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What is the Food-Water-Energy Nexus?

Sir John Beddington’s ‘Perfect Storm’:



Global Energy-Economy-Environment system



Planetary Boundaries

Rockstrom J., et al. 2009. A safe operating space for humanity. Nature, 461(7263), 472–475



Safe and just space for humanity (doughnut economics)

Raworth, Kate. "A safe and just space for humanity: can we live within the doughnut." 

Oxfam Policy and Practice: Climate Change and Resilience 8.1 (2012): 1-26.



The ‘wicked’ problem of environmental governance

- Environmental governance faces a ‘wicked problem’:

“The process of solving the problem is identical with the process of 

understanding its nature”

1. Understanding and solving the problem is in fact the same process, which implies 

that finding a solution is an incremental scientific process

2. There are no ‘true’ or ‘false’ answers to a wicked problem, only outcomes 

subsequently subjectively judged ‘good’ or ‘bad’ by different interested parties

3. No prior experiments are possible, and decision-makers typically have only one 

opportunity for taking action

4. Due to limited scientific knowledge, solutions to wicked problems are not 

exhaustively enumerable, let alone rankable

5. Measures taken change the problem!

6. The choice of explanation determines the nature of the problem’s resolution

Rittel & Weber, Dilemmas in a general theory of planning. Policy sciences, 4(2), 155–169 (1973)
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The Food-Water-Energy Nexus in Brazil

Nexus drivers are both domestic and international:

▪ International trade transfers problems across borders

▪ The planet is a global common

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



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

IOP PUBLISHING ENVIRONMENTAL RESEARCH LETTERS

Environ. Res. Lett. 6 (2011) 024010 (7pp) doi:10.1088/1748-9326/6/2/024010
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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



Current knowledge on emissions and climate change

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



Future climate change in Brazil

Source: KNMI Climate explorer, CMIP5 climate data (IPCC Data)



Future climate change in Brazil

Source: KNMI Climate explorer, CMIP5 climate data (IPCC 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



Energy-Water-Food nexus in Brazil: 4 primary issues

1. Water-Energy: The Hydro crisis

 System hydro-dominated, climate change, 

 Water scarcity related to deforestation.

2. Energy-Food: Biofuels policy and competition with food

 International demand  biofuels replacing food production, 

 Promotes indirect land-use change

3. Food-Water: Climate change, water scarcity and agriculture

 North-East suffers desertification, South becomes flooded. 

 Agriculture displaced, total production reduced

4. Energy-Water-Food: Indirect land-use change and deforestation

 International demand for soybeans/maize for animal feed and biofuels feedstocks

 Indirect land-use change  Amazon/Cerrado deforestation



1- Water-Energy: The Hydro crisis

Escobar H., ‘Drought triggers alarms in Brazil’s biggest metropolis’ SCIENCE VOL 347 ISSUE 

6224

Hydrological levels become 

unreliable with climate change 



1- Water-Energy: The Hydro crisis

Zemp et al. (2017) NATURE COMMUNICATIONS DOI: 10.1038/ncomms14681

Deforestation disturbs the climate 

all over Brazil, and changes 

rainfall patterns



2- Energy-Food: Biofuels and competition with food

Data: IEA World Energy Balances 2017
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2- Energy-Food: Biofuels and competition with food

Data: IEA World Energy Balances 2016

Ethanol production Biodiesel production

Brazil is second biofuel producer in the World (after USA)



2- Energy-Food: Biofuels and competition with food

Miller S., Environ. Sci. Technol. 44 (2010) 3932–3939

Lossau et al. Biomass and Bioenergy 81 (2015) 452e461

 85.6 Mha excluding cropland and pastures 

 41.8 Mha safeguarding protected areas

 37.8 Mha excluding the Amazon biome. 

 20.2 Mha/EJ (soybeans) 

 2.3 Mha/EJ (sugarcane) 

The range of possible production:

 <37 EJ using 86 Mha for sugarcane, 

when not protecting biodiversity 

 <2 EJ using 37 Mha for soybeans,

when protecting biodiversity

Can global demand strain Brazilian land resources?



3- Food-Water: Climate change, water scarcity and 

agriculture

Data: LPJml land surface simulation model (Potsdam Institute for Climate Impacts Research 2017)
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4- Energy-Water-Food: Indirect land-use change and 

deforestation

Data: FAO Stat 2016



Data: FAO Stat 2016

Soybean exports from Brazil by destination

4- Energy-Water-Food: Indirect land-use change and 

deforestation



Data: FAO Stat 2016

Soybean balance tables for Brazil and China

4- Energy-Water-Food: Indirect land-use change and 

deforestation



Data: FAO Stat 2016

Beef PoultryPork

The global meat industry is changing globally, rising fast in emerging economies

4- Energy-Water-Food: Indirect land-use change and 

deforestation

Soybeans and maize from Brazil feeds animals Worldwide



4- Complex issue: indirect land-use change

- Demand for meat (e.g. pork) increases in China with increasing income

- Soy is used as animal feed

- Brazil produces and exports soy

- Soy displaces cattle farming

- Cattle farmers deforest the Amazon and the Cerrado

- Deforestation intensifies climate change and water scarcity

Brazil

Soy exports

displaces cattle

Deforestation

for cattle grazing

China

Increasing

meat demand

 

Amazon, Cerrado



4- Complex issue: indirect land-use change

- Europe adopts biofuel mandate as part of energy and climate policy

- Demand for ethanol and biodiesel

- Brazilian sugar cane production increases and expands

- Displaces cattle (or other) farming

- Cattle farmers deforest the Amazon and the Cerrado

- Deforestation intensifies climate change and water scarcity

Brazil

Sugar cane 

crops

Deforestation



Europe

Biofuels mandate

climate policy



4- Complex issue: indirect land-use change

Arima et al. Environ. Res. Lett. 6 (2011) 024010

Statistical evidence: Soybeans buy out pastures, cattle farmers move into the forest



4- Complex issue: indirect land-use change

- Deforestation has slowed down since 2012

- Law enforcement and policies praised: Forest Code and monitoring

- Govt congratulate themselves that the deforestation problem is over

- Soybean demand from China slowdown

- Environmental regulation loosened again

- Prediction: deforestation slowdown could be driven by fluctuations in trade rather 
than the Forest Code, the Soy Moratorium and enforcement.

- A real test of the theory and the measures taken:

- Trump’s trade war with China

- China importing more soybeans and meat from Brazil instead of the USA

- Surge in demand could lead to new phase of deforestation

- Data also shows a surge in Brazilian Amazon deforestation between February and 
April of 2018, compared to 2017

- Verify prediction?

https://news.mongabay.com/2018/06/us-china-trade-war-could-boost-brazil-soy-export-

amazon-deforestation/



Quantitative analysis: what can be done?

- Simulating the effectiveness of FWE Nexus policies

- Depends on data and how well we understand this complex system

- What are the impact of policies across sectors? 

- What is the impact of integrating Nexus policies?

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

- Map out the complex layered regulatory system

- Are there lessons we can learn from quantitative scenario analysis?

- Aim to develop a science-policy dialogue

- An iterative dialogue may enable to narrow down attractive policy options

- Science helps support the credibility of policy options



Our Integrated economy-environment model
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Our integrated Science-Policy BRIDGE
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Designing policies for the Food-Water-Energy Nexus

1. Seeing the bigger picture

 Avoiding thinking by sectors (or ministries)

 Place Brazil in its international context!

 Place Brazil in its local context!

2. Bridging science and policy

 Build a dialogue between science and society

 Engagement can lead to consensus

 Science helps narrow down choices and uncertainties to reach objectives

3. Participatory process for designing scientifically robust policy

for sustainability and resilience

 Understand and participate in the policy cycle

 Narrow down best-practice in policy-making

4. Supporting the diffusion of innovations and knowledge transfer 

 Bridging the gap between science, innovation and marketable solutions

 Linking forces between Brazil and UK technology innovation



Funders UK-Brazil collaboration

- UK-Brazil science cooperation scheme

- Creating large UK-Brazil network of science and practice

- Complementary strengths and collaborative power

- Exchanging knowledge, technology and knowhow


