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Why the nexus?
Understanding the nexus
Tight interconnections exist between water, energy, and food systems. As stresses on these
resource systems continue to increase, there is a growing need to better quantify and
understand the trade-oﬀs associated with their future planning and management (Figure 1).
Water is used to produce hydropower and to cool thermal power plants.
Groundwater is impacted by hydraulic fracturing: the extraction of oil and gas
carries the collateral danger of contaminating neighbouring aquifers and aﬀecting
the supply of water for drinking or irrigation. Energy, on the other hand, is essential
for pumping groundwater and in modern irrigation techniques; and it is essential to
urban water cycles, from conveyance to supply to treatment. The tight interconnection of water and food is most pronounced in agriculture’s need for water and
irrigation, where the proportion of water used by the agricultural sector hovers
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Figure 1. The water–energy–food nexus as a system of interacting systems within social, governance, technical, economic and climate change constraints and externalities (adapted from Mohtar &
Daher, 2012 by IRENA 2015) © IRENA 2015.

around 70–80%, but can go as high as 80–90%. Many countries legislate the
hierarchy of water use, often placing irrigation just after domestic demand. Tight
interconnections are also apparent between energy and food: take for example
biomass production, in which plant products are a source of energy, a phenomenon
that has grown substantially in recent years in areas such as Argentina and Brazil.
This new ‘renewable’ energy source is dependent on the production of plants to
generate energy, which can involve an actual decrease in food production (due to
the associated reductions in agricultural land for food production); it also requires
some of the water otherwise used in food production from irrigated agriculture.
Biomass derived from forest waste may impact the ecological function of the forest.
Another, less agreed-on consequence of using plants for energy can be higher food
prices.

Why consider the nexus?
The water–energy–food (WEF) nexus oﬀers an approach to achieving water,
energy and food security, helping ensure access for basic human needs.
Currently, 844 million people lack access to safe drinking water (WHO, 2017);
1.1 billion lack access to energy (50% of these are in Africa) (IEA, 2017); and
about 815 million do not have secure access to food (FAO, 2017). Thus, the

WATER INTERNATIONAL

3

concept of the nexus is also about ensuring the sustainable use of resources by
avoiding waste and loss (UN ESCWA, 2016). The recognition of the complex
inter-relationships between the water, energy and food sectors creates a basis for
a new approach to integrated management and governance across sectors and
ultimately across scales.
Global policy objectives and the WEF nexus: from the perspectives of the Sustainable
Development Goals and human rights
An overall guiding principle of the WEF nexus approach is the concept of achieving
sustainable development by ensuring a balance between the three pillars: economy, the
environment and society (Rio Earth Summit, 1992). The international community
approved, at the global level, and committed, at the local level, to two sets of interconnected principles that must be included when developing any national policy or
legal framework for implementing a WEF nexus policy. These are the Sustainable
Development Goals (SDGs) and human rights.
Sustainable Development Goals
The United Nations member states adopted the SDGs (UN General Assembly
resolution 70/1) in September 2015 (UN, 2015). The resolution includes goals and
targets that are speciﬁc to water, energy and food. In contrast to the Millennium
Development Goals (UN, 2000), which were intended only for developing nations,
the SDGs address the entirety of the global community. Member nations have
committed to working towards achieving the SDGs by 2030; this will partly be
done though integrating these goals into the development and implementation of
their national policies. They have also expressed their will to ‘revitalize global
partnership for sustainable development’ (SDG 17) (UN, 2017) in support of the
implementation of the SDGs, with the goal of bringing together all concerned
stakeholders (governments, civil society, the private sector and international organizations). Through this global partnership, the nations commit to ‘share knowledge, expertise, technology and ﬁnancial resources’ in support of achieving the
SDGs, with particular emphasis on developing countries. This partnership between
all stakeholders is necessary to the formulation of water, energy and food policies
which are consistent with the realities of their interconnections and
interdependencies.
Human rights
The UN General Assembly resolution adopting the SDGs (70/1) includes references to the Universal Declaration of Human Rights (UN, 1948) and other treaties.
These present a solid basis for implementing the SDGs and an additional set of
guiding principles for nations to include in their national policies when considering the implementation of a WEF nexus approach. The right to ‘adequate’ food is
identiﬁed in the Universal Declaration of Human Rights and speciﬁed in the
International Covenant on Economic, Social and Cultural rights (OHCHR,
1966). The human right to water and sanitation are explicitly mentioned in the
preamble of Resolution 70/1, and were recognized by another UN General
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Assembly resolution in 2010 (64/292) that clariﬁes this as ‘the right to safe and
clean drinking water and sanitation’. To date, no ‘right’ to energy is acknowledged
at the global level, but this could be derived from other rights, such as the general
right to an adequate standard of living.
National and transboundary challenges
While the SDGs provide the ﬁrst-ever global commitment to universal action
towards an agenda for sustainable human development that ensures access to
adequate resources for the poor, ‘leaving no one behind’ (UN, 2016), implementation occurs at national and local levels. Nations, through their national planning
processes and strategies, must deﬁne their path towards achieving the SDGs. Intersectoral governance challenges, including those addressing WEF nexus challenges,
call for a systems approach that goes beyond single sectors. This is not currently a
common practice at the national level, and the challenge becomes even more
complicated at transboundary levels.
National and local implementation
Local implementation of the water, energy and food SDGs requires that:
●

Water can act as the catalyst to achieving the SDGs using the WEF nexus systems
approach;
● SDG criteria be the base line, representing the minimum development goals to be
pursued in any WEF development plan;
● Any WEF development initiative be uniﬁed within national and local plans and
then implemented following the assessment of SDGs achievements.
Any national policy addressing WEF nexus challenges should consider the following
elements:
●

Access to basic services, including safe drinking water, adequate sanitation, healthy
food, and clean, sustainable energy;
● Productivity of resource use, including reducing waste, limiting over-use, and
increasing overall productivity;
● Ecosystem services value and biodiversity.
Devising and implementing solutions to address the WEF nexus challenges must
include stakeholders connected with each of the three resource systems. At the
national level, this could be facilitated by an inter-sectoral coordinating body to
ensure such representation, for example, a Stakeholder High Council. Such a body
would have the authority to monitor the entire WEF nexus modelling process and
evaluate the outcomes with regard to appropriate decision making about the allocation of resources and the required trade-oﬀs between the development priorities of
the stakeholders. The Stakeholder High Council would consider national and local
development strategies, determining the path forward to achieve the SDGs. The
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establishment of such an authorized stakeholder council is itself a major challenge,
as discussed below.
Addressing water, energy and food challenges though a nexus lens includes:
(a) Improving the eﬀectivity of input resources without sacriﬁcing the development
objectives by:
● Minimizing losses throughout entire water, energy and food supply chains and
from production to consumption;
● Increasing the productivity of water, energy and food resources;
● Increasing the focus on renewable and green energy;
● Avoiding and recycling waste.
These steps will result in the creation of new resources for consumers, and at the same
time, will not compromise the availability of existing resources (Mohtar & Daher, 2017).
(b) Adopting trade-oﬀ options to implement the objectives of the SDGs and of
national or local development goals by:
● Identifying interdependencies (nexus) of water, energy and food and their
impacts on people and environment throughout the production to consumption process. These interdependencies must be quantiﬁed and ranked based on
their importance. Water is at the core of such evaluation.
● Eliminating the less important, less eﬀective links for simpliﬁcation, accessibility and applicability of the required models.
● Selecting the appropriate models for the remaining links and available data to
be considered.
● Calibrating the resulting model or models.
The intervention of the Stakeholder High Council is very helpful in the decisionmaking process, particularly where changing strategies and adopting trade-oﬀs are
required. The council’s role is to synergize the optimum use of the environmental
resources and assure targeted development outcomes while minimizing the extent to
which trade-oﬀs impact the SDG targets and national or local development.
Transboundary considerations
The need for cooperation between riparian states with shared river basins and aquifers
is anchored in the SDGs (SDG 6.5) as essential for eﬀective Integrated Water Resources
Management. Cooperation within these basins and aquifers is critical not only for
access to water, but also for food, energy and ecosystem security and the related
dimensions of each nation. The WEF nexus oﬀers an entry point for dialogue and
cooperation between the nations in a shared basin (Kibaroglu & Gürsoy, 2015).
Transboundary cooperation on water is not easy: it involves a lengthy process developed
over time and hinges on basic issues: trust, exchange of information, capacity diﬀerences
and political support, all of which come into play to engage contentious agendas with coriparian countries. It touches on national-sovereignty issues, and the more so when
additional sectors, such as energy and food, are involved. Functional regional legal and
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institutional frameworks of cooperation are essential for nations to agree, implement and
attract ﬁnance for investments that, in the long term, will result in regional (transboundary)
beneﬁts that exceed the sum of unilateral or single-sector action.
Most river basin organizations are headed by ministries of water and constituted by
water experts. Ministries of energy and agriculture, among the major water users, are not
usually represented. Regional economic commissions often oﬀer a needed entry point for
engaging and planning across sectoral borders and for addressing diﬀerences in scale.
Watersheds, energy-sheds and ‘food-sheds’ diﬀer in reach and in regional dimension.
Multi-sector analyses, conducted in many basins and under many diﬀerent ‘labels’, need
to take account of the increasingly wider regional and cross-regional trade of energy and
food.

Messaging and communication
Stakeholder engagement and positive messaging
The discussion of the nexus can be reframed to more eﬀectively identify and deploy
solutions that address the associated challenges. Business as usual is no longer acceptable: it is necessary to engage new and current stakeholders in novel ways. The nexus
challenge needs to be represented as an opportunity for innovation that will drive
economic development, business expansion, ecosystem health and social well-being.
This is an opportunity to move stakeholders toward a ‘can-do’ mindset that provides
win-win beneﬁts for societies, economies and the environment. A shift in thinking is
proposed to accomplish several goals, including:
●

Broad stakeholder engagement in developing innovative solutions to address
energy–water–food nexus challenges;
● Deﬁning ‘nexus innovation’ in terms of technology, partnerships, funding/ﬁnancing, and of business, consumption/production models;
● Framing a vision and strategy to eﬀectively address nexus challenges.
● Leveraging new governance modalities and exponential technologies to accelerate
innovations towards achieving energy–water–food security for all.

Tools for informing the policy process: challenges to a process inclusive of
diﬀerent stakeholders
Quantitative tools and models can provide a clear understanding of the interconnectedness of the nexus by identifying the trade-oﬀs and the potential synergies involved. These
tools and models also serve to identify the challenges and interconnectedness across
multiple actors and sectors, for example, in assessing policy coherence, testing the
potential of various policy mechanisms, identifying current and future challenges, and
oﬀering solutions pertaining to resources planning and implementing impacts of speciﬁc
technologies and infrastructure at large scale. The modelling framework provides the
opportunity to engage key stakeholders, thereby oﬀering a cross-sectoral understanding
of associated challenges and opportunities (Daher et al., 2018). Stakeholder participation
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in the modelling processes contributes to local ownership of these tools. Similarly,
decision makers can also be involved, because their interest is more focused on the
outcomes, rather than applications, of the tools. Therefore decision makers can play a
prominent role in co-creating model scenarios and interpreting model results.
The joint development and learning that derives from this process contributes to strengthening dialogue and improving understanding of the issues faced by the various actors.
Beyond sector-speciﬁc goals, it moves the focus towards the interdependence of resources
and production of goods and services in the other sectors. Doing so facilitates dialogue and
helps create a shared agenda, enabling the identiﬁcation of options for its realization.
The challenges in modelling WEF nexus hotspots are not limited to technical ones.
Other challenges may include institutional fragmentation; disincentives within the
regulatory, legal and policy frameworks that fail to incentivize cross-sectoral collaboration in planning and investment design; short-term planning horizons, driven, in many
cases, by political cycles; lack of data and short time frames for providing results; and
lack of incentives that promote collaboration and identify synergies for improved
planning and decision making. Other challenges related to this process may include:
varying power relations between the diﬀerent actor groups; the location of diﬀerent
actor groups at various levels (local to national); identifying a host institution for the
stakeholder interaction process; and the time needed to follow implementation and
policy processes in relation to a research project (which may only last a year or two).
Failing to involve stakeholders in the modelling process increases the likelihood that
outputs will be neither relevant to nor demanded by the actors they are meant to
beneﬁt. Nexus exercises conducted in the past few years have provided learning
opportunities to an array of disciplines that meet and discuss impacts and trade-oﬀs
of sector-based policies and investments. These exercises allow analysts to develop
realistic frameworks based on clear understandings of the diﬀerent constraints faced
by diﬀerent nations or sectors. This results in the development of inclusive objectives
that can feasibly be achieved. The objective moves away from developing a model and
toward developing a tool that provides a set of practical recommendations potentially to
be mainstreamed into policy and investment decisions.
Current experience with modelling frameworks for the nexus results in valuable
exercises that begin to identify and illustrate not only the trade-oﬀs that must be made
but also the synergies that can be achieved, particularly in budget-constrained environments. These exercises have demonstrated the value of modelling to identify and quantify
the trade-oﬀs and synergies of collaboration. These are reﬂected in better planning
frameworks and, more importantly, in understanding the ﬁnancial gains from joint
investment planning and design. Models can provide clear policy guidance to enable
maximization of ﬁnancial, economic, social and environmental beneﬁts across sectors.
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