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Abstract: The efficient use of land, water, and energy resources in Africa is crucial for achieving
sustainable food systems (SFSs). A SFS refers to all the related activities and processes from farm to
fork and the range of actors contributing to the availability of food at all times. This study aimed to
analyse the growth in the land–water–energy (LWE) nexus integration in sustainable food system
research. The focus was on publication growth, the thematic areas covered, and how the research
addressed the policies, programmes, and practices using a socio-economic lens. The study utilised
a systematic literature review approach, following the preferred reporting items for systematic
reviews and meta-analyses (PRISMA) guidelines. The study underscored the limited emphasis on
the socio-economic perspective in the examination of the LWE nexus within sustainable food system
research in Africa. Policies, governance, institutional influences, and social inclusion are crucial for
addressing the region-specific challenges and achieving sustainable outcomes, but they seemed to be
underrepresented in current research efforts. More so, this review revealed a paucity of research on
key influencing factors like gender, conflict, culture, and socio-political dynamics. Ignoring these
social factors might contribute to an inadequate management of natural resources, perpetuating issues
related to food security and equity in resource use and decision-making. Additionally, the dominance
of non-African institutions in knowledge production found in this review highlighted a potential
gap in locally owned solutions and perspectives, which are crucial for effective policy development
and implementation, often leading to failures in addressing region-specific challenges and achieving
sustainable outcomes. Overall, the study highlighted the need for a more holistic approach that not
only considers the technical aspects of the LWE nexus but also the social, cultural, and institutional
dimensions. Additionally, fostering collaboration with local institutions and ensuring a diverse range
of influencing factors can contribute to more comprehensive and contextually appropriate solutions
for achieving sustainable food systems in Africa.

Keywords: food systems; water; energy and food nexus; Africa; social inclusion; policy

1. Introduction

A limitation in the land–water–energy nexus research creates a setback for the evidence-
based management of resources, which face a poly crisis of climate change; biodiversity loss;
severe food, water and energy insecurity; and social inequalities [1,2]. The food value chain
faces threats from socio-political and environmental factors globally, with most nations in
Africa and other developing nations in different regions across the world being the hardest
hit. The food sector is affected because it heavily depends on natural resources, such as land,
water, and energy. These resources are threatened by increased pressures due to population
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growth, macro and microeconomic processes, political instability, environmental change,
and seasonal variability.

Various approaches have been employed to foster the sustainable management of
food systems, including the land–water–energy nexus. The LWE nexus constitutes an
approach that is applied to promote the efficient use and management of resources. The
interrelatedness of the land, water, and energy resources (Figure 1) depicts their relevance
in enhancing each of the resources’ use and management as well as their contribution to
food security and sustainable food systems. For instance, land offers multiple ecosystem
services to support human livelihoods, such as food, freshwater, biodiversity, and climate
change impact mitigation [3]. In addition, land is a key resource for the establishment of
renewable sources of energy, including solar and wind energy [4,5]. Meanwhile, water is
utilised in the agricultural value chain from production to manufacturing and distribution,
as well as in the generation and transportation of different forms of energy [6]. Energy
also plays a vital role in the production, transportation, manufacturing, preservation, and
distribution of food as well as in the extraction, pumping, treatment, distribution, and
collection of water [7].
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by Matthew (https://unsplash.com/@matthewhenry, accessed on 2 August 2023); open-source water
photos by Pixabay Photos (https://pixabay.com/photos/drop-of-water-drop-impact-ripples-578897/,
accessed on 2 August 2023).

However, water and energy insecurities and increasing land degradation have ham-
pered sustainable agricultural growth in Africa [8]. For instance, the Intergovernmental
Panel on Climate Change (IPCC) report pointed to water insecurity as the greatest threat in
Africa, with 75–250 million people forecasted to be exposed to water stress in the coming
decade [9]. The electricity access rate for Africa is approx. 40%, which is the lowest in
the world and which translates to the lack of access to electricity for approx. 600 million
Africans [10]. Water scarcity is predicted to be at the centre of national conflicts in the
next 25 years [11]. Although the issues on land, water, and energy resources are often
portrayed in terms of scarcity determined by availability and accessibility, there is more
to that when aligned with affordability, utilization, and stability, which are determined by
social inequalities [12]. Natural resources management by most governments in developing
nations, particularly in Africa, has often been approached in a unilateral manner, which
promotes siloed planning and management [13]. Land, water, and energy are interrelated
in their support for human and economic development and, therefore, cannot be treated in
isolation. Thus, the silo approach poses a huge challenge for designing policies which are
usually fragmented and difficult to implement in resolving food security and sustainable
food systems issues [14].

https://unsplash.com/@matthewhenry
https://pixabay.com/photos/drop-of-water-drop-impact-ripples-578897/
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There has been a growth in water–energy–food (WEF) nexus thinking through a trans-
disciplinary research approach with the intension of promoting the sharing of knowledge,
collaboration, and partnership to foster high-level performance and organisational sus-
tainability [15]. The WEF nexus in a broad sense refers to an approach that examines the
relationships, commonalities, harmonisation, and trade-offs among the resources that need
to be attended to in the management of the resources [16]. The launching of the World
Economic Forum’s report “Water Security: The Water–Energy–Food–Climate Nexus”, and
the background document developed by Hoff for the Bonn nexus conference, placed nexus
thinking in the limelight [17]. Additionally, the WEF nexus builds on the Integrated Water
Resources Management (IWRM) approach, which introduced the holistic view of assessing
the competing and complementary demand for water across sectors and scales [18,19].
Nevertheless, the WEF approach exceeded the IWRM approach by integrating other key
resources for analysing the interrelatedness between the resources and their responses
to the drivers of change, including natural disasters, climate change, political instability,
global economic crises, pandemics, varying management strategies, and development
interventions [19–21].

Since its inception, WEF nexus research has transitioned from conceptualisation and
discourse to analytical research [22]. Additionally, the WEF nexus has experienced growth
in its operationalisation [22]. Botai et al. [23] noted a growth in WEF nexus research in
both number and content since 2013. The authors specifically highlighted that WEF nexus
research has experienced a growth of interesting concepts, such as systems modelling
and optimisation, sustainable development, sustainable livelihoods, environmental and
ecosystem services sustainability, and climate variability and change. Nevertheless, Botai
et al. [23] identified a gap in the WEF nexus output and environmental governance. Adeola
et al.’s [24] attestation of a limitation of concepts addressed in WEF nexus research but-
tressed the limitations pointed out by Botai et al. [23]. The WEF nexus review research
mentioned above seemed to focus on the evolution of the nexus approach with an emphasis
on resource management and the factors affecting food production in Africa. However, this
research paper goes beyond food production by trying to understand how LWE or WEF
nexus research promotes inclusive food systems development in Africa. The research was
built on the assumption that the social dimension of the LWE nexus, which may poten-
tially enhance sustainable food systems in Africa, has not been adequately researched. The
social dimension of the LWE nexus is very critical in the resources use and management
analysis because the accessibility and affordability of land, energy and potable water are
not just a physical problem but also social and political problems [12]. Energy and water
resources are unevenly distributed across social classes as well as between urban and rural
communities, with the poor being the most disadvantaged [25]. The value of ecosystem
services to society and the ecological environment necessitates a broader perspective of
resource assessment and management. The broader benefits of the systems approach for
ensuring the sustainability of the ecosystems have thus prompted academics to encourage
an extended, dynamic, and inclusive definition of the WEF concept. Although various
forms of nexus concepts exist with great similarities, research identified the WEF nexus
as the most predominant concept [24,26]. This research utilised both the LWE and WEF
nexuses since most of the identified articles used the WEF approach. The application of
the LWE nexus approach for optimising sustainable food systems, which is also a social
system, requires an understanding of the interactions of the resources and human actors.

LWE Nexus Research Support towards Sustainable Food Systems

Optimising sustainable food systems in Africa entails an efficient management of
resources which can only be attained through effective policies, programmes, and practices.
The nexus approach employed in the management of LWE resources is critical because
the issues arising from poor decisions made in one sector has a ripple effect on the other
sectors [27] and, subsequently, on the food system. As defined by the Food and Agricultural
Organisation of the United States (FAO) [28], ‘food systems (FS) encompass the entire range
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of actors and their interlinked value-adding activities involved in the production, aggrega-
tion, processing, distribution, consumption, and disposal of food products that originate
from agriculture, forestry or fisheries, and parts of the broader economic, societal, and
natural environments in which they are embedded’. By the implication of the definition,
the FS approach takes into consideration what happens to the food from the farm to the dis-
posal stage (including the production, distribution, consumption, and waste management
stages). Conversely, food security is characterised by the availability of adequate, safe, and
nutritious food, along with the economic means to access it, ensuring that all individuals
can meet their dietary requirements and food preferences [29]. Food systems constitute a
component of the Sustainable Development Goals developed in 2015 aimed at promoting
agricultural and food systems transformation to mitigate hunger and malnutrition and
improve food security by 2030. Attaining the SDGs requires that global food systems be
transformed into productive, inclusive, resilient, and environmental systems capable of
continually ensuring healthy and nutritious diets for all [30]. Due to the complexity of
food systems, holistic and coordinated approaches are required to understand how the
systems interact and synergise and the necessary trade-offs that are essential to maintain
their sustainability [31]. This implies the adoption of multidisciplinary approaches and
interactions at various scales from the grassroots, country, and regional to global scales to
engage the problems affecting the sustainability of food systems.

The application of the LWE nexus approach in food system analysis, therefore, seeks
to determine how these resources affect the food value chain either positively or negatively
and how they could be optimised to achieve the goal of sustainable food systems in Africa.
With the competing demand for resources to address the food, energy, and water needs of
Africa, understanding the synergies and trade-offs in the management of these resources
and taking into consideration the needs of future generations is paramount. Africa is
undergoing a transformation in the agricultural and energy sectors with a corresponding
increase in the demand for land, water, and energy. The food system is composed of the
following sub-systems: farming systems, waste management systems, and inputs. These
systems interact with other key systems and drivers of change, such as energy, water,
trade, health, climate change, population, and economic growth [28,32]. This implies that
any structural changes in any of the key systems will have an impact on the food system.
For instance, the discourse and policies in favour of the expansion of renewable sources
of energy, which is critical for sustainable energy generation and climate change impact
mitigation, will require more land, which might result in a reduction in agricultural land.
The synergy and trade-offs approach applied in systems analysis that encompasses social,
ecological, and economic perspectives makes the WEF nexus an ideal theoretical approach
for resolving challenges with the implementation of earlier natural resource management
and sustainable development approaches [20,21,33–35]. Nexus planning seeks to promote
equality and efficiency in resource use with the intention of addressing the issues of poverty,
hunger, and malnutrition in Africa [36].

Despite the growing interest in the WEF nexus approach, there is still great concern
about the slow pace at which research in this area is progressing in Africa [37]. Although
great scientific work has been done in the nexus area, it is largely dominated by technical
approaches with less focus on social science or policy research, according to Portney
et al. [38]. There is limited research on social, economic, and policy dimensions of the WEF
nexus. Mabhaudhi et al. [37] also postulated the need for transboundary water–energy
nexus studies to promote regional integration and policy development. Moreover, most
of the review articles on nexus research have focused on content and themes, with little
or nothing done on the actors who are doing the research and their level of collaborations.
Thus, this research seeks to address the following research question: How has research
on the LWE nexus application in food systems in Africa addressed the issues of policies,
programmes, and practices from a social dimension? The overarching research question is
further split into the following sub-questions. (1) How has LWE and SFS research integrated
policies, programmes and practices? (2) Which thematic areas does the research on LWE
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and SFS address? (3) How are the researchers collaborating to generate knowledge on how
LWE could promote SFS in Africa? (4) What are the prevailing challenges and research
gaps? The research questions are translated into the following objectives: (1) to analyse the
growth of LWE nexus applications in sustainable food system research in Africa in terms of
quantity and thematic areas and (2) how it addresses policies, programmes, and practices
using a socio-economic lens. The specific objectives are as follows: (1) to determine the
extent to which LWE and SFS research integrates policies, programmes, and practices; (2) to
identify the thematic areas covered by the research on the LWE application in SFS in Africa;
(3) to investigate the interrelationship and levels of collaboration between the research
experts; and (4) to ascertain the research challenges and gaps.

2. Materials and Methods

The research employed the preferred reporting items for systematic reviews and
meta-analyses (PRISMA) approach to conduct a systematic literature review of the existing
research outputs on LWE and FS in Africa. The PRISMA approach was useful in this re-
search for conducting a transparent systematic literature review to justify why the research
was conducted, the methods through which the research was done, and the outcome of the
research [39]. The PRISMA approach provided guidelines for conducting systematic re-
search, including how the abstract, introduction, methods, results, and conclusions should
be framed in a manner that could be easily replicated. Employing the PRISMA approach
increased the confidence level in the research outcomes. The literature was sourced from
the Web of Science (WOS) and Scopus databases for two main reasons. Firstly, the WOS and
Scopus databases constitute the most popular credible database sources for peer-reviewed
articles. Secondly, they are compatible with the R-studio tool employed in this research for
qualitative analysis to minimise risks and bias in the data analysis process. The distribution
of the sources and records of the articles is displayed in Figure 2.

The search was guided by a set of criteria and different combinations of search terms.
The search criteria included the geographical location (Africa), publication years (2010–2022),
type of publication (research articles, review articles, and conference papers), and language
(English and French). Restricting the search to Africa was guided by the research’s objective,
which aimed to establish a profile of experts and their contributions to the development
of LWE and SFS research in Africa. Additionally, the research was focused on identifying
current experts in the field to facilitate future collaborations and multidisciplinary research,
which justified why the publications were limited to between 2010–2022. Furthermore, the
research was focused on identifying peer-reviewed articles, which explained the delimitation
to research articles, review articles, and conference papers. Since Africa is diverse in terms
of language, the study also endeavoured to identify resources presented in both English and
French languages, which are the most predominant languages on the continent. The search
terms included the following:

(Land, water, and energy* OR water, energy, and food* OR land and water* OR land
and energy* OR water and energy) AND (Nexus) AND (Food system or sustainable food
system OR food security) AND (Africa* OR Sub-Saharan Africa OR North Africa). The use
of an asterisk (*) added to the main concepts was essential to widen the search and ensure
the inclusion of all the relevant articles befitting the search criteria.

Additional screening was done by checking the abstract and ensuring that the selected
articles were focused on LWE or WEF and food systems or food security in Africa. Further-
more, the contents of the articles were screened for eligibility based on the Critical Appraisal
Skills Programme tool (CASP) [40,41] (refer to Table 1). The content-based screening out-
come led to the exclusion of 18 more articles and yielded 73 records of eligible articles for
analysis (Figure 2). The last part of the screening was done to identify experts in the research
thematic area of African origin. Articles that did not clearly specify the region were high-
lighted for further investigation by examining the content of the articles. General articles
with global coverage, including Africa or review articles, were taken into consideration
for selection.
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Table 1. Critical Appraisal Skills Programme (CASP) Tool [40].

Qualitative Checklist Quantitative Checklist

1. Were the aims of the research clearly stated?
2. Was a qualitative approach an appropriate method for

the study?
3. Was the research design suitable to achieve the aims of

the research?
4. Was the strategy employed for the recruitment of

participants suitable for achieving the research aims?
5. Was the data collection procedure adequate to address

the research issue?
6. Was the relationship between the researcher and

participants taken into consideration?
7. Were ethical issues clarified?
8. Was the data analysis sufficiently rigorous?
9. Were the findings explicit?
10. Did the research make valuable contributions to the

existing body of knowledge?

11. Did the study address a clearly focused issue?
12. Was the cohort recruited in an acceptable way?
13. Was the exposure accurately measured to minimise bias?
14. Was the outcome accurately measured to minimise bias?
15. Did the authors identify all the important

confounding factors?
16. Did they take into account the confounding factors in the

design and/or analysis?
17. Was the follow up of the subjects complete enough?
18. Was the follow up of the subjects long enough?
19. What were the results of this study?
20. How precise were the results?
21. Did you believe the results?
22. Could the results be applied to the local population?
23. Did the results of this study fit with the other

available evidence?
24. What were the implications of this study for practice?
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Data Extraction

The data extraction process was done with the aid of the Critical Appraisal Skills Pro-
gramme (CASP) tool, which constituted a set of questions to guide the selection of illegible
articles based on the quality of their contents. The tool also constituted of a set of questions
for screening the contents of the quantitative research (14 questions) and qualitative research
articles (10 questions) (Table 1). This procedure was followed to minimise risks and bias
in the selection of the illegible articles for analysis. In assessing the contents of the articles
based on the CASP checklist, the following responses were utilised, namely yes, no, or
uncertain, to ascertain the illegibility of the articles.

Following the selection of published records in the research area was the identification
of the experts in the field of land, water, energy nexus and food systems research in Africa.
The experts were selected based on their contributions to the African-focused LWE or WEF
publications. This was essential to show who the African authors were collaborating with
internationally in their research. The identification of the experts was informed by the
following key questions, as shown in Figure 3.
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The analysis comprised the application of the bibliometric technique to analyse the
thematic coverage, co-occurrence network, most published authors, degree of publication
relevance, country-based collaboration network, word frequency over time, affiliation
production over time, country scientific production, corresponding authors’ countries,
and country production over time. The bibliometric analysis was essential for identifying
the evolution of the publications, both quantitatively and qualitatively, and the network
of themes and authors working on similar thematic areas. Furthermore, content-based
analysis was done to ascertain the extent to which the existing research on LWE and SFS
addresses policies, programmes, practices, social inclusions, governance, and institutional
interventions. The socio-economic-based analysis identified gaps in LWE policies and
practices and proposed recommendations to narrow the gaps.

The research analysis was guided by the application of the Africa Food System (FSNet)
Framework (Figure 4) [42]. The FSNet-Africa framework constitutes a comprehensive frame-
work designed to promote the rigorous analysis of food systems research in Africa. The
FSNet-Africa framework was designed by an FSNet research team and based on the adap-
tion of the Transango framework [42] to align with African food system research (Figure 4).
The framework consists of the following components: the Earth sphere, which includes
climate change and the environment; livelihood capitals; and institutional arrangements.
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These components are influenced by drivers, such as political and governance structures,
which include all the actors involved in the food value chain from production to consump-
tion. Additionally, the framework defines the outcomes, such as food and nutrition security
and health, environmental sustainability, livelihoods, and territorial balance [42]. The FSNet
framework was employed in this research to investigate the extent to which LWE nexus re-
search projects address institutional arrangements, policy, social and gender equity, politics,
and governance to achieve sustainable food systems in Africa.
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3. Results
3.1. Bibliometric Analysis of the Trends in LWE and SFS Nexus Research in Africa

This section presents the outcomes of the bibliometric analysis, illustrating the expan-
sion of the LWE nexus and SFSs research through commonly used terms and the interplay of
the concepts and themes. Additionally, it explores the geographical locations of the authors
and their institutional collaborations in the realm of the LWE nexus and SFS research.

3.1.1. Thematic Growth Analysis

Land, water, and energy (LWE) or water, energy, and food (WEF) research have evolved
over the years. The analyses depicted in this section in terms of the word cloud (Figure 5)
and co-occurrence networks (Figure 6) illustrate the frequency in the use of concepts related
to nexus research over time using the author’s keywords. For instance, the concepts in
bold print in the word cloud (Figure 5), including security, management, food security,
nexus, systems, sustainability, and climate change, exemplify the most frequently used
terms. Alternatively, the terms represented in smaller print depict a slow growth of research
conducted in those areas. For instance, the representation of irrigation in small print depicts
the slow pace of research conducted on the nexus perspective of alternative water sources
for the growth of food crops during seasonal stressed eras. Similarly, policy and governance
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are depicted in smaller print, demonstrating limited research accomplished in these thematic
areas relative to the concepts highlighted in bold prints.

On the other hand, the co-occurrence network elucidates the conceptual structures of
the terms used in the keywords (Figure 6). The high occurrence keywords are depicted in
terms of larger and darker nodes while the low occurrence keywords are depicted by smaller
and brighter nodes. Similarly, the shorter lines depict a stronger relationship between the
concepts while the longer lines show a weaker relationship [43]. In addition to the co-
occurrence keywords illustrating the variety of themes, it also depicts the multidisciplinary
nature as well as the direction which the research went [44]. For instance, Figure 5 represents
a cluster of the frequently used keywords grouped into five streams and symbolised by
different colour representations. The densest cohort is represented in colour purple, which
shows how food security and sustainability have been researched frequently and approached
from a multidisciplinary perspective. On the other hand, the low density of the climate
change clusters, for example, implies its low consideration in land, water, energy, and food
systems or food security nexus research. From a policy and governance perspective, the
results show that limited research has been done on these themes (Figure 6).
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3.1.2. Evolution of Research in the Land–Water–Energy Nexus and Sustainable
Food Systems

This section of the paper discusses the transition of research in the area of LWE and
SFSs. The section seeks to establish a trajectory for how research in the aforementioned
thematic area has evolved and the area that is trending. Figure 7 reveals a steady growth
in water, energy, and food nexus research with particular emphasis on food and water
security. The expansion of research in the LWE nexus, with a particular emphasis on food
and water security, could be attributed to two key factors. Firstly, there is a concerted
effort to align with the UN Agenda 2030, aiming to achieve the Sustainable Development
Goals. Secondly, the escalating scarcity of water for agricultural purposes, compounded by
increased drought occurrences and prolonged dry seasons, is driving this research. Despite
growing challenges in the natural resource management associated with socio-economic,
cultural, and environmental factors, the research is evolving at slow speed. For instance,
the low dense lines in Figure 7 particularly in the year 2023 shows that not much research
was done.
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However, the results shown in Figure 8 showed the growth in affiliation engagement
in LWE and SFSs. Most of the high-ranking affiliations undertaking this research were
based in South Africa. Generally, the rated affiliations both in Africa and internationally
included the University of KwaZulu Natal, University of Johannesburg, University of
Witwatersrand, International Water Management Institute (IWMI), Vanderbilt University,
and Institute of Geoscience and Natural Resources, which are listed in order of merits.
However, African scholar participation in this thematic area in terms of the author’s country
of residence was narrow when compared to a global scale. It was of great concern to see
that, except for South Africa, the country production over time on African-based research
was dominated by foreign nations, including the USA, China, United Kingdom, and Italy
(Figure 9). This outcome goes to show that the discourse on knowledge decolonisation has
not gained acceleration in this research area.
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To better appreciate the significance of the themes, a thematic map was very useful.
The thematic map constituted two axes, including the x-axis development degree (density)
and the y-axis relevance degree (centrality) (Figure 10). The thematic map was structured
into four quadrants: niche themes, motor themes, emerging or declining themes, and basic
themes. The niche themes, such as sustainable development, SDGs, food–energy–water
nexus, and renewable energies, represented highly specialised and well-established topics
within the field. The motor themes, which encompassed food security, energy security,
climate change resilience, and adaptation, were pertinent research areas that have witnessed
substantial growth. The emerging and declining themes encompassed newly introduced
research areas and those that are gradually fading into obscurity. Finally, the basic themes,
including water–energy–food nexus governance and water sustainability, are fundamental
subjects that are relevant to research but still require further development.
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3.1.3. Research Collaboration Networks in the Domain of the LWE Nexus and Sustainable
Food Systems in Africa

The growth of research collaboration is gaining traction in Africa and the world at large
with the eminent aim of pooling human, financial, and material resources to solve common
challenges that have become global issues. Nevertheless, based on the 73 analysed articles,
Figures 11 and 12 show a tendency for African researchers to collaborate with researchers
in the global North rather than the global South. For instance, Figure 11 reveals several
clusters showing the fragmentation of research collaboration between African countries
and nations in the global North. The outcome revealed the domination of international
researchers in the research collaboration, which supported the assumption that African
researchers tend to collaborate more with international researchers than their colleagues
in Africa [46], which was also corroborated by the findings in Figure 12. This was due to
the fact that research growth in Africa faces impediments, primarily categorised as insti-
tutional and individual factors. The institutional challenges encompass restricted funding,
inadequate support and collaboration networks, government disinterest in research, and a
deficiency in mentorship. Conversely, individual hindrances involve low self-motivation,
limited research capacities and self-efficacy, and a burdensome workload [47–49]. Further-
more, South Africa, which has led multiple collaboration publications (MCPs) as shown
in Figure 12, indicated a significant level of researcher collaboration both within Africa
and internationally. In contrast, Rwanda and Tunisia, identified by single collaboration
publications (SCPs), suggested limited external collaboration among their researchers.
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3.1.4. Scientific Publications

This section discusses scientific production on the LWE and sustainable food systems
research area with the aim of identifying the lead authors and countries in this thematic
area. It is very important to identify the lead authors of African origin to encourage them
to take up the responsibility of promoting the African perspective as well as accelerating
research collaboration amongst African scholars in this area of research. The ten most
published authors in order of merit, as denoted in Figure 13, include Nhamo L., Mabhaudhi
T., Mpandeli S., Modi A., Naidoo D., Hirwah F., Muhirwa F., Senzanje A., Conway D.,
and Elshkaki A. Furthermore, the country scientific production, as depicted in Figure 14,
buttresses the fact that South African institutions are dominating the research in this
thematic area in Africa while, on the other hand, painting the dominance of foreign nations
in Africa-based research. Moreover, the grey colour represent countries which have not
conducted any research in LWE nexus and SFSs.
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3.2. Content Analysis and Thematic Distribution
3.2.1. Thematic Coverage

In addition to analysing the LWE/WEF research productivity in Africa in the pre-
ceding sections, this section discusses how the LWE/WEF nexus approach has evolved
qualitatively in terms of thematic coverage. The thematic analysis was done based on the
application of some components of the FSNet framework, as explained in the methods
section. The LWE research attention on policies, programmes, and practices in addition to
specific thematic areas were examined to ascertain the extent to which the existing research
covered these thematic areas. Figure 15 depicts a larger focus on LWE/WEF practices and
a marginal focus on policies and programmes. In other words, a significant portion of
LWE/WEF research focuses on implementing or putting into practice this approach for
attaining sustainability in agriculture, enhancing food security, optimising food systems,
and managing resources.
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3.2.2. Thematic Distribution of LWE Research Articles

The content review of the articles’ thematic coverage (Figure 16) revealed a dominance
in socio-ecological research. Research within the socio-ecological perspective primarily
centered on the examination of social factors. These factors included the effects of popu-
lation growth on the operationalization of the nexus, the consequences of energy policies
on land availability for human well-being, as well as the socio-economic and environmen-
tal challenges associated with the implementation of nexus programs. In addition to the
research concentrated on sustainability and technology, there was a notable scarcity of
research in several vital thematic areas. These areas included conflicts, governance, gender,
policies, socio-political dimensions, and culture. These gaps aligned with the findings from
the bibliometric analysis.
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4. Discussion

Sustainable food systems do not entail just physical and environmental components
but have a human dimension in terms of how resources are distributed, managed, and
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used [50]. The LWE nexus approach constitutes a contemporary measure aimed at man-
aging resources effectively to attain food security, water security, energy security, and
sustainable food systems goals. Nonetheless, there is a mounting concern regarding the
limited integration of stakeholders who are responsible for the utilization and management
of nexus resources in the current research efforts. This study aimed to perform a compre-
hensive scoping assessment of the development of nexus research in Africa, with a specific
focus on evaluating the extent to which this research addresses human dimensions from
policy, program, and practical perspectives. Utilizing both bibliometric and content-based
analyses, this research delved into the prevailing concepts and themes within LWE research
and their interconnections, with the objective of deriving potential solutions for the food,
water, and energy challenges in Africa. Additionally, the study explored the authors who
were involved and their collaborative networks. The research yielded the following sig-
nificant findings. There was a notable emphasis on operationalizing the nexus approach,
while aspects like policy, governance, and institutional support, which are pivotal for the
effective application of this approach, received comparatively less attention. Addition-
ally, LWE research was predominantly authored by individuals from outside Africa, with
African-based authors displaying a higher inclination to collaborate with international
counterparts rather than their regional colleagues. Furthermore, the integration of social
diversity, particularly concerning gender-related issues in access to and control of nexus
resources, has not received substantial consideration.

The operationalization of LWE has predominantly revolved around proposed frame-
works, technologies, appropriate methodologies, and socio-economic factors that influence
the effective planning, management, and utilization of nexus resources [51–55]. While
these measures are valuable, their successful implementation hinges on additional factors,
such as policies, institutional interventions, and governance mechanisms. The scarcity
of research examining how policy, governance, and institutional interventions interact
with nexus approaches to either facilitate or hinder their application has created a barrier
to effective decision-making and resource allocation. For instance, [56] highlighted the
constraints impeding the operationalization of the WEF nexus approach, including the
ambiguity of the concepts, variations in the challenges related to nexus resources across
nations, the diversity of multidisciplinary perspectives, global challenges, and cultural
and political barriers. Policies play a critical role in promoting agricultural development
by facilitating farmers’ investments in acquiring LWE nexus resources. As an illustration,
Simpson and Jewitt [57] documented how South Asian countries implemented policies that
provided subsidies to enable farmers to access irrigation, energy, and inputs to enhance
productivity, consequently stabilizing the prices for staple crops like wheat and rice. Nev-
ertheless, Ringler et al. [20] cautioned that poorly regulated subsidies could lead to the
wasteful use of groundwater resources, posing a threat to agricultural productivity if the
utilization of water and energy is not properly managed. In light of these arguments, it has
become evident that policy is indispensable for promoting the operationalization of the
LWE nexus. However, the policies should be thoughtfully designed to avoid inadvertently
creating new challenges while attempting to address existing ones.

The policy engagement is further weakened by the lack of governance elements in the
nexus debate, as observed by [58] and confirmed in this study. The governance in LWE
nexus research implies a set of norms, rules, strategies, and services set by both private
and public systems to ensure the planning and management of the demand and supply of
land, water, and energy, [59]. It was also noted that good governance in nexus application
implies enhancing the synergies between the resources while adequately managing the
trade-offs and minimising resource conflicts [60]. Governance and institutional interven-
tions constitute essential pillars for the successful implementation of the LWE or WEF
nexus approaches alongside policy. It is worth noting that governance and institutional
approaches vary across different nations influenced by different systems of governance,
cultures, and economic situations, and above all they are not static. Ferreira et al.’s [61] study
conducted in Brazil revealed a bias in the state mechanism for water allocation in favour
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of agribusiness against small scale farmers. However, this research underscored that the
integration of social inclusion into the operationalization of the LWE or WEF nexus, aimed
at achieving sustainable food systems in Africa, remains a relatively unexplored and am-
biguous domain. The findings may be explained using an example from Ibrahim et al.’s [62]
observation of the absence of policy and governance frameworks to ensure the effective
implementation of green stormwater infrastructure. The barriers to policy and governance
design and implementation are associated with unresponsive culture, a lack of collaboration,
a lack of knowledge, adequate political will/leadership, and insufficient funding, according
to Ibrahim et al. [62]. The failure to understand and enhance the policy, governance, and
institutional roles for promoting the implementation of LWE and WEF may exacerbate the
issues of inequality in negotiating trade-offs and distributing resources. This limitation is a
serious concern, especially at a critical juncture with a growing population, ongoing climate
change, and other planetary challenges such as pollution and desertification.

Furthermore, the study’s findings highlighted a dearth of research concerning the
integration of gender considerations in the nexus discourse. This is a particularly crucial
aspect to ensure inclusivity in the planning and management of nexus resources. Given
that gender roles and decision-making authorities often differ between women and men in
many African societies, understanding these gender dynamics is essential for achieving
equal participation in resource synergies and negotiating trade-offs. Integrating gender into
discussions on resource synergies and trade-off negotiations has the potential to safeguard
equitable benefits from the decision outcomes. Hlahla [63] advocated for a transformation in
gender relations and an enhancement of both women’s and men’s active involvement in the
decision-making process. Hlahla [63] contended that these steps are effective approaches
to reduce women’s vulnerability to climate change and promote equity in access to and the
use of natural resources.

In addition to the limitations in the research conducted in the LWE or WEF and food
systems nexus studies in Africa, the dominance of foreign authors in the research arena also
stood out. Apart from South Africa, which plays a dominant role in the nexus research in
Africa, LWE and food systems research in Africa was largely dominated by countries such
as the USA, Britain, and China, which were identified based on the authors’ geographical
location. The fact that African-based authors were found to collaborate more with authors in
Europe, America, and China than within the African continent is still of great concern. The
dominant role of foreign authors in African-focused nexus research, though essential in terms
of knowledge exchange and capacity development, may also have a detrimental impact
on the development of knowledge systems not tailored to African realities. These concerns
aligned with the ongoing debate on the influence of Western-centric knowledge systems
on African development and the drive towards the decolonisation of African knowledge
systems [64,65]. The infiltration of the Western-centric nexus models for addressing resource
use and management in Africa may likely influence the decisions and actions that do not
suit Africa’s realities. More in-depth research is required to investigate how successfully
the Western-centric nexus model works for Africa to achieve sustainable land, water, and
energy security.

5. Conclusions

The research primarily focused on analysing the growth and application of the LWE
(land–water–energy) nexus within the context of sustainable food systems research in
Africa. The study delved into both the quantitative and thematic aspects of this subject,
with a particular emphasis on how the policies, programs, and practices relating to the
LWE and food systems nexus were addressed from a socio-economic perspective.

The research employed a systematic literature review using the PRISMA approach for
data collection, and it utilised R-bibliometric and content-based analyses as the analytical
methods. The research’s findings indicated that while there has been a significant emphasis
on the practical implementation of the LWE nexus, there was comparatively less attention
given to the policy and program aspects. This suggested that the effectiveness of these
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policies and programs has not been thoroughly examined, even though they were pivotal
for the successful operationalization of the LWE nexus.

Furthermore, the research revealed a gap in the inclusivity aspect of the nexus dis-
course, indicating that the perspectives of various stakeholders may not have been ade-
quately captured. Additionally, the study noted that African-based authors were underrep-
resented in this research, with many of the contributions coming from non-African authors.
The increased participation of non-African scholars relative to African researchers could
impact the applicability and relevance of the findings to an African context.

In light of the challenges posed by population growth and resource depletion, this
research strongly recommends an increased investment in capacity development and
funding for LWE or WEF (Water–Energy–Food) nexus research. Such investment is vital to
ensure the sustainable and harmonious utilization of resources. The study also underscores
the critical importance of coordinated decision-making to prevent trade-offs that could
jeopardise the sustainability of any of the resources within the nexus.

To enhance regional and continental collaboration, the research findings suggest the
creation of platforms where local LWE researchers can collaborate in the co-production of
knowledge.

In summary, this research underscores the significance of taking a holistic approach
to comprehend and manage the intricate interactions among land, water, and energy
resources in the context of sustainable food systems in Africa. It stresses the need for more
comprehensive examinations of policies, programs, and practices, as well as an imperative
greater inclusivity and representation of African perspectives in research endeavours
related to the LWE nexus.

Author Contributions: Conceptualization, M.A.C., A.R. and L.M.S.; methodology, M.A.C.; formal
analysis, M.A.C.; data curation, M.A.C.; writing—original draft preparation, M.A.C.; writing—review
and editing, M.A.C., A.R. and L.M.S.; visualization, M.A.C.; supervision, A.R. and L.M.S.; project
administration, A.R.; funding acquisition, L.M.S. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by the Bill & Melinda Gates Foundation under grant No. INV-035194.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: The authors declare that there are no conflicts of interest.

References
1. Masipa, T.S. The impact of climate change on food security in South Africa: Current realities and challenges ahead. Jamba 2017, 9,

1–7. [CrossRef] [PubMed]
2. Fuentes-Nieva, R. Growing Hunger, High Food Prices in Africa, Don’t Have to Become a Worse Tragedy. Avoiding the Horseman

of Famine Will Take Applying Past Lessons and Quick Action by Governments, and International Organizations. African Voices
For Climate Action. 2022. Available online: https://www.un.org/africarenewal/magazine/may-2022/growing-hunger-high-
food-prices-africa-dont-have-become-worse-tragedy (accessed on 17 October 2022).

3. Intergovernmental Panel on Climate Change (IPCC). Climate Change and Land: An IPCC Special Report on Climate Change,
Desertification, Land Degradation, Sustainable Land Management, Food Security, and Greenhouse Gas Fluxes in Terrestrial
Ecosystems 2019. Available online: https://www.ipcc.ch/srccl/download/ (accessed on 2 August 2023).

4. Jones, N.F.; Pejchar, L.; Kiesecker, J.M. The Energy Footprint: How Oil, Natural Gas, and Wind Energy Affect Land for Biodiversity
and the Flow of Ecosystem Services. BioScience 2015, 65, 290–301. [CrossRef]

5. Burke, P.J.; Widnyana, J.; Anjum, Z.; Aisbett, E.; Resosudarmo, B.; Baldwin, K.G. Overcoming barriers to solar and wind energy
adoption in two Asian giants: India and Indonesia. Energy Policy 2019, 132, 1216–1228. [CrossRef]

6. Jia, F.; Hubbard, M.; Zhang, T.; Chen, L. Water stewardship in agricultural supply chains. J. Clean. Prod. 2019, 235, 1170–1188.
[CrossRef]

7. Malliaroudaki, M.I.; Watson, N.J.; Ferrari, R.; Nchari, L.N.; Gomes, R.L. Energy management for a net zero dairy supply chain
under climate change. Trends Food Sci. Technol. 2022, 126, 153–167. [CrossRef]

8. Asenso-Okyere, K.; Jemaneh, S. Increasing agricultural poductivity and enhancing food security in Africa: New challenges and
opportunities. In Synopsis of an International Conference in Addis Ababa, Ethiopia 2011; International Policy Research Institute:
Washington, DC, USA, 2012. [CrossRef]

https://doi.org/10.4102/jamba.v9i1.411
https://www.ncbi.nlm.nih.gov/pubmed/29955344
https://www.un.org/africarenewal/magazine/may-2022/growing-hunger-high-food-prices-africa-dont-have-become-worse-tragedy
https://www.un.org/africarenewal/magazine/may-2022/growing-hunger-high-food-prices-africa-dont-have-become-worse-tragedy
https://www.ipcc.ch/srccl/download/
https://doi.org/10.1093/biosci/biu224
https://doi.org/10.1016/j.enpol.2019.05.055
https://doi.org/10.1016/j.jclepro.2019.07.006
https://doi.org/10.1016/j.tifs.2022.01.015
https://doi.org/10.2499/9780896297937


Sustainability 2023, 15, 16528 19 of 21

9. Intergovernmental Panel on Climate Change (IPCC). Climate Change: Impacts, Adaptation and Vulnerability. IPCC Working
Group II Report. 2007. Available online: http://www.ipcc.ch/pdf/ (accessed on 2 August 2023).

10. Ebhota, W.S.; Inambao, F.L. Electricity insufficiency in Africa: A product of inadequate manufacturing capacity. Afr. J. Sci. Technol.
Innov. Dev. 2016, 8, 197–204. [CrossRef]

11. Bigas, H. (Ed.) The Global Water Crisis: Addressing an Urgent Security Issue. In Papers for the InterAction Council, 2011–2012;
UNU-INWEH: Hamilton, ON, Canada, 2012.

12. Capone, R.; Bilali, H.E.; Debs, P.; Cardone, G.; Driouech, N. Food System Sustainability and Food Security: Connecting the Dots.
J. Food Secur. 2014, 2, 13–22. Available online: http://pubs.sciepub.com/jfs/2/1/2 (accessed on 2 August 2023).

13. Nyikahdzoi, K.; Mhlanga, L.; Haller, T. Fragmented Management of Natural Resources in the Lake Kariba Environs; Malanga, L.,
Nyikahdzoi, K., Haller, T., Eds.; Lit Verlag GmbH & Co. KG Wien: Zürich, Switzerland, 2014.

14. United Nations Economic Commission for Europe (UNECE). Methodology for Assessing the Water-Food-Energy-Ecosystems Nexus in
Transboundary Basins and Experiences from Its Application: A Synthesis; United Nations: New York, NY, USA; Geneva, Switzerland, 2018.

15. de Waal, A.; Weaver, M.; Day, T.; van der Heijden, B. Silo-Busting: Overcoming the Greatest Threat to Organiza-tional Performance.
Sustainability 2019, 11, 6860. [CrossRef]

16. Mpandeli, S.; Naidoo, D.; Mabhaudhi, T.; Nhemachena, C.; Nhamo, L.; Liphadzi, S.; Hlahla, S.; Modi, A.T. Climate Change
Adaptation through the Water-Energy-Food Nexus in Southern Africa. Int. J. Environ. Res. Public Health 2018, 15, 2306. [CrossRef]

17. Hoff, H. Understanding the Nexus. In Background Paper for the Bonn2011 Conference: The Water, Energy and Food Security Nexus;
Stockholm Environment Institute: Stockholm, Sweden, 2011.

18. Aboelnga, H.T.; Khalifa, M.; McNamara, I.; Sycz, J. Water-Energy-Food Nexus Literature Review. In a Review of Nexus Literature
and ongoing Nexus Initiatives for Policymakers; Nexus Regional Dialogue Programme (NRD) and German Society for International
Cooperation (GIZ): Bonn, Germany, 2018.

19. Bleischwitz, R.; Spataru, C.; VanDeveer, S.D.; Obersteiner, M.; van der Voet, E.; Johnson, C.; Andrews-Speed, P.; Boersma, T.; Hoff,
H.; van Vuuren, D.P. Resource nexus perspectives towards the United Nations Sustainable Development Goals. Nat. Sustain.
2018, 1, 737–743. [CrossRef]

20. Ringler, C.; Bhaduri, A.; Lawford, R. The nexus across water, energy, land and food (WELF): Potential for improved resource use
efficiency? Curr. Opin. Environ. Sustain. 2013, 5, 617–624. [CrossRef]

21. Kurian, M. The Water-Energy-Food Nexus- trade-offs, thresholds and trans-disciplinary approaches to sustainable development.
Environ. Sci. Policy 2017, 68, 97–106. [CrossRef]

22. Naidoo, D.; Nhamo, L.; Mpandeli, S.; Sobratee, N.; Senzanje, A.; Liphadzi, S.; Slotow, R.; Jacobson, M.; Modi, A.T.; Mabhaudhi, T.
Operationalising the water-energy-food nexus through the theory of change. Renew. Sustain. Energy Rev. 2021, 149, 111416. [CrossRef]
[PubMed]

23. Botai, J.O.; Botai, C.M.; Ncongwane, K.P.; Mpandeli, S.; Nhamo, L.; Masinde, M.; Adeola, A.M.; Mengistu, M.G.; Tazvinga, H.;
Murambadoro, M.D.; et al. A review of the water–energy–food nexus research in Africa. Sustainability 2021, 13, 1762. [CrossRef]

24. Adeola, O.M.; Ramoelo, A.; Mantlana, B.; Mokotedi, O.; Silwana, W.; Tsele, P. Review of Publications on the Water-Energy-Food
Nexus and Climate Change Adaptation Using Bibliometric Analysis: A Case Study of Africa. Sustainability 2022, 14, 13672. [CrossRef]

25. Mabhaudhi, T.; Nhamo, L.; Mpandeli, S.; Nhemachena, C.; Senzanje, A.; Sobratee, N.; Chivenge, P.P.; Slotow, R.; Naidoo, D.;
Liphadzi, S.; et al. The Water–Energy–Food Nexus as a Tool to Transform Rural Livelihoods and Well-Being in Southern Africa.
Int. J. Environ. Res. Public Health 2019, 16, 2970. [CrossRef] [PubMed]

26. Keairns, D.L.; Darton, R.C.; Irabien, A. The energy-water-food nexus. Annu. Rev. Chem. Biomol. Eng. 2016, 7, 239–262. [CrossRef]
[PubMed]

27. Smajgl, A.; Ward, J.; Pluschke, L. The water–food–energy Nexus—Realising a new paradigm. J. Hydrol. 2016, 533, 533–540. [CrossRef]
28. Food and Agricultural Organisation of the United Nations. Sustainable Food Systems Concept and Framework; FAO: Rome, Italy,

2018; Available online: https://www.fao.org/3/ca2079en/CA2079EN.pdf (accessed on 3 August 2023).
29. Peng, W.; Berry, E.M. The Concept of Food Security. In Encyclopedia of Food Security and Sustainability; Elsevier: Amsterdam,

The Netherlands, 2018. [CrossRef]
30. Fanzo, J.; Haddad, L.; Schneider, K.R.; Béné, C.; Covic, N.M.; Guarin, A.; Herforth, A.W.; Herrero, M.; Sumaila, U.R.; Aburto, N.J.;

et al. Viewpoint: Rigorous monitoring is necessary to guide food system transformation in the countdown to the 2030 global
goals. Food Policy 2021, 104, 102163. [CrossRef]

31. Northcott, T.; Lawrence, M.; Parker, C.; Baker, P. Ecological regulation for healthy and sustainable food systems: Responding to
the global rise of ultra-processed foods. Agric. Hum. Values 2023, 40, 1333–1358. [CrossRef]

32. Sandrine, D.; Pauline, B.; Etienne, H.; Thierry, G.; Nicolas, B. Food Systems at Risk: New Trends and Challenges; FAO: Rome, Italy;
CIRAD: Montpellier, France; European Commission: Brussels, Belgium, 2019. [CrossRef]

33. Biggs, E.M.; Bruce, E.; Boruff, B.; Duncan, J.M.; Horsley, J.; Pauli, N.; McNeill, K.; Neef, A.; Van Ogtrop, F.; Curnow, J.; et al. Sustainable
development and the water–energy–food nexus: A perspective on livelihoods. Environ. Sci. Policy 2015, 54, 389–397. [CrossRef]

34. Shannak, S.; Mabrey, D.; Vittorio, M. Moving from theory to practice in the water–energy–food nexus: An evaluation of existing
models and frameworks. Water-Energy Nexus 2018, 1, 17–25. [CrossRef]

35. Zhang, C.; Chen, X.; Li, Y.; Ding, W.; Fu, G. Water-energy-food nexus: Concepts, questions and methodologies. J. Clean. Prod.
2018, 195, 625–639. [CrossRef]

http://www.ipcc.ch/pdf/
https://doi.org/10.1080/20421338.2016.1147206
http://pubs.sciepub.com/jfs/2/1/2
https://doi.org/10.3390/su11236860
https://doi.org/10.3390/ijerph15102306
https://doi.org/10.1038/s41893-018-0173-2
https://doi.org/10.1016/j.cosust.2013.11.002
https://doi.org/10.1016/j.envsci.2016.11.006
https://doi.org/10.1016/j.rser.2021.111416
https://www.ncbi.nlm.nih.gov/pubmed/37693280
https://doi.org/10.3390/su13041762
https://doi.org/10.3390/su142013672
https://doi.org/10.3390/ijerph16162970
https://www.ncbi.nlm.nih.gov/pubmed/31426610
https://doi.org/10.1146/annurev-chembioeng-080615-033539
https://www.ncbi.nlm.nih.gov/pubmed/27023661
https://doi.org/10.1016/j.jhydrol.2015.12.033
https://www.fao.org/3/ca2079en/CA2079EN.pdf
https://doi.org/10.1016/B978-0-08-100596-5.22314-7
https://doi.org/10.1016/j.foodpol.2021.102163
https://doi.org/10.1007/s10460-022-10412-4
https://doi.org/10.19182/agritrop/00080
https://doi.org/10.1016/j.envsci.2015.08.002
https://doi.org/10.1016/j.wen.2018.04.001
https://doi.org/10.1016/j.jclepro.2018.05.194


Sustainability 2023, 15, 16528 20 of 21

36. Mabhaudhi, T.; Chibarabada, T.; Modi, A. Water-Food-Nutrition-Health Nexus: Linking Water to Improving Food, Nutrition and
Health in Sub-Saharan Africa. Int. J. Environ. Res. Public Health 2016, 13, 107. [CrossRef] [PubMed]

37. Mabhaudhi, T.; Mpandeli, S.; Madhlopa, A.; Modi, A.T.; Backeberg, G.; Nhamo, L. Southern Africa’s Water–energy nexus:
Towards regional integration and development. Water 2016, 8, 235. [CrossRef]

38. Portney, K.E.; Hannibal, B.; Goldsmith, C.; McGee, P.; Liu, X.; Vedlitz, A. Awareness of the Food–Energy–Water Nexus and Public
Policy Support in the United States: Public Attitudes Among the American People. Environ. Behav. 2017, 50, 375–400. [CrossRef]

39. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.; Brennan,
S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, 71. [CrossRef]
[PubMed]

40. Critical Appraisal Skills Programme. CASP Cohort Study Checklist. 2018. Available online: https://casp-uk.net/images/
checklist/documents/CASP-Cohort-Study-Checklist/CASP-Cohort-Study-Checklist-2018_fillable_form.pdf (accessed on 13
April 2023).

41. Critical Appraisal Skills Programme. CASP Qualitative Checklist. 2018. Available online: https://casp-uk.net/images/checklist/
documents/CASP-Qualitative-Studies-Checklist/CASP-Qualitative-Checklist-2018_fillable_form.pdf (accessed on 13 April 2023).

42. FSNET-Africa. Food Systems Framework. 2021. Available online: https://fsnetafrica.com/editorial/the-fsnet-africa-food-
systems-framework/ (accessed on 10 October 2022).

43. Guo, Y.-M.; Huang, Z.-L.; Guo, J.; Li, H.; Guo, X.-R.; Nkeli, M.J. Bibliometric Analysis on Smart Cities Research. Sustainability
2019, 11, 3606. [CrossRef]

44. Lulewicz-Sas, A. Corporate social responsibility in the light of management science—Bibliometric analysis. Procedia Eng. 2017,
182, 412–417. [CrossRef]

45. Aria, M.; Coccurullo, C. Bibliometrix: An R-tool for comprehensive science mapping analysis. J. Informetr. 2017, 11, 959–975.
Available online: https://www.bibliometrix.org/home/index.php/layout/biblioshiny (accessed on 10 August 2023). [CrossRef]

46. Heleta, S.; Jithoo, D. International research collaboration between South Africa and rest of the world: An analysis of 2012–2021
trends. Transform. High. Educ. 2023, 8, 1–11. [CrossRef]

47. Kumwenda, S.; Niang, E.H.A.; Orondo, P.W.; William, P.; Oyinlola, L.; Bongo, G.N.; Chiwona, B. Challenges facing young African
scientists in their research careers: A qualitative exploratory study. Malawi Med. J. 2017, 29, 1–4. [CrossRef] [PubMed]

48. Ngongalah, L.; Emerson, W.; Rawlings, N.N.; James Muleme Musisi, J.M. Research Challenges in Africa—An Exploratory Study
on the Experiences and Opinions of African Researchers. 2018. Available online: https://www.biorxiv.org/content/10.1101/44
6328v1.full.pdf (accessed on 11 April 2023).

49. Uwizeye, D.; Karimi, F.; Thiong’o, C.; Syonguvi, J.; Ochieng, V.; Kiroro, F.; Gateri, A.; Khisa, A.M.; Wao, H. Factors associated with
research productivity in higher education institutions in Africa: A systematic review. AAS Open Res. 2021, 4, 26. [CrossRef] [PubMed]

50. Brouwer, I.D.; McDermott, J.; Ruben, R. Food systems everywhere: Improving relevance in practice. Glob. Food Secur. 2020, 26,
100398. [CrossRef]

51. Adom, R.K.; Simatele, M.D.; Reid, M. Addressing the challenges of water-energy-food nexus programme in the context of
sustainable development and climate change in South Africa. J. Water Clim. Chang. 2022, 13, 2761–2779. [CrossRef]

52. Hoosain, M.S.; Paul, B.S.; Doorsamy, W.; Ramakrishna, S. The Influence of Circular Economy and 4IR Technologies on the
Climate–Water–Energy–Food Nexus and the SDGs. Water 2023, 15, 787. [CrossRef]

53. Imasiku, K.; Ntagwirumugara, E. An impact analysis of population growth on energy-water-food-land nexus for ecological
sustainable development in Rwanda. Food Energy Secur. 2019, 9, e185. [CrossRef]

54. Kiggundu, N.; Arhin, S.G.; Banadda, N.; Kabenge, I. Impacts of Biofuel Policies on Welfare and Food Security: As-sessing the
Socioeconomic and Environmental Trade-offs in Sub-Saharan Africa. Int. J. Renew. Energy Res. 2017, 7, 2162–2171.

55. Rinaldi, L.; Chiarelli, D.D. Energy-Food Challenges and Future Trends in Mozambique and in the Maputo Province. In Territorial
Development and Water-Energy-Food Nexus in the Global South; Montedoro, L., Buoli, A., Frigerio, A., Eds.; Research for Development;
Springer: Cham, Switzerland, 2022. [CrossRef]

56. Orimoloye, I.R. Water, Energy and Food Nexus: Policy Relevance and Challenges. Front. Sustain. Food Syst. 2022, 5, 824322. [CrossRef]
57. Simpson, G.B.; Jewitt, G.P.W. The Development of the Water-Energy-Food Nexus as a Framework for Achieving Resource

Security: A Review. Front. Environ. Sci. 2019, 7, 8. [CrossRef]
58. Al-Saidi, M.; Elagib, N.A. Towards understanding the integrative approach of the water, energy and food nexus. Sci. Total.

Environ. 2017, 574, 1131–1139. [CrossRef] [PubMed]
59. Pahl-Wostl, C. Governance of the water-energy-food security nexus: A multi-level coordination challenge. Environ. Sci. Policy

2019, 92, 356–367. [CrossRef]
60. Benson, D.; Gain, A.K.; Rouillard, J.; Giupponi, C. Governing for the Nexus. In Water-Energy-Food Nexus: Principles and Practices;

Salam, P.A., Shrestha, S., Pandey, V.P., Anal, A.K., Eds.; John Wiley and Sons, Inc.: Washington, DC, USA, 2017; pp. 77–88.
61. Ferreira, S.C.G.; Córdoba, D.; Sombra, D.; Costa, F.V. Patterns of injustices in water allocation mechanisms in the Brazilian

Amazon: Palm oil expansion and the reshaping of hydrosocial territories. Environ. Sci. Policy 2023, 147, 79–88. [CrossRef]
62. Ibrahim, A.; Bartsch, K.; Sharifi, E. Overarching barriers to mainstream green stormwater infrastructure in Ghana: Towards good

green governance. Environ. Sci. Policy 2023, 147, 15–28. [CrossRef]
63. Hlahla, S. Gender perspectives of the water, energy, land, and food security nexus in sub-Saharan Africa. Front. Sustain. Food Syst.

2022, 6, 719913. [CrossRef]

https://doi.org/10.3390/ijerph13010107
https://www.ncbi.nlm.nih.gov/pubmed/26751464
https://doi.org/10.3390/w8060235
https://doi.org/10.1177/0013916517706531
https://doi.org/10.1136/bmj.n71
https://www.ncbi.nlm.nih.gov/pubmed/33782057
https://casp-uk.net/images/checklist/documents/CASP-Cohort-Study-Checklist/CASP-Cohort-Study-Checklist-2018_fillable_form.pdf
https://casp-uk.net/images/checklist/documents/CASP-Cohort-Study-Checklist/CASP-Cohort-Study-Checklist-2018_fillable_form.pdf
https://casp-uk.net/images/checklist/documents/CASP-Qualitative-Studies-Checklist/CASP-Qualitative-Checklist-2018_fillable_form.pdf
https://casp-uk.net/images/checklist/documents/CASP-Qualitative-Studies-Checklist/CASP-Qualitative-Checklist-2018_fillable_form.pdf
https://fsnetafrica.com/editorial/the-fsnet-africa-food-systems-framework/
https://fsnetafrica.com/editorial/the-fsnet-africa-food-systems-framework/
https://doi.org/10.3390/su11133606
https://doi.org/10.1016/j.proeng.2017.03.124
https://www.bibliometrix.org/home/index.php/layout/biblioshiny
https://doi.org/10.1016/j.joi.2017.08.007
https://doi.org/10.4102/the.v8i0.246
https://doi.org/10.4314/mmj.v29i1.1
https://www.ncbi.nlm.nih.gov/pubmed/28567188
https://www.biorxiv.org/content/10.1101/446328v1.full.pdf
https://www.biorxiv.org/content/10.1101/446328v1.full.pdf
https://doi.org/10.12688/aasopenres.13211.1
https://www.ncbi.nlm.nih.gov/pubmed/34368619
https://doi.org/10.1016/j.gfs.2020.100398
https://doi.org/10.2166/wcc.2022.099
https://doi.org/10.3390/w15040787
https://doi.org/10.1002/fes3.185
https://doi.org/10.1007/978-3-030-96538-9_8
https://doi.org/10.3389/fsufs.2021.824322
https://doi.org/10.3389/fenvs.2019.00008
https://doi.org/10.1016/j.scitotenv.2016.09.046
https://www.ncbi.nlm.nih.gov/pubmed/27710905
https://doi.org/10.1016/j.envsci.2017.07.017
https://doi.org/10.1016/j.envsci.2023.05.020
https://doi.org/10.1016/j.envsci.2023.05.014
https://doi.org/10.3389/fsufs.2022.719913


Sustainability 2023, 15, 16528 21 of 21

64. Oelofsen, R. Decolonisation of the African mind and intellectual landscape. UNISA Phronimon 2018, 16, 130–146. [CrossRef]
65. Crawford, G.; Mai-Bornu, Z.; Landstrom, K. Decolonising knowledge production on Africa: Why it’s still necessary and what can

be done. J. Br. Acad. 2021, 9 (Suppl. S1), 21–46. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.25159/2413-3086/3822
https://doi.org/10.5871/jba/009s1.021

	Introduction 
	Materials and Methods 
	Results 
	Bibliometric Analysis of the Trends in LWE and SFS Nexus Research in Africa 
	Thematic Growth Analysis 
	Evolution of Research in the Land–Water–Energy Nexus and Sustainable Food Systems 
	Research Collaboration Networks in the Domain of the LWE Nexus and Sustainable Food Systems in Africa 
	Scientific Publications 

	Content Analysis and Thematic Distribution 
	Thematic Coverage 
	Thematic Distribution of LWE Research Articles 


	Discussion 
	Conclusions 
	References

