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The water-energy-food nexus is now a popular approach in the sustainability field. However, whereas the nexus calls for more holistic, inter- and transdisciplinary approaches, the research produced over the past decade has been fragmented and specialized. Furthermore, there is still a gap between the nexus as a descriptive and analytical concept and its operationalization. Nexus research needs a shift from “thinking” to “action,” which we understand as the production of actionable knowledge. This paper delves into the literature and presents five “W” questions as an iterative heuristic for the nexus concept to encourage reflexivity and inter-and transdisciplinary dialogue, while aiming at the production of actionable knowledge. We draw on the literature to discuss the five “W” questions of the nexus, namely: (i) Why, in which we explore the purpose of nexus research for actionable knowledge; (ii) What, in which we explore the material aspect of the nexus and the interactions between water, energy and food systems; (iii) Where, in which we discuss issues of scale, interactions between scales, and the geographical context of the nexus; (iv) When, in which we consider temporal dimensions of nexus research with a particular emphasis on intergenerational trade-offs, and (v) Who, which focuses on nexus stakeholders and the importance of understanding issues of justice and equity. Finally, we discuss the connections and dependencies between the five Ws, reinforcing the importance for researchers to reflect on their decision-making and engage in inter- and transdisciplinary debate to enable nexus action.
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INTRODUCTION

The water-energy-food (WEF) nexus has been associated with a multitude of terms since its advent. It has been presented as a concept, a tool, a perspective, an approach, a framework, or a buzzword (Biggs et al., 2015; Cairns and Krzywoszynska, 2016; Rasul and Sharma, 2016; Al-Saidi and Elagib, 2017; Simpson and Jewitt, 2019b). On the one hand, this makes the nexus popular across academic fields; however, on the other hand, it remains a vague and elusive concept, rarely put into practice, and halfway between “novelty and nullity” (Allouche et al., 2014; Wichelns, 2017).

The general definition of the nexus, as a conceptual and analytical approach to integrated resource management focused on the synergies and trade-offs between water, energy and food systems, can be too abstract to have practical implications, and too broad to be addressed in its entirety. The use of WEF nexus methods to systematically evaluate water, energy, and food interlinkages, or to support the development of policies, has therefore been limited. Nexus methods frequently fall short of comprehensively capturing connections and interlinkages, and only a small number of documented methods combine diverse disciplines (Albrecht et al., 2018). This is due to many factors, including the complex (Dargin et al., 2019) and dynamic (Zhang and Vesselinov, 2017) nature of nexus systems, which is challenging to capture in a single method or tool (see Daher et al., 2017). It is therefore not by chance that the research produced over the past decade on the nexus has been fragmented and specialized, being juxtaposed with topics as diverse as human urine fertilizer (Medeiros et al., 2020) and the geographies of children, youth, and families (Walker, 2020).

Review papers on the nexus have been abundant over recent years (Leck et al., 2015; Endo et al., 2017; Albrecht et al., 2018; Simpson and Jewitt, 2019b), and Wiegleb and Bruns (2018) reveal that there are two distinct formations of the scientific nexus discourse (i.e., a dominant technical discourse and growing social approaches). While we recognize the need of defining boundaries to perform meaningful research, in this paper, we contribute to the literature that calls for more inter- and transdisciplinary approaches (e.g., Biggs et al., 2015; Rasul, 2016; Howarth and Monasterolo, 2017; Kurian, 2017). Furthermore, we argue that future nexus research should aim at achieving the security and sustainability goals with which the concept has now entangled (Bleischwitz et al., 2018; Liu et al., 2018; Vanham et al., 2019). For this, we agree with Simpson and Jewitt (2019a) that a shift in nexus research from “thinking” to “action” is necessary, which we understand as the production of actionable knowledge.

Therefore, this paper addresses five “W” questions as an iterative heuristic for the nexus concept to encourage reflexivity and inter- and transdisciplinary dialogue, while promoting the production of actionable knowledge. In the following sections, we draw on the literature to discuss the five Ws of the nexus, namely: (i) Why, in which we explore the purpose of nexus research for actionable knowledge; (ii) What, in which we explore the material aspect of the nexus and the interactions between water, energym and food systems; (iii) Where, in which we discuss issues of scale, interactions between scales, and the geographical context of the nexus; (iv) When, in which we consider temporal dimensions (past, future orientation) of nexus research with a particular emphasis on intergenerational trade-offs, and (v) Who, which focuses on nexus stakeholders and the importance of understanding issues of justice and equity. We conclude the paper by highlighting the connections and dependencies between the five Ws, stressing the importance for researchers to reflect on their decision-making and engage in inter- and transdisciplinary dialogues.



WHY?

In the last decade, the nexus has served different agendas, and the research carries with it a normative stance accepting that water, energy, and food systems are interdependent and that they should be managed as such, for the long-term security of these systems. The resource security perspective can also largely be assumed to be aligned with sustainability and sustainable development, in that the real world implications are inseparable, i.e., we cannot achieve the long-term security of WEF resources globally without at the same time achieving sustainability goals and vice versa (Bleischwitz et al., 2018; Liu et al., 2018; Vanham et al., 2019). Therefore, when engaging in WEF research, especially research that is solution oriented, it is important to understand why this research is relevant within this normative position. The why questions aim to interrogate the purpose of nexus research for actionable knowledge, which requires diving into specifics. To achieve security and sustainability of WEF resources, in other words, it is necessary to align research with purpose.

Although it often follows market logic, nexus research is not only concerned with win-win solutions for the resource systems and business interests, but it is also motivated by the urge to meet the needs of people whose health and livelihoods are dependent on these systems (Biggs et al., 2015; Cairns and Krzywoszynska, 2016). Therefore, nexus interventions should consider what purpose they are going to serve, whose interests are going to be prioritized and whose voices will go unheard. Many studies are motivated by the goal of increasing efficiency of resource use and supply, and they do so through the development of technical solutions (Sanjuan-Delmás et al., 2018; Yuan et al., 2021). However, within these studies there are far fewer that can be said to be actionable, as many do not consider the socio-political-economic intricacies of implementation (Villarroel Walker et al., 2017). Actionable knowledge within technical or efficiency solutions must include an understanding of administrative, cultural, or economic barriers and even present strategies to overcome them (Tengö and Andersson, 2021).

Intervention research should reflect on whether the solution reinforces the status quo and hinders substantial and systemic changes to happen; or if the solution provides an alternative to the prevalent paradigms. In these cases, system understanding can be used to determine leverage points for change (Meadows, 1999) along with potential for purposeful coordination of governance structures across levels and sectors to enable transformational change (Pahl-Wostl, 2019).

Different issues contribute, to varying degrees, to formulate the reasons behind nexus research and to legitimize the efforts to develop nexus solutions. It is therefore not possible, nor desirable, to dissociate the why of the nexus from: the specific interactions that we are focusing on (what), the geographical context and priorities that vary from place to place (where), the temporal perspective that can favor short- or long-term results (when), and the producers and beneficiaries of the actionable knowledge (who). Moreover, in considering the why, research for actionable knowledge in the nexus becomes politicized, as interventions in resource systems are inherently political (Turnhout et al., 2020). Key concerns for the nexus in this context are access and power, with one often determining the other (Allouche et al., 2015; Middleton et al., 2015). To develop actionable solutions then, it may be necessary to understand across scales and at local levels what system elements hold unequal access in place, and where practices have adapted to variable WEF access and availability (Giatti et al., 2019).



WHAT?

Concentrating on the nexus means a focus on system interactions. The focus is not only on a single object, but also on discovering what are the connections between the respective systems. Interactions can have positive and constructive characteristics, i.e., synergies, or can result in unexpected and negative imbalances, i.e., trade-offs. How these interactions manifest is not always straight-forward, and once we start breaking down the WEF nexus into more detail, we realize that we are actually dealing with different nexuses. It is difficult to understand the entirety of the nexus in a single case assessment, so systems boundaries must be set (Garcia and You, 2016). Therefore, two of the first questions we ask are (i) what kind of water, energy, and food are being considered, and (ii) what specific interactions are we concentrating on?


What Water, What Energy, What Food?

Before mapping, identifying, assessing and quantifying interactions, it is important to understand that not all water, energy and food elements are the same. It is important to gain a solid understanding of the respective systems, by identifying interactions and impacts of different quantity and quality.

• What Water? Water is available from two coupled natural sources, the blue and green water systems, and one human source, gray water. Each water source has different and important implications for withdrawal, storage, transport, or pumping (Falkenmark et al., 2004; Hoekstra et al., 2011). Depending on the kind of water that enters or leaves the food and energy sectors, nexus interactions can result in different kinds of impacts (both in terms of quantity and quality), which may require different considerations and solutions.

• What Energy? Energy can also greatly vary in terms of kind (e.g., electrical energy, thermal energy) and source (e.g., fossil fuels, renewable sources, nuclear, etc.). This has direct implications on water requirements in both the production process and the use-phase. For example, far more water per MWh energy generated is necessary for biodiesel than for solar panels or wind turbines (D'Odorico et al., 2018). Furthermore, the different sources of energy, as well as energy inputs in the water and food sectors (e.g., for pumping, irrigating and transport) result in more or less GHG emissions associated with those sectors.

• What Food? Whether we are dealing with fruit, vegetable, meat, or grain, from the farm to the consumer to waste disposal, the WEF aspect/s of the value chain in focus shift depending on the kind of food and its level of processing. This is because the interactions of food with water and energy change dramatically along the food value chain. A classic example is coffee, where some water is used in the roasting process and for preparing your cup of coffee, but where the majority of water (almost 96%) goes into growing the coffee shrub in the form of green water (Mekonnen and Hoekstra, 2010). However, the amount of water and energy “from farm to fork” varies greatly according to the product, farming practices, location, techniques and technologies in the value chain, transportation and other variables, and all are very difficult to track with precision.



What Interactions?

Literature on the nexus is heterogeneous and different scholars have focused on different and specific interactions. The goal of this section is not to offer a complete inventory of all possible interactions, but instead to illustrate different potential nexuses, and researchers should identify the nexus that is most relevant to their case. Figure 1 provides a visual representation of some of these interactions between water, energy and food value chains that can be found in the literature and that are addressed in the following paragraphs.
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FIGURE 1. Interactions between water, energy, and food value chains.


Biofuels production is an often used textbook example in which water-energy-food interactions plainly unfold both as synergies and trade-offs (D'Odorico et al., 2018). Crops (food) are grown for energy production purposes, becoming a plausible alternative to fossil fuel in the global energy matrix. However, this also results in competition in the use of crops and water for both energy and food production (trade-off) (Rulli et al., 2016). Hydroelectric dams is another often cited case to illustrate the nexus, in which water is instrumental to meet increasing energy needs (synergy) while affects biodiversity, land use, agricultural land and fisheries (trade-offs) (Winemiller et al., 2016; de Queiroz et al., 2019; Paim et al., 2019).

In addition to these well-known examples, many other nexuses are embedded along water, energy and food value chains. At all stages of the food value chain there are water-energy-food interactions, from the primary production of food (including crop, livestock, and fish production) to processing and storage, distribution and retail, preparation and cooking, and food waste (FAO, 2013). Among others, aspects to consider include differences in water and energy demand between products from crop and animal origin and differences in water demand based on the geographical characteristics of production (with fluctuations in e.g., temperatures and evaporation). For example, in general the production stage of food accounts for about 20% of final energy consumption, processing and distribution is just over 40%, and the remaining is represented by retail, preparation and cooking activities (FAO, 2013).

Most research focuses on one or two stages in the supply chain. For water to food, for example, FAO has a long tradition of studies looking into the interactions between water and primary production of food, whether this is water used to irrigate crops, consumed to rear animals or used in aquaculture (e.g., Best et al., 2000; FAO, 2013). Kirby and colleagues delve into the different uses of water in food processing (e.g., preparation of products, cleaning and washing activities, air conditioning and humidity control systems) (Kirby et al., 2003). While water consumption in transportation and distribution operations is generally considered to be negligible, other interactions may take place in logistics and packaging (Stoessel et al., 2012; Petljak et al., 2018). Furthermore, some scholars focus on final use/consumption practices (e.g., cooking) and recognize them as important aspects of the nexus (Wa'el et al., 2017; Mguni et al., 2020).

In a similar way, energy is used in each stage of the food value chain, therefore characterizing energy-food interactions. In this regard, the European Commission Joint Research Center (JRC) provides a detailed breakdown of the food value chain to estimate the energy embedded in a sample basket of products (Monforti et al., 2015).

The inclusion of food waste as a particular focus point in the food supply chain is not common, but relevant given its position in the intricate web of the nexus. Kibler et al. (2018) give a very thorough overview of the interconnections between water, food and energy of various food waste management options: such as waste prevention, landfilling, composting, anaerobic digestion, and incineration.

With regard to water-energy interactions, the most relevant water-to-energy interactions coincide with primary energy production activities and with cooling processes in power plants (IEA, 2016). Examples of water-to-energy interactions occur, for instance, in mining activities, growing biomass crops, hydropower generation, micro hydropower systems, and steam and cooling water in thermal plants (Hamiche et al., 2016). Other water-related interactions along the energy value chain (i.e., transmission, distribution, consumption) are less relevant due to the small volume of water involved.

On the other hand, if you look at energy-to-water interactions, energy is used in all the phases of the water value chain, including wastewater collection and treatment. The global water sector consumes energy mainly in the form of electricity that is primarily used for extraction of groundwater and surface water, followed by wastewater collection and treatment. Electricity is also applied to distribute water to the final consumer and, to a lesser extent, in desalination processes, freshwater treatment, inter-basin transfers, and water reuse. Other nexus-type interactions are found, for example, as thermal energy used in diesel pumps for extracting groundwater for agricultural purposes (IEA, 2016). In addition, other scholars identify water-energy interactions at the final consumer/user stage, such as energy for hot water heating, showering, bathing, hand wash basin tap use, laundry, dishwashing, or cooking (Kenway et al., 2011; Engström et al., 2017; Wa'el et al., 2017).




WHERE?

Where is the nexus that we are trying to research? The interactions that we have seen in the previous section can be part of a very large and extremely complex system that can span spatial levels. Setting system boundaries is a crucial element in order to limit research to a level and amount that is feasible to address, yet comprehensive enough to capture important WEF flows and interactions, as well as proposed actions and their impacts. Moreover, it is important to recognize which geographical context (or contexts) the nexus under research is taking place, since in different places there are different stakeholders (see who section), with different needs, interests, and values (see why section). In recent years, there has been a shift in focus in nexus research from global-to-local (Artioli et al., 2017; Newell et al., 2019). Newell et al. (2019), for example, show that there is an emerging academic community focusing on the urban aspects of the nexus. Urban systems, however, are largely dependent on external inputs of resources and –therewith- generate WEF impacts that go beyond the city's physical boundaries. The complexity of the WEF nexus forces research to set manageable system boundaries that cover relevant spatial scales and the key points of WEF-entanglement (Garcia and You, 2016; Wahl et al., 2021).


Interactions Across Levels

A characteristic of the WEF nexus is that the three systems will likely span different spatial levels (Bijl et al., 2018). This is because nexus resource systems are embedded in larger social-ecological and technical systems, which both overlap and are interdependent in various ways, making boundaries between scales, and sectors unclear (Lant et al., 2019). Therefore, choices must be made to select relevant aspects of the nexus in space, but also in sector and approach. However, determining what is relevant is not immediately clear. Beyond the physical aspects of the nexus there are governance, climate, cultural contexts that are often also different for each nexus resource. For example, governance of the nexus is fraught with scalar challenges in which actors and actions, operating procedures, and rules and norms are often on miss-matched scales and levels (Pahl-Wostl, 2019). Nevertheless, navigating these layers of “where is the nexus?” is essential, especially if the aim is to develop actionable knowledge.

In many cases the concept of the nexus is applied on the global level; however, for the sake of research, the global system can be subdivided in different subsystems, acknowledging that they are interconnected and that what happens in one subsystem can have effects on other subsystems. Garcia and You (2016, p. 57) recommend to at minimum integrate the focal system with “affecting and affected” systems. In other words, the research boundaries can be set at the levels of direct influence on or from the focal system. For example, a study of Delhi's WEF nexus found that more than 76% of nexus resources were produced outside of the city, though still dominantly in the country (Ramaswami et al., 2017). Yet, nexus systems are also often highly tele-coupled, in that due to globally interconnected systems of economics and trade, direct connections exist over large distances (Liu et al., 2013). Dalin et al. (2017) show that about 11% of non-renewable groundwater use for irrigation is embedded in international food trade, and that the vast majority of the world's population lives in countries that import almost all their staple crops from countries that are depleting groundwater sources to grow these crops.

Adding a solutions orientation changes the layers of “where is the nexus.” Solutions to problems may need to be implemented in a different location from where the problems are identified, and impacts from such implementations may occur beyond the identified problem area (King and Carbajales-Dale, 2016). The multi-scalar nature of the nexus along with its tele-coupled aspects, makes it very likely that locations of impact and influence are beyond the local area. These beyond-local interactions are crucial to understand for developing meaningful sustainable solutions, which are meant to be synergistic with other efforts, whether they are local or not (Engström et al., 2018). Therefore, it may be useful to start at an intervention, and build the system understanding from there including any systems of influence or potential impact (Wahl et al., 2021).



Different Nexuses for Different Geographies

The place and context-based nature of nexus systems make the transfer of solutions to other contexts unsure. Socio-cultural, political, and/or economic differences (Taniguchi et al., 2019) need to be considered as well as the social-ecological fit of solutions transferred to new locations. Social-ecological fit aims to develop synergistically beneficial outcomes for society and the environment through aligning governance and formal and informal institutions with the dynamics of natural or resource systems (Enqvist et al., 2020). This, among other aspects, requires an understanding of local priorities and the potential disciplinary, regulatory frameworks, barriers and obstacles to cross-sectoral coordination (Kurian, 2017).

Wiegleb and Bruns (2018) point out that while the nexus is applied mainly in specific regions of the Global South, it is largely shaped by western knowledge. However, it must be recognized that in many places on the planet, basic access to water, energy, and food is not guaranteed to the entire population. Thus, while it may be understandable that the nexus is mainly used to ensure (green or circular) economic growth in developed countries, in many developing countries the focus may be better directed toward what Raworth (2017) calls the social foundation of the economy (see also Schlör et al., 2018). In this case, nexus solutions development can be first of all oriented at meeting basic needs and guarantee access to water, energy and food for all (see who section).




WHEN?

The time scale of WEF interactions is tied to the spatial scale, in that as one changes, the other changes as well. Garcia and You (2016) pointed out how, at the household level, the purchase and consumption of water, energy, and food can occur on the order of hours or days. On the other hand, the supply chains of such resources can operate at a regional or even global level on the basis of years and or decades.

Ignoring the temporal dimension of the nexus may lead to short-term solutions that aggregate into long-term problems (Cash et al., 2006). Although the question of the time scale is mentioned several times in the literature, there are not many studies that explore this issue in depth. Despite this, we believe that asking the question of “when?” is an important aspect to consider to overcome the mainly descriptive character of existing studies and make progress in nexus research.

Scientific research regarding the nexus has been largely driven by a narrative of scarcity. Papers often start providing evidence on how the demand for water, energy, and food will increase dramatically in the coming decades under the pressure of a growing world population, increasing standard of living, and a steady process of urbanization; and how such resources will become increasingly scarce under different climate scenarios. A large part of the research is therefore driven by referring to future trends, to understand and assess synergies and trade-offs between water, energy and food systems under uncertain scenarios via quantitative measurements, computer simulation modeling and prediction (Wiegleb and Bruns, 2018; Zhu et al., 2020). Econometrics, economic models and benefit cost analysis are also often used to forecast how different factors can affect complex systems and to indicate the best allocation of resources (Endo et al., 2015).

According to Liu et al. (2015), the integration between temporal scales (e.g., short-term fluctuations in earth systems processes with long-term projections) can greatly contribute to improve research results. Whereas, short term studies can capture immediate changes in systems behaviors, long-term studies are necessary to understand phenomena (e.g., cumulative effects and feedback mechanisms) that cannot be seen over shorter terms. The authors further argue that by paying attention to the historical temporal scale, it is also possible to “reveal legacy effects of prior human-nature couplings” (Liu et al., 2015, p. 3), meaning that you can better explain current systems behavior by looking at what happened in the past.

We can find a similar trend in nexus research: (i) one can study the interactions between water, energy, and food by looking at past events to explain the present; (ii) one can look at current interactions to understand how to obtain certain outcomes in the short term; (iii) or one can go so far as to imagine what the consequences of certain initiatives might be in the long term. While the first of these possibilities has been little explored in nexus research (see for exceptions Guillaume et al., 2015; Pellegrini and Fernández, 2018), studies that look at how to plan for the future (whether near or distant) have certainly been more popular. This is why you can often find studies that combine the concept of the nexus with systems dynamic and agent-based models, as they create virtual representations of the world to test different possible outcomes under different scenarios (Liu et al., 2015; Magliocca, 2020).

In their literature review on the nexus at urban scale, Newell et al. (2019) show how there are studies that work on time horizons of just 1 or 2 years, and in doing so they are unable to capture slow transformations or decadal climate dynamics, while others model multiple decades. While the integration of short- and long-term research is preferable, some researchers point out how difficult it is to find a balance between temporal dimensions and how many models fail to capture long-term dynamics (that are often uncertain in themselves), thus not being able to support decision-making on sustainability issues (Allain et al., 2018). These difficulties are even more pronounced when trying to model nexus interactions, as trade-offs between water, energy, and food tend to occur over very long time scales (Magliocca, 2020). For example, Ericksen (2008, p. 243) raises the question of how “increased agricultural productivity today may be at the cost of sufficient water availability in the future,” arguing that many trade-offs involving ecosystem services are often between short-term gains and long-term costs.

This contraposition between short- and long-term solutions raises issues of intergenerational equity. While some concern about justice and equity between individuals and communities is somehow discussed in the nexus literature (see who section), the issue of intergenerational equity is rarely addressed explicitly. Nevertheless, this is a question that needs to be asked while doing research and looking for solutions. Do the research and solutions that are developed around the nexus meet immediate people's needs? And how does this affect or undermine the ability to meet the needs of future generations? Or to put it differently, how is the concern about facing increasing resource demand in the coming decades affecting the way we ensure access to resources for the current generations? (Ciegis et al., 2009; Hake et al., 2016; Schlör et al., 2018).

Resource scarcity is not the only concern, but also the consequences of the actions taken to make up for that scarcity can be problematic. This is the reason why, for example, in a context of local water scarcity, the choice and implementation of water supply alternatives such as desalination, inter-basin water transfers, increased treatment and water re-use should also be evaluated in light of long-term energy implications (Khan et al., 2018). On top of that, another question emerges: how do the solutions we implement today determine the solutions we can implement in the future? The implementation of certain solutions can in fact create path dependence, intended as “the dependence of future societal decision processes and/or socio-ecological outcomes on those that have occurred in the past” (Preston, 2013, p. 719). Hoff (2011), in his background paper for the Bonn 2011 Nexus conference, was presenting the nexus as an approach that could help to avoid sunk costs that lock development into non-sustainable pathways. Thus, the nexus could help to develop and implement, for example, small scale, flexible, low-regrets, and decentralized measures increasing resilience to future shocks and crisis, rather than to primarily support and justify large, long-lasting infrastructures and engineered-based solutions (de Bremond et al., 2014; Ernst and Preston, 2017; Dalla Fontana and Boas, 2019).

Nonetheless, the research largely proposes technological, technocratic and managerial solutions that do not touch on the diverse root causes of the problems (Wiegleb and Bruns, 2018), or focus on the implementation of large-scale and long-lasting interventions (e.g., dams construction for hydropower, land use changes for biofuels production, large-scale interbasin transfers) (Dalla Fontana et al., 2020).



WHO?

In order to improve credibility, salience, and legitimacy of actionable knowledge (Cash et al., 2003; Hansson and Polk, 2018; Wahl et al., 2021) it is important to understand who the actors involved in all the phases of the research are, including who drives the research, who is developing and implementing research and solutions, and who benefits most from the solutions and who is excluded and left behind.


Who Drives the Nexus Discourse?

The discourse around the nexus gained momentum under the influence of international business elites of the World Economic Forum community and international institutions (e.g., the World Bank, UN World Water Assessment Programme) calling for action to integrate water security to economic growth (Allouche et al., 2015; Cairns and Krzywoszynska, 2016). The business sector, represented by large transnational corporations, was interested in actions that could improve efficiency of resources and win-win outcomes, as a means to overcome barriers imposed by expected resource scarcity and to prepare for investment scenarios (Cairns and Krzywoszynska, 2016). The nexus then found its way into the policy arena (e.g., UN 2030 Agenda), and became an object of research for many academics across several disciplines (Artioli et al., 2017).

This dual path of action toward the nexus from the business and public policy perspectives was determined by the call for efficiency of resources, which represents a strongly market-oriented approach for the primary actors involved in nexus discourse (Williams et al., 2014). While the private sector foresaw investments so the market could adjust to resource scarcity, international organizations used market-oriented economic policy tools to address the compartmentalization of nexus elements (Allouche et al., 2015). The complex interconnections between the sectors of nexus elements is also a reflection of struggles between different interest groups, often revealing a political and economic power dynamic. Indeed, the nexus betokens political terrain, especially if actors seek for implementation of innovations in different areas and sectors (Williams et al., 2014), which leads to the question of: who is developing the solutions?



Who Develops the Solutions and the Research?

Nexus studies and actions mostly focus on resources efficiency and integration between the elements with a market-oriented approach, but in order to achieve the necessary transformation and operationalization, nexus thinking must also pervade the policy sector (Venghaus and Hake, 2018). National development plans, for instance, developed by ministries and authorities of water, agriculture, energy, environment, infrastructure, spatial planning, and so on, can be a place where to mainstream the nexus, with a cascading effect over local plans (Hoff and Kasparek, 2016). The implementation in policy and practice needs the engagement of institutions that mediate environmental outcomes in a multi-governance fashion. This includes the definition of clear roles of different sectors and actors involved, with their challenges and objectives (see why section), to identify which policy integration is effective and efficient (Venghaus and Hake, 2018).

Local stakeholders become more prominent in this concern, since local/municipal governments are deeply involved in the implementation of actions and policies related to nexus elements (Artioli et al., 2017). This way, it is fundamental to consider the inclusion of relevant stakeholders at all stages of nexus thinking, especially the ones who have the agency to translate information into policy and other actions and to implement the solutions (Wahl et al., 2021).

There is a call to change from a top-down to a bottom-up perspective in nexus thinking, and to rely on transdisciplinary approaches that make it possible for academic and non-academic actors to engage in solutions-oriented research (Kurian, 2017). Involving stakeholders as active producers (rather than consumers) of knowledge may enhance the effectiveness of knowledge use (Hoolohan et al., 2018). To include stakeholders in the research process is advantageous because it reveals and influences pre-existing power dynamics in policy systems, allowing the nexus thinking to go beyond specific categories and simplifications that aggregate previous patterns of institutional blindness, inequality and exclusion (Bréthaut et al., 2019). Researchers have a prominent role in this integration to co-produce solution-oriented research, bringing multiple actors from differing disciplinary backgrounds together, in different platforms, and bearing in mind the power dynamics inherent in integrative processes (Bréthaut et al., 2019; Wahl et al., 2021).



Who Benefits From the Solutions?

Despite the utilization of the nexus approach by international institutions and corporations to overcome resource scarcity through technological investments and innovations, principles of justice and equity are often neglected (Allouche et al., 2015). Securing the access to resources for all and well-being of the poorest and most vulnerable populations must also be considered when doing research and working on nexus solutions (Bizikova et al., 2013; Covarrubias et al., 2019). If not, the benefits of applying the nexus might continue to reinforce the status quo, favoring the interests of well-established actors, whereas the poorest and weakest actors may benefit the least, still struggling to have guaranteed access to resources (Allouche et al., 2015). On the other hand, the interests and values of local communities can be pursued through the development of local business and improvements in small-scale technologies to ensure, for example water security for smallholder farmers (Allouche et al., 2015), and recognizing the value of local social practices (Giatti et al., 2019). Effective stakeholder participation in governance of the nexus is also fundamental to guarantee equitable allocation of resources (Sharma and Kumar, 2020).

One way to increase the chances that the solutions and knowledge benefit and not undermine less-established actors is to engage them in bottom-up processes of co-production of knowledge (Howarth and Monasterolo, 2016). Researchers are in a position to give credence to the importance of including actors from more fragile communities in the social learning process, considering aspects of ethics, vulnerability, risk, values, pluralities of points of views, diversity, and differences between people (Jasanoff, 2005; Bizikova et al., 2013; Covarrubias et al., 2019). Benefits can go beyond market-oriented logics and include, for example, gains from the learning process. Through social learning, the consideration of the interactions from society toward researchers and stakeholders and vice-versa can improve the collective dialogue throughout engagement processes in nexus discussions (Jasanoff, 2005; Urbinatti et al., 2020), mitigating a “nexus of exclusion” (Giatti et al., 2019). Then, the nexus becomes an important educational, conceptual, and political tool that goes beyond market-oriented logics, considering social and environmental justice issues, enhancing community-level empowerment (Urbinatti et al., 2020).

Researchers working on the nexus might want to consider society's needs through a critical perspective utilizing inter- and transdisciplinary approaches (Ghodsvali et al., 2019). Critical social sciences researchers have a key role to reveal power dynamics in knowledge co-production processes, to provide a space where all the actors involved share responsibilities, debate ideas, and negotiate solutions (Williams et al., 2014; Allouche et al., 2015). Nonetheless, researchers from all disciplines should reflect on who is driving the research, who is involved in the research and who is not, and who the research is for.




DISCUSSION

Interactions are not only significant within WEF systems, but also within the way we approach researching the nexus. By addressing the five Ws and acknowledging their interconnections further argue for taking inter- and transdisciplinary approaches. In doing so, the potential for research to be largely speculative or hard to implement can be reduced.

The five Ws and the connections between them ground the research in a local context, integrating the production of scientific knowledge with relevant local realities. Furthermore, an overall purpose of producing actionable knowledge places sustainability needs as a central focus. Therefore, research will revolve around real world problems that are both general and location-specific.

While there is no single way to initiate a research project, and without suggesting that one question is more important than the others, we can start by looking at why. Answering why questions means clarifying the reasons for doing nexus research for actionable knowledge. The process of going through the other four questions can help to better define purpose. Thus, identifying which specific interactions we are working with, recognizing and integrating the needs and capacities of different actors, and aligning the research with the most appropriate temporal scale and geographical context, provides elements that help to identify a clearer purpose for doing research on the nexus.

Considering what to research in the nexus and what interactions are most relevant helps to set research boundaries. What questions are often aimed at identifying the material aspects of the nexus, and in turn aid in identifying relevant stakeholders, the most relevant spatial scale, and how interactions unfold across different spatial scales, and the short- or long-term research/action potentials.

The who dimension also has strong repercussions through the Ws, as who focuses on the identification and inclusion of stakeholders. Questions of who foreground ideas of plurality, knowledge integration, and many aspects of legitimacy (Mitchell et al., 1997; Cash et al., 2003; Hoolohan et al., 2018). But these ideas must filter through the other Ws to create actionable WEF research. The who aspect is intended for WEF researchers to not just be aware of stakeholders and researchers in connected disciplines, but for networks to be built, for intentions and research applications to align, and to engage in dialogue with stakeholders that influences the shape and direction of inquiry (Daher et al., 2017; Hoolohan et al., 2018). Furthermore, we argue for integration of social temporal realities and the local social context, to further ground nexus research in the local socio-cultural attributes. This, along with the alignment between physical and temporal scale contribute to establishing the relevance and timeliness of nexus research. Figure 2 summarizes the interdependencies between the five Ws of nexus research as they were discussed in this section.


[image: Figure 2]
FIGURE 2. Broad connections between the five Ws of nexus research. While “identify” and “align” are more self-explanatory for the diagram, “integrate” here indicates a process of inclusion of other relevant perspectives/knowledge from academic and non-academic actors/sources.


We do not intend to uncover all possibilities of connection between the Ws, yet emphasize that these connections are often dependencies, as with the nexus itself. The goal of this paper is to encourage WEF researchers to capture those dependencies by advancing an inter- and transdisciplinary dialogue to the development of actionable knowledge in nexus research. Referring to the two distinct nexus discourses identified by Wiegleb and Bruns (2018), we understand that, for example, research in the dominant technical discourse tends to answer mainly what questions, while researchers who advocate more social approaches delve more frequently into who and why questions. We recognize that specific academic disciplines are more inclined and equipped to address some issues than others. However, going over the five Ws questions and considering their interdependencies clarifies the necessity of bringing together different perspectives and expertise to grasp nexus problems that are often complex and varied in nature. The five Ws give users of the WEF concept a frame for integrating their work with the local context, and incorporating sustainability concerns around justice, equity, and access, through creating research that aims to be societally timely and relevant (i.e., salient), scientifically credible, and seen as legitimate to stakeholders (Cash et al., 2003).

We add to literature that calls for connecting material and social issues (Covarrubias, 2019), opening up the nexus governance (Urbinatti et al., 2020), and co-producing knowledge through inter-and transdisciplinary approaches (Howarth and Monasterolo, 2017; Wahl et al., 2021). Differently from other, more systematic, reviews of the nexus research (e.g., Albrecht et al., 2018; Zhang et al., 2018), we present the literature in a way that explicitly aims to promote researchers' reflection and critical thinking, to foster the dialogue between academics from different scientific fields, and between academics and non-academics, which has the production of actionable knowledge as ultimate objective.

We recognize that presenting a simple five questions does not diminish the often overwhelming complexity of nexus systems and nexus research, nor are we suggesting that this approach is itself a comprehensive nexus methodology. We also recognize that each nexus research project may not have the scope or capacity to dive into each dimension as we have outlined here. However, as the nexus intends, we present the five Ws in order to encourage researchers to build interdisciplinary or transdisciplinary networks so purposes can be aligned and knowledge can be shared. This could mean employing mixed-methods, participatory methods, and inter- and transdisciplinary approaches (Wehrden et al., 2017). Methodological questions can also fall into the five Ws, e.g., what methods will provide the data we need, when should those methods be employed, who has experience in these methods? Therefore, we present this approach as an iterative baseline from which researchers can reflect on their decision-making and evolve WEF research as fits local sustainability needs.



CONCLUSIONS

The water-energy-food nexus first appeared with the intention of integrating sectors, bringing different actors around the same table and opening up dialogue between academic disciplines and different areas of knowledge. However, the scientific production of the last decade has specialized within the domain of technical disciplines, rather than offering a broader vision to understand problems and develop solutions. Those who approach nexus research for the first time tend to look at it through the lens of specific scientific disciplines, excluding a priori many of its nuances. With this contribution, we offer an interpretation of the literature on the nexus that is accessible, and not overly specialized, with the intention of encouraging academics and non-academics to engage in a dialogue and reflect on their decision-making in nexus research. We critically present the literature through five “W” questions, each of which addresses important points in the research that normally tend to be approached separately. Addressing “W” questions help to identify a clearer purpose for doing research on nexus, to set research boundaries, aid in identifying relevant stakeholders and shared interests, the most relevant spatial scale and cross scale interactions, and the short- or long-term research/action potentials. In each section, and particularly in the discussion, we sought to highlight how the connections apparent between the Ws further argue for taking inter- and transdisciplinary approaches, and how this grounds the research in a local context, integrating the production of scientific knowledge with relevant societal problems. With this paper, we have provided important insights that support and justify the co-production of actionable knowledge in the nexus in order to facilitate the development of sustainable solutions.
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