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Recent progress on the water—energy—food
nexus using bibliometric analysis

Dan Chen, Peng Zhang, Zhaohui Luo*, Di Zhang, Bo Bi and Xinchun Cao

A systematic overview of the water—energy—food nexus studies is presented using bibliometric
analysis. We have used the Web of Science Core Collection data from 2010 to 2017 for the same.
The main subject categories include environmental science and water resources. Water and Envi-
ronmental Science & Policy are two typical journals. USA, England and Germany are productive
countries, while the main institutions are Oxford University, International Water Management
Institute, and International Food Policy Research Institute. The frequently cited papers and key-
words revealed the research hotspots and trends, with the major concerns of the concept and me-

chanism, research dimensions and nexus methodologies.
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WATER, food and energy security is of crucial importance
for the sustainable development of mankind. Driven by
climate change, economic growth, urbanization, global
population increase and changing consumption style,
global demand for all the three resources is sharply
increasing'. The inextricable linkages among water, ener-
gy and food have been increasing the complexity of all
three security issues, requiring a suitably integrated
approach to sustainable agriculture, water resources
development and energy production worldwide. Thus a
nexus approach, called the water—energy—food (WEF)
nexus, has been initiated at a global level to integrate
management and governance across all three resources-
related sectors and scales’. This nexus perspective
with interdisciplinary solutions could be a good option
for adaptation to the changing environment, through
enhancing cooperation between and among all sectors.
Since the Bonn 2011 Nexus Conference on ‘The
Water, Energy and Food Security Nexus—Solutions for
the Green Economy’ provided the first platform for con-
sideration of the nexus perspective, much of the national
and international focus has been on identifying the com-
plex nexus and conducting the policy development and
implementation. For instance, in 2013, the Economic and
Social Commission for Asia and the Pacific (UNESCAP)
issued a report on the Status of the water—food—energy
nexus in Asia and the Pacific. The Food and Agriculture
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Organization of the United Nations (FAO), Rome, deve-
loped an approach of Nexus Rapid Appraisal to assess
and manage the WFE nexus to guide the development of
‘nexus-sensitive’ policies. The International Water Man-
agement Institute (IWMI) posted this topic as one of the
major issues for finding solutions. The Global Water
Partnership (GWP) is focusing on a programme of water—
food—energy—ecosystems nexus. The Stockholm Envi-
ronment Institute (SEI) offered some major viewpoints
and research reports on the water, energy and food nexus.
A website called ‘The Water, Energy and Food Security
Resource Platform’ provides independent information
funded by the Federal Ministry of Economic Cooperation
and Development. In addition, various funding agencies
have been supporting scientific research for implement-
ing development plans on the WFE nexus. In 2015, the
US National Science Foundation issued a call to fund US
$50 million for the advancement of research on the
nexus’. China also incorporated the WFE nexus security
into the National Key Research and Development Pro-
gram of China from 2017. The WFE nexus has become a
hot topic of increasing attention for both the scientific
and policy communities.

With the widespread attention to the nexus concept, a
great number of studies have been conducted on WEF
nexus and related fields'*®. There has been significant
progress, including its conceptual framework, interac-
tions among the three cores, nexus quantification or
assessment methods and modelling tools, interdiscipli-
nary solutions, governance and implementation. However,
no systematic literature reviews have been published
from a bibliometric perspective. To fill this research gap,
we analysed the performance of WEF nexus-related
literature. The overview with document statistics and
visualization includes document types and language,
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changes in publication, distribution of subject categories
and journals, contribution of countries and institutions,
the most frequently cited publications, keywords,
research hotspots and trends, research limitations, chal-
lenges and major concerns. The findings in this study will
offer an index of cognition in the characteristics and im-
plications of the WEF nexus-related literature as a helpful
reference for further studies.

Methods and data sources
Bibliometric analysis

The term ‘bibliometrics’ was first used by Alan Pritchard
in 1969 (refs 10—-15). Bibliometric analysis is a publica-
tion statistical research method'®. It has been frequently
used for systematic evaluation of scientific publications
and identification of research phenomena in a specific
field"’. Moreover, CiteSpace software as a tool for pro-
gressive knowledge domain visualization was used with
bibliometric analysis in this study'>. CiteSpace can help
in the structural and temporal analyses of networks, hybr-
id node types and cluster views on scientific publica-
tions'”.

Impact factor and h-index

Two important indicators, viz. impact factor (IF) and
h-index, are used for bibliometric analysis. IF is one of
the common indicators to evaluate the relative influence
of journals'. It is a standardized indicator calculated
using citations and publications of a journal in the last
two years'®?'. The A-index is another indicator of indi-
vidual research achievement from quality and quantity
aspects, proposed by Hirsch, in 2005 (ref. 22-24).
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Publication output performance of water—energy—food (WEF) nexus and WEF documents.

Social network analysis

Social network analysis is used to identify the connec-
tions among individuals or groups, and reflect the centrality
of individuals and the intensity or strength of ties using
statistics”. In the network graph, individuals and rela-
tionships are represented by weighted nodes and lines
respectively, and the nodes playing important roles in
network relationships are labelled'*°. The contribution
of different countries and institutions can be evaluated by
estimating research collaborations with the development
of network theory and computer processing capacities®’.

Data sources

As a well-known database, the Web of Science Core
Collection by Thomson Reuters was selected as the data
source. ‘Water’ and ‘energy’ and ‘food’ were chosen as
keywords under the ‘topic’ option to search the publica-
tions from 1986 to 2017. A total of 10,425 publications
were retrieved on 7 June 2018. Considering the rapid
development of the concept of ‘nexus’, it could be more
meaningful to add it as the keyword for secondary
retrieval analysis (Figure 1). After screening publications
containing keywords but not related to the topic, a total of
330 were retrieved. Since the earliest publication year
was 2010, the document data from 2010 to 2017 were
selected.

Results
Document types and language of publications

Articles (226 publications), proceedings papers (48) and
reviews (45) were the major contributions, accounting for
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Table 1. Characteristics by year of publication outputs from 2010 to 2017
Year TP AU AU/TP PG PG/TP NR NR/TP
2010 1 13 13 29 29 52 52
2011 4 27 6.75 63 15.75 263 65.75
2012 6 20 3.33 83 13.83 273 45.50
2013 15 39 2.6 154 10.27 668 44.53
2014 17 48 2.82 150 8.82 898 52.82
2015 85 289 34 1151 13.54 4701 55.31
2016 88 373 4.24 1173 13.33 5288 60.09
2017 114 416 3.65 1413 12.39 7155 62.76
Total 330 1225 4216 19298
Average 3.71 12.78 58.48

TP, Number of publications; AU, Number of authors; PG, Page count; NR, Cited reference count; AU/P,
PG/P and NR/P, Average number of authors, pages and references per articles respectively.

Table 2. Publications of top 10 subject categories
Web of Science subject category Record Percentage (%)
Environmental sciences 117 35.241
Water resources 98 29.518
Green sustainable science and technology 51 15.361
Environmental studies 47 14.157
Energy fuels 46 13.855
Engineering — environmental 37 11.145
Engineering — civil 30 9.036
Engineering — chemical 26 7.831
Biotechnology and applied microbiology 15 4.518
Meteorology and atmospheric sciences 14 4.217

96.67% of the total published literature. Other types of
documents accounted for less than 3.5%, including
editorial materials, meeting abstracts, book chapters,
book reviews and corrections. The publications were all
in English, possibly because databases mainly collect
publications in that language.

Characteristics of publications

Table 1 displays the characteristics of 330 publications.
There are a few publications from 2010 to 2012, but after
2012 the annual number increases steadily with a sharp
growth in 2015. The average article length fluctuates
slightly, with an overall average of 12.78 pages. The
number of citations per article increases from 44.53
(2013) to 62.76 (2017), without consideration of the years
with less publications (2010-2012). There is a rising
number of authors from 13 (2010) to 416 (2017), with the
average number of authors of a single article being
(3.71). Thus, these characteristics indicate that the WEF
nexus has become a hot research area with much attention
from experts and scholars.

Distribution of subject categories and journals

The publications involved 64 subject categories accord-
ing to classification in the Web of Science database. In
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the top 10 subject categories (Table 2), environmental
sciences was the most productive category (35.241% of
all publications), followed by water resources (29.518%),
green sustainable science and technology (15.361%),
environmental studies (14.157%), and energy fuels
(13.855%). The papers have been in 160 journals. The
top 10 productive journals accounted for 36.1% of all
publications (Table 3). Water was the most productive
journal with 19 publications (5.76%) and ranked 19th in
the subject category of water resources. Three journals,
including Environmental Science and Policy, Interna-
tional Journal of Water Resources Development, and
Water International were the second most productive
journals (4.55%). In general, these journals in the subject
categories of water resources, and environmental sciences
are the most influential ones.

Contribution of countries/territories

Except for seven publications lacking any affiliation
information, the 323 publications covered 66 countries in
total for authors’ affiliations. In the top 10 countries
(Table 4), USA (134) is ahead of the others in the total
number of publications, accounting for 40.361% of the
world total, followed by England (70, 21.084%), Germany
(40, 12.048%), China (26, 7.831%) and Australia (24,
7.229%). Similarly, USA is in the leading position with
regard to A-index (18), followed by England (16),
Germany (12), Australia (9), Italy (9) and China (8). Thus
USA contributed the most to WEF nexus research, fol-
lowed by England and Germany, while the contributions
of other countries were slightly insufficient. Figure 2
shows annual publications of the top 5 most productive
countries. Figure 3 shows the cooperative relationships
among the top 15 productive countries. The larger the
circle in Figure 3, more is the number of publications of a
country. Large purple-coloured circles for USA, England
and Germany represent their primary contributions to
WEF nexus research. Similarly, thicker the line, closer is
the cooperative relationship between two countries. It is
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Table 3. Top 10 most productive research journals in water—energy—food (WEF) nexus field
Cited
Total times per
Journal TP Percentage IF h-Index citations publication Subject category (TP/TP of SC)
Water 19 5.76 2.069 7 108 5.68 Water resources (19/98)
Environmental Science & Policy 15 4.55 3.826 9 247 16.47 Environmental sciences (15/117)
International Journal of Water Resources 15 4.55 1.895 5 94 6.27 Water resources (15/98)
Development
Water International 15 4.55 1.956 6 115 7.67 Water resources (15/98)
Engineering — civil (15/30)
Water Alternatives — An Interdisciplinary 10 3.03 2.647 8 170 17 Water resources (10/98)
Journal on Water Politics and Development Environmental studies (10/47)
Advances in Water Resources 9 2.73 3.512 1 4 0.44 Water resources (9/98)
Current Opinion in Environmental Sustainability 9 2.73 4.186 5 172 19.11 Environmental sciences (9/117)
Green sustainable science and
technology (9/51)
Environmental Research Letters 9 2.73 4.541 4 34 3.78 Environmental sciences (9/117)
Meteorology and atmospheric
sciences (9/14)
Environmental Science & Technology 9 2.73 6.653 4 48 5.33 Environmental sciences (15/117)
Engineering — environmental
(9/37)
Sustainability 9 2.73 2.177 2 16 1.78 Environmental sciences (9/117)

Environmental studies (9/47)
Green sustainable science and
technology (9/51)

IF, Impact factor; TP, Total publications; SC, Subject category.

Table 4. Performance of top 10 most productive countries/territories

Country/ Number of

Territory publications Percentage h-Index
USA 134 40.361 18
England 70 21.084 16
Germany 40 12.048 12
China 26 7.831 8
Australia 24 7.229 9
Italy 23 6.928 9
The Netherlands 13 3.916 6
Sweden 12 3.614 7
India 11 3.313 5
Sri Lanka 11 3.313 6

easily seen that most of the top productive countries
usually tend to cooperate with each other.

Contribution of research institutions

Table 5 presents the primary performance of the top 10
most productive institutions. It is noteworthy that four of
them belong to England, and the rest belong to Sri Lanka,
USA, Finland, China, Germany and Italy. Oxford Univer-
sity (England) is the most productive institution. The
International Water Management Institute (Sri Lanka)
and Aalto University (Finland) have the highest /-index
(6) among these institutions. Figure 4 shows the coopera-
tion network of the most productive institutions. The
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dense connections indicate that institutions in these coun-
tries have close academic cooperation. The purple-
coloured circles indicate that the institutions play a
significant role in academic collaboration. In general,
universities in England occupy a leading position in WEF
nexus research.

Research hotspots and trends

Most frequently cited papers

Highly cited papers can reflect the hotspots of academic
attention in the field of WEF nexus research. Because re-
cent papers might not have adequate citations for their
short publication time, it is reasonable to use cited fre-
quency per year as the evaluation index (Table 6). The
most frequently cited paper with the highest annual cita-
tion of 24.88 by Bazilian et al. was published in Energy
Policy in 2011, entitled ‘considering the energy, water
and food nexus: towards an integrated modelling
approach’. Its main contribution is to develop a model
framework exploring the relationship among water, ener-
gy and food based on the security perspective of develop-
ing countries®®. The second in the list has (17.63) made
quantitative evaluation of regional water—energy relations
to help policymaking in planning water and energy infra-
structure systems>’. The third (14.5) emphasizes that the
water, energy, land and food sectors need to actively seek
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Figure 3. Cooperation network of top 15 most productive countries/territories.

cooperation in overall assessment and investment options
to balance the interests of all sectors. It has been recom-
mended that the nexus analysis should be made on human
welfare and environment to achieve sustainable develop-
ment on the premise of the interests of the poor™.
According to Table 6, the research hotspots include the
concept’!, diverse research perspectives®*? research
dimensions and scales’'*?, and research tools®*.

Moreover, it is noteworthy that USA and England have
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four and three highly cited papers in the top 10 respec-
tively.

Keywords analysis and hotspots

Keywords can reflect the research focus of an article and
help readers to recognize the major contents and research
directions®*. Table 7 presents the top 25 frequently used
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Table 5. Performance of top 10 most productive institutions

Country/ Number of
Institution territory publications Percentage h-Index
University of Oxford England 13 3.916 4
International Water Management Institution Sri Lanka 9 2.711 6
International Food Policy Research Institution USA 8 2.41 5
Aalto University Finland 6 1.807 6
Imperial College London England 6 1.807 2
University of Exeter England 6 1.807 3
University of Surrey England 6 1.807 3
Chinese Academy of Sciences China 5 1.506 2
Humboldt University of Berlin Germany 5 1.506 4
Polytechnic University of Milan Italy 5 1.506 2
Univ Geneva
Univ Leeds
Beijing Normal Univ Univ Sheffield
Chinese Acad Sci Aalto Univ
o &
o @nchho!m Environm inst
Univ Minnesota I
nt Water Management Inst
@\iv Cambridge
GFZ German Res Ctr Geoscl
Texas ASM Univ
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Figure 4. Cooperation network of the most productive institutions.

author keywords and keywords plus. These keywords indi-
cate that research mainly focused on WEF security®>~,
multiple perspectives®>’, research tools*®*, and sustain-
able development strategies’>*.

In order to further identify the research patterns in dif-
ferent countries/territories, the keywords in the top 15
productive countries were analysed. Figure 5 shows the
top 25 frequently used keywords in publications from not
less than nine countries, while the remaining 15 keywords
were shared among eight countries or fewer. Moreover,
countries in the top three leading positions for keywords
include USA (25), England (23) and Germany (17). In
addition, most of these countries have their own specific
keywords. For USA, ‘modeling’ and ‘network analysis’
attracted more attention*'"*?. For England, ‘complexity’
emphasized that WEF nexus was a complex system™, and
‘livelihoods’ indicated that livelihood perspective frame-
works for implementing nexus were key to achieving
sustainable development®”. For Germany, more emphasis
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was placed on ‘trade-off’ to address the challenges*, and
‘hydropower’ with great attention to WEF nexus discus-
sions***,

To identify the trend of hotspots, Figure 6 presents a
time-zone view of keywords. The keywords were divided
into five parts in the order of appearance, to explore the
WEF nexus research process. The first part included
‘climate change’ accounting for the research background.
The second included ‘food safety’, ‘management’ and
‘governance’, which show the various challenges and
need of comprehensive management of resources.
The third including ‘nexus’, ‘water’, ‘food’, ‘energy’,
‘resource’ and ‘system’ indicated that scholars have been
focusing on the complex relationship as the nexus among
these three core resources. The fourth included ‘perspec-
tive’, ‘framework’, ‘sustainability’, ‘future’, ‘challenge’,
‘life cycle assessment’, ‘water footprint’, and so on. It
showed that recognition of the WEF nexus needs a more
systematic perspective and deeper conceptual framework

CURRENT SCIENCE, VOL. 117, NO. 4, 25 AUGUST 2019
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Table 6. Characteristics of the most frequently cited publications
Annual

Year citation Title Journal Author Country/territory

2011 24.88 Considering the energy, water and food nexus: Energy Policy Bazilian, M. et al. Austria
Towards an integrated modelling approach

2011 17.63 The water—energy nexus in Middle East Energy Policy Siddiqi, A. and USA
and North Africa Anadon, L. D.

2013 14.5 The nexus across water, energy, land Current Opinion in
and food (WELF): potential for improved Environmental Ringler, C. e .al. USA
resource use efficiency? Sustainability

2014 14.2 Food, water, and energy security in South Asia:  Environmental Science Rasul, G. Nepal
a nexus perspective from the Hindu Kush & Policy
Himalayan region

2015 11.5 Water governance in a comparative perspective:  Water alternatives — an Benson, D. ef al. England
from IWRM to a ‘nexus’ approach? Interdisciplinary

Journal on Water Politics
and Development

2015 11.25 Sustainable development and the water—energy— Environmental Science & Biggs, E. M. et al. England
food nexus: a perspective on livelihoods Policy

2016 9.33 The water—energy—food nexus and process Computers & Chemical Garcia, D. J. and USA
systems engineering: A new focus Engineering You, F. Q.

2015 9 Climate and southern Africa’s water—energy— Nature Climate Change Conway, D. et al. England
food nexus

2015 8.75 China’s water security: current status, Environmental Science & Jiang, Y. The Netherlands
emerging challenges and future prospects Policy

2014 8.4 The energy—water—food nexus: Strategic Journal of Environmental Walker, R. V. et al. USA

analysis of technologies for transforming
the urban metabolism

Management

to meet the challenges. ‘Model’ was the most dominant
keyword in the fifth part, which demonstrated that scho-
lars have focused on modelling the nexus. With rapid de-
velopment of the big data era and information
technology, the trend is to develop comprehensive con-
ceptual frameworks and quantitative analysis models with
real-time feedback on the contributions of interdiscipli-
nary subjects and international cooperation.

Discussion

Analyses of highly cited papers and keywords could offer
clues for potential research trends. Yet there are many
limitations and challenges for the current studies, possi-
bly resulting from complexity of climate change and
human activities, different understandings of the nexus,
selection of system boundary, differences at macro or
microscales and space—time scales, data availability and
uncertainty, methodologies adaptability, and gaps
between theory and practice. The main concerns include
concept and mechanism, research dimensions and metho-
dologies of the nexus as follows.

(1) Concept and mechanism of the nexus: Since the
term ‘WEF nexus’ was originally coined by the World
Economic Forum in 2011, its concept has been consi-
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dered by different scholars from multiple perspectives.
Nexus can be used to indicate the close ties among differ-
ent subjects*”*® and be seen as a method of linking the
ideas and actions of stakeholders in different departments
and levels to achieve sustainable development. These
efforts could help in better understanding of the nexus.
However, it has not formed a unified concept in academia
due to differences in emphasis and geopolitical back-
ground®. Its underlying mechanism still needs to be iden-
tified in-depth at different space—time scales, to fill the
knowledge gaps in interactions among ecological, social
and economic dimensions*”*®, Although various factors
have impacts on understanding the nexus, conceptual in-
terpretation is taking shape from a multidisciplinary pers-
pective for building a framework with regional features.
The development of nexus thinking would improve holis-
tic and integrated solutions for the balances among water,
energy and food.

(2) Research dimensions: The WEF nexus is a gover-
nance approach to address resource shortages and ensure
the security of water, energy and food, also incorporating
ecosystem and resource utilization stakeholders®. Based
on the concept of livelihood, the nexus framework not
only considers the security of sustainable development,
but also guarantees the fairness of regional and
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Number Author keywords

49 water-energy-food nexus Australia ltaly The Netherlands = Sweden India Sri Lanka
43 nexus Australia Italy The Netherlands | Sweden Sri Lanka

25 food security Australia Italy ‘Sweden India

22 sustainability Italy The Netherlands India SriLanka

sustainability development

water resource

irrigation

The Netherlands

Italy The Netherlands

Sweden India
Sri Lanka
Australia  The Netherlands

Country

Sri Lanka

Sri Lanka

1 energy Australia Italy
10 water Australia ftaly
10 food Australia Italy Sri Lanka
8 water security he Netherlands Sweden India
Finland, 9
8 hydropower Australia Austria, 7 A5
8 water-energy nexus Sweden India Spain, 9 .
1/ climate change The Netherlands  Gyj | anka
South Africa, 10
7 govemance Australia Italy [leistanants India England, 23
7 energy security India Switzerland, 12
6 agriculture Italy India
6 Ica India Sri Lanka sriLanka, 13
6 water footprint Germany, 17,
6 central asia ridiasA3
6 china
China, 15
6 biofuel Sweden, 8
5 bioenergy Netheriands, 11 ol Australia, 14
5 renewable energy ’
4 policy he Netherlands  Sri Lanka

Table 7. Top 25 frequently used author keywords and keywords plus

Figure 5.

used during 2010-17

Co-occurrence of author keywords among countries.

drivers, such as water—energy—land-food®’, water—energy—
climate—food*, and ecosystem—water—food—energy nexus’'.

Previous studies mainly focused on regional scales, re-

Rank Author keywords Keywords plus
1 Sustainability Climate change
2 Food security Management
3 Agriculture Security
4 Bioenergy Perspective
5 Climate change System
6 Irrigation Impact
7 Renewable energy Resource
8 Water security Land
9 Governance Consumption

10 Energy security River basin

11 Sustainability development Governance

12 Life cycle assessment Footprint

13 Water footprint Policy

14 Central Asia United states

15 China Agriculture

16 Water resource Irrigation

17 Hydropower China

18 Policy Framework

19 Biofuel Sustainability

20 South Asia Life cycle assessment

21 IWRM Environment

22 Transboundary river Challenge

23 Mekong Hydropower

24 Resilience Water footprint

25 South east Asia Bioenergy

quiring multi-sectoral cooperation across departments due
to the increasing difficulties in resources integration.
More case studies at local, regional and global levels are
needed to enhance understanding of the nexus and its im-
plementation as a management tool. These dimensions
also should involve the interrelationship between local
and global challenges and economic as well as population
growth, by rethinking established ways of resources man-
agement. In addition, an appropriate system boundary for
nexus analysis at a certain scale should be carefully
selected to avoid the uncertainty of results.

(3) Methods, tools and modelling: Since WEF nexus
studies involve a wide variety of targeting subjects,
system boundaries and scales, data availability and deci-
sion-making requirements, various methodologies have
been developed or used worldwide in recent years. Sever-
al scholars have systematically reviewed the existing
methods, tools and modelling approaches. For instance,
Endo et al>® classified the methods as qualitative or
quantitative for interdisciplinary and transdisciplinary re-
search approaches. Wicaksono et al.® compared several
computer models or tools, including Impact Water,

WESim, CLEW, Sankey diagram, MuSIASEM, WEF
Nexus Tool 2.0, and ANEMI. Kaddoura et al.* reviewed

individual access to resources. Thus, it is necessary to
conduct research from diversified perspectives to reflect
the interrelationship among water, energy and food in dif-
ferent regions. Moreover, the study could not be limited
by the interrelationship of three core resources. Research
dimensions can be extended to more relevant resources or
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several modelling tools used for integrated policy mak-
ing. Zhang et al.' mainly discussed eight approaches,
including investigation and statistical methods, computa-
ble general equilibrium model, econometric analysis, eco-
logical network analysis, life-cycle analysis, system
dynamics model, agent-based modelling and integrated
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index. Albrecht et al.>* highlighted 18 studies promising

advances to guide future research in nexus analytical
tools and methods, through deriving their innovation,
context, collaboration, and implementation. Despite
progress in nexus methodologies, each method has its
own advantages, disadvantages and adaptabilities. It
might be indeed difficult or impractical to develop a uni-
versal method, tool or modelling approach for all situa-
tions in theory and practice. To help better manage water,
energy and food resources, future researches in nexus me-
thods could need to strengthen the interdisciplinary colla-
boration, combination with multi-source data and
information, integrated software platforms and tools for
systematic analysis, integration of various scenarios
simulation and multisectoral policies, and involvement
of policy makers and stakeholders. Since the complexity
mechanism of nexus still needs a deep understanding, the
nexus analytical tools and methods could be further
improved and developed”*-**>!-%¢,

Conclusion

Due to the increasing and interrelated pressures on water,
energy and food, the nexus perspective has been widely
acknowledged as an interdisciplinary solution. To under-
stand the developing process and trends of WEF nexus-
related research, the present study provides a systematic
overview of the scientific research using the bibliometric
analysis. The number of publications and citations has
gradually increased in recent years. Most studies focus on
the subject categories of environmental sciences and
water resources. Water and Environmental Science &
Policy are the main journals in this field, with the largest
number of publications (19) and the highest A-index (9)
respectively. At the national level, USA (40.36%) is the
most productive country, followed by England (21.08%)
and Germany (12.05%). Oxford University (England) has
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Figure 6. Time-zone view of keywords.
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the highest number of publications (13), followed by the
International Water Management Institute (Sri Lanka; 9)
and the International Food Policy Research Institute
(USA; 8). Academic cooperation among institutions and
countries has become popular. The analyses of frequently
cited papers and keywords revealed the research hotspots
and trends. After identifying the limitations and chal-
lenges for the current studies, three main concerns, in-
cluding concept and mechanism, research dimensions and
methodologies of the nexus have been raised for further
studies. This bibliometric analysis provides a holistic pic-
ture of WEF nexus-related literature and research direc-
tions. These findings will be helpful to provide references
for future studies.
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