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Introduction

Chapter 1 introduces the Project and presents its aims
and objectives.

The critical importance of the global food system and
the need to take a broad perspective is discussed.
The technical approach to the work and the structure
of the Report is set out.
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1 Introduction

Project aim: to explore the pressures on the global food system between now and 2050 and identify
the decisions policy makers need to take, today and in the years ahead, to ensure that a global
population rising to nine billion or more can be fed sustainably®® and equitably.

The global food system over the next 40 years will experience an unprecedented confluence of
pressures. On the demand side, global population size will increase from nearly seven billion today to
eight billion by 2030, and to probably 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 factors would present substantial challenges to
food security, but together they constitute a major threat that requires a strategic reappraisal of how the
world is fed. Addressing the implications in a pragmatic way that promotes resilience to shocks and
future uncertainties is vital if major stresses to the food system are to be anticipated and managed.

Although there has been marked volatility in food prices in 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.

925 million people experience hunger'* they lack access to sufficient of the major macronutrients
(carbohydrates, fats and protein). Perhaps another billion suffer from ‘hidden hunger’: where important
micronutrients (such as vitamins and minerals®®) 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 involving chronic conditions such as type-2 diabetes and cardiovascular
disease®. Much of the responsibility for three billion people having suboptimal diets lies within the
global food system.

Many systems of food production are unsustainable, putting at great risk future food production.There
are widespread problems with soil loss due to erosion, loss of soil fertility, salination and other forms
of degradation; rates of water extraction for irrigation are exceeding rates of replenishment in many
places; over-fishing is a widespread concern; and there is heavy reliance on fossil fuel-derived energy
for synthesis of nitrogen fertilisers and pesticides. In addition, emissions to air and water from food
production systems are frequently in excess of the levels considered environmentally benign. Livestock
and nitrogenous fertiliser are major sources of emissions of the greenhouse gases methane and
nitrous oxide, while losses of nitrates and phosphates from soil cause loss of water quality.

Despite these long-standing failings, and likely confluence of future pressures, the food system has until
recently received relatively little attention from policy-makers. The spikes in food prices in 2008 were a
stark warning of the vulnerability of the global food supply, and a jolt to the complacency that had set in
after the gains in production in many parts of the world over the previous four decades. Governments
around the world responded by taking a closer look at the causation of the food prices spikes and the
UN has responded by establishing a High-Level Task Force on the Global Food Security Crisis, whilst the
international community, led by the G8, committed an additional $22 billion over three years from July
2009 towards sustainable agricultural development’.While these developments are welcome, it is clear
that much more needs to be done. Short-term measures to address these issues will not achieve the
pace and scale of the reforms that are likely to be required.

A crucial issue is the growing linkage of the food system to a broad range of global policy issues. Climate
change mitigation and adaptation, energy security and supply, water scarcity, land use change and the

13 Sustainability implies the use of resources at rates that do not exceed the capacity of the Earth to replace them. A more detailed
description of the use of the term in the Report is given in Box 3.5

14 FAO (2010a)

15 UN Standing Committee on Nutrition (2004); World Bank (2006a)

16 Foresight (2007); WHO/FAO (2003); Haslam and James (2005)

17 ‘Joint Statement on Global Food Security (‘LAquila Food Security Initiative’)' July 2009 endorsed by G8 and G20.
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valuing of ecosystem services® are all closely tied to production and the global food supply chain. The
food system already uses 70% of the extracted fresh water globally, and 34.3%*° of the land area®, and is
a major producer of greenhouse gas emissions. Consequently, it has a very dominant influence on
terrestrial and aquatic ecosystems and major effects on biodiversity. The future expansion of the food
system will steadily increase its impact on these areas and vice versa. Without much closer linkages and
integration, there is a risk that policies in all such areas will become increasingly inefficient or ineffective,
and frustrated by competing aims.

The food system is thus moving into a new era of uncertainty and pressure.To prepare policy-makers
accordingly, comprehensive and strategic analysis is required which looks both across adjacent policy
areas and ahead to the future challenges and possible solutions. This Report aims to make a contribution
to that goal. It builds on the Food Matters Report published by the UK Cabinet Office in the wake of the
food price spikes of 2008, which called for a major new Foresight Project to examine future global food
systems. This Report marshals the complex and vast evidence base across the food system to examine
the challenges ahead and identify possible options for policy.

1.1 The need for a broad perspective

The Project takes a broad perspective of the global food system from production to the plate. The
system is not a single designed entity, but rather a partially self-organised collection of interacting parts.
Much food is produced on the farm, but capture fisheries and aquaculture are also important, both in
terms of nutrition (about a billion people rely on fish as their main source of animal proteins®) and in
providing livelihoods, especially for the poor. Many vulnerable communities obtain a significant amount of
food from the wild (‘wild foods'??), which increases resilience to food shocks. Most of the economic value
of food, particularly in high-income countries, is added beyond the farm gate in food processing and in
retail, which together constitute a significant fraction of world economic activity.

The consumer is not a passive recipient of food but exerts choices and preferences that influence the
food system, while companies in the food supply chain have great political and societal influence and can
shape consumer preferences. And while in the past the food systems of different countries were only
weakly connected, today they are linked at all levels, from trade in raw materials through to processed
products. Therefore, the ramifications of possible future developments in the global food system need to
be carefully considered.

The Project also takes a broad view of food that goes far beyond issues of nutrition, economics and
food security. Food is essential for survival and for mental and physical development — nutritional
deficiencies during pregnancy and in early growth (especially the first two years) can have lifelong
effects?®, For the very poor, obtaining a minimum amount of calories becomes a dominant survival activity.
Issues of culture, status, and religion also strongly affect both food production and demand and hence
shape the basic economics of the food system?. Also, food production, cooking and sharing are major
social and recreational activities for many in middle- and high-income countries.

There is a strong emphasis in this Report on the need for action as the consequences of inaction or
deferring some decisions will be severe. In addition to the risk of higher prices, volatility in the food
system could increase, for example, if the threat of extreme climatic events is not addressed. Potential
negative feedbacks such as the effect of environmental degradation on food production could also
develop further. Inaction also increases the risks of major events occurring — for example, the collapse of
the food system in a country or region — with global economic and political implications. Finally, if actions

18 For a definition of ecosystem services see Chapter 8.

19 This figure is drawn from FAOSTAT (2008); Evans (1998); and DR7B (Annex E refers).

20 There is continuing controversy over how much land is currently used for food production and what potential cultivable land is
available for exploitation. This figure includes crop and pasture land currently used for food production. See Project Report C2
(Annex E refers).

21 WHOI/FAO (2003)

22 Wild foods are defined here as non-domesticated crops and species; see Project Report DR21 (Annex E refers) which provides a
list of all the commissioned reviews and papers.

23 Foresight (2008)

24 For example, food production and consumption can define an individual’s primary identity (a ‘farmer’; a ‘vegetarian’) and can be
encoded in religious norms. Consumption of certain foods, or of large quantities of food, is a signal of status in some cultures.
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are deferred they may be more difficult to implement at a later date and be more disruptive. There is a
risk of irreversibilities, such as tipping points in the climate system or high extinction rates for key
components of the terrestrial and aquatic biodiversity on which food production systems depend.

1.2 Five key challenges

The Project has explored the challenges facing the food system in the five broad categories shown
below. In each case, the size and nature of the challenge is assessed alongside the options for addressing
the multiple issues raised by each.Where possible, advice on priorities or particularly promising
approaches is provided, while recognising that choices may need to be made on the basis of an evidence
base that is inevitably incomplete.

A: Balancing future demand and supply sustainably (Chapter 4)

B: Addressing the threat of future volatility in the food system (Chapter 5)

C. Ending hunger (Chapter 6)

D: Meeting the challenges of a low emissions world (Chapter 7)

E: Maintaining biodiversity and ecosystem services while feeding the world (Chapter 8)

The analysis of health impacts associated with food in this Project has focused on over- and
undernutrition, and the associated drivers, impacts and policy issues. There are also significant health
effects associated with foodborne disease, which affects millions of people worldwide.While these issues
are not discussed in detail in this Report, a healthy diet? and good standards of animal health and food
safety are essential components of a sustainable and secure food system (see Box 1.1).

For all five challenges the Project has:

Adopted an international perspective.While led by the UK's Government Office for Science, the
Project has drawn upon the advice and assistance of experts and stakeholders from across the world.
Multidisciplinary expertise and diverse organisational experience were required because of the unique
role food plays in human wellbeing and culture, the size and complexity of the food system, its impact
on the environment, and the many linkages between the food system and other policy areas.

Based its analysis on the best available scientific and other evidence. Besides drawing upon the
existing international literature, a broad range of studies was commissioned from leading experts.
These included more than 20 reviews of key drivers of change; 40 reviews of the state of the art in
different areas of the natural and social sciences; seven reviews of specific issues with an explicitly
regional focus; and other commissioned work, for example, on modelling?®.

Adopted no a priori position on the utility or acceptability of any possible approaches for
addressing future challenges. The approach taken here has been to consider a broad range of options
and not to exclude a priori particular technologies or approaches.The evidence base is considered
critical in judging the safety and efficacy of different approaches, and also in estimating the opportunity
costs of excluding certain options. Different groups with particular special interests hold firm value-
based views on certain options that have a rightful place in the political arena, but not in the collection
and analysis of evidence.

Regarded some factors that influence the food system as exogenous to the issues considered
by the Project. In particular, the Project does not explore possible policy options for influencing
population growth rates. Similarly, although the role of the food system in contributing to the
mitigation of climate change is analysed, general climate change policy is not discussed, although this
will clearly have an impact on food production.

25 For discussion of the requirements of a healthy diet, see Project Report WP1 (Annex E refers).
26 See Annex E for a full list. All are available through www.bis.gov.uk/foresight
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The analysis was also based on a number of assumptions. Chief among these was that there would not
be radical changes in the structure of the global economy over the next four decades.

Box 1.1 Important facets of the food system: food safety; foodborne disease
and zoonoses

The analysis of health impacts associated with food in this Project has focused on over- and
undernutrition, and the associated drivers, impacts and policy issues. There are also significant health
effects associated with foodborne disease. According to the World Health Organization (WHO),

up to 30% of the population in high-income countries may suffer from foodborne diseases each year,
while the picture in low-income countries is less clear but likely to be worse?.

Food safety is a key facet of the global food system, with impacts on health and the economy; it is the
focus of consumer and industry concerns, and food policy, regulation and governance. Food safety is
an essential component of a sustainable and secure food system, and responses to the challenges
identified in this Report must take account of the need for effective management of food safety and
the reduction of the burdens of foodborne disease.

About 75% of all diseases emerging during the last two decades have been zoonoses (diseases that
can be transmitted from animals to humans)?. A Foresight study on infectious diseases identified
zoonoses as one of eight important future disease risks?® and concluded that the risk of zoonotic
infection could increase in the future.Wild animals and plants are crucial to many agricultural
communities* and the Food and Agriculture Organization (FAO) estimates that about one billion
people use wild foods in their diet®:. Bushmeat and fish provide 20% of protein in at least 60
low-income countries® Trade in bushmeat is driven mostly by population growth, globalisation, the
development of infrastructure, and rural poverty®.The wildlife trade may provide a source of
zoonoses, while trade and markets can create the pathway for disease transfer and evolution®:.
Although it is difficult to quantify, the illegal trade in wildlife is estimated to be worth more than US$8
billion®. Recent research suggests that about 270 tonnes of potentially contaminated illegal bushmeat
may be passing unchecked through a single European airport each year®.

1.3 The structure of this Report

A starting point for the work was the detailed consideration of more than 20 key drivers of change that
will affect the food system. Chapter 2 outlines several which are considered to be particularly important.
Chapter 3 then considers how these and the other drivers could interact to affect the food system in

the future; new and existing modelling work and also future scenarios are used to frame that discussion.

Chapters 4-8 cover each of the five challenges set out above. Priorities for improving the evidence to
support the choices that need to be made are presented in Chapter 9. Finally, the conclusions and
proposals for action are outlined in Chapter 10.These are provided in more detail at the end of
Chapters 4-8 and in the Executive Summary.

The 10 chapters and subsections of this Report are based on 13 more detailed Reports, which have
synthesised and interpreted the evidence reviewed by the Project. These ‘Synthesis Reports’ are
published together with this Report to provide a more detailed discussion®. In turn, these Synthesis

27 The World Health Organization is coordinating a major initiative to estimate better the global burden of foodborne disease.
See http://www.who.int/mediacentre/factsheets/fs237/en

28 Zommers and McDonald (2006)

29 Foresight (2006)

30 DR21 (Annex E refers)

31 Aberoumand (2009)

32 Bennet and Robinson (2000)

33 Zommers and McDonald (2006)

34 Zommers and McDonalrd (2006)

35 Nooren and Claridge (2001)

36 Chaber et al. (2010)

37 These ‘Synthesis Reports’ are designated C1-C13. A full list can be found in Annex E and all are freely available by download or on
CD through www.bis.gov.uk/foresight
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Reports draw upon over 100 technical Reports commissioned by the Project on advice from the Lead
Expert Group, and which form a major part of the evidence base®,

Box 1.2 Building on our understanding of the global food system

Over the past five years a number of reports have been published which have focused on the global
food system, reflecting its increasing importance to domestic and international policy. This Project has
drawn on several of these reports in its analysis and a complete list is provided in Annex C.

These reports have placed different emphasis on a range of options to improve and ensure a
sustainable global food system.The IAASTD (2008) report emphasised the gains to be made from
better use and dissemination of existing agricultural knowledge, science and technology, and other
innovations in practice and knowledge transfer, while a major report by the Royal Society (2009)%°
considered pushing the bounds of new technologies and practices. The report from the Royal Society
was an important attempt to bridge the divide in much of the literature between applying approaches
that stress biotechnological solutions, and further intensification of production; and utilising agro-
ecological solutions to achieve sustainable intensification. Sustainable intensification is a new concept
that has become firmly embedded within this Report (see Box 3.5).

The UK's All Party Parliamentary Group on Agriculture And Food For Development (2010) published
a report highlighting the crucial role that food production plays in rural livelihoods in low-income
countries; it criticised the lack of attention and underfunding this area has received of late from
donors*. Another recent report on the same topic has considered the ways in which support should
be provided by European donors*.To this end, recent reports, including the comprehensive World
Development Report (2008), have supported the view that agriculture can contribute towards meeting
the Millennium Development Goals, and provide a basis for growth in agriculture-based countries®.

The ways in which agriculture will be affected by future climate change and the role the food system
must play in mitigating the impacts of climate change have also been the focus of a number of recent
reports, including the recent IFPRI (2010) report Food security, farming, and climate change to 2050,
which was co-sponsored by this Project. This report assesses the risks of climate change to food
security and provides recommendations for their mitigation.

There is a general consensus amongst these reports that ‘business as usual’ is no longer a viable option.
This Project attempts to build on these and other studies by taking a very broad view of the global
food system — recognising it as a complex collection of interacting parts. It is impossible for a broadly-
scoped Project such as this to consider the range of issues and disciplines in the same detail as the
more focused work of individual researchers and organisations. Rather, its insights should be seen as
complementary, aiming to provide a fresh look and a challenge to existing thinking, as well as offering
signposts to the most critical issues and promising approaches. It aims to present a framework for
thinking about the future, and for more detailed analysis and policy development by others. This has
been achieved by:

38 See Annex E for a list. The detailed technical reports commissioned by the Project are also freely available by download or on CD
through the above website. All project publications listed as ‘Driver Reviews';'State of Science Reviews' and ‘Regional Studies’ have
been peer-reviewed by the Project’s lead expert group. All ‘Driver Reviews’ and ‘State of Science Reviews' have been submitted
to at least one external peer reviewer (and in the majority of cases, two or more external peer reviewers).The case studies of
Sustainable Intensification in African Agriculture have also been peer-reviewed, unless listed as Working Papers.This Final Report
and the Synthesis Reports have also been submitted to peer review during the synthesis process. Particular thanks are due to the
external peer reviewers listed in Annex A; and to several other peer reviewers who have also contributed their time on various
aspects of the Report.

39 IAASTD (2009)

40 The Royal Society (2009)

41 All Party Parliamentary Group (2010)

42  Global Author Team (2010)

43 World Bank (2008)
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Providing an international outlook: considering the concerns and experiences of many different
types of stakeholder, from African smallholder to multinational retailer.

Involving participants from a very wide range of disciplines: natural and social scientists, experts in
risk management, economics and modelling.

Looking across both aquatic and terrestrial based food production in an attempt to integrate future
challenges and approaches.

Taking a long-term, strategic look forward to the next 20 years to 2030, and the next 40 to 2050.
The Project has used futures techniques to consider the many inherent uncertainties that lie ahead,
and to identify choices that are resilient to a range of outcomes.

1.4 How the food system must adapt to climate change and future resource
pressures

The adaptation and resilience of the global food system to future pressures — particularly from climate
change, resource scarcity, and population growth, are key themes throughout this Report.There is no one
section on ‘adaptation’, as the following analysis is intended to give policy makers and others a sense of;

The way in which agriculture and fisheries will be affected by climate change and related impacts on
different ecosystems.

The ways in which the global food supply chain as a whole — from farmers and fishers to consumers

— will need to become more resilient to future shocks caused by climate change, and, importantly, the
combination of climate change in other significant developments impacting on the food system over

the next 40 years.

Adaptation can be divided into autonomous and planned measures*, the former describing the way, for
example, a farmer might begin to plant earlier or harvest their crops later in response to local changes in
circumstances; the latter indicating more formal strategies or policy decisions to improve the capacity of
food production systems to adapt. Adaptation over the long term will certainly require planned measures —
and article 4.1b of the United Nations Convention on Climate Change mandates all parties to design
and implement national or regional measures.

This Report and the wide evidence base commissioned can be seen as a substantive package of analysis
of the need for adaptation and of strategic measures to develop the global food system’s resilience to
future change. These include:

Chapter 2 and Project Reports C2, DR2 and DR5 deal with the impact of climate change on
agriculture, in anticipation of the way that agriculture will have to adapt and become more resilient to
a changing climate and significant (and related) resource pressures.

Chapter 3 and Project Report C4 consider further the likely impacts of climate change, drawing
heavily on IFPRI's IMPACT model, which integrates climate, crop, water and economic modelling
techniques. Such models will become key policy tools in helping policy-makers to consider the
resilience of food production and agricultural markets to future changes in climate.

Chapter 4, Project Report C6 and a number of the evidence reviews commissioned by the Project
consider the new science necessary to adapt food production to a changing climate, alongside new
techniques and practices, for example, within fertiliser management or irrigation (e.g. SR7; SR31;
SR35%),

Chapters 4 and 5 consider how governance, particularly the governance of global markets, will need
to reflect a more volatile world, with markets responsive and functioning effectively in response to
climatic and other shocks.

Project Report C9 and the 38 case studies commissioned on sustainable intensification in African
agriculture provide examples of how agriculture and aquaculture may increase yields sustainably, make

44 FAO (2007a) — Adaptation to climate change FAO paper
45 Annex E refers
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better use of inputs, and build social capital among producers.These will be key strategies in building
resilience and adaptability in African agricultural systems.

Chapter 7 and Project Report C12 consider how agriculture and food production must change to
meet the challenges of a low-emissions world. This recognises the breadth of measures that must be
taken to address the need both to adapt to and mitigate climate change and other resource pressures.

Overall, the Project’s stress on sustainable intensification and making sustainability operational in food
production (see Box 3.5) should be seen as a major strategy for adaptation for the food system in the
decades ahead.
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