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Foreword

In December 2019, I received a letter from the United Nations Secretary-General
requesting that I lead what he had just put together — the United Nations Secretary-
General’s Food System Summit 2021. My first thought at the request was that I did
not need more work — I had enough on my plate. However, upon further deliberation,
I could not help but consider the contradictory views on food and what it means to
different people. By taking this role, I might have the opportunity to marshal a global
consensus and provide the issue with momentum to generate actions for a clear way
forward. I decided that I needed to attend the Summit to ensure that the issues that
affect food systems from my part of the world be profiled globally, especially
because, while Africa contributes 7% to global climate change, it is most exposed
and its populations hit the worst due to poor resilience. I also wanted to ensure that I
could bring out the engagement and voices of those most affected. Like the
Secretary-General, I believe that the solutions to our challenges are already in our
midst, simply needing to be profiled and harnessed for the benefit of all. Therefore, I
was thrilled that, in the same letter, the Secretary-General had made it clear that the
Summit was going to be anchored in science and that an independent group of the
world’s best scientific experts were being brought together.

The Scientific Group was thus set up as an independent group of experts under the
leadership of Professor Joachim von Braun, a renowned and respected expert in
science policy and a policy advisor to governments. A person with deep academic
and scientific roots around the world, his work and views on zero hunger and what
the world should be doing to come through on its promise by 2030 are very well
know. The Vice Chairs of the Scientific Group, Profs. Kaosar Afsana from BRAC
University (Bangladesh), Louise O. Fresco from Wageningen University (Nether-
lands) and Mohamed Hag Ali Hassan from Sudan (World Academy of Sciences),
fostered scientific excellence and appropriate diversity in the Group as well.

The Scientific Group began work with a clear mandate: to draw on existing
scientific research, collaborate with global science networks, advise the Summit
and help the world understand food systems, specifically the status of things, what is
at stake and how to go forward from where we are today. At the core of the Summit
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were the 2030 Agenda and how we get back on track. The Group was charged with
ensuring that the Summit was anchored in science, drawing out the challenges of our
food systems, and consolidating knowledge as to how to resolve these challenges. In
a nutshell, the Scientific Group was to build consensus on the critical drivers for
global food systems’ transformation, including the priorities we need to implement
between now and 2030 to get back on track.

The Scientific Group was composed of 28 experts from across scientific networks
of institutions, designed to pull in global expertise and leading scientific views and to
bring in views across all groups of society, from indigenous peoples, women,
producers and so many more. It was also designed to draw in all of the food systems
issues influencing and impacting our world, from people to our planet to the
prosperity of both all around the world — all brought together in an intelligent and
digestible way. Through rigorous work, open engagement and “Science Days”, these
experts engaged and consulted widely, and through meetings with other areas of the
Summit. They kept abreast of key challenges that the world, societies and govern-
ments were concerned about, as informed by hundreds of dialogues, and were on top
of the key emerging opportunities and possible practical game-changers through the
work of Action Tracks and related peer reviews.

The UN Food Systems Summit Scientific Group dug deeply into their wide
institutional networks of expertise, as per their TORS,' to bring forth the foremost
scientific evidence. They looked at the progress that has been made so far and made
recommendations on science-based approaches to achieving SDGs while revealing
trade-offs associated with food system transformation. Through the networks of
partners from all regions of the world, the Scientific Group brought diverse view-
points, ensuring the inclusion of a diversity of frameworks and regional voices. The
Group linked science-based synthesis to ongoing initiatives under the UN system,
including the Committee on World Food Security (CFS) High-Level Panel of
Experts, the CGIAR, science-based institutions and many other relevant knowledge
institutions, to help advance future food systems.

This volume — a critical product of the Scientific Group — does a number of things,
the most important of which is building a consensus on our understanding of food
systems. This is particularly important given the breadth of the area under discus-
sion, the diversity of views and interests, the number of other sectors that are
impacted and the overall complexity of the food system globally.

The volume then goes on to identify science-driven innovations and opportunities
that must be pursued in an integrated manner for a successful transformation of food
systems. Here, the Group dwells on the key role of science and research as a
prerequisite for innovations that will accelerate the transformation of current food
systems to healthier, more sustainable, equitable and resilient systems. The volume
also includes a number of chapters by partners of the Group that highlight the most
critical areas, information and knowledge in different sectors and the gaps in

'The TORs can be found on the website of the Scientific Group here: https://sc-fss2021.org/about-
us/tor-and-letters-un-leadership/
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knowledge that still exist. The Scientific Group recommends actions that, if
implemented, have the potential to transform our food systems. The chapters in
this volume further emphasize the complexity of the food systems and a clear
direction for the transformation of our food systems with a number of things that
can be done together. Throughout this volume, it is clear that there is no one-size-
fits-all: while the concepts are similar, the translation of science into policies that
inform investments is only possible if placed within the specific context of where the
work will be done in a country, in different parts of the world.

I am very proud of the work captured in this volume; most of all, I am grateful that
the Scientific Group contributed to what I consider the most important outcome of
the Summit — the fact that we have global censuses that our food systems must
transform if we are to achieve the 2030 Agenda. Second, I am proud that the
Scientific Group mobilized the global science community behind the Summit,
from the least heard voices and the least referred-to science that sits with indigenous
peoples to the most lucrative science behind big AG. All were brought forward and
the opportunities and trade-offs evaluated, ensuring that everybody feels heard, but
also that the most important aspects of how we go forward are clear.

As I conclude, I want to bring out the following areas that we must keep our eyes
on as we move forward from the Summit to the Hub that will coordinate Summit
follow-up and the UN agencies that will help the Hub to keep the world engaged —
including tracking of the Summit’s commitments. These are the need to: strengthen
national capacities for implementation, especially in emerging economies, develop a
clear financial agenda for investments needed to address increasing hunger, but also
the overall 2030 Agenda; and better coordinate and advance institutional innovations
that can improve the science, such as policy interfaces to enhance implementation in
countries and better global level networked science services. Lastly, there is a need
to facilitate stronger synergies of food system actions with other key areas, including
climate policy, Covid-19-related policies, trade policies, conflict policies and related
food price inflation that will exclude even more people from accessing the right level
of nutrition and, at worst, leave them with no food at all.

The work and contribution of the Scientific Group of the Summit have provided
incredible direction on how we move forward from here. There will always be need
for new insights, and there will always be a need to sharpen the science/policy/action
interface, but, for now I am incredibly grateful that through this volume the Scientific
Group gives us the steering wheel that we need to move forward towards a food
systems approach that could get us back on the 2030 Agenda, on food, health and
diets, environment and the prosperity of people and the planet.

The UN Secretary-General’s Special Agnes M. Kalibata
Envoy for the United Nations Food

Systems Summit 2021

New York, NY, USA



The Approach of the UNFSS Scientific Group
and an Overview of the Volume

The Scientific Group’s Design and Approach

In April 2020, the Deputy Secretary-General of the United Nations invited Joachim
von Braun to chair the Scientific Group for the UN Food Systems Summit. The
mandate was as follows: “The Scientific Group is responsible for ensuring that the
Summit brings to bear the foremost scientific evidence from around the world and
helps expand the base of shared knowledge about experiences, approaches, and tools
for driving sustainable food systems that will inform the future. The work of the
Scientific Group ensures the robustness and independence of the science underpin-
ning dialogue of food systems policy and investment decisions. It also informs the
content of the Summit, its recommended outcomes, and the asks and commitments
that emerge from the Summit.”” It was new for a UN Food Summit to establish an
independent Scientific Group with such a significant mandate.

The Scientific Group (ScGroup) constituted a team of 28 food systems scientists —
social scientists, economists and scientists working within the natural and biological
sciences, ecology and food technology — from all over the world, identified in
consultation with research organizations.” They served in their personal capacities.
ScGroup members developed a series of original scientific papers, which were peer-
reviewed and scrutinized by governments, civil societies and members of the general
public.* The inclusive approach of the ScGroup resulted in the earlier drafts of the
chapters of this volume being widely distributed as inputs in preparation for the
Summit. In addition, diverse viewpoints were sought from wide networks of partners
of the ScGroup from all regions of the world.” These research partners were selected

%See https://sc-fss2021.org/wp-content/uploads/2020/11/Terms_of _Reference_web.pdf

3 https://sc-fss2021.org/about-us/membership/

4https:// sc-fss2021.org/materials/scientific-group-reports-and-briefs/

SThe Science Reader for the UNFSS: https://sc-fss2021.org/wp-content/uploads/2021/09/
ScGroup_Reader_UNFSS2021.pdf
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based on their commitment to scientific research and diversity of knowledge frame-
works and regional coverage. They included academic and research institutions,
policy think-tanks, UN agencies, academies of science, indigenous peoples’ knowl-
edge communities, private-sector research and advocacy organizations.® ScGroup
members, along with other independent experts, served as commentators and
reviewers of the contributions from the partners.

This volume compiles the findings of the ScGroup and its partners. The chapters
have been further edited in the wake of the Summit. The chapters culminate the
fulfillment of the ScGroup’s mandate and provide science- and research-based, state-
of-the-art, solution-oriented knowledge and evidence to inform the transformation of
contemporary food systems in order to achieve more sustainable, equitable and
resilient systems.

Volume Overview

This volume is divided into seven sections. While it is organized by key themes, the
interdependence of food, health and environment systems is recognized, an
interdependence vital for identifying innovations — technological, political, social
and institutional — that can help to synergistically achieve multiple SDGs and end
hunger by 2030.

Part I, on Food System Concepts and Summarized Recommendations, pre-
sents seven priorities for accelerating the transformation to healthier, more sustain-
able, equitable and resilient food systems. These are: (i) end hunger and improve
diets; (ii) de-risk food systems; (iii) protect equality and rights; (iv) boost bioscience;
(v) protect resources; (vi) sustain aquatic foods; and (vii) harness digital technology.
This section also includes a key contribution by the ScGroup concerning sharpening
food systems concepts and definitions so that these concepts are better understood
when we make calls for food system transformation.

Part II deals with Actions on Hunger and Healthy Diets. The section begins
with a definition of a healthy diet. It was an important, but not straight-forward, task
to arrive at a widely accepted definition of healthy diets in the context of a world with
many diverse food systems and cultures of dietary patterns. Also, concepts of
sustainable and healthy diets were elaborated and remain themes under discussion.
This section also focuses on zero hunger. Approaches for ensuring access to safe and
nutritious food are explored, highlighting the need for a whole-system approach in
policy and research, as well as monitoring and evaluating to manage externalities.
The critical importance of comprehensive modeling of the synergies and trade-offs
of policy actions is demonstrated. Solutions for enabling the shift to healthy and
sustainable consumption are offered, including behavior change interventions, food
education, improved product design, investments in food system innovations,

Shttps://sc-fss2021.org/community/partners/
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regulatory regimes for food safety and more. Both the public and private sectors
have important roles in responding to and shaping the market opportunities created
by changing consumer demands. Attention is paid to the role of fruits and vegetables
in healthy diets, and priorities for research and action are identified.

Part III delves into Actions for Equity and Resilience in Food Systems. This
section discusses the various types of inequalities persistent within food systems and
identifies key drivers of said inequalities. The increased inequalities at the national
and also, recently, global levels are noted as major concerns for equitable food
systems. Noting that the most effective way to sustainably eradicate poverty and
inequality is to boost the opportunities and capacities of the poor and those living in
situations of vulnerability, a wide range of actions are explored in the chapters to
enhance inclusive decision-making, protect the livelihoods of those living in situa-
tions of vulnerability while creating opportunities and design policies and institu-
tions to support equitable food system livelihoods. Opportunities for gender equality
and women’s empowerment are prominently discussed, as are opportunities for
engagement and empowerment of youths. The future of small farms is prominently
considered, and it is emphasized that food system transformation must serve small-
holders and not leave them behind. Indigenous peoples’ food systems received high
attention from the ScGroup, and the enhanced cooperation between indigenous
people’s knowledge community and the scientific community is a real achievement
of the UNFSS. The specific challenges faced by indigenous communities and their
priorities for action are highlighted in a contribution in this section. Novel
approaches to urban food systems’ transformation in the emerging economies,
including the role of secondary cities, are discussed. Foreign policy and security
policy dimensions of food system failures are considered, because both the pathways
to food insecurity from violent conflicts and those from armed conflicts to food crises
have become much more prevalent in recent decades. The fundamental need to
enhance food systems’ resilience to vulnerabilities, shocks and stresses is addressed
and different options for diversification are offered.

Part IV focuses on Actions for Sustainable Food Production and Resource
Management. Chapters in this section explore the diversity of technological, institu-
tional and policy innovations and actions for transforming the current “nature nega-
tive” food systems into ones that are “nature positive” in order to conserve, protect and
regenerate natural resources and the natural environment, including biodiversity,
through “nature positive” landscape-level interventions and agroecological practices.
While important advances have been made in delineating pathways for agroecology to
contribute to sustainable food systems, it is clear that much more research and
dialogue is needed. The call for more research and dialogue also applies to issues of
sustainable livestock production and animal-based foods. Relatedly, there is a growing
understanding that food systems are not simply or only terrestrial systems and that
efforts must be scaled up to embrace aquatic food systems so as to assure their
sustainability and resilience as well. Climate resilience and climate mitigation were
key topics that were widely accepted during the UNFSS process, and their key roles in
food system transformation are addressed in various chapters. Similarly, the role of
water, especially scarcity and water pollution, is tackled. It is recognized that the
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integration of biodiversity into agriculture and holistic approaches to plant nutrition
that consider its hidden costs are integral to improving health, eliminating hunger and
reducing negative environmental impact. The reduction of food loss and waste is
confronted, and it is clear that action is needed for incentives and behavior change that
will cut food waste and technologies that will cut food loss.

Part V discusses Costs, Investments, Finance and Trade Actions. This section
begins with a chapter that advances our understanding of the true cost of food —
reflecting the environmental and health-related costs of food. The emerging tragedy
in the efforts around food system transformation is the extraordinarily high true cost
of producing and processing food, estimated at about $30 trillion, compared to the
relatively low cost of overcoming hunger, estimated at about $50 billion a year. An
accompanying chapter assesses the cost and affordability of a basic meal around the
world. Innovative financing solutions are offered to support the investments needed
for achieving the SDG2 goals and ending hunger, and it is disappointing that they
did not make it into the UNFSS action agenda. Similarly, important trade issues and
trade policies that can complement countries’ national policies for sustainable food
systems are presented but were not taken up in the UNFSS action agenda.

Part VI shares Regional Perspectives. Chapters in this section show the great
diversity in food systems around the world and indicate that follow-up actions for
transforming food systems will need to be equally diverse. Chapters examine the
opportunities for science, technologies, policies and innovations to transform food
systems in Africa, Asia, Europe, Latin America and the Caribbean, as well as in large
countries such as China, India and Russia. It is clear that there is much to learn, adapt
and innovate from experiences within and across countries and regions, and there is
an important opportunity for knowledge communities and networks to share expe-
riences and insights in the follow-up to the UN Food Systems Summit.

Part VII concludes by addressing Strategic Perspectives and Governance.
This section sets the stage for a broad review of the role of science, technology and
innovation in transforming food systems around the world. The multidimensional
concept of bioeconomy for the transformation of food systems is examined for its
potentials and opportunities. Recognizing the extraordinary impacts of Covid-19, the
links between global food security and “One Health” — the inter-connectedness of
the health of people, animals, plants, soils, water and the environment — are
discussed. It is widely acknowledged that science and policy will face challenges
in regard to food system transformations at the global and national levels. Science-
policy interfaces for transforming food systems emerged as a contentious topic
during the UNFSS preparations — including what type of interface at what level —
national or international — and whether existing interfaces are sufficient or new
interfaces are needed. Another chapter details the key steps needed to transition
and transform our food systems. The penultimate chapter of the section, and of this
volume, reiterates the calls for exploring options for a global science-policy interface
on food systems. It makes clear that the implementation of the Action Agenda of the
UN Food Systems Summit and the transformation of food systems calls for enhanc-
ing countries’ local science and research capacities. The final chapter of the volume
presents three key opportunities for science to transform food systems: (i) strengthen
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research cooperation between scientific communities and indigenous peoples’
knowledge communities, (ii) expand financing within governments to spend at
least 1% of food system GDP on food system science, and (iii) establish pathways
towards strong science-policy interfaces networked across national and international
levels to enable evidence-based follow-ups to the action agendas established at the
Summit.

The over-arching conclusion of this volume is that the global food system needs a
revamp — in policies and institutions, as well as on the social, industrial and
technological fronts.

Successes of the UN Food Systems Summit and Attention
to Unfinished Business

It was a bold decision by the UN leadership to unleash a multi-stakeholder process,
as well as invite an independent Scientific Group to mobilize science communities
around the world to advise the Summit agenda with science-based evidence. The
scientific and knowledge communities welcomed this move by the UN and have
become energized to address complex food system problems with a renewed com-
mitment to identify solutions.

The ScGroup considers the UN Food Systems Summit a success, but there is
also unfinished business. When benchmarking against earlier summits, five promis-
ing outcomes are highlighted: (i) political and societal engagement — the Summit
was much more inclusive and mobilized nations and stakeholders with multiple
dialogue formats — never before has the world discussed and considered food system
issues with attention to nutrition, health, ecology, and much more’; (ii) scientific
engagement — also never before has science had the opportunity to contribute in so
many ways to the agenda of a food summit — open debate and action orientation
mobilized many adademies of science, research organizations, academics and prac-
titioners; (iii) action agenda — the UN Secretary-General’s statement of action, with
its systems focus, and the five action areas to help inform the transitions needed to
realize the vision of the 2030 agenda are noteworthy; (iv) national level input and
implementation were appropriately emphasized; and (v) significant global initiatives
on tackling hunger, healthy diets, anemia in women, agroecology, soil health, oceans
and more were launched.

Yet, there are some important areas that require further attention in the future:
(i) strengthening the capacities for implementation of actions at the national level,
especially in emerging economies, is essential — this is an area for stakeholders to get
together and catalyze the necessary actions, and scientific bodies can assist;
(ii) developing a strong finance agenda for the investments needed to achieve the
end of hunger and other key targets is important — the financial proposals, including

7See the Food Systems Summit Dialogues https://summitdialogues.org/
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those from the ScGroup, did not find sufficient resonance, and other approaches are
needed; (iii) encouraging institutional innovations and enhanced coordination for an
improved science — policy interface at the global level that is well networked with
regional and national interfaces remains critical; and (iv) facilitating strong global
level actions in key areas such as climate, Covid-19, and trade, to accompany
national level actions and implementation, is necessary, as is addressing emerging
food price inflation.

This volume has been assembled to inform the way forward on the transformation
of global food systems beyond the UN Food Systems Summit and to show how
science can and must contribute to the transformation of food systems in order to end
hunger and achieve the UN Sustainable Development Goals by 2030.

Center for Development Research (ZEF) Joachim von Braun
University of Bonn
Bonn, Germany
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Food Systems: Seven Priorities to End )
Hunger and Protect the Planet ST

Joachim von Braun (), Kaosar Afsana, Louise O. Fresco,
and Mohamed Hag Ali Hassan

The world’s food system is in disarray. One in ten people is undernourished. One in
four is overweight. Almost half the world’s population cannot afford a healthy diet.
Food supplies are disrupted by heatwaves, floods, droughts and wars. The number of
people going hungry in 2020 was 13% higher than in 2019 owing to the COVID-19
pandemic and armed conflicts. (FAO, IFAD, UNICEF, WFP and WHO 2021).

The planet suffers too. The food sector emits about 30% of the world’s green-
house gases. Expanding cropland, pastures and tree plantations drive two thirds (5.5
Million ha per year) of the loss in forests, mostly in the tropics (Pendrill et al. 2019).
Poor farming practices degrade soils, pollute and deplete water supplies, and lower
biodiversity.

As these interlinkages become clear, approaches to food are shifting — away from
production, consumption and value chains toward safety, networks and complexity.
Recent crises around global warming and COVID-19 have compounded concerns.
Policymakers have taken note.

In September, the UN Secretary General will convene a Food Systems Summit.
This is only the 6th UN summit on food since 1943 and the first with heads of states
in the UN General Assembly. A group of leading scientists has been tasked with
ensuring the science underpinning the 2021 Summit is robust, broad and
independent — we write as its chair and co-chairs. While such approaches are familiar
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in other areas like climate change and biodiversity, this marks the first time scientists
have been explicitly brought in to multilateral discussions around food (Nature
Editorial Board 2021).

The global food system needs a revamp — in policies and institutions as well as on
social, business and technology fronts (OECD 2021). Science is one lens for making
sure that changes are integrated and add collectively to deliver better outcomes. But
it is challenging. Food spans many disciplines — not least agriculture, health, climate
science, Al and digital science, political science and economics. The indirect effects
of policies on climate change, biodiversity loss and adverse health effects need to be
factored in to the true costs of food; these could triple <yes?] the current global
value attributed to food markets (Hendriks et al. 2021). A range of voices is vital.
The Scientific Group is engaging with hundreds of experts, across civil society,
indigenous peoples, producer organizations, youth organizations and the private
sectors.

Here we highlight key roles scientists should play to accelerate the transformation
to healthier, more sustainable, equitable and resilient food systems. These seven
priorities reflect the Scientific Group’s evidence base, comprising more than
40 reports and briefs (see https://sc-fss2021.org/materials/fss-briefs-by-partners-of-
scientific-group/).

1 Seven Priorities

Science-driven advances are needed in the following areas.

1.1 End Hunger and Improve Diets

Scientists need to identify optimal conditions and investment opportunities to make
healthy and nutritious foods more available, affordable and accessible. Measures that do
all three are most effective in cutting hunger and improving diets. For example,
improving irrigation on small farms in Tanzania and Ethiopia has enhanced productiv-
ity, lowered prices for consumers and increased farmers’ income (Passarelli et al. 2018).
Three big game changers are: enhancing research and development (R&D) in
agriculture and food to increase productivity sustainably, adding income and nutri-
tion components to social protection programs, and slashing food waste and losses.
Research priorities include powering fridges and preserving plants with solar energy.
Developing new forms of packaging using recycled materials, coatings of
nanomaterials and even edible films, would keep foods fresh for longer and reduce
losses. School feeding programs offering nutritious meals for students, plus incen-
tives like take home rations for parents to keep children in education, have increased
school participation in Mali by 10% (Aurino et al. 2019). Under Covid-19 lock-
downs these programs become even more relevant, as in Addis Ababa schools.
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Researchers also need to study behavioral barriers to healthy eating, such as
snacking under stress. They should develop policy guidelines for educational food
labels and taxes and regulations on unhealthy foods (such as sugar, trans-fats and
high-fructose corn syrup). The health properties of fortified foods and cultivated
meats need establishing.

1.2 De-risk Food Systems

The more global, dynamic and complex food systems become, the more they are
open to novel risks. Scientists need to better understand, monitor, analyze and
communicate such vulnerabilities. For example, droughts, biofuels expansion and
financial speculation after the sudden imposition of trade barriers led to food price
hikes in 2008 (Kalkuhl et al. 2016). The COVID-19 pandemic and armed conflicts
have shaken food value chains across Africa this year, driving up food prices.
Successful initiatives combining on the ground observations of food systems and
nutrition with forecasting include FEWS NET (https://fews.net/) and the joint
FAO-World Food Program Early Warning System (https://www.wfp.org/publica
tions/fao-wfp-early-warning-analysis-acute-food-insecurity-hotspots).

Policies and economic solutions are needed. For example, novel insurance
products facilitated by remote sensing and weather forecasts would provide cover
for lost crops and livestock. Solar powered irrigation systems would reduce risk from
drought. Smart-phone apps would provide farmers with information on local crop
pests, weather risks and market opportunities; these are already used in Kenya,
Senegal, India and Bangladesh (Baumiiller 2017). Payment schemes are needed to
encourage farmers to manage and capture carbon in soils and trees and trade it.

1.3 Protect Equality and Rights

Poverty and inequalities associated with gender, ethnicity and age restrict many
people’s access to healthy foods. Socio-economic researchers need to suggest inclu-
sive ways to transform more than 400 million smallholder farms. They must identify
pathways out of inequitable and unfair arrangements over land, credit and labor and
empower the rights of women and youth. For example, if female-headed households
in Southern Ethiopia had same resources as male-headed ones, their productivity in
maize would increase by 40%, to match that of the latter (Gebre et al. 2021).
Protecting the land rights of smallholders, women and indigenous peoples is
paramount. Technology can ensure transparency and efficiency. For example, Ghana
uses Blockchain ledgers of land use and ownership rights for allocating land (Mintah
etal. 2021). At the trans-national scale the Land Matrix Initiative (https://landmatrix.
org/) collects and shares data on big land acquisitions and investments, covering
almost 100 countries. Similar solutions are needed to protect the land rights of
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Indigenous Peoples (see http://www.fao.org/publications/card/fr/c/CB4932EN/).
Efforts to build local research capacity, educational programs around food and
farming, as well as training and financing opportunities in rural areas are needed.

1.4 Boost Bioscience

Researchers need to find ways to restore soil health and improve the efficiency of
cropping, breeding of crops, and re-carbonizing the biosphere. Linkages among all
Earth systems must be considered together — a One Health approach.

Alternative sources of healthy protein need to be advanced, including more plant-
based and insect-derived proteins, including for animal feed. Plant breeding tech-
niques that capture nitrogen from the air, to reduce the need for fertilizers and
increase nutrients, should be investigated. Genetic engineering and biotechnology
should be applied to increase productivity, quality and pest and drought resistance of
crops; recent examples include varieties of bananas resistant to Fusarium Wilt
diseases, and pest-resistant BT eggplants. Property rights, skills and data-sharing
should be addressed, to widen access to bioscience technologies.

1.5 Protect Resources

Tools are needed to help people manage soils, land and water sustainably. For
example, hand-held digital devices and remote sensing can track concentrations of
soil carbon and other nutrients. Al and drones allow farmers to spot areas that need
irrigation, fertilization and pest control. Soil microbes can be harnessed to improve
soil structure, ability to store carbon and yields. Researchers need to adapt and scale
such technologies.

Biodiversity and genetic bases need to be protected. Seed varieties need to be
preserved and their phenotype and genotype characteristics explored in the contexts
of climate change and nutrition. Traditional food and forest systems, including those
of Indigenous Peoples, need to be better understood and supported in national
agricultural research systems. Cooperation for mutual benefit should be explored,
as the Tribal Adaptation Menu in Indigenous Peoples’ areas in the US has for climate
adaptation https://forestadaptation.org/sites/default/files/Tribal%20Climate %20
Adaptation%20Menu%2011-2020%20v2.pdf.

1.6 Sustain Aquatic Foods

Most of the focus on food to date has been on land-based agriculture. Seafood and
seaweed have much to offer nutritionally and environmentally. Aquatic foods need to
be better integrated into understanding of food systems (see https://www.nature.com/
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articles/d41586-020-03303-3). Researchers should look for ways to increase nutri-
tional diversity in aquatic foods and sequester carbon in the marine environment.

Ecological science perspectives and global cooperation and institutions are
needed to bring the harvesting of oceans to sustainable levels and protect biodiver-
sity. Science-based approaches must address the sustainability of fish feeding sys-
tems; for example, explore using insect rearing, oil-rich modified legumes and
micro-algae as fish feed.

1.7 Harness Technology

Robots, sensors and artificial intelligence are increasingly used on farms and in food
processing. For example, robots harvest crops and milk cows. Sensors can monitor
the origin and quality of ingredients and products along the food processing chain to
reduce losses and guarantee food safety. But most farmers and producers still don’t
have access. To spread the benefits, devices need to become cheaper and easier to
purchase and use. Rental services should be developed, such as an Uber-like app for
tractors in India. Rural electricity will be needed, and training and education pro-
grams. Again, managing property rights and sharing data are key.

2 First Steps

The 2021 Food Systems Summit is a great opportunity to end hunger by 2030 and set
in train a sustainable food system. Previous UN food summits have delivered
change. The 1943 conference led to FAO; the 1974 meeting strengthened the
CGIAR and led to the founding of IFPR; the 2002 session accelerated the human
right to food; and the 2009 meeting established monitoring systems to prevent food
price crises.

The breadth of the 2021 agenda could be a hindrance, though, in achieving its
goals. To avoid failure, delegates should focus. They should prioritize establishing a
guiding framework — for transforming diverse national and local food systems, as
well as global networks, with the challenges of trade, finance, climate, innovation
and governance.

Debates will be fierce. Food is a contentious topic. Disagreements abound, over
goals, pathways and speed of change, and the roles of science and technology, the
private sector and the UN. For example, some see agroecology as the only accept-
able way of farming, with minimal technology. Biotechnology and gene editing are
viewed as both an opportunity and a danger. Livestock exacerbate the climate crisis.
(The Scientific Group has aimed to offer a balanced view by noting the diversity of
perspectives.)


https://www.nature.com/articles/d41586-020-03303-3
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3 Actions and Targets

Once plans are agreed, the UN Food Systems Summit will need to move to
implementation. Here are our suggestions.

First, boost finance. On the research front, we propose that governments allocate at
least 1% of the fraction of their nations’ GDP that relates to food systems to food-
related research. Many countries spend only half of that. Least-developed coun-
tries should be given aid to reach a similar level. To end hunger for the poorest,
we propose a special fund be set up. This would be supported by development aid
donors and bonds backed by the IMF and World Bank. Research and modeling
would be required into implementation and impacts.

Second, increase scientific capacity. Use the funding above to strengthen research
capacity in low and middle income countries. Expand research collaborations
between the public and private sectors, among farmers, start-ups in food value
chains and science communities. Sharing research infrastructure and data
between the global south and north would be a good start.

Third, strengthen science-policy interfaces. In stark contrast to many other fields,
agriculture, food security and nutrition do not have an international agreement or
convention to consolidate actions. We call on the UNFSS and UN Member States
to explore an intergovernmental treaty or framework convention on food systems,
by analogy to the conventions on climate, biodiversity and desertification agreed
upon in Rio in YEAR. We recommend that all science organizations and acad-
emies with food-relevant research be included in a preparatory process.

Bringing the tools of science to the table will help transform the global food system
to end hunger and achieve the Sustainable Development Goals by 2030.

Acknowledgment This chapter was originally published as an article in Nature, 597, 28-30,
(2021).
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for Science and Political Action e

Joachim von Braun (), Kaosar Afsana, Louise O. Fresco,
Mohamed Hag Ali Hassan, and Maximo Torero

For fruitful deliberations and concerted action at the science-political interface the
very concept of food systems and drivers of change need to be clearly understood
and employed by all

1 Introduction

Food systems exist at different scales: global, regional, national and local. Local
food systems around the world are very diverse and location-specific. They share
some key features, but any attempt to change them should reflect their uniqueness
embedded in traditions, cultures, economic structures, and ecologies of locations.
Change in food systems comes about through external and internal drivers as well as
through feedback mechanisms between these drivers. External drivers are for
instance from climate or health systems, internal drivers are for instance from
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productivity gains as a consequence of innovations or from changes in consumer
behavior.

The way in which changes in food systems impact sustainability in its diverse
social, economic, and ecological dimensions is critical. With the Sustainable Devel-
opment Goals (SDGs) there is an accelerating momentum worldwide, to adopt
systems approaches to bring consumption and production patterns together to
achieve sustainable development through an integrated approach to food systems
(United Nations 2020).

2 Defining and Conceptualizing Food Systems

A practical definition of food systems should meet two essential criteria:

* it should be suitable for the purpose at hand, which is to support the global and
national collective efforts to bring about positive change in food systems, by
accelerating progress on meeting the 2030 Agenda and the SDGs in particular end
hunger, improve diets and protect ecologies; and

it should be sufficiently precise to define the domains for policy and program-
matic priorities, and it should be sufficiently general to not exclude any aspects of
the economic, social, and ecological dimensions of sustainability.

The significance of criterion (1) is that the definition should guide not only scientific
inquiry, but also actions of all types, toward a common purpose, i.e. food systems
change and in the long run even food systems transformation (von Braun et al.
2020). The point of criterion (2) is to avoid the intellectual hubris that accompanies
many efforts of characterizing and graphically depicting food systems’ complexities
in great detail. Efforts to map food systems visually may help scientists as well as
decision makers to identify key interactions and the mechanisms, both natural and
social, which regulate those interactions. Yet, food systems’ maps that try to be fully
comprehensive tend to collapse under the density and complexity of the interactions
to be described and analyzed. At the other extreme, food systems’ maps and models
that focus too narrowly on a reduced set of phenomena gain apparent explanatory
power at the price of realism, adequacy or the exclusion of important economic,
social or bio-physical environmental forces. There is no clearly defined pathway out
of this dilemma. Much depends on the relevant policy question as well as on the
context and scale of the food systems under consideration.

Food systems embrace the entire range of actors and their interlinked value-
adding activities involved in the production, aggregation, processing, distribution,
consumption, and disposal (loss or waste) of food products, that originate from
agriculture (incl. livestock), forestry, fisheries, and food industries, and the broader
economic, societal, and physical environments, in which they are embedded (FAO
2018). The range of actors importantly includes science, technology, data, and
innovation actors (Herrero et al. 2020).
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Sustainable food systems are those that contribute to food security and nutrition
for all in such a way that the economic, social, cultural, and ecological bases to
generate food security and nutrition for future generations are safeguarded (Global
Panel on Agriculture and Food Systems for Nutrition 2020). It should be noted that
desirable food systems are necessary but not sufficient to assure good nutrition —
even the best food system cannot assure good nutrition in a situation of poor hygiene,
unclean drinking water, poor child care, and widespread infectious diseases. More-
over, the availability of plentiful and healthy food does not guarantee adequate
consumption patterns or prevent excess body weight.

The concept of food systems transformation has been linked to the aspirations of
the 2030 Agenda and refers to the objective of pursuing fundamental change of food
systems, for instance, to aim for climate neutrality and achieving the SDGs. Trans-
formation is a never-ending process in food systems. Transition is the movement
from one state to another. And evolution is the process of change. These are not
interchangeable terminologies. Most food systems need all three.

Conceptualizing food systems entails defining systems boundaries and systems
building blocks and linkages among them, while simultaneously being connected to
neighboring systems such as health, ecological, economy and governance, and the
science and innovation systems (see Fig. 1). Food systems are in a continuous state
of change and adaptation. For the Food Systems Summit this means to identify
actions which enhance positive side-effects of or to remediate or mitigate negative
side-effects of policies. The elimination of net-negative externalities of food systems
in terms of ecology and health costs would guide toward recognizing the true costs
and price of food. A sustainable circular bio-economy concept as an overarching
systems frame, in which food systems are embedded, could be considered in the
solution-finding process.

Ecology and
Health systems Income and climate systems
> employment D —
Inclusion
Consumption, nutrition A~ r— Agriculture and
and health Safety Availability Diversity food industries

Inclusion

L5 Markets, infrastructure e __|
. and services
Economic and Science and

governance systems innovation systems

Fig. 1 The food system in the context of other systems (positive systems concept). (Source:
designed by authors, adapted from InterAcademy Partnership (2018) and von Braun (2017))
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3 An Action-Oriented Concept of Food Systems

Systems can be conceptualized from a positive or from a normative perspective. The
positive concept attempts to design systems’ structures and functions as they occur in
the current real world and identify points of entry for desirable systems’ change. The
normative concept postulates a set of objectives and aims to shape the systems to
serve the stated objectives. Both concepts aggregate and simplify real world struc-
tures and processes. Neither of these approaches escape the yardsticks of scientific
evidence. For theoretical clarity of underlying value judgments, however, the two
approaches need to be distinguished. As the Food Systems Summit is based on
clearly stated objectives already defined in the SDGs, a normative approach is
justified. Yet, normative approaches need to be put to the test by positive approaches
in order not to steer into a dead end of unrealistic wishful thinking. Thus, normative
and positive approaches are complementary. To build upon existing efforts, we
suggest a concept of food systems that may help to frame action-oriented agenda
setting, such as the one reflected in the five Action Tracks for the Food Systems
Summit in support of the SDGs. These Action Tracks are described as:

1. Ensuring Access to Safe and Nutritious Food for All (enabling all people to be
well-nourished and healthy);

2. Shifting to Sustainable Consumption Patterns (promoting and creating demand
for healthy and sustainable diets, reducing waste);

3. Boosting Nature-Positive Production at Sufficient Scale (acting on climate
change, reducing emissions and increasing carbon capture, regenerating and
protecting critical ecosystems and reducing food loss and energy usage, without
undermining health or nutritious diets);

4. Advancing Equitable Livelihoods and Value Distribution (raising incomes, dis-
tributing risk, expanding inclusion, creating jobs); and

5. Building Resilience to Vulnerabilities, Shocks and Stresses (ensuring the contin-
ued functionality of healthy and sustainable food systems).

The five Action Tracks capture various key opportunities and challenges of food
systems and relate to one or more food systems components, but they do not define a
food systems concept as such. Therefore, the pursuit of the Action Tracks needs to be
conscious of an overarching food systems concept. Pursuing each Action Track in
isolation from the others would lead to inefficient solution proposals that neglect
system-wide effects. We thus offer a perspective that attempts to position the five
Action Tracks in a food systems framework (Fig. 2): We expect food security and
nutrition, livelihood improvements, and production with environmental sustainabil-
ity; we want resilience to shocks (i.e. low variability, and a quick recovery from
negative shocks); and we know that consumption patterns are a powerful lever for
change. “Ensuring Access to Safe and Nutritious Food for All (enabling all people to
be well-nourished and healthy)” is supported by the other four Action Tracks,
yet there is also feedback from improved nutrition to the other four Action Tracks.
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Ensuring access to safe and nutritious food for all
(enabling all people to be well nourished and healthy)

il i i and value distributi
(raising incomes, distributing risk, expanding
inclusion, creating jobs)

®
®

p
at sufficient scale
(acting on climate change, reducing emissions,
regenerating/protecting ecosystems,
reducing food loss/energy usage without
undermining health or nutritious diets)

Shifting to sustainable consumption patterns Seeking synergies
(promoting and creating demand for healthy
and sustainable diets, reducing waste)

®

Building resilience to vulnerabilities, shocks and stresses
(ensuring i i ity of
healthy and sustainable food systems)

Fig. 2 Action Tracks in a Food System (a normative systems perspective). (Source: Designed by
authors)

The Action Tracks need to consider functional relationships among them in systemic
ways.

The systems perspective must not overlook some key cross-cutting issues and
themes, which need due attention, for example, Covid-19 has highlighted the
intertwining of food and health systems. Science and new and emerging technolo-
gies and innovations, including gene editing, digitization, Internet of Things, and
Artificial Intelligence, are critical for improving productivity, efficiency, equity, and
sustainability of food systems. The role of women and gender are important deter-
minants for productive, healthy and sustainable food systems, and are fundamental
for equity. Trade, market structures and dynamics of food industries require policy
attention (OECD 2021). And there is a tendency to think of food systems as
terrestrial systems only, but it will be vital to broaden the understanding of food
systems to include their links to water cycles, oceans and fisheries.

4 Concluding Remarks

The discourse on food systems must not abstract from the issue of culture and values,
making it seem as if it is merely a technical question. This especially - but not only -
applies to the greatly diverse indigenous food systems, and the culture and knowl-
edge embedded in them.

The Food Systems Summit needs to facilitate action to overcome systems failures
that contribute to the hunger, malnutrition, and obesity problems; to the ecological
problems of deforestation, green-house gas emissions, biodiversity losses and spe-
cies extinctions; to the problems of poor livelihoods in farming communities espe-
cially of women and youth; and to the fundamental issues of food system related
violations of rights — human right to food, broadly defined. The Summit needs to
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come up with visions for food systems transformations in their respective contexts.
While a strong sense of urgency is called for due to the big food systems
malfunctioning, the time horizon of the food systems transformations needs to
reach far beyond 2030, given demographic change, climate change, technological
change and people — nature linkages in the Anthropocene.

If food systems shall deliver on the stated objectives (i.e. the SDGs), the Food
Systems Summit needs to be open to new thinking, to new concepts, and to
establishing new institutional and organizational arrangements. Addressing symp-
toms of systems failures will not be sufficient. Investing in science is essential to
innovate, develop, and implement game-changing propositions that fit the respective
food systems contexts. Science and policy have a lot to gain from cooperation
through a strong and effective science — policy interface to help guide the follow
up to the Summit (InterAcademy Partnership 2018).
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Part I1
Actions on Hunger and Healthy Diets



Healthy Diet: A Definition for the United )
Nations Food Systems Summit 2021 S

Lynnette M. Neufeld, Sheryl Hendriks, and Marta Hugas

1 Definition

A healthy diet is health-promoting and disease-preventing. It provides adequacy,
without excess, of nutrients and health-promoting substances from nutritious foods
and avoids the consumption of health-harming substances."

2 Approaches to Translating a Healthy Diet into Specific
Food-Based Recommendations

Moving beyond the available broad definitions so as to operationalize what consti-
tutes a healthy diet has been a source of debate within the nutrition community
for decades. Innumerable definitions exist, with many similarities and several

"The hyper-linked sections seek to provide further clarifications in relation to terminology and
concepts. Specifically, it is important to distinguish between diets (combinations of food consumed
by individuals or populations over time) and individual foods, which have characteristics that make
them more or less nutritious. Annex 1 below provides a definition of nutritious foods, and related
evidence, gaps, and controversies. In Annex 2, we similarly highlight such issues in relation to food
safety and the identification and management of health-harming substances in foods.
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contradictions emerging over time (Cena and Calder 2020). In part, the contradic-
tions arise from diversity in the underlying health issues that the diets were intended
to address. Approaches to operationalizing the broad definitions and a move toward
specific food-based recommendations have typically used one of three approaches: i)
observing existing dietary patterns associated with a lower prevalence of specific
diseases; ii) perspective approaches based on evidence related to one or several
outcomes; and iii) indicative approaches providing evidence-based guidance to be
adapted to a specific context. Several examples of each and their related strengths
and weaknesses are discussed below.

1. Some research about healthy diets has observed dietary patterns in populations
for which certain diseases, usually non-communicable diseases (NCDs), appear
less prevalent. Dietary patterns in these population groups are studied, then tested
in other contexts for their potential to promote health or prevent disease. One
well-known example is the Mediterranean diet (Mocciaro et al. 2017), which has
been the topic of much research (Cena and Calder 2020). There are several
limitations to using such dietary patterns as the basis for recommendations,
most importantly, because they do not consider all potential health outcomes.
These examples do not account for local availability and the affordability of food
types or the cultural traditions and acceptability of foods. Another approach has
been to model optimal dietary patterns for a specific food group based on
consumption and mortality data (Afshin et al. 2019). However, several challenges
remain, including the lack of dietary data from many populations and sub-groups.

2. A second approach has been to quantify the specific dietary intake patterns
associated with multiple outcomes, both human and environmental or planetary
health. This dual outcome approach is not new. Principles for guiding a “sustain-
able, healthy diet” based primarily on eating local and minimizing processed food
were published as early as 1986 (Dye Gussow and Clancy 1986). From the start,
these principles have received considerable criticism from the nutrition, agricul-
ture, and food sectors (Dye 1999). The recent EAT-Lancet Commission on
Healthy Diets from Sustainable Food Systems (Willett et al. 2019) provided
recommendations for the consumption of specific quantities of foods or groups
of foods that promote human health and can be produced within planetary
boundary considerations. As with earlier efforts, the EAT-Lancet Commission
diet has received criticism on several fronts, including the lack of consideration of
food affordability (Hirvonen et al. 2020). However, the Commission calls for
research to adapt the diet to local contexts. Future studies may provide evidence
of the potential to do so.

3. Finally, the World Health Organization (WHO) has identified a series of guiding
principles for healthy diets that seek to address all forms of malnutrition and
related health issues. Unlike the approaches above, this indicative approach is
designed to permit the contextualization of recommendations to individual char-
acteristics, cultural contexts, local foods and dietary customs (WHO 2020).
Building on such evidence, food-based dietary guidelines (FBDG) are intended
to guide the development and revision of national food and agricultural policies.
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FBDGs have been developed by over 100 countries (FAO 2020). The content of
FBDG may vary by country or region, but generally includes a set of recommen-
dations for foods, food groups, and dietary patterns that minimize the risk of
deficiencies, promote health, and prevent disease in specific contexts.

3 Conclusion

This chapter defines a healthy diet for the Food Systems Summit, placing human
health promotion and disease prevention at the center. In doing so, it draws attention
to food safety. Without the assurance of safety, diets cannot nourish, and will instead
cause illness.

However, to inform policy and programmatic action, this definition must be
translated into specific food-based recommendations. In doing so, the sustainability
of food systems, food affordability, and cultural and other preferences must be
considered. There will always be tensions between the indicative or guiding princi-
ples and approaches that propose more quantified recommendations. The former
leaves much room for interpretation, while the latter tends to underestimate the
complexities of extrapolating prescribed diets to varying age, sex, life stage, culture,
food availability, or affordability, among other considerations. The Food and Agri-
culture Organization (FAO) and WHO have now set out a series of guiding princi-
ples for achieving contextually appropriate sustainable, affordable, healthy diets
(Food and Agriculture Organization of the United Nations, World Health Organi-
zation 2019; HLPE 2017) that are aligned with the guiding principles for healthy
diets (#3 above) and form the basis for such actions.

We hope that this overview can help to align terminology and concepts used in
the Food Systems Summit concerning healthy diets, and we encourage readers to
read Annex 1 and 2 below for further information.

Annexes
Annex 1: Defining Nutritious Foods
The Distinction Between Diets and Foods

Over any particular period of time, an individual will eat many foods and combina-
tions of foods. Diets are the combination of foods consumed over time, through
which we achieve adequacy without excess of all nutrients (including energy). Foods
that make up a healthy diet should be safe (see Annex 2) and nutritious. In this
section, we will explore the concept of nutritious food, along with related evidence,
gaps and controversies.
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A nutritious food is “one that provides beneficial nutrients (e.g., protein, vita-
mins, minerals, essential amino acids, essential fatty acids, dietary fibre) and
minimizes potentially harmful elements (e.g., anti-nutrients, quantities of sodium,
saturated fats, sugars)” (GAIN, (2017) drawing on definitions published by
Drewnowski (2005) and Katz et al. (2011)). While conceptually simple, there is
no straightforward, universally accepted approach to classifying individual foods as
more or less nutritious. Similarly, some context specificity is required in the cate-
gorization of individual foods as nutritious. The same food, for example, whole fat
milk, may provide much-needed energy and other nutrients to one population group
(e.g., underweight three-year-old children), but be less “healthy” for another due to
high energy (calories) and fat content (e.g., obese adults).

“Nutrient profiling,” or the rating of foods based on their nutrient density
(i.e., nutrient content per 100 g or per 100 kcal of energy or per serving), has evolved
substantially in recent years as an approach to classifying individual foods as more or
less nutritious (Drewnowski and Fulgoni III 2020). Such scores now provide the
basis for several regulatory and health-promoting efforts, including front of pack
labeling and health claims (Croker et al. 2020). Recent efforts have also proposed
more complete profiling approaches that, in addition to nutrient density, take into
consideration the food groups of ingredients (e.g., fruit or vegetable content) and
further develop the content of ingredients (e.g., types of fat) that should be limited
(Drewnowski and Fulgoni III 2020). To date, nutrient profiling has been used
predominantly for packaged foods in many high-income and several middle-income
countries. Considerable limitations remain for extending its utility to unpackaged
foods and in contexts in which a large portion of food is not commercially produced.

Several Evidence Gaps and Controversies That Influence Our Ability
to Characterize Health Diets and Nutritious Foods

While much progress has been made in the characterization of healthy diets and the
classification of individual foods as nutritious parts of said healthy diets, several gaps
in evidence and controversies remain.

» Imperfect characterization of population nutrient requirements to avoid defi-
ciency and promote health: Reference values for the nutrient intakes of humans
have been established, focusing on the avoidance of deficiency and excess.
Nutrient requirements vary by age, sex, and life stage (e.g., pregnancy), and
among individuals such that no single nutrient requirement value can be defined,
even within age/sex groups. Estimated average requirements are therefore devel-
oped and converted info recommended daily nutrient intake levels that will, at the
population level, ensure that the requirements of 95% of the population are met
(FAO, WHO 2002). Upper tolerable limits are set at the minimum level above
which potentially harmful effects may be observed and are essential for under-
standing health risks and avoiding excess. FAO (2021) and many national
governments have published nutrient requirements. However, several limitations
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exist, including diverse methodological approaches to setting estimated require-
ments and the extrapolation of requirements from one age group to another,
among others. Some experts are now calling for additional research to estimate
requirements using a consistent approach (Yaktine et al. 2020).

In addition to the focus on the positive (and negative) effects of individual
nutrients, much research has focused on the potential health effects — both
positive and negative — of specific foods, food groups or dietary patterns (Cena
and Calder 2020). This is critically important, as it advances our understanding of
the link between diet and health, as well we the importance of food, which
contains many more bioactive components than just the commonly-known nutri-
ents. Evidence of the health-promoting qualities of bioactive components in many
food groups (e.g., fruits and vegetables, nuts and seeds, fermented dairy) and the
health-harming effects of excessive quantities of some nutrients or dietary com-
ponents (e.g., trans fat, salt, sugar) forms the basis of the guidelines proposed by
FAO (Burlingame 2012), WHO (2020), and the High-Level Panel of Experts
(FAO 2020). While the basic tenets of these guidelines are unlikely to change,
evidence continues to evolve for all dietary components and, to some extent, is
constrained by the imperfect estimates of nutrient requirements and tolerable
upper limits discussed above. Some have also called for greater transparency
and better management of commercial interests in researching the associations
between food products and health outcomes (Lesser et al. 2007). Emerging
evidence suggests that, eventually, dietary recommendations may be personalized
to optimize human health outcomes based on individual characteristics (Fenech
et al. 2011; Precision Nutrition 2020), but science is still far from achieving
this goal.

* Imperfect knowledge of the nutrient and “anti-nutrient” content of food: Our
ability to fully characterize dietary patterns of populations and individuals (where
data permit) is highly dependent on the quality of the food composition tables,
i.e., databases containing the amounts of nutrients in foods per specific portion
sizes. Unfortunately, there are many issues with food composition tables, includ-
ing a lack of data or out-of-date information for many countries and world
regions, particularly for less common foods (e.g., edible insects) and substances
that influence nutrient absorption (e.g., tannins, phytate), as well as a similar
dearth of good and/or up-of-date information on nutrients added (or lost)
as a result of processing, including food fortification or plant breeding
(biofortification), poor or unclear analytical approaches and the lack of consider-
ation for nutrient bioavailability, among others (Micha et al. 2018). Fortunately,
this issue is well recognized, and substantial advances have been made through
the efforts of the INFOODS project of FAO (2020).

* Lack of consensus and standardized definitions related to food processing and
health implications: A growing body of evidence suggests that highly-processed
foods (or ultra-processed foods) are health-harming for humans (Hall et al. 2019).
Recent studies have also highlighted the impact of such foods on the environment
(Seferidi et al. 2020), an issue that was even raised in the early discussions on
sustainable diets (Dye Gussow and Clancy 1986; Dye 1999). Recent studies have
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primarily used the NOVA classification of ultra-processed foods (Monteiro et al.
2019; Monteiro et al. 2018). However, at present, there is no single accepted
definition that clearly lays out the specific aspects of food processing that may be
health-harming (Gibney 2018; Gibney et al. 2017). The implications of highly-
processed foods, particularly those high in sugar, trans fat or salt, are not under
debate. Urgent consensus is needed on how to classify such foods, define food
processing categories and operationalize the implications for the private sector.

Annex 2: Avoiding the Consumption of Health-Harming
Substances

Bringing Safety to the Definition of Healthy Diets

Food safety refers to “all those hazards, whether chronic or acute, that may make
food injurious to the health of the consumer” (FAO 2003). Food safety issues can
arise from food contamination with biological hazards, pathogens, or chemicals
(natural or processed contaminants, residues of pesticides or veterinary medicine,
etc.) during the production, processing, storage (including, but not limited to a lack
of adequate cold storage), transport and distribution of food, as well as in the
household. Standards and controls are in place to protect consumers from unsafe
foods (HLPE 2017). In addition to the disease burden, food-borne disease in low-
and middle-income countries (LMICs) is also a concern because of a broad range of
economic costs and their impacts on market access (Unnevehr and Ronchi 2014).

Current knowledge suggests that biological hazards and antimicrobial resistance
may present a higher disease burden than chemical hazards. However, there is still
uncertainty due to difficulty in measuring and attributing long-term and chronic
effects. Chronic effects due to chemicals (natural or processed contaminants, pesticide
residues, etc.) are more challenging to trace and their actual impact on disease burden
more difficult to quantify. The study by the Foodborne Disease Burden Epidemiology
Reference Group of the World Health Organization (FERG/WHO)? estimated that the
global burden of food-borne diseases was comparable to that of HIV/AIDS, malaria
and tuberculosis, with LMICs bearing 98% of this burden. The FERG/WHO report
(WHO 2015) quantified the burden of disease from the most critical food-borne toxins
(aflatoxin, cassava cyanide and dioxins). Some work has also been done to estimate
the burden of illness due to four food-borne metals (arsenic, cadmium, lead, methyl-
mercury), which is estimated to be substantial (Gibb et al. 2019). As with nutrition, our
evidence related to food safety and health continues to evolve. For example, the
clinical outcome of exposure to food-borne pathogens may be modulated by the
human gut microbiome (Josephs-Spaulding et al. 2016).

Despite the heavy burden of disease among LMICs, the systems and practices for
monitoring food-borne hazards and risks, food safety system performance and
related disease outcomes are predominantly utilized in high-income countries

2WHO 2015.


http://www.who.int/
http://www.who.int/

Healthy Diet: A Definition for the United Nations Food Systems Summit 2021 27

(HICs). While there are many promising approaches to managing food safety in
LMICs, few have demonstrated a sustainable impact at scale. It is also essential to
distinguish between food safety and food quality: food safety ensures that food is fit
for human consumption and not harmful to human health, and most often falls under
the competence of veterinary, health or agricultural inspectors, while food quality is
a market category that is usually the responsibility of food or market inspectors
(Independent Evaluation Group (IEG) 2014).

Several Evidence Gaps and Controversies That Influence the Ability
to Assess and Ensure the Safety of Foods as Part of a Healthy Diet

* Food safety has complex interactions with other societal concerns. Safety must
be built into foods, and this puts responsibility for food safety all along the value
chain, including on producers, processors, transporters, retailers, and consumers.
If food chain actors lack the requisite knowledge, resources, and skills, then
safety cannot be assured. Some food safety perceptions and knowledge may be
shared generationally and may not be scientifically grounded. In many LMICs,
food is often purchased from traditional markets close to the point of production
and undergoes limited transformation (Jaffee et al. 2019). Several traditional
ways of processing food can be highly effective at reducing risk, but food-
borne illness may still be linked to poor hygiene conditions, close contact with
animals, and limited access to clean water from the market through to the
household. Informal market drivers and incentives for safe food are often weak,
although adverse food safety events can leave the sellers vulnerable to reputa-
tional harm. As such, food safety has implications for livelihoods. Likewise,
food-borne diseases can have important consequences for women’s resilience.
Women predominate in traditional food processing and sales and are usually
responsible for food preparation at home.

* The preferred method for improving food safety and quality is preventive, and
many, although not all, potential food hazards can be controlled along the food
chain. Engaging the food industry at all levels to understand their role in
preventing food contamination through the application of good practices, i.e.,
good agricultural practices (GAP), good manufacturing practices (GMP), good
hygienic practices (GHP), and the Hazard Analysis Critical Control Point system
(HACCP), is challenging. The HACCP principles have been formalized by the
Codex Committee on Food Hygiene and provide a systematic structure that actors
within the food industry, both large and small, can use to identify and control
food-borne hazards. Governments should recognize the application of a HACCP
approach by the food industry as a fundamental tool for improving the safety of
food (FAO 2003). However, the level of safety that these food safety systems are
expected to deliver has seldom been defined in quantitative terms.

In addition to HACCP, the Codex Alimentarius Commission (CAC) sets stan-
dards for addressing the safety and nutritional quality of foods for most segments
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of the food chain so as to protect consumer health and fair practices. The CAC
establishes standards for maximum levels of food additives, limits for contami-
nants and toxins, and residue limits for pesticides and veterinary drugs.

» Some countries, especially LMICs, have not adopted modern food safety control
systems, even though there is a significant burden of food-related illness. Many
countries lack effective public health surveillance systems, so the burden of food-
borne disease and broader economic ramifications are not well understood. Food
safety capacity may be concentrated either geographically, for example, in the
capital city, or for niche markets intended for export. Building on these analyses,
the World Bank recommends that governments consider how to make “smart”
food safety investments, such as investing in foundational knowledge, human
resources and infrastructure, including those that address basic environmental
health issues, like access to clean water, improved sanitation and reduced envi-
ronmental contamination in the soil, water and air (FAO 2003).

Food safety priorities for countries include addressing risks from farm to table,
transitioning from reactive to proactive approaches to food safety, and adopting a
risk analysis approach to ensure prioritized decision-making. The building of
food safety capacity will assist governments in economic development by
improving the health of their citizens and opening countries to more food export
markets and tourism (Jaffee et al. 2019).
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Ensuring Access to Safe and Nutritious )
Food for All Through the Transformation %
of Food Systems

Sheryl Hendriks, Jean-Francois Soussana, Martin Cole, Andrew Kambugu,
and David Zilberman

1 Introduction

Action Track 1 of the Food Systems Summit offers an opportunity to bring together
the crucial elements of food safety, nutrition, poverty and inequalities in the frame-
work of food systems within the context of climate and environmental change to
ensure that all people have access to a safe and nutritious diet. These elements
are embedded in fundamental human rights, including the right to food, the rights to
safe water and sanitation (essential for safe food), and the right to be free from
discrimination.

Food systems provide a framework for advancing access to safe and nutritious
food for all (including all crops, fish, forest foods and livestock). Food systems
encompass all of the elements and activities that relate to the production, processing,
distribution, preparation and consumption of food, as well as the output of these
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The Action Tracks in a Food Systems Perspective

1. Ensuring Access to Safe and Nutritious Food for All (enabling all people to be well nourished and healthy)

’_—

4. Advancing Equitable
Livelihoods and Value

Distribution (raising incomes,
l distributing risk, expanding l
inclusion, creating jobs)

% 3. Boosting Nature Positive
o . @ Production at Sufficient Scale
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and Stresses
[ensuring the continued

functionality of healthy
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Fig. 1 Action Tracks of the UN food systems summit in a normative systems perspective.
(Von Braun et al. 2021)

activities, including socio-economic and environmental outcomes (HLPE 2020).
Ensuring access to safe and nutritious food for all underlies the other Summit Action
Tracks (Fig. 1).

2 What Is a Safe and Nutritious Diet?

A safe and nutritious diet is a healthy diet that “is human health-promoting and
disease-preventing. It provides adequacy (without an excess of nutrients) and health-
promoting substances from nutritious foods and avoids the consumption of health-
harming substances” (Neufeld et al. 2021). A nutritious food “provides beneficial
nutrients (e.g., protein, vitamins, minerals, essential amino acids, essential fatty
acids, dietary fibre) and minimises potentially harmful elements (e.g. anti-nutrients,
quantities of sodium, saturated fats, sugars)” (Neufeld et al. 2021, drawing on GAIN
(2017), Drewnowski (2005) and Katz et al. (2011)). Safe food promotes health and is
free of foodborne diseases caused by microorganisms, including bacteria, virus,
prionics, parasites and chemicals, as well as foodborne zoonoses transferred from
animals to humans and other associated risks in the food chain (WHO 2013).
Malnutrition includes undernourishment, micronutrient deficiencies and over-
weight (including obesity). Malnutrition increases susceptibility to foodborne dis-
eases, creating a vicious cycle for health, reducing productivity and compromising
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development. The COVID-19 pandemic is expected to increase the risk of all forms
of malnutrition (Headey et al. 2020).

Recent reports draw attention to the affordability of a healthy diet (FAO et al.
2020; Masters et al. 2018). The pandemic has exposed long-standing inequalities in
our food and health systems that affect access to safe and nutritious food, as well as
income that enables this access (Laborde et al. 2020). Shocks (including health
shocks such as COVID-19 that increase the need for a nutritious diet) make healthy
diets less accessible and affordable.

While the definitions of an adequate diet and safe food are established and widely
accepted, there is debate in the literature about what constitutes a sustainable diet.
Each proposed diet has trade-offs in terms of affordability, climate and environmen-
tal impacts. These trade-offs are discussed in the sections that follow.

3 We Are Not on Track to Meet International Targets
for Ensuring Safe and Nutritious Food for All By 2030

Despite some progress in reducing the rate of extreme poverty, with only 10 years to
go to 2030, the world is not on track to meet nutrition-related targets. Table 1
presents a summary of the international targets related to ensuring safe and nutritious
food for all. While the proportion of the population that is undernourished, stunting,
of low birth weight and displaying anaemia among women of reproductive age has
declined, the reductions are not sufficient to meet the global targets. The experience
of food insecurity (FIES, a survey that comprises eight questions regarding people’s
access to adequate food) as measured by FAO et al. (2020) has increased somewhat.
Moreover, the numbers of overweight children and adults is rising.

No country is exempt from the scourge of malnutrition. Undernutrition coexists
with overweight, obesity and other diet-related non-communicable diseases (NCDs),
even in poor countries. UNICEF et al. (2020) report that 37% of overweight children
reside in low and middle-income countries. Likewise, fragile and extremely fragile
countries are disproportionally burdened by high levels of all three forms of malnu-
trition compared to less-fragile countries (GNR 2020).

While some progress has been made in certain countries and in some regions, the
2020 Global Nutrition report shows that no country is ‘on course’ to meet all of
WHO?’s global nutrition targets (GNR 2020). Although the health and behavioural
actions required to reduce all forms of malnutrition are well documented (Lancet
report, various WHO guidelines), as are the benefits (Hoddinott, etc.), progress has
been far too slow. Inequalities in society and the food system make affordable and
healthy diFets inaccessible to the most vulnerable populations. There is an urgent
need to transform food systems so as to deliver on nutrition outcomes. Unless
nutrition-specific (direct) and nutrition-sensitive (indirect) interventions are
implemented at scale and in a sustainable way (see Box 1) with complementary
services (such as the regular deworming of children), the impact will be suboptimal
(Ruel et al. 2018). In addition, urgent action is necessary to minimise the impact of
the COVID-19 pandemic on children’s nutrition (Headey et al. 2020).
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Box 1: Sustainable Food Systems

“Sustainable food systems are: productive and prosperous (to ensure the
availability of sufficient food); equitable and inclusive (to ensure access for
all people to food and to livelihoods within that system); empowering and
respectful (to ensure agency for all people and groups, including those who are
most vulnerable and marginalized to make choices and exercise voice in
shaping that system); resilient (to ensure stability in the face of shocks and
crises); regenerative (to ensure sustainability in all its dimensions); and healthy
and nutritious (to ensure nutrient uptake and utilization)” (HLPE 2020).

WFP has predicted that the number of people facing acute food insecurity in low
and middle-income countries will nearly double to 265 million by the end of 2020
(WFP 2020). Children are disproportionately affected, with likely intergenerational
consequences for child growth and development. The pandemic’s impact could have
life-long implications for education, chronic disease risks and overall human capital
formation (Martorell 2017).

Approximately 600 million people fall ill through the consumption of contami-
nated food each year, with considerable differences among sub-regions; with the
highest burden observed in Africa (WHO 2020). More than 420,000 die every year,
equating to the loss of 33 million Disability-Adjusted Life Years (WHO 2015a).
Foodborne diseases disproportionately affect children, accounting for 40% of the
foodborne disease burden. The consumption of unsafe foods costs low- and middle-
income countries at least US$ 110 billion in lost productivity and medical expenses
annually (Jaffee et al. 2019). With a large proportion of emerging human infectious
diseases originating from animal sources (zoonotic diseases), there is also an
increasing need to consider both animal and human health as a ‘One Health’ issue.

Devleesschauwer et al. (2018) report that food safety is a marginalised policy
objective, especially in developing countries. The scale of foodborne outbreaks has
become more extensive and has affected more countries since 2004 (INFOSAN
2019), representing a constant threat to public health and an impediment to socio-
economic development. However, updated data is not available regarding progress
on reducing the incidence of foodborne diseases, presenting a major obstacle to
adequately addressing food safety concerns (Devleesschauwer et al. 2018).

A recent innovation is the assessment of the adequacy, affordability and access to
healthy diets included in the 2020 State of Food Security and Nutrition in the World
(SOFI) report (see affordability, Table 1). If continually updated, this indicator could
become a comprehensive proxy for monitoring progress on ensuring safe, nutritious
food for all.
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4 Interconnected Food System Drivers That Affect
the Access to Safe and Nutritious Food for All

Several interconnected socio-economic and biophysical food system drivers affect
access to safe and nutritious food. Nutrition is both a health and food system
concern. While some drivers of food systems are global (e.g., trade liberalisation,
climate change), others are regional, national and sub-national (e.g., conflicts). At
the same time, many are differentiated across geographies (e.g., poverty, demogra-
phy, technologies, land degradation). Below, we provide a brief overview of the
main drivers, depicted in Fig. 2. At the centre of the diagram is the food system,
spurred by socio-economic, supply chain and climate change and land-use drivers
(depicted by the segmented circle). The drivers and the food system are influenced
by globalisation and the global COVID-19 pandemic. In certain contexts, the drivers
and the food system are also affected by conflict and fragility.

4.1 Socio-Economic Drivers

There is a vast array of socio-economic drivers that increase global food demand,
including population growth (Gerten et al. 2020), the westernisation of diets,
increased food waste and overweight (including obesity) (Hasegawa et al. 2018),
increased demand for animal-sourced foods in diets leading to increased demand of
feed from arable crops (Mottet et al. 2017), and rapid urbanisation (van Vliet et al.
2017). These trends could cause a doubling of food demand by 2050 and will require

Globalisation

Conflict and
Fragility

COVID-19 : . : \
Socio-economic Climate change

drivers and land use \

\ ‘

Supply chain failures and
b underutilized 4
technologies

Consumption

Fig. 2 Food system context and drivers related to Action Track 1
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amean global increase of crop yields by over 30% from 2015 for a range of scenarios
without climate change (FAO 2018), a value lower than those in previous pro-
jections that assumed rapid economic growth (Alexandratos and Bruinsma 2012).

Globalisation Lockdowns caused by the COVID-19 pandemic of zoonotic origin
have disrupted the production, transportation, and sale of nutritious, fresh and
affordable foods, forcing millions of families to rely on nutrient-poor alternatives
(Fore et al. 2020). International food trade can increase the diversity of diets and has
established a global standard food supply, which is relatively species-rich regarding
measured crops at the national level, but species-poor globally (Khoury et al. 2014).
Globalised food trade can also contribute to unsustainable water use (Rosa et al.
2019) and land degradation (IPCC 2019). The availability of cheap, high-energy,
fatty and sugary foods, the high price of nutritious fresh foods and the demand for
more ‘westernised’ and often obesogenic foods increase the incidence of nutrition-
related NCDs (Chaudhary et al. 2018). Nevertheless, globalised supply chains
support the wide distribution of food, reducing shortages in import-dependent
regions (Janssens et al. 2020), improving seasonal availability and often reducing
food loss through technological advances in processing, packaging and storage
(Zilberman et al. 2019).

Demography and Urbanisation Although population growth has slowed globally,
the population in the 47 least developed countries (mostly in Africa and Asia) is
projected to double between 2019 and 2050. By 2030, the number of youths in
Africa will have increased by 42% from 2015. Nevertheless, in 2018, for the first
time in history, the proportion of older persons (above 65) outnumbered that of
children under five, a trend that is predicted to continue (UNDESA 2019). A
growing proportion of older people will put a strain on the health system and change
nutritional needs and dietary preferences. Aging is accompanied by multiple phys-
iological changes that affect diets and nutrition. This may include a lower sense of
taste and/or smell; reduced appetite; poor oral health and dental problems; lower
gastric acid secretion that may affect the absorption of minerals and vitamins; and
loss of vision and hearing and reduced mobility that may limit mobility and affect
elderly people’s ability to shop for food and prepare meals (WHO 2015b). More-
over, by 2050, 68% of the global population could be urban, shifting the proportion
of producers to consumers, changing consumption patterns (demand), driving land
take and putting extra pressure on soil resources (Barthel et al. 2019; van Vliet
et al. 2017).

Poverty and Inequality Poverty traps millions in poor nutrition, depriving them of
their potential. The prevalence of both undernutrition and overweight adults is
directly linked with relative food prices (Headey and Alderman 2019). Healthy
diets cost roughly 60% and 400% more than nutrient-adequate and energy-sufficient
diets, respectively (FAO et al. 2020). More than 1.5 billion people cannot afford a
nutrient-adequate diet and over three billion cannot afford even the cheapest of
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healthy diets (FAO 2011). Food system disruptions caused by COVID-19 measures
have aggravated this situation (Headey et al. 2020). The out-of-pocket costs on
health care spent by the poorest billion due to NCDs and injuries may be high,
accounting for 60-70% of the public health care costs in low-income and lower-
middle-income countries (Zuccala and Horton 2020). In total, it has been estimated
by the World Bank that under- and malnourishment costs 3% of global GDP, and
overweight and obesity another 2% (Jaffee et al. 2019).

Women play a key role in multiple components of food systems and in decisions
over food choices. Nonetheless, inequalities and barriers related to access to farming
opportunities and services such as extension, credit, digital platforms for knowledge
and market access constrain their participation relative to men (Quisumbing et al.
2011). Inequalities and barriers also affect the nutrition and health of minorities and
off-farm and food system workers (including migrants and undocumented workers),
which is a barrier to food system and societal transformation (CFS 2020).

Conflict and Fragility Conflict can be both a cause and an outcome of food
insecurity. Increased competition for natural resources leads to conflict and political
fragility, exacerbated by the failure of traditional conflict resolution mechanisms to
adapt to the new governance system of communities (FAO, IFAD, UNICEF, WFP,
WHO 2017). Government and political institutions (municipalities, legal systems
and political party structures) have not adapted to the social fabric they presently
govern, constraining development and also affecting development and the delivery
of humanitarian aid.

While widespread famine has largely been eradicated, the nature of food crises
has changed in recent times. The Food Security Information Network (FSIN 2020)
reports that, in 2019, about 135 million people were affected by crisis levels of acute
food insecurity, reflecting an increase of 11 million people from the previous year
(FSIN 2020). While these crises are largely driven by conflict and economic
downturns, they have a severe effect on the ability of people to access food. The
provision of food transfers in emergency situations may alter the food preferences of
communities, leading to changes in production and consumption post-conflict.

The largest numbers of acutely food-insecure people are in Africa, where extreme
weather events in the continent’s Horn and its southern region have led to wide-
spread hunger. In many parts of the world, armed conflicts, intercommunal violence
and other localised tensions create insecurity (FSIN 2020). Adverse climate events
and stresses compound violence, displacement and disrupted agriculture and trade.
Often, those affected by crises flee to neighbouring countries, putting additional
stress on the international humanitarian response system and on the food systems of
the host countries. Women and girls are disproportionately affected by crises.
Populations in crisis are disproportionally vulnerable to the impact of the COVID-
19 pandemic and have little capacity to cope with the health and socio-economic
aspects of the shock (FSIN 2020). WFP predicts that the number of people in LMICs
facing acute food insecurity will nearly double to 265 million by the end of 2020
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(WFP 2020). Moreover, fragile and extremely fragile countries are disproportionally
burdened by high levels of malnutrition compared to non-fragile countries (GNR
2020).

4.2 Supply Chain Failures and Under-Utilised Technologies
Affecting the Supply of Food

The focus of food supply has shifted over the past few decades from ‘feeding the
world’ to ‘nourishing the world’, but technological advancements still lag behind,
and many supply-side factors and failures affect the ability of the food system to
sustainably (see Box 1) ensure access to safe and nutritious food for all. In many
developing countries (especially in Africa), supply chain failures and the under-
utilisation of technology are major constraints on the ability of the transformation of
food systems to achieve this access. More than half of the calories consumed by
humans are provided by three major cereal crops (rice, maize, and wheat) with a
high-calorie output, and current research investments are positively correlated with
the energy output of crops, with a number of crop species (e.g., sweet potato, potato,
wheat, broad bean, and lentil) remaining under-researched relative to their contribu-
tion to healthy human nutrition (Manners and van Etten 2018). Orphan crops that are
usually well adapted to low-input agricultural conditions have received little atten-
tion from researchers (Tadele 2019). There is a growing recognition that the devel-
opment of perennial versions of important grain crops and grasses could expand
options for ensuring food and ecosystem security (Glover et al. 2020). Viable high
biomass perennial grain crops could be further developed in agroecosystems that
regenerate soils and capture other important ecosystem functions (Crews and Cattani
2018). In the same way, this lack of research applies to some fruit and vegetable
crops and local livestock breeds, especially for small ruminants, as well as fish.

Closing yield gaps on underperforming lands and increasing cropping efficiency
would have considerable potential to meet an increasing food demand (Foley et al.
2011). One main reason why yield gaps exist is that farmers do not have sufficient
economic incentives to adopt yield-enhancing seeds or cropping techniques, includ-
ing mechanisation, precision and digital agriculture. Moreover, a lack of access to
extension services, to formal credit and cooperative membership, often limits tech-
nology adoption, which is associated with positive household welfare effects
(Wossen et al. 2017). While efficiency and substitution are steps towards sustainable
intensification, system redesign may be essential for agro-ecological intensification
through, e.g., integrated pest management, conservation agriculture, integrated crop
and biodiversity, pasture and forage, trees, irrigation management and small or patch
systems (Pretty et al. 2018).

Currently, 25-30% of total food produced is lost or wasted (IPCC 2019), equating
to about one-quarter of land, water, and fertiliser used for crop production (Shafiee-
Jood and Cai 2016). Food losses and food waste occur throughout the food chain.
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They constrain food system sustainability due to their adverse effects on food
security, natural resources, environment, climate and human health (e.g., toxic
emissions from incineration) (Xue et al. 2017).

Plant biotechnologies are mostly used for fibre and animal feed, less often for
food, because of regulatory constraints and intellectual property rights barriers
(Barrows et al. 2014). New and innovative technologies such as biotechnologies,
precision agriculture and digital agriculture, alternative protein sources, under-
utilised food sources and the use of biomass for bioenergy and green chemicals
need to be harnessed to improve food systems (reviewed below). However, such
advances can also drive negative food system changes. For example, biofuel pro-
duction based on grains from food crops can drive up staple food prices and increase
competition for land, exacerbating inequalities.

4.3 Climate Change, Land-Use Change and Natural
Resource Degradation

Climate change, including increases in the frequency and intensity of extremes, has
adversely impacted food security, affecting the yields of some crops (e.g., maize and
wheat) and the pastoral systems in low latitude regions (IPCC 2019). Climate change
may aggravate food system problems in countries with delicate food security
balances and relatively high levels of vulnerability to climate change due to the
large-scale use of scarce resources (water, land, etc.) for feed and food production for
exports, particularly in the case of mono cropping. Diets and cropping patterns may
change as climate factors constrain the production of traditionally grown crops.

With increasing warming, the frequency, intensity and duration of heatwaves,
droughts and extreme rainfall events are projected to increase in most world regions,
increasingly threatening the stability of food supplies (IPCC 2019). For example,
Gaupp et al. (2020) found an estimated 86% probability of losses across the world’s
maize breadbaskets with warming of 4 °C, compared to 7% probability for 2 °C
warming under business-as-usual conditions and without considering crop adapta-
tion to climate change. Likewise, in a business-as-usual scenario, Alae-Carew et al.’s
(2020) review of predicted changes in environmental exposures has reported likely
reductions in yields of non-staple vegetables and legumes. Where adaptation possi-
bilities are limited, this may substantially change their global availability, afford-
ability and consumption in the mid- to long term (Alae-Carew et al. 2020;
Scheelbeek et al. 2018). The nutritional quality of crops may also be affected by
rising atmospheric CO, levels through reduced proteins and micronutrient contents
(IPCC 2019). Labour productivity is also likely to reduce with increasing tempera-
tures (Watts et al. 2021).

The global food system (from farm inputs to consumers) emits about 30% of
global anthropogenic greenhouse gases (GHG), contributes to 80% of tropical
deforestation and is a main driver of land degradation and desertification, water



44 S. Hendriks et al.

scarcity and biodiversity decline (IPCC 2019). About one-quarter of the Earth’s
ice-free land area is subject to human-induced degradation and about 500 million
people live within areas undergoing desertification (IPCC 2019). By 2050, land
degradation and climate change could lead to a reduction of global crop yields by
about 10%, with strong negative impacts in India, China and sub-Saharan Africa
resulting in the displacement of up to 700 million people (Cherlet et al. 2018).
Around two billion people live within watersheds exposed to water scarcity, a
number that could double by 2050 (Gosling and Arnell 2016). Future agricultural
productivity in the tropics is also at risk from a deforestation-induced increase in
mean temperature and the associated heat extremes, as well as from a decline in
rainfall (Lawrence and Vandecar 2015). Over half of the tropical forests worldwide
have been destroyed since the 1960s, affecting the lives of one billion poor people
whose livelihoods depend on forests and set to equal a mass extinction event should
tropical deforestation continue unabated (Alroy 2017).

5 Transforming Food Systems Is Key to Safe and Nutritious
Food for All

Business-as-usual is not an option with the future of food and nutrition security in
jeopardy. Changing the path of our future will demand a structural transformation
(transitioning from low productivity and labour-intensive economic activities to
higher productivity, sustainable and skill-intensive activities) of food systems. This
will require changes in the allocation of resources, and research attention to factors
beyond production will be necessary in order to transition to more sustainable patterns
of production and consumption (CFS 2020). More concerted effort is needed to
coordinate activities, monitor progress more closely and extract greater accountability
from all players across the food system. Priority should be given to the establishment
of functional problem-solving institutions that address the core challenges facing each
of the various components of the global food systems.

A global social compact (an implicit agreement among the members of a society
to cooperate for social benefits) is needed to manage the demand and consumption
drivers and harness science, technology and innovation for the purpose of improving
the sustainable production of enough food to ensure access to affordable, safe and
nutritious foods for all (Fig. 3). The sections below identify some of the levers for
change.

5.1 Coordination, Monitoring and Accountability

The ambition of the CFS is to be “the most inclusive international and intergovern-
mental platform for all stakeholders to work together in a coordinated way to ensure
food security and nutrition for all” (CFS 2021). Moreover, UN agencies and their
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Coordination, monitoring and accountability
g
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Fig. 3 Food system transformations and solutions related to Action Track 1

partners have converged through various mechanisms for food security coordination
(e.g., FSIN, the Global Network Against Food Crises, expanding the SOFI collab-
orators, the CFS Global Strategic Framework, etc.). Strengthening global gover-
nance and accountability regarding safe and nutritious food for all and sustainable
food systems is key to meeting the challenges ahead and will require the cross-
sectoral integration of policies. Nonetheless, agriculture, development and trade
policies that affect access to food, as well as other dimensions of food systems, are
often dealt with in separate for a (De Schutter 2013). Therefore, improved coordi-
nation, monitoring and accountability across the food system and among all stake-
holders is necessary, including knowledge-sharing, capacity-building, better
measurement, updated data, better modelling for foresight, scenarios and case
studies and access to documented success stories. Food systems bring together
elements from various sectors of society: agriculture, consumer affairs, food
processing, health, trade, water and sanitation, women’s and child welfare, etc.,
challenging the sectoral organisation found in most countries.

If we are to transform food systems to ensure safe and nutritious food for all from
a model of sustainability, a concerted effort is needed to develop a global compact —
a non-binding agreement to encourage the transformation of food systems — and
appropriate accountability of all stakeholders to monitor agreed-upon transformation
targets. Integrated, science-based policies (health and nutrition, food and agriculture,
climate and environment) would allow for reinforcing accountability at both national
and international scales.

Advances in information technology and data science play an important role in
enabling the rapid assessment of situations, monitoring and decision-making and
adaptive learning. An integrated global food system model is needed, as existing
models (see Valin et al. 2014; Khanna and Zilberman 2012) do not have consistent
global coverage and are not designed to assess the impacts of all of the elements of
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food systems. Strengthening national policy scenarios and foresight is also necessary
(Schmidt-Traub et al. 2019). Moreover, improved indicators of food systems (see
FAO et al. 2020) are required (see Sukhdev 2018; Chaudhary et al. 2018, for
examples) that could provide more holistic measures capturing the four elements
addressed by Action Track 1, namely, safety, nutrition, inequality and sustainability.

Rigorous global monitoring systems require global collaboration, updated infor-
mation, and investment with significant returns. The monitoring of underlying
systemic risks (perhaps using artificial intelligence or machine learning), as well as
food system indicators, is essential to identify threats/pressure at an earlier stage. A
task force charged with global monitoring and data collection opportunities about
agri-food systems could provide a clearinghouse for the multiple (often duplicated)
data held by UN agencies and public and private organisations. While some effort
has been made to coordinate international actions to address crises, access to food
requires targeted interventions for the most vulnerable. Two-way real-time and
artificial intelligence applications for collecting information of systemic risks and
food systems and disseminating information to various stakeholders and beneficia-
ries are needed in last-mile and crises situations and in regions disproportionately
affected by the COVID-19 pandemic food system disruptions. This could include
driving supply-side demand through food banks, social grants, subsidised meals,
vouchers and other food assistance (including through e-commerce systems) (WFP
2017).

5.2 Influencing Food Demand and Dietary Changes

There are several ways to reduce demand on the global food system in both the short
and long term and make nutritious foods more available and affordable (see Herrero
etal. 2021). Some of these may be achieved by accelerating demographic transitions,
increasing incomes, reducing food losses and waste and changing diets.
Household food waste is proliferating in emerging economies and is likely to
increase without deliberate efforts to curb it (Barrera and Hertel 2020). Halving food
losses and waste is a target of SDG 12 that could help feed more people, benefit
climate and the environment and conserve water (Kummu et al. 2012; Searchinger
et al. 2018; IPCC 2019). This requires changes along supply chains (agricultural
production, food processing, distribution/retail, restaurant food service, institutional
food service, and households) through improved logistics and processing technolo-
gies, economic incentives, regulatory approaches and education campaigns (Barrera
and Hertel 2020). The amount of food waste/loss varies greatly from region to
region, and therefore context-specific interventions are crucial (Hodson et al. 2021).
Private investment is needed to develop food processing, refrigeration, storage,
warehousing, and retail markets to reduce food waste. Vertical integration of food
chains can shorten said chains to the benefit of smallholder farmers, while trade can
expand market opportunities. Compared to a business-as-usual scenario, a combined
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scenario targeting undernourishment while also reducing over-consumption and
food waste would reduce food demand by 9% in 2050 (Hasegawa et al. 2018).

Because of the strong associations between female education, fertility and infant
mortality, alternative education scenarios alone (assuming similar education-specific
fertility and mortality levels) lead to a difference of more than one billion people in
the world population sizes projected for 2050 (Lutz and Samir 2011; Samir and Lutz
2017), and could therefore reduce the rise in food demand.

Balanced diets, featuring plant-based foods, such as those based on coarse grains,
legumes, fruits and vegetables, nuts and seeds, complemented by animal-sourced
food produced in resilient, sustainable and low-GHG emission systems present
major opportunities for the adaptation and mitigation of climate change while
generating significant co-benefits in terms of human health (Springmann et al.
2018; IPCC 2019; Jarmul et al. 2020). ‘Healthy sustainable diets’ can be defined
by optimisation procedures (Donati et al. 2016). However, most diets have trade-offs
among nutritional values, affordability and environmental issues (Headey and
Alderman 2019).

Populations with a high prevalence of undernutrition and micronutrient deficien-
cies (Fanzo 2019) benefit from increasing the consumption of animal-sourced
products due to the bioavailability of key micro-nutrients (Perignon et al. 2017).
Many highly nutritious foods may simply be unaffordable to poorer populations and
displaced by cheap, nutrient-poor foods. Moreover, a balance is necessary between
meeting the demand for diversified, nutritious and affordable food and minimising
the time and energy needed to prepare meals.

Policies can create incentives for change. Urgent public policy action is needed to
create incentives for creating healthy, sustainable food systems and delivering safe,
nutritious and affordable foods for all. Policy options could be used to manage food
demand, shift consumption patterns, reduce the environmental footprint of food
systems and ensure equity across the food system. A wide range of well-established
and relatively inexpensive policy options and interventions are available for improv-
ing nutrition at the individual level (Bukhman et al. 2020; Hawkes et al. 2019;
Bhutta et al. 2008). Policies that enable healthy food environments (such as sugar
taxes, educational food labelling, salt reduction, the prohibition of trans-fats and a
reduction in the use of high-fructose corn syrup) are core to improving food
environments and limiting the burden of NCDs. Increasing the diversity of food
sources in public procurement, health insurance, financial incentives and awareness-
raising campaigns can potentially influence food demand, reduce healthcare costs,
contribute to reducing GHG emissions and enhance adaptive capacity.

Increased income can drive food demand, especially in terms of diversification
away from staple crops to more diverse and nutrient-dense foods (diary, fruit, meat,
nuts and vegetables). Likewise, income from social protection programmes can drive
changes in dietary composition and quality (Alderman 2016). The evidence
reviewed in this paper indicates that subsidies on fortified foods can have positive
nutritional effects, and in-kind transfers may limit food deficits during periods of
currency or price volatility. The affordability of healthy diets can be improved with
the distribution of biofortified food in government schemes, cash transfers and
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nutrition programmes. However, price subsidies and in-kind assistance have com-
plex interactions in regard to markets and purchasing decisions, with both negative
implications and benefits (Alderman 2016).

5.3 Shifting to More Sustainable Consumption
and Production Within Planetary Boundaries

Nutrition outcomes in developing countries are affected by agriculture in
several ways: as a source of food for household consumption and of income, through
the role of food prices and agricultural policies, through the role of women’s
employment in agriculture for nutrition, child care and child feeding and their own
nutritional and health status (Gillespie and van den Bold 2017).

There are more than 570 million farms worldwide, most of which are small and
family-operated. Between 1960 and the turn of the century, the average farm size
decreased in most lower- to middle-income countries, whereas it increased in most
high-income countries (Lowder et al. 2016). The diversity of agricultural production
diminishes as farm size increases (Herrero et al. 2017). Hence, as farm size increases,
the production of diverse nutrients and viable, multifunctional, sustainable land-
scapes requires efforts to maintain production diversity, which may lead to increased
dietary diversity (Pellegrini and Tasciotti 2014). Targeted policies that focus on the
farmer may incentivise positive changes in landscapes, production diversity and
dietary diversity.

In turn, diversification in the food system (e.g., implementation of agro-
ecological production systems, broad-based genetic resources, combined with bal-
anced diets) can enhance adaptation to increased climate variability under climate
change (IPCC 2019). Diversified agro-ecological systems can play a role in meeting
health and nutrition goals while also reducing environment-related health risks
caused by conventional agriculture through water and air pollution, and more
specifically, by pesticides, antibiotics and inorganic fertilisers (Frison and Clément
2020). Compared to conventional agriculture, organic agriculture generally has a
positive effect on a range of environmental factors, including above and below-
ground biodiversity, soil carbon stocks and soil quality and conservation, but it has
weaknesses in terms of lower productivity and reduced yield stability (Knapp and
van der Heijden 2018).

Sustainable land management can bridge yield gaps and avoid deforestation
while providing climate change adaptation and mitigation and land degradation
co-benefits in croplands and pastures (Smith et al. 2020). This can be achieved
through increased organic carbon in soil (Soussana et al. 2019), agroforestry, erosion
and fire control, improved irrigation water and fertiliser management, and heat- and
drought-tolerant plants (Smith et al. 2020). For livestock, sustainable options include
better grazing land management, improved manure management, higher-quality
feed, and use of breeds and genetic improvement (Herrero et al. 2016). Under
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stringent global climate change mitigation policy, risks to food security would be
increased (Hasegawa et al. 2018) through competition among those seeking land use
for, respectively, food production, bioenergy and afforestation, be it driven by local
or foreign investment in land (Cotula et al. 2014). Nevertheless, increasing and
valuing soil carbon sequestration on agricultural land would allow for the reduction
of these negative impacts by approximately two-thirds (Frank et al. 2017). The large-
scale deployment of bioenergy options such as afforestation, energy crops, carbon
capture and storage has adverse effects on food security, but small scale projects with
best practices may deliver co-benefits (Smith et al. 2020).

Increased demand for fish and seafood has threatened fisheries and the sustain-
ability of ocean resources. Limited attention has been given to fish as a key element
in food security and nutrition (HLPE 2014). The aquaculture industry has emerged
and increasingly fills the seafood supply gap to meet growing demand. Overfishing
and relatively high waste (often due to catching under-sized fish) pose environmental
and biodiversity challenges, threatening the long-term sustainability of fishery
resources (HLPE 2014). Additional challenges in production facilities such as
marine feed supply, antibiotic use and waste recycling need to be overcome to
further develop aquaculture (Belton et al. 2020). The impacts of activities such as
oil drilling, energy installations, coastal development and the construction of ports
and other coastal infrastructures, dams and water flow management (especially for
inland fisheries) affect aquatic productivity. The impact of these activities on the
habitats that sustain resources (e.g., erosion and pollution) and the livelihoods of
fishing communities — such as the denial of access to fishing grounds or displace-
ment from coastal settlements — need to be carefully balanced with the growing
demand for resources (HLPE 2014).

Ensuring that food prices reflect real costs, including major externalities caused
by climate change, land and water resource degradation and biodiversity loss, is
necessary in order to address artificial price distortions, reduce food waste, internal-
ise the costs of externalities (including the public health impacts) and, at the same
time, ensure decent incomes and wages for farmers and food system workers.
However, a true calculation of food costs would, on average, increase food prices.
Food assistance policies that do not distort market and labour incentives can meet
emergency food needs and improve access to food. Trade can help to improve food
availability, diversify diets and smooth price volatility (MacDonald et al. 2015).

5.4 Harnessing Science and Innovation and Managing Risks

Structural transformation to a more sustainable food system can bring about efficient
and more rapid productivity growth through investment in research and development
over the long term (Fuglie et al. 2020). Science should increasingly inform solutions
and generate knowledge that is actionable for transforming food systems and
achieving safe and nutritious food for all (Arnott et al. 2020). Since policy agendas
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are largely set at national and local scales, the translation of global-scale scientific
assessments into actionable knowledge at national and local scales is needed.

New and emerging technologies appropriate for health, climate change adaptation
and mitigation, and disaster preparedness could be game-changers for overcoming
challenges and building system resilience. Nonetheless, their development should be
guided by an assessment of their socio-economic, ethical and environmental
impacts. Evidence-based assessment is needed of the risks and benefits associated
with new technologies. Research is also needed to understand the diffusion modes of
traditional knowledge and social innovations for supporting the conservation of
common goods in more participatory, collaborative, inclusive and equitable ways.

Advances in science and technology such as genome editing (Khatodia et al.
2016), precision agriculture and digital agriculture (Basso and Antle 2020), agro-
ecology (Caquet et al. 2020), vertical farming, alternative protein sources (e.g.,
algae, insects), active packaging and blockchain technologies (Kamilaris et al.
2019), artificial intelligence and big data analysis (Wolfert et al. 2017) and whole-
genome sequencing in food safety (Deng et al. 2016) have the potential to meet a
number of food system challenges. However, adapting these technologies to local
conditions, making them accessible to farmers and retaining much of the gain among
consumers and rural communities is challenging, especially for developing econo-
mies, smallholder farmers and small businesses. Therefore, investments in science-
based, participatory processes for mapping out realistic and equitable options are
needed (Basso and Antle 2020).

The importance of agriculture in producing non-food products (biofuels,
chemicals, biomaterials) and in supporting ecosystem services is increasingly
recognised within the context of the bioeconomy, which targets an increased reliance
on renewable resources to address climate change (Zilberman 2014). A circular
bioeconomy envisions developments in industrial biotechnologies to generate
co-products, by-products and waste recycling, thereby generating an overall
increased input efficiency of agricultural systems that produce bio-based products
in diversified agro-ecological landscapes (Therond et al. 2017; Maina et al. 2017).

Global and regional data-sharing systems (including machine learning) based on
the FAIR (findable, accessible, interoperable and reusable data) principles (Mons
et al. 2017) can advance food system knowledge and enhance the accountability of
all stakeholders within food systems. The use of open-source platforms for data- and
code-sharing should be encouraged to stimulate global learning.

Table 1 shows the fragmented nature of data related to this Action Track, with
global reports focussing on single elements. National nutrition assessments are
costly and infrequently conducted, constraining the monitoring of progress and
the impact of interventions at scale. Even where the indicators have been included
in the SDG indicator set, current data on foodborne diseases, some malnutrition
indicators (such as wasting), poverty and inequality data are not updated or are
missing comparative baselines. Very few sex-disaggregated indicators are available,
constraining analysis and the tracking of progress towards gender equality. The
upcoming Countdown on Food System Transformation mechanism may support the
effort to bring together various indicators in a systematic framework for monitoring
and evaluation.
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Increasingly, risk assessment tools will be needed to drive food safety policy and
standards and optimise surveillance, detection and early warning systems of zoo-
notic diseases for both the formal and informal sectors (Di Marco et al. 2020) and
crop diseases (Mohanty et al. 2016). Modernising our food safety and biosecurity
risk management systems is an integral part of the food system transformation
required to meet food and nutrition security needs. This will require a science- and
risk-based approach for production of safe food within a food systems approach.

6 Concluding Messages

Action to address safety, malnutrition, poverty and inequality, as well as climate and
environmental issues, through food system transformation will undoubtedly bring
large health, social, economic, ecological and development co-benefits and savings
for public expenditure while supporting several interrelated SDGs. A range of
priority actions to speed up progress towards international targets and scale up the
solutions proposed in Sect. 5 can be taken in the short-term, based on existing
knowledge, while supporting longer, more sustainable responses with significant
co-benefits. Future actions will have to be iterative, coherent, adaptive and flexible to
maximise co-benefits and minimise trade-offs. Many recommended policy changes
and interventions have win-win potential for food security, health and the environ-
ment. However, other choices will have adverse or unintended impacts on the
interconnected drivers affecting food systems and their outcomes.

Adopting a whole-system approach in policy, research and monitoring and
evaluation is crucial for managing trade-off and externalities from farm-level to
national scales and across multiple sectors and agencies. Ultimately, context matters,
and comprehensive national action plans are crucial for setting out actions suited to
the particular economic, agricultural, social and dietary preferences of the particular
nation. Careful consideration of the trade-offs and co-benefits of any actions will be
necessary at different levels (sub-national, national, regional and global). Likewise,
there may be ‘winners’ and ‘losers’ in each action adopted to transform to more
sustainable food systems. The losses and gains will vary depending on the context,
but could include a loss of income and livelihoods across the food system, such as
would happen with a reduction in the production and consumption of animal-
sourced foods or the implementation of seasonal banning of fishing to allow for
the regeneration of marine resources. Such shifts could lead to the marginalisation
and stigmatisation of people in the food system who have not yet been considered as
vulnerable or marginalised.

Including all stakeholders in discussions, policy-making and evaluation processes
is essential for the inclusive transformation of food systems at all levels. Strength-
ening collaboration among research, the private sector and policy-makers is pivotal
in creating food environments and guiding consumers’ choices in practical and
implementable ways. The elaboration and implantation of the National Food
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Systems Plans will be essential instruments for bringing the relevant public sectors
and diverse stakeholders together.

Adaptive learning and new knowledge must be shared globally in order to
accelerate our capacities to meet existing and future challenges. Substantial public,
private and international investment is necessary to foster progress towards the
targets and recover from the setbacks of the COVID-19 pandemic. Improved
international cooperation and coordination of the food system is necessary, including
the establishment of a thorough monitoring, evaluation and early warning system
with comprehensive indicators, transparency and commitments from all stake-
holders. For example, bringing all of the indicators in Table 1 into one annual
food system monitoring report would facilitate cooperation among UN agencies.
Creating a food system compass could be based on bottom-up pathways developed
at the national scale to reach food systems targets supporting an ensemble of global-
scale and integrative food system models. Establishing such a system will require
capacity development for comprehensive foresight, scenario and predictive model-
ling to better understand uncertainties, trade-offs and impacts of various change
pathways. More research is needed to identify the most adequate, affordable, healthy
and sustainable diets across different contexts. More frequently collected nutrition
and poverty data are necessary to provide more data points for monitoring change
and progress. Innovative indicators such as the affordability of adequate, nutritious
and healthy diets are vital for bringing the three elements of safety, nutrition and
inequality together.

The costs of acting and not acting on the key drivers of diet and food system
change and the impact of these changes and shifts are required for effective decision-
making. For example, the cost of nutrition interventions is relatively low per unit
compared to the long-term losses in human potential and incomes for poorer people.
The cost of NCDs to the health system is significantly higher per unit than that of
scalable interventions. Rapid reductions in anthropogenic GHG emissions across all
sectors can reduce the negative impacts of climate change on food systems in the
long term (similar to land and water restoration).

Research and technology advances are essential for solving critical constraints
and offering many opportunities to improve productivity and food safety and reduce
food losses and waste, as well as GHG emissions. Capacity-building, property
rights, technology development, transfer and deployment and enabling financial
mechanisms across the food system can support livelihoods and increase incomes.
Greater cooperation regarding trade could overcome constraints and barriers.

Safe and nutritious food for all requires a transformation of food systems,
changing both supply and demand of food in differentiated ways across world
regions: bridging yield gaps and improving livestock feed conversion, largely
through agro-ecological practices and agroforestry, deploying soil carbon seques-
tration and agricultural greenhouse gas abatement at scale, reducing food loss and
waste, as well as addressing over-nourishment and changing the diets of wealthy
populations. Global food system sustainability also requires halting the expansion of
agriculture into fragile ecosystems while restoring degraded forests, fisheries,
rangelands, peatlands and wetlands.
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1 Introduction

There is global convergence on the need to transform food systems so that they
deliver nourishment and health for humanity while contributing to reducing the
environmental pressures on our ecosystems. Transforming food systems involves
five action tracks: AT1) access to safe and nutritious food, AT2) sustainable con-
sumption, AT3) nature-positive production, AT4) equitable livelihood, and ATS5)
resilience to shocks and stress. As discussed in Action Track 1, we are not on track to
meet international targets related to healthy diets. Currently, 690 million people are
chronically malnourished, and two billion individuals suffer micronutrient deficien-
cies. Over-consumption, notably of unhealthy dietary items, is rising rapidly. Two
billion people are overweight or obese, with many suffering chronic diseases driven
by poor dietary health (Development Initiatives, 2020; Global Panel on Agriculture
and Food Systems for Nutrition 2020). Food, which enjoys the most proximate
relationship to our physical health, is failing us. Globally, poor-quality diets are
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linked to 11 million deaths per year (Afshin et al. 2019; Global Panel on Agriculture
and Food Systems for Nutrition 2020).

As discussed in Action Track 1, we are failing the planet by enabling the food
system to be the single largest driver of multiple environmental pressures. Food
production accounts for 80% of land conversion and biodiversity loss, including the
collapse of major marine fisheries and freshwater ecosystems (Campbell et al. 2017,
I[PCC 2019) and high levels of contamination of freshwater and marine ecosystems
(Mateo-Sagasta et al. 2017); it is responsible for 70% of freshwater withdrawals
(Campbell et al. 2017), with major river systems such as the Colorado River in the
USA no longer reaching their deltas; and it contributes approximately 30% of global
greenhouse gas emissions (IPCC 2019). Action Track 2 recognises that current food
usage patterns, often characterised by high levels of food loss and waste, significant
prevalence of the consumption of energy-rich diets, and the production of natural
resource-intensive foods, need to be transformed in order to protect both people and
the planet. At the same time, context is very important. The challenges and oppor-
tunities associated with a nutrient transition will vary for different contexts and
countries and will need to be evaluated and solved with an array of different
solutions appropriate to their local conditions, culture and values. Awareness-
raising, regulatory and behaviour change interventions in food environments, food
education, strengthened urban-rural linkages, reformulation, improved product
design, packaging and portion sizing, investments in food system innovations,
public-private partnerships, public procurement, and separate collection that enables
the reutilisation of food waste can all contribute to this transition. Local and national
policy-makers and private sector actors of all sizes have a key role in both
responding to and shaping the market opportunities created by changing consumer
demands.

2 Building the Evidence for Healthy Diets

A healthy diet is health-promoting and disease-preventing. It provides adequacy,
without excess, of nutrients and health-promoting substances from nutritious foods
and avoids the consumption of health-harming substances (Healthy diet: A defini-
tion for the United Nations Food Systems Summit 2021). It must supply adequate
calories for energy balance and include a wide variety of high-quality and safe foods
across a diversity of food groups to provide the various macronutrients,
micronutrients and other food components needed to lead an active, healthy and
enjoyable life.

Consumer demand, availability, affordability and accessibility are important
drivers of dietary patterns. It is essential that these four aspects are considered
simultaneously when pursuing dietary shifts (Global Panel on Agriculture and
Food Systems for Nutrition 2020). There is great diversity in the food and culinary
traditions that, together, can form healthy diets, which vary widely across countries
and cultures according to traditions, preferences and local food supplies. Food-based
dietary guidelines translate these common principles into nationally or regionally
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relevant recommendations that consider these differences, as well as context-specific
diet-related health challenges. National food-based dietary guidelines provide
context-specific advice and principles on healthy diets and lifestyles, which are
rooted in sound evidence and respond to a country’s public health and nutrition
priorities, food production and consumption patterns, socio-cultural influences, food
composition data, and accessibility, among other factors." Most food-based dietary
guidelines recommend consuming a wide variety of food groups and diverse foods
within food groups, plentiful fruits and vegetables, the inclusion of starchy staples,
animal-source foods and legumes, and the limiting of excessive fat, salt and sugars
(Herforth et al. 2019; Springmann et al. 2020). However, there can be wide variation
in inclusion of and recommendations for other foods. Only 17% of food-based
dietary guidelines make specific recommendations about quantities of meat/egg/
poultry/animal-sourced food to consume (20% make specific recommendations
about fish), and only three countries (Finland, Sweden and Greece) make specific
quantitative recommendations to limit red meat (Herforth et al. 2019). Only around
one-quarter of food-based dietary guidelines recommend limiting consumption of
ultra-processed foods, yet this is emerging as one of the most significant dietary
challenges around the world.

Adherence with national food-based dietary guidelines and recommendations
around the world is low. However, accurate data on actual consumption and its
determinants is limiting, particularly for low- and low-middle-income countries
(Lele et al. 2021). Recent estimates of consumption found that the foods available
did not meet a single recommendation laid out in national food-based dietary
guidelines in 28% of countries, and the vast majority of countries (88%) met no
more than two out of twelve dietary recommendations (Springmann et al. 2020).
Dietary intake surveys show vast regional and national differences in consumption
of the major food groups (Afshin et al. 2019). No regions globally have an average
intake of fruits, whole grains, or nuts and seeds in line with recommendations, and
only central Asia meets the recommendations for vegetables. In contrast, the global
average intake (and several regional averages) of red meat, processed meat and
sugar-sweetened beverages exceeds recommended limits. Australasia and Latin
America had the highest levels of red meat consumption, with high-income North
America, high-income Asia Pacific and western Europe consuming the highest
amount of processed meat (Afshin et al. 2019). In general, consumption of nutritious
foods has been increasing over time, albeit, likewise, the consumption of foods high
in fat, sugar, and salt, in a trend that is particularly evident as country incomes rise
(Imamura et al. 2015). Of particular concern is the growing importance of highly
processed foods and sugar-sweetened beverages in diets across the world. Sales of
highly processed foods and sugar-sweetened beverages are about ten-fold higher in
high-income compared to lower middle-income countries. However, sales growth is
evident across all regions, the fastest occurring in middle-income countries (Baker
et al. 2020).

"http://www.fao.org/nutrition/education/food-dietary-guidelines/home/en/
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Micronutrient dietary needs require consideration, especially for women of
reproductive age, pregnant and lactating women, and children and adolescents.
The odds of death in childbirth double with anaemia (Daru et al. 2018), a condition
often caused by nutrient deficiency and affecting almost 470 million women of
reproductive age and more than 1.6 billion people globally (WHO 2008). Iron
deficiency is estimated to cause 591,000 perinatal deaths and 115,000 maternal
deaths per year (Stoltzfus et al. 2004), whereas undernutrition is an underlying
cause of 45% of all deaths of children under the age of 5.

Animal-sourced foods can provide high-quality amino acid profile and micronu-
trient bioavailability. A recent study showed improved linear growth in children
receiving animal-sourced foods vs cereal-based diets or no intervention (Eaton et al.
2019). Daily egg provision to young children has also shown increased linear growth
compared to control (Iannotti et al. 2017). These changes in growth can be equated to
larger economic gains across nations, continents, and globally. A review of the
association between stunting and adult economic potential found that a 1 cm increase
in stature is associated with a 4% increase in wages for men and a 6% increase in
wages for women (McGovern et al. 2017). The Cost of Hunger in Africa series has
quantified the social and economic impact of hunger and malnutrition in 21 African
countries and concluded that (a) 8-44% of all child mortality is associated with
undernutrition, (b) between 1% and 18% of all school repetitions are associated with
stunting, (c) stunted children achieve 0.2-3.6 years less in school education, (d) child
mortality associated with undernutrition has reduced national workforces by
1-13.7%, and (e) 40—67% of the working age population suffered from stunting as
children (The Cost of Hunger in Africa series | World Food Programme 2021).
Furthermore, hunger and undernutrition have cost countries between 2% and 17% of
their GDP (The Cost of Hunger in Africa series | World Food Programme 2021).

Fish and fish products can be a key component of a healthy diet, given their
nutrient-dense profile, including protein, omega-3 fatty acid and other micronutrients.
In addition to the underconsumption of fruits, whole grains, nuts and seeds, as noted
earlier, seafood is also generally eaten below recommended intake levels. With the
exception of high-income Asia Pacific, seafood omega-3 fatty acid consumption is
lower than the optimal levels in all 21 global burden-of-disease regions. The recently-
released 2020-2025 Dietary Guidelines for Americans also notes that only 10% of
Americans eat the recommended amount of seafood — two servings — each week.

3 Building the Evidence on Healthy Diets from Sustainable
Food Systems

Foremost, we need evidence on actual food consumption to consider shifts to dietary
patterns that promote all dimensions of individuals’ health and well-being; have low
levels of environmental pressure and impact; are accessible, safe and equitable; and
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are culturally acceptable (FAO and WHO 2019). Considering current environmental
challenges, transitioning to food systems that can enhance natural ecosystems, rather
than simply sustaining them, may be desirable.

The conceptual transition from healthy diets to healthy diets from sustainable
food systems has been mediated by recent studies linking food availability patterns,
and projections, to non-communicable disease health consequences, and the envi-
ronmental impacts of food production (Tilman and Clark 2014; Springmann et al.
2018a; Willett et al. 2019). A broad range of food availability patterns have been
tested as alternatives to current patterns, including Mediterranean, vegetarian, vegan,
pescatarian, low animal products and many other variants (Aleksandrowicz et al.
2016; IPCC 2019). The most recent set of studies is embodied in the work of the
EAT-Lancet Commission on healthy diets from sustainable food systems (Willett
et al. 2019). Healthy diets, based on food groups, were designed from a large body of
evidence from nutrition observational studies. This helped to establish ranges of
inclusion of different types of foods. It is important to note that these dietary
recommendations diverge from most food-based dietary guidelines, and often have
lower ranges of inclusion of animal-sourced foods, which have been the topic of
significant debate, and therefore not widely accepted. The authors then used six
environmental dimensions of importance to planetary health and earth system
processes (greenhouse gas emissions, cropland use, water use, nitrogen and phos-
phorus use and biodiversity), using the planetary boundaries concept (Rockstrom
et al. 2009), as boundary conditions for achieving a healthy diet from a sustainable
food system. The environmental limits of food described by the EAT-Lancet Com-
mission define a safe environmental space for food to help guide sustainable food
consumption patterns.

Willett et al. (2019) found that flexitarian diets that allow for diversity in
consumption options, including moderate meat consumption, would significantly
reduce environmental impacts compared to baseline scenarios reflecting current
consumption patterns. Flexitarian diets include the following characteristics:

(a) high in diverse plant-based foods.

(b) high in the consumption of whole grains, legumes, nuts, vegetables and fruits.

(c) low in the consumption of animal-sourced foods (but requiring increases in fish
consumption).

(d) low in fats, sugars and discretionary/ultra-processed foods.

These diets can avert 10.8—11.6 million deaths per year from non-communicable
diseases, a reduction of 19-24% from the baseline (consistent with the Global
Burden of Disease studies). From an environmental perspective, transitions towards
flexitarian patterns could primarily contribute to reducing greenhouse gas emissions,
as a reduction in animal-sourced foods also reduces land use and the numbers of
animals utilised, along with their associated emissions. However, increases in fruits,
nuts and vegetables require more land, water and fertilisers, and therefore increases
in productivity of cereals and legumes to bridge yield gaps by close to 75%, and
reductions in waste of 50% would be needed to achieve these diets within all
sustainability constraints. These dynamics are consistent across many studies
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exploring dietary variants (Aleksandrowicz et al. 2016; Jarmul et al. 2020). How-
ever, the environmental footprint of foods is strongly dependent on where and how
foods are produced, leaving significant room for innovation and improvement.
Moreover, the adoption of any of the four alternative healthy diet patterns
(flexitarian, pescatarian, vegetarian and vegan) could potentially contribute to sig-
nificant reductions of the social cost of greenhouse gas emissions, ranging from USD
0.8 to 1.3 trillion (50-74%) (FAO et al. 2020).

However, a limitation of plant-based diets is that they may not fulfil micronutrient
needs, especially of those most vulnerable, such as women of reproductive age,
pregnant and lactating women, and children and adolescents. In contexts in which
diverse options for fortified cereals, grains, and foods are abundant, these outcomes
demonstrate great potential for improving health and environmental indices, because
risk of undernutrition can be mitigated by the diversity of options in the food
environment. In particular, biofortification of staple foods can lead to the higher
accessibility of micronutrients, particularly for the poor and vulnerable. However, in
contexts in which such diversity of high-quality, fortified products is not abundant,
the health risk of anaemia and iron deficiency due to a lack of vitamins and minerals
is significant (as outlined above). The recommendations to move to more plant-
based diets are complicated by the high quality of animal-sourced foods in terms of
their amino acid profile and micronutrient bioavailability and the evidence that the
addition of such foods to plant-based diets of many populations could have large
individual and societal benefits. Thus, when economic and socio-cultural sustain-
ability are considered, as well as the complex landscape of diverse nutrition situa-
tions globally, healthy diets that take sustainability into consideration will look
different in diverse contexts around the world.

Transitions towards healthy diets, let alone sustainable consumption, are critical
contributors to achieving climate stability and halting the rampant loss of biodiver-
sity. Combined actions on securing habitat for biodiversity, improving production
practices, and encouraging better consumption would allow for halting biodiversity
loss and bending the curve towards restoration by 2030 (Leclere et al. 2020).

There is also a financial case for shifting to healthy diets from sustainable food
systems. There are hidden costs in our dietary patterns and the food systems
supporting them, two of the most important of which are the health- and climate-
related costs that the world incurs (FAO et al. 2020). If current food consumption
trends continue, diet-related health costs linked to non-communicable diseases and
their rates of mortality are projected to exceed USD 1.3 trillion per year by 2030. On
the other hand, shifting to healthy diets that include sustainability considerations
would lead to an estimated reduction of up to 97% in direct and indirect health costs.
The diet-related social cost of greenhouse gas emissions associated with current
dietary patterns is projected to exceed USD 1.7 trillion per year by 2030. The
adoption of healthy diets that include sustainability considerations would reduce
the social cost of greenhouse gas emissions by an estimated 41-74% in 2030 (FAO
et al. 2020).

Many studies (Springmann et al. 2018a; Swinburn et al. 2019; Willett et al. 2019;
Global Panel on Agriculture and Food Systems for Nutrition 2020; HLPE 2020) that



A Shift to Healthy and Sustainable Consumption Patterns 65

discuss redirecting consumption recognise the need for different consumer
behavioural shifts in different locations and contexts. For example, in low-income
countries, achieving a healthy diet from sustainable food systems would require
increasing the consumption of most nutrient-rich food groups, including animal-
sourced foods, vegetables, pulses and fruits, while reducing some starches, oils and
discretionary foods (Willett et al. 2019). In contrast, in many high-income countries,
achieving the same balance would require reducing the consumption of animal-
sourced foods, sugars and discretionary/processed foods, while still increasing the
consumption of healthy plant-based ingredients. For many countries, the transition
will be complex and the changes difficult to implement. The Global Nutrition Report
2020 demonstrated that, of the 143 countries with comparable data, 124 have double
or triple the burden, meaning that micronutrient deficiency is still prevalent in many
developed countries demonstrating high levels of overweight/obesity (Development
Initiatives 2020). It would be required that these actions play out simultaneously in
different population cohorts within these countries to achieve the desired benefits
(Willett et al. 2019; Development Initiatives 2020; HLPE 2020), while a smaller
number of countries (e.g., Japan) would have smaller adjustments to make.

A global shift towards healthy diets from sustainable food systems will require
significant transformations in food systems, and there is no one-size-fits-all solution
for countries. Assessing context-specific barriers, managing short-term and long-
term trade-offs and exploiting synergies will be critical. In countries where the food
system also drives the rural economy, care must be taken to mitigate the potential
negative impacts on incomes and livelihoods as food systems transform to deliver
affordable healthy diets (FAO et al. 2020). Artificial intelligence may be able to
assist in the transition to healthy diets from sustainable food systems. Examples of its
application are in the management and automation of crop and livestock production
systems and the development of demand-driven supply chains. However, trade-offs
and ethical considerations that arise from the use of artificial intelligence need to be
carefully managed (Camaréna 2020).

Fish and fish products have one of the most eco-efficient production profiles of all
animal proteins. Ocean animals are more efficient than terrestrial systems in pro-
ducing protein; their impact on climate change and land use is, in general, much
lower than that of terrestrial animal proteins. One vital way to improve consumption
of nutrient-rich and sustainable seafood is through aquaculture, the world’s fastest
growing food sector. According to the Global Panel on Agriculture and Food
Systems for Nutrition (2021), “Aquaculture has real potential to accelerate economic
growth, provide employment opportunities, improve food security, and deliver an
environmentally sustainable source of good nutrition for millions of people, espe-
cially in low- and middle-income countries”. The Ocean Panel also documented that
the volume of food production from the ocean could be considerably increased.
Under optimistic projections, the ocean could produce up to six times more food than
it does today, and it could do so with a low environmental footprint.
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4 Transitioning to Healthy Diets from Sustainable Food
Systems

The evidence is abundantly clear that, without shifts in consumption patterns
towards health and sustainability, we will fail to achieve multiple Sustainable
Development Goals (SDGs), the Paris Climate Agreement, or the post-2020 biodi-
versity goals, and we will lose the opportunity to reposition food in such a way to
improve health and regenerate the environment. Achieving these transitions and
managing the trade-offs and synergies will require additional attention to many
facets of food systems, including:

Food Environments The consumption of healthy diets from sustainable food
sources is dependent on sustainably produced healthy dietary items being available,
affordable and accessible in different outlets. Whether they are in open markets in
low- and middle-income countries, in supermarkets or in corner shops across the
globe, or available through bartering and sharing, the provisioning of nutritious food
at affordable prices is a critical element for achieving transitions towards sustainable
consumption (Downs et al. 2009; Swinburn et al. 2019; FAO et al. 2020). These
physical environments need to be developed so as to suit culture and tradition in
different locations. Additionally, regulated advertisement and product placement
will be essential for addressing positive behavioural changes (Swinburn et al.
2019). To increase consumption of healthy diets, the cost of nutritious foods must
be affordable for all, although farmers must also be compensated for the real cost of
growing food. The cost drivers of these diets can be found throughout the food
supply chain, within the food environment, and in the political economy that shapes
trade, public expenditure and investment policies (Swinburn et al. 2019; FAO et al.
2020).

Tackling these cost drivers will require large transformations in food systems at
the producer, consumer, political economy, and food environment levels. Trade
policies, mainly protectionary trade measures and input subsidy programmes, tend
to protect and incentivise the domestic production of staple foods, such as rice and
maize, often to the detriment of nutritious foods, like fruits and vegetables. Interna-
tional trade could certainly improve food system resilience by spreading the risk of
disruption in supply where it is not fully reliant on domestic production and/or
trading with neighbouring countries. However, substantial imports from climate-
vulnerable countries by climate-resilient trade partners could lead to a number of
interlinked problems, including a ‘nutrient drain’ of healthy dietary items away from
production countries to countries with a much more diverse supply of foods,
disrupting supply to importing countries when yields in production countries are
affected by environmental influences (Scheelbeek et al. 2020). Non-tariff trade
measures can help improve food safety, quality standards and the nutritional value
of food, but they can also drive up the costs of trade, and hence food prices,
negatively affecting the affordability of healthy diets (FAO et al. 2020). Nutrition-
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sensitive social protection policies, such as cash transfers, may assist the purchasing
power and affordability of healthy diets of the most vulnerable populations.

Policies that more generally foster behavioural change towards healthy diets will
also be needed. A critical challenge is the tremendous perishability of fruits and
vegetables, particularly in tropical climates (Mason-D’Croz et al. 2019), where
refrigeration, food processing and sustainable packaging may be critical contribu-
tions in creating environmental and public health value. In both urban and rural
areas, the lack of physical access to food markets, especially to fresh fruit and
vegetable markets, represents a formidable barrier to accessing a healthy diet,
especially for the poor. Finally, empowering all people, and especially the poor
and vulnerable, with sufficient physical and human capital resources, assets and
incomes is the necessary precondition to improving access to healthy diets. This will
enable the making of choices, regarding what to produce and consume, leaving no
one hungry or malnourished, while allowing them to consume healthy and nutritious
food and preserving ecosystems, biodiversity and natural resources. However,
making progress and achieving this objective entails dealing with all trade-offs,
negative externalities and benefits emerging from policies and combinations of
policies presented previously.

Addressing Food Safety Issues Across Value Chains Food safety is positioned at
the intersection of agri-food systems and health, thus there are very strong intercon-
nections of bi-directional links among food safety, livelihoods, gender equity and
nutrition disciplines (Grace et al. 2018).

Food safety across the value chains must be ensured along all stages until
consumption. Responsibilities lie with all actors, from producers to processors,
retailers and consumers. Consumer behaviour in households regarding the storing
(temperature) and handling of foods (cross-contamination) impacts strongly on the
onset of food-borne intoxications. In the European Union, surveillance data indicate
that most of the strong-evidence outbreaks in 2018 took place in a domestic setting
(EFSA and ECDC 2019). The safety of food is a matter of growing concern,
especially after the global estimation of the burden of food-borne disease compara-
ble to that of HIV/AIDS, malaria and tuberculosis together, with low- and middle-
income countries bearing 98% of the global burden (WHO 2015). Most of the
known health burden comes from biological hazards (virus, bacteria, protozoa and
worms), which cause acute intoxication that is easier to detect and control. Chronic
effects due to chemicals (natural or processed contaminants, pesticide residues, etc.)
are more difficult to be traced and quantified as to their actual impact on the disease
burden. The Global Burden of Foodborne Diseases report (WHO 2015) quantified
the burden of disease from aflatoxin, cassava cyanide and dioxins, and other studies
have estimated the burden for four food-borne metals (arsenic, cadmium, lead and
methylmercury), which is substantial (Gibb et al. 2019). Since temperature and
humidity are important parameters for the growth of fungi, climate change is
anticipated to have an impact on the presence of mycotoxins in foods.

The riskiest foods for biological hazards are livestock products, followed by
fish, fresh vegetables and fruit (Grace et al. 2018). In addition to the disease burden,
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food-borne diseases in low- and middle-income countries also have a great impact
on economic costs and market access (Unnevehr and Ronchi 2014). In recent years,
the possible impact of microplastics and nanoplastics on health via food has gained a
lot of attention, with multiple studies identifying the occurrence of micro and
nanoplastic particles found in food commodities such as water, filtering molluscs
and fish (Lusher et al. 2017; Toussaint et al. 2019; van Raamsdonk et al. 2020).
Currently, there is considerable effort to standardise the methods of analysis and
identify the health impact from dietary exposure.

Food scares happen from time to time, with the subsequent food incidents (real or
perceived) causing a sudden disruption to the food supply chain and food consump-
tion patterns with a high societal impact. In these situations, providing real-time
information to consumers is very important so as to maintain confidence in the food
supply. Contaminant-based food scares relating to the use of antibiotics, hormones
and pesticides have occurred in a number of food and drink sectors and appear to be
of more concern to consumers compared to hygiene standards and food poisoning
(Miles et al. 2004). Explicit investigations into the aforementioned food scares and
their cumulative impact on food purchase behaviour could help to further our under-
standing of consumer responses to food scares (Knowles et al. 2007).

There are many promising approaches to managing food safety in low- and
middle-income countries, but few have demonstrated an impact at scale. Food safety
management systems are designed to prevent, reduce or eliminate hazards along the
food chain, which includes primary production (farms), processors, retail distribu-
tion centres, supermarkets, and retail food outlets (Ricci et al. 2017). Food safety
control at primary production is achieved using good general hygiene practices.
Food business operators should implement and maintain permanent procedures
based on the Hazard Analysis and Critical Control Points principles (WHO and
FAO 2006), which are effective in controlling most of the hazards during food
production. Small-scale retail producers might have difficulties in Hazard Analysis
and Critical Control Points due to the complexity of some systems and a lack of both
resources to implement and access to information and appropriate education. Tran-
sitions to circular food systems, local food systems, or short circuit systems are often
slowed or hampered by current food safety regulations. Ensuring food safety, while
enabling small-holder farmers or craft food companies to operate in local contexts,
will be critical to facilitating the transition to more sustainable food systems and
greater availability of healthy diets while supporting local economies.

To avoid confusion caused by multiple different national standards, the Food and
Agriculture Organization of the United Nations and the World Health Organization
established the Codex Alimentarius Commission to address safety and the nutri-
tional quality of foods and develop international standards to promote trade among
countries (Codex Alimentarius Commission 2007). The Codex Alimentarius estab-
lishes standards for maximum levels of food additives, maximum limits for contam-
inants and toxins, maximum residue limits for pesticides and veterinary drugs and
gives indications for limits of microbiological hazards in a given food commodity.
At the national level, government food safety systems monitor compliance with
official standards through food inspections. While metrics are considered key to
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monitoring and improving performance, they can also have unintended conse-
quences, including focusing efforts on the thing to be measured rather than the
ultimate goal of improving the thing being measured, stifling innovation through
standardisation, costs that increase in disproportion to benefits attained, incentivising
perverse behaviour to game metrics and reduced attention to things that are not
measured (Bardach and Cabana 2009), the balance and potential of large
multinationals vs. small and medium-sized enterprises, short vs. long value chains,
and low- and middle-income countries.

Even in higher income countries, small and medium-sized firms find it difficult to
comply with complex and technocratic rules, measures and metrics that are charac-
teristic of best practice food safety management systems and risk-based approaches:
these methods are hardly applicable in low- and middle-income countries. The same
applies for traceability, which only appears to be attainable in niche, high-value
markets in low- and middle-income countries (Grace et al. 2018).

Local Producers and Value Chains, Income and Land Inequality For many
consumers, especially in low- and middle-income countries, local production is the
main supplier of nutritious food (fruits, vegetables, pulses) and the primary provider of
economic activity. Small and medium-sized farms produce critical nutrient diversity in
rural areas (Herrero et al. 2017), and hence the transition to sustainable consumption
requires support and value chain creation for linking food system actors (HLPE 2020).

As with any change, some people will be disadvantaged by the transition to
healthy diets from sustainable food systems. It is important to provide support and
transition options for potential losers impacted by the required changes to food
systems (Herrero et al. 2020).

Many cities are playing more active roles in the development of city region food
systems, notably recognising that environmental damage in areas within close
proximity to cities impacts a large number of people, and that greater collaborations
between cities and peri-urban spaces offers important opportunities for tackling
environmental challenges while increasing the availability of healthy diets, and
supporting stronger rural economies (e.g., the Paris Food System Strategy (Mairie
de Paris 2015)). Vertical farming could provide opportunities for increasing food
production in urban areas (Al-Kodmany 2018).

The Role of Trade in Open and Closed Economies Trade is an essential instrument
in the food system, but it is not always geared towards sustainable consumption.
While trade can act as an insurance policy to local disruptions, it can also increase
exposure to disruptions in external markets. This is evident in many low- and
middle-income countries where trade in cheaper, ultra-processed food with long
shelf lives competes with healthy dietary items. In many regions around the world
(i.e., the Pacific, South America), this is likely a contributing factor to the high
prevalence of obesity and increases in non-communicable diseases (Swinburn et al.
2019). However, trade also eases the leveraging of comparative advantages, which
can allow production to be located where it is more efficient (Frank et al. 2018; IPCC
2019). This has been a key feature of scenarios for achieving greenhouse gas
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mitigation targets (IPCC 2019). However, when facing varied levels of regulation
and power dynamics, trade can facilitate the outsourcing of environmental impacts
of the food system to more vulnerable countries and individuals. Export-oriented
value chains often are dominated by larger producers, who can concentrate market
and political power as dominant producers and suppliers of food, as well as sources
of employment and revenue to governments (Swinburn et al. 2019). These aspects
are intertwined with the political economy of food and need to be accounted for.

It is also important to consider the impacts of the rising number of barriers to
international trade on the affordability of nutritious foods (including non-tariff
measures put in place to ensure food safety), as restrictive trade policies tend to
raise the cost of food, which can be particularly harmful to net food-importing
countries (FAO et al. 2020). Protectionary trade measures such as import tariffs
and subsidy programmes make it more profitable for farmers to produce rice or corn
than fruits and vegetables. According to data from Tufts University, removing trade
protection across Central America would reduce the cost of nutritious diets by as
much as 9% on average (FAO et al. 2020). The efficiency of internal trade and
marketing mechanisms is also important, as these are key to reducing the cost of food
for consumers and avoiding disincentives to the local production of nutritious foods.

The Political Economy of Food Swinburn et al. (2019) demonstrated that the
current food system has large power imbalances and conflicts of interest when
large commercial interests in food manufacturing and trade exist. While some
large food companies are interested in opportunities to increase their environmental
sustainability, financial interests often prevail over sustainability concerns.
Swinburn et al. (2019) articulates that changes in the regulatory environment and
new incentives, combined with global efforts on sustainable trade, will be required to
create the necessary accountability and shifts towards healthy diets.

Modifying Behavioural Changes Most studies exploring the transitions towards
healthy diets from sustainable food systems have focused on the technical feasibility
of the diets and their production elements. Transition pathways and the levers for
eliciting the required behavioural changes in consumption have received less atten-
tion (Garnett 2016; HLPE 2020).

Educating consumers to make healthy choices can modify behaviour in some
cases. Educational campaigns in high-income countries have increased awareness and
have also achieved some modest gains in fruit and vegetable consumption. However,
most have not realised the target levels for consumption over the longer term
(Brambila-Macias et al. 2011; Thomson and Ravia 2011; Rekhy and McConchie
2014). Certain people are more receptive to education on healthy diets than others.
Providing nutritional information was found to change the behaviour of consumers
already interested in nutrition, but was unable to influence consumers with low
interest in nutrition (Lone et al. 2009). Conversely, marketing incentives for healthy
diets have been found to be more effective for people who have less healthy eating
habits (Chan et al. 2017). Educational activities are more effective when used in
conjunction with environmental modifications, such as increasing the availability and
accessibility of healthy dietary items (Van Cauwenberghe et al. 2010).
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Altering food availability options can enhance healthy diets. A review of studies
found that the strategic placement of fruit and vegetables could moderately increase
fruit and/or vegetable choice, sales or servings (Broers et al. 2017). However,
individual studies show mixed results. Furthermore, the provision of financial
incentives to make healthy diets more affordable has been shown to increase
consumption of fruits and vegetables (Olsho et al. 2016).

Taxes and front-of-pack information labels have been used with success to
moderate the purchase of unhealthy dietary items, as well as influence reformulation
of unhealthy products (Colchero et al. 2017; Roache and Gostin 2017; Taillie et al.
2020). Although the magnitude of effect ranges, there is evidence that fiscal mea-
sures such as taxes on unhealthy dietary items improve diets (Andreyeva et al. 2010;
Brambila-Macias et al. 2011; Eyles et al. 2012; Niebylski et al. 2015). A sugar-
sweetened beverage tax has reduced consumption of such drinks in the study cohorts
in Berkeley, USA (Lee et al. 2019) and Mexico (Sanchez-Romero et al. 2020). A
review on the effect of subsidies for healthy dietary items and taxation on unhealthy
dietary items found evidence that taxation and subsidy intervention influenced
dietary behaviours to a moderate degree. The study suggests that food taxes and
subsidies should be a minimum of 10 to 15% and should both be implemented to
improve success and effect (Niebylski et al. 2015).

Reducing Food Loss and Waste and Embracing Circularity As discussed in
Action Tracks 1 and 3, a critical component of rebalancing food systems is reducing
food loss and waste. Food loss and waste currently accounts for significant losses of
food availability around the world, and current estimates are, for food loss, 14%
(FAO 2019) and, for food waste, 17% (United Nations Environment Programme
2021) of total production, depending on the type of commodity. In low- and middle-
income countries, these losses occur mostly at the pre-consumer stage due to harvest
and storage losses, while in OECD countries, they are more significant at the
consumption stage (for example, sell-by dates). Circular food systems have been
suggested as a mechanism for reutilising these biomass streams (Jurgilevich et al.
2016). For example, it has been estimated that circular livestock could produce
7-23 g of protein per capita/day while decoupling livestock from land use systems
(Van Zanten et al. 2018). Microbial protein production in fermentation processes or
through alternative foods (i.e., insects, algae) are considered part of these solutions
(Parodi et al. 2018; Pikaar et al. 2018).

5 The Key Trade-Offs and Synergies

Food systems in low-, middle- and high-income countries are changing rapidly.
Increasingly characterised by a high degree of vertical integration and high concen-
tration, transitions in food systems are being driven by new technologies that are
changing production processes, distribution systems, marketing strategies, and the
food products that people eat (Stordalen and Fan 2018; Herrero et al. 2020).
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In terms of synergies, the arguments for aligned action on healthy diets from
sustainable food systems are attractive from multiple standpoints. The possibility of
engaging in triple-win actions linking health, consumption and the environment
presents a real opportunity to achieve numerous global commitments simulta-
neously, which could be desirable from a policy perspective. These include planned
emissions reductions (United Nations 2015; IPCC 2019; Leclere et al. 2020),
reductions in non-communicable diseases and malnutrition in all its forms, and
achievement of SDG goals and targets (SDGs 1, 2, 3, 6, 8, 12-16). These multi-
sectoral opportunities will require increased concerted action and alignment at the
global and national levels. While these synergies could potentially lead to human
and planetary well-being, their achievement could also yield significant trade-offs
that will require resolution (Herrero et al. 2021). Some of these are related to the
following dimensions:

Multiple Environmental Trade-Offs Changing consumption patterns can have
impacts on the environmental footprints of the food system. Over a decade ago,
Stehfest et al. (2009) demonstrated that reductions in the demand for animal-sourced
foods could lead to reduced greenhouse gas emissions. These effects were mediated
through reductions in methane production and carbon dioxide due to the use of less
land and fewer animals for achieving consumption targets. More recently, studies
integrating many environmental indicators (Springmann et al. 2018b; Van Zanten
et al. 2018; Willett et al. 2019) confirmed those findings, but due to the compositions
of the healthy diets with higher amounts of coarse grains, fruits, vegetables and nuts,
the environmental impact of these diets remains high. The impacts on different
locations are markedly different due to different limiting constraints (i.e., water
scarcity). It is only when consumption is modified, waste is reduced, and produc-
tivity increased that improvements across all environmental metrics are obtained.

Trade-Offs with Affordability and Availability A key trade-off of pursuing healthy
diets from sustainable food systems is the increase in the costs of the diets in many
countries, as a result of increasing the demand for nutrient-rich foods. A significant
portion of the people living in extreme poverty are the two billion who struggle to
access sufficient foods and suffer acute caloric and nutrient deficiencies. Even the
cheapest healthy diet costs 60% more than diets that only meet the requirements for
essential nutrients. Examples like the EAT-Lancet diet are not affordable for an
estimated 1.5 billion people (Hirvonen et al. 2020, Table 1) and almost double the
cost of the nutrient adequate diet; it is five times as much as diets that meet only the
dietary energy needs through a starchy staple (FAO et al. 2020). This is of concern,
as the high cost and unaffordability of healthy diets is associated with increasing
food insecurity and different forms of malnutrition, including child stunting and
adult obesity. The unaffordability of healthy diets is due to their high cost relative to
people’s incomes. Healthy diets are unaffordable for more than 3 billion poor people
in low-, middle- and high-income countries, and more than 1.5 billion people cannot
even afford a diet that only meets required levels of essential nutrients (FAO et al.
2020; Global Panel on Agriculture and Food Systems for Nutrition 2020). The cost
of a healthy diet is much higher than the international poverty line, established at
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Table 1 Number and share of people with daily income below the cost of the EAT-Lancet
reference diet, by country income levels and major regions (Hirvonen et al. 2020)

Number of countries  Population (in millions)  Share (%)

Global 141 157902 23-8%

By country income level
High income 38 9.00 0-8%
Upper-middle income 37 254.07 10-8%
Lower-middle income 40 1005-89 71%
Low income 26 31006 62-2%

By geographical region
East Asia and Pacific 13 31988 15.0%
Europe and central Asia 45 14.86 17%
Latin America and Caribbean 19 62.84 11.6%
Middle East and North Africa 11 48-40 19-4%
North America 2 395 1.2%
South Asia i 627.31 384%
Sub-Saharan Africa 44 50177 57-2%

We used the World Bank's PovcalNet system to calculate the share of people in each country whose daily consumption
or income was less than the estimated cost of the EAT-Lancet reference diet.

USD 1.90 purchasing power parity per day. At a global level, on average, a healthy
diet is not affordable, with the cost representing 119% of mean food expenditures per
capita per day. Where hunger and food insecurity are greater, the cost of a healthy
diet even exceeds average national food expenditures. The cost of a healthy diet
exceeds average food expenditures in most countries in the Global South. 57% or
more of the population throughout sub-Saharan Africa and Southern Asia cannot
afford a healthy diet (FAO et al. 2020).

Part of the reason why many of the components of healthy diets are expensive
follow the basic economics of supply and demand. In many cases, production of key
dietary components does not meet the required demand, even at the global level, and
therefore their prices are high. Mason-D’Croz et al. (2019) recently demonstrated
this for fruits and vegetables, a key component of healthy diets. The study concluded
that even under optimistic socioeconomic scenarios, future supply will be insuffi-
cient to achieve recommended levels in many countries. Even where supply exists
(i.e., India), internal barriers like poorly developed markets mean that increased
incomes do not necessarily result in increased consumption of healthy diets (Fraval
et al. 2019).

Low market access can be a large barrier to achieving a healthy diet. A ‘food
desert’ refers to areas with poor access to a retail outlet with fresh produce, where
cheap, ultra-processed, and unhealthy dietary items can predominate. While food
deserts are often associated with economically disadvantaged communities in high-
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income countries (Walker et al. 2010; Ghosh-Dastidar et al. 2014), they also affect
poor urban communities in low- and middle-income countries, particularly newly
urban communities (Battersby and Crush 2014). Food deserts can also occur in areas
that lack refrigeration, or have harsh environmental conditions or poor storage
conditions, far from towns, where highly processed foods can be stored easily
(i.e., the Pacific). Vertical farming may provide opportunities for food production
in urban areas, where available land for farming is limited and expensive. Currently,
economic feasibility, codes, regulations, and a lack of expertise are major obstacles
to implementing vertical farming (Al-Kodmany 2018).

Trade-Offs with Pandemics and Zoonosis In contexts in which animal-sourced
food consumption is higher than recommended, shifting towards greater plant
consumption would also have the added benefit of preserving ecological systems
and wildlife and avoiding the spillover of zoonotic agents (mainly viruses) from
wildlife to humans. In contexts in which animal-sourced food consumption is critical
for maintaining appropriate intake of essential nutrients, it is vitally important to
scale up a ONE HEALTH approach that enables environmental, animal, and human
health (Wood et al. 2012; Gale and Breed 2013) while avoiding causing a public
health threat. In recent years, there have been several examples of such spillovers
(Ebola, SARS, MERS and COVID-19) with dramatic economic and public health
consequences and the potential to cause global pandemics (see Box 1). A conse-
quence of the COVID-19 pandemic is the disruption of global, or concentrated,
value chain production in terms of affordability and food availability; inversely,
many local value chains have seen increases in production and market shares.

The global burden of disease from food consumption is very different across the
globe (WHO 2015), and it is, in large part, produced by zoonotic infections. Today,
the largest food source attributions in food-borne intoxications are from food of
animal origin in the developed world. Antimicrobial resistance contributes signifi-
cantly to the burden of disease across the globe and constitutes a threat to public
health.

Box 1: The impact of COVID19 on Food Systems

Food

The new type of respiratory tract disorder COVID-19 is based on an
infection with the new type of coronavirus (SARS-CoV-2). The main target
organs of coronaviruses in humans are the respiratory tract organs. The
scientific data collected so far suggests that the virus is transmitted mainly
via small respiratory droplets through sneezing, coughing, or when people
interact with each other in close proximity, as may happen in slaughterhouses
and meat-processing plants, where environmental conditions seem more

(continued)
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Box 1 (continued)

favourable than in other places to the propagation of the virus. In fact, there
have been COVID-19-related outbreaks at some slaughterhouses and meat-
processing plants worldwide, which has led to risk management measures to
contain the propagation of the virus from occupational exposure among
workers and related communities. Up to now, there is no evidence that food,
including meat, is a source or transmission route of SARS-CoV-2. Meat, like
any other food, might theoretically be contaminated by SARS-CoV-2. This
could happen with food in the same way that it could happen with any other
animated or non-animated surface. For example, food might be exposed to the
virus through contamination by an infected person during food manipulation
and preparation. This does not mean however that the food ingested would
cause infection for the consumer. As indicated above, there is so far no
evidence of transmission of this virus through ingestion of any type of food.
Several food safety agencies and organisations worldwide have concluded that
there is no evidence of food-borne transmission of the virus.

Pandemics and value chains

COVID19 is an example of the importance of ONE HEALTH approach as it is
a zoonosis (disease transmitted from animals to humans). It is well known that
damaging ecological systems might lead to spillovers of zoonotic agents
(mainly viruses such as Ebola, SARS, MERS) outside their original environ-
ment with dramatic economic and public health consequences and the poten-
tial to cause global pandemics. A consequence of the COVID-19 pandemic is
the disruption of global, or concentrated value chain production in terms of
affordability and food availability; inversely, many local value chains have
seen increases in production and market shares.

Waste

In response to COVID-19, hospitals, healthcare facilities and individuals are
producing more waste than usual, including masks, gloves, gowns, other
protective equipment and single-use plastics that could be infected with the
virus. Infected medical waste could lead to public health risks, as well as
environmental risks add to land, riverine and marine pollution.

Political Economy Trade-Offs Broad awareness of the positive or negative conse-
quences of food system changes from nutritional, health, environmental and liveli-
hood perspectives among key policy-makers is key to policy changes that facilitate a
transition to healthy diets from sustainable food systems. Increased biodiverse
agricultural production can result in increased employment and income, leading to
growing demand for (healthy) food, provided that there is strong consumer aware-
ness regarding diets and their consequences, and provided that there are few
competing demands on incomes, especially of the poor.
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The political impediments to achieving healthy and sustainable diets are numer-
ous. Maintaining the status quo benefits the current actors of the food system, hence
the inertia for change (Béné et al. 2020; Fanzo et al. 2020; Herrero et al. 2020).
Additionally, many public policies are not geared towards creating sustainable food
systems, such as a lack of research and investment in nutritious foods at the expense
of cereals or the creation of food environments that promote nutritious foods. The
current system rewards economic efficiency rather than sustainability and the pro-
duction of nutrition foods (Béné et al. 2020). Therefore, farmers have little incentive
to change production practices. At the same time, large private companies exercise
disproportionate control over the food agenda, and this is not necessarily aligned
with a health and sustainability agenda needed to transform the food systems.

Technology will be important, but even with the best intentions, assurance that
equitable and fair distribution of its availability and impacts are taken into account
when designing transition pathways remains elusive (Herrero et al. 2021). Critical
dialogues and transparency in designing these transition pathways must be devel-
oped with a broad range of stakeholders, and with mutual respect for values and
motivations (Herrero et al. 2021).

6 Solutions and Actions

Solutions for enabling the shift towards more sustainable consumption need to be
defined around cross-cutting levers connecting policy reform, coordinated invest-
ment, accessible financing, innovation, traditional knowledge, governance, data and
evidence, and empowerment (Béné et al. 2020). It is important to identify and learn
from the success stories of individuals and groups that have shifted to healthy diets
from sustainable food systems and use these examples to clearly inform policy-
makers, practitioners and the public. Figure 1, from the Global Panel on Agriculture
and Food Systems for Nutrition (2020), synthesises the range of critical actions
necessary to effectively create transition towards healthy and sustainable diets. We
develop this list further into a broader set of actions for implementation in different
contexts, which are presented below, following the categories of actions in Béné
et al. (2020).

Economic and Structural Costs Off-set the economic and structural costs associ-
ated with the transition to more healthy and sustainable diets.

» Develop policies and investments across food supply chains (food storage, road
infrastructure, food preservation capacity, etc.) that are critical to cutting losses
and enhancing efficiencies so as to reduce the cost of nutritious food (FAO et al.
2020).

* Provide support and transition options for potential losers impacted by the
required changes to land use, food production practices, storage and processing
technologies, food environment, distribution and food waste.
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Make sufficient nutrient-rich
and staple foods available to all,

Ensure foods move along value chains

more efficiently, improving accessibility
and resulting in lower cost and less loss

produced sustainably

Rebalance agriculture sector subside
Rebalance agriculture sector R&D
Promote production of a wide range
of nutrient-rich foods

Co-opt levers of trade
Cut food loss and waste

Support job growth across

the food system (create jobs
beyond agriculture)

Support technology and financial
innovations along food value chains

Achieving
sustainable,
healthy diets

Define principles of engagement
between public and private sectors
Upgrade FBDGs and promote
enhanced knowledge about

Implement safety nets — particularly
for the transition

Promote pro-poor growth

Reduce costs through tech and

implications of dietary choices innovation
* Better regulate advertising and marketing * Adjust taxes and subsidies on
* Implement behavioural nudges via carefully key foods

designed taxes and subsidies

Empower consumer to make more Ensure sustainable, healthy diets are
informed food choices, fueling rising affordable to all, with lower demand
demand for sustainable, healthy diets for ultra-processed products

Fig. 1 Priority policy actions to transition food systems towards sustainable, healthy diets. (Global
Panel on Agriculture and Food Systems for Nutrition 2020)

» Direct funding towards a healthy and sustainable food system, e.g., repurpose
funding from monoculture crops, or foods that, when overproduced, are detri-
mental to health and the environment (e.g., sugar and its derivatives).

¢ Facilitate easier access to loans from financial institutions, or lands from munic-
ipalities, notably for young farmers, both men and women.

« Pilot and scale behaviour change interventions that are effective in reducing
consumer food waste and increasing the adoption of healthy and sustainable diets.

» Invest in innovative food-related infrastructure and logistical systems that will
improve the efficiency of food supply chains, particularly for urban consumers.

¢ In low and lower middle-income countries, facilitate increased consumption of
nutrition foods by encouraging those with access to land to grow more such foods
themselves or by exchange within the local communities.

» Encourage the creation of rural food markets in cities based on the production and
sale of indigenous and sustainably produced foods grown by local farmers.

* Break existing policy silos so as to facilitate food system transformations,
providing support for a major policy drive to enhance the cultivation of indige-
nous food systems. Many native foods have biological components that can
contribute to nutritionally-rich and healthy diets. Priority actions should be
taken to promote research into these native foods worldwide.
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Challenge the Current Political Economy

* Encourage large food system actors to transition to the provision of healthy diets
through incentives that are matched with penalisation or taxes for overproduction
of unhealthy dietary items, or the use of degradative production practices.

» Develop trade policies and input subsidy programmes that can change incentives
towards nutritious foods like fruits and vegetables. This also implies improve-
ment of food safety to reduce non-tariff trade measures so as to increase the
availability of healthy diets.

* Promote social and environmental aspects of corporate performance to be equal to
financial performance.

» Develop regulatory measures such as taxes and front-of-pack information labels
to limit the sale and production of unhealthy products.

* Change the global regulatory environment, including international trade and
investment agreements, to favour healthy diets from sustainable food systems.

* Promote divestment to avoid harm. This includes the exclusion of certain com-
panies from investment portfolios.

» Encourage a culture of corporate responsibility in the food industry to investigate
the level of sustainability of products. Encourage social impact investing. This
aims to generate a positive social impact from investment decisions, alongside
financial return.

* Empower consumers to demand healthy, sustainable products and reject
unhealthy products.

* Encourage consumers to demand increased accountability for large food system
actors.

* Encourage institutions, for example, schools, health care facilities and govern-
ment offices, to transition to healthier diets through improved nutrition standards,
which flow on to improve the nutritional quality of meals served in those
institutions (Gearan and Fox 2020).

* Gear public policies towards creating healthy diets from sustainable food
systems.

Influencing Consumer Demand The Global Panel on Agriculture and Food Sys-
tems for Nutrition (2020) recommends the following four priority lines of action,
while also acknowledging that far better evidence of what works in low- and middle-
income countries is required:

* Define principles of engagement between the public and private sectors, leading
to the leveraging of expertise and resources and influence of the businesses in the
food sector. This recognises the considerable role of firms in driving consumer
choices, too often employed in ways that are not conducive to healthy diets from
sustainable food systems. A new relationship between public and private actors is
needed, so that they can work together on a common agenda.

» Upgrade and improve food-based dietary guidelines and promote enhanced
knowledge about the implications of dietary choices. For example, food-based
dietary guidelines seldom take account of issues of food system sustainability.



A Shift to Healthy and Sustainable Consumption Patterns 79

Moreover, policy-makers in many governments need to take account of food-
based dietary guidelines in developing policies, both in relation to the food
system and in wider areas of government (e.g., relating to infrastructure devel-
opment, safety nets, etc.).

Improve regulation of advertising and marketing. This is mentioned in the AT2
paper and discussed further in the Foresight report, which addresses, in particular,
the ineffectiveness of businesses self-regulating.

Implement behavioural nudges via carefully designed taxes and subsidises.

Education and Cultural Norms The role of education will be pivotal in changing
consumption patterns at many levels. It can facilitate a cultural shift in consumer
perceptions and behaviour.

Provide education and clarity for consumers about what constitutes a healthy and
sustainable diet and educate consumers to make healthy choices, coupled with
other incentives to improve success and effect.

Invest in female, minority and youth leadership and technical and managerial
skills, which are key to promoting the more equitable and sustainable participa-
tion of women in food supply chains, as producers, processors, business leaders
and consumers, using women’s self-help groups as an example.

Alter food availability options to promote healthy diets.

Invest in large-scale awareness campaigns that connect food consumption pat-
terns with health, the environment and, specifically, climate change outcomes.
Engage in school education programmes on healthy diets from sustainable food
systems to ensure that the next generation has a novel conceptualisation of what
the food system can offer.

Include sustainability-of-consumption learning modules in medical school cur-
ricula worldwide.

Equity and Social Justice Manage equity and social justice to provide the greatest
benefit to all:

Identify the current consumption patterns of households.

Encourage regions to transition to more healthy and sustainable diets in a
culturally appropriate manner.

Systematically use full supply chain traceability to promote internal transparency,
as has been shown to work (Bush et al. 2015). This could potentially be a way to
promote social justice in the industry and protect people employed in low- and
middle-income countries.

Deploy safety nets to protect the poor against dynamic food system transitions
that might render them vulnerable and disenfranchised. This will require interna-
tional coherence and action (Global Panel on Agriculture and Food Systems for
Nutrition 2020).
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Governance and Decision Support Tools

* Invest in additional knowledge, skills, data and tools needed to identify, prioritise
and manage trade-offs and competing priorities.

 Establish standardisation and clear labelling.

» Develop tools for measuring consumer and retail food waste at the national level,
so as to understand the scale of the problem, identify hotspots for targeted action,
and track progress towards SDG 12.3.

* Increase adherence to principles of circular economy recycling and the
repurposing of food waste until they become the norm.

» Rationalise food-related sustainability standards. Such initiatives, which set stan-
dards for sustainable production and often include certification programmes to
verify compliance, can be used as tools to drive consumer choice on the one hand
and to channel and enhance the nascent demand for more sustainable food
systems into market-related investments on the other. However, some regulatory
approaches and private sector-led schemes create barriers, primarily because of
the costs of compliance and the potential exclusion of actors. Nevertheless, some
excellent examples exist within the salmon industry (Global Salmon Institute
2020).

7 Conclusions

A shift towards sustainable consumption patterns is necessary to harmonise global
societal and environmental goals and for humanity to prosper sustainably and
equitably in the coming years. Transitioning towards healthy diets from sustainable
food systems at the country level is essential to achieving this, together with
strategies for managing waste reduction and increasing productivity.

The range of constraints preventing this transition include the lack of availability
and access to healthy diets, the costs of eating healthily, poor food environments,
lack of incentives and standards, food safety, pandemics and, in many cases, a lack
of political will. These are not insurmountable. Many strategies exist for
circumventing these problems, including awareness-raising, behaviour change inter-
ventions in food environments, food education, strengthened urban-rural linkages,
improved product design, investments in food system innovations, public-private
partnerships, public procurement, and novel strategies for food waste management.

The role of science and innovation will be essential in deploying these interven-
tions at scale and at low costs, and for minimising the potential trade-offs that may
arise. Transparent multi-stakeholder dialogues will be key at all stages of planning
the appropriate transition pathways towards our desired global goals of healthy diets,
healthy ecosystems and prosperity for all.
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Fruits and Vegetables for Healthy Diets: )
Priorities for Food System Research S
and Action

Jody Harris, Bart de Steenhuijsen Piters, Stepha McMullin, Babar Bajwa,
Ilse de Jager, and Inge D. Brouwer

1 Why Fruits and Vegetables? Why Now?

Fruits and vegetables are vital for healthy diets, and there is broad consensus that a
diverse diet containing a range of plant foods (and their associated nutrients,
phytonutrients and fibre) is needed for health and wellbeing (FAO 2020). Studies
have suggested intake ranges of 300-600 g per day (200-600 g of vegetables and
100-300 g of fruits) to meet different combinations of health and environmental
goals (Willett et al. 2019; Loken et al. 2020; Afshin et al. 2019). The World Health
Organisation (WHO) recommends that adults eat at least 400 g of fruits and
vegetables per day (World Health Organisation 2003), with national food-based
dietary guidelines translating these into recommendations to eat multiple portions of
a variety of fruits and vegetables each day for health (Herforth et al. 2019).
Despite this clear message, intake of fruits and vegetables remains low for a
majority of the global population (Afshin et al. 2019; Kalmpourtzidou et al. 2020).
Low fruit and vegetable consumption is among the five main risk factors for poor
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health, with over 2 million deaths and 65 million Disability-Adjusted Life Years
(DALYS5) attributable to low intake of fruits, and 1.5 million deaths and 34 million
DALYs attributable to low intake of vegetables globally each year, particularly in
low- and middle-income countries (Afshin et al. 2019). Low consumption is a global
problem, affecting high- and low-income countries: only 7% of countries in Africa,
7% in the Americas, and 11% in Europe reach 240 g/day of vegetables on average
(Kalmpourtzidou et al. 2020), and only 20% of individuals in low- and middle-
income countries reach the recommendation of five servings of fruits and vegetables
a day (Frank et al. 2019). The mean global intake of vegetables is estimated to be
around 190 g/day, and of fruits, 81 g/day. Studies generally agree that parts of Africa
and the Pacific Islands have the lowest fruit and vegetable consumption, and East
Asia has the highest vegetable (but not fruit) consumption (Afshin et al. 2019;
Kalmpourtzidou et al. 2020; Micha et al. 2015).

Changes in fruit and vegetable consumption are happening against a backdrop of
the ‘nutrition transition’ from traditional foods to processed and ultra-processed
foods that are high in energy, fat, sugar and salt, but poor in other essential nutrients
(Popkin et al. 2020). This transition also brings opportunities to diversify into
healthy diets containing more fresh fruits and vegetables, although, for some
populations, there is less opportunity than for others (Global Panel on Agriculture
and Food Systems for Nutrition 2016). The available literature does not suggest
systematic differences in fruit and vegetable consumption between men and women
in many contexts (Frank et al. 2019; Micha et al. 2015), but it does highlight
differences in consumption between rural and urban areas (Hall et al. 2009; Ruel
et al. 2004; Mayen et al. 2014), and among populations with different levels of
education and national income (Frank et al. 2019). These differences illustrate that
there is an equity issue across populations in accessing fruits and vegetables (Harris
et al. 2021a).

We now have good conceptual models for how food systems work to provide
diets (HLPE 2017). These help us to describe the structural and social constraints to
fruit and vegetable consumption and research how these play out in different
contexts and for different populations. Below, we summarise what we know (and
what we need to know) about how to address the issues above through a set of push
(production and supply), pull (demand and activism) and policy (legislation and
governance) actions. We conclude that there is still a need to better understand the
different ways that food systems can make fruits and vegetables available, accessi-
ble, affordable and desirable for all people, across places and over time, so as to meet
global recommendations, but also that we know enough to accelerate action in
support of healthy diets. The year 2021 is the UN International Year of Fruits and
Vegetables, embedded in the middle of the Decade of Action on Nutrition. Now is
the time to prioritise understanding and addressing these issues to enable fruit- and
vegetable-rich food systems that can drive healthy diets for all.
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2 Policy Factors: Political Power

The Green Revolution in the latter part of the twentieth century transformed agri-
culture’s ability to produce sufficient calories to feed the world, but the focus on
grain crops through funding, research, extension and technology development
limited the supply of nutrient-dense fruits and vegetables, both through losses of
wild sources with the promotion of monocultures and through policy and structural
impediments that crowded out non-staple crops (Pingali 2012). Today, the combined
international public research budget for maize, wheat, rice, and starchy tubers is
30 times greater than for vegetables, for instance (Herforth 2020), and these incen-
tives skew many of the technology and infrastructure drivers of food systems. This
has fed into national food policies, which are normally focused on the production or
import of staple crops (as a source of cheap calories), rather than diet quality through
diversity of fresh foods (as a source of other essential nutrients) (McDermott and
De Brauw 2020). Following suit, food system data have focused largely on globally-
tradable commodities, leading to a dearth of trustworthy and disaggregated data
with which to track the production, price, trade or consumption of the diversity of
fruits and vegetables (Masters et al. 2018), and global data are biased towards
economically-relevant crops, often missing traditional fruits and vegetables and
those produced non-commercially (Thar et al. 2020). Research on food systems
and diets often treats fruits and vegetables as a single food group, rather than looking
at diversity within fruit and vegetable species, or the amounts or variety consumed
within the food group (Harris et al. 2021b), further limiting our knowledge on the
specifics of issues or actions.

At the same time, large structural changes outside of the food system, such as the
globalisation of supply chains and societies, and changing demographics and urban-
isation have shaped food regimes to prioritise foods that are non-perishable and
globally tradable (Magnan 2012; Lang and Heasman 2015), the very opposite of
most fruits and vegetables, whose perishability requires shorter food chains from
farm to fork. Modern trade rules improve regulation on the safety of imported fruits
and vegetables and may protect domestic production or improve supply of highly-
traded commodities, but they also limit the ability of governments to protect the
public health policy space and the institutional purchase of fresh foods (Thow et al.
2015) and tend to prioritise staple foods over fruits and vegetables, while
out-sourcing the environmental impacts of production to poor countries (FAO
2020). In many contexts, the concentration of inputs, distribution and retail of
foods — including fruits and vegetables — in the hands of a few large companies,
has shifted food system choices away from the livelihood interests of producers, the
health interests of consumers, and the environmental interests of all (Howard 2016).

These broad and sweeping changes have not been without interruption: the
COVID-19 pandemic and previous economic shocks and natural disasters have
disrupted many aspects of food systems and diets over time (Savary et al. 2020;
Block et al. 2004; Darnton-Hill and Cogill 2010). Such disruptions particularly
affect fruits and vegetables because of their specific labour, storage and transport
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requirements (Harris 2020), with at least temporary impacts of different shocks
having been documented on the livelihoods of fruit and vegetable producers and
on fruit and vegetable prices and consumption (Block et al. 2004; Darnton-Hill and
Cogill 2010; Harris et al. 2020; Hirvonen et al. 2020). These shocks have affected
the diets and livelihoods of marginalised populations in ways different from those
with economic or social power, further exacerbating inequity (Carducci et al. 2021;
Kansiime et al. 2021; Goldin and Muggah 2020).

2.1 Opportunities for Research and Action

Each of these big-picture policy and political drivers has created food system ‘lock-
ins’ (Leach et al. 2020), which have tended to steer away from pathways prioritising
fruits and vegetables, and away from agronomic and food system paradigms — such
as agroecology, a right to food, or food as a commons rather than a commodity
(Rosset and Altieri 2017; Vivero-Pol et al. 2018; Patnaik and Oenema 2015) — that
might promote a return to more diverse production systems. Policy decisions can
start with evidence: we need to know more about how different production and
distribution systems, based in different social and political traditions, drive the
availability and accessibility of fruits and vegetables in food systems, and how
they weather shocks to provide healthy diets sustainably and equitably. However,
ultimately, while data and evidence can reveal nuance in the issues and their
solutions, food policy decisions are political (and, ideally, ethical) in reality,
depending on the priorities and tolerances of the actors involved in making those
decisions (Harris 2019). Bringing together people with a stake in food systems to
debate and decide policy, explicitly recognising disparities in power among them in
contributing to outcome and decisions, is likely to lead to the most context-specific
and equitable policy in practice when done well (Chaudhury et al. 2013; Barzola
et al. 2019; Blay-Palmer et al. 2018).

A starting point for addressing the lack of fruits and vegetables in food system
policy is ‘reverse thinking’, putting the dietary outcomes we want from food systems
upfront in responsive food policy-making and legislation, and working towards
incentivising systems that create these (McDermott and De Brauw 2020). A diffi-
culty in achieving this vision is that different actor coalitions frame food system
issues and priorities differently according to their interests and beliefs, so that there is
no single narrative to work towards (Harris 2019; Béné et al. 2019), and coherent
diet and food system policy will require policy sectors to work together in
non-traditional ways (Thow et al. 2018). There is, therefore, a need to better
understand how public and private decision-makers make food system choices and
how other food system actors influence these, as well as the implications for fruits
and vegetables across food systems.

Public investment in agriculture is shown to impact the growth of production
through the private sector, but different types of investment produce different results
for different foods in different contexts (Mogues et al. 2012), so we need to know
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more about how specific investments, such as in breeding, production subsidies, and
extension support, play out in food environments for different fruits and vegetables.
Acknowledging the imbalance of power among food system actors, illustrated by
disparities between budgets of processed food producers (Baker et al. 2020) and
public investment in healthy foods such as fruits and vegetables (Herforth 2020), is
necessary in order to make transparent and health-positive policy, regulation and
investment. Public policy shaping food environments — such as mandating vegeta-
bles in institutional meals (schools, workplaces, hospitals), setting incentives for
healthy retail, and regulating food system actors (Knai et al. 2006; Micha et al. 2018;
Vandevijvere et al. 2019) — is seen to improve intakes in some contexts. Similarly,
land rights are a key issue for sustainable food access and production (Sunderland
and Vasquez 2020), and we need to know more about how these issues affect fruits
and vegetables. For all of these analyses, better data and contextual knowledge
on diverse fruits and vegetables in different systems is needed, particularly in low-
and middle-income countries, to inform businesses, policy-makers, practitioners,
workers and activists in making decisions within food systems.

3 Push Factors: Production and Post-Harvest Power

By the data we have, global fruit and vegetable production is insufficient to meet the
WHO dietary recommendations, and has been since global records began: in 1965,
sufficient fruits and vegetables (>400 g/day) were available for 17% of the global
population, increasing to 55% in 2015 (Mason-D’Croz et al. 2019). Supply varies
widely between contexts: in Africa, only 13% of countries have an adequate
aggregate vegetable supply, while in Asia, 61% do (Kalmpourtzidou et al. 2020).
This is despite the fact that fruits and vegetables are valuable: the annual farmgate
value of global fruit and vegetable production is nearly $1 trillion and exceeds the
farmgate value of all food grains combined (US$ 837 billion) (Schreinemachers
et al. 2018). Most fruits and vegetables (about 92%) are not internationally traded,
but the international trade in fruits and vegetables was still valued at US$ 138 billion
in 2018.

Fruit and vegetable production needs to increase, particularly in regions with low
consumption, together with accompanying measures to prevent losses, to provide
enough for healthy diets (Mason-D’Croz et al. 2019). Scaling production is not
straightforward, as fruits and vegetables have specific attributes — in terms of
seasonal and agro-climatic differences, labour and input needs, knowledge and
expertise, and storage and distribution — that mean there are particular trade-offs to
consider. While we can, in theory, produce healthy diets within planetary boundaries
(Willett et al. 2019), achieving national food-based dietary guidelines has been
found to be incompatible with climate and environmental targets in a majority of
the 85 countries studied (Springmann et al. 2020), and producing more fruits and
vegetables may require more land, water and chemical inputs than producing staple
foods in some contexts (Aleksandrowicz et al. 2016), with one-third of all
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greenhouse gas emissions being produced by the food system (Crippa et al. 2021).
Various studies show widespread misuse of agricultural chemicals, particularly on
high-value vegetables, creating hazards for farm workers, consumers and the envi-
ronment (Schreinemachers et al. 2020a). Foodborne diseases caused by biological
contamination of food are also an important threat to public health, particularly in
low- and middle-income countries, and fruits and vegetables are among the riskiest
foods for biological hazards (Grace 2015).

Seed or planting stock is a key input in fruit and vegetable production, although it
is a contested area: some see the introduction of (often proprietary) improved
varieties of fruits and vegetables as necessary to transform the fruit and vegetable
sector to one with increased volumes of regularly available quality products
(Schreinemachers et al. 2018; Dawson et al. 2019; Schreinemachers et al. 2021;
Lillesg et al. 2018). Others stress the importance of local or cultural seed-saving and
exchange of planting material for conserving farmers’ independence, agricultural
diversity and food sovereignty (Howard 2016; Phillips 2016), and debates about the
primacy of breeders’ rights or farmers’ rights are ongoing (Gupta and Negi 2019;
Salazar et al. 2007; Dias 2011). Beyond inputs, labour requirements in fruit and
vegetable production are considerably higher than in cereal production, with labour
costs making up more than 50% of production costs, depending on the food grown,
related to more skilled and intensive field operations (Weinberger and Lumpkin
2007; Herrero et al. 2017). This is a positive for food system worker incomes, but
extension services are often geared towards staple crops, with little support for fruit
and vegetable producers, limiting formal training opportunities (Pingali 2015).
Beyond the farm, post-farmgate midstream employment in developing regions
constitutes roughly 20% of rural employment (Dolislager et al. 2020; Reardon
et al. 2014). It is assumed that many smallholders also engage in midstream fruit
and vegetable chain operations, such as trade and processing, but fruit and vegetable
value chains have not been a focus of this work, so more knowledge is needed in
this area.

Of food produced for human consumption, around one-third by volume or
one-quarter by calories is either lost (before retail) or wasted (after purchase)
(HLPE 2014). Highly perishable fruits and vegetables have the highest rates of
loss and waste, usually within the range of 40-50% (Global Panel 2018; FAO 2019).
Local production is therefore central, and in many contexts, ultra-local home-based
fruit and vegetable production and wild plant gathering are important strategies
(Schreinemachers et al. 2015; Bharucha and Pretty 2010), as are ‘under-utilised’
species and many traditional fruits and vegetables that are often left out of data,
policy and extension (Raihana et al. 2015; Hunter et al. 2019). Fruits and vegetables
are particularly seasonal, which can be an advantage in diverse systems where
different foods become available at different times, or a challenge where there are
gluts and shortages that lead to price changes over the course of the year (Gilbert
et al. 2017; McMullin et al. 2019).



Fruits and Vegetables for Healthy Diets: Priorities for Food. .. 93
3.1 Opportunities for Research and Action

Clearly, greater availability of a variety of fruits and vegetables is needed for
everyone to meet recommendations. This can be achieved through increased
production, although there are trade-offs between environmental sustainability and
providing for diets: sustainable intensification using a wide range of approaches
according to the social, political and agro-ecological contexts to improve yields or
protect against climate changes without environmental degradation has been
suggested (Schreinemachers et al. 2018; Godfray and Garnett 2014), although
further understanding of the implications of different approaches to fruit and vege-
table production is needed. Organic agriculture meets goals for a range of environ-
mental factors, including reduced chemical contamination of diets, but it has
weaknesses in terms of lower productivity and reduced yield stability (Knapp and
van der Heijden 2018), and the subsidisation of chemical inputs makes it appear less
profitable. Supporting the availability of planting material through formal (breeding
and seed companies) and informal (seed-saving and sharing networks) channels is
important (Schreinemachers et al. 2018).

The economic value of fruits and vegetables is a strong incentive for their
production, but much of this value is captured by large global firms rather than
smallholders, despite over 80% of fruit and vegetables being grown on smallholder
family farms (<20 ha) in LMICs (Herrero et al. 2017). The smallholder nature of
many fruit and vegetable producers and traders provides challenges and opportuni-
ties for vegetable supply (Reardon and Timmer 2014), and the complexity of
systems of traders and the heterogeneity of smallholders and their support needs
(particularly peri-urban vegetable producers or women, who may not be engaged in
formal extension systems (FAO 2021; Fischer et al. 2017)) means that agricultural
policy very often does not adequately support the twin goals of healthy food
production and livelihood development (Gassner et al. 2019). Aggregation or
contract farming is commonly used to reduce transaction costs and risk, and to sell
to modern channels such as supermarkets, where demand for fruits and vegetables
is growing (Reardon et al. 2012; Holtland 2017), although the impacts of
commercialisation on the diets of commercial farmers themselves are mixed
(Carletto et al. 2017). Farmer extension needs to be strengthened (Schreinemachers
et al. 2018), and we need more documented understanding of how informal sectors
and formal small and medium enterprises involved in fruit and vegetable processing,
distribution and retail can deliver more on desired food system outcomes. These
need further research to understand how they play out in fruit and vegetable systems.

Better availability can also be achieved by addressing food loss and waste: in
low-income countries, through addressing on-farm pests and diseases, pre-maturity
harvesting due to climate shocks or seasonal gluts, and inappropriate post-harvest
handling, transport and storage, and in middle-/high-income countries, by addressing
quality grading standards set by retailers (Global Panel 2018). Packaging of perish-
able fruits and vegetables can limit losses (Wohner et al. 2019), but also contributes
to environmental pollution and greenhouse gas emissions (Crippa et al. 2021;
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Yates et al. 2021). More understanding is needed of the production, processing and
distribution options and trade-offs, and of food loss and waste, specifically for fruits
and vegetables in different contexts.

The physical availability of food varies, depending on functioning supply chains,
whether short or long. Food deserts and swamps associated with poorer diets occur
where there is a lack of available fresh foods for local purchase, and exist particularly
in poorer urban areas (Ghosh-Dastidar et al. 2014). Physical access is a key driver of
purchase (and, by extension, consumption), with a lack of fresh food outlets making
consumption of fresh produce harder (Beaulac et al. 2009), and, conversely, living
close to vegetable vendors making vegetable purchase more likely (Ambikapathi
et al. 2021), suggesting that local access options are important in shaping diets.

4 Pull Factors: People Power

While availability of, and physical access to, sufficient fruits and vegetables is an
important prerequisite, there are other factors at the socio-economic and personal
levels that also impact their role in diets. Reviews of research suggest that, in
low-income countries, similar determinants play a role in food choices as in high-
income countries, at the individual level (income, employment, education level, food
knowledge, lifestyle, time), in the social environment (family and peer influence,
cultural factors), and in the physical environment (food expenditure, lifestyle)
(Gissing et al. 2017).

Food prices interact with incomes to determine whether households can afford the
components of a healthy diet, and fruits and vegetables, along with animal-source
foods, are the most expensive element of a healthy diet, comprising, by many metrics
(Maillot et al. 2007; Headey and Alderman 2019), around 40% of the cost of a
healthy diet (Herforth et al. 2020), although these costs tend to vary with the season
(Gilbert et al. 2017). Fruits and vegetables are unaffordable for many, with 3 billion
people unable to afford diverse, healthy diets (Herforth et al. 2020). Fruits and
vegetables appear more affordable when comparing prices per micronutrient,
according to which they are likely to be a relatively low-cost source of varied
vitamins, minerals, and phytonutrients (Drewnowski 2013), but this is not how
most families choose their food.

Beyond a certain income level, affordability is not a driving factor for everyone
everywhere: while an increase of fruit and vegetable consumption by income across
geographical regions is confirmed in many studies, indicating that a low income is a
barrier to fruit and vegetable consumption for some (Frank et al. 2019; Miller et al.
2016), there is only a weak association between incomes and fruit and vegetable
consumption, showing that, on average (across 52 countries), 82% of the poorest
quintile consume an insufficient amount of fruits and vegetables and 73% of the
wealthiest quintile do the same (Hall et al. 2009). As incomes rise, the consumption
of meat, dairy and ultra-processed foods rises much faster than that of vegetables;
additionally, the purchase of vegetables in some contexts changes little across
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income groups, and hence vegetable consumption is relatively inelastic to income
past a certain level (Ruel et al. 2004), although a greater amount of fruit may be
consumed at higher incomes. With little change in the consumption of vegetables
across income groups in some contexts (Morris and Haddad 2020), affordability is
not the largest driver of consumption for all.

Even if vegetables are available, accessible and affordable, most people still do
not consume large enough quantities (Hall et al. 2009), particularly if they are not
considered an acceptable or desirable food choice, for instance, due to food safety or
contamination concerns, taste preferences, or cultural appropriateness (Aggarwal
et al. 2016; Ha et al. 2020; Hammelman and Hayes-Conroy 2014). Low desirability
of fruits and vegetables is a particular problem among children and adolescents, with
data across 73 countries showing that between 10% and 30% of students do not eat
any vegetables at all in one-quarter of these countries (FAO, IFAD, UNICEF, WFP,
WHO 2019).

4.1 Opportunities for Research and Action

Addressing the affordability of fruits and vegetables is key to creating an environ-
ment where all can access a healthy diet, and affordability can come from a
combination of lower retail prices (through productivity improvements, reduced
post-harvest losses, or increased market efficiency for stable prices) and higher
incomes (from inclusive economic growth and social safety nets) (Hirvonen et al.
2019). Cheap food is not necessarily good for healthy diets, fair livelihoods or
biodiverse environments, so a focus on raising people up through fair wages is
important (Benton et al. 2021). Price subsidies for fruits and vegetables is a policy
option that is popular with the public in some contexts (Niebylski et al. 2015), and
there is evidence that price incentives to make fruits and vegetables more directly
affordable have worked to increase consumption (Swinburn et al. 2019; Olsho et al.
2016). These affordability interventions in contexts where a majority of fruits and
vegetables are purchased can be combined with non-purchase interventions such as
promoting home and community production or the facilitation of foraging where the
context allows (Schreinemachers et al. 2016; Baliki et al. 2019; Powell et al. 2015).

Alongside the ability to afford fruits and vegetables, the challenge is to enhance
consumer choice of and preference for these foods. There is clear evidence that
focusing on education at all levels is a key component for modifying behavioural
changes in general (Alderman and Headey 2017), and nutrition literacy, social norms
for healthy eating, and self-efficacy are key components of health-related
behavioural change (Eker et al. 2019), although we know less in regard to fruits
and vegetables in particular. Nutrition literacy programmes generally target women,
who are custodians of household nutrition in many contexts, but there may also be a
need for community-targeted messages to change social norms (Van den Bold et al.
2013). Promoting traditional or under-utilised vegetables that are familiar was seen
as a key policy option for healthy diets and environmental sustainability among the
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members of an expert opinion Delphi panel (Pedersen et al. 2020), and the latest
generation of food-based dietary guidelines have begun to move in this direction, but
these efforts need to better consider cultural acceptability and may require promo-
tional efforts to increase the willingness of consumers to shift their tastes to new or
forgotten foods (Davis et al. 2021). Food composition data is lacking for many
indigenous species, limiting the opportunity to develop appropriate nutritional
messaging and promote wider use (Stadlmayr et al. 2013; Jansen et al. 2020).

Beyond appeals to public health, better understanding is required of consumers’
preferences and behaviours with respect to these foods and what kinds of incentives
might promote more consumption in different contexts. Strategic placement of fruit
and vegetables in retail outlets is found to have a moderately significant effect on
increasing fruit or vegetable servings (Broers et al. 2017), and early exposure to
fruits and vegetables through schools may shape future preferences for healthier
diets (Schreinemachers et al. 2020b). Marketing is a key factor shaping desirability,
but is consistently applied for ‘hedonic’ (processed) rather than ‘healthy’ (nutrient-
dense) foods (Bublitz and Peracchio 2015). On marketing issues, much is known
about high-income countries (Thomson and Ravia 2011), but less about low- and
middle-income contexts where these approaches (understanding market segments
and speaking to issues of desirability, aspiration, emotion and imagination) can be
adapted for fruits and vegetables (Deo and Monterrosa 2020).

5 Fruit and Vegetable Food Systems: What Next?

The brief review above has laid out evidence on the key food system issues for fruits
and vegetables in healthy diets, and, where available, included evidence on actions
to address these. From this summary, it is clear that we know, on a broad scale, the
structural limitations to fruits and vegetables: global and national challenges of
increasing production and accessing quality growing material shared equitably,
local issues of ensuring affordability, addressing perishability and enabling everyone
everywhere to access fruits and vegetables, and social issues of valuing vegetables
for their role in cuisines and for health. It is also clear that the precise issues and
solutions to these vary by population and according to the food system context, and
that there are multiple potential routes towards solutions that sometimes clash on
ideals. Food system actions to make fruits and vegetables more available, affordable,
accessible and desirable through policy, push and pull mechanisms comprise various
options working at the macro (global and national), meso (institutional, city and
community) and micro (household and individual) levels. Examples of actions from
the review above are laid out in the table below.

It is unlikely that these are all of the options available for orienting food systems
towards fruit- and vegetable-rich diets, but these are the options that appear in
the academic literature, albeit with varying levels of evidence. In addition, there
are two important over-arching considerations when considering action options:
(1) Acknowledging that power shapes food systems, from the concentration of
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economic and political power in a few global agri-food businesses to the
marginalisation of certain groups in societies from accessing healthy diets, so this
needs to be considered in terms of both facilitating inclusive processes for deciding
policies and actions and assessing their equity impacts (Howard 2016; Harris and
Nisbett 2018); and (2) there will be trade-offs among food system outcomes, so
starting with a focus on healthy diets is important, but understanding how food
system decisions then impact fair livelihoods and sustainable environments is
key (Wiebe and Prager 2021). We do not yet know enough to formulate clear actions
that will address these trade-offs, but they need to be acknowledged and openly
debated by those making food system decisions.

Examples of Policy, Push and Pull Actions at Different Levels

Macro (global and Meso (institutional, city and Micro (household and
national) community) individual)
Policy |R&D investment Zoning and marketing regulation Protected foraging
Right to food legisla- Prioritising fruit and vegetables rights
tion (F&V) in institutional food pro- Land rights
Food safety regulation | curement plans
Push | Production subsidies Quality F&V planting material Home & community
Efficiency through (formal and informal systems) gardens
breeding and technol- Pre- and post-harvest practices and
ogy packaging
Support for diverse Improving market access, shorten-
alternative production ing food supply chains
paradigms F&V extension and training
Infrastructure develop- | Support for fresh food outlets
ment
Fair finance access
Pull Price subsidies F&V-rich institutional meals Nutrition literacy cam-
Social safety nets Basic processing for preservation paigns
Food-based dietary Social marketing campaigns School gardens and
guidelines Promotion of traditional F&V learning for shaping
F&V product placement in shops preferences
and canteens

These actions are likely to be foundational to creating change within food systems

towards enabling fruit- and vegetable-rich diets. None of these actions will change
diets when implemented alone, but rather packages of actions need to be assembled
to address particular limitations for fruit and vegetable consumption. These need to
be considered in context, in light of an understanding of food system issues and
bottlenecks limiting healthy diets in different places and for different people. It is
likely that the best way to start is to bring together diverse groups of people
interested in these issues at the different levels, to understand the issues and options
from different perspectives and to prioritise together which actions should be
undertaken first in their own context. This is not easy, given inherent power
disparities among interested parties, but with care and inclusion, a strategy, policy
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or plan can be crafted to move towards enabling fruit and vegetable-rich food
systems.

To guide better action, we need more evidence and understanding. We know a lot
about a small fraction of the fruit and vegetable species of which we are aware, and
very little about the rest. We know that there are disparities in diets in different
contexts, but not how to address the political, social and equity determinants of who
gets to eat fruits and vegetables. We know much about the technical production and
market aspects of fruits and vegetables, but less about bottlenecks in bringing these
to low- and middle-income countries, and we do not know enough about how these
things change with context or over time. Work drawing on different academic
traditions, including valuing traditional and tacit knowledge, is needed to connect
the dots. Food systems that enable fruits and vegetables in healthy diets are not only
a technical issue, but bring up very real political, social and ethical questions that
societies will have to address, alongside a reliance on evidence. Having these
conversations through the lens of equity to address the needs of both winners and
losers within changing food systems will be a vital part of the UNFSS process
towards enabling fruit and vegetable-rich food systems for healthy diets for all.
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