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Abstract: The challenge of meeting increasing water, energy, and food needs is linked not only to
growing demands globally, but also to the growing interdependency between these interconnected
resource systems. Pressures on these systems will emerge to become hotspots with different
characteristics, and will require a fresh look at the challenges existing both within each of the
resource systems and at their respective interfaces. Proposing solutions to address different resource
hotspots must be multi-faceted and need to acknowledge the multiple dimensions of the biophysical
water, energy, and food systems, and the players connected with them. This commentary first
explores the multiple dimensions of water, energy, and food systems as these relate to government,
business, and society. It then identifies contemporary critical questions at the interface of these
stressed resource systems. A 3-Filter framework is then introduced for vetting the feasibility of
proposed resource allocation scenarios and to account for the bio-physical resource interactions and
trade-offs, the stakeholder interactions and trade-offs, and to address governance and financing
schemes for carrying forward the implementation of those scenarios.

Keywords: water-energy-food nexus; resource hotspots; multi-dimensional resource systems;
multi-dimensional players; multi-faceted solutions

1. Introduction

We live in a world of non-uniform resource distribution and uneven resource demands. This
results globally, in the emergence of resource nexus hotspots each with distinct characteristics and
gap projections. A “resource nexus hotspot”, or more specifically, a “water-energy-food (WEF) nexus
hotspot” could be considered as “a vulnerable sector or region at a defined scale, facing stresses in
one or more of its resource systems due to resource allocation at odds with the interconnected nature
of food, energy, and water resources” [1]. Given the tight interconnectedness between water, energy,
and food resource systems, the proposed solutions and interventions for addressing these hotspots
need to be holistic. Whether policy, technological, or social interventions are considered, these need to
be localized and contextualized. In addition to the diversity of resource constraints and interlinkages
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across cases, the nature of stakeholders, the difference in their goals, value systems, decision making
power, and the way in which they interact, changes from one hotspot to another. Furthermore, the
implementation of proposed interventions, and the success of that implementation, are subject to their
modes of governance and their interactions at multiple scales. In order to properly assess and evaluate
alternatives and possible interventions that may reduce pressures in a particular hotspot, we need to
also ensure the feasibility of those scenarios within the boundaries and interactions of the physical
resource system constraints, and their compatibility and suitability with involved stakeholders and
governance systems. The growing body of literature related to WEF nexus research [2] has evolved
since 2011, in Bonn [3] and the World Economic Forum [4], up until today, where we see resource
interconnectedness and trade-offs present in many global discussions, including in the agendas of
climate change and sustainable development goals. Different conceptualizations and approaches
have transpired as part of this growing movement of holistic water-energy-food resource systems
thinking. Examples include some that are focused on modeling water, energy and food systems [5-7],
others that have an additional focus on climate and land use systems [8,9], and multi-scale analysis
of socio-ecological systems [10]. These are in addition to the adoption of a water-energy-food
nexus approach to addressing food security and sustainable agriculture challenges by the Food
and Agriculture Organization of the United Nations [11], the World Bank’s [12] water-energy nexus
modeling for energy planning, the water, food, energy, and ecosystems approach of the Global Water
Partnership [13] and UNECE [14], as well as the United Nation University’s water-soil-waste nexus
framework [15]. Furthermore, there is a common push toward developing and evolving these models
by focusing on resource efficiency, as well as resource productivity [16-18].

In light of the current, growing WEF nexus research activity on several thematic and geographic
fronts, this commentary highlights the multidimensionality of resource systems and the multifaceted
nature of stakeholders; it outlines ways in which these multidimensional players and resource systems
interact across scales. The resulting challenges for governance and policy coherence are elaborated
and discussed. This paper will specifically: (1) explore the multiple dimensions of water, energy,
and food systems, as these relate to government, business, and society; (2) identify contemporary
critical questions and interlinkages across resource systems; (3) present a 3-Filter framework for vetting
the feasibility of proposed resource allocation scenarios, through accounting for physical resource
interactions and trade-offs, stakeholder interactions and trade-offs, and addressing governance and
financing schemes for carrying forward the implementation of those scenarios.

2. Resource Systems: Not Just Interconnected, but Also Multidimensional

Drawing from systems theory, which describes a system as an organized entity (natural or
manmade), made up of interrelated and interdependent parts, this commentary describes water,
energy, and food as a system of interconnected resource systems.

2.1. Water Coordinates: From W (m3) to W (m3, X:Y, Time, Source, Quality)

Discussions of projected water gaps across different regions are common in the literature. These
projected water gaps often illustrate the difference between projections of water supply and demand.
Addressing such gaps usually focuses primarily on identifying new alternative sources of water
to boost supply, while also reducing demand within different water consuming sectors. While the
availability of specific volumes of water (m?) is a critical determinant to our ability to produce food,
cool energy-generating power plants, and provide water to our cities, it is not the only dimension to
be considered (Figure 1): there is also a spatial dimension to water. The physical location of water is
important: how far is it from its final use; is the future availability of one body of water more vulnerable
to future climatic changes because of its location; is the same body of water subject to quality threats
due to potential industrial leaks or intensified agricultural activity upstream; and, is it subject to future
scarcity threats due to increased water demanded for economic activity upstream? There is a temporal
dimension to water. Water availability varies with the time of the year: planning its allocation varies
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with the seasons. Climate change has an effect on rainfall patterns, causing intensification of rain
events in shorter periods of time. Different sources and types of water come with different energy and
carbon footprints. Is the water present at the surface, or part of a ground water aquifer? How much
energy is required to treat, desalinate, pump or convey a needed amount of water to its final use?
What is the impact on neighboring ecosystems? There are different qualities of water, which determine
its suitability for different end uses: for example, water of certain levels of salinity might be suitable
for salt resistant crops; urban waste water could be treated and allocated for different uses, including
agriculture, landscaping, and others. Thus, allocating water (m?) by considering only demand and
supply of its volumes, misses the bigger picture and the larger implications on the resource systems
connected to water. This allocation model unravels once we also consider water in relation to those
additional “coordinates”, W (m3, X:Y, Time, Source, Quality). The decisions made for the amount,
time, location, source, and quality will, in turn, dictate the energy and carbon footprints, and the cost.
Similarly, energy and food have multiple dimensions.

Water Dimensions
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Figure 1. The multiple dimensions of water.

2.2. Food Coordinates: From F (Ton) to F (Tons, Source, X:Y, Time, Kcal)

Meeting municipal or energy demands from agriculture (tons) dictates what types, and in what
amounts, specific crops need to be grown or imported. The nature of the diet and the standard of
economic well-being of a given nation or community plays a role in shaping these demands. For
example, a nation or region with a growing middle class is likely to experience increasing demand for
meat-based diets. It also is a function of energy policies, which might offer incentives or disincentives
for using biofuels for energy generation. The source and way in which crops and food products are
grown are a function of available technologies and farmers’ capacities. The resources required for
traditional open agriculture, green house agriculture, aquaponics, or hydroponics, all differ. The type
of irrigation technology and fertilizer additive required to produce a given food product impacts
energy consumption, carbon emission, and total production costs. Growing food also has a spatial
component (X:Y): food production depends on climate, soil quality and suitability, water availability,
and other factors. It depends on proximity and access to markets and consumers. There is also a
temporal dimension (X:Y) to food production: what time of the year (season) is best for certain crops;
what specific crop rotations ensure the long-term soil health and future productivity; what are the more
favorable seasons to grow given products in a way that lowers the requirements for water, fertilizer,
and energy? Further, the dietary and nutritional requirements of the growing population impact the
type of food products necessary for inclusion in the local food basket (Figure 2).
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Figure 2. Resource systems and their interactions are multidimensional.

2.3. Energy Coordinates: From E (kWh) to E (kWh, Source, X:Y, Time)

Energy (Kwh) is a critical input across different economic sectors: it is required for food production,
treatment and conveyance of water, transportation, and powering cities, among others. The choice of
an energy portfolio is dependent on locally available energy sources (conventional, non-conventional)
and access to energy markets, each of which results in different impacts on water demands and quality,
cost, emissions, etc. Energy has a strong spatial component (X:Y). A decision to invest in solar or wind
energy, for example, is highly dependent on the suitability and potential yield of these energy sources
in a given land area. A major and persistent challenge facing the energy system, particularly with
regard to non-conventional sources, is energy storage. The mismatch between peak demand and peak
production of some sources, solar for example, points to the risks in relying solely on such energy
sources to meet demand (time).

A ton of rainfed wheat harvested and processed using diesel powered power plants is different
from a ton of wheat grown in a drier region that relies on irrigation from ground water aquifers
dependent on solar powered technologies through its production supply chain. This is one of many
examples of how producing the same quantity of wheat might exert very different stresses on the
interconnected resource systems. Similarly, a kWh of energy produced from natural gas, using a
steam generator with a cooling technology that depends on neighboring surface water, differs from a
kWh of energy produced by concentrated solar power (CSP), with a cooling tower that depends on
groundwater. It is also worth noting the important role of trade and cooperation in alleviating the
stresses facing these interconnected resource systems. These could be in the form of food imports and
exports, virtual water trade through importing and exporting the water embedded in products, energy
trade, technology and knowledge transfer. Diversifying an energy portfolio could consist of exploring
different energy sources within a given country, for example, but it should also extend beyond that to
assess the risks associated with producing that energy nationally, as opposed to importing it. The case
with food production is similar.

3. Critical Questions and Interlinkages

Global population will continue to increase for the foreseeable future. The middle class is
rapidly growing, especially in developing regions of the world. Global threats, including climate
change, the increasing vulnerability of global financial systems, inequity of resource distribution, and
growing resource scarcity, among others, make the assessment of resource allocation alternatives at
different scales ever more critical. Asking the right critical questions at the interface of these stressed
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resource systems and accounting for their multi-dimensionality becomes instrumental in effectively
addressing the allocation challenges as we move forward. Figure 3 illustrates the critical questions
schematically. These questions are aimed at the main interlinkages and interfaces across the different
resource systems. Municipalities and urban settings are areas within which most of our population
growth is concentrated. This makes these areas a source of increased pressures on resources, yet
with a potential to contribute towards reducing them as well. For this reason, questions relating
to the interaction between the water, energy, and food resource systems within these areas have
been included. Our ability to model these questions, while holistically accounting for the influences
and trade-offs associated with decisions made within various sectors, is a precursor to identifying
synergistic interventions that reduce the extent of their interdependencies.

What is the potential and impact of
biomass/food waste for energy
production?

What is the water
reuse potential
from urban
settings?

What is the optimal
water allocation
to meet growing

municipal
demands?

What is the energy footprint of Ag.?
What is an optimal energy portfolio to meet Ag.
demand?

Figure 3. Overarching critical questions across resource systems.

Stresses resulting from the availability and quality of water are affected by decisions made within
the different systems: what crops to grow and when; what choices of energy should constitute an
energy portfolio; how are urban areas projected to expand? Given the various dimensions of water, the
main question becomes one that explores water allocation scenarios to reduce competition between
resource systems and reduce stress within the water system itself, while ensuring that environmental
flows and quality limits are not exceeded. Similarly, demand for energy is driven by decisions and
projections made within water, agricultural, and urban centers. The choice of different energy portfolios
directly impacts requirements for water, land, and financial resources, as well as carbon emissions.
Decisions made within those same resource systems could have a role in releasing stresses facing
the energy system through the use of water to generate hydropower, biomass to produce energy,
and utilization of urban areas to harness solar energy at the household level. A holistic assessment
and quantification of these energy portfolios will contribute to identifying the trade-offs between the
alternative pathways moving forward. There is also a need to assess different scenarios for agriculture
and food production (water, energy, land, emissions, and financial needs) in light of the different
variables and responses to the demands of a growing population. In addition to viewing and modeling
urban areas as “resource sinks”, the potential for growing cities to become larger resource producers
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could play a role in alleviating pressures on resource systems. Related questions need to be captured
to effectively model the impact of specific interventions, future scenarios, and the impacts of these on
this system of systems: what is the water reuse potential from urban settings; what is the potential of
harvesting solar energy from rooftops and how much would it cost and who will pay for it? What
infrastructure would be needed? What is the potential of urban agriculture; could it reduce some of the
stresses that face the agricultural system? How might urban agricultural centers increase the resilience
and food security of city residents? Is current city infrastructure able to support it?

More integrative modeling of these interconnections is needed to assess and evaluate future
interventions and scenarios: it is necessary to capitalize on existing tools and to modify and develop
others where needed. Several tools are available in the literature that explore aspects of these questions.
For example, the Catchment Water Allocation Tool by IWMI [19] allows assessment of different
interventions that support integrated irrigation and aquaculture in watersheds. Similarly, SEI’s [20]
water evaluation and planning system (WEAP) supports the allocation of water between agricultural,
municipal, and environmental use. Both LEAP (long range alternatives planning system) [21] and
WEAP analyze the interactions between water and energy uses. CROPWAT by FAO [22] assists in
calculating water requirements and irrigation needs for crops based on soil climate and crop data.
Many other tools exist that could be used to answer some of the questions addressed above including,
CLEWS [23], MuSIASEM [24], and the WEF Nexus Tool [6,25]. More tools can be found in FAO [26]
and IRENA [27]. However, moving forward, one of the main challenges of such tools within an
integrative platform is the incompatibility of inputs and outputs, the differing scales, and establishing
uniformity in assessment criteria across tools.

4. Players Are Interconnected and Multi-Dimensional

In addition to the complexity of the multidimensional physical resource interconnections, one
must also deal with the reality that these common resources are consumed, regulated, and impacted
by different stakeholders and decision makers (Figure 4). The concept of “tragedy of the commons”
was first introduced by Hardin [28], who described the “commons” as any shared and unregulated
resource. According to the “collective action problem”, people acting independently will result in a
worse outcome than if they coordinate. Individuals will work towards maximizing their own utility,
making everyone, including themselves, worse off compared to when they act cooperatively [29].
Ostrom [30], one of Hardin’s critics argued that humans are more complex than he assumed and that
resources can be managed through local contextualized governance solutions to local problems within
local communities, thus avoiding the “tragedy” [31]. Her studies showed examples of how local
communities successfully managed common resource pools, including forests and fisheries. Further
research in recent years focused on the importance of understanding the interactions between natural
and human systems [32-36]. Ostrom [37] introduced a multi-tier framework for analyzing interactions
among linked social-ecological systems. Madrid et al. [38] applied concepts to the social-ecological
system to develop a multi-scale integrated assessment of interactions between ecosystems and societal
“metabolisms”.

This commentary builds on a wide body of literature that focuses on the interactions between
government, business, and society; and it categorizes these players into three types, accordingly [39-44].
The commentary highlights the way in which a better understanding of those interactions can be
useful in the context of addressing resource hotspots. The following section explores those dynamics.
We acknowledge that this representation is a simplification of complex categories of players and
interactions which this commentary will not expand on.

The three types of players are driven by different goals as they interact with each other. “Society”,
includes among others, the general public, NGOs, youth organizations, academia, families, religious
groups, individuals, unions, and online communities. Players within “society” make decisions
regarding the consumer products they utilize, and where they come from. In democratic societies,
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individual members of this group have the right to vote and to protest against what they perceive to
be unjust or inequitable laws and regulations, which may also occur informally in others.

Government

/ " Workforoe, market \
Employment, social responsibility, supply o

Figure 4. Multidimensional resource systems and players and their interconnections.

Business
Society

“Businesses” are profit or ‘value” generating bodies that respond to society’s demands for
goods and services. Businesses are also entities that provide employment in society: an intimate
demand-supply relation exists between the two. Different types of businesses exist across sectors: the
ability to make a change, whether through improving technological efficiencies in the supply chain or
through their role in social/corporate responsibility, directly impacts the different resource systems
and their future allocations. Businesses have an increasing stake in being better stewards of resources,
perhaps water, which is a result of encountered disruptions due to water supply challenges [45].
“Government” is a series of constructs and processes that make laws and regulations, represented
(in democratic societies) by legislative, judicial, and executive branches. Depending on the scale
considered, government includes ministries, river water authorities, ground water districts, local
governments, and city councils, among others. The way in which water, energy, and food are governed
may vary at different scales, from centralized to decentralized or other, hybrid, forms of governance.
Players within “government” interface and interact with players from “business”. Public-private
partnerships are increasingly popular for financing long term infrastructural projects, such as support
for particular research aimed at improving a technology in which the private sector provides financial
support and the government sector provides facilities (such as National Labs in the USA). Government
players, at a specific scale, have the ability to incentivize the use of specific technologies, thereby
impacting the “promoted” businesses. They interact with and are dependent upon one another.
Further, government investment in infrastructure that facilitates transportation is good for businesses:
it facilitates supply chains. Governmental players also have a role in incentivizing specific consumption
behaviors within society and for businesses, which may be effected through subsidies. Government
players, especially those in elected positions, want to ensure they maintain public support to remain in
power, which also factors into their decisions.

5. Resource Systems and Players Differ and Interact within and across Scales

Government, business, and societal players across the water, energy, and food systems have
differing goals, value systems, and decision-making powers, at differing scales. Decisions made by one
within a specific resource system and at a specific scale, could have implications for another within a
different resource system or scale. Such interactions are potentially complex, for example, a decision
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made to subsidize electricity or the installation of solar pumping stations for farmers at the national
scale, might incentivize those farmers to pump more water in order to increase their food production.
While this would create positive economic impact for farmers, and a carbon benefit when compared to
diesel pumping, it might also result in increased risk of groundwater depletion or degradation at the
municipal scale (Figure 5).
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Figure 5. Interaction between different players across scales.

Another challenge is policy incoherence across scales: while those same farmers receive electricity
subsidies from the federal government to encourage increased production, they might also be faced by
groundwater laws at the basin scale that limit water pumping.

In light of our growing understanding and knowledge of the extent to which physical resource
systems are interconnected, there is a need for a better understanding of how decisions and players
interact and share risks [46] across scales: this points to the need for better identification of synergies
between different decisions, and for avoiding the potential competition that might result from
incoherent policies. Policies created to incentivize a specific action at a specific scale could conflict or
compete with other actions at different scales. Specifically, there is a need for developing mechanisms
for quantifying policy coherence through quantifying the impact of proposed policies across different
sectors, within the same scale, and across scales. There is also a need to identify the compatibility
of “current institutional setup” and “cross-sectoral interaction” with the nature of physical resource
systems and their interconnections.

6. An Iterative 3-Filter STEP Framework for Vetting WEF Nexus Scenarios

There are risks associated with planning and managing resource systems within silos. Solutions for
such complex, interconnected, and uncertain problems cannot be only technical; they cannot account
only for physical resource constraints, or offer only socio-economic, technological, political, or financial
interventions. Proposed scenarios must be multi-faceted, and represent a complete package including
an understanding of the resource systems, their interactions, and the biophysical and economic
trade-offs between different projected pathways forward. Scenarios must be vetted with consideration
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of the nature of different stakeholders, their interactions, and the trade-offs that become apparent
during dialogue, in negotiation, and through conflict. Once the bio-physical resource and stakeholder
landscapes are understood, several potentially feasible scenarios are likely to emerge: these need
proper governance structures and financing schemes to be realized and sustained. Thus, we can arrive
at a STEP nexus solution: a proposed scenario vetted from socio-techno-economic-political (STEP)
perspectives. Different suites of tools, models, and instruments are available to support researchers
across disciplines in prescribing contextualized, holistic, STEP nexus solutions for a given resource
challenges or nexus hotspots. Figure 6 presents a 3-Filter framework. The presented framework
is intended to offer analysts, modelers, “nexus tool” developers, engineers, and social and policy
researchers working towards addressing resource nexus hotspots—while each focus separately on
vetting different aspects of proposed scenarios—a conceptual guideline with a suggested structured
stepwise approach, and iterative feedback cycles, to guide their collaboration as they work towards
arriving at STEP nexus solutions.

Possible Scenarios

Filter I:

Resources Interaction and Trade-offs Question 1
<t
cC
2 Filter II: Question 2
§ Stakeholder Interaction and Trade-offs vestion
&

Filter 1ll: Mobilizing Nexus Interventions )

Question 3

(Governance and Financing)

Figure 6. Iterative socio-techno-economic-political (STEP) nexus solution guiding framework.

This framework requires that all three “filters” be checked before a proposed scenario is prescribed
as a nexus solution that addresses a specific critical question. It is worth mentioning here that the goal
of the outlined questions, or suite of questions, is to act as a guide towards the choice of different tools,
models, and instruments to help holistically vet a proposed scenario. The answers to those questions
might not be a clear Yes or No. That will depend on the availability of needed data, reliability of the
used tools, as well as the nature of the critical question being addressed. In order to briefly demonstrate
the framework, we will refer to the earlier example of proposing a future energy portfolio scenario at a
national scale.

Feedback Loops and Cross-Thematic Interactions

a. Filter I: Resources interaction and trade-offs

Question #1: Are the proposed resource allocation scenarios moving forward within the physical resource
constraints at the given operational scale? Is there sufficient water, land, financial, and human capital
resources for the given scenario?
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If YES: Move to Filter IL
If NO: Develop new scenarios that do not require resources that exceed available limits.

Specific to our example on identifying a future energy portfolio, we need to assess the resource
needs (water, land, financial, environmental, and others) associated with business-as-usual, as opposed
to those needed for different proposed portfolios. How much more, or less, water and land would be
needed if reliance on solar energy is increased by 20%, for example? Which solar energy technology
is most suitable? How do the resources needed for this shift affect and compete with resources
needed for agriculture? Will we have competition with agriculture over the same available land,
or is the land suitable for solar energy but not arable? Providing a quantification to answer these
questions is facilitated by using, or customizing, existing integrative resource assessment tools from
the literature. That quantification needs to be done while capturing the interconnections between the
multi-dimensional system of systems (Section 2). The choice of tools would depend on the critical
question in hand.

b. Filter II: Stakeholder interaction and trade-offs

Question #2: Given the nature of the involved stakeholders, their interactions, power relations, value
systems, and goals, which of the scenarios identified as ‘feasible” in Question 1 could be implemented?
Are there challenges beyond physical resource constraints that relate to understanding the realities of the
stakeholder landscape?

If NO: Move to Filter III to check governance structures and financing schemes for scenario.
If YES: Return to Filter I (Loop 1) to explore different scenario possibilities.

In this filter, we need to identify who are the stakeholders (governmental, business, and societal)
connected with a decision to shift to an additional 20% solar energy. How well would households
respond to government incentives for installing roof top solar panels? What role do conventional
energy producers have in affecting such a decision? How encouraging are market entry conditions for
new solar panel manufacturers to start operating? Are there any imposed barriers that might make the
20% goal an ambitious one to reach within a specified timeframe? How much do farmers have a say in
making such a decision? What level of coordination and cooperation exists between energy and other
water and agricultural planning institutions? To address these questions, we might need instruments
like game theory, direct engagement with stakeholders through questionnaires, surveys, workshops,
focus groups, and other participatory approaches to help with understanding these interactions and
the feasibility of proposed scenarios (Section 4).

c. Filter III: Governance and Financing
Question #3: If the scenario clears Loop 1, through Filters I and 11, who would govern the implementation
of the scenario moving forward, and who will finance it? Is this consistent with the stakeholder involvement
and the interactions presented in Filter II? Does implementing the given scenario result in policy coherence?
Does the existing governance structure allow for implementation?

If YES: Loop 2 clears, the proposed scenario could be promoted.

If NO: we have the option of investigating other scenarios identified as ‘feasible’ from both the
physical resource and the stakeholder perspective, though Loop 2. Alternatively, we could go
through Loop 3 and investigate other scenarios in Filter I.

Are there any budgetary limitations that would not allow a government to invest in solar farms,
or provide subsidies for solar panels at a household level and within a given timeframe? Would
implementation of the 20% goal be centrally led by the government or through a more decentralized
approach? Will the company providing solar panels be government-owned? Would panels be sold at a
predetermined price or will price be determined by a free market approach? Are there any policies at
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the local levels (municipal land zoning regulations for example) that might challenge a federal goal of
switching to solar? (Section 5).

Question #4: Does a proposed governance structure ensure that the scenario provided by Filter I can be
implemented? Are there any limitations/constraints?

If YES: Loop 3 clears.
If NO: Revisit the solution portfolio in Filter I and propose another solution; one that fits Filter
III limitations.

Finally, we must check whether any of the limitations that may have emerged from Filter IIl would
challenge the implementation of the initially proposed scenario from a bio-physical and technical
perspective. This would serve as a final cross-check before promoting a nexus solution.

Using the outlined guiding framework, a suggested scenario undergoes rigorous trial and error
and checks to ensure that:

a. long term sustainability of the physical resource is not compromised (Filter I);
b. stakeholders are effective partners in the solution (Filter II);
C. implementation and long-term governance of the solution are feasible (Filter III).

7. WEF Nexus, Government, Business, Society and Sustainable Development Goals (SDGs):
Capitalizing on Existing Momentum

In the coming 15 years, 193 United Nations member states are committed to work toward
achieving a set of 17 sustainable development goals (SDGs) [47]. These goals include specific targets
and local indicators for monitoring progress on water, energy, and food securities, and others related to
economic growth, and sustainable consumption, among others. The water-energy-food nexus research
community has a unique opportunity to leverage the momentum toward these goals. Figure 7 shows a
preliminary mapping of some of these goals that are directly related to the interconnected resource
systems, the players, and the interactions between them (Figure 4 with mapped SDGs). As nations work
toward the 17 goals, they need to be aware of the extent of their interconnectedness and the potential
competition among them [48]. In order to ensure arrival at these goals by 2030 and without unintended
consequences, action plans must be developed with an understanding of the interconnections between
the physical resource systems and the players involved with them. Achieving these goals requires
innovative plans across different scales and could benefit from a framework that provides a structured
approach for guiding collaboration across disciplines. As we continue to investigate and quantify the
critical questions identified in Figure 3, through case studies at different scales and across a variety
of eco-zones, political, market, and social environments, we are guided by the framework outlined
in Figure 6. We will learn lessons that would result in revisiting and refining our approaches for
addressing complex resource hotspots, thus enabling us to more effectively work toward achieving the
Sustainable Development Goals.
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8. Concluding Remarks

Moving forward, and as part of finding solutions for complex resource hotspots, several challenges
exist that must be addressed. With regard to integrative resource assessment tools, there is a need for
improving the compatibility of different tools that address critical questions guided by the interactions
presented in the overarching WEF platform (Figure 3): this enables building on existing tools and
avoiding duplication of effort. There is also a need for better quantification of the interactions between
different players in order to identify implementable solutions. Given that players and resources
systems interact across scales, there is a further need of better understanding and quantifying those
interactions and ensuring solutions are implemented through policies that are coherent across scales.
There is no one size tool that fits all for assessing physical resource interactions, stakeholder interactions,
and policy and governance challenges. Therefore, localized and contextualized quantification and
assessment is necessary. The 3-Filter STEP framework offers guidance through the different elements
that need to be accounted for while assessing and promoting a nexus solution. Proposing feasible,
implementable, sustainable solutions requires truly inclusive transdisciplinary conceptualization,
quantification, and assessment of current and projected resource hotspots.
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