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An overview of some literature
The 39 papers and reports reflect my perspective on the literature around the purpose of the workshop
to understand and consider choices and trade-offs with respect to the strongly interlinked management
of Water, Food and Energy. There is a large literature and these are but a few papers which I hope can
seed our thinking and help us progress to outcomes for the time together.

Food, water, land and ecosystem links and tensions appears well developed in literature
In my opinion the recent literature is well developed around food systems; their sustainability and the
need for very large increases in food production over the next 30 years to sustain population growth
and diet change; to reduce waste; and fundamentally, to reduce the number of people experiencing
hunger under all its definitions. This is reflected in the number of articles I have reviewed and
documented. It may just reflect my bias as an agricultural scientist. In the literature, from item 14
onwards, it is clear that the links between food, water, land and ecosystems are very strong and
generally well understood. Thus the trade-offs and choices are clearly apparent.
These papers approach the issues from a range of points of view, but in all, it is clear that a global
food revolution based around a new paradigm for agricultural development is urgently required.
Without it, attaining the twin objectives of feeding humanity and living within boundaries which
define the safe operating space for humanity with respect to the planet’s biophysical processes, is
questionable.
Over the last two decades evidence consistently indicates that we must now shift from our current
paradigm of productivity enhancement while reducing environmental impacts, to a paradigm where
ecological sustainability constitutes the entry point for all agricultural development. In this new
paradigm, sustainable governance and management of ecosystems, natural resources and earth system
processes at large, provide the basis for practical solutions towards an intensification of agriculture to
deliver the huge increase in food production required by a global population of nine billion. This
paradigm of sustainable intensification of agriculture appears to be a defendable pathway. It does,
however, require enormous changes and will perhaps take forms depending on the ideological
backgrounds that shape our respective narratives. In general, it aims at repositioning world agriculture
from its current role as the world’s single largest driver of global environmental change, to becoming
a critical part of a world transition to a safe operating space on Earth.
There are important areas of debate with respect to food security and how to define it in ways that
help us mark progress. There are divergent views on the rate of crop yield increase and the gap in crop
production required to meet the projected demand in 2050. However, the papers in this section appear
to agree that current rates of crop yield increase sit below those required to meet projected demand of
approximately 60% increase on 2010 rates of increase. The 20 years from mid-sixties saw yield
increase by 60% and when adjusted for this period, projection of current rates of increase fall behind
what is required.

Understanding the energy–water nexus appears well described
The first 12 papers show that understanding of the strong links between water and energy is well
developed conceptually. There are significant reports and papers along with an emerging number of
case studies which show increasing capacity of understanding these linkages. The exception perhaps
relates to the increasing importance of renewable energy sources, particularly thermal solar. The
projected increase in renewable energy is of a significant order over increasingly large parts of
Europe, Asia and Australia. There is little also on the links between unconventional gas exploration
and development and water resources, particularly groundwater and the management of produced
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water from coal seam and shale gas. Both interact with land, and especially in Australia, where often
coal measures underlie scarce rich agricultural land.
While the understanding of linkages is gaining strength and maturity, my impression is that we are a
long way from being able to frame solutions in terms of technology, policy development and
institutional arrangements that foster integration of implementation and regulation. Both public and
private investments face similar fracturing of management and governance across the water and
energy nexus.

The energy–food nexus appears underdone yet could be the Achilles heel of food
security
Literature that gave detailed analysis of the food–energy links was weak. The report which I provide
shows how important it is to the lifting of food production, particularly in developing nations. Most
important from early literature1 is the embedded energy in most fertilisers, but especially nitrogen,
potassium and phosphates. The interaction between the use of agricultural land for biofuels is well
covered in the literature but little is written on the tension between unconventional gas extraction,
water for food production, and land for food rather than gas. It is a significant issue for shale gas in
the United States of America (USA) and coal seam gas in Australia2 and over time presumably
elsewhere as unconventional gas is more fully utilised. The implications of gas utilisation and climatechange mitigation policy are unresolved and not well articulated in the literature I have been able to
uncover.

The workshop challenge
The challenge to understand at least conceptually all linkages between food, water and energy is
clearly difficult but there is a maturing literature which provides, what I think, is a firm basis for our
discussion. However, to examine these linkages without reference or connection to climate-change
mitigation and adaptions would be a serious shortcoming. Further, it is necessary to move beyond
conceptual understanding of these linkages to conceiving governance, policy, actions and
implementation strategies to manage them so that our economies and societies work within the safe
operating space of the life-support systems for our planet. This is by far the greatest challenge this
workshop faces. I hope the following literature provides us with a safe starting place.

1

Günther, Folke (2000) Making western agriculture more sustainable. FEASTA Review 1, pp. 1-21.
http://www.feasta.org/documents/feastareview/guenther.pdf
2

Williams, J., Stubbs, T. & Milligan, A. (2012) An analysis of coal seam gas production and natural resource management in
Australia. A report prepared for the Australian Council of Environmental Deans and Directors (ACEDD) by John Williams
Scientific Services Pty Ltd, Canberra, Australia.
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Section A: Water, Food and Energy
1. Water, food, and energy security: scrambling for resources or solutions?
Perrone, Debra & Hornberger, George M. (2014) ‘Water, food, and energy security:
scrambling for resources or solutions?’ WIREs Water 2014, vol. 1, pp. 49–68.
http://onlinelibrary.wiley.com/doi/10.1002/wat2.1004/pdf
This is one of many recent papers which clearly states the problems we face with food production
under population increase, natural resource and energy constraints, within the spectre of climate
change and the huge challenge this is to manage without further damage to the ecosystems of the
planet. Anthropogenic-induced climate changes and population growth projected by 2050, combined
with global economic growth driven by emerging markets, suggest that greater stress will be placed
on water, food, and energy resources in the future.
The paper provides simple diagrams that show the nexus issues clearly with food, water, energy and
climate change but is often mute on the impacts on the biodiversity that maintains ecosystem function.
It shows that these resources are interdependent and are linked in a complex global network of trade.
As pressures on the three resources grow, three-way interactions arise so that a solution to address
scarcity in one cannot be achieved without impact on the others. Characterising the network anatomy
that links the resources in three-way interactions is helpful when setting goals to meet resource
security.
The authors argue that water plays a central role in shaping interactions and that the main scarcity
issues occur with trade-offs; between thermoelectric power generation and agriculture; between
hydroelectric power generation and agriculture; and between biofuel production and food production.
The related emerging issues of agricultural production competing with land and water for
unconventional gas production is not examined. However, the three case studies are valuable and their
Figure 5 illustrating trade-off frontiers between hydropower and irrigation is a very useful general
concept.

Their analysis indicate that finding solutions to our local to global water, food, and energy security
problems will require significant action, either through institutional and behavioural paths or
scientific/technological and infrastructural paths. They state that it’s overly simplistic to think that
scientific/technological and non-technological solutions for water, food, and energy security can be
pursued independently. For example, it is essentially certain that the amount of food produced in the
world will have to increase substantially to meet the needs of the global population in 2050. The trick
is to increase accessibility and increase the amount produced while decreasing the energy
4
Some Background Resources for Water, Food and Energy: Understanding and Managing Risks and Trade-Offs

consumption and impact on the environment and on water resources in particular; that is, a mixture of
technological and non-technological water–food–energy interrelated approaches will be needed.

2. Thirsty Energy: The Global Challenges in Energy and Water Nexus
Rodriguez, D.J., Delgado, A., De Laquil, P. & Sohns, A. (2013) Thirsty Energy. World
Bank Water Papers are published by the Water Unit, Transport, Water and ICT
Department, Sustainable Development Vice Presidency. http://wwwwds.worldbank.org/external/default/WDSContentServer/WDSP/IB/2013/06/27/0003330
37_20130627121240/Rendered/PDF/789230WP0Box377361B00PUBLIC0.pdf
This is an important, foundational resource providing a very simple yet accurate analysis of the
interface between energy delivery and the demand for water resources. It contains some very clear
graphics and valuable global information and statistics. As almost all energy generation processes
require significant amounts of water, and water requires energy for treatment and transport, these two
resources are inextricably linked. This relationship is the energy–water nexus.

The strength of the
relationship between
energy generation with
current technologies and
water consumption is
well illustrated for the
USA in 2005, before the
rapid expansion of gas
fired power generation.
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Further, over 1.3 billion people worldwide still lack access to electricity; most of them reside in subSaharan Africa and East-Asia. About 2.8 billion people live in areas of high water stress and 1.2
billion live in areas of physical scarcity. It is estimated that by 2030, nearly half of the world’s
population will be living in areas of high water stress affecting energy and food security. According to
recent estimates from the World Energy Council, while emerging economies like China, India, and
Brazil will double their energy consumption in the next 40 years—Africa’s, Latin America’s and
Asia’s electricity generation will increase by factors of seven, five and three respectively by 2050. In
Latin America alone their five-fold increase in electricity production will triple the amount of water
needed. The bottom line is that globally this increased demand for energy will put additional pressure
on already constrained water resources.
Mitigating the challenges presented by the nexus will be made more difficult by increasing climate
variability and related extreme weather, anticipated with climate change, which are already causing
major floods and droughts and putting populations, livelihoods, and assets in danger. To address these
challenges, the World Bank has launched a new global initiative entitled ‘Quantifying the Trade-offs
of the Water and Energy Nexus’ that is a joint effort of the energy and the water groups.
Some ways forward identified in this report are:


Integrated energy–water modelling allows resource planners to consider whether water supply
today and in the future will be sufficient to meet the cooling requirements of different power
plants. However, integrated energy–water planning and water allocation must have a solid basis
for identifying current and future levels of water availability. Improved modelling will ensure
that power plants are more strategically located and that they implement technologies that
increase energy efficiency.



Comprehensive approaches which consider the diverse set of factors that influence energy and
water demand, and incorporate those issues into solutions, will provide a robust management
framework for the energy–water nexus. Sustainable solutions require that issues not be addressed
in isolation but through a systems approach of integrated solutions.



Integrated planning will require regulatory and political reform.



It is critically important to involve the public affected by the development and maintenance of a
project. The energy–water nexus will be addressed more effectively through enhanced
stakeholder collaboration.

The report does not give adequate attention to the scenario of increased use of renewable energy for
electricity generation.

3. Managing Water under Uncertainty and Risk
World Water Assessment Programme (WWAP) (2012) The United Nations World Water
Development Report 4: Managing Water under Uncertainty and Risk. Paris, UNESCO.
http://www.unesco.org/new/en/natural-sciences/environment/water/wwap/wwdr/wwdr42012/
This is a primary comprehensive information resource on water and the links to all sectors of society.
The 14 chapters consider water and interactions across all of society and the environment in which
society is cast.
Food and agriculture are the largest water demands. Energy is often large but not well documented
and rarely reported. Industrial use is significant as is use for human settlement. Water that drives
ecosystems, their health, and thus the quality of the ecosystem assets and services they provide, is
increasingly important and better understood and valued.
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The chapters are as follows:
Chapter 1. Recognizing the centrality of water and its global dimensions
Chapter 2. Water demand: What drives consumption?
Chapter 3. The water resource: Variability, vulnerability and uncertainty
Chapter 4. Beyond demand: Water’s social and environmental benefits
Chapter 5. Water management, institutions and capacity development
Chapter 6. From raw data to informed decisions
Chapter 7. Regional challenges, global impacts
There is valuable detail here.
Chapter 8. Working under uncertainty and managing risk
Chapter 9. Understanding uncertainty and risks.
This chapter contains some valuable insights associated with key drivers. Projected pressures on water
resources lie outside the control of water managers. These can significantly affect the balance between
water demand and supply sometimes in uncertain ways—and thus create new risks for water
managers and users. Such increasing uncertainties and risks necessitate a different approach to water
management strategies. Drivers that directly impinge upon water stress and sustainability are the
ecosystem, agriculture, infrastructure, technology and demographics. The ultimate drivers are
governance, politics, ethics and society (values and equity), and climate change. These exert their
effect mostly through their impacts upon the proximate drivers.
Chapter 10. Unvalued water leads to an uncertain future.
Policies with profound effects on water are made by agents—politicians and officials in planning,
economic, finance and water-using departments—that are heavily influenced by national economic
and financial considerations.
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Chapter 11. Transforming water management institutions to deal with change
Chapter 12. Investment and financing in water for a more sustainable future
Chapter 13. Responses to risk and uncertainty from a water management perspective
Chapter 14. Responses to risks and uncertainties from out of the water box
These chapters provide a huge amount of information, insights and valuable background.

4. Challenges at Energy–Water–Carbon Intersections
PMSEIC (2010) Challenges at Energy–Water–Carbon Intersections. Prime Minister’s
Science, Engineering and Innovation Council, Canberra, Australia.
http://www.chiefscientist.gov.au/wpcontent/uploads/FINAL_EnergyWaterCarbon_for_WEB.pdf
This report analyses the implications of energy–water–carbon intersections for Australia. It is a farsighted report to the Australian Government perhaps before its time and appears to have fallen on deaf
ears. Nevertheless, it is a very comprehensive, insightful, progressive report which sets down the
issues very clearly and suggests five ways forward. It may be a useful framework at the workshop.
Energy, water and carbon form the cradle of life itself, and sustain us at every level from the cells of
our bodies to ecosystems and economies.

Together, energy, water and carbon provide the foundation for the evolutionary emergence of new
forms from old ones; not only in living organisms but also in human societies and cultures. The focus
is upon the intersections between energy for human use, water for human use, and carbon as a
contributor to human-induced climate change through emissions of CO2 and other GHGs. Energy–
water–carbon intersections encompass all the exchanges of energy, water and carbon between societal
sectors and natural environments. These exchanges connect stationary energy systems, water systems,
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land systems and food production, transport systems, built environments, industrial systems, and the
ecosystems upon which all these aspects of the human enterprise are based.
A key characteristic of such a future is resilience. This embodies three attributes:


The ability to recover: building resilience requires a focus on the retention of diversity and
redundancy, as opposed to the maximisation of short-term efficiency.



The ability to adapt to change by learning: this means that failures in resilient systems are
essential: they need to occur safely, early and often.



The ability to transform: a resilient system can transform and reconfigure itself. This may mean
the adoption of new ways of thinking and doing, rather than being constrained by technological
or philosophical inertia.

At energy–water–carbon intersections, resilience takes advantage of potential synergies and addresses
tensions. Resilient pathways will simultaneously reduce GHG emissions, lower overall water demand,
maintain overall environmental quality and allow living standards to continue to improve. In contrast,
pathways that are inconsistent with resilience have the potential to satisfy only some of these essential
goals, while worsening the outcome for others. Such pathways may lead to undesirable states from
which recovery is difficult.
Australia, as with many nations, faces major challenges at energy–water–carbon intersections to
mitigate climate change while continuing to supply energy and to cope with limited water availability
whilst maintaining an increasing population. These challenges will demand transformational
responses and the need for an integrative perspective and the concept of system resilience. The report
proposes the following ways forward:


Consistent principles for the use of finite resources. These principles will ensure that markets
transmit full, linked, long-term costs to society; accounting is comprehensive and consistent with
natural constraints and processes; and markets work together with non-market strategies,
including implementation of robust governance arrangements, promotion of behavioural change
and effective regulation of use.



Smart networks for energy and water systems. The design, testing and assessment of smart
networks for electricity, gas and water, through a research and implementation program leading
to commercial demonstration; and the application of smart network technology to improve
distribution efficiency and water productivity in irrigation.



Resilient landscapes, cities and towns. ‘National Resilient Landscapes Initiative’, to support the
evolution of land systems as resilient producers, water catchments, carbon storages, ecosystems
and societies. The development of a ‘National Resilient Cities and Towns Initiative’, to foster
resilient, low-emission energy systems, water systems and built environments by focusing jointly
on technological developments in supply and on adaptation in demand as Australia’s urban
populations grow.



Enhanced knowledge and learning system. Development of integrative perspectives across the
Australian knowledge system, by establishing a core research effort in integrative systems
analysis, to understand and map the connections between energy, water, carbon, climate,
agriculture, ecosystems, the economy and society; including incentives for integrative analysis in
existing academic, government and sectoral innovation investment structures; and enhancing
support for stable, ongoing delivery of essential information.
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5.

Water security: the water–food–energy–climate nexus: the World Economic Forum
water initiative
Waughray, Dominic (editor) (2011) Water security: the water–food–energy–climate
nexus: the World Economic Forum water initiative. Island Press, 248p.
http://search.proquest.com.virtual.anu.edu.au/docview/899226886
This report reflecting three years of discussion among World Economic Forum constituents on the
global issue of freshwater management and security sets out the tensions and strong interactions. The
introductory comments by leaders of the forum were encouraging for instance, Margaret CatleyCarlson, Chair of the World Economic Forum Global Agenda Council on Water Security wrote:
In 1911, John Muir observed how, ‘When we try to pick out anything by itself in nature, we find it hitched to
everything else in the Universe.’ A century later, a gathering of the World Economic Forum discovered the
same phenomenon. Four hundred top decision makers listed the myriad looming threats to global stability,
including famine, terrorism, inequality, disease, poverty, and climate change. Yet when we tried to address
each diverse force, we found them all attached to one universal security risk: fresh water.

Despite its relative brevity, the book is successful in disentangling the complex web of interactions
that characterises the water–food–energy–climate nexus. The first chapters highlight water’s
indispensable and irreplaceable role in key sectors of the world economy, from agriculture and energy
to trade and finance. Unfortunately suggestions for collective policy action are few although the last
chapters offer tentative, market-based solutions and blueprints for partnership initiatives to improve
freshwater management by 2030.
The brief, factual examination of the socioeconomic implications of current water usage trends in
many sectors of the world economy is nicely complemented by commentaries from academic experts,
business leaders, and public officials. Overall the book adopts an instrumental and anthropocentric
approach to water as an essential commodity for economic growth; and the ecological issues of river,
estuary and ocean health, which acknowledged, receive a light treatment and avoids the ecological
dimension of the debate.
The treatment of renewable energy is shallow and gives focus to hydropower alone. The analysis has
coal remaining the dominant energy source and accepting a CO2 concentration exceeding 1000ppm in
2050. Nevertheless, the report sets down clearly the nature of the tension and challenges. Global
population growth to eight billion in the next 20 years; economic growth of 6% in emerging
economies and 2.7% in high income economies; rapid urbanisation; increased food demand and diet
shift to more resource intensive foods such as meat; energy demand to rise by 40% by 2030; irrigation
water extraction to exceed 4500 billion m3 by 2030 and perhaps a 40% shortfall between demand and
available freshwater. It shows that pressure on water resources as the world economy grows will
intensify. These issues will be highly linked and thus must be addressed in tandem. Cross-border trade
and investment can help in theory but is problematic in practice. However, without effective policy
frameworks, the scramble for resources may drive a retreat from globalisation. The report concludes
that a bold shift is required to transform crisis into opportunity.
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6.

Food, water, and energy security in South Asia: A nexus perspective from the
Hindu Kush Himalayan region
Rasul, Golam (2014) ‘Food, water, and energy security in South Asia: A nexus
perspective from the Hindu Kush Himalayan region’. Environmental Science and Policy,
vol. 39, pp. 35–48.
This is an excellent case study for an important part of our world where the food–water–energy nexus
will prove so important. South Asia is characterised with limited land resources, inadequate energy
supply, and growing water stress—consequently it faces the challenge of providing enough water and
energy to grow enough food for the burgeoning population. Using secondary data from diverse
sources, this paper provides a useful concept diagram below and clearly explores in some detail the
food, water, and energy nexus from a regional dimension, emphasising the role of Hindu Kush
Himalayan (HKH) ecosystem services in sustaining food, water, and energy security downstream.
The analysis, which has an effective use and
integration of ecosystem service principles,
reveals that the issues and challenges in the
food, water, and energy sectors are interwoven
in many complex ways and cannot be managed
effectively without cross-sectoral integration.
The most distinctive feature of the nexus in
South Asia is the high degree of dependency of
downstream communities on upstream
ecosystem services for dry-season water for
irrigation and hydropower, drinking water, and
soil fertility and nutrients. This finding suggests
that along with cross-sectoral integration to
improve the resource-use efficiency and
productivity of the three sectors, regional
integration between upstream and downstream
areas is critical in food, water, and energy
security.
Within the nexus approach in South Asia, equal attention should be paid to management of HKH
ecosystems—especially the watersheds, catchments, and headwaters of river systems—and to tapping
the potential of collaborative gains in water. Hydropo Modern agriculture needs modern energy—the
two are closely linked. For many developing countries, agriculture is the dominant sector in
developing the economy. Increasing productivity and the modernisation of agricultural production
systems are the primary drivers of global poverty reduction and energy plays a key role in achieving
this. Energy input to modern and sustainable agricultural production and processing systems is a key
factor in moving beyond subsistence farming towards food security, added value in rural areas and
expansion into new agricultural markets.
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7. Policy and institutional dimensions of the water–energy nexus
Scott, C.A., Pierce, S.A., Pasqualetti, M.J., Jones, A.L., Montz, B.E. & Hoover, J.H.
(2011) ‘Policy and institutional dimensions of the water–energy nexus’. Energy Policy,
vol. 39, pp. 6622–6630.
Energy and water are interlinked. The development, use, and waste generated by demand for both
resources drive global change. Managing them in tandem offers potential for global-change adaptation
but presents institutional challenges. This paper advances understanding of the water–energy nexus by
demonstrating how these resources are coupled at multiple scales and by uncovering institutional
opportunities and impediments to joint decision making. Three water–energy nexus cases in the
United States are examined:


water and energy development in the water-scarce Southwest



conflicts between coal development, environmental quality, and social impacts in the East



tensions between environmental quality and economic development of shale natural gas in the
Northeast and Central US.

These cases are related to eastern, central, and western regional stakeholder priorities collected in a
national effort to assess energy–water scenarios. We find that localised challenges are diminished
when considered from broader perspectives, while regionally important challenges are not prioritised
locally. The authors show in these case studies that water needs to be managed differently across
scales. The transportability of electricity, and to some extent raw coal and gas, makes energy more
suitable than water to regionalised global-change adaptation, because many of the impacts to water
availability and quality remain localised. As repeated many times in the literature, the authors
highlight institutional silos in which most governments operate and thus the need for greatly improved
coordination and integration of policy between water and energy.

8.

The Energy–Water Nexus: Managing the Links between Energy and Water for a
Sustainable Future
Hussey, K. & Pittock, J. (2012) ‘The Energy–Water Nexus: Managing the Links
between Energy and Water for a Sustainable Future’. Ecology and Society, vol. 17 (1):
31. http://dx.doi.org/10.5751/ES-04641-170131
Water and energy are each recognised as indispensable inputs to modern economies. And, in recent
years, driven by the three imperatives of security of supply, sustainability, and economic efficiency,
the energy and water sectors have undergone rapid reform. However, it is when water and energy rely
on each other that the most complex challenges are posed for policy-makers. Despite the links and the
urgency in both sectors for security of supply, in existing policy frameworks, energy and water
policies are developed largely in isolation from one another—a degree of policy fragmentation that is
seeing erroneous developments in both sectors. Examples of the trade-offs between energy and water
security include: the proliferation of desalination plants and inter-basin transfers to deal with water
scarcity; extensive groundwater pumping for water supplies; first generation biofuels; the proliferation
of hydropower plants; decentralised water supply solutions such as rainwater tanks; and even some
forms of modern irrigation techniques.
Drawing on case studies from Australia, Europe, and the United States, this Special Issue attempts to
develop a comprehensive understanding of the links between energy and water, to identify where
better-integrated policy and management strategies and solutions are needed or available, and to
understand where barriers exist to achieve that integration. In this paper we draw out some of the
themes emerging from the Special Issue, and, particularly, where insights might be valuable for
policy-makers, practitioners, and scientists across the many relevant domains.
12
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Like all cross-sectoral issues, at the heart of the problem is a lack of policy integration: the energy
sector, the water sector, and—more recently—the climate sector, are highly developed within
themselves, but only limited effort is made to account for, and manage, the links between them.
Ultimately, policy-makers need to be able to answer a number of key questions:


What are the impacts of water policies and regulations on energy supplies and demands?



What are the impacts of energy policies and regulations on water demands and availability?



How do policies aimed at climate mitigation and adaptation affect policies developed in the
energy and water sectors, and, specifically, the energy–water nexus?



What kind of regulatory framework is necessary and feasible to minimise the negative trade-offs
and maximise synergies in the energy–water nexus, in both public sector planning and private
enterprise?

Within the existing regulatory framework, and at a very fundamental level, the private sector, in turn,
needs to be able to answer the following questions:


What are the energy and water footprints in our process and production techniques?



How can we reduce our energy and water footprints?



What are the likely impacts of new regulations, standards, and incentives related to the energy–
water nexus on our production processes, and how can we best plan for them?



What role can our company play in the development of new policies and frameworks aimed at
minimising the energy–water footprint?

9. Tipping Toward Sustainability: Emerging Pathways of Transformation
Westley, F., Olsson, P., Folke, C., Homer-Dixon, T., Vredenburg, H., Loorbach, D.,
Thompson, J., Nilsson, M., Lambin, E., Sendzimir, J., Banerjee, B., Galaz, V. & van der
Leeuw, S. (2014) ‘Tipping Toward Sustainability: Emerging Pathways of
Transformation’. AMBIO (2011), vol. 40, pp. 762–780.
Innovation is a double-edged sword. Much of the economic and population growth that has
compromised ecosystem services has been driven by technological innovation. This article explores
the question as to whether social and technical innovations can reverse the trends that are challenging
critical thresholds and creating tipping points in the earth system, and if not, what conditions are
necessary to escape the current lock-in where technical innovations tend to drive pathways that are
unsustainable.
It is proposed that the human capacity for innovation can equally be used as a positive force for
supporting transformations toward global sustainability; indeed that it is essential. The challenge is to
use the current awareness of planetary safe operating space to direct innovation capacity into a
sustainability pathway. However, much of past innovation has occurred without reference to
ecological integrity, or complex system interactions and has been insufficiently tuned to the
challenges of poverty alleviation, human rights, social justice, and human wellbeing. Yet large-scale
transformations in information technology, nano- and biotechnology, and new energy systems have
the potential to significantly improve our lives; but if, in framing them, our globalised society fails to
consider the capacity of the biosphere and its safe operating space, there is a risk that unsustainable
development pathways may be reinforced.
Promising social and technical innovations with potential to change unsustainable trajectories need to
be nurtured and connected to broad institutional resources and responses. The article attempts to
outline means to nurture the required transformations but new ideas are sparse. It suggests that major
ongoing attempts to transform include transitions toward new energy sources and integrated
13
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approaches to management and governance of ecosystem services. These processes are supported by
numerous initiatives around the world, clean energy, particularly for the developing world,
conservation economies, biosphere reserves, eco-agriculture, and ecosystem-based fisheries
management.

10. Assessing Global Land Use: Balancing Consumption with Sustainable Supply
UNEP (2014) Assessing Global Land Use: Balancing Consumption with Sustainable
Supply. A Report of the Working Group on Land and Soils of the International
Resource Panel. Bringezu, S., Schütz, H., Pengue, W., O’Brien, M., Garcia, F., Sims, R.,
Howarth, R., Kauppi, L., Swilling, M. & Herrick, J.
This important report brings together in a comprehensive manner land use expansion required to
deliver the anticipated increase in food production to 2050. It distinguishes between gross and net
expansion of cropland. Net expansion is a result of rising demand for food and non-food biomass
which cannot be compensated by higher yields. Gross expansion comprises also the shift of cropland
to other areas due to losses by severe degradation and urban expansion and infrastructure. It places
this expansion against a safe operating space for agricultural land. This safe operating space is a
preliminary and indicative value based on a cautious global target to halt the expansion of global
cropland into grasslands, savannahs and forests by 2020.
Global cropland is expanding. Changing trends in both the production and consumption of land-based
products are increasing pressure on land resources across the globe. This report discusses the need and
options to balance consumption with sustainable production. It focuses on land-based products (food,
fuels and fibre) and describes methods which enable countries to determine whether their
consumption levels exceed sustainable supply capacities. Strategies and measures are outlined which
will allow adjusting the policy framework to balance consumption with these capacities.
Under business-as-usual conditions
the net expansion of cropland will
range from around 123 to 496 Mha
between 2005 and 2050. Shifts to
more protein-rich diets in developing
countries and a growing demand for
biofuels and biomaterials, in
particular in developed countries, are
especially increasing the demand for
land. In addition, cropland will be
shifted to compensate for the
expansion of built-up land and land
degradation, leading all in all to a
gross expansion of cropland in the
range of 320 to 849 Mha. Major
options to reduce cropland
requirements and to relieve the social and environmental pressures associated with land-use change
include:


Enhancing the efficiency of biomass use and its substitutes, in particular through a reduction of
food waste, a shift towards more vegetal diets in countries and regions with an unhealthy
overconsumption of food, and a reduction in the fuel consumption of car fleets.



Delinking the markets for fuels and food by reducing the direct and indirect subsidisation of fuel
crops (including the reduction and phase out of biofuel quotas in consuming countries).
14

Some Background Resources for Water, Food and Energy: Understanding and Managing Risks and Trade-Offs



Controlling the consumption of biomaterials (from cropland and forests), in particular to avoid
competition with food crops, and to not exceed levels of sustainable regrowth of forests.



Improving land management and land use planning in order to minimise the expansion of builtup land on fertile soils and investing into the restoration of degraded land.



Improving agricultural production practices to increase intensification in an ecologically and
socially acceptable way.



Monitoring of countries’ global land use requirements for the total consumption of their
agricultural goods, in order to allow comparisons with the global average and with sustainable
supply, and to provide a signal for the need to adjust sectoral policies if necessary.

A combination of those measures would not halt the expansion of global cropland altogether, but it
would limit gross expansion to an additional 8–37% until 2050. Then, in the best cases, the remaining
net expansion of cropland by 2050 would be within the ‘safe operating space’.

11. A safe operating space for humanity
Rockström, J., Steffen, W., Noone, K., Persson, Å., Chapin, F.S., Lambin, E.F., Lenton,
T.M., Scheffer, M., Folke, C., Schellnhuber, H.J., Nykvist, B., de Wit, C.A., Hughes, T.,
van der Leeuw, S., Rodhe, H., Sörlin, S., Snyder, P.K., Costanza, R., Svedin, U.,
Falkenmark, M., Karlberg, L., Corell, R.W., Fabry, V.J., Hansen, J., Walker, B.,
Liverman, D., Richardson, K., Crutzen, P. & Foley, J.A. (2009) ‘A safe operating space
for humanity’. Nature, vol. 461, pp. 472–475.
This highly cited work advocates the identification and quantification of planetary boundaries that
must not be transgressed and could help prevent human activities from causing unacceptable
environmental change. The approach proposed seeks to define preconditions for human development
on the planet, the envelope in which humans can operate safely. Crossing certain biophysical
thresholds could have disastrous consequences for humanity. The work claims that three of nine
interlinked planetary boundaries proposed have already been overstepped.
planetary boundaries are described in terms of
individual quantities and separate processes,
the boundaries are tightly coupled. There is not
the luxury of concentrating our efforts on any
one of them in isolation from the others. If one
boundary is transgressed, then other
boundaries are also under serious risk. For
instance, significant land-use changes in the
Amazon could influence water resources as far
away as Tibet. The climate change boundary
depends on staying on the safe side of the
freshwater, land, aerosol, nitrogen–
phosphorus, ocean and stratospheric
boundaries. Transgressing the nitrogen–
phosphorus boundary can erode
Although the
the resilience of some marine ecosystems, potentially reducing their capacity to absorb CO2 and thus
affecting the climate boundary. The boundaries proposed represent a new approach to defining
biophysical preconditions for human development. For the first time, this work tries to quantify the

15
Some Background Resources for Water, Food and Energy: Understanding and Managing Risks and Trade-Offs

safe limits outside of which the Earth system cannot continue to function in a stable, Holocene-like
state. An important framework for the Oxford discussions.

12. Modern Energy Services for Modern Agriculture: A Review of Smallholder
Farming in Developing Countries
Utz, Veronika (2011) Modern Energy Services for Modern Agriculture: A Review of
Smallholder Farming in Developing Countries. Published by GIZ-HERA – Povertyoriented Basic Energy Services, Germany.
http://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=4&ved=0CDo
QFjAD&url=http%3A%2F%2Fwww.water-energyfood.org%2Fdocuments%2Fgiz%2Fenergy-services-for-modernagriculture.pdf&ei=CXdwU-O8BtGpkgWC4YGwAg&usg=AFQjCNFPEtX2tlYbKTH9QF-oPwSYfLkNA
Whilst it is well recognised that modern agriculture was built on cheap fossil fuels to power not only
on-farm operation, transport to and from farm of supplies and products, but more importantly, the
embodied energy in fertiliser and to less extent pesticides; there are few studies available that
examined the detailed nature of this nexus between food and energy. It appears to be overlooked,
particularly with respect to irrigation operations and rising cost of fertiliser, in large part reflecting
energy cost in fertiliser manufacture. A bag of synthetic nitrogen is a bag of energy. We overlook this
at our peril. This German report is therefore a useful examination of energy in modern agriculture
operated by smallholder farmers in the developed world.
There are two main energy requirements for greater agricultural productivity in a market-oriented
agriculture, provided by either renewable or conventional energy sources or a combination of both:


Energy for transport (fossil fuels or biofuels) is needed for many services within the supply
chain, from the production process to transport to markets. Market-oriented agriculture is heavily
dependent on vehicles for transport and on favourable infrastructure such as linkages to roads.
Access to markets is a major incentive for farmers to increase production in order to increase
income.



Energy for production, processing and commercialisation is provided in different forms. In many
rural areas, supplying electricity by connecting to the national grid is economically or logistically
unfeasible. Decentralised power production with renewable energy systems and hybrid systems
(combination renewable/fossil) proves more reliable, more environmentally friendly and more
cost-effective than fossil fuel systems alone.
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In many cases, renewable energy technologies and hybrid systems can provide energy services that
neatly support the production process, e.g. by providing irrigation (pumps) or post-harvest treatment
(cooling) or processing (drying, milling, pressing). The requirements of mechanical energy in the
agricultural production process are also of critical importance and include human and animal labour
as well as fuels for mechanisation, pumping and other activities, and indirectly the production of
fertilisers and agrochemicals. This highlights the important role played by modern energy services
and related technologies in modern smallholder agriculture throughout the supply chain, from
agricultural production, post-harvest and storage to the processing and commercialisation of crops. It
also touches on the dual role of agriculture as an energy user and producer and suggests management
models to minimise risks for farmers by buying energy services on a fee-for-service basis.

13. Energy prices will play an important role in determining global land use in the
twenty first century
Steinbuks, Jevgenijs & Hertel, Thomas W. (2013) ‘Energy prices will play an important
role in determining global land use in the twenty first century’. Environ. Res. Lett., vol.
8, 014014. doi:10.1088/1748-9326/8/1/0140
This is one of the few papers reviewed that examines the links between agricultural land use and
access to energy for fertilisers and transport etc. In Australia during the 1960s it was a key to the
expansion of our productive cropping in heavy textured clay soils. Prior to cheap fuel and larger
powerful tractors, horses and small tractors did not have the energy to cultivate the heavy soils over
significant areas. To manage enough horses, very large areas of the farm had to be devoted to growing
the fodder to feed enough horses to pull the ploughs! Apparently the settlement pattern in Europe can
in large part be explained again in access to fuels and machinery for cultivation. The physics of
energy in agriculture cannot be easily changed and modern agriculture productivity is all about energy
from plastic pipe to fertilisers, fuels and pesticides. Therefore this paper is important in bringing light
to these issues.
The modelling using FABLE is sketched on the next page.
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It is a relatively simple model conceptually, yet as the article shows, there are some unexpected
connections and feed-backs that in the main have, in my view, been overlooked in policy framing and
thinking to date particularly in the developing world. Read this in conjunction with the Utz (2011)
paper in item 12.
Global land use research to date has focused on quantifying uncertain effects of three major drivers
affecting competition for land: the uncertainty in energy and climate policies affecting competition
between food and biofuels; the uncertainty of climate impacts on agriculture and forestry; and the
uncertainty in the underlying technological progress driving efficiency of food, bioenergy and timber
production. The market uncertainty in fossil fuel prices has received relatively less attention in the
global land use literature. Petroleum and natural gas prices affect both the competitiveness of biofuels
and the cost of nitrogen fertilisers. High prices put significant pressure on global land supply and
greenhouse gas emissions from terrestrial systems, while low prices can moderate demands for
cropland. The goal of this work was to assess and compare the effects of these core uncertainties on
the optimal profile for global land use and land-based GHG emissions over the coming century.
The model that they develop integrates distinct strands of agronomic, biophysical and economic
literature into a single, consistent, analytical framework, at a global scale. Their analysis accounts for
the value of land-based services in the production of food, first- and second-generation biofuels,
timber, forest carbon and biodiversity. The authors find that long-term uncertainty in energy prices
dominates the climate impacts and climate policy uncertainties emphasised in prior research on global
land use. The authors discuss the important limitations, but believe the framework outlined here has
the capacity to deliver new insights about the long-run evolution of land use at global scale. Their
model suggests that long-term uncertainty in energy price forecasts translates into variation in landuse change of as much as 400 MHa. Consider this figure against the estimated expansion outlined in
18
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UNEP (2014) item 10 above. This is four times higher compared to variation in land-use change from
uncertainty in climate impacts on agricultural yields, and two times higher compared to maximum
variation in land-use change from uncertainty in GHG emissions targets. The economic response of
indirect land-use change with respect to energy prices involves complex linkages. Natural gas prices
affect the use of fertilisers, which trigger endogenous response by land intensification. Oil prices are a
key long-run determinant of biofuel demand, and higher oil prices result in significant requirements
for land used in biofuels’ feedstocks. Energy prices also indirectly affect land use decisions by
shifting consumption between land-based goods and services and other sectors of the economy.

14. The integration of energy and agricultural markets
Tyner, Wallace E. (2010) ‘The integration of energy and agricultural markets’.
Agricultural Economics, vol. 41, pp. 193–201.
This article built around USA experience addresses the evolving links between energy and
agricultural markets. It does not, as does the previous article, deal with energy prices and the impacts
on agricultural activity and decision making. This article is important as it shows the price links
becoming established which, depending on regulation, will be an increasingly important link that will
impact on food production and land use patterns.
In the USA and elsewhere, except perhaps for Brazil, prior to 2005 there was little correlation
between energy prices and agricultural commodity prices. In 2006–2008, with the ethanol boom in the
United States, there emerged a strong link between crude oil, gasoline, and corn prices. There was
little link between ethanol and corn. However, in late 2008 and 2009, the markets changed as ethanol
production came under severe economic pressure and 2 billion out of 12 billion gallons of capacity
shut down.

During this period ethanol became priced more on corn, as the break-even corn price helped drive the
ethanol market. This article explores the drivers in these markets as well as other major issues facing
the corn ethanol industry in the United States including the impacts of regulatory limits such as the
blend wall.
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In the USA, corn ethanol likely will not, according to this author, grow beyond the 15 billion gallon
level of the Renewable Fuel Standard (RFS) allocated to it even if the blending wall issue is resolved.
So, corn ethanol in the United States is a mature industry.
The renewable fuels future in the United States depends on the development of cellulosic biofuels.
There are thermochemical processing technologies that can take cellulosic feedstocks directly to biobased gasoline and diesel. Successful development of these technologies would avoid the blending
wall issues.
This author concludes that the likely economics of cellulose conversion indicates that it will be
expensive even with the best technologies available today, but plausible if oil prices return to previous
high levels or if the cellulose RFS is deemed to be credible by industry investors. Clearly,
development of a cellulosic biofuels industry will depend upon government subsidies and mandates
until such time as markets become convinced $100+ crude oil is here to stay.

Section B: Food Security and Sustainability
15. Measuring Food Insecurity
Barrett, Christopher B. (2010) ‘Measuring Food Insecurity’. Science, vol. 327, pp. 825–
828. (doi:10.1126/science. 1182768)
Food security is a growing concern worldwide. More than one billion people are estimated to lack
sufficient dietary energy availability, and at least twice that number suffers from micronutrient
deficiencies. Because indicators inform action, much of the current research focuses on improving
food insecurity measurement. Yet estimated prevalence rates and patterns remain tenuous because
measuring food security, an elusive concept, remains difficult as indicated in the figure below.

Measurement drives diagnosis and response.
As global attention returns to food security,
new opportunities emerge to improve its
measurement. Research is appropriately and
increasingly moving toward survey-based
anthropometric and perceptions measures to
improve the disaggregated identification of
food-insecure subpopulations and their
targetable characteristics and behaviours.

But the greatest advances in the measurement of food insecurity will come from three developments:


A global network of sentinel sites using a standardised core survey protocol for regular, repeated
household- and individual-level monitoring would enable us to track the co-evolution of multiple
food security indicators with targetable individual, household, and community characteristics
across continents and to rigorously monitor and evaluate the impacts of various policy and
project interventions.



If we knew better the predictive accuracy of different indicators in forecasting future food
security states, we could more cost-effectively concentrate data collection on measures of which
targetable actions can be most reliably programmed. This would help overcome the breadth
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versus depth trade-offs that presently limit the availability of suitable time series data at the
individual and household level.


Research is moving beyond static, snapshot measures to dynamic mobility ones, especially with
respect to critical behavioural thresholds, so must the food security research community begin
developing measures based on longitudinal data that capture the risk of food insecurity that
respondents routinely voice in perceptions-based measures.

16. Global Agriculture, Environment, and Hunger Past, Present, and Future Links
Chen, Robert S. (1990) ‘Global Agriculture, Environment, and Hunger Past, Present,
and Future Links’. Environmental Impact Assessment Review, vol. 10, pp. 335–358.
This is a very worthwhile paper which, while written over 25 years ago, sets down very clearly the
issues we will cover at this Oxford workshop. The analysis and 1990 predictions of trends in GHG
emissions, water, and energy use in agriculture, along with the natural resource tensions and impacts,
are remarkably accurate. It gives us confidence that the scientific understanding of the tensions and
conflicts we bring to this meeting have a long and reliable base in the science and its literature. It tells
us that knowing the science is important, but it also tells us that in 25 years of knowing the science
alone appears to be ineffective in driving society to better solutions. It is salutary reading.
In 1990 Chen states that:
Recent attention to the threat of global environmental change has tended to focus on the possible impacts of
a changing environment on agriculture and the implications for global and regional food security. From a
policy viewpoint, however, it is also critical to understand the degree to which agriculturally related
activities may contribute to global-scale environmental change and the extent to which policies to prevent,
mitigate, or adapt to environmental change may themselves affect agriculture and hunger. These two issues
are likely to become especially important in making decisions not only about how to reduce the magnitude of
human perturbations to the environment but also about how to improve both food security and
environmental quality in the more crowded world of the future.
To help put this broad topic into a long-term context, this paper highlights the close linkages between
agriculture, environment, and hunger in the past, reviews some of the ways in which the global food system
interacts with the global environment in the present, and raises some key questions regarding agriculture,
environment, and hunger in the future.

The author continues that the high-level historical analysis of agriculture and its evolution, its use of
energy, and increasing consumption of natural resources is worthy of our attention. Growth in food
production during the mid- 1960s and 1980s grew by nearly 60% primarily from increased crop yields
per unit of land, whereas over that same period expansion of cropland increased by only 9 per cent.
Chen further explains:
These improvements in yield stemmed from a combination of increased agricultural inputs, more intensive
use of land, and the spread of improved crop varieties. For example, global mean fertilizer use more than
doubled from 34 kg/ha of cropland in 1964-1966 to 86 kg/ha in 1983-1985, and irrigation expanded from 13
to 15 percent of the world’s arable land between 1974-1976 and 1984-1986.

Chen then attempts to address the question ‘Can Production Be Increased Without Increasing Impacts
on the Global Environment?’ to conclude his thesis. He ends where we are at this meeting and asks:
‘An important issue, therefore, is whether future increases in production are possible with lower levels
of impact on the global environment.’ After exploring options of land expansion, intensification of
inputs and improved genetic capacity along with more ecologically sensitive farming he concludes
that: ‘Further assessments of the potential environmental benefits—and tradeoffs—of techniques of
this kind are clearly warranted.’
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The following papers attempt, some 25 years later, to take us further in the journey towards solutions.
It’s a hard journey.

17. Food security: contributions from science to a new and greener revolution
Beddington, John (2010) ‘Food security: contributions from science to a new and
greener revolution’. Phil. Trans. R. Soc. B, vol. 365, pp. 61–71.
doi:10.1098/rstb.2009.0201
This paper is a very helpful analysis of the key issues addressed by this Oxford meeting. A key
question for the Oxford meeting is whether we can feed a future nine billion people equitably,
healthily and sustainably. There is an intrinsic link between the challenge we face to ensure food
security through the twenty-first century and other global issues; most notably climate change,
population growth and the need to sustainably manage the world’s rapidly growing demand for
energy and water. What must be done to ensure that we can—is the challenge.
This paper outlines how science and technology can make a vital contribution by providing practical
solutions. Put simply, we need a new, ‘greener revolution’. Important areas for focus include: crop
improvement; smarter use of water and fertilisers; new pesticides and their effective management to
avoid resistance problems; introduction of novel non-chemical approaches to crop protection;
reduction of post-harvest losses; and more sustainable livestock and marine production. Techniques
and technologies from many disciplines, ranging from biotechnology and engineering to newer fields
such as nanotechnology, will be needed. While acknowledging the science–policy interface, the paper
is mute on how these science and technological advances might be captured by the huge challenges
facing market economics, investment, social, institutional arrangements, governance and policy
development.

18. Feeding the Future
Ash, C., Jasny, B.R., Malakoff, D.A. & Sugden, A.M. (2010) ‘Feeding the Future’,
Science, vol. 327, p. 797. www.sciencemag.org
This article provides a quick overview of the 2010 Special Issue in Science volume 327 which gave
focus to food security. It is very much focused on technical/scientific fixes and this Special Issue
concentrates on how to increase the supply of basic staples. But Stokstad (2010) (see item 26)
examines one idea for reducing demand by eating less meat, while another paper highlights an
alternative source of protein: insects. These alternatives are possibly unappetising to many, but the
quest for food security may require us all to reconsider our eating habits, particularly in view of the
energy consumption and environmental costs that sustain those habits.
There are several articles which point to the complexity and the need to search out solutions for ways
forward on a broader basis. Papers by Godfray et al. (2010) (see item 25) note that we have perhaps
40 years to radically transform agriculture, work out how to grow more food without exacerbating
environmental problems, and simultaneously cope with climate change. Although estimates of food
insecurity vary (Barrett 2010) (see item 15), the number of undernourished people already exceeds
one billion; feeding this many people requires more than incremental changes (Fedoroff et al. 2010)
(see item 28).
There are papers which demonstrate that science and technology alone cannot guarantee food
security. Economic, political, and psychological issues play key roles. Yet there is optimism in the
2010 forum that a ‘green revolution’ is possible in Africa, although maintaining good governance
throughout the world is crucial to success. As this Special Issue shows, science may help to make the
choices less unpalatable. It is interesting that by the Royal Society gathering (published in 2014), the
mood around technical fixes is much more sanguine.
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19. The Future of Food and Farming: Challenges and choices for global sustainability
Foresight. The Future of Food and Farming (2011) Executive Summary. The
Government Office for Science, London.
https://www.gov.uk/government/publications/future-of-food-and-farming
This comprehensive report brings together a great deal of information and analysis of the food–water–
energy–climate change interface which is foundational to this workshop. The reports leads to a set of
actions by the UK Government, international agencies and non-governmental organisations (NGOs)
and these actions may be useful to the policy focus of this workshop.
Overall, the report affirms that the global food system will experience an unprecedented confluence of
pressures over the next 40 years. On the demand side, global population size will increase from nearly
seven billion today to eight billion by 2030, and probably to over nine billion by 2050; many people
are likely to be wealthier, creating demand for a more varied, high-quality diet requiring additional
resources to produce. On the production side, competition for land, water and energy will intensify,
while the effects of climate change will become increasingly apparent. The need to reduce greenhouse
gas emissions and adapt to a changing climate will become imperative. Over this period globalisation
will continue, exposing the food system to novel economic and political pressures. Any one of these
pressures (‘drivers of change’) would present substantial challenges to food security; together they
constitute a major threat that requires a strategic reappraisal of how the world is fed.
The report has identified and analysed five key challenges for the future. Addressing these in a
pragmatic way that promotes resilience to shocks and future uncertainties will be vital if major
stresses to the food system are to be anticipated and managed. The five challenges are:







Balancing future demand and supply sustainably – to ensure that food supplies are affordable.
Ensuring that there is adequate stability in food supplies – and protecting the most vulnerable
from the volatility that does occur.
Achieving global access to food and ending hunger. This recognises that producing enough food
in the world so that everyone can potentially be fed is not the same thing as ensuring food
security for all.
Managing the contribution of the food system to the mitigation of climate change.
Maintaining biodiversity and ecosystem services while feeding the world.

The report emphasises that these last two challenges are most demanding as it recognises that food
production already dominates much of the global land surface and water bodies, and has a major
impact on all the Earth’s environmental systems. The report urges policy-makers not to lose sight of
major failings in the food system that exist today. Although there has been marked volatility in food
prices over the last two years, the food system continues to provide plentiful and affordable food for
the majority of the world’s population. Yet it is failing in two major ways which demand decisive
action:




Hunger remains widespread. 925 million people experience hunger: they lack access to
sufficient of the major macronutrients and another billion are thought to suffer from ‘hidden
hunger’, in which important micronutrients are missing from their diet, with consequent risks of
physical and mental impairment. In contrast, a billion people are substantially over-consuming,
spawning a new public health epidemic.
Many systems of food production are unsustainable. Without change, the global food system
will continue to degrade the environment and compromise the world’s capacity to produce food
in the future, as well as contributing to climate change and the destruction of biodiversity.

There are three forms of the report: the Executive Summary (used here), the full Final Report, and the
Actions Report. Some challenge (e.g. Tomlinson 2013) the reports for their focus on scientific and
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technological solutions without sufficient challenge to the assumed trends in diet change and assumed
dependence on international trade in food markets, without attention to the local and regional
production and trade. These are, however, important and most helpful sources of data and insightful
analysis.

20. Assessing agricultural risks of climate change in the 21st century in a global
gridded crop model intercomparison
Rosenzweig, C., Elliott, J., Deryng, D., Ruane, A.C., Müller, C., Arneth, A., Boote, K.J.,
Folberth, C., Glotter, M., Khabarov, N., Neumann, K., Piontek, F., Pugh, T.A.M.,
Schmid, E., Stehfest, E., Yang, H. & Jones, J.W. (2014) ‘Assessing agricultural risks of
climate change in the 21st century in a global gridded crop model intercomparison’,
PNAS, vol. 111 (9), pp. 3268–3273. www.pnas.org/cgi/doi/10.1073/pnas.1222463110
This is a significant paper and indicates that agriculture is arguably the sector most affected by
climate change, but assessments differ and are thus difficult to compare. The authors provide a
globally consistent, protocol-based, multi-model climate-change assessment for major crops with
explicit characterisation of uncertainty. Their results show good multi-model agreement and
consistently indicate strong negative effects from climate change, especially at higher levels of
warming and at low latitudes where developing countries are concentrated. Simulations that consider
explicit nitrogen stress result in
more severe impacts from climate
change, with implications for
adaptation planning.
Across seven GGCMs, five global
climate models, and four
representative concentration
pathways, there was model
agreement on the direction of
yield changes across many major
agricultural regions at both low
and high latitudes; however,
reducing uncertainty of response
in mid-latitude regions remains a
challenge. Uncertainties related to
the representation of carbon
dioxide, nitrogen, and high
temperature show that further
research is urgently needed to
better understand effects of
climate change on agricultural
production and to devise targeted
adaptation strategies.

24
Some Background Resources for Water, Food and Energy: Understanding and Managing Risks and Trade-Offs

21. Global food demand and the sustainable intensification of agriculture
Tilman, D., Balzer, C., Hill, J. & Befort, B.L. (2011) ‘Global food demand and the
sustainable intensification of agriculture’. PNAS, vol. 108 (50), pp. 20260–20264.
Global food demand is increasing rapidly, as are the environmental impacts of agricultural expansion.
Here, the authors project global demand for crop production in 2050 and evaluate the environmental
impacts of alternative ways that this demand might be met. They find that per capita demand for
crops, when measured as caloric or protein content of
all crops combined, has been a similarly increasing
function of per capita real income since 1960. This
relationship forecasts a 100–110% increase in global
crop demand from 2005 to 2050. Quantitative
assessments show that the environmental impacts of
meeting this demand depend on how global agriculture
expands.
In the adjacent diagram the direction of change is
indicated by arrows for the following options: the
current technology in magenta; improvement only in
blue; technology adaptation and transfer only in
orange; improvement and technology transfer in green.
If current trends of greater agricultural intensification
in richer nations and greater land clearing in poorer
nations were to continue, approximately 1 billion ha of
land would be cleared globally by 2050, with CO2-C
equivalent greenhouse gas emissions reaching near 3
Gt y−1 and N use around 250 Mt y−1 by then. In
contrast, if in 2050 crop demand was met by moderate
intensification focused on existing croplands of underyielding nations, adaptation and transfer of highyielding technologies to these croplands, with global
technological improvements; their analyses forecast
land clearing of approximately 0.2 billion ha,
greenhouse gas emissions of around 1 Gt y−1, and
global N use of approximately 225 Mt y-1. Efficient
management practices could substantially lower
nitrogen use.
Attainment of high yields on existing croplands of under-yielding nations is of great importance if
global crop demand is to be met with minimal environmental impacts. This work is a clear illustration
of how the impacts for agriculture development options take place and whether these options may or
may not sit within the safe operating space of Rockström et al. (2009).
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22. Solutions for a cultivated planet
Foley, J.A., Ramankutty, N., Brauman, K.A., Cassidy, E.S., Gerber, J.S., Johnston, M.,
Mueller, N.D., O’Connell, C., Ray, D.K., West, P.C., Balzer, C., Bennett, E.M.,
Carpenter, S.R., Hill, J., Monfreda, C., Polasky, S., Rockström, J., Sheehan, J., Siebert,
S., Tilman, D. & Zaks, D.P.M. (2011) ‘Solutions for a cultivated planet’. Nature, vol.
478, pp. 337–342.
This is a highly cited paper and makes a very important contribution to our conversation. The authors
write that:
Today, humans are farming more of the planet than ever, with higher resource intensity and staggering
environmental impacts, while diverting an increasing fraction of crops to animals, biofuels and other
nonfood uses. Meanwhile, almost a billion people are chronically hungry. This must not continue: the
requirements of current and future generations demand that we transform agriculture to meet the twin
challenges of food security and environmental sustainability.

Their well-known diagrams below illustrate the task of reducing the environmental footprint of
agriculture—as depicted at the top of diagram (a) to what is shown in the bottom of diagram (b) but at
the same time doubling the food production. It slips easily off the tongue…but it is extremely difficult
to achieve and perhaps the greatest change our civilisation faces.
Their analysis demonstrates that four core
strategies can, in principle, meet future food
production needs and environmental
challenges if deployed simultaneously. Adding
them together, they increase global food
availability by 100–180%, meeting projected
demands while lowering greenhouse gas
emissions, biodiversity losses, and water use
and water pollution. However, all four
strategies are needed to meet our global food
production and environmental goals; no single
strategy is sufficient. They describe general
approaches to solving global agricultural
challenges, but there a huge gap remains to
translate them into action on the ground.

Specific land use, agricultural and food system tactics must be developed and deployed. Fortunately,
many such tactics already exist, including: precision agriculture; drip irrigation; organic soil remedies;
buffer strips and wetland restoration; new crop varieties that reduce need for water and fertiliser;
perennial grains and tree-cropping systems; and paying farmers for environmental services. Some
appear naïve to agricultural scientists and seem to contravene conservation of mass and energy
principles. If you want nutrient in the food it must be absorbed in the plant and genetics cannot change
this. It can dilute nutrient but conservation of mass must hold. Likewise many suggestions require
higher demands for energy, and the tension of energy, water, and food is once again revealed.
However, this is where we must start.
Importantly, the authors recognise that deploying these tactics effectively around the world requires
numerous economic and governance challenges to be overcome. For example, reforming global trade
policies, including eliminating price-distorting subsidies and tariffs, (a nice easy one to start!) will be
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vital to achieving these strategies. In developing improved land use and agricultural practices, the
paper recommends following these guidelines:







Solutions should focus on critical biophysical and economic ‘leverage points’ in agricultural
systems, where major improvements in food production or environmental performance may be
achieved with the least effort and cost.
New practices must also increase the resilience of the food system.
Agricultural activities have many costs and benefits, but methods of evaluating the trade-offs are
still poorly developed. We need better data and decision support tools to improve management
decisions, productivity and environmental stewardship.
The search for agricultural solutions should remain technology neutral.

The paper concludes as Robert Chen did 21 years earlier that:
The challenges facing agriculture today are unlike anything we have experienced before, and they require
revolutionary approaches to solving food production and sustainability problems. In short, new agricultural
systems must deliver more human value, to those who need it most, with the least environmental harm.

Do we really think our next 21 years will be more successful than the last 21 years? What must we do
differently? Thus this workshop.

23. Doubling food production to feed the 9 billion: A critical perspective on a key
discourse of food security in the UK
Tomlinson, Isobel (2013) ‘Doubling food production to feed the 9 billion: A critical
perspective on a key discourse of food security in the UK’. Journal of Rural Studies, vol.
29, pp. 81–90.
This interesting paper questions the narrative and the ideological basis for much of the current
discourse on the crisis in food security. It utilises language and framing of the narrative so policies
pursue a particular ideological path without actually allowing questions to be asked about alternative
paths with alternative solution sets. It also uses analysis techniques which allow the ideological bias in
narratives to be uncovered.
Isobel tells the story of how a ‘wrong’ statistic has played such an important role in the dominant
discursive framing of the food security debate in the United Kingdom, as one of a global food security
challenge; whilst projections for the most-likely future morphed into a normative or business as usual
goal for policy. The longevity of the ‘doubling/70%’ figure can perhaps partially be explained by its
convenience, the scientific precision it conveys, and the prior ideological commitments by key UK
institutions and individuals driving forward this ‘flat’ keying of the hunger frame. It remains
problematic given that it does not address problems of climate change, diet-related ill health and does
not substantially reduce absolute levels of hunger.
This discussion raises particular issues about the legitimacy of the new politics of productivism and
food security within the United Kingdom and internationally—which in itself legitimises particular
economic and political food system structures, market and trade assumptions and dependence on
technological solutions. Its impact is to marginalise alternative, conceptual frameworks and possible
solutions involving alternative social and economic models which offer very different framings in a
‘sharp’ key. Nevertheless, social movement activities and significant institutional, scientific and
political challenges to the ‘flat’ keying appear to be beginning to coalesce, and articulate an
alternative set of discourse and narratives around concepts of ecological food provision, food
sovereignty, and agro-ecology.
The implication of a commitment to the dominant framing of food security is that solutions to
mitigating climate change lies in technical developments that do not challenge the overall trajectory of
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the food system. Here the identification of a third prior ideological commitment is useful: the
ideological commitments of some key actors in the food security debate may be more to do with a
belief in technological or ‘scientific’ solutions, rather than social or economic policy solutions, and in
particular, the role of specific technological developments that proponents believe will help overcome
some of the ecological and resource-constraints that the current food system is facing.
Perhaps the purpose of this paper is to draw attention once again to the work of the 2008 IAASTD
report.
Is the question we face at this workshop ‘How will the world increase food production by 70 percent
to meet rising food demands and feed more than a billion hungry people’ or is it as this paper poses:
‘How do we rethink our global food system so that it can feed people, create healthy communities and
economies, and sustain the planet.’

24. Achieving food and environmental security: new approaches to close the gap
Poppy, G.M., Jepson, P.C., Pickett, J.A. & Birkett, M.A. (2014) ‘Achieving food and
environmental security: new approaches to close the gap’. Phil. Trans. R. Soc. B, vol.
369: 20120272. http://dx.doi.org/10.1098/rstb.2012.0272
This paper provides an overview of the findings and thinking of some 16 papers presented at a
conference ‘Achieving food and environmental security: new approaches to close the gap’. The
conference was held at the Royal Society in London on 3 and 4 December 2012, and the papers were
published in February 2014 as a Special Issue of the Philosophical Transactions of the Royal Society
B. It is an important suite of papers and central to the food issues of the Oxford workshop.
This meeting faced the question: ‘How do we deliver food security for all, without further exceeding
planetary boundaries that have already been breached?’ The focus was on the science that may close
the gap and keep within the planetary boundaries. Achieving food security in a ‘perfect storm’
scenario is a grand challenge for society. Unless 50% more food, 50% more energy and 30% more
freshwater are available by 2030, a ‘perfect storm’ is envisaged where there would be simultaneous
shortages of all of these on a global scale. This becomes an even more ‘wicked problem’ when
climate change and an expanding global population act in concert, making the challenge of achieving
global food security even more complex and demanding.
Food security ‘exists when all people, at all times, have physical and economic access to sufficient,
safe and nutritious food to meet their dietary needs and food preferences for an active and healthy
life.’ Poppy et al. (2014) using Barrett’s (2010) work, suggest food security is determined by four
factors:


availability from agricultural production and land-use or exchange



stability of supplies e.g. seasonally and from year to year



access dependent on financial means but also physical access and social factors



biological utilisation of food e.g. nutritional diversity and food safety issues.

It builds on Rockström et al. (2009): ‘concepts of planetary boundaries and ‘safe operating space’
have already had a significant influence on the international discourse about global sustainability.
Nine interlinked ecological boundaries have been defined at the planetary scale, and it is argued that
society should remain within these if it is to avoid ‘disastrous consequences for humanity’. Three of
these (biodiversity loss, climate change and nitrogen cycling) have all been exceeded, and all are
linked to agricultural intensification.’
The paper then examines concepts of Sustainable Intensification of Agriculture (SIA) as a means to
close the gap—Sustainable Production Intensification: research and extension; Innovation for
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Sustainable Agriculture; and Using the Ecosystem Services Framework for Managing Agricultural
Ecosystems. The paper concludes with the Kavli Declaration, the result of workshops following this
conference, which states:
By 2050, humanity will be unable to meet its needs for food through current agricultural practices. We must
drastically transform the global agricultural system to deliver food security and net greenhouse gas
absorption without losses of water availability and wild habitats. This can only be achieved by more
resource-efficient agriculture. This will need to combine locally relevant crop and animal genetic
improvement and resilient agronomic practices that harness local ecosystem services to minimize inputs and
close nutrient loops while sequestering carbon. The success of these on-farm activities will depend on
restoring degraded lands and safeguarding remaining natural habitats to ensure the continued provision of
wider ecosystem services.

25. Food Security: the challenge of feeding 9 billion people
Godfray, H.C.J., Beddington, J.R., Crute, I.R., Haddad, L., Lawrence, D., Muir, J.F.,
Pretty, J., Robinson, S., Thomas, S.M. & Toulmin, C. (2010) ‘Food Security: the
challenge of feeding 9 billion people’. Science, vol. 327, pp. 812–818. DOI:
10.1126/science.1185383
Continuing population and consumption growth will mean that the global demand for food will
increase for at least another 40 years. Growing competition for land, water, and energy, in addition to
the overexploitation of fisheries, will affect our ability to produce food, as will the urgent requirement
to reduce the impact of the food system on the environment. The effects of climate change are a
further threat. But the world can produce more food and can ensure that it is used more efficiently and
equitably. A multifaceted and linked global strategy is needed to ensure sustainable and equitable
food security; different components of which are explored here.
Sustainable Intensification of Agriculture (SIA) is given attention and is defined again as producing
more food from the same area of land while reducing the environmental impacts. It is claimed that
yields can be increased with the use of existing technologies, and that many options currently exist to
reduce negative externalities. Net reductions in some greenhouse gas emissions can potentially be
achieved by: changing agronomic practices; the adoption of integrated pest management methods; the
integrated management of waste in livestock production; and the use of agroforestry. However, the
effects of different agronomic practices on the full range of greenhouse gases can be very complex
and may depend on the temporal and spatial scale of measurement. More research is required to allow
a better assessment of competing policy options.
Strategies such as zero or reduced tillage, contour farming, mulches, and cover crops improve water
and soil conservation, but they may not increase stocks of soil carbon or reduce emissions of nitrous
oxide. Precision agriculture technologies are claimed to allow the application of water, nutrients, and
pesticides only to the places and at the times they are required, thereby optimising the use of inputs
and leakage to adjacent ecosystems in the landscape. Finally, agricultural land and water bodies used
for aquaculture and fisheries can be managed in ways specifically designed to reduce negative
impacts on biodiversity.
The authors are quite measured and state that there are no simple solutions to sustainably feeding nine
billion people, especially as many become increasingly better-off and converge on rich country
consumption patterns. A broad range of options, including those we have discussed here, need to be
pursued simultaneously. The authors are hopeful about scientific and technological innovation in the
food system, but this is not as an excuse to delay difficult decisions today. Any optimism must be
tempered by the enormous challenges of making food production sustainable while controlling
greenhouse gas emissions and conserving dwindling water supplies, as well as meeting the
Millennium Development Goal of ending hunger.
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Moreover, the paper argues to ‘avoid the temptation to further sacrifice Earth’s already hugely
depleted biodiversity for easy gains in food production, not only because biodiversity provides many
of the public goods on which mankind relies but also because we do not have the right to deprive
future generations of its economic and cultural benefits.’ The authors consider that these challenges
amount to a ‘perfect storm’. Navigating the storm will require a revolution in the social and natural
sciences concerned with food production, as well as a breaking down of barriers between fields. The
goal is no longer simply to maximise productivity, but to optimise across a far more complex
landscape of production, environmental, and social justice outcomes.
This, along with later papers by these authors in the 2012 Royal Society meeting, set the scene in a
very balanced and constructive form for the Oxford gathering.

26. Could Less Meat Mean More Food?
Stokstad, Erik (2010) ‘Could Less Meat Mean More Food?’ Science, vol. 327, pp. 810–
811. http://www.sciencemag.org.virtual.anu.edu.au/content/327/5967/810.full.pdf
The logic goes like this: from chicken cordon bleu to bacon double cheeseburgers, people in the
developed world eat a huge amount of animal protein. Consumption of meat, eggs, and milk is already
growing globally as people in poorer nations get richer and shift their diets. That’s a problem because
animals are eating a growing share of the world’s grain harvests—and already directly or indirectly
utilise up to 80% of the world’s agricultural land. Yet they supply just 15% of all calories. So, the
argument goes, if we just ate less meat, we could free up a lot of plants to feed billions of hungry
people and gain a lot of good farmland.
Some food security researchers, however, are sceptical. One big reason is the mismatch between
human and animal diets. In rich countries, farmers usually feed their livestock corn or soybeans.
When the farmers produce less meat, demand for corn and soy drops and the grains become more
affordable. That is good for people in the parts of Africa and Latin America where corn is a dietary
staple. But people in many developing countries, particularly in Asia, don’t eat much corn; they eat
rice and wheat. So falling corn and soy prices don’t directly help them. So far, it is hard to know if
these small-scale efforts have had any significant impact.
When all the pluses and minuses are added up, that cutting meat consumption could ultimately help
improve global food security. But it is a small contribution, like changing to fluorescent light bulbs to
fight global warming. To truly ensure global food security, we’ll also need much greater investment in
agricultural research to boost yields and more economic development that increases incomes in poorer
nations. The need is to go beyond personal responsibility to policy action.

27. Best of the old and the new: a way forward for the food security dilemma?
Gready, Jill (2014) ‘Best of the old and the new: a way forward for the food security
dilemma?’ In: Sykes, Helen (ed.) A Love of Ideas. Future Leaders, Canberra Australia,
pp. 69–84.
Jill Gready of the Australian National University invented two technologies for increasing the
efficiency of the rate-limiting step of photosynthesis, which is the capture (‘fixation’) of CO2 into
sugars catalysed by the enzyme Rubisco. One involves genetically re-engineering Rubiscos of crop
plants, while the other involves identifying naturally better Rubiscos among crop-plant wild relatives
and breeding this trait into cultivars. Both have many potential applications and both are disruptive,
depending on how they might be deployed.
The challenge of assuring global food security for the world’s increasing population—estimated to
reach nine billion by 2050—has been much discussed. Many solutions have been proffered, but most
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are from limited perspectives and often represent vested interests of some sort—economic, political,
or academic. Many are variations of doing better what has been done before, such as improved
agricultural technology and farming practices, minimising waste, making more efficient use of
resources (for example, water, land, fertilisers), or negotiating effective trade agreements to manage
supply and demand.
Jill argues that new ideas and disruptive ways of thinking are necessary to conceive adequate
solutions to these challenges, and that disruptive ‘technologies’ will be necessary for their effective
implementation. In this chapter Jill explores an important question…having developed these
capabilities, how best to spend her effort in applying them for the best outcomes. This boils down to
‘Which crops?’ and ‘Why?’ Which crops would benefit most from the new technology in contributing
to increased yields and thus feeding more from resource use. Answering these questions provides
clear criteria for ‘best’, and a secure footing to direct food security initiatives.
Jill has examined the major assumptions underpinning current global food systems and to assess how
relevant they are in today’s and tomorrow’s world compared with previous eras in which they
developed and evolved; in short, to reconceptualise the requirements for global food systems for the
future, with a view to identifying best-fit options, especially for crop staples such as grains and
legumes. Her focus is not merely to address the commonly perceived issue of ‘food security’, which
represents public concerns and responsibilities of governments for food provision, but ‘food
insecurity’ and its crippling impacts on people most at risk of being unable to obtain sufficient,
affordable, safe and nutritious food reliably.
Which food to feed the future… is the thesis of this chapter. A consideration of it may help us to
check our assumption and think outside the box.

28. Radically Rethinking Agriculture for the 21st Century
Fedoroff, N.V., Battisti, D.S., Beachy, R.N., Cooper, P.J.M., Fischhoff, D.A., Hodges,
C.N., Knauf, V.C., Lobell, D., Mazur, B.J., Molden, D., Reynolds, M.P., Ronald, P.C.,
Rosegrant, M.W., Sanchez, P.A., Vonshak, A. & Zhu, J-K (2010) ‘Radically Rethinking
Agriculture for the 21st Century’. Science, vol. 327, 833–834. DOI:
10.1126/science.1186834.
These authors from most of the international agricultural research institutes argue that population
growth, arable land and fresh water limits, and climate change have profound implications for the
ability of agriculture to meet this century’s demands for food, feed, fibre, and fuel while reducing the
environmental impact of their production. Success depends on the acceptance and use of:



contemporary molecular techniques, as well as
the increasing development of farming systems that
o use saline water and,
o integrate nutrient flows.

The heart of new agricultural paradigms for a hotter and more populous world must be systems that
close the loop of nutrient flows from micro-organisms and plants to animals and back, powered and
irrigated as much as possible by sunlight and seawater. This has the potential to decrease the land,
energy, and freshwater demands of agriculture, while at the same time ameliorating the pollution
currently associated with agricultural chemicals and animal waste. The design and large-scale
implementation of farms based on non-traditional species in arid places will undoubtedly pose new
research, engineering, monitoring, and regulatory challenges, with respect to food safety and
ecological impacts as well as control of pests and pathogens. But progress toward eliminating
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hunger—we must scale up and further build on the innovative technological solutions within
traditional agricultural science—and we must do so immediately.

29. Sustainable intensification in African agriculture
Pretty, J., Toulmin, C. & Williams, S. (2011) ‘Sustainable intensification in African
agriculture’. International Journal of Agricultural Sustainability, vol. 9 (1), pp. 5–24.
http://dx.doi.org/10.3763/ijas.2010.0583
This work combines both science and technology in an integrated approach to social, economic and
policy initiatives within a whole-of-system framework of thinking. Whilst focusing on African
experience, it holds learning at the global level and addresses some of the concerns of authors such as
Tomlinson (2013).
Over the past half-century, agricultural production gains have provided a platform for rural and urban
economic growth worldwide. In African countries, however, agriculture has been widely assumed to
have performed badly. UK Foresight commissioned analyses of 40 projects and programmes in 20
countries where sustainable intensification has been developed during the 1990s–2000s. The cases
included crop improvements, agroforestry and soil conservation, conservation agriculture, integrated
pest management, horticulture, livestock and fodder crops, aquaculture and novel policies and
partnerships. By early 2010, these projects had documented benefits for 10.39 million farmers and
their families and improvements on approximately 12.75 million ha.
Food outputs by sustainable intensification have been multiplicative—by which yields per hectare
have increased by combining the use of new and improved varieties and new agronomic–agroecological management in which crop yields doubled, and additive—by which diversification has
resulted in the emergence of a range of new crops, livestock or fish that added to the existing staples
or vegetables already being cultivated.
The challenge is now to spread effective processes and lessons to many more millions of generally
small farmers and pastoralists across the whole continent. These projects had seven common lessons
for scaling up and spreading:








science and farmer inputs into technologies and practices that combine crops–animals with agroecological and agronomic management
creation of novel social infrastructure that builds trust among individuals and agencies
improvement of farmer knowledge and capacity through the use of farmer field schools and
modern information and communication technologies
engagement with the private sector for supply of goods and services
a focus on women’s educational, microfinance and agricultural technology needs
ensuring the availability of microfinance and rural banking
ensuring public sector support for agriculture.

30. Achieving food security for one million sub-Saharan African poor through push–
pull innovation by 2020
Khan, Z.R., Midega, C.A.O., Pittchar, J.O., Murage, A.W., Birkett, M.A., Bruce, T.J.A
& Pickett, J.A. (2014) ‘Achieving food security for one million sub-Saharan African
poor through push–pull innovation by 2020’. Phil. Trans. R. Soc. B, vol. 369: 20120284.
http://dx.doi.org/10.1098/rstb.2012.0284
This is a paper which reports some practical and pragmatic application in modern agro-ecology with
promising outcomes. It is one of the few examples of evidence that using natural ecosystem function
to minimise external inputs to agricultural production can work.
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Food insecurity is a chronic problem in Africa and is likely to worsen with climate change and
population growth. It is largely due to poor yields of the cereal crops caused by pests and weeds
including stemborer pests, striga weeds and degraded low fertility soils. A platform technology,
‘push–pull’, based on locally available companion plants, effectively addresses these constraints
resulting in substantial grain yield increases. It involves intercropping cereal crops with a forage
legume, Desmodium, and planting Napier grass as a border crop. Desmodium repels stemborer moths
(push), and attracts their natural enemies, while Napier grass attracts them (pull). Desmodium is very
effective in suppressing striga weed while improving soil fertility through nitrogen fixation and
improved organic matter content.
Both companion plants provide high-value animal fodder, facilitating milk production and
diversifying farmers’ income sources. To extend these benefits to drier areas and ensure long-term
sustainability of the technology in view of climate change, drought-tolerant trap and intercrop plants
are being identified. New on-farm field trials show that using these two companion crops in adapted
push–pull technology provide effective control of stemborers and striga weeds, resulting in
significant grain yield increases.
Effective multilevel partnerships have been established with national agricultural research and
extension systems, non-governmental organisations and other stakeholders to enhance dissemination
of the technology with a goal of reaching one million farm households in the region by 2020. It is
early days but is a useful reference to illustrate the nature new approaches require.

31. The future of food demand: understanding differences in global economic models
Valin, H., Sands, R.D., van der Mensbrugghe, D., Nelson, G.C., Ahammad, H., Blanc,
E., Bodirsky, B., Fujimori, S., Hasegawa, T., Havlik, P., Heyhoe, E., Kyle, P., MasonD’Croz, D., Paltsev, S., Rolinski, S., Tabeau, A., van Meijl, H., von Lampe, M. &
Willenbockel, D. (2014) ‘The future of food demand: understanding differences in
global economic models’. Agricultural Economics, vol. 45, pp. 51–67.
Understanding the capacity of agricultural systems to feed the world population under climate change
requires projecting future food demand. This paper arrives at a very helpful time when there is active
debate on the nature of food demand under the influences of population growth, economic wealth
distribution and dietary change. This article reviews demand modelling approaches from 10 global
economic models.
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The authors compare food demand projections in 2050 for various regions and agricultural products
under harmonised scenarios of:




socioeconomic development
climate change, and
bioenergy expansion.

In the reference scenario (SSP2) which leads to a world population of 9.3 billion by 2050 (42% higher
than the 2005 level) and more than a doubling in average income per capita globally, from 6,700 USD
in 2005 to 16,000 USD in 2050, generates a food demand increase of 59–98% between 2005 and
2050. This is slightly higher than the most recent FAO projection of 54% from 2005/2007. The range
of results is large, in particular for animal calories (between 61% and 144%), caused by differences in
demand systems specifications, and in income and price elasticities. The results are more sensitive to
socioeconomic assumptions than to climate change or bioenergy scenarios.
When considering a world with higher population and lower economic growth (SSP3) where the
population level in 2050 is 10.2 billion and GDP is only two-thirds (yielding income per capita
globally of 10,720 USD by 2050), the consumption per capita drops on average by 9% for crops and
18% for livestock. The maximum effect of climate change on calorie availability is –6% at the global
level, and the effect of biofuel production on calorie availability is even smaller. Changing the
socioeconomic scenario has different effects across models. The population increase is similar for all
models but the demand response to changes in income per capita depends on income elasticities that
vary across the models. Additionally, differences in price responses can also influence the level of
consumption. This comprehensive work is instructive to understand the relative sensitivities of food
demand as a consequence of population growth, patterns of economic growth, biofuels production
and climate change.
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32. Projecting future crop productivity for global economic modeling
Muller, Christoph & Robertson, Richard D. (2014) ‘Projecting future crop productivity
for global economic modeling’. Agricultural Economics, vol. 45, pp. 37–50.
Assessments of climate change impacts on agricultural markets and land-use patterns rely on
quantification of climate change impacts on the spatial patterns of land productivity. The authors
supply a set of climate impact scenarios on agricultural land productivity derived from two climate
models and two biophysical crop growth models to account for some of the uncertainty inherent in
climate and impact models. Aggregation in space and time leads to information losses that can
determine climate change impacts on agricultural markets and land-use patterns because often
aggregation is across steep gradients from low to high impacts or from increases to decreases.
The four climate change impact
scenarios supplied here were
designed to represent the most
significant impacts (high
emission scenario only, assumed
ineffectiveness of carbon dioxide
fertilisation on agricultural yields,
no adjustments in management)
but are consistent with the
assumption that changes in
agricultural practices are covered
in the economic models.
Globally, production of
individual crops decrease by 10–
38% under these climate change
scenarios, with large uncertainties in spatial patterns that are determined by both the uncertainty in
climate projections and the choice of impact model. This uncertainty in climate impact on crop
productivity needs to be considered by economic assessments of climate change.

33. Food security and sustainable intensification
Godfray, H.C.J. & Garnett, T. (2014) ‘Food security and sustainable intensification’.
Phil. Trans. R. Soc. B, vol. 369: 20120273. http://dx.doi.org/10.1098/rstb.2012.0273
Sustainable Intensification of Agriculture (SIA) is now language for mechanisms where ‘yields are
increased without adverse environmental impact and without the cultivation of more land’. It is
considered to be a promising way forward to meet increase in food supply but it is an emerging idea
with much promise but also some concerns. This paper explores critically the concepts. It examines
the increasing pressures on the global food system, both on the demand side from increasing
population and per capita consumption and dietary change, and on the supply side from greater
competition for inputs and from climate change.
Their diagram is most helpful in that it places the global food system at the balance point of
production and supply policy against the hunger and poverty drivers on one side and the
environmental drivers on the other. This is the complexity we face.
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This paper argues that the magnitude of the challenge is such that action is needed throughout the
food system, on moderating demand, reducing waste, improving governance and producing more
food. It discusses in detail the last component, arguing that more food should be produced using SIA
strategies, and explores the rationale behind, and meaning of, this term. It also investigates how SIA
may interact with other food policy agendas, in particular, land use and biodiversity, animal welfare
and human nutrition.
The concluding paragraphs of this paper give important perspectives on alternatives to SIA. They
write that ‘one might accept the idea that food security poses a major challenge but argue that it can
be met by changing diets, reducing waste or by a radical reorganising of the politico-economic
landscape. For this perspective, increases in food production are not required.’ The authors see this as
a hugely risky strategy—the challenges are such that movement is required on multiple policy fronts.
Finally, they state that there is the business as usual alternative to SIA. As demand for food rises,
then the economic pressures to produce food will increase, leading to land conversion, and the types
of intensification that damage the environment and other food system goals. In the face of a multitude
of externalities (costs not captured in the price), market distortions and time lags, the authors argue
that it is inconceivable that the market alone will furnish solutions unaided. The consequences of
unsustainable intensification will damage the planet and undermine its capacity to support future food
production.
It is a very welcome and worthwhile contribution to the food–water–climate change interface for the
Oxford workshop. It does not give detailed attention to the energy demands of SIA and while
mentioned, merits more attention in our workshop discussions.
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34. Food security in a perfect storm: using the ecosystem services framework to
increase understanding
Poppy, G.M., Chiotha, S., Eigenbrod, F., Harvey, C.A., Honzák, M., Hudson, M.D.,
Jarvis, A., Madise, N.J., Schreckenberg, K., Shackleton, C.M., Villa, F. & Dawson, T.P.
(2014) ‘Food security in a perfect storm: using the ecosystem services framework to
increase understanding’. Phil. Trans. R. Soc. B, vol. 369: 20120288.
http://dx.doi.org/10.1098/rstb.2012.0288
Achieving food security in a ‘perfect storm’ scenario is a grand challenge for society. Climate change
and an expanding global population act in concert to make global food security even more complex
and demanding. As achieving food security and the Millennium Development Goal (MDG) to
eradicate hunger influences the attainment of other MDGs, it is imperative that we offer solutions
which are complementary and do not oppose one another. Sustainable intensification of agriculture
(SIA) has been proposed as a way to address hunger while also minimising further environmental
impact. However, the desire to raise productivity and yields has historically led to a degraded
environment, reduced biodiversity and a reduction in ecosystem services (ES), with the greatest
impacts affecting the poor.

This paper proposes that the ES framework (depicted in the diagram above for a Malawi case study)
coupled with a policy response framework, can allow food security to be delivered alongside healthy
ecosystems, which provide many other valuable services to humankind. Too often, agro-ecosystems
have been considered as separate from other natural ecosystems and insufficient attention has been
paid to the way in which services can flow to and from the agro-ecosystem to surrounding
ecosystems. In a case study from the Zomba district of Malawi, the authors demonstrate the
inextricable links between ES and human wellbeing. From this, the authors conclude:




Business as usual in science, agriculture and ecosystem management is not going to be sufficient
to meet the challenges of near- and longer term futures, especially in the face of ‘perfect storm’
combinations of stressors.
Food security represents the epitome of needing the natural and social sciences to work together
in interdisciplinary ways and, for implementation, in transdisciplinary ways.
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Because of the need for novelty and inter- and transdisciplinary cooperation, bundling of
conceptual and analytical frameworks is the key. No single framework can capture all salient
aspects of the system at appropriate resolutions and at multiple scales.
Average outcomes, predictions and policies are insufficient as demonstrated in the case study
from Malawi. There must be appropriate resolution to identify who are the vulnerable, when,
where and why, and how these change with context and time. Uncertainty is a reality and needs
to be integral to frameworks used.

The paper concludes that implementing the ES framework to understand and negotiate trade-offs at
the critical interface between agro-ecosystems and less transformed systems is a promising way
forward for meeting the simultaneous needs of food security and environmental sustainability.

35. Yield Trends Are Insufficient to Double Global Crop Production by 2050
Ray, D.K., Mueller, N.D., West, P.C. & Foley, J.A. (2013) ‘Yield Trends Are Insufficient
to Double Global Crop Production by 2050’. PLOS ONE, vol. 8 (6) e66428,
doi:10.1371/journal.pone.0066428
It is well established that yield increases in excess of 2% per year are required to meet a doubling of
global crop production by 2050 to meet the projected demands from rising population, diet shifts, and
increasing biofuels consumption. Boosting crop yields to meet these rising demands, rather than
clearing more land for agriculture has been highlighted as a preferred solution to meet this goal.
However, we first need to understand how crop yields are changing globally, and whether we are on
track to double production by 2050.
This paper using 2.5 million agricultural statistics, collected for 13,500 political units across the
world, track four key global crops—maize, rice, wheat, and soybean—that currently produce nearly
two-thirds of global agricultural calories. The authors find that yields in these top four crops are
increasing at 1.6%, 1.0%, 0.9%, and 1.3% per year, non-compounding rates, respectively, which is
less than the 2.4% per year rate required to double global production by 2050. At these rates global
production in these crops would increase by 67%, 42%, 38%, and 55% respectively, which is far
below what is needed to meet projected demands in 2050.
The paper sets a benchmark for our conversation with respect to what SIA must achieve to deliver the
food required. It exposes that the task ahead for the Kavli Declaration to bear fruit is large indeed if
science is our only tool at hand. Alternatively additional strategies, particularly changing to more
plant-based diets and reducing food waste, can reduce the large expected demand in food growth.
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36. Distinguishing between yield advances and yield plateaus in historical crop
production trends
Grassini, P., Eskridge, K.M. & Cassman, K.G. (2013) ‘Distinguishing between yield
advances and yield plateaus in historical crop production trends’. Nature
Communications, vol. 4:2918. DOI: 10.1038/ncomms3918,
http://www.nature.com/ncomms/2013/131217/ncomms3918/pdf/ncomms3918.pdf
This work is an independent analysis which like Ray et al. (2013) (see item 35) and Fischer et al.
(2014) (see item 37) provides evidence that rate of crop yield increases over the last 40 years is
generally slowing, often plateauing, and in some regions declining.
Food security and land required for
food production largely depend on
rate of yield gain of major cereal
crops. Previous projections of food
security are often more optimistic
than what historical yield trends
would support. Many econometric
projections of future food
production assume compound rates
of yield gain, which are not
consistent with historical yield
trends. Here the authors provide a
framework to characterise past yield
trends and show that linear
trajectories adequately describe past
yield trends, which means the
relative rate of gain decreases over
time.
Furthermore, there is evidence of yield plateaus or abrupt decreases in rate of yield gain, including
rice in eastern Asia and wheat in northwest Europe, which account for 31% of total global rice, wheat
and maize production. Essentially the Minnesota team found widespread deceleration in the relative
rate of increase of average yields of the major cereal crops during the 1990–2010 period in countries
with greatest production of these crops, and strong evidence of yield plateaus or an abrupt drop in rate
of yield gain in 44% of the cases which, together, account for 31% of total global rice, wheat and
maize production.
The results strongly support the proposition that estimates of future cereal production should be
derived from yield projections based on linear models, with breakpoints and plateaus to reflect the
linear nature of the crop yield gains in an ascending phase during which modern crop management
practices are adopted, and the existence of a biophysical upper limit for grain yield best estimated by
robust crop simulation models. Approaches that rely on compound rates of yield increase or constant
linear rates with no upper limit to yield growth are not supported by the analysis of historical yield
trends and current understanding of crop physiology, and they are likely to overestimate future
increases in crop yields by a large margin. In turn, overestimating trajectories in crop yields leads to
estimates of land requirements for crop production that are too low and diminish capacity for effective
strategic planning and research prioritisation to ensure future food security and conservation of natural
resources.
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37. Crop yields and global food security: will yield increase continue to feed the world?
Fischer, R.A., Byerlee, D. & Edmeades, G.O. (2014) Crop yields and global food security:
will yield increase continue to feed the world? ACIAR Monograph No. 158. Australian
Centre for International Agricultural Research, Canberra.
This is a most important resource on
global crop production, statistical
analysis of trends in yield and modelled
predicted of yield growth rates. It is a
thoroughly comprehensive source of
data and analysis of the increase in crop
yields over the past 30 years and
prediction of future crop yield increases
to meet future demand under impacts of
price, land area change, disease and
importantly, climate change. The price,
demand, supply analysis evaluated here
makes this book important for this work
alone. It is a must read for all those
interested in food security.
Given that ~900 million undernourished people remain in the world now and given the 2000 UN
Millennium Development Goals to halve hunger and under-nutrition, it is assumed here that real price
increases need to be no more than 30% above the 2000 –06 minimum. This suggests that the
minimum supply increase for staples to 2050 would be 60% relative to 2010. Allowing for 10%
increase in staple crop area (see item 15) to achieve the projected 2050 minimum staples, supply will
require that 45% of the supply increase be derived from future yield increase. This means the
minimum target for global yield increase for staple crops should be 1.1% p.a. relative to 2010
yield.
The authors conclude that it would be most beneficial for all lower income consumers if the world
aimed for higher target rates of yield progress (e.g. 1.2–1.3% p.a.). Higher targets would also protect
against rare but unanticipated factors that may mean the minimum yield target has been
underestimated. These include:






population growth at the upper estimate (e.g. 10.6 billion by 2050)
further policy-driven biofuel demand
constraints or prohibitions on further land clearing
land loss due to sea level rise or nuclear contamination
widespread exceptionally adverse weather events accompanied by a return to protectionism and
greater trade barriers.

In addition, higher target rates of yield progress would prepare the world for rare but unanticipated
factors that could create brakes to achieving the minimum target-for-yield progress specified here.
These include:






worse than anticipated adverse climate change effects
loss of irrigation water
another energy crisis such as that which occurred in the mid-1970s
widespread disease epidemic in a major crop
banning of genetically engineered crop varieties.
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This book concludes further that by achieving rates of yield progress beyond the minimum required,
yield increase would thus buffer the world against the risk of price spikes and food-price driven civil
disorder. Rates of yield increase greater than 1.1% p.a. were common between 1960 and 2000.
However, the current rates of 1.0% p.a. for wheat, rice and soybean sit below the minimum target
required to attain world food security by 2050. The current rate for maize is higher at 1.5% p.a.
This work draws heavily on the modelling work of Rosegrant et al. (2014) (see item 38) from the
International Food Policy Research Institute. It does not make provision for the issues alerted to in the
careful analysis of Grassini et al. (2013) (see item 36) where the rapid rise in yield increase in the
1960s–1980s from the ‘green revolution’ is taken account of in the prediction of future yield increase.
This is a hugely valuable resource and there is much valuable detailed thinking and analysis beyond
what I have provided above.

38. Food security in a world of natural resource scarcity: the role of agricultural
technologies
Rosegrant, M.W., Koo, J., Cenacchi, N., Ringler, C., Robertson, R., Fisher, M., Cox, C.,
Garrett, K., Perez, N.D. & Sabbagh, P. (2014) Food security in a world of natural
resource scarcity: the role of agricultural technologies. International Food Policy
Research Institute, Washington, DC, USA.
The overall objective of this book is to identify the future impact of alternative agricultural technology
strategies for food supply, demand, prices, and food security for the three key staple crops: maize,
rice, and wheat. The authors have done this by analysing the yield growth and food security of
alternative agricultural technologies at global and regional levels, taking into account the spatial
variability of crop production, climate, soil, and projected climate change.
The report evaluates the market-level consequences of broad adoption of yield-enhancing crop
technologies at regional and global scales, as mediated through impacts on commodity markets and
trade. The focus is on agricultural technologies in countries and regions that are at risk of hunger as
well as on the world’s breadbaskets. The modelling and analysis indicate increases in the real price of
maize of 40–45 per cent in 2050 and in the price of wheat and rice of 20–25 per cent under climate
change relative to a no-climate change scenario. Both demand and supply factors will drive price
increases. Population and regional economic growth will fuel increased growth in demand for food.
Rapid growth in demand for meat and milk will put pressure on prices for maize, coarse grains, and
meats. World food markets will tighten, adversely affecting poor consumers.
There is now a growing understanding that natural resources provide substantial limits to economic
growth and human well-being goals. Rapidly rising resource scarcity of water and increasingly of land
will add further constraints on food production growth. At the same time, bioenergy demand will
continue to compete with food production for land and water resources despite recent reviews of
biofuel policies. Given the continued growth of competing demands on water and land resources from
agriculture, urbanisation, industry, and power generation, food production increases through large
expansion into new lands will be unlikely. Land expansion would also entail major environmental
costs and damage remaining forest areas and related ecosystem services. Therefore, greater food
production will largely need to come from higher productivity rather than from a net increase in
cropland area. Addressing the challenges of climate change; growing land, water, and energy scarcity;
rising long-term food prices; and poor progress in improving food security will require increased food
production without further damage to the environment. Accelerated investments in agricultural R&D
will be crucial to support food production growth. However, the specific set of agricultural
technologies that should be brought to bear remains highly uncertain.
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The results suggest meeting the challenge of climate change while substantially improving food
security and reducing negative impacts on natural resources requires a three-pronged effort:




increased crop productivity through enhanced investment in agricultural research
development and use of resource-conserving management, and
increased investment in irrigation.

Crop breeding should target abiotic stresses (such as heat and drought) and biotic stresses (such as
pests and diseases), as well as continuing to invest in broad-based yield improvement. This report
presses the traditional lines of technical and scientific fixes from agricultural science and provides reenforcing evidence of the scale of the productivity increases of 1.3 to 1.5% p.a., and that the
technologies examined through modelling are barely able to generate the increases in productivity
required. The suite of technologies most likely to generate the productivity increases required were
not clear from the studies. Policies proposed appear to be more of the same. More research and
extension will do it.

39. The State of Food Insecurity in the World 2013
FAO, IFAD & WFP (2013) The State of Food Insecurity in the World 2013. The multiple
dimensions of food security. FAO, Rome.
Undernourishment around the world in 2013
continues…but there is some progress. This
comprehensive report led by FAO estimates that,
globally, 842 million people—12 per cent of the global
population—were unable to meet their dietary energy
requirements in 2011–13. This was down from 868
million reported a year earlier. Thus, around one in eight
people in the world are likely to have suffered from
chronic hunger; not having enough food for an active and
healthy life. The vast majority of hungry people—827
million of them—live in developing regions, where the
prevalence of undernourishment is now estimated at 14.3
per cent in 2011–13.
Some of the key messages of this report are:






Developing regions as a whole have registered significant progress towards the MDG 1 hunger
target. If the average annual decline of the past 21 years continues to 2015, the prevalence of
undernourishment will reach a level close to the target. Meeting it would require considerable
and immediate additional efforts.
Growth can raise incomes and reduce hunger, but higher economic growth may not reach
everyone. It may not lead to more and better jobs for all, unless policies specifically target the
poor, especially those in rural areas. In poor countries, hunger and poverty reduction will only be
achieved with growth that is not only sustained, but also broadly shared.
Despite overall progress, marked differences across regions persist. Sub-Saharan Africa remains
the region with the highest prevalence of undernourishment, with modest progress in recent
years. Western Asia shows no progress, while Southern Asia and Northern Africa show slow
progress. Significant reductions in both the estimated number of people who are undernourished
and the prevalence of undernourishment have occurred in most countries of Eastern and SouthEastern Asia, as well as in Latin America.
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Price and income swings can significantly affect the poor and hungry. However, recent data on global
and regional food consumer price indices suggest that price hikes in primary food markets had a
limited effect on consumer prices, and that price swings in consumer prices were more muted than
those faced by producers. When prices rise, however, consumers often shift to cheaper, less-nutritious
foods, heightening the risks of micronutrient deficiencies and other forms of malnutrition, which can
have long-term adverse effects on people’s health, development and productivity.
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