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This paper presents a study of the evolution of the water-energy-food (WEF) nexus since its rise to prominence in policy and development discourses in 2011. Drawing from an extensive review of published literature, the paper presents various interpretations of the concept while also considering the novelty of the WEF nexus. The challenge of integrating and optimising the components of this multi-centric nexus is examined, with four case studies being presented. Various criticisms levelled at the WEF nexus, such as the neglect of livelihoods and the environment in assessments, are noted, together with governance considerations associated with this framework. Finally, the potential of the WEF nexus to contribute to the achievement of the Sustainable Development Goals is reviewed.
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INTRODUCTION

Meadows et al. (1972) warned almost half a century ago, “If the present growth trends in world population, industrialisation, pollution, food production, and resource depletion continue unchanged, the limits to growth on this planet will be reached sometime within the next one hundred years.” Some three decades later they stated that “the human economy is exceeding important limits now and that this overshoot will intensify greatly over the coming decades” (Meadows et al., 2004). Just a few years after this latter statement, average world food prices increased significantly, leaving a large portion of the global population unable to afford their basic nutritional needs (Mohtar and Daher, 2012). These increased food prices are an indication of growing natural resource scarcity (Ringler et al., 2013).

The finite and indispensable nature of freshwater also came to the fore during the first decade of the twenty-first century. In their 2011 publication, Water Security: The Water-Food-Energy-Climate Nexus, the World Economic Forum highlighted that in many locations around the globe, water has been consistently under-priced, groundwater has been depleted, and that unlike energy, water has no substitutes or alternatives (WEF, 2011). However, Sachs (2015) states that “Of all of the problems of reconciling growth with planetary boundaries, probably none is more urgent and yet more complicated than the challenge of the world's energy system.”

Projections are that the global demand for resources is going to escalate on this “hot, hungry, crowded, and fast evaporating planet” (WEF, 2011). The NIC (2012) estimate that the growth in demand for food, water and energy by 2030 will be 35, 40, and 50 percent, respectively. This is due to an increasing population, urbanisation, and an additional three billion middle-class people by 2030 (WWF and SABMiller, 2014). There is also a dire need to enhance the livelihoods of the “bottom billion” who are undernourished, without access to electricity and clean water (IRENA, 2015).

Speaking on World Water Day in March 2011, the then Secretary-General of the United Nations, Ban-Ki Moon, noted that the interconnects between water, energy and food are among the greatest challenges that mankind faces. In November of that year, the Bonn2011 Conference: Water Energy and Food Security Nexus–Solutions for the Green Economy was convened. That meeting served as a catalyst for wider interest in the water-energy-food (WEF) nexus amongst academics, policy makers, national and international development agencies and donor countries. While some authors suggest that the WEF nexus has traits of a “nirvana concept,” others have identified several shortcomings in nexus thinking, labelling it as an immature approach (Allouche et al., 2015).

In this review, search terms related to the paper's title were entered into the EBSCOhost, Web of Science, Science Direct, and Wiley Online databases. These searches yielded 111, 212, 135, and 53 results respectively, i.e., a total of 511 academic papers. After removing duplicates (104), articles were excluded based on a review of their titles (284) and abstracts (38). A further 32 articles were subsequently excluded during a full screening of the texts, yielding 53 academic articles that have contributed to this literature review. Fourteen grey literature sources that were identified during the review of the academic articles were subsequently included in the literature review process. This methodology was followed to remove bias, as far as possible, from the selection of academic and grey literature for inclusion in the compilation of this manuscript.

This paper initially examines what is understood by the term “WEF nexus.” It continues to provide an analysis of whether the WEF nexus is a unique approach, or if it is simply a repackaging of an existing framework (even though a “repackaging” would not necessarily imply irrelevance). The challenge of integrating and optimising these three resource sectors, together with their trade-offs and synergies, is subsequently presented together with four case studies. Thereafter, one of the key criticisms levelled at the WEF nexus is considered, namely, whether the resource security goal of the WEF nexus, which the global economic community is seen to be driving, accommodates the environment and livelihoods. Finally, the possible benefits of the WEF nexus approach in terms of policy development and governance are reviewed.

WHAT IS THE WEF NEXUS?

The word nexus means “to connect” (De Laurentiis et al., 2016). This word conveys the interactions between two or more elements, be they dependencies or interdependencies. The WEF nexus is, therefore, the study of the connections between these three resource sectors, together with the synergies, conflicts and trade-offs that arise from how they are managed, i.e., water for food and food for water, energy for water and water for energy, and food for energy and energy for food.

Some authors argue that there is little agreement on the WEF nexus' precise meaning, contending that there are many competing (and often overlapping) conceptions (Benson et al., 2015; Al-Saidi and Elagib, 2017). Others suggest that the term can be viewed as a buzzword, i.e., a word that gains prominence due to “a combination of ambiguous meaning and strong normative resonance” (Cairns and Krzywoszynska, 2016). Gain et al. (2015) report that many developing countries are not even aware of the WEF nexus. Cairns and Krzywoszynska (2016) found that within natural resource discussions in the United Kingdom, the understanding and usage of the term WEF nexus is “plural, fragmented, and ambiguous.” Their concern is that the broad use of the term could trivialise its importance.

Wichelns (2017) states that the selection of water, energy and food as the principal components of a nexus framework for guiding research and policy, although initially appealing, is somewhat arbitrary. Liu et al. (2018) note that while the energy sector speaks of the energy-water-food (EWF) nexus, hydrologists and water engineers call it the water-energy-food (WEF) nexus, while those in the agricultural fraternity use the term, the food-energy-water (FEW) nexus. Based on this variance in terminology, it is evident that the conceptual approach to the WEF nexus is generally dependent upon the perspective of the particular researcher or policy-maker (Bazilian et al., 2011). Allouche et al. (2015) agree that the term can mean different things to different people, arguing that while some consider the WEF nexus scope to be too narrow, excluding for example climate change and the environment, other authors view it as being relatively broad and link it to the green economy, poverty reduction and global resource security (Pandey and Shrestha, 2017).

The World Economic Forum's primary area of concern regarding the WEF nexus was initially water security, hence it is termed by some as the WEF security nexus. Different groupings who have embraced the WEF nexus approach have contrasting foci, e.g., sustainability, the green economy, trade-offs, livelihoods, climate, optimisation, modelling, or scarcity. Pahl-Wostl (2017) explains that the WEF nexus was strongly focused on resource security during the first four years after the Bonn2011 Conference, but since then the concept's use has broadened to address interdependencies and integration to achieve the sustainable management of resources.

While there is disagreement on what the term “nexus” means, this is not the first term that the academic and development community has struggled to define. Meadows et al. (2004) note that sixteen years after the Brundtland Commission mainstreamed the concept of sustainability (Brundtland, 1987) the global society was still trying to agree on what the term meant.

The debate regarding the nexus' precise meaning and application indicates that it is still an evolving concept (Allouche et al., 2015; Pandey and Shrestha, 2017). While there are differing interpretations of this framework, de Loe and Patterson (2017) suggest that what is paramount is “nexus thinking,” as opposed to a specific strict definition of the WEF nexus.

IS THE WEF NEXUS CONCEPT NOVEL?

Many authors question whether the WEF nexus approach is novel (Allouche et al., 2015; Benson et al., 2015; Muller, 2015; Wichelns, 2017). The FAO (2014), for example, query whether the concept is just the “same old wine in new bottles,” or if it contributes something new to the sustainable development discourse. It is also questioned whether the nexus is complete with only three sectors being represented. Climate change, the environment, land, governance, urbanisation, waste, or livelihoods are some of the other components that could be, and are, assessed together with the trio of sectors that make up the WEF nexus. To this end, Wichelns (2017) queries the selection of the three resource sectors in the WEF nexus and the widespread recognition that the concept is receiving, noting that it is not yet an agreed and tested framework.

Benson et al. (2015) argue that many of the ideas presented in the nexus philosophy already appeared in other strategies which entered policy discourses in the 1990s. When sustainable development was first proposed, it was stated that population growth, food security, energy, the environment, and urban development “are connected and cannot be treated in isolation one from another” (Brundtland, 1987).

Muller (2015) explains that the 1977 United Nations conference proceedings reveal that the world at that time was fully cognisant of the interdependencies between water, food and energy. This is evident when reading the seminal work, The Limits to Growth, wherein it is highlighted that the five major areas of global concern identified “are all interconnected in many ways” (Meadows et al., 1972).

Cai et al. (2018) note that since the Harvard Water Program in the early 1960s there has been a drive to address water research utilising an interdisciplinary approach. Wichelns (2017) reports that the need for greater integration of research and policy discourse across sectors and regions was expressed in international meetings as early as the late 1940s. In terms of the interconnected nature of all subjects of study in the biosphere, Muir (1911) stated that “When we try to pick out anything by itself, we find it hitched to everything else in the universe.” There is truly “nothing new under the sun.”

If the WEF nexus is not novel, then why has there been so much interest in the approach from organisations such as the World Economic Forum, the World Wide Fund for Nature, the United Nations and global companies like the Coca-Cola Company and SABMiller? Wichelns (2017) suggests that much of the interest in the nexus is as a result of the concern of the impact of climate change on water, energy and food security. Rasul and Sharma (2016) are in agreement, noting that all three resource sectors are influenced by climate change and that they, in turn, each contribute to that impact as a result of their discharges and/or emissions. Pandey and Shrestha (2017) contend that the concept of the WEF nexus has gained prominence as a contemporary way to understand and approach sustainable development.

In terms of the governance of water, one framework that was formalised in the early 1990s was Integrated Water Resources Management (IWRM). IWRM was initially embraced as the silver bullet of sustainable development because of its integrated analysis of sectors and resources (Kurian, 2017). The United Nations included IWRM as a component of the Millennium Development Goals (MDGs) (Benson et al., 2015). Bogardi et al. (2012) however argue that IWRM on its own is insufficient. Benson et al. (2015) suggest that the WEF nexus framework exhibits some innovative elements, such as holistically integrating different policy sectors, and contend that it could be highly complementary to IWRM.

While several authors argue that the interdisciplinary nature of the approach is not new, the primary reason for promoting the WEF nexus approach above that of IWRM is that it is multi-centric, with each sector being treated with equal importance, while IWRM is water-centric (Allouche et al., 2015; Benson et al., 2015; Abdullaev and Rakhmatullaev, 2016; Gallagher et al., 2016; Al-Saidi and Elagib, 2017; Liu et al., 2017; Owen et al., 2018). Cai et al. (2018) suggest that the WEF nexus may be accepted by a broader set of stakeholders than IWRM, especially those within the agricultural and energy sectors.

INTEGRATING AND OPTIMISING THE WEF NEXUS

Some critics of the WEF nexus argue that the analysis of one resource sector is sufficiently complex, suggesting that integrating multiple resource sectors simultaneously poses an appreciable challenge (de Loe and Patterson, 2017). Wichelns (2017) concurs, contending that given the lack of success in implementing Integrated Natural Resource Management (INRM) and IWRM in practice, another call for integration should be questioned. It has however been suggested that the critique of IWRM is well-founded because it is perceived to underestimate the importance of administrative boundaries, with its focus being hydrological catchments (Kurian, 2017). de Loe and Patterson (2017) contend that IWRM has failed to achieve the goals for which it was intended. Abdullaev and Rakhmatullaev (2016) agree, stating that the active promotion of a nexus approach could assist in solving the IWRM's “water box problem.” Belinskij (2015) argues for utilising a nexus approach since it removes the institutional “silos” that are so prevalent in governance and policy circles.

Leck et al. (2015) warn that the multi-sector goal of the WEF nexus, with its associated trade-offs and interdependencies, could result in its downfall. They warn that although the nexus concept is attractive, it is challenging to implement. Yet, Wicaksono et al. (2017) argue that the fundamental notion of the WEF nexus has already been adopted in some regions and countries, although not necessarily under the banner of this framework itself. Daher et al. (2017), while acknowledging the complexity of modelling the nexus (i.e., computer-based modelling), emphasise that there is no one-size-fits-all model to address WEF-related issues. They continue to describe how localising and contextualising a nexus assessment will be vital to addressing trade-offs. An example of localising and contextualising the WEF nexus at a sub-national level is provided in “Case Study 1”.


Case Study 1:

The province of Mpumalanga in South Africa is the energy hub of the country. It is the source of significant coal resources and most of the fossil-fuel-based power stations that burn much of the coal. However, “South Africa has only 1.5% high potential arable soils (soils best suited for cash crop production), and 46.4 % of this total area is in Mpumalanga” (BFAP, 2012). The development of coal mines, especially opencast operations, is continually reducing the area of high potential arable soils in South Africa (Simpson and Berchner, 2017). The continued pursuit of fossil-fuel based energy dependency in South Africa is, therefore, threatening food security. It is also negatively impacting upon air pollution (Greenpeace, 2018) and water quality (McCarthy, 2011). A WEF nexus-based assessment of South Africa indicates that policy related to the accelerated implementation of renewable energy generation must be adopted if the nation is to move toward a low-carbon, sustainable future.



Another challenge for WEF nexus analyses stems from globalisation. The liberalisation of trade has meant that the interactions between water, energy, and food are very complex since materials and products are continually crossing international borders (Owen et al., 2018). Water moves between countries as an embedded component of food and other products as “virtual water” (Bogardi et al., 2012). Closely linked to the concept of virtual water is large-scale land acquisitions (LSLAs). In order to secure their essential resources, several developed countries (e.g., the United Kingdom and Italy) have pursued LSLAs, predominantly in developing countries, such as Guinea, Sierra Leone, and Mozambique (Siciliano et al., 2017). These LSLAs are ultimately concerned with gaining access to land and water for energy (i.e., biofuel) and food production. What is concerning is that malnutrition and economic water scarcity often exist in countries where LSLAs have occurred. In so doing the wealthier nations, in seeking to secure resources for themselves through LSLAs, reinforce the concerns of several authors regarding the securitisation agenda, i.e., that livelihoods of the poorer members of the global society are neglected in the developed world's pursuit of macro-scale resource security.

Quantifying the movement of virtual water between nations and regions is not the only challenge. Liu et al. (2017) suggest that the scientific challenge associated with the WEF nexus is primarily related to the myriad of data required to undertake the necessary analyses. Further, water, energy and food are measured in different manners, with each having their own units of measurement.

In addition to the data and integration challenges associated with the WEF nexus, there are multiple spatial and temporal scales within which this framework can be viewed. These scales influence each other (Garcia and You, 2016). In terms of the spatial extent, a WEF nexus assessment could be undertaken at a city, basin, national, regional, or global level. An example of a regional assessment is provided in “Case Study 2.” Although Muller (2015) questions the novelty and completeness of the WEF nexus, it is argued that what the WEF security framework does do is to move the spotlight of water resources management “from watersheds to problem-sheds, from what society should do for water to what water can do for society.”


Case Study 2:

With less than 5% of the world's land area, South Asia has to feed about one-quarter of the global population (Rasul, 2016). To ensure food self-sufficiency, many South Asian countries have adopted policies that encourage farmers to increase food production, including the provision of subsidies for irrigation, energy, and fertilisers, and the guarantee of minimum prices for wheat and rice. This has resulted in an alarming rate of decline in groundwater levels since these subsidies have discouraged farmers from being efficient in their use of both water and energy. “Thus, a nexus ‘no-brainer’ is to review and identify candidates for the phase-out of subsidies on water, energy, land and food” (Ringler et al., 2013). Current water and energy charges are often too low to affect behaviour. The irony is that by providing water and energy for agriculture at a low cost, food security can itself ultimately be threatened.



Regarding the temporal nature of a WEF nexus study, an instantaneous snapshot of the status of a WEF system could be developed. Alternatively, the metabolism of a city could be provided over a period, such as a month or a year. A further challenge related to seeking to optimise the WEF nexus is that a researcher could focus on human needs, trying to attain an equilibrium, while neglecting environmental considerations, climate change or poverty alleviation.

Although much of the literature associated with the WEF nexus is dismissive of the “silo” approach to resource management, some argue that “the baby should not be thrown out with the bathwater.” Wichelns (2017), for example, notes that there are times when an in-depth study within a particular discipline is required. Artioli et al. (2017), however, suggest that the momentum that the WEF nexus approach has attained within policy circles will be difficult to curtail.

DOES THE WEF NEXUS ADDRESS RESOURCE SECURITY FOR ALL?

Gupta (2017) contends that the WEF nexus is a security nexus for societal well-being. Indeed, Hoff (2011) in the background paper for the Bonn2011 Conference highlighted the “need to secure local livelihoods and the non-negotiable human rights to water and food.” Wichelns (2017) however, argues that livelihoods are often omitted in WEF nexus analyses, even though the poorest members of the global society are often impacted most severely by the policy changes that emanate from a nexus approach. This is because the achievement of food security at the household, city, provincial, or country level is more complex than balancing supply and demand on a macro-scale (Grafton et al., 2016).

There is an emerging resource security focus utilising the WEF nexus as the guiding framework which is motivated by the possibility that economic growth will soon be constrained by shortages of one or more of the sectors constituting this nexus (Salam et al., 2017). There has also been an increasing focus on water security within the private sector during the past decade (Leck et al., 2015), and Green et al. (2017) note that the private sector is often influential in decisions appertaining to the provision and management of water, energy, and food.

Spiegelberg et al. (2017) agree that there is a general economic motivation behind the WEF nexus, explaining that the literature focuses primarily on three fields of global growth, namely, the increase in population, urbanisation, and the burgeoning middle class in developing countries with their “Western” consumer demands. Biggs et al. (2015) go further, stating categorically that nexus frameworks have failed to adequately incorporate livelihoods into their thinking, i.e., resource security for all. They suggest that this is counterintuitive since supporting livelihoods is implicit in the attainment of sustainable development. This relegation of livelihoods is in conflict with one of the three guiding principles of the WEF nexus philosophy highlighted at the Bonn2011 Conference, which is that people and their basic human rights must be the basis of this approach (Salam et al., 2017).

Leese and Meisch (2015) suggest that whereas sustainability has historically focused on distributional justice, it is now often viewed in terms of resource security. The risks associated with the unavailability of water, energy, and food have become a global concern (WEF, 2011; NIC, 2012). Leese and Meisch (2015) argue that the WEF nexus' focus on securitisation, i.e., the security agenda centered on the risk of non-supply, is one that is driven by economic considerations, not the challenges related to livelihoods, which has traditionally been within the ambit of sustainable development. Further, they contend that the sustainability focus on equitable access to resources is being usurped by the threat to global productivity and living standards.

In summary, the concern of these authors is that sustainability is being securitised, i.e., one component of sustainable development is being focused upon to the detriment of the other components. The belief is that the World Economic Forum is prioritising this agenda and that improved macro-scale food security will not ipso facto result in a reduction in the prevalence of undernourishment, i.e., Sustainable Development Goal (SDG) 2. Nor will improved water security at a national level necessarily lead to an increase in the levels of access to clean water and improved sanitation facilities, i.e., SDG 6. Biggs et al. (2015) explain that “security” should not refer only to the availability of resources, but also to universal access to them.

Salam et al. (2017), however, contend that the amalgamation of water, energy, and food in a nexus framework to increase resource efficiency can be considered as a necessary way to achieve the SDGs. Rasul and Sharma (2016) agree, stating that the nexus outlook can assist in aligning the SDGs with planetary boundaries. The SDGs provide a basis upon which the WEF nexus can be developed (Gallagher et al., 2016).

To sustainably achieve resource security for all, the integrity of ecosystem services and the associated resource base must be maintained while access to resources is expanded and consolidated. This is presented schematically in Figure 1, where all the SDGs are directly or indirectly connected to food. Rockström and Sukhdev (2016), who developed this illustration, propose that the goals for eradicating poverty (SDG 1) and hunger (SDG 2) require gender equality (SDG 5), adequate jobs (SDG 8), and a decrease in inequality (SDG 10).


[image: image]

FIGURE 1. A way of viewing the Sustainable Development Goals and how they are all linked to food—reproduced from the Stockholm Resilience Center with permission (Rockström and Sukhdev, 2016). All the SDGs are directly or indirectly connected to food. The goals for eradicating poverty (SDG 1) and hunger (SDG 2) require gender equality (SDG 5), adequate jobs (SDG 8), and a decrease in inequality (SDG 10).



Ringler et al. (2013) explain that assessments utilising a nexus approach must consider both livelihoods and the environment. de Grenade et al. (2016) comment that while the “nexus” has various key strengths, it fails to adequately acknowledge the environment as its irreplaceable foundation. Planetary boundaries are however being threatened (Rockstrom et al., 2009) as predicted by Meadows et al. (1972). The challenge is to develop policies that support the sustainability of water, energy, and food resources, while simultaneously providing access to these resources for all levels of society. Achieving sustainability necessarily requires that the protection of the environment be prioritised.

GOVERNANCE CONSIDERATIONS ASSOCIATED WITH THE WEF NEXUS

It could be said, “let us eat, drink, spend, extract and pollute, and be as merry as we can, and let posterity worry about the spaceship earth” (Boulding, 1966). A philosophy such as this would fly in the face of sustainable development, which calls us to ensure that the needs of the current generation are not met in a manner that compromises the ability of our children to meet their own needs (Brundtland, 1987). Achieving a profound goal such as this requires a practical, holistic framework, and strong governance. Al-Saidi and Elagib (2017) suggest that a governance focus is a missing ingredient in the nexus debate.

Governance of the WEF nexus includes a wide range of private and public systems that manage the supply and demand of water, energy and food (Pahl-Wostl, 2017). Providing access to improved water sources, sanitation facilities and electrification is viewed by most citizens as a barometer of good governance and is reflected in both the Millenium Development Goals (MDGs) and SDGs. Benson et al. (2017) argue that effective governance for the nexus occurs when the integration of resource sectors is actively pursued, such that synergies between water availability, energy generation and food production are enhanced, while trade-offs are managed, and potential conflicts are averted. An example of the management of a WEF nexus trade-off, and the dissipation of a potential international conflict, is presented in “Case Study 3.” Although the WEF nexus approach has gained significant momentum since 2011, it is however not yet widely adopted in either policy or development planning (Wicaksono et al., 2017).


Case Study 3:

In a WEF nexus assessment of the Mekong basin it was determined that a significant growth in the capacity and supply of power through hydropower developments could, amongst other impacts, reduce fish stocks and fish diversity, as well as the availability of water to downstream users (Smajgl et al., 2016). A policy of managing energy demand, as opposed to a focus on energy supply and capacity alone, could reduce the negative impacts of hydropower on food and water security within this large river basin. This policy intervention recommendation would probably not have been arrived at if a single-sector energy assessment, as opposed to a WEF nexus assessment, was undertaken.



Rasul and Sharma (2016) state that the nexus framework and climate change adaptation share aims and principles. Rasul (2016) suggests that one mechanism for enabling a policy framework for managing nexus challenges is to strengthen the role of the national planning commissions in the countries being assessed. This is necessary even in developed countries. Sharmina et al. (2016), for example, notes that most of the United Kingdom's land-use policies are compartmentalised, with the administration of the sectors occurring in silos.

Schreiner and Baleta (2015) in turn report that the nexus philosophy is becoming an important component of development planning, with synergies existing across international boundaries within a region. Ololade et al. (2017) concur regarding the potential of regional cooperation, although they note that even though South Africa's policy allows for the implementation of a WEF nexus approach, this form of integrated governance does not yet exist at a national level. Individual countries will need to develop their own WEF nexus governance structures before they can engage in international endeavours in this regard.

In terms of the spatial extent of nexus governance, Artioli et al. (2017) note the rapid rate of urbanisation worldwide, and suggest that cities can play a key role in adopting the WEF nexus approach. They further state that the urbanisation of the nexus approach is part of a movement toward integrated management and that the “smart city” is the most dynamic component of that general trend (Artioli et al., 2017).

Another aspect associated with WEF nexus governance is waste. Machell et al. (2015) explain that it is possible to sustainably supply and consume more water, energy and food by addressing the mechanisms of waste. Scanlon et al. (2017) agree, noting that scarcity in these three key resources can be partially managed by reducing demands. An example of the benefit that could be derived from the processing of waste is provided in “Case Study 4”.


Case Study 4:

Machell et al. (2015) suggest that waste is an indispensable component often neglected in WEF nexus analyses and include waste as the fourth core component in their nexus framework conceptualisation. An example of waste reclamation, presented by Walker et al. (2014) suggests that urine separation could possibly recover 47% of the nitrogen from the food consumed in London. This could potentially yield an income of $33 million per year from fertiliser production. This practice would reduce waste, provide revenue that will contribute to water treatment costs, and provide a key resource for use within the agricultural sector.



Pandey and Shrestha (2017) conclude that the WEF security nexus is widely accepted in international development circles. (Dawoud, 2017) emphasise that the challenge is how to implement a WEF nexus framework where the risks, challenges and opportunities are identified and considered by all relevant stakeholders. As Brundtland (1987) stated over three decades ago, “The real world of interlocked economic and ecological systems will not change; the policies and institutions concerned must.”

The WEF nexus has also become important in both the drafting and the subsequent monitoring of the SDGs (Biggs et al., 2015). It could be said that the SDGs provide a test for the nexus approach (Ringler et al., 2013). Salam et al. (2017) argue that the interconnections between the SDGs emphasise the need for a nexus approach to achieve these goals. Boas et al. (2016) suggest that the nexus approach, together with its incorporation of the SDGs, is key to understanding why it has garnered such interest within the sustainable development fraternity.

CONCLUSIONS

The WEF nexus has been widely promoted in policy and development circles since 2011. This framework has potential strengths. It however also faces challenges if it is to be widely adopted.

In terms of possible weaknesses associated with the WEF nexus, a concern identified in the literature is that livelihoods and the environment are often omitted from these assessments. WEF nexus studies have, to date, to a large degree focused on global macro-scale resource security. This was not the intention when the concept was first promoted. For this framework to gain traction, particularly in light of the SDGs, it must be utilised to achieve adequate resource security for all, thus “leaving no one behind”. It must simultaneously acknowledge and protect the environment as the irreplaceable foundation of the nexus.

A multi-centric approach will add complexity, especially when interconnections, trade-offs and drivers are incorporated into the assessment. The fact that a WEF nexus approach cannot be a one-size-fits-all model means that it must be scaled and/or modified (sometimes significantly) for different assessments, e.g., cities, countries, and regions, which is viewed as a weakness by some. The availability of complete, relevant data also poses a challenge to the practical implementation of the WEF nexus. The WEF nexus is a relatively new and developing framework.

While the nexus concept is not novel, novelty is not a prerequisite for relevance. If the multi-centric WEF nexus approach provides a better means of addressing the complex development and security challenges that the global community is facing than existing frameworks such as IWRM, then its potential adoption should be explored further. The WEF nexus framework is considered by many authors in both academic and grey literature as holding promise for guiding policy development and governance structures in a world that is facing climate change, population growth, and inequality in terms of access to resources. The linking of WEF nexus assessments with the SDGs is therefore imperative.
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