Water-Energy-Food Module. Int J Environ 
Res Public Health 17(21):7703. https:// doi. org/ 10. 3390/ ijerp 
h1721 7703

UNFCC COP 27 (The United Nations Climate Change Conference). 
2022. Amplifying our climate justice stories on a world stage. 
https:// www. dscej. org/ cop27

Vora N, Shah A, Bilec MM et al (2017) Food–energy–water nexus: 
quantifying embodied energy and GHG emissions from irriga-
tion through virtual water transfers in food trade. ACS Sustain 
Chem Eng 5(3):2119–2128. https:// doi. org/ 10. 1021/ acssu schem 
eng. 6b021 22

Wada Y, Van Beek LPH, Wanders N et al (2013) Human water con-
sumption intensifies hydrological drought worldwide. Environ 
Res Lett 8(3):034036. https:// doi. org/ 10. 1088/ 1748- 9326/8/ 3/ 
034036

Walker RV, Beck MB, Hall JW et al (2014) The energy-water-food 
nexus: strategic analysis of technologies for transforming the 
urban metabolism. J Environ Manage 141:104–115. https:// doi. 
org/ 10. 1016/j. jenvm an. 2014. 01. 054

Wang XC, Klemeš JJ, Long X et al (2020) Measuring the environmen-
tal performance of the EU27 from the water-energy-carbon nexus 
perspective. J Clean Prod 265:121832. https:// doi. org/ 10. 1016/j. 
jclep ro. 2020. 121832

Wang X, Müller C, Elliot J et al (2021) Global irrigation contribution 
to wheat and maize yield. Nat Commun 12(1):1–8. https:// doi. 
org/ 10. 1038/ s41467- 021- 21498-5

Waughray D (2011) Water security, the water-food-energy-climate 
nexus: the World Economic Forum Water Initiative. Island Press, 
Washington, DC

WEF, Ed., 2011. Water security: water–food–energy–climate nexus. 
The World Economic Forum Water Initiative. Island Press, 
Washington D.C., USA.

Weitz N, Strambo C, Kemp-Benedict E et al (2017) Closing the govern-
ance gaps in the water-energy-food nexus: Insights from integra-
tive governance. Glob Environ Chang 45:165–173. https:// doi. 
org/ 10. 1016/j. gloen vcha. 2017. 06. 006

West TO, Marland G (2002) A synthesis of carbon sequestration, car-
bon emissions, and net carbon flux in agriculture: comparing 
tillage practices in the United States. Agr Ecosyst Environ 91(1–
3):217–232. https:// doi. org/ 10. 1016/ S0167- 8809(01) 00233-X

White DJ, Hubacek K, Feng K et al (2018) The water-energy-food 
nexus in East Asia: a tele-connected value chain analysis using 
inter-regional input-output analysis. Appl Energy 210:550–567. 
https:// doi. org/ 10. 1016/j. apene rgy. 2017. 05. 159

Yan X, Fang L, Mu L (2020) How does the water-energy-food nexus 
work in developing countries? An empirical study of China. Sci 

Total Environ 716:134791. https:// doi. org/ 10. 1016/j. scito tenv. 
2019. 134791

Yang YCE, Ringler C, Brown C et al (2016) Modeling the agricultural 
water–energy–food nexus in the Indus River Basin, Pakistan. J 
Water Resour Plan Manag 142(12):04016062. https:// doi. org/ 10. 
1061/ (ASCE) WR. 1943- 5452. 00007 10

Yoon PR, Lee SH, Choi JY et al (2022) Analysis of climate change 
impact on resource intensity and carbon emissions in protected 
farming systems using water-energy-food-carbon nexus. Resour 
Conserv Recycl 184:106394. https:// doi. org/ 10. 1016/j. resco nrec. 
2022. 106394

Yu L, Xiao Y, Zeng XT et al (2020) Planning water-energy-food nexus 
system management under multi-level and uncertainty. J Clean 
Prod 251:119658. https:// doi. org/ 10. 1016/j. jclep ro. 2019. 119658

Zhang C, Chen X, Li Y et al (2018) Water-energy-food nexus: con-
cepts, questions and methodologies. J Clean Prod 195:625–639. 
https:// doi. org/ 10. 1016/j. jclep ro. 2018. 05. 194

Zhang P, Zhang L, Chang Y et al (2019) Food-energy-water (FEW) 
nexus for urban sustainability: a comprehensive review. Resour 
Conserv Recycl 142:215–224. https:// doi. org/ 10. 1016/j. resco 
nrec. 2018. 11. 018

Zhang L, Liu Y, Zhan H et al (2021) Influence of solar activity and 
EI Niño-Southern Oscillation on precipitation extremes, stream-
flow variability and flooding events in an arid-semiarid region 
of China. J Hydrol 601:126630. https:// doi. org/ 10. 1016/j. jhydr 
ol. 2021. 126630

Zhang X, Guo P, Zhang F et al (2021) Optimal irrigation water alloca-
tion in Hetao Irrigation District considering decision makers’ 
preference under uncertainties. Agric Water Manag 246:106670. 
https:// doi. org/ 10. 1016/j. agwat. 2020. 106670

Zhou Y, Li H, Wang K et al (2016) China’s energy-water nexus: spill-
over effects of energy and water policy. Glob Environ Chang 
40:92–100. https:// doi. org/ 10. 1016/j. gloen vcha. 2016. 07. 003

Zhu J, Kang S, Zhao W et al (2020) A bibliometric analysis of food–
energy–water nexus: progress and prospects. Land 9(12):504. 
https:// doi. org/ 10. 3390/ land9 120504

Zscheischler J, Martius O, Westra S et  al (2020) A typology of 
compound weather and climate events. Nature Reviews 
Earth & Environment 1(7):333–347. https:// doi. org/ 10. 1038/ 
s43017- 020- 0060-z

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

https://doi.org/10.3390/ijerph17217703
https://doi.org/10.3390/ijerph17217703
https://www.dscej.org/cop27
https://doi.org/10.1021/acssuschemeng.6b02122
https://doi.org/10.1021/acssuschemeng.6b02122
https://doi.org/10.1088/1748-9326/8/3/034036
https://doi.org/10.1088/1748-9326/8/3/034036
https://doi.org/10.1016/j.jenvman.2014.01.054
https://doi.org/10.1016/j.jenvman.2014.01.054
https://doi.org/10.1016/j.jclepro.2020.121832
https://doi.org/10.1016/j.jclepro.2020.121832
https://doi.org/10.1038/s41467-021-21498-5
https://doi.org/10.1038/s41467-021-21498-5
https://doi.org/10.1016/j.gloenvcha.2017.06.006
https://doi.org/10.1016/j.gloenvcha.2017.06.006
https://doi.org/10.1016/S0167-8809(01)00233-X
https://doi.org/10.1016/j.apenergy.2017.05.159
https://doi.org/10.1016/j.scitotenv.2019.134791
https://doi.org/10.1016/j.scitotenv.2019.134791
https://doi.org/10.1061/(ASCE)WR.1943-5452.0000710
https://doi.org/10.1061/(ASCE)WR.1943-5452.0000710
https://doi.org/10.1016/j.resconrec.2022.106394
https://doi.org/10.1016/j.resconrec.2022.106394
https://doi.org/10.1016/j.jclepro.2019.119658
https://doi.org/10.1016/j.jclepro.2018.05.194
https://doi.org/10.1016/j.resconrec.2018.11.018
https://doi.org/10.1016/j.resconrec.2018.11.018
https://doi.org/10.1016/j.jhydrol.2021.126630
https://doi.org/10.1016/j.jhydrol.2021.126630
https://doi.org/10.1016/j.agwat.2020.106670
https://doi.org/10.1016/j.gloenvcha.2016.07.003
https://doi.org/10.3390/land9120504
https://doi.org/10.1038/s43017-020-0060-z
https://doi.org/10.1038/s43017-020-0060-z

	The water-energy-food nexus: a systematic bibliometric analysis
	Abstract
	Introduction
	Literature review
	Water-energy nexus
	Water-food nexus
	Energy-food nexus
	Water-energy-food nexus

	Data sources and research method
	Data sources
	Bibliographic analysis

	Results and discussion
	Trend analysis of literature publication
	Analysis of literature publication volume
	Key journal types

	Network analysis of country, institution, and author cooperation
	Analysis of country cooperation network
	Analysis of institutional cooperation network
	Analysis of author cooperation network

	Analysis of literature co-citation
	Analysis of hot research topics and frontiers
	Keyword co-occurrence analysis
	Keywords timeline view analysis
	Results analysis of burst keywords


	Conclusions
	Research conclusions
	Research limitations
	Research implications and prospects
	Climate change
	Carbon emissions


	References


