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FOREWORD

by Agn eS Ka | I bata Special Envoy for UN Food Systems Summit

The UNFSS Scientific Group (ScGroup) was
responsible to bear the foremost scientific evidence
to the United Nations 2021 Food Systems Summit
by helping stakeholders and participants to access
shared knowledge about experiences, approaches,
and tools for driving sustainable food systems. Led
by Professor Joachim von Braun and three Vice
Chairs, this committee of twenty-eight experts
from diverse backgrounds around the world, was
mandated from the Deputy Secretary-General of the
United Nations (see ToR here) to deep into their huge
institutional networks to bring forth their expertise,
access progress and make and recommendations on
science-based approaches to achieving SDGs while
clearly bringing out trade-offs associated with Food
System Transformation.

One of the key roles for the ScGroup was to bring to
the summit diverse viewpoints through its networks
of partners from all regions of the world to ensure
inclusion of diversity of frameworks and regions, and
link science-based syntheses with ongoing initiatives
under inter alia, the UN system, the CFS High
Level Panel of Experts, the CGIAR, Science-based
institutions and any other relevant knowledge that
will help advance the quality of evidence for future
food systems. The group has thus held monthly
meeting since July 2020 July 2021, generally in
Rome, or connected via teleconference to determine
approaches and collect views from their networks.
All the presentations and minutes of these key
meetings are available here.

One of the key deliverable is a reference paper
about concepts and definitions of food systems
and determinations of their change entitled “Food
Systems Definition, Concept and Application for the
UN Food Systems Summit” to inform the public and
stakeholders interested in the Food Systems Summit.
A second strategic paper on “Science for
Transformation of Food Systems: Opportunities for
the UN Food Systems Summit” identifies seven
science-driven innovations that must be pursued in
an integrated manner for a successful transformation
of the food systems. It focuses on the key role
of science and research, as they are essential for
innovations that accelerate the transformation to
healthier, more sustainable, equitable, and resilient
food systems.

The third key deliverable is a set of invited Food
Systems Summit Briefs papers in support of the
Summit agenda setting and authored by researchers
in the Partner organizations and members of the
ScGroup. They are structured through the following
6 topics:

VI |

(i) Modelling Food Systems Transformations
(3 briefs)

(i) Science, Technology, and Innovation Actions
(8 briefs)

(iii) Actions for Equity, Inclusiveness and Nutrition
and Health (11 briefs)

(iv) Actions for Sustainable Resource Use and
Foresight (8 briefs)

(v) Investment, Finance, Trade and Governance
actions (3 briefs)

(vi) Actions in Regions and Countries (9 briefs)

Finally, after this 1-year contribution, the ScGroup has
helped to ensure the robustness and independence
of the science underpinning dialogue of food system
policy and investment decisions and to focus on
driving progress towards the SDGs. And it was
agreed that the ScGroup would continue informing
the Summit’s outcomes and clarify science-informed
commitments that will emerge from the Summit for
further implementations at national, regional and
global levels.

The work and contribution of the Scientific group
of the Summit has provided incredible direction on
how we move forward from here. There will always
be need for new evidence, there will always be need
to sharpen the Science /Policy/Action interface and |
am grateful that this gets the steer we need to move
forward a food systems approach to the way we
produce, use and manage food.



INTRODUCTION

by J Oa C h I m VO n B ra U n Chairperson Scientific Group for the UN Food Systems Summit

This Reader reports about the findings of the Scientif-
ic Group of the UN Food Systems Summit (ScGroup)
along with selected briefs prepared by its global part-
ners. The ScGroup is an independent group of lead-
ing researchers and scientists from around the world
with a mandate from the Deputy Secretary-General
of the United Nations 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 underpinning 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.” (see Annex 1 for the Deputy Secretary
General’s Letter of April 13, 2020). These papers and
briefs bring science- and research-based, state-of-
the-art, solution-oriented knowledge and evidence
to inform transformation of the contemporary food
systems to achieve more sustainable, equitable and
resilient food systems. The ScGroup papers included
in this Reader have been peer-reviewed and they
have been further scrutinized by governments, civil
societies, and members of the general public. The
inclusive approach of the ScGroup has resulted in
the various drafts of these papers being distributed
widely.

In addition, the ScGroup brings to the summit diverse
viewpoints through its networks of partners from all
regions of the world who contributed more than
40 briefs (see Annex 2 for complete list). Research
partners of the ScGroup were selected on the basis
of their commitment to rigorous scientific research
and the diversity of their knowledge frameworks
and regional coverage. ScGroup members served as
commentators and reviewers of the partner briefs.
Due to size limitations, only a selection of the Partner
briefs could be included in this Reader; this is not a
reflection on the quality of these submissions.

The Reader is divided into seven sections. While
the volume is organized by themes, the papers and
briefs recognize the interdependence of food, health,
environment systems and emphasize capitalizing on
this interdependence through identifying synergies
to identify innovations — technological, policy, and
institutional -- that can help achieve multiple SDGs.

Section | presents a strategic paper prepared by
the leadership of the ScGroup that identifies seven
science-driven innovations that must be pursued in

an integrated manner for a successful transformation
of the food systems. The paper calls on national and
global policymakers to work hand in hand with the
public- and private-sector scientists, academia, civil
societies, and with grassroots organizations of mar-
ginalized groups including women, and youth. Stra-
tegic propositions in the paper include 1) strengthen-
ing research cooperation between science commu-
nities and Indigenous Peoples knowledge communi-
ties, 2) calling on governments to spend at least 1%
of food systems GDP on food systems science, and 3)
establishing pathways toward strong science - poli-
cy interfaces at national and international levels to
enable evidence-based follow up to action agendas
established at the summit.

Section Il on Food Systems Concepts expounds on
two key concepts that run through the entire volume:
food systems and healthy diets. In the first ScGroup
paper, Food Systems — Definition, Concept and Appli-
cation for the UN Food Systems Summit, the authors
define food systems and elaborate on the mecha-
nisms for its change. The second ScGroup paper,
Healthy Diet: A Definition for the United Nations
Food Systems Summit 2021, suggests approaches for
operationalizing definitions into specific food-based
guidance in varied economic, cultural, and social
contexts.

Section lll deals with Actions on Hunger and Healthy
Diets. In a ScGroup paper, Ensuring Access to Safe
and Nutritious Food for All Through Transformation
of Food Systems, a whole-system approach in policy
and research (ex-post and ex-ante) to address mal-
nutrition, food safety, poverty and inequality, as well
as climate and environmental issues, is recommend-
ed. In another ScGroup paper, Shift to Healthy and
Sustainable Consumption Patterns, various actions
to tackle economic and structural costs, challenges
to political economy, changes to consumer behav-
ior, inequities and social justice are highlighted. In
a Partner brief, Achieving Zero Hunger by 2030- A
Review of Quantitative Assessments of Synergies
and Tradeoffs amongst the UN Sustainable Devel-
opment Goals, modelling exercises identify syner-
gies between SDG2, SDG1 and SDG3 and potential
trade-offs with SDG13 (land for climate), SDG15
(for biodiversity), SDG11 (cities) and SDG6 (water).
Another partner brief on Fruits and vegetables for
healthy diets: Priorities for food system research and
action makes the case for research and policies on
promoting consumption of fruits and vegetables to
improve human health and the environment and for
safeguarding biodiversity.
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Section 1V, Actions for Equity and Resilience in Food
Systems, challenges inequalities within food systems
and puts forward recommendations for more equi-
table food systems. The ScGroup paper, Advance
Equitable Livelihoods, makes a case for rights-based,
contextually relevant, integrated, and inclusive long-
term national and local programs and investments.
Two Partner briefs, A Review of Evidence on Gender
Equality, Women’s Empowerment and Food Systems
and The Future of Small Farms: Innovations for
Inclusive Transformation delineate evidence-based
pathways for the inclusion of two key players within
the food systems that are marginalized; women and
small-holder famers. The ScGroup paper, Building
Resilience to Vulnerabilities, Shocks and Stresses,
presents solutions at multiple scales grounded in the
resilience framework that can allow food systems to
anticipate, prevent, absorb, adapt to or transform
in the face of stresses induced by climate change,
population growth and conflicts. The Partner brief
on Addressing Food Crises in Violent Conflicts empha-
sizes reduction of food insecurity as a pathway to
reduce violent conflicts as well as the reduction of
conflicts as a pathway to not exacerbate food crises,
and emphasizes that People’s rights to food in violent
conflicts needs to be assured.

Section V focusses on Actions for Sustainable
Resource Management in Food Production Systems.
The ScGroup paper on Boost Nature Positive Produc-
tion advances actions and innovations for transform-
ing the current “nature negative” food systems, to
food systems that conserve, protect, and regener-
ate natural resources and the natural environment
including biodiversity. Partner briefs address the
challenges faced by food systems due to climate
change, water scarcity and water pollution in Climate
Change and Food Systems and Water for Food Sys-
tems and Nutrition. The somewhat contentious issue
of the role of livestock production and consumption
in food systems and its health and environmental
(un)sustainability is discussed in the Partner brief
on Livestock and Sustainable Food Systems: Status,
Trends, and Priority Actions. The last Partner brief in
this section importantly deals with aquatic foods and
is titled The Vital Roles of Blue Foods in the Global
Food System.

Section VI discusses Costs, Investments, Finance
and Trade actions needed for the transformation of
food systems through four Partner briefs. Ending Hun-
ger by 2030 — Policy Actions and Costs reviews and
critically appraises the estimated of costs of achieving
SDG2. Financing SGD2 and Ending Hunger provides
financial innovations needed for sustainable invest-
ment for food systems transformation. Trade and
Sustainable Food Systems appraises trade policies that
can complement countries’ policies for ending hunger
and ensuring access to adequate food and nutrition.
True Cost and True Price of Food estimates the exter-
nal costs of food systems on health and environment.
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In the Section VII, Strategic Perspectives and Gover-
nance are presented including One-Health, agroecol-
ogy and bioeconomy approaches with three Partner
briefs; In the age of pandemics, Connecting Food
Systems and Health: a Global One Health Approach;
Pathways to Advance Agroecology for a Successful
Transformation to Sustainable Food Systems; and The
Bioeconomy and Food Systems Transformation. The
last Partner brief in the Reader, The Transition Steps
Needed to Transform Our Food Systems, discusses
the intermediate steps between the current systems
and transformed food systems.

“Science Days” for the UN Food Systems Summit,
was an international conference organized by the
ScGroup and hosted and facilitated by FAO on July
8 and 9™ with more than 40 side events on July
5-7th (see Annex 2). More than 2,000 participants
from research, policy, civil society and industry came
together to examine how to unlock the full potential
of science, technology, and innovation to transform
food systems. They also discussed:

e advancing science-based options for achiev-
ing more healthy diets and more inclusive,
sustainable and resilient food systems;

e putting science to work, especially through
stronger science-policy interfaces, invest-
ments in institutional and human capacity,
and capitalizing on models and data;

e addressing missed opportunities and con-
tentious issues hindering the advancement
of science;

e empowering and engaging key players,
including youth, Indigenous Peoples, food
industry and start-ups, and women;

e pushing the frontiers of science, especially in
bio-science innovations, digital innovations,
and policy and institutional innovations;

e looking ahead to the world in 2030 and
beyond, and prioritizing urgent actions to
achieve Agenda 2030 and the SDGs, espe-
cially SDG2.

The ScGroup finds it of great importance that not
just its own perspectives, but the large diverse body
of research of relevance for the UN Food Systems
Summit, is acknowledged and utilized for shaping
the perspectives of the Summit processes. Therefore
a documentation of particularly important recent
research products and reports has been established
on the website of the ScGroup at https://sc-fss2021.
org/materials/publications-and-reports-of-rele-
vance-for-food-systems-summit/ It is structured by
the food systems concept that was developed be the
ScGroup and along the 5 Action Tracks and contains
hundreds of important entries.

Adopting the structure of “Action Areas” as currently
proposed for the UN Food Systems Summit, which
may frame specific “Coalitions of Actions” to imple-
ment Food Systems Summit proposals, we present




the research material of the Scientific Group and its
Partners matched with these Action Area themes
in table 1 below. This shall facilitate a basis for the
documented scientific evidence base of the Action
Areas, and potential Coalitions, that can be drawn
upon in the follow up to the Summit.

This Reader has been assembled to inform discus-
sions at the UN Food Systems Summit and beyond
on how science can and must contribute to transfor-
mation of food systems. The tremendous support by
the Scientific Group members and its Partners with
many research organizations and experts who volun-
teered to contribute their knowledge and expertise is
gratefully acknowledged.

Not just individual actions, but the UN Food Systems
Summit as a whole must become a game changer. The

1.5 degree global warming goal is equivalent to the
zero hunger by 2030 goal. To get there, accelerated
science investments and the resulting complex set
of innovations need to be one of the priority actions
of the Summit. The undernourished, youth, women,
Indigenous Peoples, and all those marginalized have
the right of agency on all matters of their food sys-
tems.

It was a bold decision by the UN leadership to unleash
a multi-stakeholder process as well as invite an inde-
pendent Scientific Group to mobilize science com-
munities around the world and to advise the Summit
agenda with science-based evidence. The science
communities welcomes that move by the UN, and has
become energized to address the complex food sys-
tems problems with renewed commitment to identify
solutions.

Table 1: Research Reports and Briefs mapped with the UNFSS Areas of Action and Coalitions by the Scientific
Group for the UN Food Systems Summit and Research Partners

(see https://sc-fss2021.org/materials/scientific-group-reports-and-

partly multiple entries as some papers cover several Action Areas)

Scientific Group Reports & Research Partner Briefs

briefs/

Action Area Coalition
Nourish all people within |* Zero Hunger 1.
Planetary Boundaries *  Healthy diets from
Sustainable Food
Systems
e Universal School Meals | 2.
e One Health
e Food is Never Waste 3
4.
5.
6.
7.
8.
9.

Science for Transformation of Food Systems: Opportunities for
the UN Food Systems Summit

Joachim von Braun, Kaosar Afsana, Louise O. Fresco and Moha-
med Hassan

Healthy diet — A definition for the United Nations Food Sys-
tems Summit 2021
Lynnette M Neufeld, Sheryl Hendriks, Marta Hugas

Cost and Affordability of Preparing a Basic Meal around the
World

William A. Masters, Elena M. Martinez, Friederike Greb, Anna
Herforth, Sheryl L. Hendriks

Ensuring Access to Safe and Nutritious Food for All Through
Transformation of Food Systems- A Paper on Action Track 1
Sheryl Hendriks, Jean-Francois Soussana, Martin Cole, Andrew
Kambugu, David Zilberman

Shift to Healthy and Sustainable Consumption Patterns- A
Paper on Action Track 2

Mario Herrero, Marta Hugas, Uma Lele, Aman Wira, Maximo
Torero

Fruits and vegetables for healthy diets: Priorities for food sys-
tem research and action

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

Safeguarding and using fruit and vegetable biodiversity
Maarten van Zonneveld, Gayle M. Volk, M. Ehsan Dulloo, Roe-
land Kindt, Sean Mayes, Marcela Quintero, Dhrupad Choudhury,
Enoch G. Achigan-Dako, Luigi Guarino

In the age of pandemics, connecting food systems and health:
a Global One Health approach

Gebbiena M. Bron, J. Joukje Siebenga, Louise O. Fresco

Reduction of Food Loss and Waste — The Challenges and Con-
clusions for Actions
Joachim von Braun, Marcelo Sanchez Sorondo and Roy Steiner
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Boost Nature Based
Solutions and Produc-
tion

Agroecology and

10.

Boost Nature Positive Production- A Paper on Action Track 3
Elizabeth Hodson, Urs Niggli, Kaoru Kitajima, Rattan Lal, Claudia
Sadoff

The Bioeconomy and Food Systems Transformation
Eduardo Trigo, Hugo Chavarria, Carl Pray, Stuart J. Smyth, Agus-
tin Torroba, Justus Wesseler, David Zilberman, Juan F. Martinez
Safeguarding and using fruit and vegetable biodiversity
Maarten van Zonneveld, Gayle M. Volk, M. Ehsan Dulloo, Roe-
land Kindt, Sean Mayes, Marcela Quintero, Dhrupad Choudhu-
ry, Enoch G. Achigan-Dako, Luigi Guarino

Pathways to Advance Agroecology for a Success-
ful Transformation to Sustainable Food Systems
Urs Niggli, Martijn Sonnevelt, Susanne Kummer

A New Paradigm for Plant Nutrition
Achim Dobermann, Tom Bruulsema, Ismail Cakmak, Bruno
Gerard, Kaushik Majumdar, Michael McLaughlin, Pytrik Reids-
ma, Bernard Vanlauwe, Lini Wollenberg, Fusuo Zhang, Xin Zhang
Water for Food Systems and Nutrition,
Claudia Ringler, Mure Agbonlahor, Kaleab Baye, Jennie Barron,
Mohsin Hafeez, Jan Lundqvist, J.V. Meenakshi, Lyla Mehta, Da-
wit Mekonnen, Franz Rojas-Ortuste, Aliya Tankibayeva, Stefan
Uhlenbrook

Crop Diversity, its Conservation and Use for Bet-
ter Food Systems. The Crop Trust Perspective
Stefan Schmitz, Rodrigo Barrios, Hannes Dempewolf, Luigi Gua-
rino, Charlotte Lusty, Janet Muir

Climate Change and Food Systems
Alisher Mirzabaey, Lennart Olsson, Rachel Bezner Kerr, Prajal
Pradhan, Marta Guadalupe Rivera Ferre, and Hermann Lotze-

Campen
Livestock and sustainable food sys-
tems: Status, trends, and priority actions

Mario Herrero, Daniel Mason-D’Croz, Philip K. Thornton, Jessica
Fanzo, Jonathan Rushton, Cecile Godde, Alexandra Bellows, Ad-
rian de Groot, Jeda Palmer, Jinfeng Chang, Hannah van Zanten,
Barbara Wieland, Fabrice DeClerck, Stella Nordhagen, Margaret
Gill

The Vital Roles of Blue Foods in the Global Food System
Jim Leape, Fiorenza Micheli, Michelle Tigchelaar, Edward H. Alli-
son, Xavier Basurto, Abigail Bennett, Simon R. Bush, Ling Cao,
Beatrice Crona, Fabrice DeClerck, Jessica Fanzo, Jessica A. Ge-
phart, Stefan Gelcich, Christopher D. Golden, Christina C. Hicks,
Avinash Kishore, J. Zachary Koehn, David C. Little, Rosamond L.
Naylor, Elizabeth R. Selig, Rebecca E. Short, U. Rashid Sumaila,
Shakuntala H. Thilsted, Max Troell, Colette C.C. Wabnitz




Advance Equitable
Livelihoods, Decent
Work and Empowe-
red Communities

Decent Work and Living
Incomes

More and Better Jobs for
Youth

Making Food Systems
Work for Women and
Girls

Indigenous Rights and
Traditional Knowledge

Advance Equitable Livelihoods- A Paper on Action Track 4
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Caron, Lisa Sennerby Forsse

A review of evidence on gender equality, women’s empower-
ment, and food systems

Jemimah Njuki, Sarah Eissler, Hazel Malapit, Ruth Meinzen-
Dick, Elizabeth Bryan, and Agnes Quisumbing

Indigenous Peoples’ Food Systems — Characterization, Concept
and Application for the UN Food Systems Summit (Wiphala
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Marginal areas and indigenous people — Priorities for re-
search and action
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sandro Meschinelli, Albert Thembinkosi Modi, Nhamo Nhamo,
Abidemi Olutayo

The Future of Small Farms: Innovations for Inclusive Transfor-
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Xinshen Diao, Thomas Reardon, Adam Kennedy, Ruth S. De-
Fries, Jawoo Koo, Bart Minten, Hiroyuki Takeshima, and Philip
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Build Resilience to
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SUMMARY levels of science investments, and a lack of effective

Food systems at the global level and in many coun-
tries and regions are failing to end hunger, they do not
provide adequate nutritious foods for healthy diets,
they contribute to obesity and do not assure safety of
foods. How we produce and consume food has pro-
found implications for the health of people, animals,
plants, and the planet itself. A change in world views
in support of a range of actions is needed to re-ori-
ent food systems dynamics. A central element of such
change is a much greater emphasis on science for in-
novation to transform food systems towards sustain-
ability and equity.

In this paper, we focus on the key role of science and
research, as they are essential for innovations that ac-
celerate the transformation to healthier, more sustain-
able, equitable, and resilient food systems. The prob-
lems of food systems are to a significant extent due
to long delays between scientific warnings and policy
responses, innovation-stifling regulatory regimes, low
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communication by science communities themselves.
Moreover, inclusive research in many fields of food
systems offers opportunities, where local communi-
ties are co-creators in the research and development
of innovations with scientists who are open to related
collaboration.

Science offers many important contributions to achieve
the Food Systems Summit goals based on the SDGs,
of which we highlight two here: first, science gener-
ates the basic inputs for innovations, i.e. policy and
institutional innovations (incl. social and business in-
novations) as well as technology-based innovations to
catalyze, support, and accelerate food systems trans-
formation; and second, science scrutinizes actions, i.e.
assessing ambitions, targets and actions on pathways
towards reaching them, for instance through quantita-
tive analyses and food systems modeling.

We stress that policy innovations, institutional innova-
tions, and technology innovations are closely connect-



ed and actually need to be pursued in an integrated
approach. Science alone is not a panacea to cure the
diseases of the food system, but without science the
necessary complex innovations will not be forthcom-

ing.

We note the need for systems innovations rather than
only single-issue innovations, and call on the science
communities to commit to enhanced collaboration
among all relevant different disciplines of sciences for
this purpose. This includes recognition of and cooper-
ation with knowledge systems of Indigenous Peoples.
Moreover, science is not naive vis @ vis power rela-
tions, and social sciences explicitly uncover them and
must identify options for innovations that help to over-
come adverse effects.

Drawing on a comprehensive food systems frame-
work, actions for seven science-driven innovations are
elaborated in this paper, each with some concrete ex-
amples:

1. Innovations to end hunger and increase the avail-
ability and affordability of healthy diets and nutri-
tious foods: this bundle partly draws on the six
science and innovation actions below.

2. Innovations to de-risk food systems and strength-
en resilience, in particular for negative emission
farming and drawing on both advanced science as
well as traditional food system knowledge.

3. Innovationsto overcome inefficientand unfairland,
credit, labor, and natural resource use arrange-
ments, and facilitate the inclusion, empowerment
and rights of women and youth, and Indigenous
Peoples.

4. Bio-science and digital innovations for improving
people’s health, enhancing systems’ productivity,
and restoring ecological well-being.

5. Innovations to keep —and where needed, regener-
ate — productive soils, water and landscapes, and
protect diversity of the agricultural genetic base
and biodiversity.

6. Innovations for sustainable fisheries, aquaculture,
and protection of coastal areas and oceans.

7. Engineering and digital innovations for the effi-
ciency and inclusiveness of food systems and the
empowerment of youth and rural communities.

These innovations and their related goal-oriented ac-
tions do not exist in silos; rather, there are synergies
and trade-offs between them that must be consid-
ered to maximize the system-wide effectiveness and
efficiency of proposed innovations and actions while
ensuring equity and sustainability.

Fundamental conditions essential to enable and
leverage food systems transformation to achieve the
objectives include peace and security, and related
diplomatic and security policies guided by the human-
itarian-peace-development nexus, the full inclusion of
marginalized and vulnerable populations, gender equi-
ty, sound governance at all levels from the communi-
ty to local, national and international, and supportive
global and national policies for public goods, such as
climate policies and trade regimes.

Food systems transformations require private and
public investments at scale, which means that there
is an important role for innovation in financing. As a
key food systems science policy target, we propose
that governments allocate at least 1% of their food sys-
tems-related GDP to food systems science and inno-
vation, with the perspective of exceeding that target.
Least developed countries (LDCs) should be assisted in
reaching this target quickly.

Investments in capacity for science and innovation
need to expand, with more attention to strengthening
local research capacities, developing more inclusive,
transparent, and equitable science partnerships, pro-
moting international research cooperation and ad-
dressing intellectual property rights issues where they
hinder innovations that can serve food and nutrition
security, food safety, and sustainability goals.

Food systems science and food systems policy need
a stronger framework for constructive and evi-
dence-based interaction for moving ahead, not only
for the Food Systems Summit 2021 but for its follow-up
and in the long term. In contrast to the other subjects
of global concern that were agreed upon at the Earth
Summit in Rio in 1992, agriculture, food, and nutrition
do not have an international agreement or convention
to consolidate actions as for climate, biodiversity and
desertification. The time has come to consider such a
set of agreements and mechanisms. The UNFSS may
wish to consider exploring a pathway towards a treaty
on food systems. This should include innovation and
strengthening the science-policy interfaces at the lo-
cal, national and international levels where these in-
terfaces are connected and can be served with strong,
trusted, and independent voices for science-informed
and evidence-based food systems actions. We call
upon governments and UN agencies to initiate a pro-
cess to explore options — existing as well as new —for a
strengthened global science-policy interface for a sus-
tainable food system. As such, this could be a concrete
outcome of the UNFSS.



1. 0BJECTIVES OF THE PAPER

Science offers many important contributions to the
Food Systems Summit, two of which we highlight here.
First, science has an intrinsic role in generating new in-
sights and the basis for new technologies and policy
and institutional innovations (incl. social and business
innovations). These are critical to catalyze, support,
and accelerate food systems transformation to achieve
the Food Systems Summit goals based on the SDGs.
Second, science serves the Food Systems Summit’s
policy-makers to identify ambitious targets and actions
for pathways towards reaching them, for instance by
guantitative and qualitative analyses and food systems
modeling. This paper aims to address both of these
contributions of science.

We note that science is not a panacea for the neces-
sary food systems innovations towards a sustainable
system. Like other actions, science can even have
negative external effects, to be prevented by ethics
and public policy. Nonetheless, without accelerated
interdisciplinary food systems science, the necessary
innovations for a sustainable food system will not be
achieved. Science and innovation are critical for achiev-
ing food systems that serve people and the planet.

The Food Systems Summit is the opportunity to ad-
dress and resolve food system problems and failures.
The aim of the Food Systems Summit is to help coun-
tries and stakeholders to maximize the co-benefits of
a food systems approach across the entire 2030 SDG
Agenda and address the challenges of climate change,
soil degradation, and biodiversity loss. Action agendas
defined in the Summit processes need to be evidence
based.

It is not the purpose of this paper to develop an ac-
tion agenda for the Summit, but rather to highlight
the critical roles of science in a transformative agenda.
This paper draws on the wealth of information gen-
erated by food systems-related science communities,
including new syntheses by the Scientific Group and
its research partners and many others (see referenc-
es in the annex and end notes). In particular, we draw
attention to the comprehensive contribution to knowl-
edge about sustainable food systems by Indigenous
Peoples* and the opportunities of mutual learning be-
tween traditional- and experience-based knowledge
and science for innovation.
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2. FRAMING THE FOOD SYSTEMS CONTEXT
AND CONCEPTS

Food systems at the global level and in many coun-
tries and regions are failing to end hunger, provide
adequate nutritious foods for healthy diets, or deliver
safe foods. Between 720 million and 811 million peo-
ple face hunger and are undernourished — that is every
tenth person — 150 million children under five years of
age are stunted (short for their age), and two billion
people are overweight or obese. These numbers have
been high and/or growing for a number of years now,
and with COVID-19 disproportionately impacting poor
and food-insecure populations, they are continuing to
rise with an estimated 118 million more people facing
hunger in 2020 than in 2019.%% About 600 million peo-
ple fall ill each year due to the consumption of con-
taminated or unsafe foods.* We are losing ground on
the progress that we have already made, and we face
the prospect of severely compromising the achieve-
ment of the SDGs and the 2030 Agenda.

Besides escalating hunger and all forms of malnu-
trition (micronutrient deficiencies, underweight,
overweight/obesity and related NCDs), poverty and
inequalities between and within countries are wide-
spread and becoming entrenched. For many people,
engaging in activities in the food system would seem
to offer the most viable opportunities to escape pov-
erty, yet they are being left out of earning their fair
share of the benefits from engaging in food systems,
and are condemned to jobs that do not provide livable
wages and decent working conditions and livelihoods.
Fundamental human rights to food, health, safe water
and sanitation, and education continue to be violated.
Ending poverty and gross inequalities remains essen-
tial for achieving the SDGs.

Food systems relate to the three basic dimensions of
sustainability: social, economic, and environmental.®
Many food systems are based on production and dis-
tribution systems that are simply not sustainable. Sci-
entific assessments indicate that many aspects of cur-
rent food production systems drive the degradation of
land and soil, water, and climate, as well as biodiversity
loss.®’ Climate change is increasingly adversely impact-
ing food security. The global food system emits about
30% of global greenhouse gases, contributes to 80%
of tropical deforestation, and is a main driver of soil
degradation® and desertification, water scarcity, and
biodiversity decline. Climate change along with soil
and environmental degradation are partly caused by
— and have negative impacts — on the food system. It



is very clear that how we produce and consume food
has profound implications for the health of people,
animals, plants, and the planet itself.’

The Food Systems Summit is taking place in the midst
of the COVID-19 pandemic, which has revealed the
close intertwining of food, ecological, and health sys-
tems.'® The pandemic is having a significant impact on
the global commodity markets and trading systems,
economic growth, incomes, and poverty levels, with
disproportionate burdens on vulnerable communities

in both urban!! and rural areas. This is likely to wors-
en inequalities and undernutrition, including child un-
dernutrition, which can have life-long consequences.
Modeling projects that COVID-19 could result in an
additional 9.3 million children wasted (low weight for
height) and 2.6 million children stunted (low height
for age) by 2022.22 COVID-19 further increases food in-
security and poverty, which may become much more
serious if comprehensive policy responses — especial-
ly equal global vaccination coverage — are not imple-
mented in a timely, and evidence-based manner.2®

Box: Conceptualizing Food Systems*

“Food systems embrace the entire range of actors and their interlinked value-adding activities involved in the produc-
tion, aggregation, processing, distribution, consumption, and disposal (loss or waste) of food products that originate
from agriculture (including livestock), forestry, fisheries, and food industries, and the broader economic, societal, and
natural environments in which they are embedded...”. “A sustainable food system is one that contributes to food security
and nutrition for all in such a way that the economic, social, cultural, and environmental bases to generate food security
and nutrition for future generations are safeguarded”. Its sustainability is not to be realized internally and in isolation
with the food systems serving humanity, but depends upon its relationships with nature and ecological systems of which
humankind is a part, with its destructive impacts that need to be overcome by food systems transformations.

Food systems are connected to other systems such as health, ecology and climate, economy and governance, and sci-
ence and innovation (see Figure 1). A conceptual framework of food and nutrition systems should capture the delivery of
health and well-being while being embedded in the transformation towards a sustainable circular bio-economy. Science
and innovation impact the functioning of the system as a whole and within its building blocks and the interconnections
among them.

Figure 1 Food systems conceptual framework
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An integrated approach with which Indigenous Peoples look at food systems and the elements that compose
them, weaves the different elements into systemic practices, generate foods while preserving biodiversity.*



Science needs to explore the root causes of emerg-
ing zoonotic diseases, and closely engage with policy
innovations, including related to land use and animal
production. Going forward, it is abundantly clear that
more attention will need to be paid to how to make
food systems more resilient to health shocks and
pandemics, associated economic shocks and slow-
downs, and violent conflicts and other crises, just as
more attention is being now paid to how to make food
systems more resilient to extreme weather events and
other stressors induced by the changing climate.' This
will require integrated approaches that create greater
synergy across government efforts to deal with health
and other social services as well as food system fail-
ures in rural areas and other marginal communities.*®

The changing state of the art of science and innova-
tion and the important lessons that they offer for food
systems transformation need to be recognized. As
noted earlier, science has at least two important roles
for food systems: first, science generates new break-
throughs that can become innovations in food systems
(e.g. genomics, plant nutrition, animal production and
health, bio-sciences, earth sciences, social sciences,
remote sensing, Al and robotics, digitization, remote
sensing, big data, health and nutrition science, be-
havioral research, etc.); and second, science helps to
inform and shape decisions, investments, policies and
institutions and it can also be involved in the design,
implementation and monitoring of action to learn and
draw lessons for impact at scale.” This also includes
science that focuses on knowledge gaps, risks, uncer-
tainties, and controversies. Many approaches from
discovery research to implementation research and
including both primary research and modeling tech-
niques can contribute valuable evidence.

3. OPPORTUNITIES FOR SCIENCE AND INNOVATION TO
ACHIEVE THE FOOD SYSTEMS SUMMIT GOALS

Science and research are fundamental drivers of in-
novation. All three — science, research, and innova-
tion — are essential to accelerate the transformation
to healthier, more sustainable, equitable, and resilient
food systems.® To enable the full inclusion of poor
and marginalized populations — including smallhold-
er communities!® — in the process of and benefit from
food systems transformation, investments in technol-
ogy-based innovations must be accompanied by insti-
tutional innovations (incl. social, business and policy
innovations), underpinned by science: basic sciences
and applied sciences, natural sciences and social sci-
ences. The Scientific Group underlines not only its re-
spect for Indigenous Peoples! knowledge systems but
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recommends investing more in programs exploring
mutual learning and innovation across traditional and
modern knowledge and science systems considering
both on an equal footing. This may include document-
ing this knowledge and jointly studying it scientifically.

The Scientific Group highlights the need for systems
innovations rather than only single-issue innovations,
and calls for enhanced collaboration between and
among different disciplines of sciences for this pur-
pose. The Scientific Group suggests a focus on seven
science-driven innovations to catalyze, support, and
accelerate food systems transformation to achieve the
Food Systems Summit goals and thereby the SDGs and
SDG2 in particular. These innovations emerge from
our conceptual framework and the building blocks
and linkages therein (see Box). We hasten to empha-
size that technology-based innovations and policy and
institutional innovations are in synergy among each
other: in other words, many technology-based inno-
vations need policy and institutional innovations to
fully realize their potential (for instance, innovative fi-
nancing mechanisms), and similarly many policy and
institutional innovations need technology-based inno-
vations to be properly implemented and monitored
(for instance, information systems). Further, in many
instances, food systems innovations must be place-
based, adapted to the local contexts and capacities.
We provide examples of science-based innovations in
the seven action areas below, identifiable in cursive
format. Alignment of technological change with sus-
tainability concerns certainly requires attention and
joint engagement by researchers from all areas of the
food systems-related sciences (including social scienc-
es) guiding innovation arrangements.

3.1. Innovations to end hunger and increase the
availability and affordability of healthy diets
and nutritious foods.

More than 3 billion people cannot afford healthy diets,

and more than 1.5 billion people cannot even afford

a diet that only meets the required levels of essential

nutrients.>?® The contribution of science and innova-

tion here relates to identifying optimal context-spe-
cific investment opportunities and their implementa-
tion. Broadly speaking, the investment opportunities
include productivity enhancement, people’s skills and
empowerment, agricultural research, social protection,
nutrition programs, etc.?! Policy innovations are need-
ed to repurpose subsidies towards related supportive
investments that facilitate a sustainable food system.??

Food is undervalued. The value of food from a cultur-
al, social and economic perspective needs revisiting.



An important role of science here is also to identify
their indirect effects, while efforts must be made to
embrace the true value of food.? External costs asso-
ciated with climate change,* biodiversity loss, and ad-
verse health effects need to be considered. True cost
accounting approaches are to be pursued in the whole
food system, and related capacities built up in the cor-
porate and public sectors. Capacities for internalizing
such externalities are limited.! Cautious approaches
are warranted to develop price and non-price instru-
ments, including regulatory-based instruments, to
help deal with such externalities. Fostering positive
externalities of the food systems such as by carbon
farming and biodiversity-enhancing land use should be
considered and tested where justified.”® Nonetheless,
if food prices were to reflect true costs, food healthy
diets may become unaffordable for low-income con-
sumers, and social safety nets would need to be put
in place.

Healthy diet concepts benefit from a stronger science
basis.?® Measures that incentivize the production and
market supply of fruits and vegetables and related in-
novations enhance consumption and can increase the
income of small holders.?” However, rising incomes of
consumers do not automatically lead to the increasing
consumption of healthy diets: even when accessibility
and affordability are not constraints, the consumption
of healthy diets is not assured as people may still not
change their consumption behavior. Approaches to
create demand for healthy diets and nutrition must be
explored. At the same time, we have to be careful not
to put all of the blame for poor nutrition on consum-
er behavior.?® Considerably more science is needed to
understand the drivers in the processing, marketing
and food environments. Science-intensive and prom-
ising opportunities such as scaling up sustainable cold
chain technology to make perishable foods (especial-
ly vegetables and fruits; potatoes) more available and
affordable?® and at the same time reducing food loss
and waste must be pursued, along with complementa-
ry investments in infrastructure to reduce transporta-
tion and other related costs and thereby reduce food
prices.*

Nutrition science — like all science — is conflicted and
much of our real understanding of these nutrition is-
sues is only starting to emerge. More research is need-
ed to identify the most adequate healthy diets and

their affordability and environmental sustainability
across different contexts.3! Dietary targets elaborat-
ed by the World Health Organization (WHO) — such as
those related to adequate fruits and vegetable con-
sumption, sweeteners, etc. —should be considered ac-
cordingly. A potentially very significant contribution to
deepened insights in health aspects of diets is the “Pe-
riodic Table of Food Initiative (PTFI)”, a global effort to
create a public database of the bio-chemical composi-
tion and function of the food that we eat using the lat-
est mass spectrometry technologies and bioinformat-
ics.3 If further combined with micro-biome science of
human nutrition,® the perspectives on healthy diets
may further be shifting and related health and infor-
mation actions can become more concrete, including
for the prevention of obesity.

We need to better understand how to design and im-
plement policies that enable healthy food environ-
ments, especially for children, such as through taxes
on foods whose excessive consumption should be
avoided, limitations on advertisements of unhealthy
foods, information by educational food labeling, pro-
hibition of trans-fats, and regulation of the use of
high-fructose corn syrup. Sound implementation of
nutrition education is likewise required. Information
about health properties from industrial fortification
and biofortification of certain foods should also be
considered.?*?2 Research on the costs of action versus
no-action regarding the key drivers of diets and food
systems change and the impact of these changes is re-
quired for effective decision-making.

3.2. Innovations to de-risk food systems and
strengthen resilience, in particular for
negative emission farming and drawing on
both advanced science as well as traditional
food system knowledge.?*

As food systems become more global, dynamic, and
complex, they also become more vulnerable to new,
challenging, and systemic risks, as evidenced by the
food price crisis in 2008, the ongoing COVID-19 pan-
demic,®* and in armed conflicts.’” The implementa-
tion experiences of triple nexus approaches of the
humanitarian-peace-development nexus should be
accompanied with evidence-seeking social science.®®
Science-based responses to catastrophes require pre-
paredness. The capacity to understand, monitor, an-

1 It should be noted that lower food prices — if they come about in the short term — might have adverse income effects for producers, and discourage them
from investing to protect the ecosystem, especially if ecosystem services related to food systems are not incentivized, but more relevant is the avoidance of
extreme price volatility, because that reduces incentives to invest and hurts farm households.



alyze, and communicate vulnerabilities, crises, and
risks must be strengthened.* Opportunities to expand
and improve food security forecasting and monitoring
with web-based approaches must be seized. Local me-
teorological capacities must be expanded as accurate
weather forecasting is of critical importance to farm-
ing communities. De-risking food systems by solar
powered small-scale irrigation and affordable smart
phones with location-specific soil and weather data
are concrete innovations that can be scaled.

Food prices currently show fast upward movements,
and increased volatility. Such tendencies on top of the
income losses due to COVID-19 add to food security
dangers for the poor. Care must be taken to avoid er-
ratic policies, especially trade policies. While strategic
food reserves can play a role in ensuring resilience to
supply shocks, open rule-based trade — both interna-
tional and interregional — can provide a more econom-
ical option for dealing with localized extreme weather
events. Ensuring free and rule-based open food trade
will require a rejuvenation of multilateral trade negoti-
ations. In addition, to avoid panic-induced world price
spikes, transparent information on production, stocks
and government interventions around the world are
critical and must be made widely available. The Agri-
cultural Market Information System (AMIS) is an im-
portant step in this direction.*

Climate change is the defining issue of our time.** Agri-
culture as well as forestry and related land use change
are the single largest drivers of multiple environmental
pressures, and major contributors to greenhouse gas
emissions. While they are part of the overall climate
change problems, they must also be part of the solu-
tions. Good resource management practices for soil
and water that contribute to promoting sustainable
food systems must be rewarded, with payments for
ecosystem services as an option.*? In some countries,
there is a need to reduce the over-use of chemical fer-
tilizers that leads to a large environmental pollution
and climate change. Boosting nature-based solutions*
and nature-positive production calls for transforming
soil management, farm input use, agronomy,** and
livestock and aquatic food systems in ways to sustain-
ably boost production to meet current and future food
demands, protecting and using biodiversity through
biophysical and ecological practices,* rapid reduction
of the use of pesticides in intensive crop production,
of antibiotics and steroids, and protecting the agricul-
ture- and forest-related genetic base.*® Of critical im-
portance in this context is the rapid reduction of the
use of antibiotics and steroids in livestock and aquatic
food production systems. Greater emphasis must also
be given to the development of green technologies
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that deploy ecologically suitable trees and indigenous
perennial species to boost nature-positive production,
and the reduction of large monocultures.*” Similarly,
organic fertilizers and bio-stimulants from land and
marine sources that can replace chemical fertilizers in
promoting soil plant growth and increasing yields can
be further explored.*®* Novel insurance products and
efficient social protection programs that include job
creation and a variety of nutrition programs including
school-feeding programs strengthen resilience.*

Future scientific and technological developments can
increase the portfolio of bioproducts developed from
local biodiversity, in keeping with a circular bio-econ-
omy approach.*® Accelerating the reduction of food
waste and loss calls for developing food processing,
refrigeration, storage and warehouse technologies.>*
It also calls for modifying consumption behaviors,
lifestyle choices, and the perverse incentive to buy
much more than needed. Moving quickly towards
climate-positive and climate-resilient food systems
should employ carbon pricing at appropriately high
levels and incentives for technologies that facilitate
adaptation and mitigation.?? Initiatives for carbon
farming (growing carbon in soil and trees as a tradable
commodity) and related payment schemes should be
explored. Climate finance for adaptation has import-
ant ecological opportunities in the food system and
is also pro-poor. It only currently accounts for a very
small proportion of climate finance, which needs to
increase.>

Food systems need to become more prepared for and
resilient not only to extreme weather events and cli-
mate shocks, but to market and inflationary shocks,
health shocks, natural disaster shocks, political/gov-
ernance shocks, cyber shocks, and other emerging
shocks. The characteristics, scale and impact of risks
continue to evolve,* and food-related crises are rising
in likelihood and severity. Science also has a growing
role in developing a common language to converge
multiple knowledge systems and shared goals under
emerging risks and uncertainties and how to prepare
for and manage them.

Rigorous implementation research is needed to
strengthen the fit-to-context design and delivery of
such programs and thereby strengthen the resilience
of chronically vulnerable communities and their food
systems.



3.3. Innovations to overcome inefficient and
unfair land, credit, labor, and natural resource
use arrangements, and facilitate the inclusion,
empowerment and rights of women and
youth and Indigenous Peoples.?

Poverty and hunger are interlinked and reducing ex-
treme poverty directly impacts the elimination of hun-
ger and malnutrition. Among the effective ways to sus-
tainably eradicate poverty and inequality is boosting
the opportunities and capacities of the poor and those
living in situations of vulnerability, through ensuring
more equitable access to resources, i.e. to natural re-
sources and economic assets. Providing and protecting
land rights of smallholders — especially female small-
holders, and Indigenous Peoples — is critical in this
context, as is overcoming exploitative share tenancy.
Inclusive approaches are more possible, affordable
and controllable through block chain ledgers of land
ownership and credit.

Ensuring decent work is a key area and calls for regu-
lation and value chain transparency. The potential for
significantly expanding green jobs within food systems
must be vigorously pursued. Pro-poor asset sharing in-
vestments and programs that empower poor people
to build their asset base offer promise. Nonetheless,
eliminating poverty alone does not make healthy di-
ets affordable for all. Changing food systems need to
ensure that people with low incomes can access a
healthy diet by enabling them to earn living wages and
have access to social safety nets.

The roles of women are very important for productive,
healthy and sustainable food systems.** Many food
systems are unequal or breed inequalities through
land and other asset ownership and market power re-
lationships, whereby power imbalances are a common
phenomenon. Besides gender inequalities, overall
inequalities across classes, regions, rural-urban con-
texts, and social groups also influence whether food
systems will transform to be healthier, more sustain-
able, and equitable. Women’s voices in policy-making
— being cognizant of the needs and wants of women
and societal norms and issues — is critical.

The situation of the youth as well as the elderly de-
serves particular attention. Key innovations include
policies to transform land tenure in equitable ways,
provide more and better education investments that
enable and empower youth and women and allow
them unfettered access to knowledge and information,
facilitate job training and education programs, provide
affordable financial services, and include youth more
fully and meaningfully in policy-making processes.
Vocational training with multi-facetted curricula rele-

vant for rural economic space and food systems are
to be scaled up. Youth have the right and responsibil-
ity to learn about food systems dynamics and to be
fully engaged in opportunities to transform the food
systems that they will inherit. The inclusive transfor-
mation of smallholder farming will be imperative for
youth. Smallholders are not a homogenous group, and
transformation of the small farm economy around the
world will call for different policies to address the het-
erogeneity of smallholders.

3.4. Bio-science and related digital innovations for
people’s health, food systems’ productivity,>*
and ecological well-being.***

Specific science opportunities for innovations here in-
clude genetic engineering, genome editing, alternative
protein (including more plant-based and insect-de-
rived protein) sources*® and essential micronutrient
sources, cell factories, microbiome and soil and plant
health technologies, plant nutrition technologies,*
animal production and health technologies. These ad-
vances in science and technology have great potential
to meet food system challenges such as restoring soil
health and functionality,*® improving the resource ef-
ficiency of cropping systems®, breeding orphan and
underserved crops,®® and re-carbonization of the ter-
restrial biosphere. Modern plant breeding techniques
that allow plants to capture nitrogen from the air re-
duce the need for fertilizers and improve nutritional
qualities.

However, it must not be neglected that there are po-
tential risks associated with science-based innovations
that need to be considered within the science systems
and with societal dialogues through transparency, eth-
ical standards and reviews, biosafety measures, and
— where needed — with regulatory policies. Adopting
the One Health approach, i.e. the health of soil, plants,
animals, people, ecosystems and planetary processes,
being one and indivisible, would make an important
contribution.®!

Translating bio-science innovations into reality does
not happen automatically: property rights, skills, and
data are key for the translation and management of
scientific innovations in practice.®> However, bio-sci-
ences increasingly benefit from digital innovations
and artificial intelligence.®®* Nonetheless, these tech-
nologies sometimes run the risk of exclusion through
the creation of monopolies that need to be prevent-
ed by anti-trust regulations. Hence, innovations in
governance structures are needed to ensure that
access to bio-science and digital technologies is not
hindered. Furthermore, developing these bio-science
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and digital innovations and ensuring that they — es-
pecially the potentially controversial technologies —
contribute to sustainability is not sufficient; rather, it
will be important to adapt them to local conditions,
make them accessible and affordable to farmers, es-
pecially smallholders, and use them to enhance local
and traditional knowledge. It will also be important
to have open information sharing so that users are
aware of the opportunities, costs and benefits of new
innovations and able to better use the available tech-
nology and implement innovations.® To ensure that
poor communities are not left behind, governments
of countries in the global South need to invest in the
creation of capacities and expertise to develop and
utilize bio-sciences and digital technologies and re-
ceive support for that from development partners. It
is important that Indigenous Peoples and local people
in general receive the benefits of their interactions
and information sharing with scientists that result in
innovations.

3.5. Innovations to keep — and where needed,
regenerate — productive soils, land and water,
and protect the agricultural genetic base and
biodiversity.

One-third of global land area is degraded.®® Soil deg-
radation is being exacerbated by climate change along
with land mis-use and soil mismanagement.®® Water
is becoming increasingly scarce and polluted.®” Eco-
systems services of land, forests, and water cycles are
being undermined.®® Technology-based innovations
are needed to support sustainable soil, agricultural,
and water management, protect natural resources
from degradation and restore degraded resources,
and maintain and even increase biodiversity in agricul-
tural settings.%®’° This underlines the need to advance
knowledge in plant genetic diversity and microbial di-
versity, taking local climate variability into account.”
Harnessing soil microbes to add to depleted soils to
improve structure, carbon capture and yields are
promising innovation opportunities. The use of mod-
ern hand-held digital devices for in-field measurement
of soil carbon and remote sensing measurement of soil
carbon can become significant opportunities for both
climate policy and productive plant nutrient manage-
ment. These examples highlight the interconnected-
ness of technological and policy innovations, because
the technologies can facilitate the increased feasibility
of payments for ecosystems services.

Similarly, agro-ecology and other regenerative practic-
es for resilient landscapes at scale promise opportuni-
ties. They need long-term accompanying science. An
integrated approach for sustainable soil management
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should be considered and incentivized. Locally-adapt-
ed sustainable intensification of existing agricultural
systems is also needed.”

Primary forests are over-exploited, including due to the
non-sustainable expansion of agriculture. Innovations
in agroforestry with trees and bushes and in landscape
contexts can contribute to large-scale productive land
use combined with ecological and climate-positive
ecosystems services.”> Wild foods (e.g. berries and
fruits) are important for food security and nutrition
for both smallholder farmers and Indigenous Peoples.
Traditional food and forest systems — including Indige-
nous Peoples’ food systems — need to be better under-
stood and protected, when designing policies.”

3.6. Innovations for sustainable fisheries,
aquaculture, and protection of coastal areas
and oceans.

There is a tendency to think of food systems as ter-
restrial systems only. Given the tremendous current
and future potential of wild and farmed seafood and
seaweed to help assure healthy diets, it is critical to
broaden the understanding of food systems to more
fully include the aquatic food systems.’®

Institutional innovations are needed to overcome
the mis-use of oceans as commons. We are ap-
proaching tipping points in harvesting from nature,
and unless we stop treating the oceans as commons
that can be exploited for perpetuity, we will accel-
erate species extinction among other irreversible
changes. Ecological science perspectives and global
cooperation and institutions are needed to bring the
harvesting of oceans to sustainable levels and pro-
tect biodiversity.

Science-based innovations for sustainable aquatic
foods that protect, and harness oceans and coastal
areas can play a growing role in reducing hunger and
malnutrition and building healthy, nature-positive and
resilient food systems.”” Innovations must support
aquatic foods “to increase nutritional diversity, re-
duce waste, address environmental change and man-
agement failures, improve livelihoods of fishing and
coastal communities, and capitalize on opportunities
to sequester carbon in the marine environment”.’®
Of critical importance are innovations in fish feeding
systems: using insect rearing and oil rich modified le-
gumes as fish feed in improved aquaculture to avoid
depletion of oceans can become options. Enhancing
the use of organisms of lower trophic levels for human
consumption, e.g. micro-algae and seaweed can also
evolve as foods.



3.7. Engineering and digital innovations for
efficiency and inclusiveness of food systems
and empowerment of the youth and rural
communities.

Digital innovations and engineering that hold much
promise to make food systems more efficient, produc-
tive, and sustainable are touching on all components
of food systems. Examples include artificial intelli-
gence, big data analysis, remote sensing, and robot-
ics,” mechanization, sub-surface drip irrigation with
conservation agriculture, precision agriculture, vertical
farming, indoor farming, and digitized food process-
ing.2’ The use of sensors to monitor origin and quality
of products and ingredients all along the food chains
to reduce losses, guarantee safety and reduce unnec-
essary “in-transparencies”.

Some of the ways in which digital innovations can be
put to work to optimize agricultural production pro-
cesses include using drones and advanced analysis of
image data to identify pests and diseases in real time.
With improved access to biotic (pests and diseases) or
physical (meteorological, SAT early warning systems)
information and remote sensing, producers can use
their mobile phones to strengthen their agricultural
practices and make better use of inputs and resources.

Digitization in the food system is not necessarily enhanc-
ing equity, and it may even benefit large-scale farming
and processing at the expense of smallholder farming.
Thus, appropriate governance structures are needed
to ensure that access to digital technologies is not hin-
dered and that data collected from smallholders are ap-
propriately protected so that smallholders are not “da-
ta-exploited”. Inequitable access to digital technologies
could significantly impede the transition to equitable
food systems. Easing information access for women is
particularly important. Strengthening the e-commerce
ecosystem could transform rural livelihoods, providing
platforms to reach the last-mile households and better
connect them to the wider economy.

The growing role of digital innovations in science and
technology processes that serve bio-chemical scienc-
es and engineering of relevance for food systems is
also noteworthy. It is of note that digitization itself fa-
cilitates decentralized organization of science and re-
search producing technological, policy and institution-
al innovations that are context-specific, and thereby it
offers extraordinary new opportunities to re-organize
how science is undertaken, delivered, and used in par-
ticipatory ways.

Further development to make digital technologies af-
fordable and accessible for small- and medium-sized

farmers is essential to avoid even further reducing
their competitiveness.! In this context, revisiting and
reinvigorating agricultural extension services with dig-
ital options is called for. Attention to employment ef-
fects is also called for, as well as attention to ethical
considerations of data use and data ownership. Invest-
ments are also needed to scale up universal access to
digital technologies and key infrastructure, in partic-
ular access to rural electrification, wherever possible
based on renewable energy sources.

4. MODELING SYNERGIES AND TRADE-OFFS BETWEEN
ACTIONS IN FOOD SYSTEMS

The sets of innovations and actions mentioned above
are connected, and there are synergies and trade-
offs among them. Understanding these synergies and
trade-offs is critical in maximizing the effectiveness of
innovations and actions. A convincing game-changing
action in one food systems domain may cause adverse
effects in another domain. For example, a fertilizer
subsidy that increases income and reduces hunger
may have an adverse environmental effect if this leads
to excessive nitrogen use. To avoid such unintended
consequences, food systems modeling is essential.

Furthermore, food systems do not operate in isolation.
Innovations go beyond food systems and are connected
to transformations in health systems (“One Health”),
energy and environment systems (climate), economic
systems (trade), and evolving science and knowledge
systems. Strengthening the interactions among scien-
tists specializing in food systems, health, climate, and
energy will make it possible to generate the required
expertise. Furthermore, researchers and users of re-
search need to work together to increase the chances
of achieving food systems-related SDGs. Supporting lo-
cal innovations, creating knowledge, participatory sci-
ence, and living labs should be explored at scale.

A recent review of the advanced quantitative global
modeling found strong synergies between SDG2 and
other related SDGs. These synergies and trade-offs
are illustrated in Figure 2. In particular, SDG1 (no pov-
erty) is central for food security and can unlock many
additional benefits across the SDGs. SDG2 is closely
integrated with SDG3 (good health and well-being)
due to the close link between malnutrition and ma-
ternal and child health, as well as deaths associated
with poor diet. Other socioeconomic SDGs — includ-
ing SDG4 (education), SDG5 (gender equality), SDG8
(decent work and economic growth), SDG10 (reduced
inequality), SDG11 (sustainable cities and communi-
ties), SDG16 (peace, justice and strong institutions),
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SCIENCE AND INNOVATIONS FOR FOOD SYSTEMS TRANSFORMATIONS

Figure 2 Key transformations implemented in global analyses and their typical impact for relevant indicators (Valin et al., 2021)
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and SDG17 (partnership) — are key enablers for SDG2.
These potential synergies merit greater attention for
accelerating food systems transformation.

The importance of trade-offs must also be recognized.
Agricultural production substantially contributes to
global warming, nutrient pollution, degradation of
water quantity and quality, biodiversity loss, and soil
degradation. Climate action (SDG13) requires curtail-
ing greenhouse gas-intensive products (meat, dairy,
rice). Achieving biodiversity on land (SDG15) requires
limiting deforestation associated with agriculture ex-
pansion and establishing new conservation areas.
Achieving environmental water flows (SDG6) requires
reducing water withdrawal for irrigation. Quantitative
assessments show more efficient production systems
and technologies and pricing of externalities. Addi-
tionally, integrated resource management can mitigate
some of these trade-offs, although they are unlikely to
succeed in addressing them altogether.

Forward-looking analyses indicate that to achieve the
SDG2 targets and other goals, deeper transformation
of food systems at the global level will be required,

combining supply- and demand-side measures. Such
transformation entails new supply-side investments,
effective trade and markets, and modified consumer
behavior, with a fast transition towards more sustain-
able and healthy diets and sharp reductions in food
loss and food waste. SDG12 (responsible production
and consumption) is a key goal for the successful trans-
formation of global food systems to achieve SDG2.

With an integrated modeling framework — illustrated
in Figure 3 — Laborde and Torero (2021) model six indi-
vidual interventions similar to those presented in Fig-
ure 2 with respect to their impact on the food systems,
the prevalence of undernutrition, ecological effects in
terms of GHG emissions, land and energy use, and the
use of chemical inputs. Given the synergies and com-
plementarities between these scenarios, the authors
assess them as a package. The sensitivity to the results
is also assessed under different governance principles,
such as land use policies.?

The scenarios are listed in Table 1 and organized
around three main pillars: achievement of a more ef-
ficient and inclusive system, allowing consumers and

2 Other aspects of the global food systems, like trade policies, are also analyzed to see how they interact with the main interventions.

12 | 1. SUMMARIZED RECOMMENDATIONS



Figure 3 An integrated modeling framework: The MIRAGRODEP CGE (source: Laborde and Torero, 2021)
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Table 1 Scenario definitions (source: Laborde and Torero, 2021)

Escenarios

Title

Description

More Justice

#1 Social safety net: healthy diets for everyone

Provide food stamps (income transfer that should be spent on food products) to
eliminate the "poverty gap" between the per capita income of each household and the
affordability of healthy diets cost line. The cost is initial calibrated on SOFI 2019 and
updated based on model dynamics.

More Justice

#2 School Feeding Program

All kids between 6 and 11 years old have access to school feeding programs 200 days a
year. Daily per capita ration includes 320 grams of fruits, 102 grams of grains, 51 grams
of animal proteins (meat, fish, eggs), 480 grams of milk, and 100 grams of vegetables.

Better Choices

#3 Farm Subsidy Repurposing

All farm subsidies (outputs, inputs, others) are redistributed in the form a a subisdy to
farmer revenue. The rate of support is computed endogenous by the model to
maintain farm subsidy budget constant, but a sectoral bias is introduced. Nutrious and
low-emissions products are subsidised at twice the average rate, while products with
low nutrition value and high emissions are subsidised at half the average rate.

Better Choices

#4 Consumer's incentive reform

Taxation of red meat products in High Income and Middle Income countries. The level
of tax is computed by the model to obtain a reduction of consumption of 15 percent in
HIC (and UMIC in Europe), and 7.5 percent in UMIC (exc. Africa). The group of
countries have been constructed by computing an index of "excess" consumption by
comparing average daily intake with a sustaibale and healthy diet reference (i.e.
Flexitarian diet in this case, but alternative diets give the same ranking of countries)

More Efficiency

#5 Innovation, Technology and Knowledge for
Farmers

This package of interventions is aimed at increasing farm level productivity, while
reducing environmental footprints. It has three components

Increased/or Improved Irrigation systems. % of each country cropland benefits from
new investments by 2030. For regions with high rate of irrigated land (all Asian regions),
we consider only an upgrade of existing materials, leading to no change in yield but a
reduction in water inefficiency. For other regions, we consider an increase of water use
(for irrigation, but with an improved average efficiency) but also a yield increase

Increased livestock genetics and better practices for higher productivity [Z%]and lower
emissions per unit of output. % of the the herd of each country is improved by 2030.

Extension services and farmer training to increase all farm productivity (total factor
productivity, TFP). % of farmers in each country are covered. TFP is increased. In
addition, carbon sequestration in soil is increased.

More Efficiency

#6 Reducing Food Waste and Loss

Reduction of 25% in all countries of food waste and food losses, including for left-on-
the field

Combined actions

All except Safety Nets

Include actions 2 to 6. Since the Safety Net is computed to provide enough income to
everyone to be able to afford healthy diets, it is important to consolidate all the other
actions before this one.

Combined actions

All including Safety Nets

All actions, 1 to 6. While this package will take care of all vulnerable people, showing
the consolidated impact on environmental and economic indicators is important (trade-
off lens)

Combined actions

Everything with land use regulation

In this consolidated scenario, we do not allow for land use change (fixed amount of
agricultural land) by considering a stronger land governance.
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producers to make better choices. Only preliminary
findings from Laborde and Torero (2021) are summa-
rized here. The results of the different scenarios are
consistent with the baseline of The State of Food Se-
curity and Nutrition in the World 2020, namely that in
2019 there were 690 million undernourished people
in the world and healthy diets were unaffordable for
almost 3 billion people.

The finding confirms that ending chronic hunger at a
5% level is feasible by 2030 with the appropriate bal-
ance of interventions. While no intervention alone

could solve the problem, Figure 4 shows that key in-
terventions to increase the efficiency of food systems
— through increased farm productivity and reduction
of food loss and waste — will reduce the number of
people in chronic hunger by 314 million by 2030. Be-
yond hunger, 568 million people will be able to afford
healthy diets, as shown in Figure 5. To target the re-
maining population, safety nets and targeted pro-
grams like school-feeding interventions are required.
When adding such safety nets in the model, it is pos-
sible to cover the 2.4 billion remaining people without
access to healthy diets.

Figure 4 Number of people (mio) removed from chronic undernourishment situation in 2030 (source: Preliminary results

based on Laborde and Torero, 2021).
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Figure 5 Number of people (mio) removed from not being able to access healthy diets by 2030 (source: Preliminary results
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Achieving the end of widespread hunger requires
significant resource mobilization, representing 8%
of the size of food markets.®> Figure 6 provides the
breakdown of this total cost from all sources, public
and private, by action (Panel A) and the distribution
by group of countries (Panel B). The actions — re-
ferred to as “better choices” in Table 1 — including
consumer incentives and farm subsidies re-purpos-
ing, do not contribute to the total costs because they
are designed to be cost-neutral for the government
and producers (farm subsidies) as well as consumers
(food tax/subsidies) in each country. A related analy-
sis of environmental effects of consumption change
is provided by FABLE (2021).82 The cost structure is
dominated by the large investment in innovations for
productivity, and in people, which impact the value
chains and national economies (45%), and the social
safety nets (36%). Clearly the two main items are dif-
ferent since the latter involves recurrent spending ev-
ery year and will have to be managed and financed by
governments alone.

The second panel in Figure 6 shows the distribution of
the costs by region and hemispheres. Since the needs
are unevenly distributed globally, a significant solidar-

ity effort is required for global coordination, especial-
ly to support the transformation of food systems in
low-income countries.

As previously shown, no single intervention can end
malnourishment. The actions modeled will generate
trade-offs in greenhouse gas emissions (emissions
from agricultural production and net emissions from
agriculture, forestry, and other land use, or AFOLU),
chemical inputs (increased use of chemical inputs per
hectare), biodiversity (reduction of forest habitat and
agricultural land) and energy consumption. As shown
in Figure 7, the levels of trade-offs across all interven-
tions are relatively small.

The effects indicate environmental improvement as a
consequence of reducing food loss and waste. How-
ever, when it comes to net agricultural emissions and
AFOLU, the effect is negative as is the case for forest
land. This highlights the need for policies that can
stimulate investments in innovation for carbon farm-
ing — growing carbon in soil and trees as a tradable
commodity — and related payment schemes for eco-
systems services, as indicated in section 3.5 concern-
ing science and innovation actions above.

Figure 6
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Figure 7
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5. ENABLING FOOD SYSTEMS TRANSFORMATION

Transformation of food systems that are under way do
not guarantee that the food-related SDGs — especially
SDG2 — will be achieved. There are fundamental con-
ditions that are essential to enable and leverage food
systems transformation to achieve desired objectives,
including facilitating peace and security, and conflict
resolution, full inclusion of marginalized and vulnera-
ble populations, gender equity, sound governance at
all levels from community to local to regional to na-
tional and international, and supportive global and na-
tional policies for public goods.?* Modes of implemen-
tation need to especially focus on finance, capacity,
and governance.

Finance: Enabling food systems transformations re-
quires constant investment in science that has the
potential to serve positive change in systems. In
2018, the world science “output” in terms of peer-re-
viewed publications was 4.04 million, and of these
14% related to agricultural and biological sciences
(about 298,000) and environmental sciences (about
273,000).8* Thousands of potentially game-changing
insights are generated by the world science commu-
nities every year. More attention is needed to identify
actionable insights for innovations and that requires
strengthening capacity and innovative financing. Sci-
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ence systems have been decimated in many countries,
especially in the global South. To tap the potentials of
science, public funding of food systems science and re-
lated research partnerships need to expand. Govern-
ments need to change their low levels of spending on
food systems-related research and innovation. We call
on governments — especially in the global South — to
review the level of their investments in food systems
science and allocate at least 1% of their food sys-
tems-related GDP to food systems science and inno-
vation with a perspective to substantially exceed this
target. LDCs should be assisted in quickly reaching the
equivalent of this target. About 20 years ago, African
ministers responsible for science and technology had
already committed to increase public expenditures on
research and development to at least 1% of GDP per
annum.®> As basic sciences — for instance, bio-chemi-
cal and nutrition and health sciences — are becoming
increasingly relevant for food systems, the investment
in these must also be accelerated and systems of shar-
ing of sciences for food systems expanded.® There
are important new opportunities for engaging private
sector science to address public goods in food systems
innovations, particularly in partnership with the pub-
lic sector.?” The private sector here is a broad concept,
ranging from semi-subsistence farmers to large corpo-
rations. It is often overlooked that the former are also
proven innovators.®8 The knowledge of Indigenous



Peoples is another important component of local food
systems’ innovation landscape. Intellectual property
rights protection issues require revisiting to align with
sustainability expectations, especially for science op-
portunities that address overcoming hunger and mal-
nutrition.?? New institutional arrangements may be
discussed for sharing intellectual property that could
directly reduce hunger and address sustainability con-
cerns.

The Food Systems Summit agenda needs to consider
how the investments in the identified priority actions
may be financed, and that is where innovative finance
approaches shall be considered that economics re-
search can explore. Research suggests that mobilizing
the necessary financial resources may include a com-
bination of actions, such as 1) additional — actually
doubling — international development funds (ODA) to
agricultural and rural development, food and nutri-
tion security; 2) reallocation of agricultural subsidies
towards investment for sustainable development and
scaling up and redesigning social safety nets; 3) the
initiation of a new dedicated “end hunger” fund, per-
haps through expanded IDA; and 4) possibly financing
innovative financial mechanisms such as “End Hun-
ger Bonds” through support from incremental special
drawing rights (SDRs).%° The private sector should be
part of the resource mobilization, expecting long-term
returns from a more prosperous society. Research
shall identify what combinations of finance may con-
tribute to a sustainable financing of the food systems
transformation.

Capacity: Of particularimportance are investments for
improving data, methods, models and tools for all food
system components and actors, as well as building or
enhancing (shared) research infrastructures related
to (research) data, modeling platforms, observation
and monitoring networks to support the required ad-
vances in research and innovation, especially in the
global South.?® Integrated global food system models
are needed as existing models do not have consistent
global coverage and are not designed to assess the im-
pacts of all elements of food systems.!* Besides global
foresight work, strengthening national and — where
possible — subnational/local, policy scenarios and
foresight work is also necessary. More attention needs
to be paid to strengthening local research capaci-
ties, expanding research collaboration among public
and private sector research, and indigenous systems,
sharing research infrastructure and data, developing
more inclusive and equitable science partnerships and
follow-up mechanisms, systematically learning what
works and what can be scaled up and translating that
knowledge into action, improving the efficiency in the

way knowledge is generated and shared, and address-
ing intellectual property rights issues when they hin-
der innovations that can serve food and nutrition se-
curity, food safety, and sustainability goals.!® With the
increased recognition of their central role to achieving
many development goals, food systems will be expect-
ed to perform a more complex set of activities, and
this requires new and more appropriate holistic met-
rics. Protecting the freedom of science to innovate and
experiment while adhering to ethical standards needs
to be continually reinforced.

Because significant components of food systems are
local, the Summit has to ensure that its outcomes and
deliverables turn into positive local actions. This re-
quires science aligning with national and local agen-
das for implementation actions. The proximity of sci-
ence to decision-making is important to connect the
timeliness and relevance of science to policy where
and when it is needed. Similarly, the development
of national and local infrastructure and expertise to
effectively link science to decision-making is import-
ant. The science underpinning food systems transfor-
mation becomes more inter- and trans-disciplinary,
more open to a wide range of innovations and their
diverse stakeholders, and more appropriately con-
figured and scaled to different contexts. Relatedly,
it would be important to innovate and improve the
methods for analyzing the performance of food sys-
tems (e.g. analyzing their impact on health, nutrition
and sustainability goals) at different levels (local, na-
tional, global).

Transformation is not possible without science, and in
many instances citizen participation in research and
implementation can be very supportive for the trans-
formation of farming, the application of new technol-
ogies, shifting to healthy diets, and other key elements
of successful food systems transformation. Citizen sci-
ence has an important role to play in inclusive food
systems transformation, especially with farmers as
co-designers directly participating in the development
of innovations and with scientists being more open to
and collaborating on fair terms with start-ups. Indig-
enous Peoples knowledge systems should be part-
nered with in such approaches.

The international sharing of science and participation
of science in the follow-up to the Food Systems Sum-
mit as part of implementation agendas is vital. Propos-
als for international collaboration include supporting
low- and middle-income countries to build and sustain
capacities to acquire and deploy technologies through
joint research, education and training programs. Be-
yond investing in capacities to undertake research,
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it will be important to also invest in capacities to act
upon research: in other words, to put to effective
use the knowledge and innovations that already ex-
ist (e.g. traditional and indigenous knowledge) or are
generated from new research. This calls for investing
in strengthening the skills of all food system actors,
especially in emerging economies where these skills
tend to be more limited. In many instances, what is
lacking is actionable knowledge that may contribute to
systemic changes, which requires supporting local in-
novations and encouraging and facilitating the co-cre-
ation/co-design of knowledge. In support of this, lead-
ing research organizations from world regions could
form networks (or alliances) to share science and de-
velop actionable knowledge supporting food systems
transformations.

Governance and science-policy interface: In contrast
to other subjects of global concern that were agreed
upon at the Earth Summit in Rio in 1992, agriculture,
food security and nutrition do not have an interna-
tional agreement or convention to consolidate ac-
tions. Climate, biodiversity and desertification have
their dedicated conventions and ensuing subsidiary
bodies, secretariats and further protocols. Fueled by
regular meetings of the conference of parties and
underpinned by a solid science-policy interface, they
have made enormous progress. Thus, we believe that
the time has come to consider such a set of agree-
ments and mechanisms for the complex area of food
systems, obviously fully recognizing existing efforts
and agents. The UNFSS may wish to consider opening
a process for exploring a treaty on food systems. In a
related manner, food systems science and policy need
a stronger scientific framework for constructive and
evidence-based interaction for moving ahead, not
only for the Food Systems Summit 2021 but also for
the long term.%! At the national level, coherent nation-
al food systems research policies need to be better in-
tegrated into national development policies, such that
countries develop their own context-specific food sys-
tems policies and strategies. At the international level,
some have proposed strengthening the contribution
of science to policy-making for transformational food
systems with an Intergovernmental Scientific Advisory
Panel, while others advocate strengthening and bet-
ter connecting existing mechanisms.?>'” We suggest
exploring options for an inclusive, global science-pol-
icy interface (SPI) for a sustainable food system that
connects national and global food systems concerns
and will assist in an evidence-based follow-up to the
proposed Summit actions and for the long term. This
proposition is based on three considerations: (1) the
growing complexity of food value chains from re-
source use to human nutrition and their increasing
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globalization, which urgently requires a new integrat-
ed approach drawing on all related science for sus-
tainable agriculture, food and nutrition systems; (2)
the absence of a comprehensive and timely system
to collect, analyze and assess data on the diagnosis
and technical, economic and social solutions to cre-
ate long-term sustainable, affordable, nutritious and
safe food systems; and (3) the limited or non-existent
translation and traceability of scientific data and ex-
periences into evidence-based policy that precludes
the application of experiences across countries and
regions.” Addressing these considerations requires
a global mechanism that mobilizes the leading food
systems scientists worldwide and across disciplines to
support the SPI through co-production, open access,
and communication of knowledge. The effective and
independent participation of research communities
from low-income countries and emerging economies
in the SPI must be strengthened to enhance credibil-
ity, relevance and legitimacy. We call upon govern-
ments and UN agencies to initiate a process to explore
options — existing® as well as new — for a global SPI for
a sustainable food system. As such, this would be a
concrete outcome of the UNFSS.

Science and policy have a lot to gain from cooperation
but the independence of science must not be compro-
mised to address policy and institutional opportunities
and failures with evidence-based insights. Nonethe-
less, science that produces new insights also needs
to constantly earn the trust of society, and in view of
the cultural sensitivity of all matters related to food,
policies and rules must assure confidence in scientif-
ic endeavors. Anti-science sentiments exist in parts of
society. While pursuing new insights and truths, there
are many issues on which scientists themselves do not
agree, which sometimes irritates policy-makers and
practitioners. Adhering to responsible and ethical prin-
ciples, science must collaborate with a broad range
of stakeholders. The improved quality and timeliness
of science translation and communication for poli-
cy-makers and non-technical audiences are helpful,
along with attention to ethics, peer review, scientific
integrity and excellence, transparency and declara-
tions of interest in science.

In closing, science, innovation, and technologies play
critical roles among the measures to achieve food sys-
tems transformations. All sciences — natural sciences
and social sciences, basic sciences and applied scienc-
es — in collaboration with diverse traditional knowl-
edge systems must deliver the innovations and make
significant contributions for the necessary food sys-
tems transformation to achieve the SDGs, especially
SDG2, and the complete 2030 Agenda.



ANNEX

Sources of contributions by Scientific Group and its partners as well as other relevant references

The Scientific Group draws on the science backgrounds of its members who are leaders in Food Systems related

Science and the following sources for its emerging recommendations

1. The peer-reviewed background papers by the Scientific Group https://sc-fss2021.org/materials/scientif-
ic-group-reports-and-briefs/

2. The about 40 Food Systems Summit Briefs on Big Cross Cutting Themes and Strategic Innovations by Partners of
the Scientific Group (see list of Briefs at https://sc-fss2021.org/wp-content/uploads/2021/07/FSS_ScG_Briefs_
draft_list_20-7-2021.pdf)

3. The Wealth of Recent Most Relevant Publications on Food Systems Related Research and Knowledge Commu-
nity: More than 200 sources, clustered by the generic Food Systems Concept and Action Track Concept (https://
sc-fss2021.org/materials/publications-and-reports-of-relevance-for-food-systems-summit/ )

4. The Scientific Group engages in peer review and evaluations of propositions by the Action Tracks and insights
from that also enter the Scientific Group’s emerging conclusions. (see peer reviews on and by Scientific Group at
( https://sc-fss2021.org/wp-content/uploads/2021/05/Evaluation_Peer_Review_and_Science_Advisory.pdf)

Re 1. Peer-reviewed background papers by the Scientific Group
https://sc-fss2021.org/materials/scientific-group-reports-and-briefs/

Food Systems — Definition, Concept and Application for the UN Food Systems Summit
by Joachim von Braun, Kaosar Afsana, Louise O. Fresco, Mohamed Hassan, Maximo Torero
doi.org/10.48565/scfss2021-re63

Healthy diet — A definition for the United Nations Food Systems Summit 2021
by Lynnette M Neufeld, Sheryl Hendriks, Marta Hugas (March 2021)
doi.org/10.48565/scfss2021-e072

The True Cost and True Price of Food

by Sheryl Hendriks, Adrian de Groot Ruiz, Mario Herrero Acosta, Hans Baumers, Pietro Galgani, Daniel Ma-
son-D’Croz, Cecile Godde, Katharina Waha, Dimitra Kanidou, Joachim von Braun, Mauricio Benitez, Jennifer
Blanke, Patrick Caron, Jessica Fanzo, Friederike Greb, Lawrence Haddad, Anna Herforth, Danie Jordaan, William
Masters, Claudia Sadoff, Jean-Francois Soussana, Maria Cristina Tirado, Maximo Torero, Matthew Watkins
https://sc-fss2021.org/wp-content/uploads/2021/06/UNFSS_true_cost_of food.pdf

Achieving Zero Hunger by 2030 — A Review of Quantitative Assessments of Synergies and Tradeoffs amongst the
UN Sustainable Development Goals

by Hugo Valin, Thomas Hertel, Benjamin Leon Bodirsky, Tomoko Hasegawa, Elke Stehfest (May 26, 2021) doi.
org/10.48565/scgr2021-2337

Action Track 1 — Ensuring Access to Safe and Nutritious Food for All Through Transformation of Food Systems
by Sheryl Hendriks, Jean-Frangois Soussana, Martin Cole, Andrew Kambugu, David Zilberman
doi.org/10.48565/scfss2021-wg92

Action Track 2 — Shift to Healthy and Sustainable Consumption Patterns
by Mario Herrero, Marta Hugas, Uma Lele, Aman Wira, Maximo Torero (April 2021)
doi.org/10.48565/scfss2021-9240

Action Track 3 — Boost Nature Positive Production
by Elizabeth Hodson, Urs Niggli, Kaoru Kitajima, Rattan Lal, Claudia Sadoff (April 2021)
doi.org/10.48565/scfss2021-q794

Action Track 4 — Advance Equitable Livelihoods
by Lynnette M. Neufeld, Jikun Huang, Ousmane Badiane, Patrick Caron, Lisa Sennerby Forsse (March 2021)
doi.org/10.48565/scfss2021-tw37

Action Track 5 — Building Resilience to Vulnerabilities, Shocks and Stresses
Thomas W. Hertel, Ismahane Elouafi, Frank Ewert and Morakot Tanticharoen (March 2021)
doi.org/10.48565/scfss2021-cz84
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Re 3. Drawing on the Wealth of New Science Based Findings of Recent Most Relevant Publications of the Food
Systems Related Research and Knowledge Community:

More than 200 sources, clustered by the generic Food Systems Concept
https://sc-fss2021.org/materials/publications-and-reports-of-relevance-for-food-systems-summit/

Income &
Systems

Consumption,
Safety | Availability | Diversity Agriculture and

Nutrition &
Health Food Industries

L Markets, A
Infrastructure,

& Services

Ecology &
limate Systems

Science &
Innovation
Systems

Economic &
Governance
Systems

1. Food systems research
2. (broadly sorted by systems’ components — only sources after 2016 considered)
3. Systems-wide research: Modelling Food Systems transformations- Synergies, Tradeoffs; Foresights — Policy Impli-

cations
4. Agriculture and Food Industries
5. Markets, Infrastructure and Services
6. Consumption, Nutrition and Health
7. Income and Employment
by the Action Track based Food Systems concept

‘ 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 inclusion, creating
jobs)

2. Shifting to Sustainable 3. Boosting Nature Positive
Consumption Patterns Production at Sufficient Scale
(promoting and creating demand for (acting on climate change, reducing
healthy and sustainable diets, emissions, regenerating / protecting
reducing waste) ecosystems, reducing food loss / energy

usage, without undermining health or

nutritious diets)

5. Building Resilience to
h Vulnerabilities, Shocks, Stresses | '
(ensuring continued functionality of healthy and

sustainable food systems).

1. Ensuring Access to Safe and Nutritious Food for All

2. Shifting to Sustainable Consumption Patterns

3. Boosting Nature Positive Production at Sufficient Scale
4. Advancing Equitable Livelihoods and Value Distribution
5. Building Resilience to Vulnerabilities, Shocks, Stresses

This Report was prepared by members of the Scientific Group.
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ABSTRACT

The UN Food Systems Summit seeks to alter food sys-
tems to be healthier, safer, more sustainable, efficient,
and equitable. This paper aims to inform the public
and stakeholders interested in the Food Systems Sum-
mit about concepts and definitions of food systems
and determinants of their change. To foster a clear un-
derstanding of food systems, especially regarding the

upcoming UN Food Systems Summit, we first present
a general food systems concept. We then introduce a
concept based on science that provides a definition
that the UN Food Systems Summit can use with the
five goal-oriented Action Tracks (serving SDG2) and
their interlinkages. We suggest a food system defini-
tion that encompasses food systems thinking and the
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broad set of actors and drivers, embedding the con-
cept of sustainability within it.

1. INTRODUCTION

The UN Food Systems Summit convenes to bring about
actions that promise change towards achieving health-
ier and more sustainable and equitable food systems.
As we head towards the Summit, the very concept of
food systems needs to be clearly understood for fruit-
ful deliberations and ultimately actions. Therefore, the
main purpose of this paper is to inform about con-
cepts and definitions of food systems. In this context,
it is necessary to clarify the drivers and mechanisms
of change of food systems. Conceptualising systems’
change is relevant for policy opportunities and for set-
ting ambitious goals for the Food Systems Summit.

Food systems exist at different scales: global, region-
al, national and local. The 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. Change in food
systems comes about through external and internal
drivers as well as through feedback mechanisms be-
tween these drivers. These feedback mechanisms may
be short or long term, and some may come with long
delays, such as the impact of greenhouse gas emis-
sions manifesting in climate change. External drivers
are forces outside of the food systems, for example,
forces in climate or health systems. Internal drivers are
forces within the food systems, for example productiv-
ity gains as a consequence of innovations. Population
growth, urbanisation, conflicts, and geopolitical insta-
bilities are fundamental external drivers interacting
with changes in food systems. Changes in consumer
habits, for instance as a result of rising incomes, are
another driver of great importance. Markets, trade,
and infrastructures — increasingly combined with
digitisation — are cutting across internal and external
drivers of food systems’ change. Developments in the
many scientific disciplines related to food systems,
innovations, and technologies as well as their inter-
linkages with policies greatly impact food systems’
change. These determinants of changes are also driv-
en by the interests, needs, and accomplishments of
farming communities, the agricultural inputs and food
industries, distributors, and consumers’ demand. Pur-

poseful policy interventions attempt to influence all of
these forces of change, or their consequences, such
as the loss of biodiversity. Policies, however, are also
partly driven and re-defined by these drivers. More-
over, there are long-term natural and evolutionary bio-
logical change processes that also impact the multiple
interactions within food systems. All drivers affecting
food systems are subject to multiple systemic risks
of hazards carrying uncertainties that often materi-
alise in sudden occurrences of events. This is the case
with COVID-19 and with locust swarms for example.
Uncertainties, and more specifically their impacts on
food systems, are difficult to predict and measure, but
prevention with risk management and anticipation, in-
cluding emergency preparedness and capacity to face
them, may reduce their impacts.

Food systems have been continuously subject to change
and adaptation since they evolved with humankind,
though change has been especially dramatic in the past
200 years. Food systems are bound to further change
in the future given that we are developing towards an
ever more urban society and that the world population
will possibly be stabilising at about 9 to 10 billion peo-
ple only by the end of this century (Lutz 2020).

The way in which changes in food systems impact sus-
tainability in its diverse social, economic, and envi-
ronmental dimensions must be of key interest to us.
The role of science and innovation is essential here,
as some of the conflicting issues about food systems’
changes can be remedied by innovations. We can note
at the outset that there is an accelerating momentum
worldwide, including in the United Nations, to adopt
systems approaches to bring consumption and produc-
tion patterns together to achieve sustainable develop-
ment through an integrated approach to food systems.?

Food systems are incredibly diverse. Consider that the
food systems of mega-cities in Africa, such as Kinshasa,
are very different from the food systems of mega-cities in
Asia, such as Tokyo. The food systems of rural South Asia
with its public distribution systems at village levels are
very different from food systems of rural Europe with its
supermarket penetration. And the food systems of small
island nations dependent on food imports in the Carib-
bean are very different from the food systems of large
middle-income countries with domestic food industries
and significant export potentials in South America.

1 Atthe Rio+20 UN Conference on Sustainable Development in 2012, Heads of State converged around the idea that fundamental changes in our production
and consumption patterns are indispensable to achieving long-term sustainable development. The realization that a global shift towards SCP would require
the commitment of diverse actors across the globe spurred Heads of State at Rio+20 to adopt the 10-Year Framework of Programmes on Sustainable Con-
sumption and Production Patterns (10YFP). See at: 10YFP Framework of Programmes on Sustainable Consumption and Production Patterns.
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With this paper we aim to inform the interested Food
Systems Summit public. We discuss both change that
happens anyway (i.e. drawing on a so-called “positive
theory” of systems) and change that is actively pursued
and goal-oriented, especially within the context of the
Sustainable Development Goals (SDGs) by, for instance,
setting new norms (i.e. drawing on normative theories
of systems). Food systems are not just technically func-
tioning mechanistic clock works, but are embedded in
values and cultures that need to be considered when
“systems transformations” are proposed. Our goal is to
assist in the understanding of food systems, their dy-
namics, their indirect effects, responses to exogenous
influences, and impacts of policies through system link-
ages. Finally, we seek to relate these concepts in helpful
ways to the purpose of the UN Food Systems Summit.

2. A GENERAL FOOD SYSTEMS CONCEPT

Theory and Criteria

A practical definition of food systems should meet two

essential criteria:

(1) it should be suitable for the purpose at hand,
which is to support the global and national collec-
tive efforts to bring about positive change in food
systems, by accelerating progress on meeting the
2030 Agenda and the SDGs; and

(2) it should be sufficiently precise to define the do-
mains for policy and programmatic priorities, and
it should be sufficiently general to not exclude any
aspects of the economic, social, and environmental
dimensions of sustainability.

The significance of criterion (1) is that the definition
should guide not only scientific inquiry, but also ac-
tions of all types, towards a common purpose, i.e. food
systems change and in the long run even food systems
transformation. The point of criterion (2) is to avoid
the intellectual hubris that accompanies many efforts
of characterising and graphically depicting food sys-
tems’ complexities in great detail. Efforts to map food
systems visually may help scientists as well as decision
makers to identify key interactions and the mecha-
nisms, both natural and social, which regulate those
interactions. Nonetheless, food systems’ maps that try
to be fully comprehensive tend to collapse under the
density and complexity of the interactions to be de-
scribed and analysed. At the other extreme, food sys-
tems’ 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 exclu-
sion of important economic, social or environmental
forces. There is no clearly defined pathway out of this
dilemma. Much depends on the relevant policy ques-
tion as well as on the context and scale of the food
systems under consideration.

We distinguish between systems theory and systems
thinking (Box 1) and suggest a definition of food sys-
tems that acknowledges the functional relationships
in systems and is normative in relation to a given set
of core objectives, such as the SDGs. This approach
should not neglect basic principles of systems theory.
For instance, a system that has no defined boundaries
or whose building blocks connected by linkages and
feedback mechanisms are ill-defined is a fuzzy concept.

Food systems’ boundaries refer to specific scales as
pointed out above (local, national, regional, and glob-
al), for different contexts (e.g. urban, rural), and may
be shaped by interlink with other systems, such as
the (decentralised) governance system and the health
system. Boundaries may also dynamically change, for
instance due to technology or infrastructure. Howev-
er, as important as this established theoretical founda-
tion is advancement of systems thinking, which entails
broadening perspectives around food systems (such
as planetary health), and within food systems (such as
the important roles of culture and values).

Box 1: On Systems Theory and Systems Thinking

Systems theory and system dynamics are established con-
cepts that may assist in conceptualising food systems yet
are conceptually rather restrictive. Systems theory is the
study of systems. Important conceptualisations stem from
W. Forrester who is a founder of the field of system con-
cepts and dynamics (Radzicki and Taylor 2008). Forrester
argues that a system is composed of regularly interacting
or interrelating groups of activities. System dynamics is a
methodology to frame, understand and discuss complex is-
sues and problems. The best-known system dynamics mod-
el is probably The Limits to Growth (Meadows et al. 1972).

Systems thinking is a way of looking at the world rather
than a description of how the world is. The term “food
systems” invites us to think about a broader set of valued
outcomes such as nutrition and health, livelihoods, and
planetary health, a broader set of factors that can influence
these outcomes, and synergies and trade-offs between
all of these. People’s values matter for how food systems
thinking is shaped and in turn may shape policies?.

2 Animportant emphasis is placed on food and agriculture that are intimately connected to people’s values. People differ in the values they hold relative to food
and agriculture, and these value differences correlate with their behaviour as consumers and as citizens (further on these important aspects see OECD 2021)
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Definitions of Current and Future Food Systems
Food systems embrace the entire range of actors and
their interlinked value-adding activities involved in the
production, aggregation, processing, distribution, con-
sumption, and disposal (loss or waste) of food prod-
ucts that originate from agriculture (incl. livestock),
forestry, fisheries, and food industries, and the broader
economic, societal, and natural environments in which
they are embedded (building on definitions by FAO
(2018) and others). Production includes, of course,
farming communities but also pre-production actors,
for example input industries producing fertilisers or
seeds. The range of actors importantly includes sci-
ence, technology, data, and innovation actors. They
are partly integral to the food systems, and partly out-
side but of great influence, for instance, embedded in
life science and health systems research. In food in-
dustries’ processing, foods and non-foods result from
interlinked value chains. Other relevant food systems
actors include, for example, public and private quality
and safety control organisations.

A sustainable food system is one that contributes to
food security and nutrition for all in such a way that
the economic, social, cultural, and environmental bas-
es to generate food security and nutrition for future
generations are safeguarded. It should be noted that
desirable food systems are necessary but not suffi-
cient to assure good nutrition, as 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. Moreover,
the availability of plentiful and healthy food does not
guarantee adequate consumption patterns or prevent
excess body weight. The concept of a sustainable food
system entails normative aspects because food sys-
tems use resources that typically do not offer absolute
levels of sustainability. Thus, sustainable food systems
incorporate an understanding of sustainability that re-
flects relative change in the sense of a change towards
more versus less sustainability compared to a previous
situation.

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. For analytical and monitoring
purposes we suggest a more neutral, evidence-based
terminology, which may distinguish between status

and systems dynamics by referring to evolution, tran-
sition, and transformation. The idea of transformation
as commonly used can refer to any large-scale change,
whether intended or not, and whether beneficial or
not to a specific goal, context, or geography. The Glob-
al Sustainable Development Report defined transfor-
mation as “a profound and intentional departure from
business as usual” with the intentional departure be-
ing specified as “transformation toward sustainable
development” (United Nations 2019).

Transformation is a never-ending process in food sys-
tems. Transition is the movement from one state to
another. And evolution is the process of change. These
are not interchangeable terminologies. Most food sys-
tems need all three.

Concept of Food Systems

Conceptualising food systems entails defining systems
boundaries and systems building blocks and linkages
among them, while simultaneously being connected to
neighbouring systems such as health, ecological, econ-
omy and governance, and the science and innovation
systems (see figure 1). The concept here is in support of
developing sustainable food and nutrition systems, to
deliver health and well-being, embedded in the trans-
formation towards a sustainable circular bio-economy.?
Science and R&D play a role within each element and
in the intersections among them for the food systems
performance, and the science and innovation system
impacts the functioning of system as a whole.

Food systems are in a continuous state of change and
adaptation. For the Food Systems Summit this means
an encouragement to raise the question of which pol-
icies, innovations, and institutions are needed to en-
hance positive side-effects or remediate or mitigate
negative side-effects of policies, programmes, and oth-
er activities within or those that hold relevance to food
systems transformation. These are inherent to the fact
that agriculture, food processing, etc. always use ener-
gy, taking nutrients from the land and water to convert
them into food, while simultaneously generating a sig-
nificant level of greenhouse gas emissions in the pro-
cess of production, which is further augmented if food
is wasted. Therefore, a sustainable circular economy
concept as an overarching systems frame, in which
food systems are embedded, should be considered in
the solution-finding process.

3 On the concept of sustainable circular bioeconomy see the communique of the Global Bioeconomy Summit 2020 https://gbs2020.net/wp-content/

uploads/2020/11/GBS2020_IACGB-Communique.pdf
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Figure 1 The food system in the context of other systems (positive systems concept)
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Further food systems components and drivers need
mentioning, but are not depicted in figure 1. For in-
stance, the system may be impacted by external
shocks, such as climate, health or economic shocks.
Moreover, wars and violent conflict increasingly dis-
rupt food systems. Macro-policies such as fiscal (tax
and expenditure), monetary, financial, and trade poli-
cies may promote or hamper food systems. Therefore,
food systems concepts must consider the political and
economic forces of their disruptions, and they need a
political economy perspective (Pinstrup-Andersen and
Watson 2011).

3. A FOOD SYSTEMS CONCEPT FOR THE UN FOOD
SYSTEMS SUMMIT

Positive and Normative Food Systems Concept

Any action proposals emerging from the Food Systems
Summit need to consider the great diversity of insti-
tutional arrangements and organizational structures
in food systems. The respective actors and their val-
ues in a particular context also need to be considered.
The food system is largely structured by private sector
actors, including farmers, food manufacturers, trad-
ers, retailers, or food service businesses. At the same
time, there are important features of cooperative and
collective action arrangements among farming com-
munities, like group formations by gender, regarding
rural savings and banking, etc. Furthermore, there are
industry clusters at large scales.

As mentioned earlier, systems can be conceptualised
from a positive or from a normative perspective. The
former concept, depicted in the previous section, at-
tempts to design systems’ structures and functions as
they occur in the current real world as the basis on
which a positive concept then identifies points of en-
try for desirable systems’ change. The normative con-
cept postulates a set of objectives and aims to shape
the systems to serve the stated objectives. Both con-
cepts aggregate and simplify real world structures
and processes. Neither of these approaches escape
the yardsticks of scientific evidence. For theoretical
clarity of underlying value judgements, 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. Nonetheless, 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 comple-
mentary.

Action Tracks in the Food System

A normative concept and definition of food systems
based on objectives embraces the five Actions Tracks
listed below. Like any normative approach that states
objectives, it is based on value judgements. Science
needs to be transparent about value judgements.
Normative definitions of sustainable and healthy food
systems can be organised around intentional objec-
tives. Areas of attention for policy and programme ac-
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tion and for building models of food systems that are

aligned with the intentions as expressed in the 2030

Agenda can be facilitated. To build upon existing ef-

forts, 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 (pro-
moting and creating demand for healthy and sus-
tainable diets, reducing waste);

3. boosting nature-positive production at a sufficient
scale (acting on climate change, reducing emis-
sions 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 distribu-
tion (raising incomes, distributing risk, expanding
inclusion, creating jobs); and

5. building resilience to vulnerabilities, shocks and
stresses (ensuring the continued functionality of
healthy and sustainable food systems).

We note that some elements of the headings of the
Action Tracks, such as “nature positive”, imply a nar-

rative that may be surprising and new, not rooted in
the established research literature or in terminology
of SDGs. We do not further elaborate the details of the
Action Tracks here, as this is done detailed background
papers.* Nonetheless, if food systems shall deliver on
the stated objectives (i.e. the SDGs), the Food Systems
Summit needs to be open to new thinking, new con-
cepts, and establishing new institutional and organiza-
tional arrangements. Addressing symptoms of systems
failures will not be sufficient.

The five Action Tracks capture various key opportuni-
ties 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 sys-
tem-wide effects. The Tracks should better be under-
stood as interlinked Action Areas. We thus offer an
approach that attempts to position the five Action
Tracks in a food systems framework (Figure 2). All of
the Action Tracks have their strong justification and
they are not in a hierarchical relationship: we expect
food security and nutrition, livelihood improvements,
and production with environmental sustainability, we
want resilience to shocks (i.e. low variability, and a
quick recovery from negative shocks), and we know

Figure 2 Action Tracks in a food system (a normative systems perspective)
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Source: Designed by authors.

4 The background papers on Action Tracks by the Scientific Group are available at https://sc-fss2021.org/materials/scientific-group-reports-and-briefs/ .
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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 are also feedbacks from improved nutrition
to the other four Action Tracks. The Action Tracks need
to consider functional relationships among them in
systemic ways.

Cross-cutting Systems Issues

The systems perspective must not overlook some key

cross-cutting issues and themes, which need due at-

tention, for example:

e Covid-19 has brought to the fore the intertwining
of food and health systems, and going forward
more attention will need to be paid on how to
make food systems more resilient to health shocks
and pandemics, just as more attention is now being
paid to how to make food systems more resilient to
weather and climate shocks.

e The important role of science and new and emerg-
ing technologies and innovations in improving
productivity, efficiency, equity, and sustainability of
food systems, including digitisation, big data, Inter-
net of Things, drones and Artificial Intelligence.®

e The role of women and gender are very important
determinants for productive, healthy and sustain-
able food systems. Women’s empowerment posi-
tively affects all five Action Tracks.

e Besides gender inequalities, overall inequalities
across classes, regions, rural-urban contexts, and
social groups also influence whether food systems
will transform to be healthier, more sustainable,
and more equitable. Some food systems can be
inequal or can breed inequalities through land and
other asset ownership and market power relation-
ships. The situation of the youth as well as of the
elderly deserve particular attention.

e The inclusive transformation of smallholders will
be imperative. Smallholders are not a homogenous
group, and transformation of the small farm econ-
omy around the world will call for different policies
to address the heterogeneity of smallholders, and
attention to the long-term nature of farming deci-
sions.

¢ Lessons from indigenous food systems and related
knowledge need to be systematically collected and
considered for putting to work at scale, and they

can also benefit from innovations and adaptations
to changing circumstances.

e Strengthening sustainable food systems in mar-
ginalised areas and for marginalised communities
will require the humanitarian and development
communities to work more closely together in
food systems transformation. The concept of rights
based approaches need particular attention in
these contexts.

e Trade, market structures and dynamics of food
industries require policy attention. Appropriate
anti-trust regulations need to address excessive
concentrations. Intellectual property and food
quality standards need transparent rules to incen-
tivise the potential of food industries to contribute
to healthy diets at affordable costs. Food indus-
tries’ science capacities might be incentivised to
serve public good innovations.

e There is a tendency to think of food systems as
terrestrial systems only. It will be vital to broad-
en the understanding of food systems to include
oceans / blue economy more fully given the tre-
mendous current and potential future importance
of fish and seafood to help assure healthy diets and
address serious challenges in the management and
exploitation of water-related natural resources,
and the livelihoods of fishing and coastal commu-
nities (Costello et al. 2019).

These are a few of the cross-cutting issues and themes
that need attention in food systems transformation.
These and more cross-cutting areas of action for at-
tention by the Food Systems Summit are being ad-
dressed in briefing papers from partners of the Scien-
tific Group.®

As stressed above, food systems are multi-dimension-
al and cut across many different sectors. Convergence
of policies and actions will be needed at national and
global levels of agriculture, health, water, sanitation,
women and child welfare, and so forth to achieve
healthy, sustainable, and equitable food systems. Un-
derstanding cross-cutting issues require innovative
guantitative modelling. Structural and change-related
data are essential for analysing and modelling impacts
of policies on food systems. There are tremendous op-
portunities for new data sources from remote-sens-
ing, web-based, and cell-phone based data sources
connecting to people who can facilitate new insights

5 Concerns need attention about a digital divide in access to these data as well as about the economic and social benefits of big data platforms that are able
to amass extraordinary amounts of information on consumer behaviour and preferences.

6 See the list of published Briefs in Annex 1 of this volume
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into food systems functions. Access and ownership
matters related to these data need policy attention.

Considering Culture and Values

Food systems are closely related to people’s values and
cultures. Society demands from government and in-
dustry to make sure that food systems can be trusted.
Considering and respecting people’s values and their
differences is therefore important for the Food Systems
Summit to facilitate agreements on actions. Nonethe-
less, differences do exist even around broad societal
issues with relevance to food systems. For instance,
this is demonstrated by findings from the World Values
Survey, a large-scale project to quantify cross-coun-
try differences and trends over time in people’s val-
ues and attitudes (Inglehart et al. 2014). The 2011-14
World Values Survey asked respondents whether they
think protecting the environment should be the prior-
ity, or whether economic growth and jobs should be
prioritised. Interestingly, there is only a weak correla-
tion between countries’ overall level of economic de-
velopment and the share of respondents prioritising
economic growth over protecting the environment.
Moreover, even in countries with a clear preference for
either option, there is typically a large minority choos-
ing the other option, while a national consensus is rare.
This hints at the challenges of finding consensus among
and within countries on food systems actions. Further-
more, values may change in the face of new technolo-
gies and advanced communication opportunities.

Change will not be achieved without respecting ethics
and norms that govern food systems’ operations. 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 knowledge embedded in
them. Different societies may make different choices,
based on their cultural traditions and local circum-
stances. For transformative policy approaches to be
acceptable they will need to take into account values
and cultural traditions.

Main Objectives
Linear hierarchical thinking would not do justice to
food systems. The Action Tracks need a systems frame
that defines sustainable food systems that deliver
health and nutrition within the scope of the following
three objectives:

Objective 1: End hunger and achieve healthy diets for
all. Sustainable food systems must provide food and
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nutrition for all people. It is well-known that a focus
only on promoting yield increases, calorie consump-
tion, and low food prices is insufficient. Calorie con-
sumption alone does not constitute a healthy diet.
While it is difficult to define a high-quality, healthy
diet in universal terms (Neufeld, Hendricks, and Hugas
2021), all assessments clearly indicate that healthy di-
ets are more diverse and expensive than energy- and
nutrient-adequate diets (FAO 2020; Hirvonen et al.
2019). While efforts need to be made to make healthy
food accessible and affordable, it should be noted that
lower food prices can hurt producers and discourage
them from investing in technologies to protect the
ecosystem, especially if ecosystem services related to
food systems are not incentivised. It is important to
understand the interactions between diets, health sys-
tems, and food systems to make progress towards the
SDGs and their related targets in agriculture, inequali-
ty, poverty, sustainable production, consumption, nu-
trition, and health.

Objective 2: Achieving Objective 1 does not automat-
ically enable the sustainable use of biodiversity and
natural resources, the protection of ecosystems and
the safeguarding of land, oceans, forests, freshwater,
and climate, all of which are essential for protecting
life in all its forms and which are a precondition for
achieving social justice and robust, sustained econom-
ic development. Food systems operations to boost
sustainable production must be compatible with eco-
system services. Nonetheless, actions to promote the
sustainable use of natural resources and mitigate the
effects of climate change can limit current agricultur-
al productivity. Sustainable food systems need to find
ways to address this trade-off. Agro-ecological- and
agro-forestry farming practices can be steps in this di-
rection, along with innovations such as edible insect
farming, vertical agriculture, and so forth. Like all sys-
tems innovations their performance needs to stand
the test of evidence.

Objective 3: Eliminate poverty and increase income
and wealth. Poverty and hunger are interlinked and
reducing extreme poverty directly impacts the elimi-
nation of hunger and all forms of malnutrition. Elim-
inating poverty alone does not make healthy diets
affordable for everyone. Moreover, the elimination of
poverty is difficult to achieve while also protecting the
environment and preserving ecosystems. Changing
food systems need to ensure that people with a low
income can access a healthy diet by enabling them to
earn living wages.

In addition to these objectives, further criteria need
to remain in perspective as they are linked to broad-



er objectives of the 2030 Agenda. They include the
aforementioned cross-cutting themes, as well as the
reduction of risks and the fostering of food systems’
resilience,” and — importantly — also embrace respect
for cultural principles and food traditions (Béné et al.
2019).

4. CONCLUDING REMARKS

Food systems transformation has to have a perspec-
tive on where we want to be headed. We then need to
understand what is entailed in the transition to desir-
able food systems, and how to facilitate the evolution
of such food systems. Thus, a vision for food systems
transformation is required, and pursued with a strong
sense of urgency. The vision is based on the SDGs.
Nonetheless, the time horizons of the food systems
transformations need to reach far beyond 2030, given
demographic change, climate change, technological
change and people-nature linkages in the Anthropo-
cene.

The purpose of this paper was to define and clarify
concepts of food systems, and thereby facilitate more
meaningful discourses and dialogues for the agenda
setting processes towards the Food Systems Summit.
The paper is not an agenda setting paper. The ambi-
tious agenda of the Food Systems Summit is actually
defined by the SDGs, and in particular the SDG No.2.
The five Action Tracks are means to focus action and
implementation. We provided a framework to empha-
sise their inter-connections as well as their linkages to
the key goals.

The Food Systems Summit UN leadership has called
upon the science communities of the world to con-
structively engage for achieving an action-oriented
Summit that is evidence based. The broad-based sci-
ence community is responding to that call. Science of-
fers insights to accelerate the transformation to desir-
able food systems. Investing in science, i.e. research,
scientific data, tools and capacity, is essential to inno-
vate, develop, and implement game-changing propo-
sitions that fit the respective food systems contexts.

The Summit needs to address systems failures that
have contributed to the hunger, malnutrition, and
obesity problems, the environmental problems of de-

forestation, greenhouse gas emissions, biodiversity
losses and species extinctions, the problems of poor
livelihoods in farming communities especially of wom-
en and youth, and the fundamental issues of food sys-
tem-related violations of rights, broadly defined as the
human right to food.

The Food Systems Summit needs to offer proposi-
tions to address these failures and accelerate the
transformation of food systems, and this is where sci-
ence-based innovations come in; for instance, innova-
tions in policies for reducing the cost of healthy diets,
innovations of institutions, innovations in technologies
for plant breeding, animal health, new protein produc-
tion, innovations in using digital opportunities, and
many more.

Science and policy have a lot to gain from cooperation,
but the independence of science must not be compro-
mised to, for example, counter conventional wisdom
or address policy and institutional failures with evi-
dence-based insights. Science that produces new in-
sights and technologies also needs to constantly seek
the trust of society.

7 Food systems need to continue to function under risks and when coping with shocks and crises. This concerns regions that are experiencing conflict, climatic
changes and natural disasters and is also globally the case, as food systems need to mitigate the impact of global crises, such as a pandemic, to protect food

and nutrition security of people at all levels of development.
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AIM OF THIS DOCUMENT:

The aim of this document is to propose a definition
of healthy diets and related evidence, thus permitting
the alignment of terminology for the Food Systems
Summit.

Diets are combinations of foods and beverages (re-
ferred to as foods hereafter for simplicity) consumed
by individuals. However, the specific combination of
foods that make up healthy diets is context-specific

and depends on many cultural, economic, and other
factors. In this document, we provide a definition and
overview of approaches that have been used to trans-
late this into food-based recommendations. We also
provide a brief review to highlight evidence, gaps and
controversies related to defining healthy diets. The ev-
idence for potential solutions to making healthy diets
more available, affordable, and their production envi-
ronmentally sustainable is the subject of much litera-
turel>345 the Action Track and Science Group papers,
and is not discussed here.
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DEFINITION:

A healthy diet is health-promoting and disease-pre-
venting. It provides adequacy without excess, of nutri-
ents and health-promoting substances from nutritious
foods and avoids the consumption of health-harming
substances.

APPROACHES TO TRANSLATING HEALTHY DIET INTO
SPECIFIC FOOD-BASED RECOMMENDATIONS:

Moving beyond the available broad definitions to op-
erationalizing what constitutes a healthy diet has been
the source of debate in the nutrition community for
decades. Innumerable definitions exist, with many
similarities and several contradictions emerging over
time®. In part, the contradictions arise from diversity
in the underlying health issues that the diets were in-
tended to address. Approaches to operationalizing the
broad definitions and a move to specific food-based
recommendations have typically used one of three ap-
proaches: i) observing existing dietary patterns asso-

ciated 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 re-

lated strengths and weaknesses are discussed below.

1. Some research about healthy diets has observed
dietary patterns in populations where 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 exam-
ple is the Mediterranean diet’, which has been the
topic of much research®. There are several limita-
tions to using such dietary patterns as the basis
for recommendations, most importantly because
they do not consider all potential health out-
comes. These examples do not account for local
availability and the affordability of food types or
the cultural traditions and acceptablility of foods.
Another approach has been to model optimal
dietary patterns for a specific food group based on
consumption and mortality data®. However, sever-
al challenges remain, including the lack of dietary
data from many populations and sub-groups.

2. A second approach has been to quantify the spe-
cific dietary intake patterns associated with mul-
tiple outcomes, both human and environmental
or planetary health. This dual outcome approach
is not new. Principles to guide a “sustainable,
healthy diet” based primarily on eating local and

42 |

minimizing processed food were published as
early as 1986°. From the start, these principles
have received considerable criticism from the
nutrition, agriculture, and food sectors. The
recent EAT-Lancet Commission on Healthy Diets
from Sustainable Food Systems!! provided rec-
ommendations for the consumption of specific
quantities of foods or groups of foods that pro-
mote human health and can be produced within
planetary boundary considerations. As with ear-
lier efforts, the EAT-Lancet Commission diet has
received criticism on several fronts, including the
lack of consideration of food affordability*?. How-
ever, the Commission calls for research to adapt
the diet to local contexts. Future studies may pro-
vide 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 per-
mit the contextualization of recommendations to
individual characteristics, cultural contexts, local
foods and dietary customs*3. Building on such evi-
dence, food-based dietary guidelines (FBDG) are
intended to guide the development and revision
of national food and agricultural policies. FBDGs
have been developed by over 100 countries®. The
content of FBDG may vary by country or region
but generally includes a set of recommendations
for foods, food groups, and dietary patterns that
minimize the risk of deficiencies, promote health,
and prevent disease in specific contexts.

CONCLUSION:

This brief defines a healthy diet for the Food Systems
Summit, placing human health promotion and disease
prevention at the center. In doing so, we draw atten-
tion to food safety. Without ensuring safety, diets can-
not nourish and instead will cause illness.

However, to inform policy and programmatic action,
this definition must be translated into specific food-
based recommendations. In doing so, the sustainabil-
ity of food systems, food affordability, and cultural
and other preferences must be considered. There will
always be tensions between the indicative or guiding
principles and approaches that propose more quanti-
fied recommendations. The former leaves much room
for interpretation, while the latter tends to underes-
timate the complexities of extrapolating prescribed
diets to varying age, sex, life stage, culture, food avail-
ability, or affordability, among other considerations.



The FAO and WHO have now set out a series of guiding
principles to achieve contextually appropriate sustain-
able, affordable, healthy diets'> 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 terminol-
ogy 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.

Annex 1: Defining nutritious foods

The distinction between diets and foods:

Over any particular period of time, an individual will
eat many foods and combinations 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 nutri-
tious. In this section, we will explore the concept of
nutritious food, and related evidence, gaps and con-
troversies.

A nutritious food is “one that provides beneficial nutri-
ents (e.g., protein, vitamins, minerals, essential amino
acids, essential fatty acids, dietary fibre) and minimiz-
es potentially harmful elements (e.g. anti-nutrients,
quantities of sodium, saturated fats, sugars)” (GAINY/,
drawing on definitions published by Drewnowski®
and Katz et al.*®). 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
categorization of individual foods as nutritious. The
same food, for example, whole fat milk, may provide
much-needed energy and other nutrients to one pop-
ulation group (e.g., underweight three-year-old chil-
dren), 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 classify-
ing individual foods as more or less nutritious'®%, Such
scores now provide the basis for several regulatory
and health-promoting efforts, including front of pack
labeling and health claims®'. 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 ingre-
dients (e.g., types of fat) that should be limited®. To

date, nutrient profiling has been used predominantly
for packaged foods in many high-income and several
middle-income countries. Considerable limitations re-
main for extending its utility to unpackaged foods and
in contexts where a large portion of food is not com-
mercially produced.

Several evidence gaps and controversies that
influence our ability to characterize health diets

and nutritious foods:

While much progress has been made to characterize
healthy diets, and classify individual foods as nutri-
tious parts of healthy diets, several gaps in evidence
and controversies remain.

e Imperfect characterization of population nutri-
ent requirements to avoid deficiency and pro-
mote health: Reference values for 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 developed and con-
verted into recommended daily nutrient intake
levels that will, at the population level, ensure
that the requirements of 95% of the population
are met?. Upper tolerable limits are set at the
minimum level above which potential harmful
effects may be observed and are essential for
understanding health risks and avoiding excess.
FAO? and many national governments have pub-
lished nutrient requirements. However, several
limitations exist, including diverse methodological
approaches to setting estimated requirements,
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?.

In addition to the focus on the positive (and nega-
tive) effects of individual nutrients, much research
has focused on the potential health effects — both
positive and negative — of consuming specific
foods, food groups or dietary patterns®. This is crit-
ically important as it advances our understanding
of the link between diet and health, and the impor-
tance of food, which contains many more bioac-
tive components than just the commonly-known
nutrients. Evidence of 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
guantities of some nutrients or dietary compo-
nents (e.g., trans fat, salt, sugar) forms the basis
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of the guidelines proposed by FAO*?°, WHO?, and
the High-Level Panel of Experts'¢. While the basic
tenants of these guidelines are unlikely to change,
evidence continues to evolve for all dietary com-
ponents 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 research-
ing the associations between food products and
health outcomes?. Emerging evidence suggests
that eventually dietary recommendations may be
personalized to optimize human health outcomes
based on individual characteristics?”:%8, but science
is still far from achieving this goal.

Imperfect knowledge of the nutrient and “anti-nu-
trient” content of food: Our ability to fully charac-
terize dietary patterns of populations and individu-
als (where data permit) is highly dependent on the
quality of the food composition tables, i.e., data-
bases 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 lacking and/or out-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 consideration
for nutrient bioavailability, among others®. Fortu-
nately, this issue is well recognized and substantial
advances have been made through the efforts of
the INFOODS project of FAOQ®°.

Lack of consensus and standardized definitions
related to food processing and health implica-
tions: A growing body of evidence suggests that
highly-processed foods (or ultra-processed foods)
are human health-harming3!. Recent studies have
also highlighted the impact of such foods on the
environment®?, an issue that was even raised in the
early discussions on sustainable diets>. Recent
studies have primarily used the NOVA classification
of ultra-processed foods®**34. However, at present
there is no single accepted definition that clearly
lays out the specific aspects of food processing
that may be health-harming®=¢. The implications
of highly-processed foods, particularly those high
in sugar, trans fat and 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”®’. Food safety issues can
arise from food contamination with biological hazards,
pathogens, or chemicals (natural or processed con-
taminants, residues of pesticides or veterinary medi-
cine etc.) during the production, processing, storage
(including but not limited to the 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!®3. In addition
to the disease burden, food-borne disease in low- and
middle-income countries (LMICs) is also a concern be-
cause of a broad range of economic costs and their im-
pacts on market access®.

Current knowledge suggests that biological hazards
and antimicrobial resistance may present a higher dis-
ease burden than chemical hazards. However, there
is still uncertainty due to difficulty in measuring and
attributing long-term and chronic effects. Chronic ef-
fects due to chemicals (natural or processed contam-
inants, pesticide residues, etc.) are more challenging
to trace and quantify their actual impact on disease
burden. The study by the Foodborne Disease Burden
Epidemiology Reference Group of the World Health
Organization (FERG/WHO)*® estimated that the glob-
al 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*
quantified the burden of disease from the most critical
food-borne toxins (aflatoxin, cassava cyanide and di-
oxins). Some work has also been done to estimate the
burden of illness due to four food-borne metals (arse-
nic, cadmium, lead, methylmercury), which is estimat-
ed to be substantial®®. 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**.

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 uti-
lized in high-income countries (HICs). While there are
many promising approaches to managing food safety
in LMICs, few have demonstrated 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 hu-



man health and is most often under the competence
of veterinary, health or agricultural inspectors, while
food quality is a market category that is usually the re-
sponsibility of food or market inspectors*.

Several evidence gaps and controversies that

influence the ability to assess and ensure the safety

of foods as part of a healthy diet:

e 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 producers, processors,
transporters, retailers, and consumers. If food
chain actors lack the requisite knowledge, resourc-
es, 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 pro-
duction and undergoes limited transformation?.
Several traditional ways of processing food can be
highly effective at reducing risk, but food-borne
illness is may still be linked to poor hygiene con-
ditions, close contact with animals, and limited
access to clean water from the market through to
the household. Informal market drivers and incen-
tives for safe food are often weak, although adverse
food safety events can leave the sellers vulnerable
to reputational harm. As such, food safety has
implications for livelihoods. Likewise, food-borne
diseases can have important consequences for
women’s resilience. Women predominate in tra-
ditional food processing and sales and are usually
responsible for food preparation at home.

e The preferred method for improving food safety
and quality is preventive, and many but 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 hygien-
ic 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 the food industry, both
large and small, can use for identifying and con-
trolling food-borne hazards. Governments should
recognize the application of a HACCP approach by
the food industry as a fundamental tool for improv-
ing the safety of food*”. 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 Com-
mission (CAC) sets standards to address the safety
and nutritional quality of foods for most segments
of the food chain to protect consumer health and
fair practices. The CAC establishes standards for
maximum levels of food additives, limits for con-
taminants and toxins, and residue limits for pesti-
cides and veterinary drugs.

Some countries, especially LMICs, have not adopt-
ed modern food safety control systems even though
there is a significant burden of food-related ill-
ness*. 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, such
as access to clean water, improved sanitation and
reduced environmental contamination in the soil,
water and air®.

Food safety priorities for countries include address-
ing risks from farm to table, changing from reactive
to proactive approaches to food safety, and adopt-
ing a risk analysis approach to ensure prioritized
decision-making. Building food safety capacity will
assist governments in economic development by
improving the health of their own citizens and
opening countries to more food export markets
and touris®.
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to achieve the Sustainable Development Goals (SDGs),
most countries are not on target to achieve the World
Health Organisation’s nutrition targets and SDG 2 tar-
gets. The COVID-19 pandemic has exacerbated malnu-
trition and highlighted the need for food safety. The
pandemic has also exposed the deep inequalities in so-
ciety and food systems. Nonetheless, future food sys-
tems can address many of these failings and ensure safe
and nutritious food for all. However, structural change
is necessary to address the socio-economic drivers be-
hind malnutrition, inequalities and the climate and en-
vironmental impacts of food. Adopting a whole-system
approach in policy, research and monitoring and eval-
uation is crucial to manage trade-off and externalities
from farm-level to national scales and across multiple
sectors and agencies. Supply chain failures will need
to be overcome and technology solutions adopted and
adapted to specific contexts. A transformation of food
systems requires coordinating changes in supply and
demand in differentiated ways across world regions:
bridging yield gaps and improving livestock feed con-
version, largely through agro-ecological practices, de-
ploying at scale soil carbon sequestration and green-
house gas mitigation, reducing food losses and wastes,
as well as over-nourishment and shifting the diets of
wealthy populations. Global food systems sustainabil-
ity also requires halting the expansion of agriculture
into fragile ecosystems, while restoring degraded for-
ests, fisheries, rangelands, peatlands and wetlands.
Shifting to more sustainable consumption and produc-

tion patterns within planetary boundaries will require
efforts to influence food demand and diets, diversify
food systems, careful land-use planning and manage-
ment. Integrative policies need to ensure that food
prices reflect real costs (including major externalities
caused by climate change, land degradation and bio-
diversity loss, and public health impacts of malnutri-
tion), reduce food waste and, at the same time, ensure
safe and healthy food affordability, decent incomes
and wages for farmers and food system workers. Har-
nessing science and technology solutions and sharing
actionable knowledge with all players in the food sys-
tem offers many opportunities. Greater coordination
of food system stakeholders is crucial for greater in-
clusion, greater transparency and more accountability.
Sharing lessons and experiences will foster adaptive
learning and responsive actions. Careful consideration
of the trade-offs, externalities and costs of not acting is
needed to ensure that the changes we make benefit to
all and especially the most vulnerable in society.

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
framework of food systems in the context of climate
and environmental change to ensure that all people
have access to a safe and nutritious diet. These ele-

Figure 1 Action Tracks of the UN Food Systems Summit in a Normative Systems Perspective.

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

4. Advancing Equitable Livelihoods

and Value Distribution (raising incomes,
: distributing risk, expanding inclusion, creating
jobs)

A 3. Boosting Nature Positive

-/

Production at Sufficient Scale

Seeking s

(promoting and creating demand for
healthy and sustainable diets,
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(acting on climate change, reducing
nergies > emissions, regenerating / protecting

ecosystems, reducing food loss / energy
usage, without undermining health or

—

5. Building Resilience to

Vulnerabilities, Shocks, Stresses :
(ensuring continued functionality of healthy and

sustainable food systems).

50 |

Source: Braun et al., 2021



ments are embedded in the fundamental human
rights, including the right to food, the rights to safe
water and sanitation (essential for safe food), as well
as the right to be free from discrimination.

Food systems provide a framework to advance access
to safe and nutritious food for all (including all crops,
fish, forest foods and livestock). Food systems encom-
pass 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
activities, including socio-economic and environmen-
tal outcomes (HLPE, 2020). Ensuring access to safe and
nutritious food for all underlies the other Summit Ac-
tion Tracks (Figure 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 ele-
ments (e.g. anti-nutrients, quantities of sodium, sat-
urated 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 food-
borne 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, micronutri-
ent deficiencies and overweight (including obesity).
Malnutrition increases susceptibility to foodborne
diseases, creating a vicious cycle for health, reducing
productivity and compromising 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, IFAD, UNICEF, WFP and WHO,
2020); Masters et al., 2018). The pandemic has ex-
posed long-standing inequalities in our food and
health systems that affect access to safe and nutritious
food as well as income to enable 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 af-
fordability, climate and environmental 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 ten 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 re-
lated to ensuring safe and nutritious food for all. While
the proportion of the population that is undernour-
ished, stunting, low birth weight and anaemia among
women of reproductive age have declined, the re-
ductions 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 over-
weight children and adults is rising.

No country is exempt from the scourge of malnutri-
tion. Undernutrition coexists with overweight, obesi-
ty 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 bur-
dened by high levels of all three forms of malnutrition
compared to less-fragile countries (GNR, 2020).

While some progress has been made in certain coun-
tries 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). Al-
though the health and behavioural actions required for
reducing all forms of malnutrition are well document-
ed (Lancet report, various WHO guidelines) as are the
benefits (Hoddinott, etc.), progress is far too slow. In-
equalities in society and the food system make afford-
able and healthy diets inaccessible to the most vulner-
able populations. There is an urgent need to transform
food systems to deliver on nutrition outcomes. Unless
nutrition-specific (direct) and nutrition-sensitive (indi-
rect) interventions are implemented at scale and in a
sustainable way (see Box 1) with complementary ser-
vices (such as regular deworming of children), the im-
pact will be suboptimal (Ruel et al., 2018). In addition,
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BOX 1: Sustainable food systems

“Sustainable food systems are: productive and prosperous (to ensure the availability of sufficient food); equi-
table 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 mar-
ginalized 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).

urgent action is necessary to minimise the impact of
the COVID-19 pandemic on children’s nutrition (Ruel
et al. 2020).

WEFP has predicted that the number of people facing
acute food insecurity in low and middle-income coun-
tries 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 forma-
tion (Martorell, 2017).

Approximately 600 million people fall ill through the
consumption of contaminated 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, 2015).
Foodborne diseases disproportionately affect children,
accounting for 40% of the foodborne disease burden.
The consumption of unsafe foods cost low- and mid-
dle-income countries at least USS 110 billion in lost
productivity and medical expenses annually (Jaffee et
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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 safe-
ty is a marginalised policy objective, especially in de-
veloping 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 in-
cidence of foodborne diseases, presenting a major ob-
stacle to adequately addressing food safety concerns
(Devleesschauwer et al., 2017).

A recent innovation is the assessment of the adequa-
cy, affordability and access to healthy diets included in
the 2020 SOFI report (see affordability, Table 1). If con-
tinually updated, this indicator could become a com-
prehensive proxy for monitoring progress on ensuring
safe, nutritious food for all.
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4. INTERCONNECTED FOOD SYSTEMS DRIVERS THAT
AFFECT THE ACCESS TO SAFE AND NUTRITIOUS
FOOD FOR ALL

Several interconnected socio-economic and biophysi-
cal food systems drivers affect access to safe and nutri-
tious food. Nutrition is both a health and food system
concern. While some drivers of food systems are glob-
al (e.g. trade liberalisation, climate change), others are
regional, national and sub-national (e.g. conflicts). At
the same time, many are differentiated across geog-
raphies (e.g. poverty, demography, technologies, land
degradation). Below, we provide a brief overview of
the main drivers, depicted in Figure 2. At the centre of
the diagram is the food system, driven by socio-eco-
nomic, 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 con-
texts, the drivers and the food system are also affected
by conflict and fragility.

a) Socio-economic drivers

There is a vast array of socio-economic drivers that
increase the global food demand, including popula-
tion growth (Gerten et al., 2020), the westernisation
of diets, increased food waste and overweight (in-
cluding obesity) (Hasegawa et al., 2019), 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 de-
mand by 2050 and will require a mean global increase
of crop yields by over 30% from 2015 for a range of
scenarios without climate change (FAO, 2018), a value
lower than in previous projections that were assuming
rapid economic growth (Alexandratos and Bruinjsma,
2012).

Globalisation. Lockdowns caused by the COVID-19 pan-
demic of zoonotic origin have disrupted the produc-
tion, transportation, and sale of nutritious, fresh and
affordable foods, forcing millions of families to rely on
nutrient-poor alternatives (Foreet al., 2020). Interna-
tional 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., 2019). 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 ‘west-
ernised’ and often obesogenic foods increases the in-
cidence 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), im-

Figure 2 Food system context and drivers related to Action Track 1.
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proving 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 youth in Africa will have increased by
42%. Nevertheless, in 2018, for the first time in history,
the proportion of older persons (above 65) outnum-
bered children under five years, a trend that is predict-
ed to continue (UNDESA, 2019). A growing proportion
of older people will put a strain on the health system
and change nutritional needs and dietary preferenc-
es. Ageing is accompanied by multiple physiological
changes that affect diets and nutrition. This may in-
clude 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; 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). Moreover, by 2050, 68% of the
global population could be urban, shifting the propor-
tion of producers to consumers, changing consump-
tion patterns (demand), driving land take and putting
extra pressure on soil resources (Barthel et al., 2019,
van Vliet et al, 2019).

Poverty and inequality. Poverty traps millions in poor
nutrition, depriving them of their potential (Victoria,
2008). The prevalence of undernutrition and over-
weight adults are directly linked with relative food
prices (Headey and Alderman, 2019). Healthy diets
cost between 60 and 400% more than nutrient-ade-
quate and energy-sufficient diets, respectively (FAO
et al., 2020). More than 1.5 billion people cannot af-
ford a nutrient-adequate diet and over three billion
cannot afford even the cheapest healthy diet (FAOQ,
2020). Food system disruptions caused by COVID-19
measures aggravate this situation (Headly 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 es-
timated by the World Bank that under and malnour-
ishment costs 3% of global GDP and overweight and
obesity another 2% of GDP (Jaffee et al., 2018).

Women play a key role in multiple components of food
systems and in decisions over food choices. None-
theless, inequalities and barriers related to access to
farming opportunities and services such as extension,

credit, digital platforms for knowledge and market ac-
cess constrain their participation relative to men (Qui-
sumbing, 2011). Inequalities and barriers also affect
the nutrition and health of minorities and off-farm and
food system workers (including migrants and undoc-
umented workers), which is a barrier to food system
and societal transformation (CFS, 2020).

Conflict and fragility. Conflict can be an outcome and
cause of food insecurity. Increased competition for
natural resources leads to conflict and political fragili-
ty, exacerbated by the failure of traditional conflict res-
olution mechanisms to adapt to the new governance
system of communities (SOFI, 2017). Government and
political institutions (municipalities, legal systems and
political party structures) have not adapted to the so-
cial fabric they presently govern, constraining develop-
ment 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.
FSIN (2020) reports that in 2019, about 135 million
people were affected by crisis levels of acute food inse-
curity, reflecting an increase of 11 million people from
the previous year (FSIN Food Security Information Net-
work, 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 pro-
vision of food transfers in emergency situations may
alter the food preferences of communities, leading to
changes in production and consumption past-conflict.

The largest numbers of acutely food-insecure people
are in Africa, where extreme weather events in the
Horn of Africa and Southern Africa have led to wide-
spread hunger. In many parts of the world, armed con-
flicts, intercommunal violence and other localised ten-
sions create insecurity (FSIN, 2020). Adverse climate
events and stresses compound violence, displacement
and disrupted agriculture and trade. Often those af-
fected 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 dispropor-
tionally vulnerable to the impact of the COVID-19 pan-
demic and have little capacity to cope with the health
and socio-economic aspects of the shock (FSIN, 2020).
WEFP predicts that the number of people in LMICs fac-
ing acute food insecurity will nearly double to 265 mil-
lion by the end of 2020 (WFP, 2020). Moreover, fragile
and extremely fragile countries are disproportionally
burdened by high levels of malnutrition compared to
non-fragile countries (GNR, 2020).
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b) 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 be-
hind 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 for all. In many
developing countries (especially in Africa), supply chain
failures and the under-utilisation of technology are ma-
jor constraints to the transformation of food systems to
achieve this access. More than half of the calories con-
sumed by humans are provided by three major cereal
crops (rice, maize, and wheat) with a high-calorie out-
put and current research investments are positively cor-
related with the energy output of crops, with a number
of crop species (e.g. sweet potato, potato, wheat, broad
bean, and lentil) under-researched relative to their con-
tribution to healthy human nutrition (Manners and Van
Etten, 2018). Orphan crops that are usually well adapt-
ed to low-input agricultural conditions have received
little attention from researchers (Tadele, 2019). There is
a growing recognition that the development of peren-
nial versions of important grain crops and grasses could
expand options to ensure food and ecosystem securi-
ty (Glover et al., 2010). Viable high biomass perennial
grain crops could be further developed in agroecosys-
tems 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 local breeds, es-
pecially for small ruminants as well as fish.

Closing yield gaps on underperforming lands and in-
creasing 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,
including mechanisation, precision and digital agricul-
ture. Moreover, a lack of access to extension services,
to formal credit and cooperative membership often
limits technology adoption, which is associated to pos-
itive household welfare effects (Wossen et al., 2017).
While efficiency and substitution are steps towards
sustainable intensification, system redesign may be es-
sential for agro-ecological intensification through e.g.
integrated pest management, conservation agricul-
ture, integrated crop and biodiversity, pasture and for-
age, 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
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(Shafiee-Jood and Cai, 2016). Food losses and food
waste occur throughout the food chain. They constrain
food system sustainability due to their adverse effects
on food security, natural resources, environment, cli-
mate and human health (e.g. toxic emissions from in-
cineration) (Xue et al., 2017).

Plant biotechnologies are mostly used for fibre and
animal feed, less often for food because of regulato-
ry constraints and intellectual property rights barriers
(Barrows et al., 2014). New and innovative technol-
ogies such as biotechnologies, precision agriculture
and digital agriculture, alternative protein sources, un-
der-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 production based on
grains from food crops, can drive up staple food prices
and compete for land, exacerbating inequalities.

c) Climate change, land-use change and natural
resource degradation

Climate change, including increases in frequency and
intensity of extremes, has adversely impacted food se-
curity, affecting the yields of some crops (e.g. maize
and wheat) and on pastoral systems in low latitude re-
gions (IPCC, 2019). Climate change may aggravate food
system problems in countries with delicate food secu-
rity 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 pro-
duction for exports, particularly in the case of mono
cropping. Diets and cropping patterns may change as
climate factors constrain the production of traditional-
ly grown crops.

With increasing warming, the frequency, intensity and
duration of heatwaves, droughts and extreme rain-
fall events are projected to increase in most world
regions, increasingly threatening the stability of food
supply (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 adaptation to climate change. Likewise, in a busi-
ness-as-usual scenario, Alae-Carew et al’s. (2020) re-
view of predicted changes in environmental exposures
has reported likely reductions in yields of non-staple
vegetables and legumes. Where adaptation possibil-
ities are limited, this may substantially change their
global availability, affordability 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 CO2 levels through
reduced proteins and micro-nutrients contents (IPCC,
2019). Labour productivity is also likely to reduce with
increasing temperatures (Watts et al., 2021).

The global food system (from farm inputs to consum-
ers) emits about 30% of global anthropogenic green-
house gases (GHG), contributes to 80% of tropical
deforestation and is a main driver of land degradation
and desertification, water scarcity and biodiversity de-
cline (IPCC, 2019). About one-quarter of the Earth’s
ice-free land area is subject to human-induced degra-
dation and about 500 million people live within areas
undergoing desertification (IPCC, 2019). By 2050 land
degradation and climate change could lead to a reduc-
tion of global crop yields by about 10% with strong
negative impacts in India, China and sub-Saharan Af-
rica resulting in the displacement of up to 700 million
people (Cherlet et al., 2018). Around 2 billion people
live within watersheds exposed to water scarcity and
this number 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
and 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
1 billion poor people whose livelihoods depend on for-
ests and equalling a mass extinction event if tropical
deforestation continues 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 (FOFA, 2018).
Changing the path of our future will demand a struc-
tural transformation (transitioning from low productiv-
ity and labour-intensive economic activities to higher
productivity, sustainable and skill-intensive activities)
of food systems. This will require changes in the allo-
cation of resources and research attention to factors
beyond production will be necessary to transition to
more sustainable patterns of production and con-
sumption (CFS, 2020). More concerted effort is needed
to coordinate activities, monitor progress more closely
and greater accountability from all players across the
food system. Priority should be given to the establish-
ment of functional problem-solving institutions which
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 con-
sumption drivers and harness science, technology and
innovation to improve the sustainable production of
enough food to ensure access to affordable, safe and
nutritious foods for all (Figure 3). The sections below
identify some of the levers for change.

Figure 3 Food system context and drivers related to Action Track 1.
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a) Coordination, monitoring and accountability

The ambition of the CFS is to be “the most inclusive
international and intergovernmental 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 partners have con-
verged through various mechanisms for food security
coordination (e.g. FSIN, the Global Network Against
Food Crises, expanding the SOFI collaborators, the CFS
Global Strategic Framework, etc.). Strengthening the
global governance and accountability regarding safe
and nutritious food for all and sustainable food sys-
tems is key for meeting the challenges ahead and will
require cross-sectoral integration of policies. Nonethe-
less, agriculture, development and trade policies that
affect access to food as well as other dimensions of
food systems are often dealt with in separate fora (De
Schutter, 2013). Therefore, improved coordination,
monitoring and accountability across the food system
and among all stakeholders is necessary, including
sharing knowledge, building capacity, better measure-
ment, 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 san-
itation, 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 sustainable food sys-
tems, a concerted effort is needed to develop a glob-
al compact — a non-binding agreement to encourage
the transformation of food systems — and appropriate
accountability of all stakeholders to monitor agreed-
on transformation targets. Integrated, science-based
policies (health and nutrition, food and agriculture,
climate and environment) would allow reinforcing ac-
countability at both national and international scales.

Advances in information technology and data science
play an important role in enabling rapid assessment of
situations, monitoring and decision-making and adap-
tive learning. An integrated global food system model is
needed as existing models (see Valin et al., 2014; Khan-
na and Zilberman, 2012) do not have consistent global
coverage and are not designed to assess the impacts
of all of the elements of food systems. Strengthening
national policy scenarios and foresight is also neces-
sary (Schmidt-Traub et al. 2019). Moreover, improved
indicators of food systems (see SOFI, 2020) are required
(see Sukhdev et al. 2018, Chaudhary et al. 2018 for ex-
amples), that could provide more holistic measures that
capture the four elements addressed by Action Track 1,
namely safety, nutrition, inequality and sustainability.
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Rigorous global monitoring systems require global
collaboration, updated information, 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 artifi-
cial intelligence applications to collect information of
systemic risks and food systems and disseminate infor-
mation to various stakeholders and beneficiaries are
needed in last-mile and crises situations and in regions
disproportionately affected by the COVID-19 pandem-
ic 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).

b) Influencing food demand and dietary changes
There are several ways to reduce demand on the glob-
al food system in both the short and long term and
make nutritious foods more available and affordable
(see Herrero et al., 2021). Some of these ways may be
by accelerating demographic transitions, increasing in-
comes, reducing food losses and waste and changing
diets.

Household food waste is proliferating in emerging
economies and is likely to increase without deliberate
effort to curb waste (Barrera and Hertel, 2020). Halv-
ing 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 (Read et al., 2020; Barrera and
Hertel, 2020). The amount of food waste/loss var-
ies greatly from region to region, and therefore con-
text-specific interventions are crucial (Hodson et al.,
2021).

Private investment is needed to develop food pro-
cessing, refrigeration, storage, warehousing as well as
retail markets to reduce food waste. Vertical integra-



tion of food chains can shorten chains to the benefit
of smallholder farmers while trade can expand mar-
ket opportunities. Compared to a business-as-usual
scenario, a combined scenario targeting undernour-
ishment while also reducing over-consumption and
food waste would reduce food demand by 9% in 2050
(Hasegawa et al., 2019).

Because of the strong associations between female
education, fertility and infant mortality, alternative
education scenarios alone (assuming similar educa-
tion-specific fertility and mortality levels) lead to a dif-
ference 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 re-
duce 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 ani-
mal-sourced food produced in resilient, sustainable
and low-GHG emission systems present major op-
portunities for 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 (Dona-
ti, et al.,, 2016). However, most diets have trade-offs
between nutritional values, affordability and environ-
mental issues (Headey and Alderman, 2019).

Populations with a high prevalence of undernutrition
and micronutrient deficiencies (Fanzo, 2019) benefit
from increasing the consumption of animal-sourced
products due to the bioavailability of key micro-nu-
trients (Perignonet al., 2017). Many highly nutritious
foods may simply be unaffordable to poorer popula-
tions 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 to prepare
meals.

Policies can create incentives for change. Urgent pub-
lic policy action is needed to create incentives for
creating healthy, sustainable food systems and deliv-
ering safe, nutritious and affordable foods for all. Pol-
icy 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 rel-
atively inexpensive policy options and interventions
are available for improving nutrition at the individu-
al level (Buckhman et al., 2020; Hawkes et al., 2020;
Bhutta et al., 2008). Policies that enable healthy food

environments (such as sugar taxes, educational food
labelling, reducing salt, the prohibition of trans-fats
and a reduction in the use of high-fructose corn syr-
up) are core to improving food environments and lim-
iting 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 health-
care costs, contribute to reduce 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 evi-
dence reviewed in this paper indicates that subsidies
on fortified foods can have positive nutritional effects,
and in-kind transfers may limit food deficits during pe-
riods of currency or price volatility. The affordability of
healthy diet can be improved with distribution of bio-
fortified food in government schemes, cash transfers
and nutrition programmes. However, price subsidies
and in-kind assistance have complex interactions on
markets and purchasing decisions with both negative
implications and benefits (Alderman, 2016).

c) Shifting to more sustainable consumption and
production within planetary boundaries

Nutrition outcomes in developing countries are af-
fected by agriculture in several ways: as a source of
food for household consumption and of income,
through the role of food prices and agricultural poli-
cies, through the role of women’s employment in ag-
riculture 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 pro-
duction diminishes as farm size increases (Herrero et
al., 2017). Hence, as farm size increases, the produc-
tion of diverse nutrients and viable, multifunctional,
sustainable landscapes requires efforts to maintain
production diversity (Herrero et al., 2019), which may
lead to increased dietary diversity (Pellegrini and Tas-
ciotti, 2014). Targeted policies that focus on the farmer
may incentivise positive changes in landscapes, pro-
duction diversity and dietary diversity.
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In turn, diversification in the food system (e.g. im-
plementation 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 conven-
tional agriculture through water and air pollution, and
more specifically by pesticides, antibiotics and inor-
ganic fertilisers (Frison and Clément, 2020). Compared
to conventional agriculture, organic agriculture gener-
ally has a positive effect on a range of environmental
factors, including above and belowground 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 Heij-
den, 2019).

Sustainable land management can bridge yield gaps
and avoid deforestation while providing climate
change adaptation and mitigation and land degra-
dation co-benefits in croplands and pastures (Smith
et al., 2020). This can be achieved by increasing soil
organic carbon (Soussana et al., 2019), agroforestry,
erosion and fire control, improved irrigation water
and fertiliser management, heat- and drought-toler-
ant plants (Smith et al., 2020). For livestock, sustain-
able options include better grazing land management,
improved manure management, higher-quality feed,
and use of breeds and genetic improvement (Herre-
ro et al., 2016). Under stringent global climate change
mitigation policy, risks for food security would be in-
creased (Hasegawa et al., 2018) through competition
for land between food production, bioenergy and af-
forestation be it driven by local or foreign investment
in land (Cotula, 2014). Nevertheless, increasing and
valuing soil carbon sequestration on agricultural land
would allow 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 stor-
age has adverse effects on food security, but small
scale projects with best practices may deliver co-bene-
fits (Smith et al., 2020).

Increased demand for fish and seafood has threat-
ened fisheries and the sustainability of ocean resourc-
es. Limited attention has been given to fish as a key
element in food security and nutrition (HLPE, 2014).
The aquaculture industry has emerged and increas-
ingly 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

62 |

sustainability of fishery resources (HLPE, 2014). Addi-
tional challenges in production facilities such as ma-
rine feed supply, antibiotic use and in 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 construction of ports and other coastal infrastruc-
tures, 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 liveli-
hoods of fishing communities — such as the denial of
access to fishing grounds or displacement 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 resources degradation and biodiversity loss
is necessary to address artificial price distortions, re-
duce food waste, internalise 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 costing of
food would on average increase food prices. Food as-
sistance policies that do not distort market and labour
incentives can meet emergency food needs and im-
prove access to food. Trade can help to improve food
availability, diversify diets and smooth price volatility
(MacDonald et al., 2015).

d) Harnessing science and innovation and managing
risks

Structural transformation to a more sustainable food
system can bring about efficient and more rapid pro-
ductivity growth through investment in research and
development over the long term (Fuglie et al., 2020).
Science should increasingly inform solutions and gen-
erate knowledge that is actionable to transform food
systems and reach safe and nutritious for all (Arnott et
al., 2020). Since policy agendas are largely set at na-
tional 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 one
health, climate change adaptation and mitigation, as
well as disaster preparedness, could be game-chang-
ers for overcoming challenges and building system
resilience. Nonetheless, their development should be
guided by assessing 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 so-
cial innovations to support the conservation of com-
mon goods in more participatory, collaborative, inclu-
sive 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., 2021), vertical farming, alterna-
tive protein sources (e.g. algae, insects), active pack-
aging and blockchain technologies (Kamilaris et al.,
2019), artificial intelligence and big data analysis (Wol-
fert et al.,, 2017) and whole-genome sequencing in
food safety (Deng, Bakker, & Hendriksen, 2016) have
the potential to meet a number of food system chal-
lenges. However, adapting these technologies to local
conditions, making them accessible to farmers and re-
tain much of the gain among consumers and the rural
communities, is challenging, especially for developing
economies, smallholder farmers and small businesses.
Therefore, investments in science-based, participatory
processes to map 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 sup-
porting ecosystem services is increasingly recognised
in the context of the bioeconomy, which targets an in-
creased reliance on renewable sources to address cli-
mate change (Zilberman, 2014). A circular bioeconomy
envisions developments in industrial biotechnologies
to generate co-products, by-products and waste re-
cycling, thereby generating an overall increased input
efficiency of agricultural systems producing 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 principles (find-
able, accessible, interoperable and reusable data)
(Mons et al., 2017) can advance food systems knowl-
edge and enhance the accountability of all stakehold-
ers of the food systems. The use of open-source plat-
forms 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 includ-
ed in the SDG indicator set, current data on foodborne
diseases, some malnutrition indicators (such as wast-
ing), poverty and inequality data are not updated or

are missing comparative baselines. Very few sex-disag-
gregated indicators are available, constraining analysis
and the tracking of progress towards gender equality.
The upcoming Countdown on Food System Transfor-
mation mechanism may support the effort to bring
together various indicators in a systematic framework
for monitoring and evaluation.

Increasingly, risk assessment tools will be needed to
drive food safety policy and standards and optimise
surveillance, detection and early warning systems of
zoonotic diseases for both the formal and informal
sectors (Di Marco et al., 2020) and crop diseases (Mo-
hanty 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 re-
quire a science- and risk-based approach for produc-
tion of safe food within a food systems approach.

6. CONCLUDING MESSAGES

Action to address safety, malnutrition, poverty and in-
equality, as well as climate and environmental issues,
through food systems transformation will undoubted-
ly bring large health, social, economic, ecological and
development co-benefits and savings on public ex-
penditure while supporting several interrelated SDGs.
A range of priority actions to speed up progress to-
wards international targets and scale up the solutions
proposed in section 5 can be taken in the short-term,
based on existing knowledge, while supporting longer,
more sustainable responses with significant co-bene-
fits. Future actions will have to be iterative, coherent,
adaptive and flexible to maximise co-benefits and mi-
nimise trade-offs. Many recommended policy chang-
es and interventions have win-win potential for food
security, health and the environment. 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 to manage
trade-off and externalities from farm-level to national
scales and across multiple sectors and agencies. Ulti-
mately, context matters and comprehensive national
action plans are crucial for setting out actions suited
to the particular economic, agricultural, social and di-
etary preferences of the particular nation. Careful con-
sideration of the trade-offs and co-benefits of any ac-
tions will be necessary at different levels (sub-national,
national, regional and global). Likewise, there may be
‘winners’ and ‘losers’ in each action adopted to trans-
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form to more sustainable food systems. The losses and
gains will vary depending on the context but could in-
clude 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 stig-
matisation 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 between research, the private sec-
tor and policy-makers is pivotal in creating food envi-
ronments and guiding consumers’ choice in practical
and implementable ways. The elaboration and implan-
tation of National Food 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 to accelerate our capacities to meet existing
and future challenges. Substantial public, private and
international investment is necessary to faster progress
towards the targets and recover from the setbacks of
the COVID-19 pandemic. Improved international coop-
eration and coordination of the food system is neces-
sary, including the establishment of a comprehensive
monitoring, evaluation and early warning system with
comprehensive indicators, transparency and commit-
ments of all stakeholders. 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 nation-
al scale to reach food systems targets supporting an
ensemble of global-scale and integrative food systems
models. Establishing such a system will require capac-
ity development for comprehensive foresight, scenar-
io and predictive modelling to better understand un-
certainties, trade-offs and impacts of various change
pathways. More research is needed to identify the
most adequate, affordable, healthy and sustainable di-
ets across different contexts. More frequently collect-
ed nutrition and poverty data are necessary to provide
more data points for monitoring change and progress.
Innovative indicators such as the affordability of ade-
quate, nutritious and healthy diets are vital to bring
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
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these changes and shifts are required for effective de-
cision-making. For example, the cost of nutrition in-
terventions 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 that the cost 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 for land and for water restoration).

Research and technology advances are essential to
solve critical constraints and offer many opportunities
to improve productivity, food safety and reduce food
losses and waste, as well as GHG emissions. Capaci-
ty-building, property rights, technology development,
transfer and deployment and enabling financial mech-
anisms 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 transfor-
mation 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 prac-
tices and agroforestry, deploying at scale soil carbon
sequestration and agricultural greenhouse gas abate-
ment, reducing food losses and wastes, as well as
over-nourishment and changing the diets of wealthy
populations. Global food systems sustainability also
requires halting the expansion of agriculture into frag-
ile ecosystems while restoring degraded forests, fish-
eries, rangelands, peatlands and wetlands.
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by Mario Herrero, Marta Hugas, Uma Lele, Aman Wira, and Maximo Torero

ABSTRACT

Action Track 2 works to catalyse a shift in consum-
er behaviour that will create and build demand for
sustainably produced agri- and ocean food products,
strengthen shorter value chains, promote circular
use of food resources, helping to reduce waste and

improve nutrition, especially among the most vul-
nerable. This Action Track recognises that current
food consumption patterns, often characterised by
higher levels of food waste and a transition in di-
ets towards higher energy, more resource-intensive
foods, need to be transformed. Food systems in both
developed and developing countries are changing
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rapidly. Increasingly characterised by a high degree
of vertical integration, evolutions in food systems are
being driven by new technologies that are changing
production processes, distribution systems, market-
ing strategies, and the food products that people eat.
These changes offer the opportunity for system-wide
change in the way in which production interacts with
the environment, giving greater attention to the
ecosystem services offered by the food sector. How-
ever, developments in food systems also pose new
challenges and controversies. Food system changes
have responded to shifts in consumer preferences
towards larger shares of more animal-sourced and
processed foods in diets, raising concerns regarding
the calorific and nutritional content of many food
items. By increasing food availability, lowering pric-
es and increasing quality standards, they have also
induced greater food waste at the consumer end. In
addition, the risk of fast transmission of food-borne
disease, antimicrobial resistance and food-related
health risks throughout the food chain has increased,
and the ecological footprint of the global food sys-
tem continues to grow in terms of energy, resource
use, and impact on climate change. The negative
consequences of food systems from a nutritional,
environmental and livelihood perspective are in-
creasingly being recognised by consumers in some
regions. With growing consumer awareness, driven
by concerns about the environmental and health im-
pacts of investments and current supply chain tech-
nologies and practices, and by a desire among new
generations of city dwellers to reconnect with their
rural heritage and use their own behaviour to drive
positive change, opportunities exist to define and
establish added-value products that are capable of
internalising social or environmental delivery within
their price. These forces can be used to fundamen-
tally reshape food systems by stimulating coordinat-
ed government action in changing the regulatory
environment that in turn incentivises improved pri-
vate sector investment decisions. Achieving healthy
diets from sustainable food systems is complex and
requires a multi-pronged approach. Actions neces-
sary include awareness-raising, behaviour change
interventions in food environments, food education,
strengthened urban-rural linkages, improved prod-
uct design, investments in food system innovations,
public-private partnerships, public procurement, and
separate collection enabling alternative uses of food
waste can all contribute to this transition. Local and
national policy-makers and small- and large-scale pri-
vate sector actors have a key role in both responding
to and shaping the market opportunities created by
changing consumer demands.
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Section 1. Introduction

There is global convergence on the need for transform-
ing food systems so that they deliver nourishment,
health for humanity while contributing to reducing the
environmental pressures on our ecosystems. Trans-
forming food systems involves five action tracks: AT1)
access to safe and nutritious food, AT2) sustainable
consumption, AT3) nature-positive production, AT4)
equitable livelihood, and AT5) resilience to shocks and
stress. As discussed by 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 mi-
cronutrient deficiencies. 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 (Devel-
opment Initiatives, 2020; Global Panel on Agriculture
and Food Systems for Nutrition, 2020). Food, our more
proximate relationships to our physical health, is fail-
ing us. Globally, poor-quality diets are linked to 11 mil-
lion deaths per year (Afshin et al., 2019; Global Panel
on Agriculture and Food Systems for Nutrition, 2020).

As discussed by Action Track 1, we are failing the plan-
et by enabling the food system to be the single larg-
est driver of multiple environmental pressures. Food
production accounts for 80% of land conversion and
biodiversity loss including the collapse of major ma-
rine fisheries and freshwater ecosystems (Campbell et
al., 2017; IPCC, 2019),high levels of contamination of
freshwater and marine ecosystems (Mateo-Sagasta,
Zadeh and Turral, 2017) ; accounts of 70% of freshwa-
ter withdrawals (Campbell et al., 2017), with major riv-
er systems such as the Colorado river in USA no longer
reaching their deltas; and contributes approximately
30% of global greenhouse gas emissions (IPCC, 2019).

Action Track 2 recognises that current food usage pat-
terns, often characterised by high levels of food loss
and waste, a high prevalence of the consumption of
diets high in energy, and the production of natural
resource-intensive foods, need to be transformed
to protect both people and the planet. At the same
time, context is very important. The challenges and
opportunities associated with a nutrient transition
will vary for different contexts and countries, and will
need to be evaluated and solved with an array of dif-
ferent 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, re-
formulation, improved product design, packaging and
portion sizing, investments in food system innovations,
public-private partnerships, public procurement, and



separate collection enabling 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 shap-
ing the market opportunities created by changing con-
sumer demands.

Section 2. Building the evidence on healthy diets

A healthy diet is health-promoting and disease-pre-
venting. It provides adequacy without excess, of nutri-
ents and health-promoting substances from nutritious
foods and avoids the consumption of health-harming
substances (Healthy diet: A definition 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 macro-
nutrients, micronutrients and other food components
needed to lead an active and healthy and enjoyable
life.

Consumer demand, availability, affordability and ac-
cessibility 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 foods and culinary
traditions of foods that together can form healthy di-
ets, which vary widely across countries and cultures
according to traditions, preferences and local food sup-
plies. Food-based dietary guidelines translate these
common principles into nationally or regionally rele-
vant recommendations that consider these differenc-
es, as well as context-specific diet-related health chal-
lenges. National food-based dietary guidelines provide
context-specific advice and principles on healthy diets
and lifestyles, which are rooted on 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 (http://www.fao.
org/nutrition/education/food-dietary-guidelines/
home/en/). Most food-based dietary guidelines rec-
ommend consuming a wide variety of food groups and
diverse foods within food groups, plentiful fruits and
vegetables, inclusion of starchy staples, animal-source
foods and legumes, and limiting 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 recom-
mendations about quantities of meat/egg/poultry/an-
imal-sourced food to consume (20% make specific rec-
ommendations about fish), and only three countries

(Finland, Sweden and Greece) make specific quanti-
tative 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 guide-
lines 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, Goswami and Me-
konnen, 2021). Recent estimates of consumption found
the foods available for consumption did not meet a
single dietary recommendation laid out in national
food-based dietary guideline in 28% of countries, and
the vast majority of countries (88%) met no more than
two out of twelve dietary recommendations (Spring-
mann 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 veg-
etables. In contrast, the global (and several regional)
average intake of red meat, processed meat and sug-
ar-sweetened beverages exceeds recommended lim-
its. Australasia and Latin America had the highest lev-
els of red meat consumption, with high-income North
America, high-income Asia Pacific and western Europe
consuming the highest amount of processed meat (Af-
shin 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 10-fold higher in high-income
compared to lower middle-income countries. Howev-
er, sales growth is evident across all regions, the fast-
est occurring in middle-income countries (Baker et al.,
2020).

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 nutri-
ent 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
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deaths per year (Stoltzfus, Mullany and Black, 2004),
whereas undernutrition is an underlying cause of 45%
of all deaths of children under the age of 5 years.

Animal-sourced foods can provide high-quality ami-
no acid profile and micronutrient bioavailability. A
recent study showed improved linear growth in chil-
dren receiving animal-sourced foods vs cereal-based
diets or no intervention (Eaton et al., 2019). Daily
egg provision to young children have also shown in-
creased linear growth compared to control (lannotti
etal.,, 2017). These changes in growth can be equated
to larger economic gains across a nations, continents,
and globally. A review of the association between
stunting and adult economic potential found that a
1 c¢cm increase in stature is associated with a 4% in-
crease in wages for men and a 6% increase in wag-
es for women (McGovern et al., 2017). The Cost of
Hunger in Africa series has quantified the social and
economist impact of hunger and malnutrition in 21
African countries and concluded that a) 8 to 44% of
all child mortality is associated with undernutrition,
b) between 1 to 18% of all school repetitions are as-
sociated with stunting, c) stunted children achieve
0.2 to 3.6 years less in school education, d) child mor-
tality associated with undernutrition has reduced na-
tional workforces by 1 to 13.7%, and e) 40 to 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, includ-
ing protein, omega-3 fatty acid and other micronutri-
ents. In addition to the underconsumption of fruits,
whole grains, nuts and seeds, as noted before, seafood
is also generally eaten below recommended intake
levels. With the exception of high-income Asia Pacif-
ic, seafood omega-3 fatty acids consumption is lower
than optimal levels in all 21 global burden of disease
regions. The recently-released the 2020-2025 Dietary
Guidelines for Americans also notes that only 10% of
Americans eat the recommended amount of seafood
—two servings — each week.

Section 3. Building the evidence on healthy diets
from sustainable food systems

First and 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
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pressure and impact; are accessible, safe and equi-
table; and are culturally acceptable (FAO & WHO,
2019). Considering current environmental challeng-
es, 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 was
mediated by recent studies linking food availability
patterns, and projections, to non-communicable dis-
ease health consequences, and the environmental
impacts of food production (Tilman and Clark, 2014;
Springmann, Wiebe, et al., 2018; Willett et al., 2019).
A broad range of food availability patterns have been
tested as alternatives to current food availability pat-
terns, 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 there-
fore not widely accepted. The authors then used six
environmental dimensions of importance to plane-
tary health and earth system processes (greenhouse
gas emissions, cropland use, water use, nitrogen and
phosphorus use and biodiversity), using the plane-
tary boundaries concept (Rockstrém 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 Commission de-
fine 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 of consumption options, including

moderate meat consumption, would significantly re-

duce environmental impacts compared to baseline

scenarios reflecting current consumption patterns.

Flexitarian diets include the following characteristics:

1. high in diverse plant-based foods.

2. highin whole grains, legumes, nuts, vegetable and
fruits consumption.

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

4. low in fats, sugars and discretionary/ultra-pro-
cessed 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 flexetarian patterns
could contribute to reduce greenhouse gas emissions
primarily, as a reduction in animal-sourced foods re-
duced land use and the numbers of animals, and their
associated emissions. However, the increases in fruits,
nuts and vegetables needed 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 need-
ed for achieving the diets within all sustainability con-
straints. These dynamics are consistent across many
studies exploring dietary variants (Aleksandrowicz et
al., 2016; Jarmul et al., 2020). However, the environ-
mental 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 the
vegan diet) could potentially contribute to significant
reductions of the social cost of greenhouse gas emis-
sions, 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 the
most vulnerable such as women of reproductive age,
pregnant and lactating women, and children and ad-
olescents. In contexts where diverse options for for-
tified 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, bio-
fortification of staple foods can lead to higher acces-
sibility of micronutrients particularly to the poor and
vulnerable. However, in contexts where such diversi-
ty of high-quality, fortified products is not abundant,
the health risk to anaemia and iron deficiency due to
a lack of vitamins and minerals is significant (as out-
lined above). The recommendations to move to more
plant-based diets are complicated by the high qual-
ity of animal-sourced foods in terms of amino acid
profile and micronutrient bioavailability and the ev-
idence that the addition of such foods to plant-based
diets of many populations could have large individual
and societal benefits. Thus, when economic and so-
cio-cultural sustainability are considered, as well as
the complex landscape of diverse nutrition situations
globally, healthy diets with sustainability consider-
ation will look different in diverse contexts around
the world

Transitions towards healthy diets, let alone sustainable
consumption are critical contributors to achieving cli-
mate stability, and halting the rampant loss of biodi-
versity. Combined actions on securing habitat for bio-
diversity, improving production practices, and 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
of our dietary patterns and of the food systems sup-
porting them and two of the most important 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-com-
municable diseases and their mortality are projected
to exceed USD 1.3 trillion per year by 2030. On the
other hand, shifting to healthy diets that include sus-
tainability 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 sustain-
ability considerations would reduce the social cost of
greenhouse gas emissions by an estimated 41-74% in
2030 (FAO et al., 2020).

Many studies (Springmann, Wiebe, et al., 2018; Swin-
burn et al.,, 2019; Willett et al., 2019; Global Panel
on Agriculture and Food Systems for Nutrition, 2020;
HLPE, 2020) discussing redirecting consumption rec-
ognise the need for different consumer behavioural
shifts in different locations and contexts. For example,
in low-income countries, achieving the healthy diet
from sustainable food systems would require increas-
ing the consumption of most nutrient-rich food groups,
including animal-sourced foods, vegetables, pulses
and fruits, while reducing some starches, oils and dis-
cretionary 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/pro-
cessed foods, while still increasing the consumption of
healthy plant-based ingredients. For many countries,
the transition will be complex and changes difficult to
implement. The Global Nutrition Report 2020 demon-
strated that of the 143 countries with comparable
data, 124 have double or triple burden meaning that
micronutrient deficiency is still prevalent in many de-
veloped countries demonstrating high levels of over-
weight/obesity (Development Initiatives, 2020). These
countries would require these actions to play simul-
taneously in different population cohorts to achieve
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the desired benefits (Willett et al., 2019; Development
Initiatives, 2020; HLPE, 2020), while a smaller number
of countries (e.g. Japan) 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, man-
aging short-term and long-term trade-offs and exploit-
ing 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). Ar-
tificial intelligence may be able to assist in the tran-
sition to healthy diets from sustainable food systems.
Examples of its application are in 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-effi-
cient production profiles of all animal proteins. Ocean
animals are more efficient than terrestrial systems in
producing protein; their impact on climate change and
land use is in general much lower than terrestrial an-
imal 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 em-
ployment opportunities, improve food security, and
deliver an environmentally sustainable source of good
nutrition for millions of people, especially in low- and
middle-income countries”. The Ocean Panel also doc-
umented that the volume of food production from the
ocean could be considerably increased. Under opti-
mistic 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.

Section 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, the post-
2020 biodiversity goals, and we will lose the opportunity
to reposition food to improve health and regenerate the
environment. Achieving these transitions and managing
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the trade-offs and synergies will require additional at-
tention to many facets of food systems, including:

Food environments: the consumption of healthy diets
from sustainable food sources is dependent on sustain-
ably 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 through bartering and sharing, the provi-
sioning of nutritious food at affordable prices is a crit-
ical element for achieving transitions towards sustain-
able consumption (Downs, Loewenstein and Wisdom,
2009; Swinburn et al., 2019; FAO et al., 2020). These
physical environments need to be developed to suit
culture and tradition in different locations. Addition-
ally, regulated advertisement and product placement
will be essential for addressing positive behavioural
changes (Swinburn et al., 2019). To increase consump-
tion of healthy diets, the cost of nutritious foods must
be affordable for all, although farmers must receive
the real cost of growing food. The cost drivers of these
diets are throughout the food supply chain, within the
food environment, and in the political economy that
shapes trade, public expenditure and investment poli-
cies (Swinburn et al., 2019; FAO et al., 2020).

Tackling these cost drivers will require large transfor-
mations in food systems at the producer, consum-
er, political economy, and food environments 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 at the detriment of nu-
tritious foods, like fruits and vegetables. International
trade could certainly improve food systems resilience
by spreading the risk of disruption in supply when
not fully reliant on domestic production and/or trad-
ing with neighbouring countries. However, substan-
tial imports from climate vulnerable countries by cli-
mate 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 stan-
dards and the nutritional value of food, but they can
also drive up the costs of trade and hence food prices,
negatively affecting affordability of healthy diets (FAO
et al., 2020). Nutrition-sensitive social protection poli-
cies, 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 (Ma-
son-D’Croz et al., 2019) where refrigeration, food pro-
cessing and sustainable packaging may be critical con-
tributions in creating environmental, and public health
value. In both urban and rural areas, the lack of physi-
cal access to food markets, especially to fresh fruit and
vegetable markets, represents a formidable barrier to
accessing a healthy diet, especially for the poor. Final-
ly, empowering all people and especially the poor and
vulnerable with sufficient physical and human capital
resources, assets and incomes is the necessary precon-
dition to improve the access to healthy diets. This will
enable making choices, produce and consume, leav-
ing no one hungry or malnourished, while consuming
healthy and nutritious food and preserve 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 combination of policies
presented previously.

Addressing food safety issues across value chains:
Food safety is positioned at the intersection of agri-
food systems and health, thereby there are very strong
interconnections of bi-directional links between food
safety, livelihoods, gender equity and nutrition disci-
plines (Grace et al., 2018).

Food safety across the value chains is to be ensured
along all stages until consumption. Responsibilities lie
with all actors from producers to processors, retailers
and consumers. Consumer behaviour at households
in storing (temperature) and handling foods (cross
contamination) impacts strongly on the onset of food-
borne intoxications. In the European Union, surveil-
lance 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 specially after the global estima-
tion of the global burden of food-borne disease com-
parable to that of HIV/AIDS, malaria and tuberculosis
together, with low- and middle-income countries bear-
ing 98% of the global burden (WHO, 2015). Most of
the known health burden comes from biological haz-
ards (virus, bacteria, protozoa and worms), biological
hazards cause acute intoxication which are easier to
detect and control. Chronic effects due to chemicals
(natural or processed contaminants, pesticide residues
etc.) are more difficult to be traced and quantify their
actual impact on the disease burden. The Global Bur-
den of Foodborne Diseases report (WHO, 2015) quan-
tified the burden of disease from aflatoxin, cassava

cyanide and dioxins and other studies have estimated
the burden for four food-borne metals (arsenic, cad-
mium, lead and methylmercury), which is substantial
(Gibb et al., 2019). Since temperature and humidity
are important parameters for the growth of fungi, cli-
mate change is anticipated to 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,
food-borne diseases in low- and middle-income coun-
tries also have a great impact on economic costs and
market access (Unnevehr and Ronchi, 2014). In recent
years, the possible impact of microplastics and nano-
plastics on health via food has raised a lot of attention
with multiple studies identifying the occurrence of mi-
cro and nanoplastic particles found in food commod-
ities such as water, filtering molluscs and fish (Lush-
er, Hollman and Mendoza-Hill, 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 follow-
ing 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 sit-
uations, providing real-time information to consumers
is very important so to keep the confidence in the food
supply. Contaminant-based food scares relating to the
use of antibiotics, hormones and pesticides have oc-
curred in a number of food and drink sectors and ap-
pear 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 pur-
chase behaviour could help further understanding of
consumer responses to food scares (Knowles, Moody
and McEachern, 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 safe-
ty management systems are designed to prevent, re-
duce or eliminate hazards along the food chain, which
includes primary production (farms), processors, retail
distribution centres, supermarkets, and retail food out-
lets (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 & FAQ, 2006), which are effective in controlling
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most of the hazards during food production. Small-
scale retail producers might have difficulties in Hazard
Analysis and Critical Control Points due to complexity
of some systems and lack of resources to implement
and lack of access to information and appropriate edu-
cation. Transitions to circular food systems, local food
systems, or short circuit systems are often slowed or
hampered by current food safety regulations. Ensur-
ing food safety while enabling small-holder farmers, or
craft food companies to operate in local contexts will
be critical unlock in the transition to more sustainable
food systems, and greater availability of healthy diets
while supporting local economies.

To avoid confusion caused by multiple different nation-
al standards, the Food and Agriculture Organization of
the United Nations and the World Health Organiza-
tion established the Codex Alimentarius Commission
to address safety and nutritional quality of foods and
develop international standards to promote trade
among countries (Codex Alimentarius Commission,
2007). The Codex Alimentarius establishes standards
for maximum levels of food additives, maximum limits
for contaminants and toxins, maximum residue limits
for pesticides and veterinary drugs and gives indica-
tion for limits of microbiological hazards in a given
food commodity. At national level, government food
safety systems monitor compliance with official stan-
dards through food inspections. While metrics are
considered key to monitoring and improving perfor-
mance, they can also have unintended consequences,
including focusing efforts on the thing to be measured
rather than the ultimate goal of improving the thing
being measured, stifling innovation through standard-
isation, costs that increase in disproportion to bene-
fits 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 medi-
um-sized firms find it difficult to comply with complex
and technocratic rules, measures and metrics that are
characteristic of best practice food safety manage-
ment systems and risk-based approaches: these meth-
ods are hardly applicable in low- and middle-income
countries. The same applies for traceability, which ap-
pears only attainable in niche, high-value markets in
low- and middle-income countries (Grace et al., 2018).

Local producers and value chains, income and land in-

equality: for many consumers, especially in low- and
middle-income countries, local production is the main
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supplier of nutritious food (fruits, vegetables, pulses)
and the primary provider of economic activity. Small
and medium-sized farms produce critical nutrient di-
versity in rural areas (Herrero et al., 2017) and hence
the transition to sustainable consumption requires
support and value chain creation for linking food sys-
tems 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 tran-
sition options for potential losers impacted by the re-
quired changes to food systems (Herrero et al., 2020).

Many cities are playing more active roles in the devel-
opment of city region food systems; notably recognis-
ing 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 to
tackle 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 dis-
ruptions, it can also increase exposure to disruptions
in external markets. This is evident in many low- and
middle-income countries where trade in cheaper, ul-
tra-processed food wit