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Foreword

Today, the world still produces food mainly based on the principles of the green revolu-
tion of the 1960s and 1970s. Most of this production is based on high-input and resource-
intensive farming systems at a high cost for the environment. As a result, soil, forests,
water, air quality, and biodiversity continue to degrade. And this focus on increasing pro-
duction at any cost has not been sufficient to eradicate hunger, despite the fact that today
we produce more than enough to feed everyone. In addition, we are seeing a global epi-
demic of obesity. This is situation is unsustainable, and we have reached an inflection
point. We need to promote a transformative change in the way we produce and consume
food. We need to put forward sustainable food systems that offer health and nutritious
food to everyone, and also preserve the environment.

Achieving the 2030 Agenda for Sustainable Development requires us to make this
transformative change with people at its center. This publication can serve as a refer-
ence in that process. It shows what viable options look like and how various efforts
have succeeded or fallen short. The data and examples provide a compelling case for
an integrated approach—in which social, economic, and environmental considerations
are all considered. A roadmap is sketched to highlight the policy and technology
options that can make agriculture more productive both across sectors and over the
long term. This text offers detailed ideas on assuring inclusive and effective governance
at different levels, including suggestions for balancing trade-offs, monitoring progress,
and building partnerships.

Promoting sustainable agriculture and healthy diets means taking action at each and
every link in the food chain. The judicious use of technologies and innovative practices,
supported by appropriate policies, institutions, and incentives can help the world meet its
present needs without jeopardizing the opportunities of future generations. That is what
“sustainable production and consumption” is all about.

Whether countries and communities across the globe opt for climate-smart agriculture,
sustainable intensification, agroecology, biotechnologies, or any of the other approaches
laid out here to make agriculture more sustainable—and to eradicate hunger and pov-
erty—the FAO stands ready to provide expertise and support throughout the value chain.
Agricultural production should go beyond increasing yields, providing new job opportu-
nities for women, men, and youth in crop, livestock, forestry, fisheries, and aquaculture
production as well as in research and innovation and after-harvest activities such as stor-
ing, processing, transporting, and marketing.

Many interrelated challenges are converging, and the choices we make at this important
crossroads will determine whether we achieve a world free of poverty, hunger, disease,
and want. When resource use is efficient, the environment is protected, rural livelihoods,

xv



equity, and social well-being are improved, resilience is enhanced, and responsible and
effective governance mechanisms are in place in agriculture, we will have the change that
is warranted, and people and the planet will benefit together.

José Graziano da Silva

Director-General

Food and Agriculture Organization of the United Nations
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Preface

Currently, the world’s agriculture and food systems face the future challenge of provid-
ing 50 percent more food than the total needed in 2013 to feed a population of 9.73 billion
by 2050. More urbanized and affluent than ever before, that population will demand more
livestock-based and processed foods and fruits and vegetables. However, even for current
levels of population and consumption, our agriculture and food systems are proving inad-
equate. Despite systems producing enough food to meet the caloric requirements of the
current population, 815 million people remain hungry, 2 billion suffer from micronutrient
deficiencies, and 40% of the population above 18 years of age is overweight; the natural
resources that underpin agriculture and food systems are under pressure (e.g., one-third
of agricultural land is moderately to highly degraded, agriculture uses 70% of all water
withdrawal and causes environmental pollution, and food production is responsible for
75% of the loss in agrobiodiversity); and the agricultural production systems, including
deforestation, contribute to 29% of the global greenhouse gas emissions for climate change,
which is already impacting the livelihoods of the most vulnerable, especially in rural
areas.

So, how will global agriculture and food systems “meet the needs of the present with-
out compromising the ability of future generations to meet their own needs” in 2050 and
beyond? Over the years, some initiatives to enhance productivity and sustainability of dif-
ferent agricultural sectors have been launched (e.g., Save and Grow for the crop sector,
Global Agenda for Sustainable Livestock, Sustainable Forest Management, the Code of
Conduct for Responsible Fisheries, and Climate-Smart Agriculture, among others). The
Food and Agriculture Organization of the United Nations recently launched a new vision
for and approach to promoting sustainable food and agriculture that requires explicit con-
sideration of cross-sectoral (e.g., crops, livestock, fisheries, aquaculture, and forestry) and
multiobjective (e.g., economic, social, and environmental) policies and instruments, identi-
fying possible synergies as well as balancing trade-offs between them. At the core of that
approach are five principles: improved efficiency of the resources used in food and agri-
culture; direct action to conserve, protect, and enhance natural resources; protection and
improvement of rural livelihoods, equity, and social well-being; enhanced resilience of
people, communities, and ecosystems; and responsible and effective governance
mechanisms.

In recent years, productivity and sustainability of agriculture and food systems have
received increased attention at the global level. In 2015, world leaders adopted Sustainable
Development Goals (SDGs) to be achieved by 2030, and 16 of the 17 SDGs have strong
linkage with sustainable food and agriculture. Several other global initiatives (the Addis
Ababa Action Agenda on financing for development, the 2015 Paris Agreement on coordi-
nating action to address climate change, the Sendai Framework for Disaster Risk
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Reduction, and others) also have strong connections to productivity and sustainability of
agriculture and food systems.

While these developments at the global level are both important and welcome, policy
coherence and coordinating efforts at the country level are more critical because sustain-
able food and agriculture must be achieved by the countries themselves. A holistic and
integrated approach at the country level that aligns national development goals with
global goals increases policy coherence and synergies across relevant ministries and agen-
cies, enhances on- and off-farm employment and income opportunities, and raises invest-
ment in food and agriculture that would address many of the aforementioned challenges.
Of particular use would be specific actions aimed at maximizing resource use efficiency,
reducing food loss and waste, converting waste to wealth through reuse, and protecting,
conserving, and sustainably using key natural resources that underpin the entire food sys-
tem. However, no country has yet implemented such a system.

This book is the first effort to point the pathway toward more sustainable agriculture
and food systems through an integrated and cross-sectoral approach. Addressing the pres-
ent and future challenges of the agriculture and food systems requires better understand-
ing of the positive and negative impacts of the agricultural sectors (crop, livestock,
fisheries, aquaculture, and forestry) on the world’s social, economic, and environmental
themes. It also requires an understanding of the drivers of change, and linkages between
the rural and urban economies. Many trade-offs emerge from production to consumption
with impacts on efficiency, sustainability, and inclusiveness, and they must be balanced
with policies that promote an integrated approach. Designing systems requires knowledge
and experience with issues surrounding the current global food systems and the capacity
to look at their future.

Consequently, this book is based on collective knowledge and experience of 78 highly
knowledgeable and experienced scientists, teachers, policy experts, and leaders from 30
organizations, including universities and public, private, and international institutions/
organizations around the world. The lead authors of the five sections (Rob Vos and
Shenggen Fan for Section I; Jules Pretty and Zareen Bharucha for Section II; Henning
Steinfeld and Tim Robinson for Section III; Leslie Lipper and Jeroen Dijkman for
Section IV; and Clayton Campanhola, Kostas Stamoulis, and Shivaji Pandey for Section V)
have used their years of work and experience with food systems around the world to
refine the initially proposed outlines and identify additional contributors to their sections.
Under such leadership and effort, section I aims at increasing understanding of factors,
issues, and challenges that impact on the productivity and sustainability of the world’s
agriculture and food systems now and will continue to do so into the 21st century.
Section II describes policies, technologies, approaches, and systems that have proven to be
successful in the recent past or are being tested and promoted for addressing many of the
challenges faced in different parts of the world. Section III considers the growing conflict
between escalating human demand for food and other benefits, with resource degradation
and scarcity, analyzes how different agriculture and food systems respond to this conflict,
and suggests cross-cutting approaches for coping with their complexity and diversity.
Section IV describes the importance of identifying and balancing trade-offs that occur
because of tension between natural and social systems, as discussed in Section III, presents
a general approach to implementing sustainable food and agriculture and provides
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examples of successful implementation of the approach at global and national levels.
Finally, Section V focuses on research and innovation, policies and incentives, resource
mobilization, and governance and institutions—the four areas considered most critical to
the meaningful and needed structural transformations. The section ends with a set of
recommendations that, if adapted and adopted at global, national, and local levels, would
improve productivity and sustainability of agriculture and food systems.

This book is aimed at policymakers, agricultural research and extension professionals,
development practitioners, and students and teachers of biological, social, and agricultural
science. We hope it will inform, as well as stimulate and motivate them to consult the lead
authors, contributing authors, and relevant references for additional information. Finally,
it is our fervent expectation that this book will help the world transition toward more pro-
ductive and sustainable agriculture and food systems for the benefit of present and future
generations.

Clayton Campanhola and Shivaji Pandey

The Food and Agriculture Organization of the United Nations (FAO), Rome, Italy
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C H A P T E R

1

Food and Agricultural Systems
at a Crossroads: An Overview

1.1 THE STATE OF GLOBAL FOOD AND AGRICULTURE

Over the past century, enormous progress has been made in improving human welfare
worldwide. Societies have changed radically thanks to quantum leaps in technology, rapid
urbanization, and innovations in production systems. Yet, conditions today are a far cry
from the world “free of fear and want” envisioned by the founders of the United Nations.
Amid great plenty, billions of people still face pervasive poverty, gross inequalities,
joblessness, environmental degradation, disease, and deprivation. Much of humanity’s
progress has come at a considerable cost to the environment. The impacts of climate
change are already being felt and—if left unabated—will intensify considerably in the
years ahead. While globally integrated production processes have brought many benefits,
challenges in regulating those processes highlight the need to steer them toward more
equitable and sustainable outcomes.

Such challenges raise concerns regarding the feasibility of achieving the sustainable
development goal (SDG) of ending hunger and all forms of malnutrition while making
agriculture and food systems sustainable (SDG2). Are today’s food and agricultural
systems capable of meeting the needs of a global population that is projected to reach
almost 10 billion by mid-century? Can we achieve the required production increases, even
if this implies adding pressure to already dwindling land and water resources, specifically
within the context of climate change?

As these challenges are strongly interrelated, addressing them in order to achieve SDG2
and other related SDGs will require a systems approach to food and agriculture. While
still critical, agricultural development alone will not be enough to secure adequate food
availability and stave off hunger and famine. Food systems at large will need to be
sustainable in order to address multiple development challenges.
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Section I of this volume contains eight chapters addressing key questions regarding the
sustainability of food and agriculture systems across various dimensions. The assessments
coincide in the view that current trends and policy efforts will inadequately address these
challenges, seriously jeopardizing prospects of achieving SDG2. Significant, transformative
changes in agriculture and food systems need to occur to achieve a world without hunger
and malnutrition and to protect the natural resource base required for feeding present and
future generations.

1.2 FOOD AND AGRICULTURE ATA CROSSROADS:
CHALLENGES AND OPPORTUNITIES

Global Trends and Challenges to Food and Agriculture Into the 21st Century

Rob Vos and Lorenzo Giovanni Bellù review some of the key global trends and chal-
lenges facing agriculture and food systems through the 21st century (Chapter 2: Global
Trends and Challenges to Food and Agriculture Into the 21st Century). They start by
addressing the core question of whether today’s agriculture and food systems are capable
of meeting the needs of a global population that is projected to reach almost 10 billion by
mid-century and that may peak at more than 11 billion by the end of the century. They
project that global food demand will increase by 50% between 2012 and 2050. During the
preceding four decades, food production more than tripled, to the extent that current sys-
tems are likely capable of producing enough food. Moving forward, the challenges will be
both different and more complicated.

With accelerating urbanization and continued income growth, especially in emerging
economies, dietary preferences are shifting rapidly toward increased demand for more
resource-intensive food, such as animal-sourced foods, fruits and vegetables, and pro-
cessed foods. Satisfying this rising and changing demand through the currently preva-
lent farming and food processing systems will likely put added pressure on already
scarce land, soil, and water resources and further degrade the quality of these resources.
Some regions, especially tropical zones, already suffer from the adverse impacts of cli-
mate change. If left unabated, climate change will significantly slow agricultural pro-
ductivity growth in the coming decades. Changing dietary patterns and food systems is
a double-edged sword in terms of nutritional outcomes. They have facilitated the intake
of more diversified diets and improved the nutritional status of many. However, at the
same time, the increased consumption of animal-sourced food and the often too salty
and sugary processed foods has given rise to the spread of overweight and obesity,
which in turn are associated with a rising prevalence of noncommunicable diseases.
Additionally, the ease of access to low-nutrient processed foods has also led to a further
spread of people suffering from micronutrient deficiencies. Consequently, as Vos and
Bellù show, ending hunger and all forms of malnutrition by 2030 (and not even by
2050) will be nothing but an elusive target if current trends continue. Hence, they argue,
transformative changes to agriculture and food systems are urgently needed to feed the
world sustainably.
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The Demographics of Rural Poverty and Sustainable Agriculture
and Rural Transformations

Population, income, and urban growth have been key drivers underlying many of the
changes in food and agricultural systems and will continue to pose challenges to the sus-
tainability of these systems for decades to come. Chapter 3, Demographic Change,
Agriculture, and Rural Poverty, by James Thurlow, Paul Dorosh, and Ben Davies dwells
further on these drivers to spell out key challenges for employment and poverty reduction
in those regions where much of the demographic dynamics will appear: South Asia and,
in particular, sub-Saharan Africa. These regions have lagged in the structural transforma-
tion of their economies and as a result will feel the weight of demographic pressures
threatening future economic and social progress. Structural transformation entails workers
leaving less-productive agriculture and moving to more productive industries, often in
urban centers. Population growth slows with development, leading to greater dependence
on capital and technology rather than on labor. This was East Asia’s successful pathway.
Sub-Saharan Africa is also transforming, but far less than other regions and with its own
distinctive features. Africa is urbanizing, but rapid population growth means that rural
populations are still expanding. African workers are leaving agriculture, albeit at a slower
pace than in East Asia, and they are finding work in less-productive services rather than
in manufacturing. The authors argue that this “urbanization without industrialization”
raises concerns about Africa’s ability to create enough jobs for its urban workforce and
underscores the need for continued focus on rural Africa. The chapter reviews the linkages
between urbanization, agriculture, and rural poverty in sub-Saharan Africa, where most of
the world’s poor will soon reside. It suggests that much of the economic growth and struc-
tural change that Africa enjoyed over the past two decades, while involving a shift out of
agriculture, was in fact an expansion of downstream components of the agriculture food
system. Like agriculture, many downstream activities have strong linkages to poverty
reduction. Governments concerned about jobs and poverty will need to raise productivity
not only in agriculture, but—as also assessed in Chapter 9, Changing Food Systems:
Implications for Food Security and Nutrition—also throughout the food system. Since
many downstream processing and trading activities take place in towns and cities, pro-
moting future poverty reduction will require greater alignment between agricultural and
urban policies. Demographic change and rural-urban linkages will continue to be powerful
drivers of global poverty reduction, but ensuring inclusive transformation will require
broader development perspectives and policy coordination.

Climate Change, Agriculture, and Food Security: Impacts and the Potential
for Adaptation and Mitigation

Climate change is a significant and growing threat to food security—already affecting
vulnerable populations in many developing countries and expected to affect an ever-
increasing number of people in more areas in the future unless decisive actions are taken
at once. Chapter 4, Climate Change, Agriculture and Food Security: Impacts and the
Potential for Adaptation and Mitigation, by Keith Wiebe, Sherman Robinson, and Andrea
Cattaneo reviews research on climate change and its impacts on agriculture and food
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security at global, regional, and national scales. They summarize the International Food
Policy Research Institute’s latest long-term projections of the impacts of climate change on
agricultural area, yields, production, consumption, prices, and trade for major crop and
livestock commodities, as well as their implications for food security.

A wide range of available sustainable intensification technologies and practices can
help farmers both adapt to and mitigate climate change impacts. Such technologies can
also help reduce food insecurity. The model-based scenario analyses presented in the
chapter suggest that under a wetter and hotter climate scenario the number of food-
insecure people in developing countries could be reduced in 2050 by 12% (or almost 124
million people) if nitrogen-efficient crop varieties were widely in use; by 9% (91 million
people) if no-till farming were more widely adopted; and by 8% (80 million people) if
heat-tolerant crop varieties or precision agriculture were adopted.

While such innovations show considerable potential, realizing these gains requires not
only increased investment in research, but also measures to overcome barriers to more
widespread adoption of innovations in technologies and management practices. Wiebe,
Robinson, and Cattaneo argue that the impacts of climate change on agricultural produ-
cers and consumers, and the ability to adapt and mitigate those impacts, depend critically
on socioeconomic factors and conditions as much as on biophysical processes. The chal-
lenges of climate change and food security are complicated by the extent to which they
emerge from the individual and collective actions of some 570 million farm households
and over 7 billion consumers worldwide. The global public good nature of climate change
means that mitigation requires coordinated collective action in order to succeed. Meeting
the challenges of climate change adaptation and mitigation equitably and effectively thus
requires well-informed, evidence-based global and local policy action to ensure the appro-
priate enabling environments.

Water Scarcity and Challenges to Food Security

Water availability for agriculture will become a growing constraint in areas that use a
high proportion of their water resources, exposing systems to high environmental and
social stress, and limiting the potential for expanding irrigated areas. In fact, the rate of
expansion of land under irrigation is already slowing substantially. Meredith Giordano,
Jennie Barron, and Olcay Ünver assess in Chapter 5, Water scarcity and Challenges for
Smallholder Agriculture, the key global challenges to adequacy of water availability and
how increasing scarcity and competition for water resources are affecting agricultural pro-
ductivity, especially that of smallholder producers in Africa and Asia. They also provide
evidence on the viability of alternative, improved practices of sustainable water manage-
ment adapted to the needs of smallholder farmers.

Severe water scarcity is a main challenge for the many smallholders in Africa and Asia.
This challenge is rooted in physical limitations to available water resources and institu-
tional obstacles preventing smallholders from accessing available supplies. Promising agri-
cultural water management investment options exist to address the water scarcity
challenge, and the authors provide evidence of four promising opportunities tailored to
different water scarcity contexts. Two of the business models focus on improving access to
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water resources, as well as to agricultural water management technologies, by enhancing
the number and quality of irrigation service providers and increasing investments in water
storage. The other two models look beyond the water sector itself to identify smart solar
solutions that will improve access to water in energy-poor environments, such as in rural
Ethiopia, and support the sustainable use of sparse groundwater resources, such as in
western India, through incentives to the energy sector.

Forests, Land-Use Change, and Challenges to Climate Stability and Food
Security

Agriculture is a significant contributor to deforestation, biodiversity loss, and greenhouse
gas emissions. However, agricultural productivity is most likely to suffer adverse conse-
quences of climate change. In Chapter 6, Forests, Land Use, and Challenges to Climate
Stability and Food Security, Terry Sunderland and Dominic Rowland examine the tensions
between agricultural development, food security, and forest preservation. They distinguish
three roles and functions of forests. The first is the provisioning function, as a direct source
of food and income and as a means for agroforestry. The second is protective, in the sense of
ecosystem service provision. The third is the ecosystem restorative capacity of forests, which
can be leveraged through increasing the availability of trees and forests in agricultural land-
scapes. Such contributions include climate change mitigation via sequestration and the resto-
ration of degraded agricultural land. Together with these three functions, the authors raise
three key questions to be addressed if trade-offs between agricultural growth, food security,
and forest preservation are to be overcome: How do we increase food production on existing
agricultural land while reducing environmental degradation? How do we reduce the envi-
ronmental degradation and loss of ecosystem services as well as important sources of wild
food and income resulting from agricultural expansion into natural habitats? How do we
restore degraded, unproductive, and abandoned agricultural land and natural habitats?

The authors argue that forests and trees are an essential part of the solution to all three
questions. Trees in agricultural landscapes can simultaneously increase agricultural produc-
tivity and mitigate against environmental degradation. Judicious landscape-scale land-use
planning that incorporates trees and forests into productive landscapes can simultaneously
conserve forests and protect the ecosystem services upon which agricultural production
depends. At the same time, reforestation and regeneration of forests can restore degraded
land and provide new productive landscapes on abandoned or degraded land.

Land and Water Governance, Poverty, and Sustainability

Water, land, and soils are essential resources that are fundamental to food security and
for alleviating hunger and poverty. How these resources are managed are critical to the
sustainability of agriculture and the natural resource base. However, global population
growth, changing diets, and a changing climate have together created concerns that
demand may soon outstrip available resources if we continue to use them with the current
intensity and production practices. Technological innovation can help to increase produc-
tion and reduce demand, but most analysts now accept that the greatest benefits will
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come from improving the way we use and manage existing resources. Most population
growth is expected to occur in developing countries where resource governance tends to
be weak and fragmented, and where people are least able to cope with the challenges
accompanying sustainable usage and conservation of these resources. Chapter 7, Land and
Water Governance, Poverty, and Sustainability, by Olcay Ünver and Eduardo Mansur ana-
lyzes current constraints in land use and soil quality. The authors show how the problems
of land tenure and the failure to integrally manage water, land, and soil resources are con-
spiring against the sustainable use of those resources. The chapter proposes a fundamental
reform of governance mechanisms oriented at greater coordination across those dealing
with land, water, and soils.

Biodiversity and Ecosystem Services

Severe biodiversity loss is caused by ongoing deforestation, simplification of agricul-
tural landscapes, intensive use of natural resources, and impacts of climate change. Plant
genetic resources for food and agriculture form the basis of food security and consist of
diversity of seeds and planting material of traditional varieties and modern cultivars, crop
wild relatives, and other wild plant species. Currently, only about 30 crops provide 95% of
human food energy needs, four of which—rice, wheat, maize, and potato—are responsible
for more than 60% of our energy intake. Because of the dependence on a small number of
crops for global food security, it will be crucial to maintain a high genetic diversity within
these crops to deal with increasing environmental stress, and to provide farmers and
researchers with opportunities to breed crops that can be cultivated under unfavorable
conditions such as drought, salinity, flooding, poor soils, and extreme temperatures.

The loss of biodiversity in beneficial organisms in agricultural landscapes, such as natu-
ral predators of crop pests, pollinators, and soil microbes, due to habitat loss and toxic
chemical pesticide use threatens the ability of ecosystems ability to maintain ecological
functions and equilibrium among natural flora and fauna that underline the biophysical
capacity of agricultural ecosystems. The conservation and sustainable use of plant genetic
resources for food and agriculture and landscape biodiversity is necessary to ensure crop
production and to meet the growing environmental challenges and impacts of climate
change. The loss of these resources or a lack of adequate linkages between conservation
and their use poses a severe threat to the world’s food security in the long term.

In Chapter 8, Biodiversity and Ecosystem Services, Wei Zhang, Ehsan Dulloo, Gina
Kennedy, Arwen Bailey, Harpinder Sandhu, and Ephraim Nkonya highlight the linkages
between plant genetic resources for food and agriculture, dietary diversity, and natural
habitats, as well as the roles of gender and community in conservation. Diversely struc-
tured landscapes play a crucial role in supporting environmental services that maintain
the productivity and stability of agroecosystems. To ensure that the global food system
remains environmentally sustainable and generates a rich array of nutrients for human
health, farm landscapes must be diverse and serve multiple purposes. The authors empha-
size the need for economic valuation of environmental services in both monetary and non-
monetary terms to assess the global cost of land degradation and loss of biodiversity and
the benefits for food production systems to restore soil quality and biodiversity.
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Changing Food Systems: Implications for Food Security and Nutrition

Food systems are changing, with growing reliance in many regions on global supply
chains and large-scale distribution systems that both meet and fuel the changes in food
demand and dietary preferences. While improving efficiency, the changing nature of food
systems is also creating new challenges and concerns regarding the high calorie and low
nutritional content of many food items, access of small-scale producers to viable markets,
high levels of food loss and waste, incidences of food safety, animal and human health
issues, and the increasing energy intensity and ecological footprint associated with the
lengthening of food chains. Chapter 9, Changing Food Systems: Implications for Food
Security and Nutrition, by Hanh Nguyen, Jamie Morrison, and David Neven argues that,
in order to properly understand the implications of these challenges for future food secu-
rity and nutrition, actions across a multitude of actors (from producers to consumers) will
need to be coordinated from a food-systemwide perspective.

The authors note the accelerated change toward modern, industrial food systems in
developing countries, which is being driven by rapid urban growth and strong economic
expansions in recent decades. This has given rise to the notion of a growing “global mid-
dle class,” whose size is projected to increase almost threefold between 2009 and 2030.
With greater disposable income and increased exposure to imported foods and large-scale
retailers, this global middle class is adopting radically different lifestyles and acquiring
new food preferences. At the same time, however, although overall poverty has declined,
the percentage of poor people living in urban areas is growing. While the food demand of
the middle class in many developing country regions is increasingly being met through
global supply chains and large-scale distribution systems, the urban poor still rely signifi-
cantly on informal traditional markets as their primary food supply channel.

Rapid technological innovation, especially in information and communication technolo-
gies and renewable energy, has been another major driving force of food system changes.
The judicious use of these technologies, both on-farm and off-farm, has shaped and will
continue to shape the productivity and competitiveness of food systems. Finally, climate
change and resource scarcities pose significant risks and can threaten the productive
capacity and stability of food systems. In turn, food systems have contributed significantly
to global greenhouse gas emissions (almost 30%) as well as to the degradation of natural
resources. The authors further argue that the development from traditional to modern
food systems has had mixed outcomes in terms of food security and nutrition, rural
employment, and poverty reduction. On the one hand, modern food systems can enhance
farmers’ access to viable markets. Farmers who enter into contracts with companies enjoy
formal employment opportunities, often alongside technical assistance to improve the effi-
ciency of the production process and the quality of their produce. On the other hand, the
concentration of market power to a few large-scale processors, wholesalers, and retailers
who constantly seek to reduce production and transaction costs exerts huge pressure on
small suppliers. Such development can work to the disadvantage of smallholders, who
find it difficult to meet the requirements of large buyers for product uniformity, consis-
tency, and regular supply.

The dramatic pace of food system changes over the past decades has brought about
complex interactions with, as mentioned, mixed outcomes for food security and the
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sustainability of agriculture and food systems. Many trade-offs have emerged between
food system efficiency, sustainability, and inclusiveness. The authors argue that direct
interventions to address such trade-offs in one area of the system may risk exacerbating
problems in another. Therefore, they argue that agriculture and food policies should take
a holistic system-wide approach to be effective.

1.3 GLOBAL CHALLENGES, GLOBAL RESPONSES

The international community has recognized these challenges along with the interde-
pendencies between them. The 2030 Agenda for Sustainable Development (2030 Agenda)
provides a compelling and ambitious vision for transformative change to put economies,
and agriculture and food systems with it, on a sustainable footing. SDG2 explicitly aims at
ending hunger, achieving food security and improving nutrition, and promoting sustain-
able agriculture simultaneously by 2030. The 2030 Agenda and the Addis Ababa Action
Agenda on financing for development specifically call on all countries to pursue policy
coherence and establish enabling environments for sustainable development at all levels
and by all actors (SDG17). The 2015 Paris Agreement on climate change reflects a global
commitment for concerted actions to address the perils of climate change. The Sendai
Framework for Disaster Risk Reduction also gives priority to agriculture sectors.

Despite these promising international frameworks for action, achieving policy coher-
ence will be challenging. The 2030 Agenda and other related global agreements stress the
interdependence of the challenges they must address. They also recognize the need to inte-
grate different actions to achieve linked objectives and that doing so will pose new techni-
cal demands on policymakers, at all levels, as well as new demands on institutional
arrangements and coordination at various levels of governance.

To meet these demands, more and better data and research will be needed. For
instance, existing evidence on the degree and ways in which climate change is affecting
agriculture, food, and nutrient availability in different settings is still surrounded by a fair
amount of uncertainty and there are still many unknowns. Likewise, policies would need
to take new, as yet, untested directions requiring new data collection and impact assess-
ments to monitor their effectiveness and to provide the necessary accountability.
Moreover, research will be critical to understand how food systems can address emerging
social issues, including various forms of inequality, youth unemployment, migration, and
conflict. Additionally, it is critical to better understand how the accelerated pace of techno-
logical innovation in information and communication technologies and biotechnologies,
for example, can be made to create innovations to help make agriculture and food systems
sustainable.

The purpose of Section I of this volume is not to present a menu of solutions, but rather
to increase understanding of the nature of the challenges that agriculture and food systems
now face and will be facing throughout the 21st century.

10 1. FOOD AND AGRICULTURAL SYSTEMS AT A CROSSROADS: AN OVERVIEW

I. FOOD AND AGRICULTURE AT A CROSSROADS


	Front Cover
	Sustainable Food and Agriculture
	Copyright Page
	Contents
	List of Contributors
	Foreword
	Preface
	Acknowledgments
	Acronyms
	I. Food and Agriculture at a Crossroads
	Lead Authors
	1 Food and Agricultural Systems at a Crossroads: An Overview
	1.1 The State of Global Food and Agriculture
	1.2 Food and Agriculture at a Crossroads: Challenges and Opportunities
	Global Trends and Challenges to Food and Agriculture Into the 21st Century
	The Demographics of Rural Poverty and Sustainable Agriculture and Rural Transformations
	Climate Change, Agriculture, and Food Security: Impacts and the Potential for Adaptation and Mitigation
	Water Scarcity and Challenges to Food Security
	Forests, Land-Use Change, and Challenges to Climate Stability and Food Security
	Land and Water Governance, Poverty, and Sustainability
	Biodiversity and Ecosystem Services
	Changing Food Systems: Implications for Food Security and Nutrition

	1.3 Global Challenges, Global Responses

	2 Global Trends and Challenges to Food and Agriculture into the 21st Century
	2.1 Introduction
	2.2 Key Trends and Challenges
	Agricultural Demand is Expected to Increase Significantly
	To Meet the Demand, Output Will Have to Expand, but Under Increasingly Tight Production Constraints
	Climate Change Adds Another Major Challenge
	Successes in Hunger and Poverty Reduction are Undeniable, But Much More Needs to be Done
	Food Systems are Changing, Jeopardizing many Landless and Smallholder Farmers

	2.3 Key Questions for Policies and Governance to Achieve More Sustainable and Healthy Food Systems
	References

	3 Demographic Change, Agriculture, and Rural Poverty
	3.1 Introduction
	3.2 Global Trends and Projections
	Population Growth and Urbanization
	Economic Growth and Poverty
	Youth Bulges and Aging Farmers

	3.3 Growth and Structural Change
	Exiting Agriculture
	Structural Change and Poverty Reduction

	3.4 Urbanization and Agriculture
	3.5 Conclusions
	References

	4 Climate Change, Agriculture and Food Security: Impacts and the Potential for Adaptation and Mitigation
	4.1 Climate Change Challenges
	4.2 Climate Change Impacts on Agriculture and Food Security
	How We Estimate Impacts
	Impacts of Climate Change on Agriculture and Food Security

	4.3 Adaptation Options
	Diversification
	Sustainable Intensification
	Carbon and Nitrogen Management Options
	Identifying and Addressing Barriers to Adoption

	4.4 Mitigation Options
	Managing Carbon-Rich Forest Landscapes
	Livestock Emissions
	Flooded Rice
	Nitrous-Oxide Emissions
	Soil Carbon Management
	Higher Production Efficiency, Lower Emissions, and Enhanced Food Security
	Investing in Yield Improvements
	Efficiency Improvements in Aquaculture and Fisheries

	Mitigation Costs, Incentives, and Barriers
	Beyond the Farmgate: A Food System Perspective on Emissions
	The Global Public Good Nature of Greenhouse Gas Mitigation and the Role of Agriculture

	4.5 Inducing Change: The Critical Role of Institutions, Governance, Policy, and Finance
	References

	5 Water Scarcity and Challenges for Smallholder Agriculture
	5.1 Introduction
	5.2 Water Scarcity Dimensions, Measures, and Implications
	5.3 Smallholder Agriculture: Defining the Sector, Its Potential for Growth, and Key Resource Scarcity Constraints and Chall...
	Defining the Smallholder Agricultural Sector and Its Contributions to Food and Livelihoods
	Resource Scarcity Challenges Faced by Smallholder Producers

	5.4 Investment Pathways to Unlock the Potential for Smallholder Agriculture
	Increase Equitable Access to Agricultural Water Management Technologies
	Invest in Water Storage
	Invest in Alternative Energy Solutions
	Create Policy Synergies

	5.5 Conclusions
	Acknowledgments
	References

	6 Forests, Land Use, and Challenges to Climate Stability and Food Security
	6.1 Introduction
	6.2 Environmental Challenges to Sustainable Agriculture
	Agriculture and Deforestation
	Agriculture, Forests, and Climate Change
	GHG Emissions From Forest Loss, Land Use Change, and Degradation
	Forests and Adaption to Climate Change


	6.3 The Provisioning Function of Forests and Trees
	Forests for Food
	Forests for Income
	Safety Net Function

	6.4 The Protective Function of Forests and Trees
	6.5 The Restorative Function of Forests and Trees
	Afforestation and Reforestation
	Agroforestry and Low-Impact Farming

	6.6 Resolving Tensions Between Forests and Agriculture
	Governance of Forests for Food Security

	References
	Further Reading

	7 Land and Water Governance, Poverty, and Sustainability
	7.1 Present Status of Water, Land, and Soils
	7.2 Challenges
	Governance and Integration

	7.3 Challenges to Land and Water Governance
	Land and Water: Distinct Regimes
	Impacts of Water on Land and Land on Water

	7.4 Coordinating and Integrating Land and Water Governance
	Coordination
	Evidence of Integration

	7.5 Case in Point: The Governance of Irrigation and Drainage
	Origins of Poor Irrigation Management
	Renewed Interest in Irrigation
	Strengthening Governance

	7.6 Soil Governance
	7.7 Conclusions
	References

	8 Biodiversity and Ecosystem Services
	8.1 Introduction
	8.2 Plant Genetic Resources for Food and Agriculture
	Current Trends
	Dietary Diversity and Health
	Gender Roles
	Role of Communities

	8.3 Biodiversity and Ecosystem Services in Agricultural Landscapes
	8.4 Economic Valuation of Ecosystem Services
	The Why and How
	Global Cost of Land Degradation
	True Cost Accounting for Food Production

	8.5 Conclusions
	References

	9 Changing Food Systems: Implications for Food Security and Nutrition
	9.1 What are the Issues?
	9.2 Defining Food Systems and Sustainable Food Systems
	9.3 How Have Food Systems Changed and What are the Implications?
	Current Trends
	Evolution of Food Systems: A Typology
	Traditional Food Systems
	Modern Industrial Food Systems
	Emerging Alternative Food Systems


	9.4 Possible Future Pathways for Food Systems and the Need for a Food Systems Approach
	Changing Consumer Preferences
	Changing Behavior of Private Sector Actors
	Changing priorities of public sector regulators
	The Need for an Integrated Food Systems Approach in Guiding Future Actions

	9.5 What Actions Need to be Taken to Ensure Improved Food Security and Nutrition Outcomes and by Whom?
	Public Sector Action
	Civil Society Action
	Consumer Action
	Private Sector Action
	Catalytic Role of Intergovernmental Organizations
	Coordinated Action Through a Food Systems Approach

	References


	II. Current Approaches to Sustainable Food and Agriculture
	Lead Authors
	Co-authors
	10 Context for Sustainable Intensification of Agriculture
	11 Sustaining Capital Assets for Agroecosystems
	12 The Term “Sustainable Intensification”
	13 Agroecological Approaches to Sustainable Intensification
	13.1 Trade-Offs or Synergies: Are There Win–Wins?
	13.2 Where is the Biodiversity Going to Come From?

	14 Measuring Impacts
	15 Impacts on Productivity
	16 Improving Environmental Externalities with Integrated Pest Management
	17 Push–Pull Redesign: Multifaceted Innovation Systems in Africa
	17.1 Biological Control Mechanisms
	17.2 Climate-Smart Technological Adaptation
	17.3 Field Implementation of Climate-Smart Push–Pull Technology
	17.4 Maximizing Multiple Benefits of Push–Pull Technology
	17.5 Delivery Mechanisms and Scaling Up Approaches

	18 Crop Variety Improvements
	19 High-Yielding Hybrids Help Adapt to Climate Change
	20 Conservation Agriculture
	21 Climate-Smart Soil Redesign
	21.1 Carbon Sequestration in Agroecosystems
	21.2 Agricultural Practices for Carbon Sequestration
	21.3 Global Technical Potential of Soil Carbon Sequestration in Agroecosystems

	22 Sustainable Livestock and Animal-Sourced Food
	22.1 Multistakeholder Initiatives for Sustainable Livestock
	22.2 Private Sector Initiatives

	23 Sustainable Forest Management
	23.1 Managing Forests for Sustainability

	24 Agroforestry
	25 System of Rice Intensification in Asia
	26 Intercropping, Multicropping, and Rotations
	26.1 Wheat and Legume Rotations
	26.2 Maize and Legume Multiple Cropping
	26.3 Integrating Livestock and Crops With Nutrient Pumps in Latin America

	27 Patch Intensification
	28 Integrated Aquaculture and Aquaponics
	28.1 Rice–Fish Systems in Asia
	28.2 Integrated Agriculture–Aquaculture in Arid Lands, Algeria
	28.3 Aquaponics

	29 Landscape Approaches for Sustainable Food and Agriculture
	30 Social Capital and Redesign
	30.1 Farmer Field Schools

	31 The Way Forward: Supporting Greener Economies
	References

	III. Understanding Sustainable Agri-Food Systems
	Lead Authors
	Co-authors
	32 Introduction
	32.1 Overall Framing of Sustainability
	32.2 Background and Rationale
	32.3 Overview of the Chapters
	References

	33 Agrifood Systems
	33.1 Introduction
	33.2 Agrifood Systems
	33.3 A Typology of AFS
	Drivers of Change
	Decision Making
	Sustainability of AFS

	33.4 Mapping the Factors of Production
	Labor
	Capital
	Land
	Crop-Based Agriculture
	Livestock-Based Agriculture
	Forest-Based Agriculture
	Aquaculture and Fisheries


	33.5 Combining the Production Factors Into a Systems Typology
	Examples of AFS
	Crop-Based Agriculture
	Livestock-Based Agriculture
	Forest-Based Agriculture 
	Aquaculture-Based Agriculture
	Fisheries-Based Agriculture


	33.6 Conclusions
	References

	34 Socioeconomic Dimension of Agrifood Systems
	34.1 Introduction
	34.2 Agrifood Systems, Food Security, Nutrition, and Health
	34.3 Agrifood Systems, Economic Growth, and Livelihoods
	34.4 AFS Social and Political Functions
	34.5 Putting a Value on Agriculture
	34.6 The Agro-Industry
	References

	35 Natural Resource and Environmental Dimensions of Agrifood Systems
	35.1 Introduction
	35.2 The Role of Agrifood Systems in C Cycles and Energy Use
	The C Cycle
	Biomass Appropriation
	Fossil Fuel Use in Agrifood Systems
	Bioenergy


	35.3 Land Use and Transformation
	35.4 Water Use and Pollution
	35.5 Water as a Production Environment (Fisheries and Aquaculture)
	35.6 Nutrient Flows in Agrifood Systems
	35.7 Biodiversity
	35.8 Conclusions
	References

	36 Molecules, Money, and Microbes
	36.1 Introduction
	36.2 The Dairy Subsector
	36.3 Molecules: The Flow of Nitrogen
	Natural Resources and Environment
	Agricultural Production
	Agricultural Production
	The Agro-Industry
	Human Benefits
	Discussion

	36.4 Money: Value Flows
	Human Benefits
	The Agro-Industry
	Agricultural Production
	The Natural Resource Base
	Discussion

	36.5 Microbes
	Natural Resources and Environment
	Agricultural Production
	The Agro-Industry
	Human Benefits
	Discussion

	36.6 Points of Convergence, Synergies, and Trade-Offs
	References

	37 Policy Orientations for Sustainable Agrifood Systems
	37.1 Introduction
	37.2 Manage Flows of Energy, Matter, and Information
	37.3 Protect and Enhance Natural Stocks
	37.4 Improve Human Benefits
	37.5 Manage Risks
	37.6 Build Institutions and Governance
	37.7 Conclusions
	References


	IV. Operationalizing Sustainable Food and Agriculture Systems
	Lead Authors
	Co-authors
	Summary
	38 Conceptual Framing of the Operationalization of Sustainable Food and Agriculture
	38.1 Introduction
	38.2 Elements of an Operational Framework

	39 Identifying the Relevant Context: Key Features of the Social-Ecological System
	39.1 United States Midwest Corn System Producing for Animal Feed and High-Fructose Corn Syrup
	39.2 The N2Africa Project in Sub-Saharan Africa: Understanding the Context to Enhance Biological Nitrogen Fixation

	40 Using Evidence and Dialogue to Build Knowledge and Address Trade-Offs
	40.1 Developing Useful Evidence
	40.2 Linking Knowledge With Action
	Process Net-Map
	Boundary Work
	Politically Contested Evidence: The Case of Groundwater Irrigation in India
	Addressing Divergent Stakeholder Preferences for More Sustainable Outcomes


	41 Mechanisms and Approaches to Realizing Behavioral Change at Scale
	41.1 Building Innovation Capacity
	Incremental Innovation or Systems Optimization
	Radical Innovation or Subsystems Transformation
	Transformative Innovation or Systems Transformation
	Insights for operationalizing SFA


	41.2 The Role of AR4D Partnership in Operationalizing SFA
	Partnerships for SFA Impact
	Partnership in SFA: A Framework for Analysis
	Elements of Good Practice Across MSPs
	Managing MSPs for Operationalizing SFA
	The Global Agenda for Sustainable Livestock

	41.3 System-Wide Capacity Development
	How to Apply System-Wide Capacity Development for SFA Transition at the Country Level?

	41.4 Governance and Policy Change
	Case Study 1: Innovation Through the Marine Stewardship Council (MSC): Labeling Fish for Sustainability
	Case Study 2: Coordinating Climate Change and Agricultural Policies in Zambia
	The Theory of Change
	Conceptual Framing of the Operationalization of the Evidence Base, Dialogue, and Policy Nexus
	Key Areas Considered for the Policy Harmonization
	The Practical Approach Taken for the Harmonization of Dialogue

	From Dialogue to Policy
	Case Study 3: Climate Policy and Environmental Justice in California (United States)


	42 Conclusions
	References

	V. Innovations, Policies, Investments, and Institutions for Sustainable Food and Agriculture Systems – and the Way Forward
	Lead Authors
	43 Innovations, Policies, Investments, and Institutions For Sustainable Food and Agriculture Systems: And the Way Forward
	References

	44 Research and Innovation
	44.1 Introduction
	44.2 Research and Innovation Needs for Sustainable Food Systems
	44.3 Innovation Potential Can be Fully Exploited if Prerequisites are Met
	Reconcile Research and Users’ Expectations
	Agricultural Innovation Systems
	Global Research and National Capacities

	44.4 Current Trends do not Facilitate These Evolutions
	Lack of Sustained and Predictable Public Funding for Research
	The Growing Importance of Private Research
	Technology Transfer

	44.5 Promising Examples can Inspire Broader Changes
	Interdisciplinary System Solution-Oriented Research Programs
	Science/Policy Interaction Mechanisms
	Innovative Technology Transfer Mechanisms

	44.6 Recommendations
	44.7 Conclusion
	References
	Further Reading

	45 Policies for Sustainable Food Systems
	45.1 Agricultural Development and Structural Transformation
	Low-Productivity Agricultural Systems
	Modernizing Agricultural Systems in Emerging Economies

	45.2 Policy Agenda for Sustainable Food Systems
	R&D for Enhancing Food and Nutrition Security
	Promoting Food System Diversification
	Linking Farmers to Modern Fresh Food Value Chains
	Growth That is Inclusive of Rural Women
	Managing Climate Change Impacts

	45.3 Concluding Remarks
	References

	46 Resource Mobilization for Agriculture and Food Security
	46.1 Introduction
	46.2 Sources of Investment in Agriculture
	46.3 Public Investment in Agriculture
	Trends in Public Agriculture Expenditure
	Impact of Public Investment in Agriculture

	46.4 Official Development Assistance
	46.5 Investing in Family Farms
	46.6 Private Investment in Agriculture
	46.7 Conclusions
	References

	47 Governance and Institutions: Considerations From the Perspective of Sustainable and Equitable Food Systems
	47.1 Integrated Policy Making
	47.2 Mapping All the Actors
	47.3 Defining the Goals and Aligning the Actors
	47.4 Building Capacity and Applied Research Expertise
	47.5 Creating a National Food System Coordination Unit
	47.6 Global Instruments in Trade and Food and Agriculture
	47.7 Involving the Private Sector
	47.8 Educating Consumers
	47.9 Equitable Development Between Urban and Rural Areas
	47.10 Anticipating Major Technological Trends in Food and Agriculture
	References

	48 Sustainable Agriculture and Food Systems: The Way Forward

	Author Index
	Subject Index
	Back Cover



