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Water, energy, and food are 
intricately interlinked, as 
is evident in many de-
veloping countries that 

plan to increase their irrigated area to 
ensure that their agricultural production 
meets the food requirements of a grow-
ing population under climate change. 
Global food production needs to in-
crease by more than 50 percent by 2050 
to feed this expanding population that 
is also growing in affluence. Increasing 
agricultural production by 50 percent, 
however, requires about 20 percent each 
for energy, water, and land. These in-
creases have dire socio ecological conse-
quences, because the agricultural sector 
already accounts for about 70 percent 
of all freshwater withdrawals globally. 
Allocating an additional 20 percent to 
agriculture by 2050 will result in using 
more than 90 percent of the resource for 
food production alone, which is not sus-
tainable, leaving only 10 percent for all 
other water needs, including electricity 
production and storage. 

This increased demand is happen-
ing while climate change is exacerbat-
ing global water scarcity. Therefore, 
sustainably increasing food produc-
tion on the same or less land area with-
out increasing water and energy use 
in agriculture, all while mitigating 
negative environmental impacts, is a 
daunting task that cannot be achieved 
through traditional sector-based ap-
proaches. It requires transformation in 
the whole food system toward greater 
sustainability and resilience. 

Interconnections among these com-
peting demands are referred to as the 
water-energy-food nexus, meaning that 
any proposed developments on one of 
the three resources should only be im-
plemented after considering the impacts 
on the other two. This concept provides 
the lens for cross-sectoral resource man-
agement and socio economic and eco-
logical stability amid climate change, 
resource depletion, and degradation.

Because trade-offs manifest during 
developmental projects related to the 

water, energy, and food sectors, changes 
meant to enhance efficiencies in these 
sectors often exacerbate environmental 
degradation. The destruction of wildlife 
habitats for urban development, for 
example, coupled with the abundance 
of poor food and waste management 
in urban areas have attracted wild 
animals into urban areas, bringing 
with them infectious diseases, such 
as COVID-19 and Ebola, that can spill 
over to humans. Cross-sectoral resource 
management can help respond to or 
even avoid such public health problems.

Sectoral management (also called 
linear management) has traditionally 
brought together specialized knowl-
edge about a resource to address a 
population’s needs for it. But this strat-
egy disregards the systemic nature of 
problems. For example, most govern-
ments and intergovernmental gov-
erning bodies have separate agencies 
dedicated to managing water, energy, 
and agriculture, which can create silos 
that do not coordinate easily. This type 
of management has often hampered 
the effectiveness of initiatives related to 
resource use efficiency. India’s policy to 
subsidize energy for irrigation to boost 
food production, for example, resulted 
in over- abstraction of ground water, 
salination, and other environmental 
degradation, none of which had been 
considered during planning. In south-
ern Africa, lack of energy consideration 
has led to failure of small to medium ir-
rigation schemes due to either high en-
ergy costs or frequent load- shedding to 
prevent overwhelming power plants. 
Disregarding the inter linked nature of 
systems has led to maladaptation and 
poor resilience to climate change. 

These current challenges facing 
humankind transverse all sectors 
and therefore require a paradigm 
shift toward integrated, systemic 
solutions. This pressing need has 
seen the emergence of transformative 
approaches promoting sustainable 
development and a resource-secure 
future. In particular, the water-energy-

food nexus, which we have studied 
as a team for the past eight years in 
our search for integrated solutions 
to resource security, socioeconomic 
development, and sustainability in 
southern Africa and the Global South, 
has been widely advocated for before 
and during the COVID- 19 pandemic 
as one such approach.

The increasing global demand for 
limited resources has instigated a 
change in the way humans use re-
sources, with the goal of achieving 
sustainability. Research about the 
water-energy-food nexus guides this 
transformational change and effective-
ly manages resources in an integrated 
manner. It captures the interrelations 
and trade-offs among these resources 
and leads decision- makers to identify 
priority areas for immediate interven-
tion at various scales. Its systematic, 
inclusive approach has received recog-
nition within the scientific community 
and among policy-makers. 

The History of Nexus Planning
Since research began on the topic in 
the early 2000s, the water-energy-food 
nexus approach has evolved to holisti-
cally inform the management of intri-
cately interlinked resources to achieve 
sustainable development. The concept 
increased in prominence in 2011, when 
the Stockholm International Water 
Institute introduced it at the World 
Economic Forum, a period coinciding 
with the formulation of the Sustain-
able Development Goals and their 
ultimate adoption by the United Na-
tions General Assembly in 2015. The 
17 interlinked Sustainable Develop-
ment Goals are a universal call to ac-
tion to promote prosperity while pro-
tecting the planet, with the objective 
of achievement by 2030. Water, energy, 
and food are particularly linked to 
Goals 2 (Zero Hunger), 6 (Clean Water 
and Sanitation), and 7 (Affordable and 
Clean Energy), with further linkages 
to the other 14 Goals. Therefore, the 
integrated management of water, en-
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ergy, and food will provide pathways 
toward sustainability by 2030. 

Before 2015, resource management 
remained sector-based, compounding 
the existing challenges related to re-
source insecurity. An example of such 
a monocentric approach that domi-
nated this period is Integrated Water 
Resources Management. Developed in 
the 1970s, this concept for linking water 
management to related resources rose 
to prominence at the United Nations 
Conference on Environment and Devel-
opment in 1992. Although Integrated 
Water Resources Management heralded 
an era of linking water to other sectors, 
its focus on how other sectors could 
better support water management has 
often been criticized. By contrast, the 
water-energy- food nexus approach 
does not emphasize the importance of 
any one sector but treats them equally 
(a structure called polycentric). This ap-
proach allows for more equitable and 
effective cross-sectoral partnerships, 
collaboration, and coordination. 

Although the water-energy-food 
nexus approach started as a theoreti-
cal concept before 2015, in recent years 

it has increasingly been used as an 
analytical decision support tool and 
discourse framework that informs 
strategic policy decisions for sustain-
able natural resources management 
and socioeconomic development. The 
approach is now an integral part of 
initiatives to achieve Sustainable De-
velopment Goals 2, 6, and 7, as well as 
other interlinked goals. It has evolved 
into a valuable tool for assessing prog-
ress toward sustainable development 
because it can guide decisions about 
efficient use of resources and provide 
a framework for evaluating resource 
access and distribution. 

Our research has developed water-
energy- food nexus analytical tools and 
discourse frameworks to address these 
attributes at various spatial and tem-
poral scales. The water-energy-food 
nexus integrative analytical model, 
which we developed into an online 
tool (www.iwef.app), has been ad-
opted to holistically assess progress 
toward the Sustainable Development 
Goals. This online tool has also been 
adopted as a policy guide that identi-
fies priority areas for immediate in-

tervention as it shows the status of re-
source management and development 
at different spatial scales.

Notably, there are many nexus types; 
the concept has evolved from just the 
water-energy-food nexus to a broader 
nexus planning, a global term repre-
senting all nexus types. Although the 
water-energy-food nexus is the most 
well known, variations on the idea in-
clude other sectors. The growing list of 
nexus derivatives is enough testimony 
to the increasing need to systematically 
assess and manage inter linked systems 
without amplifying trade-offs.

Cultivating Transformational Change
The current age, which began earlier 
in the 21st century and is dubbed the 
Fourth Industrial Revolution, relies on 
complex, inter connected systems to 
deliver goods and services. Although 
this globalization has come with con-
siderable opportunities, it has also 
exposed systems to disruptions of se-
vere magnitude, as evidenced by those 
in global supply chains during the 
COVID-19 pandemic. Recent events 
have shown that in complex systems, 

Sustainably increasing food production without exacerbating water 
scarcity or overtaxing energy systems is a daunting and pressing task. 
The complex interconnections among these three resources is called 

the water-energy-food nexus, and this concept is helping to integrate 
their sustainable management.
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tensions always manifest between ef-
ficiency and resilience. Sector- based 
resilience initiatives such as economic 
or public health systems are often as-
sociated with systemic risks, which 
emanate from strategies that lead to 
efficiencies in one sector at the expense 
of other related sectors.

The COVID-19 pandemic not only 
caused immeasurable human losses 
and casualties but also caused stagger-

ing losses in the global economy. The 
resulting social and environmental 
costs demonstrated the limitations of 
global systems that separate econom-
ics and public health into distinct and 
specialized sectors. The level of unpre-
paredness was apparent as economic 
downturns and shortages of health 
supplies became widespread across the 
world. Reactive responses exacerbated 
the stresses in other sectors, resulting 
in the cascading collapse of the entire 
economic system due to a colossal com-
bination of supply and demand shocks. 
National governments struggled to 
cope with the challenges as they tried to 
address the immediate needs brought 
about by the pandemic as well as the 
longer-term issues it exposed. This 
struggle underlined the urgency to ad-
dress intricate trade-offs among health, 
economic, social, and national goals, 
highlighting the importance of nexus 
planning for addressing the systemic 
origins and impacts of shocks.

Today’s grand challenges are push-
ing researchers and policy-makers to 
revisit existing research models and 
adopt novel, polycentric ways of con-
ducting business. Only two options re-
main for humanity: Either we continue 
with the linear, “take-make-waste” 
economy and end up with a dry, hot, 
and unbearable environment, where 
novel infectious diseases and extreme 
weather events are the new norm, or 
we adopt inclusive nexus planning 
that enhances sustainable develop-
ment. The public, private, and civil 
sectors need to embrace this transfor-
mational change to break the silos and 
turn nexus theory into nexus action.

Putting Nexus Planning into Action
Operationalizing the water- energy-
food nexus requires a paradigm shift 
from the current siloed institutions to 
those aligned with nexus planning, 
both in the public and private sectors. 
In most government structures today, 
the ministries of water, energy, and ag-
riculture are independent institutions 
with individual mandates, strategies, 
and policies that often do not relate 

to one other, despite apparent inter-
linkages. Nexus planning does not 
intend to create a giant “nexus min-
istry” and make some job positions 
redundant. Rather, it aims to build a 
strong, binding coordination mecha-
nism that facilitates nexus policy dia-
logues, whereby key stakeholders can 
better identify and prioritize solutions 
together. Therefore, the approach is a 
stakeholder platform through which 
sectors coordinate resource man-
agement. As nexus planning shifts 
resource management from water- 
centric to polycentric, it can account 
for the integrated dynamics linking 
politics, resource security, environ-
ments, economies, and societies. 

With the available scientific evi-
dence about appropriate resource 
management, nexus planning allows 
line departments to prioritize op-
timal projects that take into account 
the overall trade-offs and solutions 
for all relevant sectors. Thus, effective 
partnership is at the center of nexus 
planning. The complexity of nexus 
planning encourages stakeholder 
engagement from the onset as they 
consider systemic changes, when the 
prospects of facing opposition could 
be high. Engaging key stakeholders 
from the onset enhances the frame-
work’s quality, acceptance, and le-
gitimacy, improving the chances of 
informing decision-making. Raising 
awareness and creating a platform for 
stakeholder buy-in are fundamental 
pathways through which proposed 
changes could be adopted, particularly 
through concrete and viable projects 
at various scales. Transparency, inclu-

sion, and ongoing communication are 
crucial to retaining participation and 
influence from stakeholders.

Adopting nexus planning at 
policy-  and decision-making levels is 
critical to achieving global sustainable 
development. This urgent need 
became more pronounced during 
the COVID-19 pandemic. Research 
collaboration and data sharing 
during the pandemic have begun to 
break existing silos as the research 
community has worked to develop 
a COVID-19 vaccine. The $6.7 billion 
COVID- 19 Global Humanitarian 
Response Plan put together by the 
United Nations in 2020 promoted 
such integrated approaches to ensure 
that human health, resource security, 
and sustainable development were 
supported.
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