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What is the Food-Water-Energy Nexus?

Sir John Beddington’s ‘Perfect Storm’:



Global Energy-Economy-Environment system



Brazil IS the Food-Water-Energy Nexus

Nexus drivers are both domestic and international:

 International trade transfers problems across borders

 The planet is a global common
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Brazil is representative of the World’s Nexus

 Brazil will show first symptoms of global Nexus disturbance

 Huge governance and stewardship challenges to address

Mercure, Guerra, Salas, Faraco, Pollitt, Edwards & Vinuales, BRIDGE proposal, 2015



Current knowledge on emissions and climate change

Source: IPCC AR5, “Summary for Policymakers”, 2014.



Possible future climate anomalies in Brazil

Source: CMIP5 climate data



Agriculture and food in the Brazilian economy

Source: Eurostat, OECD, national statistics, Asian Development Bank, UN prodcom

Shares of national export for agriculture and food

Agriculture-food exports for Brazil Agriculture-food employment for Brazil



Example: Brazil’s food commodity production

Data: FAO Stat 2016



Example International trade of Brazilian soybeans

Data: FAO Stat 2016



Food and energy prices: global food security

Source: IPCC 2014 WGII

Global Food prices historically



Complex interactions in human-environment systems

Brazil'FWE'
Nexus'

G
lo
b
al
'E
n
vi
ro
n
m
e
n
ta
l'

'C
h
an
ge
'

G
lo
b
al
'E
co
n
o
m
ic
'

C
h
an
ge
'

Policy'for'Resilience'

Pilot'Ac@on'Project'

D
e
ve
lo
p
m
en

t'
Fo
o
d
'd
e
m
an
d
'

C
o
m
m
o
d
it
y'
'

Tr
ad
e'

W
at
e
r'

Sc
ar
ci
ty
'

D
e
fo
re
st
a@

o
n
'

'L
an
d
'P
ro
d
u
c@
vi
ty
''

The Energy-Water-Food Nexus in Brazil is truly a complex nexus:

IOP PUBLISHING ENVIRONMENTAL RESEARCH LETTERS
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Abstract

Expansion of global demand for soy products and biofuel poses threats to food security and the

environment. One environmental impact that has raised serious concerns is loss of Amazonian

forest through indirect land use change (ILUC), whereby mechanized agriculture encroaches on

existing pastures, displacing them to the frontier. This phenomenon has been hypothesized by

many researchers and projected on the basis of simulation for the Amazonian forests of Brazil.

It has not yet been measured statistically, owing to conceptual difficulties in linking distal land

cover drivers to the point of impact. The present article overcomes this impasse with a spatial

regression model capable of linking the expansion of mechanized agriculture in settled

agricultural areas to pasture conversions on distant, forest frontiers. In an application for a

recent period (2003–2008), the model demonstrates that ILUC is significant and of considerable

magnitude. Specifically, a 10% reduction of soy in old pasture areas would have decreased

deforestation by as much as 40% in heavily forested counties of the Brazilian Amazon.

Evidently, the voluntary moratorium on primary forest conversions by Brazilian soy farmers has

failed to stop the deforestation effects of expanding soy production. Thus, environmental policy

in Brazil must pay attention to ILUC, which can complicate efforts to achieve its REDD targets.

Keywords: soy, cattle, deforestation, Amazonia, biofuel

1. Introduction

Brazil’s commitment in 2008 to reduce deforestation in the

interest of the UN’s Reducing Emissions from Deforestation

and Forest Degradation (REDD) program has raised hopes for

a new era of sustainable relations between coupled natural

and human systems in Amazonia (Nepstad et al 2009).

Nevertheless, deforestation continues here, with the expansion

of pastures for cattle ranching accounting for the lion’s share

of forest loss (Naylor et al 2005, Margulis 2004, Walker

et al 2009a). Recently, some have called attention to the

4 Author to whom any correspondence should be addressed.

impacts of soy production, and direct encroachments of soy

fields into the Amazonian forest have been observed (Brown

et al 2005, Morton et al 2006, Hecht and Mann 2008, Walker

et al 2009b). The present research letter considers the threat

posed by soy, and mechanized agriculture more generally,

which arises by virtue of indirect land use change, or ILUC.

ILUC takes place when agricultural activities displaced from

one region are reconstituted in another one (Searchinger et al

2008, Lapola et al 2010). In such a situation, deforestation

at particular locations occurs partly due to events far away,

a circumstance that complicates measurement. This letter

uses spatial regression modeling to provide the first statistical

1748-9326/11/024010+07$33.00 © 2011 IOP Publishing Ltd Printed in the UK1



Examples of questions we want to ask

- Can we model the effectiveness of FWE Nexus policies?

- How well do we understand the complex system?

- What are the impact of policies across sectors? (e.g. biofuels vs water)

- Do policies and sectors interact with each other? (e.g. biofuels/water policies)

- Can we identify robust, feasible policies for nexus resilience?

- The policy, legal and political system is complex, can we address it?

- Are there lessons we can learn from political science?

- Can we help support knowledge creation and nexus innovation?

- Can we create successful demonstration projects for existing technology?

- Can we support the technology innovation system through cross-institutional 

networks

- Does awareness raising help support effective policy-making?



The BRIDGE science approach: our flagship paper



The BRIDGE science approach

3 knowledge pillars of variations, uncertainty, diversity:

1. Behavioural & contextual diversity and complex dynamics

E.g. Agents in the Nexus have different behaviour and motivations

2. Analysis uncertainty and complexity

E.g. Models give path-dependent outcomes and projection uncertainty

3. High dimensionality of objectives

E.g. Sustainable development indicators, scenario assessment

Mercure, Pollitt, Vinuales, Bassi & Edwards, Global Env. Change 2016



High dimensionality of objectives

Rockström et al, Nature (2009), Steffen et al (2015)

Kate Raworth , OXFAM Discussion Paper, 2012



A new IAM: complexity meeting behavioural sciences
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A new IAM: complexity meeting behavioural sciences
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A science-policy BRIDGE
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Mercure, Pollitt, Vinuales, Bassi & Edwards, Global Env. Change 2016



WEF Nexus: a new paradigm of research

For more information, visit us at

http://www.ceenrg.landecon.cam.ac.uk

C-EENRG, Dept. Land Economy, Cambridge

http://www.ceenrg.landecon.cam.ac.uk

