
NATURE CLIMATE CHANGE | VOL 7 | APRIL 2017 | www.nature.com/natureclimatechange 233

opinion & comment

and training, especially when it comes to 
comprehending ‘simple’ added abstractions 
to iconic representations (for example, speech 
bulbs, mathematical symbols, thought or 
speech balloons, prohibition crosses, action 
lines, and emotion symbols such as hearts for 
love)15. Second, research on the use of basic 
graphs (see Fig. 1b) to present numerical 
information to enable people to assess health 
risks16 shows, on the one hand, how reading 
even the simplest graphs or icon arrays is 
highly dependent on numerical and graphical 
literacy, but, on the other hand, that adding 
simple graphs increases accuracy rates 
considerably for less educated audiences and 
those with lower levels of literacy.

What’s next?
Visual communication on climate change 
needs continuous attention from different 
expert fields. Scholars should continue 
developing guidelines for data visualizations 
that enable in-depth and accurate 
understanding of climate change causes and 
processes11,17. More data should be collected 
on how climate change visualizations impact 
human behaviour by applying existing 
theories and knowledge to climate change 
themes and behaviours, for example, on 
the persuasive effect of visual narration, the 
effect of visual rhetoric, or the effectiveness 
(or ineffectiveness) of fear-inducing 
visuals18. Mass-media experts should 

intensify their work on how climate change 
visuals are framing the public debate about 
climate change19.

But all this does not free us from 
a joint responsibility to devote more 
effort to understanding visual literacy in 
vulnerable audiences. This sounds like 
mission impossible: using simple static 
visuals to support comprehension and 
awareness of massively complex processes 
in individuals with limited literacy levels. 
Moreover, such studies are not popular 
and suffer from a poor image: finding and 
approaching respondents is cumbersome, 
experimental control is difficult, many 
reliable methods are inappropriate as 
they require literacy skills, and practical 
conditions discourage the use of new 
technologies. Yet the remaining option is 
more than worthwhile: using participatory 
design to develop appropriate visuals that 
support basic understanding of climate 
change essentials, and testing them using 
simple comprehension-based interviews (see 
Box 1 for an example set-up). Such studies 
will not result in a drastic rise in the average 
level of global knowledge on climate change. 
But at least they will make us more aware of 
the huge divide between literate audiences 
and those with a low level of literacy, and 
the need to take more care defining basic 
knowledge and creating verbal–visual 
representations with maximal accessibility. ❐
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COMMENTARY:

The food-energy-water nexus 
and urban complexity
Patricia Romero-Lankao, Timon McPhearson and Debra J. Davidson

While tackling interdependencies among food, energy, and water security is promising, three fundamental 
challenges to effective operationalization need addressing: the feasibility of science-policy integration, 
cross-scale inequalities, and path-dependencies in infrastructure and socio-institutional practices. 

In 2015, the US National Science 
Foundation issued a battle cry with a call to 
fund US$50 million for the advancement 

of research on the nexus (interactions) 
of food, energy, and water (FEW). This 
heightened level of research interest has 
now been matched by multiple international 
research calls, demonstrating that the nexus 

has become a powerful metaphor used to 
convey the interdependencies between 
society and the natural systems on which 
it depends. Key to nexus thinking are the 
interactions between FEW security1. From 
2011 to 2015, 291 organizations from policy, 
business, and academic circles were involved 
in FEW nexus security activities2.

The world’s FEW systems are significantly 
stressed and already experiencing 
shortfalls due to their interactions with 
global anthropogenic processes such as 
urbanization and climate change3. FEW 
systems are so interconnected that actions in 
one frequently have impacts on the others. 
Therefore, in order to reduce trade-offs and 
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enhance synergies, proponents of nexus 
framing encourage integrative approaches 
to analysis, planning, and decision-
making, which has motivated research 
and development communities to pursue 
an array of frameworks to uncover the 
analytical and normative dimensions of 
FEW security and their interactions1.

However, while nexus literature is 
long on determination and ambition, it 
is short on grounded evidence on the 
essential elements of FEW security, such 
as operational definitions that help to link 
research and practice, particularly within 
urban systems4. Conversely, although urban 
decision-makers are grappling every day 
with the operational challenge of providing 
their populations with FEW, and protecting 
FEW availability and access against floods, 
droughts, and other climate hazards, 
innovations are needed to help them match 
their sustainability and resilience goals with 
day-to-day operations.

We see three fundamental challenges 
that need to be considered in order to 
more effectively operationalize urban 
FEW security.

Feasibility of science-policy integration
A nexus systems approach is premised upon 
an idealized concept of integrative research 
and planning, but bringing together diverse 
knowledge and policy domains creates its 
own set of challenges. In particular, the 
social, engineering, and physical sciences 
and the humanities use disparate concepts, 
methods, and data and highlight different 
interactions among key processes5. Not 
only is science-policy integration faced with 
the challenge of moving decision-makers 
beyond their accustomed ways of framing 
and managing, it also involves a collective 
engagement of disparate interests, values, 
and power relations. There is also frequently 
a mismatch between geographical and 
topical areas of concern and the jurisdiction 
or knowledge necessary to manage FEW 
security. Integration across these lines 
creates the ever-present potential for conflict 
and misunderstanding. To illustrate this, 
we explore the problem of integration as 
it emerges at semantic, ontological, and 
epistemological levels in incompatibilities 
between different conceptualizations of 
urban areas and FEW security.

In the face of profound, far reaching, 
and accelerating impacts that urban areas 
have on FEW security6, fundamental 
disagreements exist about the drivers and 
nature of those impacts. Some of these 
disagreements relate to differences in 
the definition and delimitation of urban 
areas7. For instance, of the three criteria 
most commonly used to define urban 

areas (population size, built-environment 
form, and economic function), the United 
Nations World Urbanization Prospects uses 
population size. This definition relies on 
local and country-specific delimitation of 
urban boundaries, resulting in frequently 
divergent and incompatible definitions of 
urban areas based on population density 
thresholds or administrative and political 
divisions. Such inconsistencies make it 
difficult to compare across cities to make 
generalizations. Depending on the definition 
of urban areas, for instance, estimates of 
energy consumption by urban buildings 
and industry range between 37% and 
86%, and estimates of gasoline and diesel 
consumption attributed to US urban areas 
range between 37% and 77% (ref. 8).

Disagreements in the conceptualization 
of FEW security also exist, with scholars 
tending to take either a broad and holistic 
(human security) or narrow (national) 
conceptualization of security9. In the latter, 
planetary crises such as climate change, 
the scarcity of FEW resources, social 
inequality, and displacement pose security 
threats to the nation-states. These threats, 
argue proponents, demand global and 
transformative interventions by public and 
private decision-makers.

In the former interpretation, human 
security refers to the protection of a vital 
core of life and livelihood options10. Vital 
core elements are rights that are fundamental 
to survival, such as the right to sustainable 
livelihoods. Vital core elements can be 
material, including a sustainable availability 
and access to FEW. They can also represent 
non-material and cultural elements, such as 
identity, sense of place, social recognition, 
and political inclusion. For example 
when hurricanes such as Haiyan (2013), 
Sandy (2012), and Wilma (2005) struck 
coastal cities in the Philippines, the United 
States, and Mexico, respectively, they 
caused extensive social, ecological, and 
infrastructural damage and impacted vital 
core elements, such as access to electricity, 
food, and water, thus threatening the FEW 
security of affected populations.

National and human security approaches 
illuminate contrasting aspects of FEW 
security and their epistemological and 
ontological differences lead to differing 
proposed response options, and can hinder 
communication and incorporation of 
insights and lessons across disciplines. These 
differences need to be carefully elicited to 
avoid the risk of theoretical and practical 
incompatibility or inconsistency.

Political ecology and scale
Any attempt to create FEW security raises 
political and ethical questions of equity, 

based on the nature of the security to be 
achieved. The social dimensions of FEW 
security challenges, as well as efforts to 
address them, are defined by power and 
inequality dynamics that privilege certain 
voices and options over others, raising the 
question ‘security for whom?’ Therefore, 
it is fundamental to include scalar 
considerations, and explicitly consider 
which interrelated FEW systems are being 
considered, by whom, and for whom these 
systems are being secured. The political 
and ethical nature of these questions is 
illustrated by tensions surrounding the push 
toward photovoltaics. While the energy 
security of consumers would benefit more 
from distributed installations, utilities and 
their investors have supported regulations, 
business plans, and technology designs that 
favour industrialized, large-scale plants 
managed by a few11.

Clashes between ways of knowing, 
values, and motivations are inevitable, 
particularly since FEW security issues 
create or exacerbate inequities across 
scales (defined as the spatial, temporal, 
quantitative, or analytical dimensions used 
to study and measure any phenomenon12). 
For example, FEW resources are often 
diverted from or generated in locations 
far removed from urban use, and these 
remote locations bear the brunt of the 
environmental damage. When considering 
the well-being of future generations, 
excessive use of limited resources today 
highlights the creation of inequities 
across time.

Well-understood examples of the nexus, 
such as trans-basin water transfers in 
Mexico City and Los Angeles, teach us that, 
for elites and benefited populations within 
a city and its water basins, large-scale 
power generation and trans-basin water 
imports can be desirable means of securing 
availability and access to FEW. However, 
these changes can be highly undesirable 
for people, places, and sectors dealing with 
collateral effects, stresses, and hardships 
created by these actions. Furthermore, 
governmental and private actors can take 
action to build desalinization plants or 
import water from external basins at a high 
energy cost. While these actions appear 
to sustain or enhance the FEW security 
of an urbanizing region over the short 
term, they only displace or postpone the 
effects of FEW resource utilization and 
environmental disruptions and stressors 
in space and time. Over larger spatial 
and temporal scales, the outcomes of 
such actions often create undesirable or 
unintended impacts both to the urban 
system itself and to the places providing its 
FEW resources13.
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Additionally, it is vital to acknowledge 
the importance of subjectivity, values, and 
power dynamics in defining, imagining, 
and creating options to enhance FEW 
security. For example, whereas some urban 
actors might consider nuclear energy to be 
a secure alternative to fossil fuels, others 
consider these poor choices. As a result, 
urban actors often put forward conflicting 
framings and approaches for the same 
FEW security issues. Furthermore, rather 
than resulting from actions derived from 
scientific or expert knowledge, no matter 
how interdisciplinary it is, urban FEW 
security emerges from both dialogue and 
contestation about desirable courses of 
action and their implications. 

Imbalances and mismatches between 
power, jurisdiction, and areas of concern 
create a paradox. In order to create effective 
FEW security policies for cities, cooperation 
between multiple levels of government and 
stakeholders with widely varying interests 
is necessary. Yet cross-scale cooperation is 
often constrained by power imbalances and 
turf protection.

Path-dependency
While a profound shift is needed in our ways 
of understanding and managing urban FEW 
security, the infrastructural and governance 
regimes shaping urban FEW security may 
be dynamically stable, with a high degree of 
path-dependency that makes them difficult 
to change.

Infrastructures are key determinants 
of urban FEW security as they shape 
availability of and access to FEW: they 
convey FEW and the associated wastes; 
they transform water, carbon, and 
nitrogen cycles; and they can mitigate 
or amplify populations’ vulnerability to 
climatic and non-climatic threats. These 
infrastructures, such as coal-fired power 
plants, oil and gas pipelines, roads, electric 
grids, and trans-basin water supply 
systems, tend to be remarkably stable, 
creating path-dependencies. Once adopted, 
technologies and social practices become 
enduring and are difficult and costly 
to change.

For instance, electric vehicles, which 
depend on power generation and electric 
grids, are considered key technologies in 
the move away from fossil-fuel dependence. 
These vehicles are sold with home charging 
stations that allow owners to charge their 
cars at night, when most people are home 
and electricity tariffs are at their lowest. 
However, as a long-term option, this 
social practice locks in a demand for large 
amounts of electricity at night, when solar 
generation is not possible. This increased 
night-time demand, therefore, is likely to 

be met through the growth of large-scale 
energy options, such as fossil fuels or 
nuclear power11.

Path-dependency is a function not only 
of infrastructure cost and lifecycle but is 
also strongly influenced by the way that 
decisions are made. Historically, governance 
decisions to create infrastructures have been 
left to a relatively small set of key players 
that bring their various interests, values, and 
levels of power to the table. For instance, 
the low-density urban form of Los Angeles 
has been largely the result of enthusiastic 
freeway construction programmes of the 
California Division of Highways, and of 
capital investments in water distribution 
systems1. However, the infrastructures 
and path-dependencies resulting from 
these decisions have created a dependence 
on private vehicles, associated with more 
energy use. Thus, these decisions have 
shaped the consequences for a broader 
population to determine who pays, who 
benefits, and whose FEW security is put 
at risk.

The way forward
A nexus approach to interdependencies 
among food, energy, and water security is 
promising in many ways. It calls on us to go 
beyond academic and policy silos and look 
at how our efforts to attain one goal may 
prevent achievement of others. It provides 
a vision within which an interrelated set 
of goals and outcomes can be defined. 
It can help to determine key thresholds, 
below which urban users become FEW-
insecure, or beyond which FEW systems 
are unsustainable.

However, caution is merited regarding 
the operationalization and uptake of urban 
FEW security as an integrated concept. We 
highlight three fundamental challenges 
that need to be considered to effectively 
realize the potentials of a comprehensive 
FEW security perspective. In order to 
circumvent the risk of theoretical and 
practical incompatibility or inconsistency, it 
is fundamental to examine the differences in 
understandings of these issues.

FEW security inevitably involves 
inequalities across scales. To fully engage 
with its multi-scalar nature and avoid 
the seductive but truth-killing lapses 
of academic sanguinity, corporate 
greenwashing, and short-termism in 
decision making, it is crucial that both 
research and practice engage with 
these questions:

• When and where is FEW security being 
examined and pursued?

• What interacting FEW systems are 
being considered?

• By and for whom are these systems 
being secured?

However, understanding alone will not 
get us where we need to go. Of no less 
importance is acknowledgement that 
subjectivity, values, and power dynamics 
are fundamental factors determining the 
framing, contestation, and design of options 
to enhance FEW security.

Nexus thinking calls on us to make 
profound changes in our understanding 
and management of FEW security. It is 
equally important to acknowledge how 
infrastructural and governance decisions to 
invest in a response or to regulate a social 
practice have broad, deep, and lasting 
implications that can determine what people 
and places benefit and who is put at risk.

Issues such as the three addressed in this 
article are so enduring and problematic that, 
if we do not put them front and centre, the 
human and infrastructural investments we 
are now making into FEW security will be 
unlikely to deliver. Without an unflinching 
look at the many disconnects we face when 
trying to fathom such huge interrelated 
systems, at best we will be faced with yet 
another lost opportunity. At worst, we 
will run the risk of perpetuating the very 
dysfunction we are trying to repair. ❐

Patricia Romero-Lankao is at the NCAR 
Research Application Laboratory, Urban Futures, 
3450 Mitchell Lane, Boulder, Colorado 80301, USA. 
Timon McPhearson is at The New School’s Urban 
Ecology Lab, 79 Fifth Avenue, 16th Floor, New York, 
New York 10003, USA. Debra J. Davidson is 
at the Department of Resource Economics and 
Environmental Sociology, 515 General Services 
Building, University of Alberta, Edmonton, 
Alberta T6G 2H1, Canada. 
e-mail: prlankao@ucar.edu

References
1. Hoff, H. Understanding the Nexus. Background Paper for the 

Bonn2011 Conference (Stockholm Energy Institute, 2011).
2. Endo, A. et al. Water 7, 5806–5830 (2015).
3. Bizikova, L., Roy, D., Swanson, D., Venema, H. D. 

& McCandless, M. The Water–Energy–Food Security Nexus: 
Towards A Practical Planning And Decision-support Framework 
For Landscape Investment And Risk Management (International 
Institute for Sustainable Development Winnipeg, 2013).

4. Romero-Lankao, P. & Gnatz, D. M. Curr. Opin. Environ. Sustain. 
21, 45–51 (2016).

5. McPhearson, T. et al. BioScience 66, 198–212 (2016).
6. Global Risks Report 2011 (World Economic Forum, 2011). 
7. Romero-Lankao, P. et al. Earth’s Future 2, 515–532 (2014). 
8. Parshall, L. et al. Energy Policy 38, 4765–4782 (2010).
9. Owen, T. Security Dialogue 35, 373–387 (2004).
10. Adger, W. N. et al. In Climate Change 2014: Impacts, Adaptation, 

and Vulnerability (eds Field, C. B. et al.) Ch. 2, 755–791 (IPCC, 
Cambridge Univ. Press, 2014).

11. Miller, C. A., Iles, A. & Jones, C. F. Sci. Cult. 22, 135–148 (2013).
12. Gibson, C. C., Ostrom, E. & Ahn, T.-K. Ecol. Econ. 

32, 217–239 (2000).
13. Mathevet, R., Thompson, J. D., Folke, C. & Chapin, F. S. 

Ecol. Appl. 26, 5–16 (2016).
14. Wachs, M. Transportation 20, 329–354 (1993).

©
 
2017

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved. ©

 
2017

 
Macmillan

 
Publishers

 
Limited,

 
part

 
of

 
Springer

 
Nature.

 
All

 
rights

 
reserved.

mailto:prlankao@ucar.edu



