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Foreword
by	Agnes	Kalibata	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:	

(i)	Modelling	Food	Systems	Transformations	
(3 briefs) 

(ii)	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	 I	
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 .
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Introduction
by Joachim von Braun 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 I 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 II 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 III 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 IV, 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.	

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 9th, 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:	

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

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

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

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

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

•	 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	



     | IX

Science and Innovations for Food Systems Transformations

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

Action Area Coalition Scientific Group Reports & Research Partner Briefs 

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

partly	multiple	entries	as	some	papers	cover	several	Action	Areas)

Nourish	all	people	within	
Planetary	Boundaries

• Zero Hunger
• Healthy	diets	from	

Sustainable	Food	
Systems 

• Universal	School	Meals
• One	Health
• Food	is	Never	Waste

1. 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 

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

3. Cost and Affordability of Preparing a Basic Meal around the 
World  
William	A.	Masters,	Elena	M.	Martinez,	Friederike	Greb,	Anna	
Herforth,	Sheryl	L.	Hendriks

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

5. Shift to Healthy and Sustainable Consumption Patterns- A 
Paper on Action Track 2  
Mario	Herrero,	Marta	Hugas,	Uma	Lele,	Aman	Wira,	Maximo	
Torero

6. Fruits and vegetables for healthy diets: Priorities for food sys-
tem research and action 
Jody Harris, Bart de Steenhuijsen	Piters,	Stepha	McMullin,	Babar	
Bajwa,	Ilse	de	Jager,	and	Inge	D.	Brouwer

7. 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

8. In the age of pandemics, connecting food systems and health: 
a Global One Health approach 
Gebbiena	M.	Bron,	J.	Joukje	Siebenga,	Louise	O.	Fresco

9. Reduction of Food Loss and Waste – The Challenges and Con-
clusions for Actions 
Joachim	von	Braun,	Marcelo	Sánchez	Sorondo	and	Roy	Steiner



Boost Nature Based 
Solutions	and	Produc-
tion

• Agroecology	and
1. Boost Nature Positive Production- A Paper on Action Track 3 

Elizabeth	Hodson,	Urs	Niggli,	Kaoru	Kitajima,	Rattan	Lal,	Claudia	
Sadoff

2. 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

3. 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	

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

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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levels of science investments, and a lack of effective 
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-
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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.

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 naïve vis á 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.  Innovations to overcome inefficient and unfair land, 
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. 



4 |  I. Summarized Recommendations 

Science and Innovations for Food Systems Transformations

1. Objectives 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 
quantitative 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 
Peoples1 and the opportunities of mutual learning be-
tween traditional- and experience-based knowledge 
and science for innovation. 

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 2019.2,3 About 600 million peo-
ple fall ill each year due to the consumption of con-
taminated or unsafe foods.4 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.5  
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.6,7 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 
degradation8 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 
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is very clear that how	we	produce	and	consume	food	
has	profound	 implicati	ons	 for	 the	health	of	people,	
animals,	plants,	and	the	planet	itself.9  

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.10 The pandemic is having a signifi cant impact on 
the global commodity markets and trading systems, 
economic growth, incomes, and poverty levels, with 
disproporti onate burdens on vulnerable communiti es 

in both urban11 and rural areas. This is likely to wors-
en inequaliti es and undernutriti on, including child un-
dernutriti on, which can have life-long consequences. 
Modeling projects that COVID-19 could result in an 
additi onal 9.3 million children wasted (low weight for 
height) and 2.6 million children stunted (low height 
for age) by 2022.12 COVID-19 further increases food in-
security and poverty, which may become much more 
serious if comprehensive policy responses – especial-
ly equal global vaccinati on coverage – are not imple-
mented in a ti mely, and evidence-based manner.13

Box:	Conceptualizing	Food	Systems14

“Food systems embrace the enti re range of actors and their interlinked value-adding acti viti es involved in the produc-
ti on, aggregati on, processing, distributi on, consumpti on, and disposal (loss or waste) of food products that originate 
from agriculture (including livestock), forestry, fi sheries, 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 nutriti on for all in such a way that the economic, social, cultural, and environmental bases to generate food security 
and nutriti on for future generati ons are safeguarded”. Its sustainability is not to be realized internally and in isolati on 
with the food systems serving humanity, but depends upon its relati onships with nature and ecological systems of which 
humankind is a part, with its destructi ve impacts that need to be overcome by food systems transformati ons.   

Food systems are connected to other systems such as health, ecology and climate, economy and governance, and sci-
ence and innovati on (see Figure 1). A conceptual framework of food and nutriti on systems should capture the delivery of 
health and well-being while being embedded in the transformati on towards a sustainable circular bio-economy. Science 
and innovati on impact the functi oning of the system as a whole and within its building blocks and the interconnecti ons 
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 diff erent elements into systemic practi ces, generate foods while preserving biodiversity.1 
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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.15 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.16

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, AI 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.17 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.18 To enable the full inclusion of poor 
and marginalized populations – including smallhold-
er communities19 – 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 Peoples1 knowledge systems but 

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.2,20 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.21 Policy innovations are need-
ed to repurpose subsidies towards related supportive 
investments that facilitate a sustainable food system.22 

Food	is	undervalued. The value of food from a cultur-
al, social and economic perspective needs revisiting. 
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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.23 External costs asso-
ciated with climate change,24 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.1 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.25 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.26 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.27  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.28 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 
affordable29 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.30

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.31 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.32 If further combined with micro-biome science of 
human nutrition,33 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.34,22 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.35

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,36 and in armed conflicts.37 The implementa-
tion experiences of triple nexus approaches of the 
humanitarian-peace-development nexus should be 
accompanied with evidence-seeking social science.38  
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.
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alyze, and communicate vulnerabilities, crises, and 
risks must be strengthened.39 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.40

Climate change is the defining issue of our time.41 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.42 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 solutions43 
and nature-positive production calls for transforming 
soil management, farm input use, agronomy,44 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,45 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.46 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 

that deploy ecologically suitable trees and indigenous 
perennial species to boost nature-positive production, 
and the reduction of large monocultures.47 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.48 Novel insurance products and 
efficient social protection programs that include job 
creation and a variety of nutrition programs including 
school-feeding programs strengthen resilience.49

Future scientific and technological developments can 
increase the portfolio of bioproducts developed from 
local biodiversity, in keeping with a circular bio-econ-
omy approach.50 Accelerating the reduction of food 
waste and loss calls for developing food processing, 
refrigeration, storage and warehouse technologies.51  
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.22 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.52

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,53 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.  
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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.22 

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.44 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,54  
and	ecological	well-being.41,55

Specific science opportunities for innovations here in-
clude genetic engineering, genome editing, alternative 
protein (including more plant-based and insect-de-
rived protein) sources56 and essential micronutrient 
sources, cell factories, microbiome and soil and plant 
health technologies, plant nutrition technologies,57  
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,58 improving the resource ef-
ficiency of cropping systems59, breeding orphan and 
underserved crops,60 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.61

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.62 However, bio-sci-
ences increasingly benefit from digital innovations 
and artificial intelligence.63 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.64 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.65 Soil deg-
radation is being exacerbated by climate change along 
with land mis-use and soil mismanagement.66 Water 
is becoming increasingly scarce and polluted.67 Eco-
systems services of land, forests, and water cycles are 
being undermined.68 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.69,70  This underlines the need to advance 
knowledge in plant genetic diversity and microbial di-
versity, taking local climate variability into account.71  
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 

should be considered and incentivized. Locally-adapt-
ed sustainable intensification of existing agricultural 
systems is also needed.72

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.73 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.75   

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.76

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.77 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”.78  
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.
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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,79 mechanization, sub-surface drip irrigation with 
conservation agriculture, precision agriculture, vertical 
farming, indoor farming, and digitized food process-
ing.80 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.81 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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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.2  

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 

Figure 2  Key transformations implemented in global analyses and their typical impact for relevant indicators (Valin et al., 2021)

2 Other aspects of the global food systems, like trade policies, are also analyzed to see how they interact with the main interventions.
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Figure 3  An integrated modeling framework: The MIRAGRODEP CGE (source: Laborde and Torero, 2021)

Table	1  Scenario definitions (source: Laborde and Torero, 2021)
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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).

Figure 5   Number of people (mio) removed from not being able to access healthy diets by 2030 (source: Preliminary results 
based on Laborde and Torero, 2021)
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Figure 6  The cost of actions: magnitude and distribution (source: Preliminary results based on Laborde and Torero, 2021).

Achieving the end of widespread hunger requires 
significant resource mobilization, representing 8% 
of the size of food markets.3 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.

3  2030 spending and food market values, as estimated by the model to guarantee full consistency. 
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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.83 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).84 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-

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.85 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.86 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.87 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.88 The knowledge of Indigenous 

Figure 7  Impacts of actions on environmental indicators (source: Preliminary results based on Laborde and Torero, 2021)
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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.22 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).89 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 particular importance 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.90 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.14 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.18 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, 



18 |  I. Summarized Recommendations 

Science and Innovations for Food Systems Transformations

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.91 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.92,17 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 

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.93 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 – existing94 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.  
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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-François 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-François 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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This Report was prepared by members of the Scientific Group.

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/ 

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
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 
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sustainable	food	systems).		
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1.	Ensuring	Access	to	Safe	and	Nutri5ous	Food	for	All	(enabling	all	people	to	be	well	nourished	and	healthy)		
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Abstract 

The UN Food Systems Summit seeks to alter food sys-
tems to be healthier, safer, more sustainable, effi  cient, 
and equitable. This paper aims to inform the public 
and stakeholders interested in the Food Systems Sum-
mit about concepts and defi niti ons 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 fi rst present 
a general food systems concept. We then introduce a 
concept based on science that provides a defi niti on 
that the UN Food Systems Summit can use with the 
fi ve goal-oriented Acti on Tracks (serving SDG2) and 
their interlinkages. We suggest a food system defi ni-
ti on 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.1 

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  At the 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 policies2.

2  An important 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.3 
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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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-

Figure 1 The food system in the context of other systems (positive systems concept) 
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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.4 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 

4   The background papers on Action Tracks by the Scientific Group are available at https://sc-fss2021.org/materials/scientific-group-reports-and-briefs/ .

Figure 2 Action Tracks in a food system (a normative systems perspective)
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4.	Advancing	Equitable	Livelihoods	
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distribu&ng	risk,	expanding	inclusion,	crea&ng	
jobs)		
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Source: Designed by authors.
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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: 
• 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.

• 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.5 

• 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.

• 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.

• 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.

• 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. 

• 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.

• 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.6  

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 
quantitative 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 

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-



II. Food Systems Concepts  | 35

Science and Innovations for Food Systems Transformations

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,7 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-

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.

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. 
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Aim of this document:

The aim of this document is to propose a defi niti on 
of healthy diets and related evidence, thus permitti  ng 
the alignment of terminology for the Food Systems 
Summit. 

Diets are combinati ons of foods and beverages (re-
ferred to as foods hereaft er for simplicity) consumed 
by individuals. However, the specifi c combinati on of 
foods that make up healthy diets is context-specifi c 

and depends on many cultural, economic, and other 
factors. In this document, we provide a defi niti on and 
overview of approaches that have been used to trans-
late this into food-based recommendati ons. We also 
provide a brief review to highlight evidence, gaps and 
controversies related to defi ning healthy diets. The ev-
idence for potenti al soluti ons to making healthy diets 
more available, aff ordable, and their producti on envi-
ronmentally sustainable is the subject of much litera-
ture1,2,3,4,5, the Acti on 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 
time6. 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 diet7, which has been the 
topic of much research6. 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 data8. 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 

minimizing processed food were published as 
early as 19869. From the start, these principles 
have received considerable criticism from the 
nutrition, agriculture, and food sectors10. The 
recent EAT-Lancet Commission on Healthy Diets 
from Sustainable Food Systems11 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 affordability12. 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 customs13. 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 countries14. 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. 
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The FAO and WHO have now set out a series of guiding 
principles to achieve contextually appropriate sustain-
able, affordable, healthy diets15,16 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)” (GAIN17, 
drawing on definitions published by Drewnowski18 
and Katz et al.19). 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 nutritious18,20. Such 
scores now provide the basis for several regulatory 
and health-promoting efforts, including front of pack 
labeling and health claims21. 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 limited20. 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.

• 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 met22. 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. 
FAO23 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 approach24. 
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 patterns6. 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 
quantities 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 FAO15,25, WHO13, and 
the High-Level Panel of Experts16. 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 outcomes26. Emerging evidence suggests 
that eventually dietary recommendations may be 
personalized to optimize human health outcomes 
based on individual characteristics27,28, 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 others29. Fortu-
nately, this issue is well recognized and substantial 
advances have been made through the efforts of 
the INFOODS project of FAO30.

• 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-harming31. Recent studies have 
also highlighted the impact of such foods on the 
environment32, an issue that was even raised in the 
early discussions on sustainable diets9,10. Recent 
studies have primarily used the NOVA classification 
of ultra-processed foods33,34. However, at present 
there is no single accepted definition that clearly 
lays out the specific aspects of food processing 
that may be health-harming35,36. 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”37. 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 foods16,3. 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 access38.

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)39 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 report39 
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 substantial40. 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 
microbiome41.

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-
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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 inspectors42.

Several evidence gaps and controversies that  
influence the ability to assess and ensure the safety  
of foods as part of a healthy diet:
• Food safety has complex interactions with other 

societal concerns. Safety must be built into foods, 
and this puts responsibility for food safety all along 
the value chain, including 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 transformation43. 
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. 

• 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 food37. 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-
ness43. 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 air43.
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 touris43. 
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Abstract

Acti on Track 1 of the Food Systems Summit off ers an 
opportunity to bring together the crucial elements of 
food safety, nutriti on, poverty and inequaliti es 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 nutriti ous diet. Achieving Ac-
ti on Track 1 goal is essenti al to achieving the goals of 
the other Acti on Tracks. With less than a decade left  
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2.	Shi'ing	to	Sustainable	
Consump5on	Pa7erns	
(promo&ng	and	crea&ng	demand	for	
healthy	and	sustainable	diets,	
reducing	waste)		

4.	Advancing	Equitable	Livelihoods	
and	Value	Distribu5on	(raising	incomes,	
distribu&ng	risk,	expanding	inclusion,	crea&ng	
jobs)		

3.	Boos5ng	Nature	Posi5ve	
Produc5on	at	Sufficient	Scale	
(ac&ng	on	climate	change,	reducing	
emissions,	regenera&ng	/	protec&ng	
ecosystems,	reducing	food	loss	/	energy	
usage,	without	undermining	health	or	
nutri&ous	diets)		

5.	Building	Resilience	to	
Vulnerabili5es,	Shocks,	Stresses	
(ensuring	con&nued	func&onality	of	healthy	and	
sustainable	food	systems).		

s			Seeking			synergies	

1.	Ensuring	Access	to	Safe	and	Nutri5ous	Food	for	All	(enabling	all	people	to	be	well	nourished	and	healthy)		

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. 

Source: Braun et al., 2021
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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). 

WFP 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 US$ 110 billion in lost 
productivity and medical expenses annually (Jaffee et 

al., 2019). With a large proportion of emerging human 
infectious diseases originating from animal sources 
(zoonotic diseases), there is also an increasing need 
to consider both animal and human health as a ‘One 
Health’ issue. 

Devleesschauwer et al. (2018) report that food 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 (FAO, 
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). 
WFP 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 

(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 
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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. 

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-
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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 

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 
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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 

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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Abstract

Acti on 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 nutriti on, especially among the most vul-
nerable. This Acti on Track recognises that current 
food consumpti on patt erns, oft en characterised by 
higher levels of food waste and a transiti on 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.

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 



III. FoActions on Hunger and Healthy Diets | 73

Science and Innovations for Food Systems Transformations

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 (Iannotti 
et al., 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 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 

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 (Rockström 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. high in 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.
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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 

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. 
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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 & FAO, 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 

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 with long shelf lives competes with 
healthy dietary items. In many regions around the 
world (i.e. the Pacific, South America) this is a likely 
contributing factor to high prevalence of obesity and 
increases in non-communicable diseases (Swinburn et 
al., 2019). However, trade also allows for leveraging 
of comparative advantages, which can allow produc-
tion to be located where it is more efficient (Frank et 
al., 2018; IPCC, 2019).   This has been a key feature of 
scenarios for achieving greenhouse gas mitigation tar-
gets (IPCC, 2019). However, when facing varied levels 
of regulation and power dynamics, trade can facilitate 
the outsourcing of environmental impacts of the food 
system to more vulnerable countries and individuals. 
Export-oriented value chains often are dominated by 
larger producers, who can concentrate market and po-
litical power as dominant producers and suppliers of 
food as well as sources of employment and revenue 
to governments (Swinburn et al., 2019). These aspects 
are intertwined with the political economy of food and 
need to be accounted for.
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It is also important to consider the impacts of the rising 
number of barriers to international trade on the afford-
ability of nutritious foods (including non-tariff mea-
sures put in place to ensure food safety), as restrictive 
trade policies tend to raise the cost of food, which can 
be particularly harmful to net food-importing coun-
tries (FAO et al., 2020). Protectionary trade measures 
such as import tariffs and subsidy programmes make 
it more profitable for farmers to produce rice or corn 
than fruits and vegetables. According to data from 
Tufts University, removing trade protection across 
Central America would reduce the cost of nutritious di-
ets by as much as 9% on average (FAO et al., 2020). The 
efficiency of internal trade and marketing mechanisms 
is also important as these are key to reducing the cost 
of food to consumers and avoiding disincentives to the 
local production of nutritious foods.

The political economy of food: Swinburn et al. (2019) 
demonstrated that the current food system has large 
power imbalances and conflicts of interest when large 
commercial interests in food manufacturing and trade 
exist. While some large food companies are interest-
ed in opportunities for increasing their environmental 
sustainability, financial interests often prevail over sus-
tainability concerns. Swinburn et al. (2019) articulates 
that changes in the regulatory environment and new 
incentives, combined with global efforts on sustain-
able trade, will be required to create the necessary ac-
countability and shifts towards healthy diets. 

Modifying behavioural changes: Most studies explor-
ing the transitions towards healthy diets from sus-
tainable food systems have focused on the technical 
feasibility of the diets and their production elements. 
Transition pathways and the levers for eliciting the re-
quired behavioural changes in consumption have re-
ceived less attention (Garnett, 2016; HLPE, 2020). 

Educating consumers to make healthy choices can 
modify behaviour in some cases. Educational cam-
paigns in high-income countries have increased aware-
ness and have also achieved some modest gains in 
fruit and vegetable consumption. However, most have 
not realised the target levels for consumption over the 
longer term (Brambila-Macias et al., 2011; Thomson 
and Ravia, 2011; Rekhy and McConchie, 2014). Certain 
people are more receptive to education on healthy di-
ets than others. Providing nutritional information was 
found to change the behaviour of consumers already 
interested in nutrition but was unable to influence 
consumers with low interest in nutrition (Lone et al., 
2009). Conversely, marketing incentives for healthy di-
ets have been found to be more effective for people 
who have less healthy eating habits (Chan, Kwortnik 

and Wansink, 2017). Educational activities are more 
effective when used in in conjunction with environ-
mental modifications, such as increasing the availabil-
ity and accessibility of healthy dietary items(Van Cau-
wenberghe et al., 2010). 

Altering food availability options can enhance healthy 
diets. A review of studies found strategic placement 
of fruit and vegetables could moderately increase fruit 
and/or vegetable choice, sales or servings (Broers et 
al., 2017). However, individual studies show mixed 
results. Furthermore, the provision of financial incen-
tives to make healthy diets more affordable has been 
shown to increase consumption of fruits and vegeta-
bles (Olsho et al., 2016). 

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

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

Section 5. The key trade-offs and synergies 
Food systems in low-, middle- and high-income coun-
tries are changing rapidly. Increasingly characterised 
by a high degree of vertical integration, high concen-
tration, transitions in food systems are being driven by 
new technologies that are changing production pro-
cesses, distribution systems, marketing strategies, and 
the food products that people eat (Stordalen and Fan, 
2018; Herrero et al., 2020). 

In terms of synergies, the arguments for aligned ac-
tion on healthy diets from sustainable food systems 
are attractive from multiple standpoints. The possi-
bility of engaging in triple-win actions linking health, 
consumption and the environment presents a real op-
portunity to achieve numerous global commitments 
simultaneously, which could be desirable from a policy 
perspective. These include planned emissions reduc-
tions (United Nations, 2015; IPCC, 2019; Leclere et al., 
2020), reductions in malnutrition in all its forms and 
non-communicable diseases and achievement of SDG 
goals and targets (SDGs 1, 2, 3, 6, 8, 12-16). These 
multi-sectoral opportunities will require increased 
concerted action and alignment at global and national   
level. While potentially these synergies could lead to 
human and planetary well-being, their achievement 
could also yield significant trade-offs that will require 
resolution (Herrero et al., 2021). Some of these are re-
lated to the following dimensions: 

Multiple environmental trade-offs: Changing con-
sumption patterns can have impacts on the environ-
mental footprints of the food system. Over a decade 
ago, Stehfest et al. (2009) demonstrated that reduc-
tions in the demand for animal-sourced foods could 
lead to reduced greenhouse gas emissions. These ef-
fects were mediated through reductions in methane 
production and carbon dioxide due to the use of less 
land and animals for achieving consumption targets. 
More recently, studies integrating many environmental 
indicators (Springmann, Clark, et al., 2018; Van Zanten 
et al., 2018; Willett et al., 2019) confirmed those find-
ings, but due to the compositions of the healthy diets 
with higher amounts of coarse grains, fruits, vegeta-
bles and nuts, the environmental impact of these diets 
remains high. The impacts on different locations are 
markedly different due to different limiting constraints 
(i.e. water scarcity). It is only when consumption is 

modified, waste is reduced, and productivity increased 
that improvements across all environmental metrics 
are obtained.

Trade-offs with affordability and availability: A key 
trade-off of pursuing healthy diets from sustainable 
food systems is the increase in the costs of the diets in 
many countries, as a result of increasing the demand 
for nutrient-rich foods. Many people living in extreme 
poverty are the two billion who struggle to access suf-
ficient foods and suffer acute caloric and nutrient de-
ficiencies. Even the cheapest healthy diet costs 60% 
more than diets that only meet the requirements for 
essential nutrients. Examples like the EAT-Lancet diet 
are not affordable for an estimated 1.5 billion people 
(Hirvonen et al., 2020, Table 1) and almost double 
the cost of the nutrient adequate diet, and five times 
as much as diets that meet only the dietary energy 
needs through a starchy staple (FAO et al., 2020). This 
is of concern as the high cost and unaffordability of 
healthy diets is associated with increasing food inse-
curity and different forms of malnutrition, including 
child stunting and adult obesity. The unaffordability 
of healthy diets is due to their high cost relative to 
people’s incomes. Healthy diets are unaffordable for 
more than 3 billion poor people in low-, middle- and 
high-income countries, and more than 1.5 billion peo-
ple cannot even afford a diet that only meets required 
levels of essential nutrients (FAO et al., 2020; Global 
Panel on Agriculture and Food Systems for Nutrition, 
2020). The cost of a healthy diet is much higher than 
the international poverty line, established at USD 1.90 
purchasing power parity per day. At a global level, on 
average a healthy diet is not affordable, with the cost 
representing 119% of mean food expenditures per 
capita per day. Where hunger and food insecurity are 
greater, the cost of a healthy diet even exceeds aver-
age national food expenditures. The cost of a healthy 
diet exceeds average food expenditures in most coun-
tries in the Global South. More than 57% or more of 
the population throughout sub-Saharan Africa and 
Southern Asia cannot afford a healthy diet (FAO et al., 
2020). 

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

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

Trade-offs with pandemics and zoonosis: In contexts 
where animal-sourced food consumption is higher 

than recommended, shifting towards greater plant 
consumption would also have the added benefit of 
preserving ecological systems and wildlife and avoiding 
the spill over of zoonotic agents (mainly viruses) from 
wildlife to humans. In contexts where animal-sourced 
food consumption is critical for maintaining appropri-
ate intake of essential nutrients, it is vitally important 
to scale up a ONE HEALTH approach that enables en-
vironmental, animal, and human health (Wood et al., 
2012; Gale and Breed, 2013) causing a public health 
threat. In recent years there have been several ex-
amples of such spill overs (Ebola, SARS, MERS and 
COVID-19) with dramatic economic and public health 
consequences and the potential to cause global pan-
demics (see Box 1). A consequence of the COVID-19 
pandemic is the disruption of global, or concentrated 
value chain production in terms of affordability and 
food availability; inversely, many of local value chains 
have seen increases in production and market shares.

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

Table 1  Number and share of people with daily income below the cost of the EAT-Lancet reference diet, by country income 
levels and major regions (Hirvonen et al. 2019)
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Political economy trade-offs: Broad awareness of the 
positive or negative consequence of food systems 
changes from a nutritional, health, environmental and 
livelihood perspectives among key policy-makers is key 
to policy changes that facilitate a transition to healthy 
diets from sustainable food systems. Increased biodi-
verse agricultural production can result in increased 
employment and income, leading to growing demand 
for (healthy) food, provided that there is strong con-
sumer awareness regarding diets and their conse-
quences, and provided that there are few competing 
demands on the incomes, especially of the poor. 

The political impediments to achieving healthy and 
sustainable diets are numerous. Maintaining the sta-
tus quo benefits the current actors of the food system, 
hence the inertia for change (Béné et al., 2020; Fanzo 
et al., 2020; Herrero et al., 2020). Additionally, many 
public policies are not geared towards creating sus-

Box 1.  The impact of COVID19 on Food Systems

Food
The new type of respiratory tract disorder COVID-19 is based on an infection with the new type of corona-
virus (SARS-CoV-2). The main target organs of coronaviruses in humans are the respiratory tract organs. The 
scientific data collected so far suggests that the virus is to be transmitted mainly via small respiratory droplets 
through sneezing, coughing, or when people interact with each other in close proximity, as it may happen in 
slaughterhouses and meat processing plants, where environmental conditions seem more favourable than 
in other places to the propagation of the virus. In fact, there have been COVID-19-related outbreaks at some 
slaughterhouses and meat processing plants worldwide, which has led to risk management measures to 
contain the propagation of the virus from occupational exposure among workers and related communities. 
Up to now, there is no evidence that food, including meat, is a source or transmission route of SARS-CoV-2. 
Meat, like any other food, might theoretically be contaminated by SARS-CoV-2. This could happen with food 
in the same way that it could happen with any other animated or non-animated surface. For example, food 
might be exposed to the virus through contamination by an infected person during food manipulation and 
preparation. This does not mean however that the food ingested would cause infection on the consumer. As 
indicated above, there is so far no evidence of transmission of this virus through ingestion of any type of food. 
Several food safety agencies and organisations worldwide concluded that there is no evidence of food-borne 
transmission of the virus.

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

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

tainable food systems, such as a lack of research and 
investment in nutritious foods at the expense of cere-
als or the creation of food environments that promote 
nutritious foods. The current system rewards econom-
ic efficiency rather than sustainability and the produc-
tion of nutrition foods (Béné et al., 2020). Therefore, 
farmers have little incentives to change production 
practices. At the same time, large private companies 
have a disproportionate control on the food agenda, 
and this is not necessarily aligned with a health and 
sustainability agenda needed to transform the food 
systems. 

Technology will be important, but even with the best 
intentions, ensuring that equitable and fair distribu-
tion of its availability and impacts are taken into ac-
count when designing transition pathways remains 
elusive (Herrero et al., 2021). Critical dialogues and 
transparency to design these transition pathways must 
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be developed with a broad range of stakeholders, and 
values and motivations equally respected (Herrero et 
al., 2021). 

Section 6. Solutions and actions
Solutions to enable the shift towards more sustainable 
consumption need to be defined around cross-cut-
ting levers connecting policy reform, coordinated in-
vestment, accessible financing, innovation, tradition-
al knowledge, governance, data and evidence, and 
empowerment (Béné et al., 2020). It is important to 
identify and learn from the success stories of individu-
als and groups that have shifted to healthy diets from 
sustainable food systems and use these examples to 
clearly inform policy-makers, practitioners and the 
public. Figure 1, from  the Global Panel on Agriculture 
and Food Systems for Nutrition (2020), synthesises the 
range of critical actions necessary to effectively create 
transition towards healthy and sustainable diets. We 
develop this list further into a broader set of actions 
for implementation in different contexts, which are 
presented below, following the categories of actions in 
Béné et al. (2020). 

Economic and structural costs: Off-set the economic 
and structural costs associated with the transition to 
more healthy and sustainable diets. 

• Policies and investments across food supply chains 
(food storage, road infrastructure, food preser-
vation capacity, etc) are critical to cut losses and 
enhance efficiencies to reduce the cost of nutri-
tious food (FAO et al., 2020).

• Provide support and transition options for poten-
tial losers impacted by the required changes to 
land use, food production practices, storage and 
processing technologies, food environment, distri-
bution and food waste.

• Direct funding towards a healthy and sustainable 
food system, e.g. repurpose funding from mono-
culture crops, or foods which when overproduced 
are detrimental to health and environment (e.g. 
sugar and its derivatives).

• Facilitate easier access to loans from financial insti-
tutions, or lands from municipalities notably for 
young farmers, both men and women.

• Piloting and scaling behaviour change interven-
tions that are effective in reducing consumer food 
waste and increasing adoption of healthy and sus-
tainable diets.

• Investing in innovative food-related infrastructure 
and logistical systems that will improve the effi-
ciency of food supply chains, particularly to urban 
consumers.

• In low and lower middle-income countries, facili-
tate increased consumption of nutrition foods by 

Figure 1  Priority policy actions to transition food systems towards sustainable, healthy diets (Global Panel on Agriculture and 
Food Systems for Nutrition, 2020).
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encouraging those with access to land to grow 
more nutritious themselves or by exchange within 
the local communities.

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

• Break existing policy silos to facilitate food system 
transformations, providing support for a major pol-
icy drive to enhance the cultivation of indigenous 
food systems. Many native foods have biological 
components that can contribute to nutritional-
ly-rich and healthy diet. Priority actions should be 
taken to promote research into these native foods 
worldwide. 

Challenge the current political economy 
• Encourage large food system actors to transition to 

the provision of healthy diets through incentives 
matched with penalisation or taxes for overpro-
duction of unhealthy dietary items, or the use of 
degradative production practices.

• Trade policies and input subsidy programmes need 
to change incentives towards nutritious foods like 
fruits and vegetables. This also imply improvement 
of food safety to reduce non-tariff trade measures 
to increase the availability of healthy diets.

• Promote social and environmental aspects of cor-
porate performance to be equal to financial per-
formance.

• Regulatory measures such as taxes and front-of-
pack information labels to limit the sale and pro-
duction of unhealthy products.

• Change the global regulatory environment, includ-
ing international trade and investment agreements 
to favour healthy diets from sustainable food sys-
tems.

• Promote divestment to avoid harm. This includes 
exclusion of certain companies from investment 
portfolios. 

• Encourage a culture of corporate responsibility in 
the food industry to investigate the level of sus-
tainability of products. Encourage social impact 
investing. This aims to generate positive social 
impact from investment decisions alongside finan-
cial return.

• Empower consumers to demand for healthy, sus-
tainable products and reject unhealthy products.

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

• Institutions, for example schools, health care facil-
ities as well as government offices can transition 
to healthier diets through improved nutrition stan-
dards which flow on to improve the nutritional 
quality of meals served in those institutions (Gear-
an and Fox, 2020).

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

Influencing consumer demand: The Global Panel on 
Agriculture and Food Systems for Nutrition, (2020)
recommends the following four priority lines of ac-
tion, also acknowledging that much better evidence 
of what works in low- and middle-income countries is 
required:
• Define principles of engagement between public 

and private sectors, leading to leveraging exper-
tise and resources and influence of the businesses 
in the food sector. This recognises the consider-
able role of firms in driving consumer choices, too 
often in ways that are not conducive to healthy 
diets from sustainable food systems. A new rela-
tionship between public and private actors is 
needed, so that they can work together on a com-
mon agenda. 

• Upgrade and improve food-based dietary guide-
lines and promote enhanced knowledge about 
implication of dietary choices. For example, food-
based dietary guidelines seldom take account of 
issues of food system sustainability. Moreover, 
policy-makers in many governments need to 
take account of food-based dietary guidelines in 
developing policies, both in relation to the food 
system and in wider areas of government (e.g. 
relating to infrastructure development, safety 
nets, etc.). 

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

• Implement behavioural nudges via carefully 
designed taxes and subsidises.

Education and cultural norms: The role of education 
will be pivotal in changing consumption patterns at 
many levels. It can facilitate a cultural shift in consum-
er perceptions and behaviour.
• Provide education and clarity for consumers about 

what constitutes a healthy and sustainable diet and 
educate consumers to make healthy choices and 
couple with other incentives to improve success 
and effect. 

• Investing in women’s, minorities and youth lead-
ership and technical and managerial skills is key to 
promoting more equitable and sustainable partici-
pation of women in food supply chains, as produc-
ers, processors, business leaders and consumers, 
example of women’s self-help groups.

• Alter food availability options to promote healthy 
diets.
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• Invest in large-scale awareness-raising that con-
nects food consumption patterns with health, envi-
ronment and specifically climate change outcomes.

• Engage in school education programmes on healthy 
diets from sustainable food systems to ensure the 
next generation have a novel conceptualisation of 
what the food system can offer.

• Include sustainability of consumption learning 
modules in medical school curriculum worldwide.

Equity and social justice: Manage equity and social jus-
tice to provide the greatest benefit to all:
• Identify current consumption patterns of house-

holds.
• Encourage regions to transition to more healthy 

and sustainable diets in a culturally appropriate 
manner.

• The systematic use of full supply chain traceability 
has been shown to promote internal transparency 
(Bush et al., 2015). This could potentially be a way 
to promote social justice in the industry and pro-
tect people employed in low- and middle-income 
countries. 

• Deploy safety nets to protect the poor against 
dynamic food systems transition that might render 
them vulnerable and disenfranchised. This will 
require international coherence and action (Global 
Panel on Agriculture and Food Systems for Nutri-
tion, 2020).

Governance and decision support tools
• Invest in addition to knowledge, skills and data and 

tools needed to identify, prioritise and manage 
trade-offs and competing priorities.

• Establish standardisation and clear labelling.
• Develop tools for measuring consumer and retail 

food waste at national level, to understand the 
scale of the problem, identify hotspots for targeted 
action, and track progress towards SDG 12.3. 

• Increased adherence to principles of circular   
economy recycling and repurposing food waste 
becomes the norm.

• Rationalising food-related sustainability standards. 
Such initiatives, which set standards for sustain-
able production and often include certification 
programmes to verify compliance, can be used 
as tools to drive consumer choice on the one 
hand and to channel and enhance the nascent 
demand for more sustainable food systems into 
market related investments on the other. However, 
some regulatory approaches and private sector-led 
schemes create barriers primarily because of the 
costs of compliance and the potential exclusion of      
actors. Nevertheless, some excellent example from 

the salmon industry exist(Global Salmon Institute, 
2020).

Conclusions

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

A range of constraints preventing this transition include 
lack of availability and access to healthy diets, costs 
of healthy, poor food environments, lack of incentives 
and standards, food safety, pandemics and in many 
cases political will. These are not insurmountable. 
Many strategies exist for circumventing these prob-
lems, including awareness-raising, behaviour change 
interventions in food environments, food education, 
strengthened urban-rural linkages, improved product 
design, investments in food system innovations, pub-
lic-private partnerships, public procurement, and nov-
el strategies for food waste management. 

The role of science and innovation will be essential 
for deploying these interventions at scale and at low 
costs, and for minimising the potential trade-offs aris-
ing. Transparent multi-stakeholder dialogues will be 
key at all stages of planning the appropriate transition 
pathways towards our desired global goals of healthy 
diets, healthy ecosystems and prosperity for all. 
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ABSTRACT

The Sustainable Development Goal 2 (SDG2) of “zero 
hunger” sets clear global targets for ensuring access 
to suffi  cient food and healthy nutriti on for all by 2030, 
while keeping food systems within sustainable bound-
aries and protecti ng livelihoods. Nonetheless, the cur-
rent trends show the level of challenge ahead, espe-

cially as the COVID-19 pandemic worsens the global 
development prospects. Intrinsically, SDG2 presents 
some points of tension between its internal targets 
and brings some synergies but also strong trade-off s 
with other SDGs.

In this paper, we summarize the main relati ons between 
SDG2 targets and the other development goals and ex-
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plain how the modeling literature has analyzed the SDG 
interactions around “Zero hunger”. SDG2 integrates 
four ambitious objectives – adequate food, no malnu-
trition, in increased incomes for smallholders, greater 
sustainability – that will require careful implementation 
to be conducted in synergy. We show that the compat-
ibility of these objectives will depend on the interplay 
of future food demand drivers and the contribution of 
productivity gains across the food system.

Analyzing the SDGs’ interrelations reveals the strong 
synergies between SDG2 and some other basic subsis-
tence goals, in particular Goal 1 “No poverty” and Goal 
3 “Good health and well-being”. These goals need to 
be jointly addressed to succeed on “Zero hunger”. Sev-
eral other SDGs have been shown to be key enablers 
for SDG2, in particular on the socioeconomic side. On 
the other hand, agricultural production substantially 
contributes to the risks of exceeding critical global sus-
tainability thresholds. We illustrate how recent mod-
eling work has shed light on the interface between 
future food and nutrition needs, and the various envi-
ronmental dimensions. Specifically, several important 
SDGs have been shown to compete directly with SDG2 
through their common demands for scarce natural re-
sources, including land for climate (SDG13), biodiversi-
ty (SDG15) and  cities (SDG11), as well as the provision 
of water, for both the environment and human needs 
(SDG6). Quantitative assessments show that more ef-
ficient production systems and technologies, pricing 
of externalities, and integrated resource management 
can mitigate some of these trade-offs, but are unlikely 
to succeed in resolving these altogether. 

The success of achieving SDG2 in the face of these chal-
lenges will require new investments, smoothly func-
tioning trade and effective markets, as well as changes 
in consumption patterns. Forward-looking analyses of 
global food systems indicate that deep transforma-
tions combining various measures will be needed to 
simultaneously achieve SDG2 targets while remaining 
within the planetary boundaries. These require funda-
mental changes, both on the supply side and on the 
demand side, and highlight the importance of SDG12 
on “responsible production and consumption”.

1. Introduction 

In 2015, 192 countries endorsed the United Nations 
2030 Agenda for Sustainable Development, defining 

seventeen Sustainable Development Goals (SDGs) 
and associated targets to be reached over the next 
decade. SDG2 “Zero Hunger” represents a reinvigora-
tion of the long-standing efforts by governments and 
international organizations to fight undernourishment 
and malnutrition across the globe. This battle is far 
from over, as 8.9% of the world population was still 
undernourished in 2019, 1.5 billion were unable to ac-
cess essential food nutrients, and adult obesity now 
exceeds 13% globally (FAO et al., 2020), and at present 
the COVID-19 pandemic has increased food insecuri-
ty in many places around the world, due to the effect 
of sanitary measures and their socioeconomic conse-
quences (Laborde et al., 2020; von Braun et al., 2020). 
At the same time, there has been increasing recogni-
tion that human activities, among which agriculture, 
spur large-scale environmental changes, driving us 
out of the Earth’s safe operating space (Steffen et al., 
2015). Therefore, the 2030 Agenda has integrated en-
vironmental sustainability into the core of the future 
development agenda (UN, 2015). The global food 
system modeling community has strived to better un-
derstand the synergies and trade-offs between these 
dimensions by quantifying the degree of compatibility 
of the different goals, to help identify the most effi-
cient strategies and overcome the points of tensions 
between the SDGs. 

This paper provides an overview of the state of find-
ings from the global modeling literature on the poten-
tial avenues for achieving SDG2 and the interrelations 
between this objective and attainment of other SDGs, 
particularly those related to environmental sustain-
ability (Figure 1). For the most part, it looks at these 
questions from a global, macroscopic perspective, 
without entering in detailed regional and local spec-
ificities, although recent efforts are seeking to better 
integrate cross-scale interconnections1. It comple-
ments in that sense previous analyses focusing on syn-
ergies and trade-offs from a conceptual point of view. 
For instance, the International Council for Science an-
alyzed some of the most critical interfaces for SDG2 
(ISC, 2017), emphasizing SDG1 (No poverty), SDG3 
(Good health and well-being), SDG5 (Gender equality), 
SDG6 (Clean water and sanitation), SDG7 (Affordable 
and clean energy), SDG13 (Climate action) and SDG15 
(Life on land). Pradhan et al. (2017) conducted a simi-
lar work across all of the SDG scope and identified re-
lations mostly synergistic between SDG2 and SDG1-6, 
10 and 17, mixed relations with SDG 7-9 and mostly 
conflictual relations with SDG 11-13 and 15. 

1 See for instance AgMIP (www.agmip.org), FABLE (www.unsdsn.org/fable) or GLASSNET (https://mygeohub.org/groups/glassnet) initiatives.
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Here, synergies and trade-offs between the achieve-
ment of SDG2 and the other SDG dimensions are ex-
amined based on the most recent modeling literature 
in the natural and social sciences. The work relies inter 
alia on large-scale forward-looking studies analyzing 
the evolution of the SDG2 target compared to other 
sustainability goals, at continental and global scales. 
Many of these studies adopt a medium- to long-term 
perspective, therefore our analysis will often look be-
yond 2030, and up to 2050. With Figure 1, we present 
our own depiction of how SDG2 interacts with other 
SDGs based on this literature. We identify many syner-
gies with socioeconomic SDGs in general, while high-

lighting possible tensions the environmental SDGs. Not 
all of these dimensions have been explored with a sim-
ilar level of depth by modeling studies. This is because 
quantitative models are stronger at analyzing some 
specific structural relations (e.g. macroeconomic in-
dicators, environmental account balances) than some 
others (e.g. detailed social impacts, anthropometric 
indicators). For historical and technical reasons, some 
areas have also been relatively understudied (e.g. 
modeling malnutrition and obesity) compared to some 
others (e.g. climate change and food security). We pro-
vide more context in Box 1 on the different types of 
models used, and on their strengths and limitations. 

Figure 1  SDG2, its targets and relations to other SDGs, as analyzed in this paper. Colored arrows represent 
direction and nature of main SDG relations (mostly synergistic or in trade-off). Relations less studies are 
marked with pale colors/dashed arrow outlines. References to specific sections of the paper addressing 
the various targets/goals and their interaction are in gray text (§X.X). SDG2 “Zero hunger” encompasses 
five outcome targets that can be summarized as follows: 2.1: ending hunger and ensure access to safe, 
nutritious and sufficient food, 2.2: ending all forms of malnutrition, 2.3: doubling agricultural productivity 
and income of small-scale food producers, 2.4: ensuring sustainable and resilient food production systems, 
and 2.5: maintaining the genetic diversity of farm assets. Not visualized here are the three “mean of 
implementation” targets defined to support the achievement of the outcomes above: 2.a: increasing 
investment in agriculture and rural development, 2.b: avoiding international trade restrictions and market 
distortions, 2.c: better collaborate for agricultural market functioning. See Appendix for full description or 
the UN official website at https://sdgs.un.org/goals/goal2.
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The paper is structured as follows: in Section 2, we 
analyze in detail the inherent challenges of achieving 
SDG2. Section 3 focuses on the synergies between 
SDG2 and other SDGs, with an emphasis on the key 
companion goals – poverty and health – and the large 
set of socioeconomic enablers. Section 4 examines the 
trade-offs between SDG2 and other goals, looking at 

the food systems impacts and their mitigation, but also 
the reverse pressures from other objectives. We final-
ly present in Section 6 an overview of possible food 
system transformation levers. These are key to the 
resolution of the trade-offs previously presented while 
setting the ground to more sustainable pathways for 
the coming decades. 

Box 1.  Modeling approaches for quantitative analysis of the global food system

A large set of modeling frameworks has been used to represent the global relations within the food system 
and its interactions with other socioeconomic and environmental components. These are rooted in different 
traditions: integrated assessment models of climate and environment (Parson and Fisher-Vanden, 1997), ag-
ricultural and trade models (Tongeren et al., 2001; von Lampe et al., 2014), computable general equilibrium 
models (Böhringer and Löschel, 2006; Hertel et al., 2009; Hertel et al., 2012), land system models (Foley et 
al., 1996; Haberl et al., 2007; Lotze-Campen et al., 2005), or household-level microsimulations (van Wijk et 
al., 2014). All of these frameworks have their own strengths and weaknesses and can also be combined to 
broaden the scope of their applications across domains or scales (van Wijk, 2014; Wicke et al., 2014).

As we will show below, these model families have been applied to a large set of topics related to the food 
systems and SDG interactions. Food security has been often approached under the availability angle in that 
literature (Baldos and Hertel, 2014; Gerten et al., 2020; Hasegawa et al., 2015; Valin et al., 2014; van Dijk 
et al., 2021), with substantial emphasis on the long-term food need prospects, the environmental impacts 
of food systems expansion and the threat of climate change. Aspects related to food access have been pri-
marily considered through the effect of exogenous increase of income (Valin et al., 2014; Yu et al., 2004), or 
the effect of rising agricultural prices on consumers (Golub et al., 2012; Hasegawa et al., 2018; Nelson et al., 
2014), while the favorable income effects of rising prices on people employed in agriculture have only been 
considered in CGE modeling and household simulations (Hallegatte and Rozenberg, 2017; Hertel et al., 2010). 
Efforts to explicitly model poverty and food access inequality reduction in IAMs to tackle food insecurity are 
more recent (Hasegawa et al., 2019; Soergel et al., 2021). Similarly, investigating food utilization is relatively 
new to that literature (van Meijl et al., 2020b). New emphasis on the question of stability and resilience is also 
now developing, both under the framing of extreme climate change events, and following the COVID-19 crisis 
(Swinnen and McDermott, 2020).

Drivers, scenarios, policy interventions and transformations. 

Foresight studies have been a common way to approach the modeling of SDGs with these tools. They typically 
quantify the development of alternative scenarios over time and analyze the interplay of macro-level drivers 
and their impact on the long-term system trajectories. This approach is mainstream in the environmental 
(Millennium Ecosystem Assessment, 2005; OECD, 2012) and climate change domains (O’Neill et al., 2014; van 
Vuuren et al., 2011b) with the definition of archetype socioeconomic scenarios, such as the Shared Socioeco-
nomic Pathways (SSPs), which are now applied to many other disciplines (O’Neill et al., 2020). These allow 
for discussion and assessment of a number of key uncertainties related to climate, demography and macro-
economics. In the case of agriculture and food systems, foresight analyses and scenario approaches have also 
been widely used (FAO, 2018; IAASTD, 2009; OECD, 2016; van Meijl et al., 2020a; von Lampe et al., 2014; Zu-
rek et al., 2021). Many modeling analyses also focus on the impact of specific policy interventions (OECD and 
IIASA, 2020; Rosegrant et al., 2017; Stehfest et al., 2013), for which static analyses using equilibrium models 
are more common (Dixon and Parmenter, 1996; Hertel, 1997). These two approaches are currently on track 
to converge, as the policy interventions needed for attaining the SDGs are becoming increasingly relevant for 
analysis of system transformations to achieve sustainable pathways, as stressed by various recent initiatives 
(Food and Land Use Coalition, 2019; Sachs et al., 2019; Steiner et al., 2020) (see Section 5 and Table 1).

Strengths, limitations of models and possible improvements

Models are powerful tools to highlight structural tensions and interrelations between key variables in the 
food system in an integrated manner. As we illustrate in this paper, a large number of studies has assessed the 
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economic and nutritional benefits of agricultural investments or the trade-offs with environmental domains. 
Much progress has been achieved through model comparisons in communities like the Agricultural Model 
Intercomparison and Improvement Project (AgMIP - Rosenzweig et al., 2013), the Integrated Assessment 
Model Consortium (IAMC - van Vuuren et al., 2011c), the Inter-Sectoral Impacts Model Intercomparison Proj-
ect (ISIMIP - Warszawski et al., 2013) or the Global Trade Analysis Project (GTAP - Hertel, 2012a). 

In spite of these efforts, several important limitations must be noted: i) the full set of malnutrition indicators 
remains underdeveloped in modeling approaches, and efforts in representing micro-nutrients and diet-re-
lated health burdens should be continued; ii) current models often lack sufficient granularity for accurate 
assessment of SDGs, with limited representation of heterogeneity across and within households, including 
gender-related one, or in the geographical details. Even though highly disaggregated approaches may bring 
difficulties, many new questions related to inequality of conditions and hotspots of impacts cannot be cap-
tured through aggregated representations; iii) the food system as a whole is often only partly or roughly rep-
resented. Aspects concerning the food environment, institutional, social and individual drivers are generally 
not well considered. Many models also do not represent the full supply chain from ‘farm to fork’, or only do so 
in an aggregated way, ignoring the role of economics of value chains, in particular for price transmission, and 
the political economy of food system actors (Barrett et al., 2019); iv) some important drivers of food security 
are difficult to model, such as the role of conflicts or institution and governance. These elements are often 
captured through scenarios only; v) models results remain by nature uncertain even though the modelers try 
to characterize this uncertainty and delineate it through scenario envelops and model comparisons. Sources 
of uncertainty in particular include: uncertainty in the system drivers (e.g. climate, population), uncertainty in 
the model parameters, and uncertainty in model structure, in particular in the way the food system is repre-
sented. For this reason, there is great value in working with ensembles of independent models.

Last but not least, it is important to highlight that models’ value also depends critically on the quality of un-
derlying data and behavior representations. With the COVID-19 crisis, the adequacy of the statistics current-
ly used, and the relevance of the behaviors being assumed so far based on long-term historical observations 
are to be questioned, as new trends could emerge. Therefore, critical thinking and monitoring of recent 
developments are even more important to confront to model results for the years to come, to ensure that 
any new status in food systems conditions, and new paradigm can be adequately reflected in the models’ 
behavior.

2.  Modeling SDG2: the inherent challenges  
to sufficient, nutritious, sustaining, and  
sustainable food

SDG2 covers a broad objective encompassing food se-
curity and sustainable production described as: “End 
hunger, achieve food security and improved nutrition 
and promote sustainable agriculture” (UN, 2015). This 
goal covers five outcome targets (Figure 1). This ob-
jective contains its own intrinsic set of tensions and 
challenges. 

The first two targets relate directly to the concept of 
food security and nutrition (FSN) developed around 
the recognition of human rights to adequate food 
(UN, 1996), and structured around the four following 
pillars: i) availability, ii) access, iii) utilization, and iv) 

stability (FAO, 1996).2  These dimensions are key to un-
derstanding how to achieve SDG2, in particular Target 
2.1 and 2.2 on adequate food supply and malnutrition. 
The food security pillars highlight the importance of 
producing enough food (“availability”) but also the 
role of income and food prices (“access” pillar), which 
raises the questions of the cost of nutritious and 
healthy food, independently from the diversification 
of food sources (“utilization” pillar), which also touch-
es to malnutrition. Targets 2.3, 2.4 and 2.5 extend the 
scope of SDG2 to the modalities of agricultural pro-
duction. Target 2.3 puts a strong emphasis on farm 
income for small-scale farmers, linking to SDG1 (“No 
poverty”), through an increase of their farm produc-
tivity. However, this target should be reached without 
jeopardizing Target 2.4 that emphasizes sustainable 
production practices, and Target 2.5 that highlights the 
importance of keeping genetic diversity. 

2  The High-Level Panel on Food Security also proposed to extend the food security concept with two additional pillars: v) agency and vi) sustainability, which 
would follow the broader approach taken by SDG2 (HLPE, 2020).
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The different SDG2 targets therefore represent a con-
sistent pathway to sustainable food systems but also 
can contain their own points of tension: how can we 
produce more, in a manner that is more healthy, more 
sustainable and more equitable -- all at the same time? 
This question garnered significant attention in the lit-
erature and needs to be first examined as it conditions 
many of the subsequent relations to other goals.

2.1.  Providing adequate food for all and reducing 
hunger (Target 2.1)

The capability of humanity to produce enough food for 
its own subsistence has long been a source of concern. 
Malthus (1798) questioned the feasibility of a contin-
uous population increase, and the Club of Rome re-
port emphasized the limits to a continuous economic 
growth within a finite world (Meadows et al., 1972). 
The current UN projections predict 9.7 billion people 
globally in 2050 (+25% compared to 2020) with near-
ly a doubling of population in Africa (UN, 2019). And 
food demand will be further boosted by other driv-
ers: income changes, dietary transition, urbanization, 
globalization, etc. (Kearney, 2010). FAO estimates that 
the total food calorie demand will increase by 39% 
between 2015 and 2050 (Alexandratos and Bruins-
ma, 2012; FAO, 2018),3  and agricultural output will 
grow somewhat faster (40-45%), due to the need to 
produce feedstuffs for growing livestock consumption 
(Keyzer et al., 2005). Several authors anticipate even 
higher demand by mid-century with alternative as-
sumptions on animal product demand: compared to 
FAO projected levels, Tilman et al. (2011) anticipate an 
increase of crop needs 50% higher by 2050, and Bijl 
et al. (2017) a 30% higher increase in food demand. 
Valin et al. (2014) compared estimates across global 
model projections and found a range of +43%–70% 
in food demand increase from 2015 to 2050, slight-
ly above FAO estimates. And even when models re-
viewed disagree on the future level, most found much 
higher animal product consumption increase by 2050, 
with a range of 45%–160% spanning well above FAO’s 
projected increase (55%). This anticipation is also sup-

ported by more empirical estimations (Gouel and Gui-
mbard (2018) with 64–95%, Bodirsky et al. (2015) with 
81%–102%, Bodirsky et al. (2020) with 76%). 4

Under these conditions, the capacity of the global food 
system to sustainably supply all of the food required 
has been questioned. To understand the possible food 
security implications, food availability is usually esti-
mated using the average dietary energy supply of the 
food system, in kilocalories per capita per day, but also 
using more sophisticatedly metrics such as the prev-
alence of undernourishment (Goal indicator 2.1.1). 
FAO estimates that 688 million people (8.9%) were 
undernourished in 2019, a trend increasing follow-
ing the COVID-19 crisis (FAO et al., 2020). To calculate 
such prevalence, the food distribution supply profile 
per capita, in dietary energy terms, is compared to the 
average minimum dietary energy requirement in the 
population (Cafiero et al., 2014). This framework ef-
fectively captures the availability pillar of food security 
(more domestic supply reduces undernourishment) 
and can also be used in modeling to examine the re-
sponse to average price or income changes (access pil-
lar). Alternative metrics have also been proposed to 
measure undernourishment, such as the prevalence 
of underweight, based on up-scaled medical surveys 
(Bodirsky et al., 2020), or the number of children mal-
nourished.5  

Undernourishment metrics were implemented in vari-
ous global economic models (Baldos and Hertel, 2015; 
Bodirsky et al., 2020; Hasegawa et al., 2015; Hasega-
wa et al., 2019), where it is also possible to capture 
the role of prices and income, as these determine the 
final level of food demand (Valin et al., 2014). Past 
modeling studies have often predicted a progressive 
decrease in undernourishment by 2050 following this 
indicator, under the effect of increased incomes and 
reduced inequality (which decreases the food distribu-
tion spread): down to 318 million (3.5%) undernour-
ished in Alexandratos and Bruinsma (2012), 528 mil-
lion (5.7%) underweight6 in Bodirsky et al. (2020), less 
than 100 million (1%) undernourished for a middle-

3  For the projection from FAO (2018), the results from the BAU scenario for 2012-2050 were rescaled to the period 2015-2050 for comparability, assuming a 
constant growth rate. 

4  The 2005-2050 estimates from Valin et al. (2014), 2010-2050 results from Gouel and Guimbard (2018) and 1990-2050 estimates were all rescaled to 2015-
2050 for comparability, assuming a constant growth rate.

5  This indicator was also traditionally used in the IMPACT model (Rosegrant et al., 2017) using correlations between dietary energy supply and malnourish-
ment statistics (Smith and Haddad, 2000). Even though more determinants of malnourishment could possibly be considered with the relation defining this 
metric, the indicator would primarily be determined by the average food availability, sole endogenous variable in the model entering the calculation, which 
gives it the same characteristics as the prevalence of undernourishment indicator.

6  Underweight and undernourishment values are relatively comparable. The global estimate of underweight people is 744 million in 2010 (Bodirsky et al., 
2020), against 668 million for undernourished (FAO, 2020). However, regional and temporal patterns diverge, being lower for underweight prevalence in 
Sub-Saharan Africa and higher for Asia and showing a later decline than for undernourishment. 
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of-the-road scenario (SSP2) in Hasegawa et al. (2015). 
Overall, these results are very sensitive to the pro-
jections in inequality. For instance, the most unequal 
scenario (SSP3) in Hasegawa et al. (2015) results in a 
comparable level for undernourishment compared to 
today’s situation. 

The prevalence of undernourishment (PoU) indicator 
has been the workhorse of the modeling community 
recently to approach the question of hunger. Howev-
er, this metric completely ignores the composition of 
the diets and the role of protein and micro-nutrients 
intake for a healthy diet (Springmann et al., 2016b). 
It also overlooks the multi-dimensionality of food se-
curity. Some first steps towards broadening the food 
security framework have been made recently (van 
Meijl et al., 2020a). In addition, it has been imple-
mented across frameworks without harmonization of 
inequality projections within countries, which explains 
the large range of undernourishment projections (only 
average incomes per capita are harmonized for the 
SSPs quantified elements, for instance).  Last, but not 
least, that indicator ignores the role of heterogeneity 
in income and price effects, and in particular the con-
trasted dynamics between rural and urban households 
(Hertel et al., 2010; Laborde Debucquet and Martin, 
2018). More detailed analyses are therefore needed to 
better inform efforts aimed at tackling the challenge of 
Target 2.1 and 2.2 of SDG2, better integrating especial-
ly poverty modeling (see Section 3.1). 

2.2.  Dietary needs, nutrition transition and the  
triple burden of malnutrition (Target 2.2)

What we eat is as important as how much we eat 
when it comes to maintaining food security. This is 
why the “utilization” pillar is a key for food security. 
The example of animal production illustrates well var-
ious aspects of the challenges accompanying econom-
ic development. The nutrition transition influences 
our demand for nutrients like proteins and fat, and 
this also applies to other products (Bijl et al., 2017; 
Bodirsky et al., 2020; Gouel and Guimbard, 2018). At 
the same time, producing more livestock products is 
resource-intensive and comes with large sustainabili-
ty impacts (Herrero et al., 2013; Steinfeld et al., 2006; 
Wirsenius et al., 2010). Consumption of seafood also 
provide high value nutrients (Béné et al., 2015; Hicks 
et al., 2019) but brings additional environmental chal-
lenges as one-third of marine catches are unsustain-
able (FAO, 2020b) and fast expansion of aquaculture 
adds to resource pressure and generates local pollu-
tion (Ahmed et al., 2018). Some other food products 
have very specific footprints due to their yield and 
production location, and trade mediated impacts can 

occur (Henders et al., 2015; Kastner et al., 2012). The 
choice of the diet can therefore have large implications 
for health and environment (Tilman and Clark, 2014). 
We explain below the different nutritional challenges 
associated to dietary patterns and discuss further in 
Section 3.2 the consequences for health as part of the 
synergies with SDG3.

To disentangle the complexity between nutrition needs 
and its impact, modeling diet composition is funda-
mental. Macronutrients are not the only important 
elements to represent, micro-nutrients are also essen-
tial to health (Burchi et al., 2011). Only a few modeling 
studies have examined the prospects on both macro 
and micronutrient provision at global level. Nelson et 
al. (2018) analyzed such scenarios at the horizon 2050 
and found that dietary energy requirements would cer-
tainly be met in all regions, as well as protein intake 
needs, to the exception of a few least advanced coun-
tries. However, they anticipate insufficient supply of fat 
in low-income countries, and severe and persistent de-
ficiencies in calcium, iron and folate, as well as several 
key vitamins (A, E, B12) in many parts of the developing 
world. These malnutrition impacts would be worsened 
under the effect of climate change, in particular as mi-
cronutrient concentrations in crops are expected to de-
crease under future elevated CO2 concentration in the 
atmosphere (Beach et al., 2019; Myers et al., 2014).

Beside undernourishment and micronutrient deficien-
cies, a third important nutritional challenge is over-
weight and obesity, leading to the notion of the “triple 
burden of malnutrition” (Gomez et al., 2013). In 2016, 
the global “obesity pandemic” (Swinburn et al., 2011) 
was affecting 13.1% of adults around the world (FAO et 
al., 2020), and costing 3.3% of GDP in advanced econ-
omies (OECD, 2019). Projecting obesity in the context 
of food demand studies is rather recent. Based on 
detailed body mass distribution data, Bodirsky et al. 
(2020) calculated that about 45% of the population 
would be overweight by 2050, compared to 29% in 
2010, based on the continuation of current food con-
sumption patterns, and 1.5 billion people would be-
come obese by mid-century (16%). Overconsumption 
of food associated to overweight brings large ineffi-
ciencies in the food system. Hasegawa et al. (2019) es-
timated that halting overconsumption by 2030 would 
reduce total caloric requirement by 6% and protein 
requirement by 9% globally. Therefore, even if these 
reductions would not suffice to address future food 
needs, there is a paradox of food distribution, with 
food deprivation for the poorest and overconsumption 
of food for another part of the population, illustrating 
the possible win-wins within the SDG Target 2.2 on 
malnutrition. 
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2.3.  Producing more but growing more sustainably 
(Target 2.4)

Satisfying adequate dietary needs and eliminating 
malnutrition will require more food production as 
highlighted above, which may pose important risks 
for environmental sustainability of the food systems. 
The impacts of agricultural production increases on 
natural resources are well known (Springmann et 
al., 2018a; Tilman et al., 2001) and researchers have 
warned about the risks of exceeding a number of plan-
etary limits (Rockstrom et al., 2009) due to agriculture 
intensification and expansion. Therefore, Targets 2.1 
and 2.2 oriented towards provision of more adequate 
food and nutrition may be in tension with Target 2.4 
that emphasizes the need of sustainable food produc-
tion systems, improved agricultural practices, and eco-
systems protection. 

One of the most salient elements of the tension be-
tween adequate food supply and protection of the 
environment relates to land use. On the one hand, 
land needs mirror the concern that our current planet 
capacity may not suffice to feed its future population, 
and on the other hand, land use change has important 
implications for a number of SDG sustainability dimen-
sions: carbon stocks for SDG13, biodiversity for SDG15, 
and the occurrence of zoonotic epidemics affecting 
SDG3. Many models have investigated the interplay 
of macroeconomic drivers, diet changes and future 
yield to determine the future land use requirements 
by the mid-century and beyond (FAO, 2018; Hertel et 
al., 2016; Popp et al., 2017; Schmitz et al., 2014; Smith 
et al., 2010; Stehfest et al., 2019). These studies usual-
ly find that agricultural land will continue its expansion 
with a range of ~5–20% for cropland and ~-10–+25% 
for pasture land (based on Smith et al. (2010) and Ste-
hfest et al. (2019)). Figure 2 shows, through a simpli-
fied scenario decomposition, how different drivers of 
food demand – population, income per capita, diet 
preferences, overconsumption and waste - may influ-
ence the future demand by 2050, and how this future 
demand would result into a net land use change, after 
adjusting for projected technical change and climate 
change impact.

Virtually all studies predict further encroachment of 
cropland expansion into natural ecosystems (forests, 
biodiverse savannahs, wetlands) and the possibilities 
to avoid such damages remains disputed. The special 
report on land from the IPCC (IPCC, 2019) identified 
that out of 13 Gha of surface land, 9.3 Gha were al-
ready used, and only a quarter of the unused part (940 
Mha) was unforested land (outside of barren, rocks 
etc.). Based on agroclimatic suitability consideration, 
FAO estimates that 400 million ha of non-protected 

areas would be suitable for rainfed cultivation expan-
sion, mostly in low- and middle-income countries, in 
particular Africa and South America (FAO, 2018). This 
estimate would be reduced to about 260 Mha when 
considering 6h of distance to market as an extra criteri-
on (Deininger and Byrlee, 2010). Some other literature 
assumes much higher availability, with less constrain-
ing criteria on land status or suitability (Eitelberg et al., 
2014). Nonetheless, when these estimates are subject 
to closer scrutiny, they are significantly reduced. For 
instance, Fritz et al. (2013) reduces availability esti-
mates from remote sensing data by 300–400 Mha 
when using field level information. Looking at various 
social and ecological trade-offs, Lambin et al. (2013) 
also reviewed data from global scale assessment in 
specific locations and found that effective availability 
would be less than a third of the theoretical top-down 
estimates. On the other hand, land suitability is not a 
static concept under climate change, and new regions 
could become cultivable as temperature and precipita-
tion patterns evolve in the coming century, particularly 
in the Northern hemisphere (Sloat et al., 2020; Zabel 
et al., 2014).

The question of the pressure of agricultural produc-
tion on natural resources extends much beyond land 
use expansion but also relate to land quality and many 
other elements (water, climate, nutrient balance, 
etc.). We present these in more details in Section 4 
examining the impacts from SDG2 on other environ-
mental SDGs.

2.4.  The crucial role of agriculture productivity  
(Target 2.3 & 2.5)

Most common arguments against a Malthusian vision 
of the future rely on the idea that technical change 
could keep pace with future food demand growth 
and limit impacts on natural resources (Borlaug, 
2002). Past productivity increases in agriculture have 
been substantial, moving from an input and machin-
ery-based period of global productivity improvements 
during the Green revolution, to a knowledge-based 
one over the past three decades (Fuglie, 2010). There 
is still scope for further development of productiv-
ity as numerous innovations and new technologies 
emerge (Herrero et al., 2020; Ludena et al., 2007). 
And productivity gains will be crucial for future food 
security through their capacity to support income and 
offer lower food prices (Hertel et al., 2016), provided 
it also benefits to small producer net food seller (see 
also Section 5.2 on the role of trade). SDG target 2.3 
highlighting productivity and income for smallholders 
therefore appears fully aligned with the food security 
objectives of SDG2. 
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Among the different sources of agricultural produc-
tivity increase, land productivity has been particularly 
scrutinized, and is usually perceived as a key factor of 
economic development that allows mitigating the im-
pacts emphasized above. Modeling studies have high-
lighted the direct role of yield on future trajectories 
of land use requirements (Balmford et al., 2005; Her-
tel et al., 2016; Stehfest et al., 2019). The prospects 
on future yield increase remains positive. On the one 
hand, technical margins exist to increase attainable 
yields through improved technologies and crop breed-
ing (Fischer et al., 2009) and agricultural investments 
should support further progress (Baldos et al., 2018). 
On the other hand, the assessment of yield gaps indi-
cate that large potentials exist to increase actual yields 
to the level achieved under best practices, but remain 
subject to local climatic and management constraints 
(Licker et al., 2010; van Ittersum et al., 2013). Muel-
ler et al. (2012) identify that closing yield gaps globally 
could increase global crop production by 45%–70%, 

by optimizing water and nutrient management, and 
Folberth et al. (2020) estimate that reallocating crops 
accordingly could reduce cropland area by 50%. Sim-
ulation models have used such assessments to better 
anticipate future possible scenarios of yield develop-
ment (van Zeist et al., 2020). Yield projections scenari-
os have clearly highlighted the substantial land sparing 
effects, but also pointed to the nitrogen consumption 
trade-offs (Tilman et al., 2011), and the greenhouse 
gas (GHG) emission reductions (Burney et al., 2010) as 
well as food security co-benefits (Valin et al., 2013). 

However, from an economic standpoint, increasing 
productivity can lead to an ambivalent effect. On the 
one hand, the lower demand for resources per unit of 
output can lead to some environmental benefits. On 
the other hand, lower prices obtained through total 
factor productivity gains can lead to a rebound of con-
sumption and increased exports, thereby partially or 
fully offsetting these benefits, an effect called the Je-

Figure 2  Decomposition of future food demand from 2020 to 2050 (left-hand side, blue bars) and potential 
implications for cropland expansion based on stylized assumptions (right-hand side, warm colors). Total 
food demand increase (sum of blue bars – 47%) is the cumulated effect from population increase, calorie 
consumption per capita increase driven by economic growth, diet preference changes leading to more 
meat consumption and feed needs, overconsumption, and waste increase. The final demand increase 
(brown bar) is partly offset by the increase in yields (here based on an average 80% contribution share to 
match historical observations, orange), and future expected impact of climate change (dark orange). The 
net cropland expansion (yellow) can be compared to the literature range (striped bar). Food for all line in 
blue (yellow) bar corresponds to the level of increase in food (land) corresponding for sufficient caloric 
nutrition for all. Healthy lifestyle line corresponds to the increased level where all consumers with inactive 
lifestyle adopt a moderately active lifestyle. Sources: population increase: UN DESA; consumption per capita 
and livestock consumption impact Stehfest et al. (2019), based on GLOBIOM model; Overconsumption 
and waste impacts: Bodirsky et al. (2020); Historical yield contribution consistent with Smith et al. (2010), 
Burney et al. (2010), Fuglie et al. (2019); Climate change impact: RCP8.5 data from Leclère et al., 2014. 
Literature range: Stehfest et al. (2019) and Smith et al. (2010). 
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vons paradox (Alcott, 2005; Hertel, 2012b). This effect 
has been particularly identified in the case of cropland 
intensification (Byerlee et al., 2014; Ewers et al., 2009; 
Phalan et al., 2016; Villoria et al., 2013), but also ir-
rigation water efficiency (Grafton et al., 2018). Mod-
eling studies have illustrated how strategies oriented 
towards increasing yields could lead to mixed effect as 
food security (through increased production) and en-
vironmental outcomes would come in direct trade-off 
(Hertel et al., 2014; Valin et al., 2013). The potential for 
Jevons paradox calls for more attention to the ambigu-
ous role that productivity gains (Target 2.3) could have 
on the environment (Target 2.4), as well as the need 
for protecting environmentally sensitive lands in the 
context of high rates of technological progress. 

The other challenge associated with productivity in-
creases is to ensure that, while saving on land resourc-
es, it does not bring any other environmental degrada-
tion. This is a particular concern for land intensification, 
as damages from high-input agriculture on ecosystems 
services have been well documented (Matson, 1997), 
most notably for biodiversity (Donald et al., 2001). A 
lot of attention has been devoted to identifying routes 
for sustainable intensification in the domain of nutri-
ent and water management, pest control, soil protec-
tion to find win-win solutions (Foley et al., 2011; Til-
man et al., 2002) – see also Section 4 on the relation 
between nutrient management, soil quality and food 

security. In the case of livestock, mixed intensive sys-
tems could leverage substantial environmental bene-
fits both in terms of nutrient cycling, GHG emissions 
and land sparing, compared to extensive ones (Havlík 
et al., 2014). This is also the case for the fish sector 
where substantial productivity gains can be achieved 
in  aquaculture (Waite et al., 2014). Therefore, im-
provements in agricultural productivity, in particular 
total factor productivity (related to all production fac-
tors), offers an opportunity to simultaneously lower 
the pressure on the environment and increase farmer 
income by decreasing the input requirements (Figure 
3). To guide this change, Seppelt et al. (2020) illustrate 
how an optimum intensification level can be reached 
across production and environmental objectives by us-
ing a measure of green total factor productivity – or to-
tal resource productivity. Taking the case of biodiversi-
ty, they explain how such an approach could support 
sustainable intensification in low- and middle-income 
countries, and ecosystems value recovery in highly in-
tensified regions. However, simulations towards 2050 
suggest that more sustainable yield both for crops and 
livestock may also require drastic adjustments in our 
consumption patterns to avoid further deforestation 
(Erb et al., 2016). 

Finally, increasing agricultural productivity is also key 
in the context of ongoing climate change impacts 
which are expected to grow over the coming decades 

Figure 3  The role of total factor productivity (TFP) gains to limit impact of agricultural production on the environment 
(in red). 

* Ecosystems services only for green TFP: indeed, some ecosystems services may be negatively affected while focusing on standard TFP 
gains (e.g. biodiversity). Accounting for ecosystems services value defines a green TFP that can guarantee a sustainable use of agricultural 
productivity gains (Seppelt et al., 2020).
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and substantially affect crop yields (Rosenzweig et al., 
2014), irrigation capacity (Schewe et al., 2013), la-
bor productivity (de Lima et al., 2021), micronutrient 
availability (Beach et al., 2019) and ultimately food 
security (Hasegawa et al., 2016; Hertel et al., 2010; 
Janssens et al., 2020; Lloyd et al., 2018; Springmann 
et al., 2016b; Wheeler and von Braun, 2013). This pa-
per does not delve further into the interplay of climate 
change impact and food security, as it has been exten-
sively reviewed (Mbow et al., 2019). The importance 
of adaptation measures through yield responses has 
been largely emphasized and identified as a key fac-
tor to limit food security impacts (Leclère et al., 2014; 
Nelson et al., 2014; Weindl et al., 2015). Agricultural 
practices should also encourage resilience, to resist to 
occurrence of extreme events. Crop genetic diversity 
(Target 2.5) is representative of the measures foster-
ing adaptation to climate change and resilience, also 
in the context of possible occurrences of new diseases 
and pest outbreaks.

3.  Synergies between SDG2 and other  
sustainability dimensions 

The “Zero Hunger” goal – and its different targets – is 
very closely connected to some other goals with which 
it operates in synergy, and, for some, even in full sym-
biosis. One of these is poverty elimination (SDG1), cru-
cial for food access, and another is good health and 
well-being (SDG3), and the need for clean drinking 
water (SDG6). However, beyond these, a broader set 
of socioeconomic SDGs supports the progress of SDG2 
and has been identified as key enablers (SDG4, 5, 8, 
10, 11, 16, 17). We illustrate below how these have 
been approached by the modeling literature. 

3.1. Food access and poverty (SDG1)
As analyzed in Section 2.1, food security not only re-
lies on food availability but also food access. For that 
reason, considering the situation of households and 
individuals is important to correctly represent food se-
curity conditions, but is typical of large-scale modeling 
(Müller et al., 2020; van Wijk, 2014). For instance, ag-
gregated approaches to PoU described above remain 
on the stylized representation of food distribution from 
FAO (Cafiero et al., 2014).  Compared to the optimis-
tic trends on hunger presented in Section 2.2, Laborde 
Debucquet and Martin (2018) look for instance at the 
implications of economic growth slow down for pover-
ty in 29 developing countries with a sample of 300,000 
households. They predict that in half of the countries, 
the extreme poverty rate will remain above 5% by 2030, 
with important consequences for food security. At a 

larger scale, Hallegatte and Rozenberg (2017) simulate 
the impact for 1.4 million representative households 
of a shift in agricultural prices and farm income due 
to climate change and find that the higher price effect 
would be predominant and increase poverty, which in 
turn would increase stunting (Lloyd et al., 2018). Other 
studies based on household modeling have illustrated 
the adverse impacts of food price increases on poverty 
(Hertel et al., 2010; Ivanic et al., 2012). However, high-
er prices could also in some situations increase farm-
er revenues and bring food security benefits (Hertel, 
2015). Many scholars highlighted that, if in the short 
term, food price increases could be seen as detrimen-
tal for the poor, sustained food prices could be the 
best way to reduce rural poverty and improve food se-
curity for smallholders in the long term (Headey and 
Martin, 2016; Ivanic and Martin, 2014; Swinnen and 
Squicciarini, 2012). Therefore, if food security and pov-
erty can be seen as part of a same battle, reduction of 
poverty should not only be sought through lower food 
prices but also through higher income, as highlighted 
by Target 2.3. In addition to the question of income, 
it is worth noting that SDG1 also insists on the role of 
access by poor households to land, natural resources 
and technologies (Target 1.4) and reduce exposure to 
climate events and relative risks (Target 1.5), two ob-
jectives that also strongly resonate with the Target 2.3 
associating smallholder productivity gains and income 
increase.

3.2.  Health and sustainability co-benefits from 
dietary changes (SDG3)

The relation between SDG2 and SDG3 on good health 
and well-being is also strongly synergistic, as nutrition 
is a key element of good health. First of all, malnutri-
tion and health issues are strongly related in least de-
veloped countries, facing severe nutrition challenges. 
Maternal undernourishment and nutrient-deficien-
cies lead to fetal and child nutrition and development 
problems, reinforced through nutrient-inadequacies in 
breastfeeding (Black et al., 2013). The resulting stunt-
ing and wasting can increase mortality risks when 
children are exposed to infectious diseases. Converse-
ly, many infectious diseases, such as measles, diar-
rhea, pneumonia, meningitis or malaria, can lead to 
increased risk of wasting and stunting risks for young 
children (ibid). 

Furthermore, in all regions, adequate diet not only 
limits the risk of malnutrition but also prevents the 
prevalence of a number of non-communicable diseas-
es, such as cardio-vascular diseases, diabetes, or can-
cer: in 2017, 17 million deaths and 255 million disabil-
ity-adjusted life years would be attributable to dietary 
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risks such as high sodium consumption, low intake of 
whole grain or low intake of fruits (Afshin et al., 2019). 
GHG emission-intensive products such as red meat are 
also contributing risk factors, which have led scholars 
to emphasize the co-benefits between health and sus-
tainable agriculture. Tilman and Clark (2014) compare 
the impact of a conventional omnivorous diet with a 
pescatarian diet, a Mediterranean diet and a vegetari-
an diet, and find that moving away from current diets 
would be a win-win solution, with strong health ben-
efits for the three alternative diets (5-40% relative risk 
decrease in cancer, diabetes and coronary mortality), 
and strongest outcome on environmental side with 
a vegetarian diet (more than 2 GtCO2e per year and 
740 Mha of cropland saved by 2050). Springmann et 
al. (2016a) extend this type of analysis by looking at 
the implication of shifting to more plant-based diets by 
2050 and find a decrease in global mortality of 6–10% 
and an abatement of emissions of 29–70%, leading to 
economic benefits of 1–31 trillion USD. More recently, 
the EAT-Lancet Commission proposed a more detailed 
sustainable and healthy diet prescription integrating 
a large number of dietary risks, with ambitious nutri-
tional and planetary synergies (Willett et al., 2019). 
They find that adopting such a diet would allow re-
duce mortality by 19–23.6% by 2050. However, they 
also point out that providing such diet to all would 
require bridging the yield gaps by 75%, requiring sub-
stantial resource management improvements to be 
sustainably attainable. One other important limitation 
to the adoption of these healthy diets is the question 
of affordability. Hirvonen et al. (2019) estimated that 
the EAT-Lancet diet would cost at minimum 2.84 USD 
per day at 2011 prices and would be therefore inac-
cessible to 1.58 billion poor, due primarily to the share 
of fruits and vegetables required, and secondly to ani-
mal products. The diet was also found to be 60% more 
expensive, on average, than a least cost diet aimed 
at providing nutrition adequacy for 20 nutrients. In a 
follow-up analysis, the FAO et al. (2020) determined 
that healthy diets would be five times more expensive 
than a minimum energy diet, illustrating the extent of 
the income boost for impoverished households which 
would be necessary to make this diet accessible to all. 
Therefore, improving access to healthy diets cannot be 
dissociated from the progress on poverty elimination 
(SDG1).

One additional synergy between SDG2 and SDG3, 
comes from environmental health through a more 
sustainable agriculture (Target 2.4). Agricultural activi-
ties indeed substantially contribute to global pollution 
through various channels. First, through air pollution 
as biomass burnings from field management and land 
clearing contribute to fuel combustion emissions, re-

sponsible for 85% of all of the air pollution burden, 
itself the largest source of pollution-related diseases 
(Landrigan et al., 2018). Agriculture ammonia emis-
sions also impact human health by contributing to 
formation of fine particle matters in the air (Stokstad, 
2014), and generating several hundred thousand pre-
mature deaths per year globally (Giannadaki et al., 
2018). A second channel of impact occurs through wa-
ter pollution: excessive fertilizer application and ma-
nure management lead to pollution in the watersheds 
(Section 4.3) to which add more complex compounds 
coming from pesticide and herbicide applications (Ev-
ans et al., 2019; Schwarzenbach et al., 2010). A third 
channel of impact comes directly through the food 
and beverage we eat, with traces of pesticide lead-
ing to closely monitored ingestion levels (Nougadère 
et al., 2012). Chronic exposure to pesticide – directly 
for farmers or indirectly through air, water and food – 
has be found to increase risk diseases (Alavanja et al., 
2004; Landrigan et al., 2018). Such impacts on health 
are not yet modeled at large scale due to the meth-
odological uncertainties but reduction of pesticide 
use has been highlighted as a key component of sus-
tainable agriculture (Möhring et al., 2020; Nicolopou-
lou-Stamati et al., 2016).

A last area of synergy between SDG2 and SDG3 attract-
ed more attention since the COVID-19 crisis: the risk 
of zoonosis epidemic associated to expansion of hu-
man settlements and agriculture into wilderness areas 
(Morse et al., 2012), directly referred to in Target 3.3. 
Even though no foresight study is available to date to 
predict the link between future scenario for agricul-
ture and risk of emergence of new diseases, the role 
of land use change in the zoonosis risk is now well rec-
ognized (Gibb et al., 2020; Patz et al., 2004). Further-
more, intensive livestock farming is also well known 
for increasing risks of zoonosis emergence (Jones et 
al., 2013) leading to considering the concept of “One 
health” as a key component of the food systems sus-
tainability (Coker et al., 2011). 

3.3.  Education, gender equality, decent work and 
other socioeconomic enablers (SDG4, 5, 8, 10, 
11, 16, 17)

A comprehensive view of food systems encompasses a 
large set of socioeconomic drivers and outcomes (Er-
icksen, 2008; HLPE, 2017; Ingram, 2011). Therefore, 
many other SDGs are also connected to SDG2 and 
support its achievement. These have been identified 
in Figure 1 as a single block of socioeconomic enablers 
but obviously interact in a more complex manner with 
SDG2. These are education (SDG4), gender equality 
(SDG5), decent work and economic growth (SDG8), 
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reduction of inequality (SDG10), sustainable cities 
and communities (SDG11), peace, justice and strong 
institutions (SDG16), and partnership for the goals 
(SDG17). These are usually not well represented in 
global quantitative studies, therefore will be only brief-
ly covered here. However, some of these enablers can 
play important roles for food security and other SDG2 
dimensions. Therefore, better assessing the associated 
synergies around these goals for food systems should 
be an important objective for future quantitative as-
sessments.

Among these goals, education (SDG4) is a first import-
ant development driver influencing consumption pat-
terns and healthy diet choice (Hiza et al., 2013). Target 
4.7 highlights education to sustainable lifestyle, which 
goes one step further into supporting sustainable food 
systems. And Target 4.b insists on the importance of 
training in science and engineering, which can support 
more sustainable management and research (Target 
2.a). In developing regions, education is also an im-
portant pillar for the improvement of maternal and 
child nutrition (Alderman and Headey, 2017; Ruel and 
Alderman, 2013). As highlighted above, food security 
and poverty are also closely associated. Higher small-
holder incomes (Target 2.3) should therefore help for 
schooling of children in rural areas by limiting contri-
bution to family labor in agriculture.

Gender equality (SDG5) is another key goal for food 
security as female workers account for a substantial 
share of the agricultural workforce at 40-50% in devel-
oping countries (FAO, 2011), with even larger shares 
in some sectors and regions (e.g. 70% for upland rice 
in Indonesia). However, women face difficulties to ac-
cess land, livestock, education, extension and financial 
services, and equal employment conditions to those 
of men (wage, stable contract, off-farm opportunities). 
According to FAO (2011), targeting these inequalities 
would allow reducing undernourishment by 100-150 
million persons. At the same time, women play a key 
role for food security in the household, and their nu-
tritional status also influences those of their young 
children (Black et al., 2013). SDG5 can therefore sup-
port income and productivity increases (Target 2.3) for 
small-scale women farmer by enhancing their access 
to land and natural resources (Target 5.a) (Agarwal, 
2018) and empowering them to safeguard the nutri-
tional status in the households. 

Decent work and economic growth (SDG8) and reduc-
tion of inequality (SDG10) can also support better nu-
trition by going beyond SDG1 and bringing economic 
resources (Target 8.1 and 10.1) to households for ac-
cessing healthy food. Targets 8.2-8.4 also put emphasis 

on productivity, diversification, technological upgrad-
ing, formalized small-scale enterprises, and resource 
efficiency, all supportive of Targets 2.3-2.5. Nonethe-
less, economic growth can also steer unsustainable 
behavior for the food systems, such as overconsump-
tion and waste (Section 5.4). Sustainable cities and 
communities (SDG11) put an important emphasis on 
urban and rural areas harmonious integration and 
planning, which would support Target 2.1 of greater 
access to sufficient and nutritious food in cities. 

Peace, justice and strong institutions (SDG16) have a 
key role to play for food security as conflict remains 
one of the most severe drivers of severe undernour-
ishment and food crises (FAO et al., 2017). Further-
more, farmers’ rights, in particular land tenure, and 
solid institutions are key to secure the situations and 
income of small-scale farmers. Partnership for the 
goals (SDG17) emphasizes the role of Development 
Assistance, for rural economic development in devel-
oping countries, and the need to address the most 
serious food crises through humanitarian aid. It also 
encourages international knowledge transfers, which 
directly supports Target 2.a (see Section 5.1).

4.  Trade-offs between SDG2 and  
environmental goals 

Feeding the world sustainably will unfortunately not 
be achievable without tensions. As illustrated in Sec-
tion 2.3, growing more food for SDG2 will pose some 
serious challenges for natural resources, and the final 
impacts will depend on future food demand and our 
capacity to create a more resource-efficient and sus-
tainable agriculture globally. One of the commonly 
adopted frameworks to represent global sustainabil-
ity in the Anthropocene is the planetary boundaries 
approach, which defines thresholds on resources and 
ecosystems usage which must not be exceeded if we 
are to remain within a sustainable exploitation of our 
planet (Rockstrom et al., 2009; Steffen et al., 2015). In 
the analysis of the boundaries as proposed by Rock-
strom et al. (2009), six are directly relevant to agri-
culture (climate change, biodiversity, nitrogen, phos-
phorus, freshwater use, land use change), and three 
of these boundaries have already been exceeded: 
nitrogen cycle, biodiversity loss and climate change. 
In an update to that framework, Steffen et al. (2015) 
additionally identified  phosphorus and land use as 
having exceeded the Earth’s safe operating space. Sev-
eral papers have subsequently analyzed the extent to 
which agriculture contributes to these environmental 
challenges in the future. Using a global agricultural 
market model, Springmann et al. (2018a) projected 
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that if current trends were to continue without any 
change of technical level, the number of boundaries 
crossed by 2050 would be up to five: in addition to 
GHG emissions, cropland use, nitrogen and phospho-
rus application, the extraction of blue water would be 
an additional limit exceeded. Gerten et al. (2020) ana-
lyzed that half of the current production system would 
already transgress some of these boundaries globally 
and respecting these environmental limits would only 
allow feeding 3.4 billion people globally. All of these 
authors propose mitigation measures and transforma-
tions that would allow overcoming these limitations 
while also achieving food security and environmental 
sustainability by 2050. These system transformations 
will be discussed in Section 6. 

Figure 4 illustrates how the different planetary bound-
aries would be crossed by 2050 according to selected 
modeling studies. Here, displayed ranges of expansion 
for each variable are based on projections from eco-

nomic and integrated assessment models taking into 
account technical change. Under that assumption, 
three boundaries are crossed already in 2010, and 
GHG emissions are crossed by 2050. Land use and wa-
ter withdrawals are not marked as crossing boundar-
ies by 2050 but only at “increasing risk”, to the differ-
ence of Springmann et al. (2018a), because technical 
change buffers a part of the future impact.

The challenges highlighted through the planetary 
boundary framework provide an overview of the 
larger set of trade-offs enshrined within the SDGs. 
In this section, we explain in more detail how these 
different challenges have been studied in modeling 
studies and what their mitigation options are. Further-
more, the success of the Agenda 2030 also depends 
on the achievement of other goals. We highlight here 
how some SDGs, associated to ambitious targets, may 
enter in competition with SDG2 and bring additional 
challenges for the food system. 

 
Figure 3  Projections of the food systems pressure along selected environmental dimensions (Visual representation 

inspired from the planetary boundaries, Steffen et al., 2015). Colors of the sectors indicate the status for 
each planetary boundary: green = no risk (none); orange = at risk of crossing by 2050; red = boundary 
crossed (plain if crossed already in 2010, gradient if crossed by 2050). Sector size corresponds to the 
range of values covered by the sources (subscripts in the box titles). For source (2), no technical change 
is assumed for the projection, which may significantly increase the impact; these numbers are therefore 
only reported for information when out of the range of other studies, and not used to calculate the sector 
size. Greenhouse gas emissions only account for non-CO2 emissions from agriculture.

  Sources used (box title subscripts): 1 – Leclère et al. (2020): GLOBIOM, IMAGE, AIM, MAgPIE models; 2 
– Springmann et al. (2018), baseline (without technical change), IMPACT model; 3 – Frank et al. (2018), 
GLOBIOM, IMAGE, CAPRI, MAGNET models; 4 – Mogollon et al. (2018a), IMAGE model.
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4.1. Contribution to climate change and trade-offs 
with nature-based solutions (SDG13)
One of the most widely studied adverse environmen-
tal impacts of the food system is its contribution to cli-
mate change. The food system (including agriculture, 
food supply chain and waste management) is consid-
ered to represent today 34% of total anthropogenic 
GHG emissions (Crippa et al., 2021) and direct emis-
sions from agriculture are expected to keep growing 
over the coming decade, mostly through direct CH4 
and N2O emissions (Popp et al., 2010), whereas land 
use change emissions would decline (Popp et al., 
2017; Valin et al., 2013). The unabated increase in ag-
ricultural emissions could potentially compromise the 
feasibility of the Paris Agreement (Clark et al., 2020). 
For that reason, agriculture is expected to contribute 
to mitigation efforts (Wollenberg et al., 2016), but 
this reduction of emissions should be achieved with-
out compromising food security (Smith et al., 2013). 
How can agricultural emissions be reduced? Internal-
izing the GHG emissions externality from agriculture 
would result in much higher production costs and food 
prices, thereby giving rise to diminished food availabil-
ity and affordability. Based on a multi-model analysis, 
Hasegawa et al. (2018) found that applying the same 
carbon tax to agriculture as to other sectors for a +2°C 
climate stabilization scenario could put on average 70 
million more people at risk of undernourishment. This 
number could rise to 160 million for a +1.5°C ambition 
(Fujimori et al., 2019). However, a differentiated policy 
of taxation focusing on the land use sector would limit 
these risks and keep food security impact at lower lev-
el (Golub et al., 2012; Havlík et al., 2014; Tabeau et al., 
2017), thanks to the low costs of CO2 abatement in the 
land using sector (Golub et al., 2009; Kindermann et 
al., 2008). Non-CO2 emissions likely to be more costly 
to abate (Frank et al., 2018a; Frank et al., 2018b), in 
particular in the livestock sector (Havlík et al., 2014). 
However, some win-win technical solutions exist, in 
particular with yield improvements in crops (Valin 
et al., 2013) and feed conversion efficiency improve-
ments and market adjustments for livestock (Havlík et 
al., 2014; Henderson et al., 2017). Improving soil or-
ganic carbon sequestration through conservation till-
age would also be a promising option to reduce GHG 
emissions, improve yields and income, as well as food 
security (Frank et al., 2017; Lal, 2010). Budget neutral 
taxation schemes that recycle carbon tax revenues 
to support the poor and improve food security could 
even decrease global poverty rate and foster SDG1 and 
SDG2 simultaneously globally (Soergel et al., 2021).

Reducing emissions from the food systems is only one 
of the climate change mitigation channels. In addition, 
land may also be used as a resource to help decarbonize 

the economy by producing cleaner sources of energy 
and substituting fossil fuels, which raises a food-ener-
gy-environment trilemma (Tilman et al., 2009). Indeed, 
while a substantial part of the energy system can be 
electrified, some other sectors like aviation, shipping 
and to some extent heavy load transport will have dif-
ficulties to decarbonize with other forms of renewable 
fuels than biofuels (IRENA, 2020). In addition, limiting 
emissions will not be sufficient to stabilize the climate 
(IPCC, 2019), and negative carbon technologies will be 
necessary, for which increasing the land sink through 
afforestation, soil carbon sequestration and bioenergy 
with carbon capture are among the most scrutinized 
options (Field and Mach, 2017; Smith et al., 2015). 
Current biofuel policies have already raised significant 
concerns as to their feedback on food security (Ewing 
and Msangi, 2009; Persson, 2015; Searchinger et al., 
2015). Large deployment of bioenergy for climate mit-
igation would imply much larger land demand (Creut-
zig et al., 2012; IPCC, 2018; Popp et al., 2017). In a 
multi-model comparison, Lotze-Campen et al. (2014) 
found that pressure of second-generation biofuels 
on the food market could remain limited to a 3–10% 
increase if land expansion were to occur mostly in 
new land, an impact lower than the one from climate 
change. Havlík et al. (2015) also reach a similar con-
clusion by comparing bioenergy deployment to other 
mitigation efforts in the agricultural sector. However, 
much larger scale deployment would not prevent com-
petition with food. Hasegawa et al. (2020) find that for 
a level of deployment of 200-300 EJ of high yield bio-
energy (500 Mha) necessary for negative emissions, 
cropland would reduce by 53 Mha on average and 
food prices increase by up to 40%, leaving 0-25 million 
people at risk of hunger. Similarly, Kreidenweis et al. 
(2016) find that afforesting the land surface by 0.9-1.6 
Gha would trigger a food price increase of 50-90% by 
2050. For that reason, the incentives for growing new 
forest and plantations will have to be used with care 
and more efforts of abatement will be needed in other 
sectors to limit reliance on negative emissions (Gru-
bler et al., 2018; van Vuuren et al., 2018). 

4.2. Water resource competition and environmental 
flow requirements (SDG6)
Overconsumption of water resources is another critical 
challenge faced by agriculture. Irrigation represents to-
day 70% of global water withdrawals, and this demand 
is expected to continue to increase in the coming de-
cades (FAO, 2020a; Lotze-Campen et al., 2008; Palazzo 
et al., 2019; Tilman et al., 2001).  Due to their higher 
productivity, irrigated areas could serve as an option 
for improving food security in some contexts. Howev-
er, this solution would not be suitable for all regions. 
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Palazzo et al. (2019) estimate that increasing irrigat-
ed areas by 32% in developing regions by 2050 would 
require an average annual investment cost of 26 bil-
lion USD and would not be sustainable for regions like 
Northern Africa and South Asia. Globally, ~30% of to-
tal water withdrawals are considered non-sustainable 
today, either because they compromise ecosystems’ 
functioning or because they exceed the renewal capa-
bilities of underground water reserves. This situation 
will likely worsen with the impact of climate change 
(Schewe et al., 2013), in particular with the develop-
ment of new hotspots of water scarcity (Byers et al., 
2018). Unsustainable withdrawals may reach ~40% by 
end of the century (Wada and Bierkens, 2014). 

Reducing water consumption to a level respecting 
environmental flow requirements of water streams 
would require substantial reductions in irrigation, de-
creasing irrigated production’s share of global output 
from 40% to 20% by 2050 and reducing irrigated areas 
(20% of current cultivated area) by nearly one-thrid 
(Pastor et al., 2019). However, imposing constraints on 
irrigation could put close to 1 million people at risk of 
hunger by 2050 and degrade other SDGs according to 
Liu et al. (2017). Therefore, improving water use effi-
ciency appears crucial to boost water’s footprint per 
crop calorie (Brauman et al., 2013), and animal pro-
tein (Heinke et al., 2020). However, water efficiency 
investments could also lead to rebound effects in line 
with the Jevons paradox and such investments would 
be mostly only be beneficial if accompanied with other 
resource conservation measures (Grafton et al., 2018). 
In addition to productivity gains, inter-basin water 
transfers and international trade are also cited as addi-
tional options to facilitate the sustainable use of irriga-
tion (Liu et al., 2017). For instance, Pastor et al. (2019) 
find that an increase in international trade by 10-13% 
would compensate for a sustainability constraint on ir-
rigation by 2050, or by 17-20% if the impact of climate 
change is also considered. As a consequence, safe-
guarding environmental flows in some regions could 
add some pressure on the competition for productive 
land and lead to further land expansion in other plac-
es (Bonsch et al., 2015). For these reasons, it appears 
clear that the best mitigation strategy for water will 
require adapted solutions based on the local context, 
with the right balance between water-efficient tech-
nologies, resource preservation, improved market ac-
cess and adaptation capacity for more resilience.

To add to this challenge, water needs for domestic and 
industrial use, including clean electricity production 
from hydropower, are also expected to grow (Fitton et 
al., 2019; Strzepek and Boehlert, 2010). According to 
Wada and Bierkens (2014), both domestic and indus-

trial uses of water could increase by about 65% from 
2010 to 2050, which would mean their share of water 
extraction would increase from 30% globally to 40% 
under the assumption that irrigation area would not 
expand. This indicates growing tension around the use 
of scarce water resources. Consequently, a large liter-
ature has emerged to try to better represent the chal-
lenges at the food-water-energy nexus (Endo et al., 
2015), illustrating the entanglement of various SDGs 
around the water resource, beyond the SDG2-SDG6 
relation.

4.3. Nitrogen and phosphorus pollution (SDG6)
Nitrogen (N) and phosphorus (P) cycles represent two 
planetary boundaries estimated as critically exceeded 
(Steffen et al., 2015). The leaching and run-off of N and 
P surplus in agriculture trigger eutrophication of ter-
restrial and marine ecosystems, including the develop-
ment of hypoxic conditions in coastal waters causing 
fish mortality. In addition, excess of N generates acid-
ification of soils and freshwater; N2O climate-warm-
ing emissions; air pollution through ozone formation; 
groundwater contamination from nitrate; and strato-
spheric ozone depletion induced by N2O emissions (de 
Vries et al., 2013; Kanter et al., 2020; van Vuuren et al., 
2011a). Nutrient cycle imbalances therefore threaten 
at least directly five SDGs (SDG3 on health, SDG6 on 
water, SDG13 on climate, SDG14 life in water, SDG15 
on life on land). Nonetheless, the additional input of 
these nutrients is key to increase yields in food inse-
cure regions (Mueller et al., 2012; van der Velde et al., 
2013). 

Nitrogen use has historically been rising faster globally 
than crop production (Lassaletta et al., 2014), and fu-
ture global agricultural projections let anticipate large 
further increases in nitrogen application (Bodirsky et 
al., 2014; Eickhout et al., 2006; Mogollon et al., 2018b; 
Sinha et al., 2019). As a consequence, nitrogen pol-
lution is expected to increase. Bodirsky et al. (2014) 
anticipate a +25% increase in nitrogen surplus be-
tween 2010 and 2050 for a business-as-usual scenario, 
whereas Mogollon et al. (2018b) come with a much 
larger estimate at +90% for their central case between 
2005 and 2050. At the same time, increased nitrogen 
application in some regions can bring environmental 
co-benefits through land sparing. Tilman et al. (2011) 
find that focusing N increase in developing low-yield-
ing regions would allow reducing emissions induced by 
agriculture by two-thirds and land expansion by 80% 
by 2050 compared to a similar N application increase 
in high yielded developed regions. Considering the 
high heterogeneity in performances, improving crop 
nitrogen use efficiency appears as an important source 
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of mitigation potential for the fertilization pollution 
impacts (Zhang et al., 2015). Redistributing current 
fertilizer use more efficiently would allow increasing 
production by 30% (Mueller et al., 2014). However, to 
bring surpluses below critical thresholds in pollution 
hotspots, efficiency improvements are not always suf-
ficient and stronger local solutions will be needed. Bet-
ter livestock management, spatial relocation and low-
er animal production levels - requiring diet changes 
and food waste reduction - are among the measures 
usually simulated to reduce further N environmental 
impacts (Bodirsky et al., 2014; Bouwman et al., 2011; 
Gerten et al., 2020; Havlík et al., 2014). 

The prospects of phosphorus present similar dilemma, 
with a substantial increase in demand for the coming 
century under current scenarios. Springmann et al. 
(2018a) anticipate an increase in P application in agri-
culture by 54% from 2010 to 2050, whereas Mogollon 
et al. (2018a) project an increase of 68% for the same 
period.7 This latter work extends the previous esti-
mates from van Vuuren et al. (2010) anticipating with 
the same model a 63-105% increase for three out of 
four scenarios of P consumption. However, accumula-
tion and saturation of P in soils could also result in low-
er increases or a stabilization of fertilization needs by 
2050 compared to current levels (Sattari et al., 2012). 
Van Vuuren et al. predict that P reserves would remain 
sufficient to satisfy the strong increase by the end of 
the century, in spite of the risk of resource exhaustion. 
However, the phosphorus cycle across regions reveals 
substantial disparities in surplus and deficit (MacDon-
ald et al., 2011; Zhang et al., 2017), which may require 
resource rebalancing between regions through trade. 
In regions with surplus, environmental impacts on 
fresh water can be significant (Carpenter and Bennett, 
2011). Phosphorus pollution mitigation would primar-
ily require a reduction of soil erosion and the recycling 
of manure in landless livestock systems. Moreover, 
point sources to aquatic systems from wastewater, 
aquaculture and manure disposal have to be eliminat-
ed. A greater consideration to international imbalanc-
es due to traded P embedded in food products could 
also support a more efficient P global recycling (Lun et 
al., 2018). 

4.4.  Terrestrial biodiversity impacts and  
conservation needs (SDG15) 

The global food system is among the main causes be-
hind the sixth massive species extinction on Earth. 

Land use change and overexploitation of resources, 
closely associated with the food sector, are estimat-
ed to be the largest drivers of biodiversity losses, fol-
lowed by climate change impacts and water pollution, 
both of which are also partly driven by the food sys-
tem (IPBES, 2019; Maxwell et al., 2016). Expansion 
of agriculture into various other natural ecosystems 
significantly contribute to impacts on biodiversity 
through loss of ecosystems intactness, abundance and 
richness of species (Creutzig et al., 2019; Jung et al., 
2019; Newbold et al., 2016). Newbold et al. (2015) 
find that past pressures from land use change have re-
duced globally on average within-sample species rich-
ness by 13.6% and abundance by 10.7% over the past 
centuries with much higher losses in hotspot regions 
(76.5% and 39.5% respectively). Using integrated as-
sessment model-driven land use scenarios, they antic-
ipate that this decline will continue with, on average, a 
further loss of -3.4% in species richness by the end of 
the century (+25% impact on top of historical losses), 
with much larger local consequences. This work con-
firms the results of several previous forward-looking 
analyses using simpler indicators of biodiversity (Sala, 
2000; van Vuuren et al., 2015). New generations of 
integrated global land use scenarios with advanced 
ecosystems services modeling have been developed 
recently (Kim et al., 2018). Combining four global land 
use economic models and nine models of biodiversity, 
Leclère et al. (2020) found, under a business-as-usu-
al scenario, a continuous degradation in a large range 
of biodiversity indicators over the period 2010-2050. 
Those indicators experiencing these losses included: 
wildlife population density, extent of suitable habitat, 
local compositional intactness, regional and global ex-
tinctions. Only drastic mitigation measures combining 
demand side measures (diets shift, waste reduction), 
supply side adjustments (yield increase, trade poli-
cies), and increased conservation (protected areas, 
land restoration payments) would enable mitigating 
these impacts. It is also possible to approach the role 
of the food system at a more granular level. Using an 
attribution approach based on patterns of land use, 
Chaudhary and Kastner (2016) determine that domes-
tic food consumption was responsible for 83% of the 
biodiversity losses attributable to agriculture-driven 
land use change, versus 17% for traded food products. 
They also highlight the substantial role of crops such 
as sugar cane, palm oil, rubber and coffee in import-
ed biodiversity losses. All of these studies emphasize 
the critical role played by agricultural development in 
hotspots of biodiversity in the tropics which is well in 

7  Mogollon et al.’s (2018) results are rescaled from an initial 79% increase on the period 2005-2050.
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line with the empirical literature (Busch and Ferret-
ti-Gallon, 2017). 

To mitigate the collapse of biodiversity, some ambi-
tious measures of conservation and also large land 
restoration programs are proposed, as illustrated 
by the aspirational target of returning half of the 
Earth’s surface back to nature as proposed by Wilson 
(2016). The food system impact from such ambitious 
restoration measures would be high. Using a static 
analysis, Mehrabi et al. (2018) find that saving Half-
Earth would imply a decrease of cropland by 15-31%, 
pasture by 10-45%, and require a 3-29% and 23-25% 
decrease in food and non-food crop calories, respec-
tively. Additionally, at least 1 billion people would 
need to be resettled (Schleicher et al., 2019). For-
ward-looking assessments have been used to explore 
more precisely the extent of land return to nature 
needed to restore biodiversity. Using a multi-model 
analysis, Leclère et al. (2020) found that biodiversity 
losses could be halted by 2050 by restoring 430 to 
1,460 Mha of land. This would require substantial-
ly increasing the commitments taken in the context 
of the Bonn Challenge (350 Mha by 2030). However, 
they also show that if land conservation and resto-
ration were implemented alone, food prices would 
increase by up to 20%. These authors conclude such 
measures need to be complemented with other 
changes on the production and demand side policies 
to allow reverting biodiversity losses without impact 
on food security. 

In addition to these impacts on the agricultural exten-
sive margin, intensive agricultural practices can also 
affect biodiversity, as already highlighted in Section 
2.4. Avoiding these impacts while still fulfilling SDG2 
requires adoption of sustainable intensification strate-
gies (Cunningham et al., 2013; Deguines et al., 2014). 
As illustrated by the land sharing vs land sparing de-
bate (Phalan et al., 2011), a balance needs to be found 
between the possible impacts from cropland on local 
biodiversity and the losses induced by agricultural land 
expansion. Some authors insist on the importance of 
the local context and the analysis of specific landscape 
scenarios to assess the best strategy for biodiversity 
between an intensification (sparing) or an extensifica-
tion (sharing) approach (Law and Wilson, 2015).

4.5. Land degradation (SDG15)
Land degradation is an additional growing threat 
specially identified through Target 15.3 aiming for 
degradation neutrality. Among the various ecosys-
tem services affected, agriculture is one of the most 
exposed (Nkonya et al., 2016). According to UNC-

CD (2017), 20% of cropland and 19% of grassland 
showed a persistent decline in productivity over the 
period 1998-2013, which directly impacts agricultural 
production in these areas. This dynamic can lead to 
rural poverty traps and food insecurity: Barbier and 
Hochard (2018) estimate that 1.3 billion people lived 
on degraded land in 2010 and this population rose by 
11.1% between 2000 and 2010. Land degradation is 
partly driven by external factors (climate change, sea 
level rise, human occupation pressures), but agricul-
tural practices also play a role in degrading the soil 
conditions (erosion, compaction, loss of structure and 
nutrients). In rural areas, soil degradation and food in-
security are intimately related, due to the importance 
of soil for crop fertility and nutrient provisioning (Lal, 
2009). Increased aridity, affecting 40% of arable land, 
is a major factor in arable land degradation when cou-
pled with unsustainable land management, followed 
by soil erosion with 20% (Pravalie et al., 2021), which 
depletes nutrient stocks, in particular phosphorus 
(see Section 1.1). This situation has been examined 
through forward-looking studies as well. Using mod-
el projections, van der Esch et al. (2017) analyze the 
future land degradation dynamics by 2050, and esti-
mate for instance that 27 Gt of additional soil organic 
carbon would be lost globally, compared to 2010. Ex-
posure to degraded land would also increase, with 40-
50% more population living in drylands, a growth rate 
twice higher than in the rest of the world. They also 
find that by 2050 an additional 5% increase in land 
expansion globally would be attributable to the effect 
of reduced land productivity due to soil fertility loss 
and land management. Mitigation measures against 
arable land degradation are therefore crucial. In the 
case of soil management, these include in particular 
conservation agriculture, integrated nutrient man-
agement, continuous vegetative cover as well as more 
sustainable practices in the livestock sector, such as 
lower stocking rates to avoid overgrazing (Lal, 2015). 
Strong synergies can be found in these areas with cli-
mate change mitigation (Frank et al., 2017; Smith et 
al., 2019).

4.6. Fisheries and marine life conservation (SDG14)
Fish is an essential food source in many regions and 
is rich in micro-nutrients. However, overfishing is put-
ting important pressure on marine fish population 
and reduces catches in low-income food deficit coun-
tries by around 15% (Srinivasan et al., 2010). Falling 
fish catches therefore pose serious risk of malnutri-
tion for vulnerable populations and are essential to 
address (Golden et al., 2016). Protecting life in the 
oceans is also at the center of the SDGs (SDG14). 
There is a fear that marine conservation could conflict 
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with food security along a similar trade-off dynamic 
as for land. Ocean wilderness area represent approx-
imately 13% of the ocean area but only 4.9% of this 
area is protected (Jones et al., 2018a). Furthermore, 
the vast majority of the top 10% priority areas for bio-
diversity protection are located within the exclusive 
economic zones of coastal nations and therefore con-
flict with potential fishing activities (Sala et al., 2021). 
However, assessments converge on the fact that ma-
rine protected areas could bring win-win solutions to 
both biodiversity and fisheries by reconstituting fish 
stocks in overfished areas, and benefiting yields of 
adjacent fish zones (Cabral et al., 2020; Kerwath et 
al., 2013; Roberts et al., 2005). Sala et al. (2021) es-
timate that optimizing conservation strategies would 
allow increasing fish catches by 6 Mt annually, pro-
tect 28% of the ocean and secure 35% of biodiversity 
simultaneously. It would even be possible to protect 
up to 71% of the ocean and 91% of the biodiversity 
without any reduction in catches. This highlights the 
strong potential for win-win solutions between food 
security and ocean conservation with well-tailored 
strategies.  

4.7.  Competition for land with urbanization and 
infrastructure needs (SDG9 & 11)

The expansion of food systems will put pressure on 
land use, as highlighted in Section 2.3. However, these 
expansion needs will also face the development of 
cities and peri-urban areas. Even though SDG9 and 
SDG11 are aimed at supporting a sustainable integra-
tion of the urban and rural worlds, development of 
cities will increase the level of food demand due to 
higher consumption of transformed products, and also 
trigger expansion of infrastructure and land uptake for 
urban areas. According to Bren d’Amour et al. (2016), 
urban areas are expected to triple during the period 
2000-2030, and could take between 1.8 and 2.4% of 
global cropland, mostly in Asia and Africa, and 3–4% of 
crop production due to the higher productivity of that 
land. This area lost to agriculture could be three times 
higher than those figures if peri-urban and village sys-
tems expansion were also considered (van Vliet et al., 
2017). Due to urban encroachment into cropland, in-
direct effects of land displacements are to be expected 
(Barthel et al., 2019). van Vliet et al. (2017) project for 
instance 35 Mha of additional indirect cropland expan-
sion by 2040. FAO (2018) assume in their most recent 
foresight a decrease of land suitable for crop cultiva-
tion of 1.6–3.3 Mha/yr in the coming decades, based 
on estimates from Lambin and Meyfroidt (2011). These 
pressures required by the growth of cities, peri-urban 
areas and overall infrastructure need to be considered 
in the nexus of future tensions around land.

5.  Towards sustainable pathways:  
transforming the food system for the  
Agenda 2030

With all of the impacts and challenges highlighted 
above, there is a consensus that the global food sys-
tem needs deep changes in the 21st century to sup-
port achievement of the Agenda 2030 (Food and Land 
Use Coalition, 2019; Schmidt-Traub et al., 2019; Smith 
et al., 2019). Large-scale transformations will be re-
quired, both on the supply and demand sides (Smith et 
al., 2013). In this section, we highlight the role of some 
key enablers, the first ones already integrated to SDG2 
with the Targets 2.a, 2.b/2.c, but also other transfor-
mation options on the demand side. These specific 
enablers complement the more general ones already 
embedded in the socioeconomic SDGs covered in Sec-
tion 3, in particular SDG1 on poverty elimination, and 
SDG 16 and 17 highlighting the role of governance and 
international partnership. We summarize the main 
findings from modeling studies combining these vari-
ous transformation options into ambitious transforma-
tion scenarios leading to sustainable pathways. 

5.1.  Investment, research, and innovation for  
sustainable agriculture (Target 2.a)

We have seen that agricultural productivity gains are 
crucial to the attainment of SDG2 (Section 2.4) and for 
mitigation of adverse impacts on other SDGs. Signifi-
cant investments and technology transfers will be re-
quired for this purpose, as highlighted by Target 2.a, in 
sectors such as market infrastructure, irrigation, and 
research and development (R&D) -- the latter being 
crucial for technical progress. Public spending on ag-
ricultural R&D has tripled in developing countries be-
tween 1981 and 2011 and now equals those of devel-
oped countries at more than $22 bn per year (in 2011 
PPP$, Fuglie et al. (2019)). However, budgets remain 
very uneven depending on the region. In Sub-Saharan 
Africa, R&D spending ($1.9 bn) is declining as a share 
of agricultural output and expenditure per farmer rep-
resents only 10% of the level in Latin America, a region 
where $7 bn were invested in 2011. Furthermore, the 
effectiveness of R&D investments in generating real 
productivity gains varies widely across regions and 
is often significantly lower in poorer regions such as 
Sub-Saharan Africa (Fuglie, 2017). Private R&D invest-
ment, at $13 bn in 2011, represents only a quarter of 
total research investments at a global level but up to 
three-quarters of spending in developed countries 
like the US (Fuglie and Toole, 2014). Private invest-
ments stimulate new forms of public-private partner-
ships but remain focused on some particular sectors 
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and technologies (e.g. crop technologies) and remain 
very limited in the least advanced regions (Fuglie et 
al., 2019). Increasing public investments could ensure 
important productivity gains in the future, but need 
to be sustained over time as their effects typically ma-
terialize on time frames of 11 to 30 years (Alston et 
al., 2011; Baldos et al., 2018). Innovations should also 
be examined under the broader perspective of their 
impacts across the full SDG spectrum to ensure that 
food benefits do no induce some other adverse en-
vironmental or socioeconomic trade-offs (Herrero et 
al., 2021).

Global analyses have compared the costs and bene-
fits of different investment strategies. Rosegrant et 
al. (2017) compare a wide range of scenario of in-
vestment in R&D, as well as water and market infra-
structures. They anticipate a need of $8.1 bn per year 
for R&D investment in developing regions – comple-
mented by $11 bn for water and $23 bn for market 
infrastructure – to bring population at risk of hunger 
down from its current level to 361 million in 2050. 
Examining more ambitious scenarios of investment, 
they find that with $2–3 bn extra expenditure in R&D, 
a further 20–25% decrease in undernourishment 
could be reached at horizon 2030-2050, compared 
to 6% maximum under more costly investments fo-
cused on irrigation or infrastructure. Hertel et al. 
(2020) compares food security impacts at the hori-
zon 2050 for Africa depending on the level of techno-
logical spill-ins versus domestic R&D investment and 
trade integration (virtual technology import). They 
find that trade would be the most promising strategy 
for food security, and spill-ins would remain superior 
to domestic R&D efforts due to the slow pace of in-
vestment and poor performance of R&D institutions 
in Africa compared to other regions. However, this 
scenario would only stand if other regions kept using 
their productivity gains to provide more food instead 
of sparing natural resources. On the other hand, Bur-
ney et al. (2010) estimated that past investments in 
yield were among the cheapest climate mitigation 
technology ($4/tCO2 avoided between 1971 and 
2005). Looking into the future, Lobell et al. (2013) 
find that R&D investments targeting adaptation to cli-
mate change would also deliver mitigation co-bene-
fits at $11–22/tCO2, thanks to 61 Mha of land conver-
sion savings by 2050. Implementing a similar strategy, 
Havlík et al. (2013) find that such an approach would 
be three times more cost-efficient than a carbon tax, 
also thanks to co-benefits from productivity gains in 
the livestock sector. A win-win strategy for SDG2 and 
other environmental goals will therefore depend on 
the balance found between the different co-benefits 
accruing from productivity increases.

5.2.  International trade and food markets  
(Target 2.b and 2.c)

The role of market integration and international col-
laboration on market information is also well acknowl-
edged in SDG2 through Targets 2.b and 2.c. Trade 
integration can support food security by lowering ag-
ricultural product prices and providing easier access 
to food products (Anderson, 2016; Smith and Glauber, 
2019). This is even more important in the context of 
increased production variability under the threat of 
climate change extreme events. Examining the role 
of trade for adaptation, Baldos and Hertel (2015) find 
for instance that integrating markets could lower un-
dernourishment by up to 100 million by 2050, in the 
most unfavorable climate scenario. Gouel and Laborde 
(2021) calculate on their side that welfare losses from 
climate change are significantly larger (by 30%) when 
trade adjustments are disabled. Similarly, Janssens et 
al. (2020) find that undernourishment would increase 
by 73 million by 2050 under the same assumption of 
no trade adjustments. Removing tariffs and structur-
al barriers to trade would in contrast reduce under-
nourishment by 64% compared to the baseline. These 
benefits hold in general for generic scenarios of trade 
liberalization, but need of course to be evaluated in 
the context of each policy situation and trade arrange-
ments, as all scenarios may not be beneficial to all 
partners without accompanying measures (Bouët et 
al., 2005; Bureau et al., 2006). Furthermore, benefits 
of trade cooperation are well recognized in situation of 
price volatility (Gouel, 2016). Policies like export taxes 
are particularly detrimental to food security, leading to 
world price increases and more difficult access to food 
for importing regions (Bouët and Debucquet, 2011). 

On the other hand, international trade could increase 
environmental pressure if production is relocated to 
less sustainable areas. Schmitz et al. (2012) finds that 
increasing trade leads to more deforestation and high-
er GHG emissions globally, shifting crop production to 
tropical regions and livestock production to less effi-
cient world regions. And even though international 
trade could reduce water scarcity globally, it would 
lead to higher water scarcity in some world regions 
(Biewald et al., 2014). To limit the environmental im-
pacts of trade liberalization, consistent environmen-
tal standards are needed across regions or border-tax 
adjustments would have to be added in trade agree-
ments to correct for the different emission-intensities 
and displaced externalities between trading countries.

5.3. Shifting diets
In addition to Targets 2.a-2.c, other impactful mea-
sures can also be taken on the demand side to support 
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the transformation of the food systems. Changing our 
consumption patterns has been recognized for its po-
tential to leverage considerable benefits on SDG out-
comes, both by relieving pressure on natural resourc-
es as identified in Section 2.2 and fostering the health 
co-benefits discussed in Section 3.2. Even though no 
SDG target explicitly calls for dietary changes, Target 
12.8 within SDG12 on Responsible production and 
consumption points to the need to raise awareness for 
all people about sustainable development and lifestyle 
in harmony with nature. 

Quantification of the impact of dietary shifts has been 
achieved in many studies to date, some also discussed 
in Section 3.2. These were initially focusing on the ben-
efits of moving away from meat consumption (Popp et 
al., 2010; Stehfest et al., 2009; Wirsenius et al., 2010), 
already highlighting substantial gains in terms of land 
savings (100 Mha of cropland and 1.1 to 3.2 Gha of 
pasture land depending on the scenarios for Stehfest 
et al. and Wirsenius et al.) and for GHG emissions (from 
4.8 Gt CO2e in Popp et al. with non-CO2 emissions to 
10 Gt CO2e for Stehfest with also land use emissions). 
These scenarios are often assuming replacing animal 
proteins by vegetal ones, but a shift from meat to-
wards aquaculture would also bring substantial land 
sparing effects (Froehlich et al., 2018). More recent 
studies examined more realistic diet variations: Steh-
fest et al. (2013) focused on WHO recommendations, 
Tilman and Clark (2014) distinguished transitions to 
pescatarian, Mediterranean and vegetarian diets, Ran-
ganathan et al. (2016) compared a broader set of typ-
ical diets with different levels of meat cuts and over-
consumption reduction, similarly to Springmann et al. 
(2016a); (2018b) who also consider a healthy or flexi-
tarian option. Beckman et al. (2011) identified in total 
83 studies mostly published on the period 2005-2015 
assessing environmental benefits of healthy diets. The 
most influential recent publication on the topic from 
the EAT-Lancet Commission (Willett et al., 2019) as-
sesses that shifting to a healthier and more sustain-
able (flexitarian) diet would reduce global emissions 
by 4.8 Gt CO2e, but do not find any saving in cropland 
and water consumption due to the extra needs for 
some specific crops. They also identify that a pescatar-
ian, vegetarian or vegan diet would bring higher bene-
fits including up to 500 Mha land savings. However, as 
emphasized in Section 3.2, these diets would increase 
costs for households and would not be affordable for 
the poorest, indicating the need to move SDG2 togeth-
er with SDG1.

In addition to shifts to other traditional products, an 
increasing interest also relates to the potential of “fu-
ture foods” – composed of products not widely con-

sumed until now, such as insects, algae, cultured meat 
– to bring new sustainable and healthy options (Parodi 
et al., 2018). Alexander et al. (2017a) compare the im-
pacts of some of these options for land use and find 
that the largest benefits would come from the pas-
tureland savings, whereas cultured meat and insects 
would still require levels of crop inputs similar to chick-
en eggs. Imitation meat based on vegetal proteins ap-
pears the most promising of the options studied and 
constitute particularly cost-competitive alternatives. 
Next to food, new products could also be used as feed, 
likely achieving more rapid acceptance and faster im-
plementation (van Zanten et al., 2015). Pikaar et al. 
(2018) show a high potential of using microbial protein 
to substitute protein feeds like soybean cake or cere-
als, sparing 0 to 13% of cropland, reducing nitrogen 
losses by 3-8% and land system greenhouse gases by 
6–9% depending on the microbial technology. Howev-
er, the production is rather energy intensive and may 
shift emissions from the land system to the energy sys-
tem. More exploratory scenarios based on feed crops 
replacement by microalgae have also been examined 
and could lead to large mitigation benefits when the 
technology becomes mature (Walsh et al., 2015).

5.4. Reducing food waste and losses
Also aligned with SDG12 objectives, reducing ineffi-
ciencies along the food supply chain as well as in house-
holds and restaurants represent an additional lever for 
sustainable transformation, explicitly identified in Tar-
get 12.3 with the objective of halving food waste per 
capita and reducing food losses by 2030. The common 
assumption is over the past decade that one-third of 
food has been lost or wasted (Gustavsson et al., 2011). 
More recent refinements allowed estimating the ex-
tent of global food losses at 14%, whereas consumer 
waste would range from 2–17% for cereals to 14–33% 
for meat and animal products (FAO, 2019). Top-down 
estimates comparing food caloric supply with popu-
lation dietary energy needs found global food waste 
in households to be 20–25% in 2010 (Bodirsky et al., 
2020; Hic et al., 2016). Alexander et al. (2017b) also 
highlight that a large share of the harvested agricultur-
al biomass is also lost in the livestock sector produc-
tion chain and evaluate that 50% of the energy har-
vested for food is lost in the food system. Beside food 
losses, they estimate that overconsumption would be 
of similar magnitude to consumer waste in terms of 
inefficiency. van den Bos Verma et al. (2020) also find 
that waste would be higher than usually assumed and 
highlight the substantial impact of economic growth 
on waste rate. Testing for the influence of future 
economic growth on food waste, Barrera and Hertel 
(2020) project that it could nearly double at the hori-
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zon 2050 without further interventions, while Bodirsky 
et al. (2020) estimate it will increase by 85% from 2010 
until 2050. Considering only a scenario of stabilization 
of waste at 2020 level would decrease global cropland 
use by 5% and reduce undernourishment in Sub-Saha-
ran Africa by close to 12% according to their analysis. 
Hasegawa et al. (2019) – already studied in Section 3.2 
for their findings on overconsumption – found similar 
results from removing food waste, with about 7% for 
the food calorie savings compared to a reduction of 6% 
in overconsumption.

5.5.  Transformative pathways for the world’s food 
systems

How much could these interventions help to bring food 
systems onto a sustainable path for SDG2 and the Agen-
da 2030 in general? We emphasized above the most em-
blematic transformative actions related to the food sys-
tems. There are also more specific mitigation measures 
are also identified in Section 4. For instance, Smith et 
al. (2019) present a set of 40 practices that could allow 
delivering food security, climate mitigation and adapta-
tion, and limiting land degradation and desertification, 

ranging from increased food productivity or improved 
cropland or livestock management to demand measures 
as highlighted above. More general socioeconomic en-
ablers from other SDGs, as identified in Section 3.3, are 
also key to support the achievement of SDG2.

Combining a large set of these options has usually 
been presented as the best way – if not the only one 
– to succeed bringing back the food systems within a 
safe operating space and providing sustainable food to 
all while supporting the other SDGs. Table 1 provides 
an illustration of such comprehensive strategies for 
the food systems as proposed through policy-oriented 
reports produced by agencies or expert groups, rang-
ing from the five strategies for the Great Food Trans-
formation from the EAT-Lancet Commission (Willett et 
al., 2019), to the priority actions from the Global Pan-
el on Agriculture Food Systems for Nutrition (2020). 
These series of propositions are not similar but contain 
common recommendations, such as the need to adopt 
healthier diets or cutting food waste and losses.

Quantification of transformational agendas has been 
attempted recently through several global modeling 

Table 1  Main measures proposed for the food and land systems transformations in selected policy reports 

EAT-Lancet Commission  
(Willet et al., 2019)

Food and Land Use Coalition
(FOLU, 2019)

CGIAR CCAFS  
(Steiner et al., 2020)

Global Panel on Agriculture and Food  
Systems for Nutrition (2020)

“Five strategies for a Great Food Trans-
formation”

“Ten critical transitions” “Actions to transforms food systems” “Priority policy actions to transition food  
systems towards sustainable healthy diets”*

1.  seek international and national  
commitments to shift towards 
healthy diets

1. healthy diets 1.  no ag land expansion into high  
carbon land

1a. rebalance agricultural subsidies

2.  reorient agricultural priorities from 
producing large quantities of food to 
producing healthy food

2.  productive and regenerative 
agriculture

2.  support development of climate- 
resilient and low emissions practices

1b. rebalance agricultural R&D

3.  sustainably intensify food produc-
tion, generating high-quality output

3. protecting and restoring nature 3.  support prosperity through rural 
reinvigoration

1c.  promote production of a wide range of 
nutrient-rich food

4.  strong and coordinated governance 
of land and oceans

4. healthy and productive ocean 4. early warning and safety nets 2a. coopt levers of trade

5.  Halve food loss and waste, in line 
with global SDGs

5. diversifying protein chain 5. help farmers make better choice 2b. cut food loss and waste

6. reducing food losses and waste 6.  shift to heathy and sustainable diets 2c.  support job growth across the food 
system

7. local loops and linkages 7. reduce food losses and waste 2d.  support technology and financial  
innovation along food supply chains

8. digital revolution 8.  implement policy and institutional 
change for transformations

3a. implement safety nets

9. stronger rural livelihoods 9. unlock billions in sustainable finance 3b. promote pro-poor growth
10. gender and demography 10.  drive social change to more  

sustainable decisions
3c.  reduce costs through tech and  

innovation
11. transform innovation systems 3d. adjust tax and subsidies on key foods

4a.  define principles of engagement 
between public and private sector

4b.  upgrade dietary guidelines and  
promote enhanced knowledge about 
implication of dietary choices

4c.  better regulate advertising and  
marketing

4d.  implement behavioral nudges via  
carefully designed taxes and subsidies

*  For the Global Panel on Agriculture Food Security and Nutrition’s report, the actions are structured around 4 axes, identified here with the following numbering: 1 – availability; 
2 – accessibility; 3 – affordability; 4 – desirability (see report Figure 9.2). 
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Figure 5  Key transformations implemented in global analyses and their typical impact for relevant indicators: green = positive 
impact, red = negative impact, orange = ambiguous impact. The impacts are based on typical impact of the market 
equilibrium model responses, but the measures are not tested separately in each of the studies. For smallholder 
income, the impact is based on the anticipated average farm income effect. 

  Study references: 1 - Vuuren et al. (2015); 2 - Erb et al. (2016); 3 - Obersteiner et al. (2016); 4 - Willet et al. (2019) / 
Springmann et al. (2018); 5 – Deppermann et al. (2019); 6 - Leclere et al. (2020); 7 - Gerten et al. (2020)

studies. In contrast to most studies presented in previ-
ous sections, these typically model in a forward-look-
ing approach the combination of many different si-
multaneous interventions into the food systems, to 
see to what extent these can together help achieve 
the various sustainable development dimensions. We 
identified here seven studies corresponding to this de-
scription: four based on integrated assessment mod-
els (Deppermann et al., 2019; Obersteiner et al., 2016; 
Springmann et al., 2018a; van Vuuren et al., 2015), two 
land systems analyses (Erb et al., 2016; Gerten et al., 
2020) and one model ensemble study, with a stronger 
emphasis on biodiversity (Leclère et al., 2020). 

Figure 5 below provides an overview of the typical 
transformations which have been modeled across these 
different studies. For each of these transformations, we 
highlight whether these would enhance specific indi-
cators supporting the different SDG2 targets. All of the 
measures for instance improve food availability except 
for the supply side interventions aimed at allocating 
more resources to other SDGs. In contrast, adopting 
healthy diets may increase the cost of food, and there-
fore complicate food access, whereas sustainable diet 
based on moving away from meat proteins can be done 
at a low price by using vegetal proteins. Food access 

may also be challenged by more sustainable manage-
ment practices, which may also come with extra pro-
duction costs. When looking at smallholder income, 
approaches leading to lower food demand through ef-
ficiency gains in the supply chain may paradoxically de-
crease producer prices and smallholder revenues. Last, 
some transformation may also be ambiguous for the en-
vironment: trade integration for the reasons discussed 
above (Section 5.2), agricultural productivity gains due 
to the Jevons paradox, and healthy diets due to their 
increased demand in specific nutrient-rich products 
such as fruits, vegetables and nuts, dairy, etc. As can be 
seen, not many transformations are win-wins across all 
dimensions. Reducing food losses is one of them when 
harvest losses are included and avoidable at low cost 
for the producer. Some options can be combined, e.g. 
sustainable and healthy diets could be designed to de-
liver positive outcomes across all dimensions.

These studies of food system transformation highlight 
the need for combining a large number of options on 
both the supply and demand sides to achieve sustain-
able pathways. The challenge for the food systems 
modeling community in the future will be to enrich 
these analyses of alternative sustainable pathways 
and implement these in a national and local con-
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text (Schmidt-Traub et al., 2019). This endeavor will 
be even more important now that the COVID-19 cri-
sis has brought new social and economic challenges 
that could undermine the achievement of SDGs and 
limit progress towards long-term sustainability. Re-
visiting the current frameworks and analyzing how to 
overcome these challenges in an integrative manner 
should be high priority for the years to come, while 
also paying greater attention to questions of vulnera-
bility and resilience. 
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7. APPENDIX. Sustainable Development Goal 2

The Agenda 2030 for Sustainable Development (UN, 
2015) defines SDG2 as follows:

Goal 2. End hunger, achieve food security and im-
proved nutrition and promote sustainable agriculture
• Target 2.1. By 2030, end hunger and ensure access 

by all people, in particular the poor and people 
in vulnerable situations, including infants, to safe, 
nutritious and sufficient food all year round

• Target 2.2. By 2030, end all forms of malnutrition, 
including achieving, by 2025, the internationally 
agreed targets on stunting and wasting in children 
under 5 years of age, and address the nutritional 
needs of adolescent girls, pregnant and lactating 
women and older persons

• Target 2.3. By 2030, double the agricultural pro-
ductivity and incomes of small-scale food pro-
ducers, in particular women, indigenous peoples, 
family farmers, pastoralists and fishers, including 
through secure and equal access to land, other 
productive resources and inputs, knowledge, finan-
cial services, markets and opportunities for value 
addition and non-farm employment

• Target 2.4. By 2030, ensure sustainable food pro-
duction systems and implement resilient agri-
cultural practices that increase productivity and 
production, that help maintain ecosystems, that 
strengthen capacity for adaptation to climate 
change, extreme weather, drought, flooding and 
other disasters and that progressively improve land 
and soil quality

• Target 2.5. By 2020, maintain the genetic diversity 
of seeds, cultivated plants and farmed and domes-
ticated animals and their related wild species, 
including through soundly managed and diversified 
seed and plant banks at the national, regional and 
international levels, and promote access to and 
fair and equitable sharing of benefits arising from 
the utilization of genetic resources and associated 
traditional knowledge, as internationally agreed

• Target 2.a. Increase investment, including through 
enhanced international cooperation, in rural infra-
structure, agricultural research and extension ser-
vices, technology development and plant and live-
stock gene banks to enhance agricultural produc-
tive capacity in developing countries, in particular 
least developed countries

• Target 2.b. Correct and prevent trade restric-
tions and distortions in world agricultural markets, 
including through the parallel elimination of all 
forms of agricultural export subsidies and all export 
measures with equivalent effect, in accordance 
with the mandate of the Doha Development Round

• Target 2.c. Adopt measures to ensure the proper 
functioning of food commodity markets and their 
derivatives and facilitate timely access to market 
information, including on food reserves, in order to 
help limit extreme food price volatility





food systems summit brief

III. Actions on Hunger and Healthy Diets 

III. Actions on Hunger and Healthy Diets  | 131

About The Authors

Jody Harris, World Vegetable Center 

Bart de Steenhuijsen Piters, Wageningen Economic Research

Stepha McMullin, World Agroforestry, a partnership of CIFOR-ICRAF, and CGIAR FTA 

Bajwa Babar, CABI

Ilse de Jager, Wageningen University and Research

Inge D. Brouwer, Wageningen University and Research, and CGIAR-A4NH

Science and Innovations for 
Food Systems Transformations

sc-fss2021.org

Food Systems Summit Brief 
prepared by Research Partners of the Scientific Group for the Food Systems Summit 

July 2021

Fruits and Vegetables for Healthy Diets: 
Priorities for Food System Research and Action

by Jody Harris, Bart de Steenhuijsen Piters, Stepha McMullin, 
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Abstract 

Fruits and vegetables are vital for healthy diets, but 
intake remains low for a majority of the global popu-
lati on. This paper reviews academic literature on food 
system issues, and opportuniti es for research and ac-
ti on, as an input into the 2021 UN Food Systems Sum-

mit in the context of the Internati onal Year of Fruits 
and Vegetables. 

The paper summarises evidence underpinning food 
system acti ons to make fruits and vegetables more 
available, accessible and desirable through push (pro-
ducti on and supply), pull (demand and acti vism) and 
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policy (legislation and governance) mechanisms, with 
action options at macro (global and national) meso 
(institutional, city and community) and micro (house-
hold and individual) levels. It also suggests the need to 
recognise and address power disparities across food 
systems, and trade-offs among diet, livelihood and en-
vironmental food system outcomes.

We conclude that there is still a need to better under-
stand the different ways that food systems can make 
fruits and vegetables available, affordable, accessible 
and desirable across places and over time, but that we 
know enough to accelerate action in support of fruit- 
and vegetable-rich food systems driving healthy diets 
for all.

Why fruits and vegetables? Why now? 

Fruits and vegetables are vital for healthy diets, with 
broad consensus that a diverse diet containing a range 
of plant foods (and their associated nutrients, phytonu-
trients and fibre) is needed for health and wellbeing1. 
Studies have suggested intake ranges of 300-600g per 
day (200-600g of vegetables and 100-300g of fruits) 
to meet different combinations of health and environ-
mental goals2-4. The World Health Organisation (WHO) 
recommends adults to eat at least 400g of fruits and 
vegetables per day5, with national food-based dietary 
guidelines translating these into recommendations to 
eat multiple portions of a variety of fruits and vegeta-
bles each day for health6.

Despite this clear message, intake of fruits and vege-
tables remains low for a majority of the global pop-
ulation4,7. Low fruit and vegetable consumption is 
among the top-5 risk factors for poor health, with over 
2 million deaths and 65 million Disability-Adjusted Life 
Years (DALYs) attributable to low intake of fruits, and 
1.5 million deaths and 34 million DALYs attributable to 
low intake of vegetables globally each year, and par-
ticularly in low- and middle-income countries4. Low 
consumption is a global problem affecting high- and 
low-income countries: only 7% of countries in Africa, 
7% in the Americas, and 11% in Europe reach 240 g/
day of vegetables on average7, and only 20% of indi-
viduals in low- and middle-income countries reach the 
recommendation of five servings of fruits and vege-
tables a day8. The mean global intake of vegetables is 
estimated to be around 190g/day and of fruits 81g/
day. Studies generally agree that parts of Africa and 
the Pacific Islands have the lowest fruit and vegetable 
consumption, and East Asia has the highest vegetable 
(but not fruit) consumption4, 7, 9. 

Changes in fruit and vegetable consumption are hap-
pening against a backdrop of the ‘nutrition transition’ 
from traditional foods to processed and ultra-pro-
cessed foods that are high in energy, fat , sugar and 
salt but poor in other essential nutrients10. This transi-
tion also brings opportunities to diversify into healthy 
diets containing more fresh fruits and vegetables, 
although for some populations there is less opportu-
nity than for others11. Available literature does not 
suggest systematic differences in fruit and vegetable 
consumption between men and women in many con-
texts8, 9, but it does highlight differences in consump-
tion between rural and urban areas12-14, and between 
populations with different levels of education and na-
tional income8. These differences illustrate that there 
is an equity issue across populations in accessing fruits 
and vegetables15.

We now have good conceptual models for how food 
systems work to provide diets16. These help us to de-
scribe the structural and social constraints to fruit 
and vegetable consumption and research how these 
play out in different contexts and for different popula-
tions. Below, we summarise what we know (and what 
we need to know) about how to address the issues 
above through a set of push (production and supply), 
pull (demand and activism) and policy (legislation and 
governance) actions. We conclude that there is still a 
need to better understand the different ways that food 
systems can make fruits and vegetables available, ac-
cessible, affordable and desirable for all people, across 
places and over time, to meet global recommenda-
tions, but that we know enough to accelerate action in 
support of healthy diets. The year 2021 is the UN Inter-
national Year of Fruits and Vegetables, embedded in 
the middle of the Decade of Action on Nutrition. Now 
is the time to prioritise understanding and addressing 
these issues to enable fruit- and vegetable-rich food 
systems driving healthy diets for all.

Policy factors: Political power

The Green Revolution in the latter part of the 20th 

century transformed agriculture’s ability to produce 
sufficient calories to feed the world, but the focus 
on grain crops through funding, research, extension 
and technology development limited supply of nutri-
ent-dense fruits and vegetables both through losses 
of wild sources with the promotion of monocultures, 
and through policy and structural impediments that 
crowded out non-staple crops17. Today, the combined 
international public research budget for maize, wheat, 
rice, and starchy tubers is 30 times than for vegetables 
for instance18, and these incentives skew many of the 
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technology and infrastructure drivers of food systems. 
This has fed into national food policies, which are nor-
mally focused on the production or import of staple 
crops (as a source of cheap calories) rather than diet 
quality through diversity of fresh foods (as a source 
of other essential nutrients)19. Following suit, food 
system data have focused largely on globally-trad-
able commodities, leading to a dearth of trustworthy 
and disaggregated data with which to track the pro-
duction, price, trade or consumption of the diversity 
of fruits and vegetables20 and global data are biased 
towards economically-relevant crops, often missing 
traditional fruits and vegetables and those produced 
non-commercially21. Research on food systems and di-
ets often treats fruits and vegetables as a single food 
group, rather than looking at diversity within fruit and 
vegetable species, or amounts or variety consumed 
within the food group22, further limiting our knowl-
edge on the specifics of issues or actions.

At the same time, large structural changes outside of 
the food system, such as globalisation of supply chains 
and societies, and changing demographics and urban-
isation, have shaped food regimes to prioritise foods 
that are non-perishable and globally tradable23, 24, the 
very opposite of most fruits and vegetables whose 
perishability requires shorter food chains from farm 
to fork. Modern trade rules improve regulation on the 
safety of imported fruits and vegetables and may pro-
tect domestic production or improve supply of high-
ly-traded commodities, but they also limit the ability 
of governments to protect public health policy space 
and institutional purchase of fresh foods25 and tend to 
prioritise staple foods over fruits and vegetables while 
out-sourcing the environmental impacts of production 
to poor countries1. In many contexts, the concentra-
tion of inputs, distribution and retail of foods, including 
fruits and vegetables, in the hands of a few large com-
panies has shifted food system choices away from the 
livelihood interests of producers, the health interests 
of consumers, and the environmental interests of all26.

These broad and sweeping changes are not without 
interruption: the COVID-19 pandemic and previous 
economic shocks and natural disasters have disrupted 
many aspects of food systems and diets over time27-29. 
Such disruptions particularly affect fruits and vegeta-
bles because of their specific labour, storage and trans-
port requirements30 with at least temporary impacts 
of different shocks documented on the livelihoods of 
fruit and vegetable producers and on fruit and vege-
table prices and consumption28, 29, 31, 32. These shocks 
have affected the diets and livelihoods of marginalised 
populations differently to those with economic or so-
cial power, further exacerbating inequity33-35. 

Opportunities for research and action

Each of these big-picture policy and political drivers 
has created food system ‘lock-ins’36 which have tend-
ed to steer away from pathways prioritising fruits and 
vegetables, and away from agronomic and food sys-
tem paradigms – such as agroecology, a right to food, 
or food as a commons rather than a commodity37-39 – 
that might promote a return to more diverse produc-
tion systems. Policy decisions can start with evidence: 
we need to know more about how different produc-
tion and distribution systems, based in different so-
cial and political traditions, drive the availability and 
accessibility of fruits and vegetables in food systems, 
and how they weather shocks to provide healthy diets 
sustainably and equitably. However, ultimately while 
data and evidence can reveal nuance in the issues and 
their solutions, food policy decisions are political (and 
ideally ethical) in reality, depending on priorities and 
tolerances of the actors involved in making those de-
cisions40. Bringing together people with a stake in food 
systems to debate and decide policy, explicitly recog-
nising disparities in power among them in contributing 
to outcome and decisions, is likely to lead to the most 
context-specific and equitable policy in practice when 
done well41-43.

A starting point for addressing the lack of fruits and 
vegetables in food system policy is ‘reverse thinking’, 
putting the dietary outcomes we want from food sys-
tems up-front in responsive food policy-making and 
legislation, and working towards incentivising systems 
that create these19. A difficulty in achieving this vision 
is that different actor coalitions frame food system is-
sues and priorities differently according to their inter-
ests and beliefs, so there is no single narrative to work 
towards40, 44, and coherent diet and food system policy 
will require policy sectors to work together in non-tra-
ditional ways45. There is therefore a need to better 
understand how public and private decision-makers 
make food system choices and how other food system 
actors influence these, and implications for fruits and 
vegetables across food systems.

Public investment in agriculture is shown to impact the 
growth of production through the private sector, but 
different types of investment produce different results 
for different foods in different contexts46, so we need 
to know more about how specific investments such 
as in breeding, production subsidies, and extension 
support play out in food environments for different 
fruits and vegetables. Acknowledging the imbalance of 
power between food system actors, illustrated by dis-
parities between budgets of processed food produc-
ers47 and public investment in healthy foods such as 
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fruits and vegetables18, is necessary in order to make 
transparent and health-positive policy, regulation and 
investment. Public policy shaping food environments 
– such as mandating vegetables in institutional meals 
(schools, workplaces, hospitals), setting incentives for 
healthy retail, and regulating food system actors48-50 – 
is seen to improve intakes in some contexts. Similarly, 
land rights are a key issue for sustainable food access 
and production51 and we need to know more about 
how these issues affect fruits and vegetables. For all of 
these analyses, better data and contextual knowledge 
on diverse fruits and vegetables in different systems 
is needed, particularly in low- and middle-income 
countries, to inform businesses, policy-makers, prac-
titioners, workers and activists in making decisions 
within food systems.

Push factors: Production and  
post-harvest power

By the data we have, global fruit and vegetable pro-
duction is insufficient to meet the WHO dietary rec-
ommendations and has been since global records be-
gan: in 1965, sufficient fruits and vegetables (≥400 g/
day) were available for 17% of the global population, 
increasing to 55% in 201552. Supply varies widely be-
tween contexts: in Africa, only 13% of countries have 
an adequate aggregate vegetable supply while in Asia 
61% do7. This is despite the fact that fruits and vegeta-
bles are valuable: the annual farmgate value of global 
fruit and vegetable production is nearly $1 trillion and 
exceeds the farmgate value of all food grains combined 
(US$ 837 billion)53. Most fruits and vegetables (about 
92%) are not internationally traded, but the interna-
tional trade in fruits and vegetables was still valued at 
US$ 138 billion in 2018. 

Fruit and vegetable production needs to increase par-
ticularly in regions with low consumption, together 
with accompanying measures to prevent losses, to 
provide enough for healthy diets52. Scaling production 
is not straightforward, as fruits and vegetables have 
specific attributes – in terms of seasonal and agro-cli-
matic differences, labour and input needs, knowledge 
and expertise, and storage and distribution – that 
mean there are particular trade-offs to consider. While 
we can in theory produce healthy diets within plan-
etary boundaries2, achieving national food-based di-
etary guidelines has been found to be incompatible 
with climate and environmental targets in a majority 
of 85 countries studied54, and producing more fruits 
and vegetables may require more land, water and 
chemical inputs than producing staple foods in some 
contexts55, with one-third of all greenhouse gas emis-

sions produced by the food system56. Various studies 
show widespread misuse of agricultural chemicals, 
particularly on high-value vegetables, creating hazards 
for farm workers, consumers and the environment57. 
Foodborne diseases caused by biological contami-
nation of food are also an important threat to public 
health particularly in low- and middle-income coun-
tries, and fruits and vegetables are among the riskiest 
foods for biological hazards58. 

Seed or planting stock is a key input into fruit and 
vegetable production, although it is a contested area: 
some see the introduction of (often proprietary) im-
proved varieties of fruits and vegetables as necessary 
to transform the fruit and vegetable sector to one with 
increased volumes of regularly available quality prod-
ucts53, 59-61. Others stress the importance of local or 
cultural seed-saving and exchange of planting mate-
rial for conserving farmer independence, agricultural 
diversity and food sovereignty26, 62, and debates about 
the primacy of breeders’ rights or farmers’ rights are 
ongoing63-65. Beyond inputs, labour requirements in 
fruit and vegetable production are considerably high-
er than in cereal production, with labour costs making 
up more than 50% of production costs depending on 
the food grown, related to more skilled and intensive 
field operations66, 67. This is a positive for food system 
worker incomes, but extension services are often 
geared to staple crops, with little support for fruit and 
vegetable producers, limiting formal training opportu-
nities68. Beyond the farm, post-farmgate midstream 
employment in developing regions constitutes rough-
ly 20% of rural employment69, 70. It is assumed that 
many smallholders also engage in midstream fruit and 
vegetable chain operations, such as trade and pro-
cessing, but fruit and vegetable value chains have not 
been a focus of this work so more knowledge is need-
ed in this area.

Of food produced for human consumption, around 
one-third by volume or one-quarter by calories is ei-
ther lost (before retail) or wasted (after purchase)71. 
Highly perishable fruits and vegetables have the high-
est rates of loss and waste, usually in the range of 40-
50%72, 73. Local production is therefore central, and in 
many contexts ultra-local home-based fruit and vege-
table production and wild plant gathering are import-
ant strategies74, 75, as are ‘under-utilised’ species and 
many traditional fruits and vegetables that are often 
left out of data, policy and extension76, 77. Fruits and 
vegetables are particularly seasonal, which can be an 
advantage in diverse systems where different foods 
become available at different times, or a challenge 
where there are gluts and shortages leading to price 
change over the year78, 79.
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Opportunities for research and action

Clearly, more availability of a variety of fruits and 
vegetables is needed for everyone to meet recom-
mendations. This can be achieved through increased 
production, although there are trade-offs between 
environmental sustainability and providing for diets: 
sustainable intensification using a wide range of ap-
proaches according to social, political and agro-ecolog-
ical context to improve yields or protect against climate 
changes without environmental degradation has been 
suggested53, 80 although further understanding of the 
implications of different approaches to fruit and vege-
table production is needed. Organic agriculture meets 
goals on a range of environmental factors, including 
reduced chemical contamination of diets, but it has 
weaknesses in terms of lower productivity and reduced 
yield stability81, and the subsidisation of chemical in-
puts makes it appear less profitable. Supporting the 
availability of planting material through formal (breed-
ing and seed companies) and informal (seed-saving 
and sharing networks) channels is important53. 

The economic value of fruits and vegetables is a strong 
incentive for their production, but much of this value 
is captured by large global firms rather than smallhold-
ers, despite over 80% of fruit and vegetables being 
grown on smallholder family farms (< 20 hectares) in 
LMICs67. The smallholder nature of many fruit and veg-
etable producers and traders provides challenges and 
opportunities for vegetable supply82, and the complexi-
ty of systems of traders and the heterogeneity of small-
holders and their support needs (particularly peri-ur-
ban vegetable producers or women, who may not be 
engaged in formal extension systems83, 84) means that 
agricultural policy very often does not adequately sup-
port the twin goals of healthy food production and live-
lihood development85. Aggregation or contract farming 
are commonly used to reduce transaction costs and 
risk, and sell to modern channels such as supermarkets 
where demand for fruits and vegetables is growing86, 

87, although the impacts of commercialisation on the 
diets of commercial farmers themselves are mixed88. 
Farmer extension needs to be strengthened53 and we 
need more documented understanding of how infor-
mal sectors and formal small- and medium enterprises 
involved in fruit and vegetable processing, distribution 
and retail can deliver more on desired food system 
outcomes. These need further research to understand 
how they play out in fruit and vegetable systems. 

Better availability can also be achieved by addressing 
food loss and waste: in low-income countries through 
addressing on-farm pests and diseases, pre-maturity 
harvesting due to climate shocks or seasonal gluts, 

and inappropriate post-harvest handling, transport 
and storage, and in middle-/high-income countries 
addressing quality grading standards set by retailers72. 
Packaging of perishable fruits and vegetables can limit 
losses89 but also contributes to environmental pollu-
tion and greenhouse gas emissions56, 90. More under-
standing is needed of the production, processing and 
distribution options and trade-offs, and of food loss 
and waste, specifically for fruits and vegetables in dif-
ferent contexts.

Physical availability of food varies depending on func-
tioning supply chains, whether short or long. Food 
deserts and swamps associated with poorer diets oc-
cur where there is a lack of available fresh foods for 
local purchase, and exist particularly in poorer urban 
areas91. Physical access is a key driver of purchase (and 
by extension, consumption), with lack of fresh food 
outlets making consumption of fresh produce harder92, 
and conversely living close to vegetable vendors mak-
ing vegetable purchase more likely93, suggesting that 
local access options are important in shaping diets.

Pull factors: People power

While availability of, and physical access to, sufficient 
fruits and vegetables is an important pre-requisite, 
there are other factors at the socio-economic and 
personal level that also impact their role in diets. Re-
views of research suggest that in low-income countries 
similar determinants play a role in food choices as in 
high-income countries, at individual level (income, 
employment, education level, food knowledge, life-
style, time), in the social environment (family and peer 
influence, cultural factors), and in the physical environ-
ment (food expenditure, lifestyle)94.

Food prices interact with incomes to determine 
whether households can afford the components of a 
healthy diet, and fruits and vegetables, along with an-
imal-source foods, are the most expensive element of 
a healthy diet by many metrics95, 96 comprising around 
40% of the cost of a healthy diet97, although these 
costs tend to vary with season78. Fruits and vegeta-
bles are unaffordable for many, with 3 billion people 
unable to afford diverse healthy diets97. Fruits and 
vegetables appear more affordable when comparing 
prices per micronutrient, where they are likely to be a 
relatively low-cost source of varied vitamins, minerals, 
and phytonutrients98, but this is not how most families 
choose their food. 

Beyond a certain income level, affordability is not a driv-
ing factor for everyone everywhere: while an increase of 
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fruit and vegetable consumption by income across geo-
graphical regions is confirmed in many studies, indicating 
that a low income is a barrier to fruit and vegetable con-
sumption for some8, 99, there is only a weak association 
between incomes and fruit and vegetable consumption, 
where on average (across 52 countries) 82% of the poor-
est quintile consume too few fruits and vegetables and 
73% of the wealthiest quintile do12. As incomes rise, the 
consumption of meat, dairy and ultra-processed foods 
rise much faster than that of vegetables, and vegetable 
purchase in some contexts changes little across income 
groups, and hence vegetable consumption is relatively 
inelastic to income past a certain level13, although fruits 
may be more consumed at higher incomes. With little 
change in consumption of vegetables across income 
groups in some contexts100, affordability is not the larg-
est driver of consumption for all.

Even if vegetables are available, accessible and afford-
able, most people still do not consume large enough 
quantities12, particularly if they are not considered an 
acceptable or desirable food choice, for instance due 
to food safety or contamination concerns, taste pref-
erences, or cultural appropriateness101-103. Low desir-
ability of fruits and vegetables is particularly a problem 
among children and adolescents, with data across 73 
countries showing that between 10-30% of students 
do not eat any vegetables at all in one-quarter of these 
countries104. 

Opportunities for research and action

Addressing affordability of fruits and vegetables is 
key to creating an environment where all can access a 
healthy diet, and affordability can come from a combi-
nation of lower retail prices (through productivity im-
provements, reduced post-harvest losses, or increased 
market efficiency for stable prices) and higher incomes 
(from inclusive economic growth and social safety 
nets)105. Cheap food is not necessarily good for healthy 
diets, fair livelihoods or biodiverse environments, so 
a focus on raising people up through fair wages is im-
portant106. Price subsidies of fruits and vegetables is a 
policy option that is popular with the public in some 
contexts107, and there is evidence that price incentives 
to make fruits and vegetables more directly affordable 
have worked to increase consumption108, 109. These af-
fordability interventions where fruits and vegetables 
are largely purchased can be combined with promot-
ing home and community production or facilitation of 
foraging where the context allows110-112. 

Alongside ability to afford fruits and vegetables, the 
challenge is to enhance consumer choice of and pref-

erence for these foods. There is clear evidence that 
focusing on education at all levels is a key component 
for modifying behavioural changes in general113, and 
nutrition literacy, social norms for healthy eating, and 
self-efficacy are key components of health-related be-
haviour change114, although we know less for fruits and 
vegetables in particular. Nutrition literacy programmes 
generally target women, who are custodians of house-
hold nutrition in many contexts, but there may also be 
a need for community-targeted messages to change 
social norms115. Promoting traditional or under-uti-
lised vegetables that are familiar was seen as a key 
policy option for healthy diets and environmental sus-
tainability among an expert opinion Delphi panel116, 
and the latest generation of food-based dietary guide-
lines start to move in this direction, but these efforts 
should better consider cultural acceptability and may 
require promotional efforts to increase the willingness 
of consumer to shift their tastes to new or forgotten 
foods117. Food composition data is lacking for many in-
digenous species, limiting the opportunity to develop 
appropriate nutritional messaging and promote wider 
use 118, 119.

Beyond appeals to public health, better understanding 
is required of consumers’ preferences and behaviours 
with respect to these foods and what kinds of incen-
tives might promote more consumption in different 
contexts. Strategic placement of fruit and vegetables 
in retail outlets is found to have a moderately signifi-
cant effect on increasing fruit or vegetable servings120, 
and early exposure to fruits and vegetables through 
schools may shape future preferences for healthier 
diets121. Marketing is a key factor shaping desirability, 
but is consistently applied for ‘hedonic’ (processed) 
rather than ‘healthy’ (nutrient-dense) foods122. On 
marketing issues, much is known about high-income 
countries123 but less about low- and middle-income 
contexts where these approaches (understanding 
market segments and speaking to issues of desirability, 
aspiration, emotion and imagination) can be adapted 
for fruits and vegetables124. 

Fruit and vegetable food systems: What next?

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

It is unlikely that these are all of the options available 
to orient food systems towards fruit- and vegeta-
ble-rich diets, but these are the options that appear 
in the academic literature, albeit with varying lev-
els of evidence. In addition, there are two important 
over-arching considerations when considering action 
options: 1) Acknowledging that power shapes food 
systems, from concentration of economic and political 
power in a few global agri-food businesses, through to 
marginalisation of certain groups in societies from ac-
cessing healthy diets, so this needs to be considered in 
terms of both inclusive processes in deciding policies 
and actions and in assessing their equity impacts26, 125. 
2) There will be trade-offs among food system out-
comes, so starting with a focus on healthy diets is im-
portant but understanding how food system decisions 
then impact fair livelihoods and sustainable environ-
ments is key126. We do not yet know enough to for-
mulate clear actions to address these trade-offs, but 

they need to be acknowledged and openly debated by 
those taking food system decisions.

These actions are likely to be foundational to creating 
food systems change towards enabling fruit- and veg-
etable-rich diets. Each of these actions will not change 
diets when implemented alone, but rather packages 
of actions need to address particular limitations to 
fruit and vegetable consumption. These need to be 
considered in context, in light of an understanding of 
food system issues and bottlenecks limiting healthy 
diets in different places and for different people. It is 
likely that the best way to start is to bring together 
diverse groups of people interested in these issues at 
the different levels, to understand the issues and op-
tions from different perspectives and together priori-
tise which actions should be undertaken first in their 
own context. This is not easy, given inherent power 
disparities among interested parties, but with care 
and inclusion a strategy, policy or plan can be made to 
move towards enabling fruit and vegetable-rich food 
systems.

To guide better action, we need more evidence and 
understanding. We know a lot about a small fraction of 
the fruit and vegetable species of which we are aware, 
and very little about the rest. We know that there are 
disparities in diets in different contexts, but less how to 
address the political, social and equity determinants of 
who gets to eat fruits and vegetables. We know much 
about the technical production and market aspects 
of fruits and vegetables, but less about bottlenecks in 
bringing these to low- and middle-income countries, 
and we do not know enough about how these things 

Table 1  Examples of pull, push and policy actions at different levels

Macro 
(global and national)

Meso 
(institutional, city and community)

Micro 
(household and individual)

Policy – R&D investment
– Right to food legislation
– Food safety regulation

– Zoning and marketing regulation
–  Prioritising fruit and vegetables (F&V) 

in institutional food procurement 
plans

– Protected foraging rights
– Land rights

Push – Production subsidies
–  Efficiency through breeding and 

technology
–  Support to diverse alternative produc-

tion paradigms
–  Infrastructure development
– Fair finance access

–  Quality F&V planting material (formal 
and informal systems)

–  Pre- and post-harvest practices and 
packaging

–  Improving market access, shortening 
food supply chains

–  F&V extension and training
– Support to fresh food outlets

– Home & community gardens

Pull – Price subsidies
– Social safety nets
– Food-based dietary guidelines

– F&V-rich institutional meals
– Basic processing for preservation
– Social marketing campaigns
– Promotion of traditional F&V
–  F&V product placement in shops and 

canteens

– Nutrition literacy campaigns
–  School gardens and learning for shap-

ing preferences
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change with context or over time. Work drawing on 
different academic traditions, including valuing tradi-
tional and tacit knowledge, is needed to join the dots. 
Food systems enabling fruits and vegetables in healthy 
diets are not only a technical issue, but bring up very 
real political, social and ethical questions that societies 
will have to address, alongside a reliance on evidence. 
Having these conversations through the lens of equi-
ty to address the needs of both winners and losers of 
food systems change will be a vital part of the UNFSS 
process towards enabling fruit and vegetable-rich food 
systems for healthy diets for all.
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Abstract

Food systems transformati on provides the opportuni-
ty to shift  current trends in all forms of malnutriti on, 
prioriti zing nutriti ous food availability and aff ordabil-
ity for all – from shift ing prioriti es in agricultural pro-

ducti on, to improved food systems that favor nutri-
ti on and sustainability. The task of Acti on Track 4 is to 
explore approaches to doing so that will advance eq-
uitable livelihoods for producers, businesses, workers 
across the food system and consumers, with a parti c-
ular emphasis on addressing inequaliti es and power 
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imbalances. As the Science Group for AT 4, we ex-
plore the nature of these issues, using the drivers of 
food systems as articulated by the High-Level Panel of 
Experts of the UN Committee on World Food Security 
as framing. Small and medium-sized producers and 
people living on the food system in rural and urban 
areas are disproportionately affected by all biophys-
ical and environmental drivers including soil and 
water resources, and climate change. Unequal op-
portunity in access to all types of resources reduces 
overall production, resilience, rural transformation. 
Advances in innovation, technology and infrastruc-
ture have had important impacts on food produc-
tion and sustainability, transportation and processing 
along food value chains, marketing, and ultimately 
diets, including consumption of both nutritious and 
unhealthy foods. However, achievement of equitable 
livelihoods in food systems will require that issues of 
access to contextually suitable innovation and tech-
nology, inclusive of indigenous knowledge, be sub-
stantially enhanced. Many economic and political 
factors can be essential causes of inequality and pow-
er imbalances at household, community, national and 
global levels, which may constrain the ability of food 
systems transformation to deliver poverty reduction 
and sustainable, equitable livelihoods. Finally, vast 
evidence illustrates that several socio-cultural and 
demographic drivers underpin inequalities among 
and within societies and constrain the potential for 
some to benefit from actions to improve livelihoods, 
particularly women, youth, disabled, elderly, and in-
digenous peoples. These issues are exacerbated by 
the COVID-19 pandemic. The pandemic is having a 
significant impact on the global commodity markets 
and trading systems, economic growth, incomes, and 
poverty levels, with likely disproportionate burden 
on the vulnerable communities in both urban and 
rural areas. This is likely to worsen inequalities and 
set back progress against poverty and hunger goals. 
To address these issues, we must transform not only 
food systems, but the structures and systems that 
continue to enable and exacerbate inequities. Driv-
ers of food systems inequities are highly intercon-
nected and progress to address one will likely require 
change across several. For example, globalization and 
trade interact with other powerful drivers, especially 
technology resource mobilization, and demographic 
trends, which shape food production, distribution, 
and consumption. Hence, in the final section we re-
flect on several factors that should be part of effec-
tive solutions to combat inequalities in food systems, 
including rights-based approaches. We then share a 
series of recommendations aimed to enhance inclu-
sive decision-making, protect the livelihoods of those 
living in situations of vulnerability while creating op-

portunities, adapting institutions and policies to favor 
equitable food systems livelihoods, and increasing in-
vestment to realize the potential of improved insti-
tutional and policy actions. We invite governments, 
businesses, and organizations to hold themselves and 
others to account for advancing equitable livelihoods, 
and open avenues to realize the potential of science, 
innovation, technology, and evidence to favor equita-
ble livelihoods.

Introduction

Food systems transformation provides the opportuni-
ty to shift current trends in all forms of malnutrition, 
prioritizing nutritious food availability and affordability 
for all – from shifting priorities in agricultural produc-
tion, to improved food systems that favor nutrition 
and sustainability. 

The purpose of the Action Track 4 science group is to 
provide the scientific basis for the work of the Action 
Track (AT). Our task as the science group encompasses 
reviewing the evidence that studies the nature of the 
issues and the evidence that underpins potential solu-
tions. It also helps identifying uncertainty and gaps in 
knowledge. The central issue identified by the AT 4 
team has been stated as:

Inequality and power imbalances – at household, 
community, national and global levels – are con-
sistently constraining the ability of food systems to 
deliver poverty reduction and sustainable, equitable 
livelihoods. 

In developing solutions, AT 4 explicitly calls out ineq-
uities related to gender, youth, elderly, minority, mi-
grant, and indigenous peoples. These solutions focus 
on small and medium size enterprises (SMEs) across 
the food value chain, but also equitable access to em-
ployment and livelihoods for wage earners, extending 
the concerns of inequality to rural/ urban and other so-
cial and geographic divides. Efforts to address inequal-
ity and power imbalances must build agency, change 
relations, and transform the structures that underpin 
this imbalance of power and result in inequalities, as 
illustrated in the Figure 1.

The most effective way to sustainably eradicate pov-
erty and inequality is to boost the opportunities and 
capacities of the poor and those living in situations of 
vulnerability, through redistributing resources more 
equitably (e.g., land, incomes, social protection), en-
suring quality education, progressive and not regres-
sive taxation, state infrastructure investments among 
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other approaches. Reducing inequalities requires that 
gains in productivity, production and income be as-
sessed against their positive impact on marginalized 
groups. Decision-making must also become more 
participatory and accountable to those who are most 
negatively affected by our current food system and 
their outcomes. Progress in advancing equitable live-
lihoods and value distribution therefore involve sever-
al key areas ranging from expanding access to assets, 
infrastructure, and services as well as other required 
measures to enhance quality of living spaces. Inter-
ventions to produce real change on the ground need 

to empower the poor and those living in situations of 
vulnerability. 

To fulfill our task as the science group, we need to step 
back and consider the evidence related to the drivers 
of inequality and power imbalances as they relate to 
livelihoods across the food system. We use the con-
ceptual framework of food systems developed by the 
High-Level Panel of Experts of the UN Committee on 
world Food Security in 2017, and updated in 2020, and 
structure this review around the six drivers of food sys-
tems (as highlighted in the red box of Figure 2). 

Figure 1

(Figure credit: Action Track 4 Discussion Starter, October 2020)

Figure 2 Conceptual framework of sustainable food systems (reduced from HLPE1)



146 |  IV. Actions for Equity and Resilience in Food Systems 

Science and Innovations for Food Systems Transformations

Framed around the drivers of sustainable food systems 
(combining them where the nature of the evidence 
warrants), the following sections provide an overview 
of the nature of the issue as it relates to drivers of in-
equality and power imbalances. Our intent is to ex-
plore these drivers as they relate to livelihoods among 
those living in situations of vulnerability, including con-
sumers and producers and all types of workers across 
all food systems types and contexts (see for definitions 
and concepts related to food systems). In the final sec-
tion, we provide examples from the literature that can 
inform potential solutions to address the issues.

1.  Biophysical and environmental drivers,  
particularly soil, water, and climate change: 

In rural areas of many low- and middle-income coun-
tries (LMICs), natural resources are an important 
source of food, both through direct consumption and 
through providing the basis for income generating 
activities (e.g., food and no-food cash crops, forest, 
and fishery products). Access to natural resources like 
land, water, forests, and fisheries is a key element of 
livelihood strategies (“natural capital”), together with 
other elements such as access to employment and/or 
credit (“financial capital”). Because of this, measures 
to improve access to resources are an important el-
ement of strategies for the realization of the right to 
food (see conclusion section below for further discus-
sion). Small and medium-sized producers and people 
living on the food system in rural and urban areas are 
disproportionately affected by all biophysical and envi-
ronmental drivers including soil and water resources. 
Inequal opportunities to access all types of resources 
defers overall production, resilience, rural transforma-
tion, thus directly affecting the livelihoods of all actors 
across food value chains via diverse pathways.

The number of people whose livelihoods depends on 
degraded lands has been estimated to be about 1.5 
billion worldwide. In India, for example, 146.8 million 
out of the estimated 329 million hectares of total geo-
graphical area is reported as degraded. People living 
in degraded areas depend directly on natural resourc-
es for subsistence, food security, and income. Women 
and youth often have limited options and are especial-
ly vulnerable to land degradation and climate change. 
Land degradation reduces productivity and increases 
the workload of managing the land, disproportionate-
ly affecting women in some regions. Land degrada-
tion and climate change act as threat multipliers for 
already precarious livelihoods, with consequences for 
increased risks of poverty, food insecurity, and in some 
cases migration, conflict and loss of cultural heritage. 
The major anthropogenic drivers of erosion are land 

use and climate change, in particular through a more 
intense hydrological cycle. While much research at-
tention has focused on arable agriculture, seminatu-
ral systems, such as water may account for nearly half 
of global soil erosion. There are many indications that 
water is becoming an increasingly scarce resource, a 
point often made over the last 10 years.Access to wa-
ter is now recognized as a prerequisite for poverty re-
duction. However, competition for water from many 
different sectors can divert attention from its role in 
the improvement of human livelihoods.

Marine ecosystems are increasingly affected by fishing 
and climate change, including reduced ocean produc-
tivity, changes in species distributions, increased dis-
ease among other effects. These and the other climate 
related changes discussed above may be especially 
challenges for the security and livelihoods of coastal 
communities, particularly for indigenous people and 
those in LMICs.

Climate change is the defining issue of our time, and 
we are at a defining moment. From shifting weather 
patterns that threaten food production, to rising sea 
levels that increase the risk of catastrophic flooding, 
the impacts of climate change are global in scope and 
unprecedented in scale. The adverse effect of climate 
change and variability has become an environmental 
and socio-economic problem which is increasingly 
causing climate-driven hazards to people around the 
world. The effects of climate change are likely to be 
more serious among countries with fewer capacities 
to respond and adapt and, within these countries, 
among the poorest and most vulnerable. Climate 
change serves as a serious inhibitor to the attainment 
of food security and the fulfillment of major develop-
ment agendas in the majority of global economies. Cli-
mate change could undermine social welfare, equity, 
and the sustainability of future development. It is gen-
erally believed that LMICs, and disadvantaged groups 
within all countries are more vulnerable to the impacts 
of climate change as a result of limited resources and 
low adaptive capacity.

2.  Technology, Innovation, and infrastructure drivers: 
For both short and long distances value chains, infra-
structure strongly influences the way food is produced, 
processed, transported, distributed, sold, conserved, 
and ultimately consumed. Infrastructure is required for 
food to move long distances and increase food securi-
ty in areas of shortages, stabilize food prices, minimize 
food-borne disease and food waste. Roads, railroads, 
shipping, and cold chain facilities play an essential role. 
Poorly developed infrastructure impacts all dimensions 
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of livelihoods for urban and rural populations. It affects 
the quality and safety of nutritious foods particularly, 
limits access to nutritious foods, and exacerbates is-
sues of food loss and waste. In South Sudan and So-
malia, for example, poor road infrastructure is a major 
barrier to food access. Infrastructure improvements, 
technological advances and mechanization in the food 
value chain may generate positive externalities for pro-
duction, trading and consumption with potential to 
generate off-farm employment in rural, and potentially 
in urban areas. Examples may include factories located 
near the farm where the technology will be used, tech-
nicians and mechanics to operate and repair machinery 
and devices, other business-related employment, such 
as bookkeepers, sales staff, etc. They may also generate 
negative externalities.

Innovation, technology and infrastructure improve-
ments have been and will be major drivers for food 
system transformation. Advances in all three have had 
important impacts on food production and sustain-
ability, transportation and processing along food val-
ue chains, marketing, and ultimately diets, including 
consumption of both nutritious and unhealthy foods.
They can also generate risks to human and environ-
mental health and may not yield equitable benefits 
for farmers or other food systems workers. This rais-
es the questions of targeting technology policies and 
interventions according to their impact on improving 
livelihoods among the poor and those living in situa-
tions of vulnerability. The need to produce healthier 
and accessible food and address SDDG 2 and other 
SDGs through food systems transformation will thus 
require innovative, responsible, and targeted efforts 
by the actors in the world’s food supply chains. None-
theless, many breakthrough technologies spark dis-
putes and sociotechnical controversies, that more and 
more generate dual oppositions and polarized polem-
ics. This may distract from the goal of ensuring that 
the livelihood and equity impacts from modern bio-
technology are widely shared. In some socio-ecolog-
ical contexts, this requires measures to prevent that 
such technology result in market concentration in the 
industries that provide inputs to agriculture, prohibi-
tively high seed prices or reduced farmer participation 
in breeding. It may also be necessary to ensure that 
the technology does not favor larger farm economic 
units with likely displacement of smallholder farmers.
Whatever the controversial issue, evidence highlights 
how institutional environments are essential to direct 
technology and innovation impact. Ultimately, the po-
tential for impact depends not only on characteristics 
of the technological advancement itself, but on access 
patterns, arrangements, and governance about who 
controls it. 

Innovations in breeding methods, chemical synthet-
ic inputs, and food processing have changed the way 
food is produced, stored, distributed, consumed. 
Many agricultural innovations have prioritized yield 
and productivity, with many disproportionately favor-
ing high income country food systems, but some nota-
ble exceptions exist. Since 2004, HarvestPlus in collab-
oration with CGIAR centers has facilitated the release 
of 211 crop varieties in 30 countries that have been 
bred with increased content of one or more nutrients. 
An estimated 7.6 million farming households are now 
growing these crops, estimated to be benefiting some 
38 million rural consumers.This number will be en-
hanced as crops and sold purchased in urban markets, 
and used in various processed or pre-prepared foods. 
Another example promotes the better incorporation 
of fruit into local food systems, meeting the challenge 
of seasonal availability. McMullin et al developed a 
methodology based on ‘fruit-tree portfolios,’ which se-
lects in partnership with farmers, the fruit-tree species 
for production that both socio-ecologically suitable, 
and nutrient-rich. Both examples have the dual advan-
tage of potentially improving livelihoods and favoring 
nutrition outcomes through enhanced production 
and access to nutritious foods. Modern biotechnology 
can also improve livelihoods through increased crop 
production for smallholder farmers. Millions of small 
farmers in many LMIC (e.g., China and India) have ben-
efited from adoption of Bt cotton after this technolo-
gy has been approved for commercialization since the 
late-1990s. Nonetheless, the impact of such technolo-
gy on livelihoods, particularly for farmers in situations 
of vulnerability is disputed and has been shown to de-
pend on differentiated practices. Among the issues to 
resolve in this regard is the ongoing debate related to 
access to seeds, and mechanisms to ensure that com-
mercial interests in seed-line access do not negatively 
affects producers and consumers livelihood.

According to the CGIAR Research Program on Climate 
Change, Agriculture and Food Security, some of the 
most promising innovations in rural agriculture are 
technology- and service-based. With access to data, 
markets, and financial services, farmers can plant, 
fertilize, harvest, and sell products more effectively. 
These approaches are gradually gaining favor as more 
people in emerging economies connect to mobile net-
works, and applications designed to collect and share 
agricultural information become increasingly accessi-
ble. Of course, the mere existence of this technology 
will not generate better livelihoods. Access to such 
technology has been highly constrained and must be 
resolved before this potential can be realized. Simi-
larly, tools must meet the needs of the farmers who 
use them and expectations towards improving liveli-
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hood, including addressing power asymmetries. This 
demands that mobile technologies take into account 
differences in gender, education, and resource levels 
among farmers and consumers, and are responsive 
to changing circumstances. The impact and success 
of these tools and programs should be monitored 
and evaluated, with ineffective approaches being im-
proved or replaced. Capacitated endogenous institu-
tions are vital to achieving an inclusive approach. 

3. Economic and political drivers: 
Many economic and political factors are essential caus-
es of inequality and power imbalances at household, 
community, national and global levels, which constrain 
the ability of food systems transformation to deliver 
poverty reduction and sustainable, equitable liveli-
hoods.Improving education and literacy levels, access 
to public services and infrastructure and among others 
helps to address the issue. 

Social protection is a menu of policy instruments to 
address poverty and vulnerability, through social as-
sistance, social insurance and efforts at social inclu-
sion, with a role to address both long-standing and 
crisis-induced poverty. The precarity of the food sys-
tem in most countries, and particularly food systems 
workers living in situations of vulnerability is illustrat-
ed by the current COVID-19 crisis (Box 1). The les-
sons and experience from global efforts fighting the 
COVID-19 pandemic show the importance of devel-
oping a strong social network in coping with fragility 
of food system. 

Conflicts and crises, usually resulting from an unstable 
political system and uncertain property right arrange-
ments, damage trust and social cohesion among the 
stakeholders throughout the food systems, discourage 
public and private investment and cause slowdown in 
economic growth and less inclusive rural and struc-
tural transformations. This does harm to vulnerable 
smallholder farmers, consumers and those engaged in 
micro enterprises and SMEs along food value chains, 
and particularly those run by and employing youth, 
women, disabled, and indigenous peoples.

Inclusive development of food systems is also con-
strained by lack of representative leadership, reflect-
ed in inequality in access to productive resources, 
working opportunities, market participation rights and 
public services. Studies in almost all LMIC contexts, ex-
cept Latin America and the Caribbean, indicate a large 
proportion of total farmland belongs to small holders 
(less than 2 ha), and that here and for all food systems 
workers, resources and public services are unequally 

allocated. Barriers to active participation in leadership 
and decision-making must be broken down. 

Livelihood inequalities across the food system, includ-
ing among smallholder farmers, small business, and 
workers across the food value chain can be reduced 
only if inequalities in access to land, water, employ-
ment, financial services, infrastructure, technology, 
markets, and other economic opportunities are re-
solved. Food system transformation that does not 
address these inequalities and specific vulnerabilities 
runs the risk of reinforcing and deepening inequalities 
into the future and undermining the resilience of food 
systems. Inequitable economic opportunities are usu-
ally caused by rigid institutional arrangements in land, 
water, credit, and labor markets, lack of information, 
market segregation/ monopoly, discriminative treat-
ment, and distorted policies, among others. Subdi-
vision among siblings make it harder for rural youth 
to obtain as much land as their parents had; in many 
contexts youth have historically marginalized econom-
ically, socially and politically. Research shows that re-
specting/upholding collective forms of land ownership 
and customary property regimes has important pos-
itive implications for livelihood equity However, the 
nature of public goods such as water resources makes 
fair allocation difficult. Removing barriers to employ-
ment and other economic opportunities in addition to 
various actions to reduce discrimination towards mi-
grant workers also work to increase income and im-
prove livelihoods.

As pointed out by the HLPE, globalization and trade 
have a critical role to play in ensuring food security 
and nutrition (FSN) and reducing inequalities. Trade 
can positively and negatively affect all four pillars of 
FSN (availability, access, utilization, stability). Evidence 
suggests that globalization and international trade 
may help to extend the value chain and generate op-
portunities to create wealth and equitable livelihoods 
among countries. International trade and financial 
flows are also associated with changes in production 
and consumption patterns that require taking into 
account the way livelihood is affected, in particular 
through employment access, incomes and wealth dis-
tribution. Measures are needed to avoid unwanted 
outcomes, including increases in income inequality. 
While some farmers can improve their livelihoods by 
tapping into exportable agricultural production, con-
siderable research shows that becoming part of export 
markets can make farmers, particularly small-scale 
farmers more vulnerable to shocks in global commod-
ity markets. These risks can be mitigated through col-
lective action and policy support to soften the impact 
of such shocks among smallholders and other actors 
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in the food system that lack the capacity to respond 
adequately. 

Stabilizing food prices will help to reduce the risk of 
all stakeholders along the food supply chains and will 
bring benefits to the small holders who are more vul-
nerable in the production system and consumers in 
rural and urban. In general, food supply is much more 
stable at the regional and global levels than it is with-
in a given country. This is because an efficient mar-
ket provides the opportunity to supplement supplies 
in cases of domestic production shortfall or rapidly 
expanding demand and thereby help prevent sharp 
prices increases that would affect access to food 
negatively. Inversely, in cases where rising domestic 
supplies threaten to depress local prices, an appro-
priate political regulation and management of stocks 
(at both national and international dimension), plus 
a transparent trade mechanism, calling for an appro-
priate political regulation and management of stocks, 
for which a regional and/or global dimension is appro-
priate. 

The informal food processing sector has grown signifi-
cantly over the last decade, thanks to rapid urbaniza-
tion and growing middle class, and has become one 
of the most dynamic segments of food staples value 
chains. In Africa, it is currently the fastest growing 
export sector, both to regional and outside markets. 
It is estimated that upward of two-thirds of staples 
food consumed in Africa by 2040 will be in processed 
form. The emerging staples food processing sector is 
currently characterized by a large and growing num-
ber of primarily female headed small enterprises. Fu-
ture strategies to promote equitable livelihoods and 
value distribution in domestic food systems will need 
to reverse the current formality and size bias in order 
to tap into the employment and income opportuni-
ties resulting from the rapidly transforming staples 
value chains for the benefits of farmers, unskilled 
workers, and consumers in urban centers and rural 
towns. 

These political and economic factors may cause in-
equality and imbalances through a complex mech-
anism but may also be the consequence of such 
inequality and imbalance. On the one hand, both po-
litical instability and poor economic performance are 
believed contributing to rural poverty and inequality 
of livelihood in rural sectors of many LMICs in all re-
gions. On the other hand, a burgeoning literature il-
lustrates that rapid economic growth is not a sufficient 
condition for inclusive development. In addition, the 
political and economic drivers may also interact with 
innovation, technology and infrastructure to influence 

food systems as well as inequality and power imbal-
ances related to gender, youth, smallholders and in-
digenous people. Consequently, the question is not 
only whether but also how economic growth and in-
stitutional/policy arrangements may affect inequality 
in access to production, employment and fair share 
opportunity. This calls for considering the way agency 
conditions or prevents the development of inclusive, 
equitable livelihoods, in particular through access to 
the public services, before proper decision-making 
and agenda setting could be made.

The pace of future improvement in livelihoods will de-
pend on the ability of governments to find ways to max-
imize the impact of economic growth and investments 
in social sectors, such as health, education, social pro-
tection on enhancing capacities among the poor and 
vulnerable. This not only calls for better coordination of 
interventions across government but also recognition 
and effective exploitation of that fact that differences 
in services and how they are bundled produce different 
impacts on livelihood of the poor and those living in 
vulnerable situations. For instance, the impact of a giv-
en dollar amount spent on education services on small-
holder and low skilled off-farm and urban labor pro-
ductivity will depend on the extent to which it targets 
vocational training and other efforts to upgrade and 
develop skills in the relevant sectors. Against the back-
ground of the current COVID-19 pandemic, the same 
concept can be illustrated using the example of health 
services (Box 1). Furthermore, there is evidence that 
morbidity has a bigger impact on productivity of the 
poor and vulnerable than among better off segments 
of the population. It has also been shown that different 
types of health services have different impact on dis-
ease prevalence and morbidity. It is therefore possible 
to allocate public investment in health services such as 
to target diseases that have the largest effects on the 
productivity of smallholders and low skilled laborers 
and excluded communities. Allen and co-authors show 
that morbidity not only affects labor availability and 
productivity, but it also affects the choice of technolo-
gies and returns to use of fertilizers and mechanization. 
More importantly, different health services have differ-
ent impact on disease prevalence which affects effi-
ciency and thus livelihoods differently even among the 
poor, those living in vulnerable situations, and across 
gender. The current COVID-19 pandemic illustrates the 
need and opportunity to rethink the delivery of social 
services in order to maximize their benefit and impact 
among the poor and vulnerable (Box 1). This applies 
equally to social protection policies where the experi-
ence of productive safety nets in Ethiopia offers valu-
able lessons in designing programs that work for the 
poor and vulnerable. 
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4. Socio-cultural and Demographic drivers: 
Vast evidence illustrates that several socio-cultural 
drivers underpin inequalities among and within soci-
eties and constrain the potential for some to benefit 
from actions to improve livelihoods, particularly wom-
en, youth, disabled, elderly, and indigenous peoples. 
For example, there are approximately 185 million in-
digenous women in the world, belonging to more than 
5,000 different indigenous peoples. Despite the broad 
international consensus about the important role in-
digenous women play in eradicating hunger and mal-
nutrition, there are still limitations in the recognition 
and exercise of their rights. Due to the long-term and 
ongoing impacts of colonialism and environmental 
degradation, many indigenous peoples, regardless of 
their geographic location, face high levels of obesity 
and chronic disease and are disproportionally affected 
by poverty and food insecurity. Past and present so-
cial and environmental injustices have led to the loss 
of food sovereignty, through dispossessing indigenous 
peoples from their traditional territories and under-
mining intergenerational knowledge transmission of 
cultural practices related to their food systems and 
have been linked, as in the case of the experience of 
hunger in residential schools in Canada, to the rise of 
diabetes in these populations.

Socio-cultural drivers also impact and set the norms 
for the dynamics of the other drivers, including polit-
ical and economic drivers, demography, innovation/
technology, among others. As such, structural barriers 
for several groups particularly women and youth in-
clude land rights, access to financial services, among 
others. In addition, inequality of opportunity is an im-
portant constraint. Social protection has an important 
role to play in protecting those living in vulnerable sit-
uations, and depending on the nature of that action, 
seeking to address the underlying causes of poverty 
and exclusion. Programs that direct resources to wom-
en, have shown greater impact on food security and 
other household-linked benefits. However, social and 
structural barriers may limit women’s access to several 
types of social protection programs, including public 
works and agricultural input and support. In addition 
to these considerations, language, culture and tradi-
tion may influence willingness to participate and po-
tential to benefit from social protection programs, un-
less national programs are adequately adapted to such 
sub-national contexts. 

Few, if any, economic or social transformations over 
the past decades can be brought into focus without 
explicit attention being paid to the demographic tran-
sition, inextricably linked to several socio-cultural driv-

ers. The growth of the urban sector, driven by both 
natural increase (fertility exceeding mortality) and ru-
ral-to-urban migration, helps to fuel agricultural trans-
formation. The proportion of the population living in 
rural areas is declining in many countries, yet numbers 
are increasing in some, particularly in sub-Saharan Af-
rica. Both fertility and mortality have been falling in 
rural areas, converging from levels higher than urban 
areas towards urban levels. Pressure and opportunity 
lead parts of growing rural cohorts to migrate to cities 
or seek diversified livelihoods within the rural sector. 
This raises concerns, particularly in sub-Saharan Africa 
where urban growth and the economic sectors are not 
in a position to cope with such a rapid transition and 
offer employment to rural dwellers as has occurred 
historically in other continents.

Predominantly male migration among youths and 
young adults over the course of the urban transition 
may have additional impacts on the gendered nature 
of economic roles and overall status of women. In-
creased urbanization means a growing gap between 
the location of food production and food consump-
tion. It may also mean a change in lifestyle including 
dietary changes. As a result, there is a growing need 
for food processing, transportation, and transforma-
tion beyond the farm level, providing opportunities 
for jobs and entrepreneurship. In Ethiopia, Malawi, 
Mozambique, Tanzania, Uganda and Zambia, the 
transformation of the food system is forecast to add 
more jobs than any other sector of the economy by 
2025. This is an opportunity to see that these jobs 
are accessible also to rural women and youth who 
may disproportionately live in vulnerable situations. 
Nonetheless, evidence suggests that women entre-
preneurs face many additional barriers compared to 
their male counterparts including lack of mobility, ac-
cess to finance, access to business networks and men-
tors, limited leadership experience, lower literacy and 
numeracy, discriminatory gender norms and stereo-
types. Experience from other regions, also illustrates 
the risks to nutrition as dietary traditions are lost, and 
reliance on processed – often highly unhealthy food 
increases.

Today there are significant knowledge gaps on rural 
outmigration trends, which need to be tackled. This is 
particularly the case for migration driven by distress, 
when people do not perceive there is any other via-
ble livelihood option except to migrate. Reliable data, 
disaggregated by sex, age, origin and destination are 
necessary to understand socio-economic conditions 
associated with migration. At the moment, these data 
are scarce. 
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Conclusions and implications for the development 
of game-changing solutions to enhance equitable 
livelihoods in food systems
The growth of the food systems presents enormous 
employment opportunities, but achievement of equi-

table livelihoods in food systems and resulting from 
changes in food systems will require that substantial 
progress be made to address the drivers of inequality. 
Food system transformation must also find the bal-
ance of food systems that favor and support healthy 

Box 1: The unprecedented range of COVID-19 disruptions to the food system and livelihoods

The breadth and reach of the complex ramifications and disruptions from the COVID-19 pandemic are unprecedented. 
The impact from the pandemic parallels or exceeds the impact of major shocks over the past few decades, whether 
caused by natural disasters, disruption of financial and commodity markets, or conflict and civil strife. More challenging 
is the fact that, under Covid-19, all of these various shocks happen concurrently and engulf the entire globe, with no 
regions left untouched and thus poised to help fuel a possible recovery. There are therefore important lessons to be 
learned from the current pandemic to help shape more effective strategies to managing future shocks and their impact 
on the livelihood of the excluded and marginalized. 
The Effects of Covid on marginalized communities: Income, poverty, and nutrition 
Policies of social distancing and other measures adopted by governments to contain the spread of the pandemic have 
drastically affected food supply chains, with serious repercussions for the poor and vulnerable, particularly in LMICs. 
There is evidence that disruptions are more serious for the operation of informal market networks which dominate 
supply chains for traditional food staples that people living in poverty and situations of vulnerability depend on more 
heavily. Prices in these markets have reacted sharply to measures undertaken to control the pandemic. Moreover, higher 
food prices, the closing of informal markets and other disruptions to staple foods supply chains have been shown to im-
pact on micronutrient intake and nutritional status of the poor. Finally, the effects of the pandemic on global commodity 
markets and trading systems are shown to have significant impact on economic growth and thus incomes and poverty 
levels, with likely disproportionate burden on the same vulnerable communities in both urban and rural areas. This is 
likely to worsen inequalities, food insecurity, and undernutrition including child wasting. COVID-19 therefore will likely 
have substantial implications for the achievement of the Sustainable Development Goals in LMICs, in particular SDG 2 
(End hunger) and SDG 12 (Ensure sustainable consumption and production patterns).
Equity and policy responses to Covid and similar shocks
The Covid-19 crisis has particularly impacted already-marginalized segments of the population such as indigenous peo-
ples, migrant workers, and informal sector employees. High vulnerability to changing economic conditions linked partly 
to a host of pre-existing barriers ranging from weak legal status, racism and lack of access to health, social security and 
education services all lead to disproportional impacts of the pandemic among the poor and disadvantaged. 
Persistent and chronic vulnerability, a major manifestation of marginalization and exclusion, not only exacerbates the 
human cost of shocks, but it also complicates the search for effective responses. Resistance to confinement, curfews and 
other mitigation measures reported in the media across the world arise often from the considerable threat to livelihoods 
among the poorest and those living in situations of vulnerability. Successful strategies to deal with future shocks require 
having a better handle on equity and vulnerability before shocks strike. 
Lessons for managing future shocks to protect livelihoods 
Just like pre-existing conditions among humans raise the risk of serious consequences, chronic vulnerability patterns also 
raise the risk of exposure and extent of damage among excluded and marginalized communities in case of shocks such as 
Covid-19. Community vulnerability is determined by factors ranging from pre-existing levels of poverty, food insecurity, 
malnutrition, disease prevalence, poor health and education services to high population density.Investment in the capac-
ity for good understanding of the patterns of vulnerability across various communities is therefore a major need for future 
preparedness, especially among LMIC. 
For example, a report from the Indigenous Navigator, highlights the impact of Covid-19 on indigenous communities in 
11 countries (Africa and Asia). On the one hand, the report identifies how pre-existing barriers in access to health, social 
security and education are fueling disproportional impacts of the pandemic on indigenous peoples. It also indicates a 
rise in food insecurity, related to loss of livelihoods and lack of access to land and natural resources. On the other hand, 
it underlines the central role played by communities in building the response and recovery to the global crisis resulting 
from the pandemic. The emphasis on Covid-19 response and recovery measures is that it needs to be respectful of the 
rights of indigenous peoples and support their livelihoods, economies, and resilience.
Equally important is a good understanding of the nature of operation of local food systems. Control measures that are 
not aligned with the basic features of food systems along complete value chains are certain to create second generation 
disruptions, with more serious impacts on livelihoods. 
Finally, boosting preparedness capacities will require investment in a minimum infrastructure for real time data access 
and management. New development in remote sensing and machine learning offer real opportunities for better targeting 
and tracking in order to raise the effectiveness of response and mitigation measures to protect the poor and vulnerable. 
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diets (i.e., those that minimize risk of both undernu-
trition and overweight and obesity), and do so in ways 
that are sustainable for the planet. We must trans-
form not only the food system, but the structures 
and systems that continue to enable and exacerbate 
inequities. While we have reviewed and discussed the 
evidence related to drivers of inequitable livelihoods 
in relation with food system transformation within 
their respective categories, they are interconnected 
and progress to address one driver will likely require 
change across several. For example, globalization and 
trade interact with other powerful drivers, especially 
technology resource mobilization, and demographic 
trends, which shape food production, distribution and 
consumption.

We believe therefore, that enhancing equitable liveli-
hoods will require solutions that:
1. Are rights-based: Solutions must recognize and 

hold stakeholders to account for human rights 
including living wage and the right to food, and 
advance the agenda towards the right to a healthy 
diet. Implications include not only a shift in policy 
and programmatic action, but increasing public 
pressure, and creating monitoring and account-
ability mechanisms that hold governments, busi-
nesses, and all stakeholders to account to uphold 
rights.

2. Ensure long-term investment for structural 
changes: Dismantling inequitable systems and 
structures that enable and exacerbate inequalities 
for food systems workers and consumers requires 
long-term investment, while achieving short term 
gains. Long-term vision should inform investment 
priorities in needed structural changes across the 
food system including those that will result in:
•  Dismantling barriers to expanded access to 

resources, technology, infrastructure and pro-
ductive services among smallholders and other 
less powerful actors along the food system,

•  Policies and institutions that make sure that 
markets and trading regimes work for produc-
ers and consumers, including raising agricultur-
al incomes and improving food access,

•  Regulatory and administrative arrangements 
and other instruments to ensure equitable 
access to productive assets.

3. Directly inform local and national policy and 
programs: Transformational change towards 
healthy, sustainable, and equitable food systems 
will require a breaking down of current policy silos 
in favor of coordinated policy agendas that permit 
the mapping and balancing of trade-off, benefits, 
and harms to human and planetary health. Includ-
ing but not limited to agriculture, trade and food 

policies that simultaneously foster healthy diets, 
equitable opportunity and fair pay, and protect 
the environment, complemented with strength-
ened and well-targeted social protection.

4. Enhance the development of and equitable 
deployment of contextually relevant innovation 
and technology: The potential of innovation and 
technology to do good to human and planetary 
health is vast, but systems must be strengthened 
to ensure it does not exacerbate inequalities and 
that the balance of potential benefits and harms 
can be assessed. Research, development, and 
deployment of innovation and technology must 
meet the needs of smallholder producers and 
small businesses across the food value chains 
and of vulnerable consumers. Doing so requires 
enhanced processes and investments to develop 
such innovations and technologies drawing on all 
forms of scientific evidence and indigenous, local, 
and contextual knowledge.

In the following section we provide several general 
and more specific recommendations that can inform 
priorities for the game-changing solutions, bearing in 
mind the four criteria above. This list is not intended to 
be comprehensive, but rather to focus priorities that 
surface from the evidence review. Where feasible, we 
have included specific examples that illustrate the po-
tential gains and pitfalls.

Alter power structures to enhance inclusive deci-
sion-making:
• At global and regional level, strengthen and 

enhance the existing institutional architecture to 
generate recommendations, good practice models, 
and technical support guidance for enhanced inclu-
sive decision-making processes related to food 
systems within governments and organizations. 
Examples of key international organizations include 
FAO, IFAD, WFP, the World Bank Group, CGIAR, 
among others.

• Engage a coalition of local, regional, and interna-
tional research institutions to generate and test 
a framework and parsimonious set of indicators 
that can be used to track progress towards inclu-
sive decision-making processes and monitor liveli-
hood improvements within international, national, 
regional, and local governments and organizations. 

• Create or build on an existing accountability mech-
anism with mandate and resources to track prog-
ress towards and hold to account inclusive deci-
sion-making related to food systems transforma-
tions and their impacts within governments and 
organizations.
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• Strengthen producer, vender, market and consum-
ers organizations and other forms of collection 
action across the food system to enhance effec-
tive, non-tokenistic participation in decision-mak-
ing processes related to rural and food systems 
transformation.

• Through all of these processes explore demo-
graphic, social, and cultural aspects that may influ-
ence participation in decision-making (e.g., gen-
der, indigenous peoples, age), and ensure mecha-
nisms are developed to address and track progress 
responsive to these unique contextual factors.

 –  Dimitra Clubs seek to transform gender rela-
tions bringing women and men together to 
become more aware of gender inequalities 
in households and communities and working 
together to transform gender relations. Over 
3,400 clubs existing reaching an estimated 
2 million rural people. Examples of success 
include fighting malnutrition by challenging 
dietary taboos, reconciling long-standing politi-
cal disputes, mobilizing to meet environmental 
challenges and establishing a credit coopera-
tive to avoid debt.

 –  The model of mutual accountability developed 
by the African Union as part of its Compre-
hensive African Agriculture Development Pro-
gramme (CAADP) is an innovative and effective 
approach to promoting transparency, participa-
tion, and accountability for results. It involves 
two main components: 

• Country-level joint sector reviews (JSRs) that allow 
governments, farmer organizations, private sector, 
civil society organizations and development part-
ner organizations, at least once a year, to collec-
tively review policy and program implementation 
performance as well as progress towards outcomes 
for the agricultural sector. The outcome is an action 
plan to deal with any major issues that emerge. 

• The continental-level biennial review (BR) based 
on formally agreed target commitments related to 
agricultural sector investment, hunger and pover-
ty, gender, youth, intra-African trade, and climate 
smart agriculture. Every two years, a report is 
prepared by each member state and submitted to 
the African Union Commission which uses it to rate 
each country on each of the target commitments. 
The report is submitted to Heads of State at their 
January Summit to debate the findings.

Protect the livelihoods of those living in situations 
of vulnerability, while creating opportunities:
• Expand the effective coverage of well-targeted 

social protection systems that uphold the liveli-
hoods of those living in situations of vulnerability, 

using social protection instruments that can allevi-
ate short term crises, but go beyond sheer poverty 
reduction to enhance opportunities to build assets 
and create wealth. 

 –  A promising model of boosting productivity 
and improving livelihoods through skills devel-
opment, advisory services financial transfer 
is the FOMENTO model from Brazil. Research 
looking into the impact of its transfer to the 
African setting have provided solid evidence 
on its effectiveness to raise assets and increase 
earning potential of beneficiary farmers. This 
approach holds promise as a scalable approach 
to empowering and equipping the poor and 
those living in situations of vulnerability to 
integrate into the higher value segments of the 
food system value chains. 

• Using existing or enhanced technology, develop 
and deploy better models to predict climate and 
other agricultural risks and use this data effectively 
to pre-empt and mitigate the impact of such risks 
on the production and livelihoods of small-scale 
agriculture and other producers in situations of 
vulnerability. 

 –  Climate Information Services (CIS) involve the 
production, translation (e.g., advisories, deci-
sion support), and communication and use of 
climate information. Appropriate information 
enables farmers to understand the role of 
climate vs. other drivers in perceived pro-
ductivity changes and manage climate-relat-
ed risks throughout the agricultural calendar. 
Econometric studies highlight CIS as one of the 
most important factors influencing adaptation 
and transformation of farming systems. For 
example, an analysis across more than 5,000 
households in East and West Africa, South 
Asia, and Central America found access to CIS 
is a positive determinant of adaptation through 
agricultural diversification, and of agricultural 
intensification in Bangladesh and India.

Adapt institutions and policies to favor equitable 
food systems livelihoods:
• At global, national, sub-national and local level, 

develop and implement a cohesive set of policy 
actions that will enable sequential food systems 
transformations that favor the production, distribu-
tion, and consumption of nutritious over unhealthy 
foods, produced with territorial approaches that 
favor planetary health, and ensure equitable liveli-
hoods for producers and wage earners across the 
food system. 

 –  Africa’s Regional Economic Communities (RECs) 
are key actors working in collaboration with 
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the African Union (AU), in ensuring peace and 
stability in their regions. The RECs have been 
central to various transformative programs of 
the continent, including the New Partnership 
for Africa’s Development (NEPAD) adopted in 
2001. RECs have the immense challenge of 
working with governments, civil society, and 
the AU Commission in raising the standard of 
living of the people of Africa and contributing 
towards the progress and development of the 
continent through economic growth and social 
development.

•  Adapt institutions and adopt policies that elimi-
nate barriers in access to the fundamental services 
needed to enable those living in situations of 
vulnerability to take advantage of opportunities, 
ensuring, for example, the right to food, shelter, 
and health. Enhance more and better education 
investments that enable and empower youth as 
part of the productive rural and urban labor force. 

 –  The German dual training system for agricultur-
al and horticultural professions is a good model 
for an institutional infrastructure that creates a 
path to good paying jobs and better livelihoods. 
It is a country wide system that offers a mixture 
of practical, multi-year on the job training of 
apprentices by “master-farmers,” ongoing the-
oretical training for active and aspiring farmers, 
as well as modular, usually short term courses 
on specific skills and good practices.

• Adapt institutions and adopt policies that elimi-
nate barriers in access to the natural (e.g., land, 
water, forests), economic (e.g., credit, business 
planning), and technological resources (e.g., dig-
ital, appropriate modern biotechnology) needed 
to enhance and ensure equitable livelihoods for 
producers and SMEs across the food value chain. 
Such policy and institutional arrangements should 
explicitly favor those who have been traditionally 
excluded, particularly women, youth, and indige-
nous peoples. 

 –  The Land Matrix Initiative is an independent 
global land monitoring initiative made up of a 
number of global and regional partners, orig-
inally established in 2009 to address the lack 
of robust data on large scale land acquisitions 
and investments. The initiative now covers 
almost 100 countries. It captures intended and 
failed attempts to acquire land through pur-
chase, lease or concession and demonstrates 
the complexity and political dimension of land 
acquisition. 

• Enhance the effectiveness of international organi-
zations to facilitate global trade arrangements that 
promote and protect livelihoods and the right to 

food. An enhanced role of the World Trade Organi-
zation is particularly salient.

Increase investment to realize the potential of 
improved institutional and policy actions:
• More coordination among government entities 

would internalize externalities across sectors and 
address trade-offs such as to deliver the most 
impactful and site adapted interventions for the 
poor and those living in vulnerable situations. 
Increasing investment in public infrastructure 
(e.g., roads, markets, irrigation, etc.) also helps 
to enhance the livability of communities, while 
favoring the production, sale, and consumption of 
nutritious food.

• Expand and use innovative financial mechanisms 
(e.g., impact investment) for small and medi-
um-sized farmers and businesses along the food 
value chains to expand and intensify their produc-
tion, and improve safety, quality, and sustainability, 
prioritizing nutritious over unhealthy foods.

 –  Two models to nurture and support the devel-
opment of the emerging processing processor 
and other segments of food system value 
chain to boost profits and employment for low 
skilled workers. The first, with well-document-
ed impact, is the model of Cluster based indus-
trialization which provide a critical mass of 
infrastructure, services, and networking oppor-
tunities. The second is the Kaizen model from 
Japan, which has been recently tested in Africa 
with promising results.

Hold governments, businesses, and organizations to 
account for ensuring equitable livelihoods:
• Engage a coalition of local, regional, and interna-

tional research institutions to generate and test a 
framework and parsimonious set of indicators and 
metrics that can be used to track progress towards 
equitable livelihoods within business, internation-
al, national, regional, and local governments, and 
organizations.

• Create or build on an existing accountability mech-
anism with mandate and resources to track prog-
ress towards and hold to account equitable live-
lihoods in food systems across all businesses, 
governments, and organizations, ensuring data 
can and are presented disaggregated for women, 
youth, indigenous peoples, migrant workers, and 
others as appropriate.

Realize the potential of science, innovation, technol-
ogy, and evidence to favor equitable livelihoods:
• Apply advances in bioscience innovations, includ-

ing genetic engineering, genome editing, as well 
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as soil, plant and animal husbandry and health 
technologies and practices for a successful trans-
formation of food systems. Meeting food systems 
challenges related to raising production, improving 
efficiency and saving and restoring production 
resources in the face of a changing climate will 
require that benefits from advances in these areas 
are broad based and inclusive of the poor and mar-
ginalized actors in food systems value chains. This 
in turn will require investing in adapting technolo-
gy advances to local conditions for greater accessi-
bility and affordability to, as well as safe utilization, 
by smallholder farmers. 

• Develop and deploy digital innovations to advance 
efficiency and inclusiveness of food systems. Digi-
tal services platform from eCommerce to financial 
and technology support services help link farmers 
and rural communities to actors and service pro-
viders in domestic and global value chains. Lower 
income countries can also overcome at lower cost 
and in a shorter period of time a number insti-
tutional, infrastructural and financial obstacles 
to transforming food systems through strategic 
deployment of remote sensing, big data, machine 
learning, artificial intelligence, robotics, drones 
and digital technologies for more efficient cropping 
systems.

• Improve the availability, quality, accessibility, and 
use of data that can map and inform actions to 
reduce inequalities in the food systems. 

 –  The newly developed food systems dashboard 
is an important advance in this regard. The 
dashboard consolidates existing data from mul-
tiple sources, provides useful tools to visualize 
and understand the data, and are developing 
a set of diagnostics that will permit the iden-
tification of potential policy and program pri-
orities. That said, many data gaps, particularly 
at national and sub-national level and the full 
potential of such tools will be realized only 
once such data gaps are filled.

• Assess deployment pathways (e.g., extension ser-
vices, farmer schools, etc.), and potential for those 
traditionally excluded (e.g., women, youth, small 
holders, indigenous peoples) to benefit when set-
ting priorities for and making investment decisions 
related to the development of innovations and 
new technologies for food systems.

 –  For example, new technologies are being used 
to very positive effect to ensure that nutrition 
does not “exit” the food supply chain. Improving 
traditional products and processes by reengi-
neering the unit operations can be an efficient 
way to both generate rural employment in SMEs 
and incomes for family farmers and increase 

the safety and nutritional quality of foods while 
maintaining or improving the organoleptic char-
acteristics of traditional products. Nonetheless, 
evaluation has also shown that several “good 
ideas” may have harmful side effects when a 
comprehensive approach to understanding all 
different pathways leading from agricultural 
interventions towards the nutrition of individu-
als is insufficiently considered.

• Develop and use creative approaches to learn, 
build on, and document indigenous knowledge 
related to food production, processing, consump-
tion, and natural resource management in ways 
that such knowledge can be shared, adapted, and 
adopted and tested in new contexts if appropriate, 
and drawn on in the establishment of recom-
mendations, guidance, and good practice. New 
approaches are instrumental to revitalize indige-
nous food systems and produce, process, and con-
sume food in culturally relevant and ecologically 
sustainable ways.

 –  Several examples exist illustrating the potential 
and power of mobilizing available indigenous 
knowledge for the establishment of policy rec-
ommendations, guidance, and good practice.

 –  With the threat of climate change and the 
need to adapt to its adverse effects, indigenous 
peoples’ communities are proving to be an 
important source of climate history and base-
line data and are already playing a valuable role 
by providing local-scale expertise, monitoring 
impacts, and implementing adaptive responses 
at the local level. For example, on-farm conser-
vation of crops is a dynamic process, in which 
varieties managed by indigenous farmers con-
tinue to evolve in response to natural and 
human selection, leading to crops with better 
adaptive potential. For instance, “kreb” is a 
mixture of wild and cultivated species (such as 
Digitaria exilis or “fonio”) which is traditionally 
used in the Sahel by pastoralists. The latter har-
vest these seeds from the open grasslands and 
manage the wild species to ensure sustainable 
seed production for human consumption and 
fodder.

 –  Rapid dietary change of indigenous peoples 
worldwide is posing threats to the use of tra-
ditional food and the traditional knowledge 
required for the traditional food system main-
tenance. Several foods and combinations have 
illustrated potential to decrease risk of micro-
nutrient deficiencies. Such traditions may be 
fundamental for slowing the nutrition transi-
tion and accompanying increasing preventable 
diet-related non-communicable diseases
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Abstract

Achieving gender equality and women’s empower-
ment in food systems can result in greater food se-
curity and bett er nutriti on, and more just, resilient, 
and sustainable food systems for all. This paper uses 
a scoping review to assess the current evidence on 
pathways between gender equality, women’s empow-
erment, and food systems. The paper uses an adap-

tati on of the food systems framework to organize the 
evidence and identi fy where evidence is strong, and 
where gaps remain. Results show strong evidence on 
women’s diff ering access to resources, shaped and 
reinforced by contextual social gender norms, and on 
links between women’s empowerment and maternal 
educati on and important outcomes, such as nutriti on 
and dietary diversity. However, evidence is limited on 
issues such as gender considerati ons in food systems 
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for women in urban areas and in aquaculture value 
chains, best practices and effective pathways for en-
gaging men in the process of women’s empowerment 
in food systems, and for addressing issues related to 
migration, crises, and indigenous food systems. While 
there are gender-informed evaluation studies examin-
ing the effectiveness of gender- and nutrition-sensitive 
agricultural programs, evidence to indicate the long-
term sustainability of such impacts remains limited. 
The paper recommends keys areas for investment: 
improving women’s leadership and decision-making 
in food systems, promoting equal and positive gen-
der norms, improving access to resources, and build-
ing cross-contextual research evidence on gender and 
food systems.

1. Introduction 

Women are key actors in food systems as produc-
ers, wage workers, processors, traders, and consum-
ers. They do this work despite many constraints and 
limitations including lower access to opportunities, 
technologies, finance and other productive resourc-
es, and weak tenure and resource rights. These con-
straints and limitations are shaped and reinforced 
by social and structural inequalities in food systems. 
Stark gender inequalities are both a cause and out-
come of unsustainable food systems and unjust food 
access, consumption, and production. In the agricul-
ture sector, for example, evidence shows that wom-
en have unequal access and, in some cases, unequal 
rights, to important resources, such as land, water, 
pasture, seeds, fertilizers, chemical inputs, technolo-
gy and information, and extension and advisory ser-
vices, which reduces their potential to be productive 
in agriculture, become empowered to make strategic 
decisions and act on those decisions, and realize their 
rights (Doss 2018; Meinzen-Dick et al. 2019; Mulema 
and Damtew 2016; Madzorera and Fawzi 2020). In ad-
dition, compared with men, women are more vulner-
able to chronic food and nutrition insecurity as well as 
shock-induced food insecurity (Madzorera and Fawzi 
2020; Theis et al. 2019). 

2. Conceptual Framing 

We conceptualize gender as an important lever for 
progress across all aspects of food systems (Figure 1) 
and draw upon key terms and definitions of women’s 

empowerment, women’s economic empowerment, 
and gender-transformative approaches (see defini-
tions in annex 1). Food system drivers are anchored in 
a gendered system with structural gender inequalities 
and are shaped by shocks and vulnerabilities that affect 
men and women in different ways. Structural gender in-
equalities and gendered shocks and vulnerabilities thus 
influence the ways in which men and women experi-
ence these drivers of food systems, which in turn shape 
the three main components of food systems: value 
chains, the food environment, and consumer behavior. 

This conceptualization of gender in food systems 
recognizes and highlights the linkages and intercon-
nectedness across these components of food sys-
tems—value chains, food environments, and con-
sumer behavior. For example, strengthened access to 
nutritious foods (food environment) is an important 
source and pathway to strengthening individual and 
household resilience (drivers), particularly as adverse 
effects of climate change will continue to negatively 
influence access to and consumption of diverse nu-
trient-rich foods (Fanzo et al. 2018; Theis et al. 2019). 
And as food systems are both contributors to and im-
pacted by climate change, nature-positive production 
schemes (production), such as sustainable agricultural 
intensification strategies, enable food systems to re-
duce their contribution to and mitigate the impacts of 
climate change, thus strengthening resilience (drivers) 
(Campbell et al. 2014). 

These three components of the food system interact 
with gender equality /inequality in a four-dimensional 
space: individual and systemic, formal and informal. 
Transforming food systems in equitable ways requires 
changes in gender equality at the individual and sys-
temic levels and at the formal and informal levels. 
Consciousness and awareness (individual; informal) 
are the changes that must occur in women’s and men’s 
consciousness, capacities, and behavior. Access to re-
sources and opportunities (individual, formal) are the 
changes that must occur with regard to one’s access 
to resources, services, and opportunities. Informal cul-
tural norms and deep structure (informal, systemic) 
are the changes that must occur in the deep structure 
and implicit norms and social values that undergird 
the way institutions operate, often in invisible ways. 
Finally, formal policies, laws, and institutional arrange-
ments (formal, systemic) are the changes that must be 
made to policies and laws in place to protect against 
social and gender discrimination and advance equality 

1 See Johnson et al. (2018) for a discussion of the Reach-Benefit-Empowerment framework.
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(Gender at Work n.d.). Change must go beyond simply 
reaching women through interventions and requires 
facilitating the empowerment process so that women 
can benefit from food system activities (namely in-
creasing wellbeing, food security, income, and health) 
and can make and act upon strategic life decisions 
within food systems.1 Women’s agency, differences in 
access to and control over resources, gendered social 
norms, and existing policies and governance influence 
how men and women can participate in and benefit 
from food systems, leading to differences in overall 
outcomes (Figure 1).

3. Methodology

This paper uses a scoping review (Harris et al. 2021; 
Liverpool-Tassie et al. 2020) to assess the current ev-
idence on gender issues in food systems. Given the 
broad range of key topics related to gender in food 
systems, topically relevant and published systematic 
reviews were purposively sampled to provide a base-
line state of the evidence. After purposively sampling 

and identifying 16 systematic and scoping reviews to 
inform the baseline, additional articles were collect-
ed. Three databases (Google Scholar, ScienceDirect, 
and IFPRI’s Ebrary) were used to gather and collect 
additional articles using key word searches aligned 
with 42 unique terms cross-referenced with the terms 
“gender” and “women.” A total of 198 articles were 
selected from these databases for review after meet-
ing the following inclusion criteria: the articles must 
be empirical and peer-reviewed, published in English, 
and have a geographic focus in low- or middle-income 
countries (LMICs). The article must also make an ex-
plicit reference to gender or women’s empowerment 
and the key thematic term. For articles meeting these 
initial criteria, additional criteria were used to exclude 
some from the review, including if the methodology 
was inadequate to account for biases, or if the article 
was not relevant to agriculture or food systems. Dupli-
cate articles from across the searches were eliminat-
ed from the database. Finally, additional articles were 
identified for inclusion from the citations in the articles 
collected above. All collected articles were managed in 
Zotero reference manager software.2

2  All articles reviewed for this paper are compiled in a separate Excel database, with the following metrics collected for each article: author(s) name, article 
title, year published, journal or organization of publication, country focus (if specified), region focus, methods used, and main finding(s). Additional infor-
mation on the search methods and articles selected are included in the full review paper (citation forthcoming).

Figure 1  Gendered Food Systems

Source: Adapted from de Brauw et al. (2019).
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4. Findings 

This section presents the main findings of evidence 
relevant to the components of the gendered food sys-
tems conceptual framework (Figure 1): drivers and 
cross-cutting levers, shocks and stressors, food and 
value chains, food environment, consumer behavior, 
and outcomes. 

In general, the evidence reveals that women are im-
portant actors and contributors to food systems, but 
their contributions are typically undervalued, unpaid, 
or overlooked in food systems research. A 2021 map 
of food systems and nutrition evidence from 3ie indi-
cates that although women have a major role in food 
systems, relatively few studies have examined strate-
gies for or the effectiveness of interventions aimed at 
improving women’s decision-making power or have 
measured outcomes related to empowerment (Moore 
et al. 2021). Many food system interventions have not 
collected evidence regarding gender, an oversight that 
may result in poor outcomes or inefficient use of funds 
to improve food systems (Moore et al. 2021). 

Overall, the literature is largely in agreement as to 
how to advance gender equality and women’s empow-
erment in food systems but offers little evidence on 
causal pathways or mechanisms (Moore et al. 2021). 
The existing evidence, in general, offers locally or con-
textually specific findings; limited evidence exists that 
applies across contexts or at geographic scale.3 

Drivers: Shocks and Stressors
Men and women are differently exposed and vulner-
able to shock and stress events. As a result of social 
norms and differing access to important resources, 
men and women have different capacities to mitigate 
risk and respond to these events (Mahajan 2017; Cod-
joe et al. 2012). The types of capacities needed include 
absorptive, adaptive, and transformative capacities, 
which are built by developing and leveraging resourc-
es and networks to reduce the risk of adverse impacts 
and facilitate faster recovery from shock and stress 
events. Gendered impacts of shocks are nuanced, con-
text-specific, and often unexpected (Quisumbing et 
al. 2018; Rakib and Matz 2014; Nielsen and Reenberg 
2010). Gendered perceptions of climate change and 
ensuing effects are based on livelihood activities and 
household and community roles and responsibilities, 
and often influence how men and women can lever-

age adaptation strategies to respond (Quisumbing et 
al. 2018; Aberman et al. 2015; Nielsen and Reenberg 
2010). 

Many studies indicate that gender-differentiated ac-
cess to or ownership of important resources— such as 
women having fewer assets and lacking access to in-
formation services or credit—is linked to different ca-
pacities to mitigate, adapt to, and recover from shock 
and stress events (Bryan et al. 2013; de Pinto et al. 
2020; Fisher and Carr 2015). However, women’s par-
ticipation in collaborative farming schemes or group 
networks facilitates broader access to resources and 
additional social networks and types of social capi-
tal, which strengthen women’s capacity to respond 
to these events (Vibert 2016). For example, partici-
pation in community groups and access to credit op-
tions have been positively associated with uptake of 
climate-smart agriculture practices and technologies 
in Mali (Ouédraogo et al. 2019).

Women have fewer adaptation options than men, as 
social norms restrict women’s mobility, freedom of 
movement, and access to transportation, as do time 
burdens associated with domestic and care respon-
sibilities (Jost et al. 2016; Naab and Koranteng 2012; 
de Pinto et al. 2020). However, de Pinto et al. (2020) 
note evidence that certain components of women’s 
empowerment led to increased crop diversification 
among small-scale agricultural producers in Bangla-
desh, suggesting that women do play an important 
and positive role in climate change adaptation. Access 
to context-specific and relevant climate information 
and appropriate technologies is a key determinant 
of adopting climate change adaptation practices, and 
women and men have different needs for and access 
to such information (see section below on Gendered 
Access to Services and Technology) (Bryan et al. 2013; 
Tambo and Abdoulaye 2012; Twyman et al. 2014; Mu-
dege et al. 2017).

Food System Components

Agrifood Value Chains 
Women are actively engaged across various roles in 
agricultural value chains, although women’s positions 
are typically undervalued and overlooked in food sys-
tems research (Doss 2013). In Ethiopia, Abate (2017) 
found that women were predominately responsible 
for storage preparation, postharvest processing, milk 

3 The findings presented in this paper are high-level. Nuanced and further explanation of findings can be found in the full review paper (citation forthcoming).
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processing, barn cleaning, care for newborn livestock, 
cooking, grinding, fetching, and collecting fuelwood, 
and worked with men to weed, harvest, thresh, and 
protect crops from wildlife. Qualitative evidence from 
Benin suggests that women are predominately en-
gaged in agricultural processing activities and, if they 
have access to land, they are also engaged in produc-
tion activities (Eissler et al. 2021a). Studies from Benin 
and Tanzania also found that, regardless of the pro-
ducer, men manage higher-value sales and marketing, 
while women only manage marketing and negotiation 
of small-value sales (Eissler et al. 2021a; Mwaseba and 
Kaarhus 2015). Gupta et al. (2017) provided evidence 
that improving women’s market access is strongly cor-
related with increased levels of women’s empower-
ment in India. 

Agriculture both contributes to and is affected by an-
thropogenic climate change. As population pressures 
continue to increase and place demands on food pro-
duction, agricultural livelihoods across agrifood value 
chains must adapt approaches that will sustainably 
meet rising demand, reduce risk associated with ad-
verse climatic events, and mitigate contributions to 
climate change. Such approaches include sustain-
able intensification (Tilman et al. 2011; Rockström et 
al. 2017), conservation agriculture (Montt and Luu 
2020), and climate-smart and climate-resilient agricul-
ture (Gutierrez-Montes et al. 2020; Duffy et al. 2020), 
among others. A growing body of evidence indicates 
that women producers are less able to adopt such sus-
tainable and resilient production practices or methods 
given their limited access to necessary resources, in-
cluding land, time, labor, information, and technolo-
gies (Theriault et al. 2017; Ndiritu et al. 2014; Grabows-
ki et al. 2020; Farnworth et al. 2016; Meinzen-Dick et 
al. 2019; Doss et al. 2015; Perez et al. 2015; Pradhan et 
al. 2019; Parks et al. 2014; Ayantunde et al. 2020; Kho-
za et al. 2020; Gathala et al. 2021; Mont and Luu 2018; 
Beuchelt and Badstue 2013; Halbrendt et al. 2014). 

Food Environment
Several themes emerge from the evidence linking gen-
der equality and women’s empowerment with improv-
ing availability and access to safe and nutritious food. 
First, the affordability of nutritious food is an import-
ant issue for accessing nutrient-rich foods to advance 
gender equality and women’s empowerment. Avail-
able evidence indicates that women are less likely than 
men to be able to afford a nutritious diet, as women 
often occupy lower-paying wage positions than men, 
earn and control smaller incomes than men, have 
less autonomy over household financial decisions, or 
have no income at all. For example, Raghunathan et 
al. (2021) estimated that while nutritious diets have 

become substantially more affordable for women and 
men wage workers in rural India, unskilled wage work-
ers still cannot afford a nutritious diet; unskilled work-
ers account for approximately 80 to 90 percent of fe-
male and 50 to 60 percent of male daily wage workers 
and affect 63 to 76 percent of poor rural children. 

Another important theme is ensuring equitable access 
to markets where nutritious foods can be purchased. 
Nutrient-dense foods, such as fruit, milk, and vegeta-
bles, are difficult to transport and store, and therefore 
must be purchased locally, particularly in remote and 
rural areas (Hoddinott et al. 2015; Mulmi et al. 2016). 
Several articles linked women’s mobility and freedom 
of movement to market access, and thus to positive 
nutrition and food security outcomes. For example, 
Aryal et al. (2018) found that physical distance to mar-
kets impacted household food security outcomes for 
female-headed households more than for male-head-
ed households in Bhutan. Shroff et al. (2011) found 
women’s low autonomy in mobility was positively 
associated with wasting in children in India. The evi-
dence seems to associate women’s limited mobility 
with stricter social gender norms and religion. 

Consumer Behavior
Agriculture can influence diets and dietary choices 
through the consumption of household-produced 
crops or increased purchasing power derived from the 
sale of agricultural products. Moore et al. (2020) found 
that in research since 2000, women’s roles in food sys-
tems are mostly examined in terms of their role as con-
sumers, such as household cooks, or as mothers who 
are breastfeeding or whose health affect that of their 
children. Other studies link gender norms, roles, and 
responsibilities to women as food preparers and man-
agers of household diet quality (Eissler et al. 2020a; 
Sraboni and Quisumbing 2018). Komatsu et al. (2018) 
found a positive association between the amount of 
time women spent on food preparation and household 
dietary diversity, and Chaturvedi et al. (2016) found a 
positive association between the time mothers spent 
with their children and nutrition status. 

There is evidence showing positive effects of nutri-
tion counseling, nutrition education, and maternal 
education for nutrition, dietary diversity, and health 
outcomes for women and children (Choudhury et al. 
2019; Atker et al. 2012; Kimambo et al. 2018; Reinbott 
and Jordan 2016; Reinbott et al. 2016; Rakotomanana 
et al. 2020; Ragasa et al. 2019). Interventions for sus-
tainable and nutritious diets are found to be more 
effective when they include components on nutrition 
and health behavior change communication, wom-
en’s empowerment, water, sanitation, and hygiene 
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(WASH), and micronutrient-fortified products (Ruel et 
al. 2019). Gelli et al. (2017) found preliminary evidence 
that WASH components of a nutrition-sensitive agri-
culture intervention can mitigate the potential harm, 
such as the health risks, of introducing and enhancing 
small livestock production in Burkina Faso. However, 
more evidence is needed to understand best practic-
es for reducing potential harm of increased livestock 
production and management in nutrition-sensitive ag-
ricultural programs (Ruel et al. 2019). 

Food System Outcomes
Recent research has examined the link between ma-
ternal mental health and psychosocial indicators and 
nutrition outcomes. There is mixed evidence regard-
ing the link between maternal depression and mental 
health symptoms and child or household nutrition. 
Wemakor and Iddrisu (2018) found no association be-
tween maternal depression and child stunting in north-
ern Ghana, whereas Wemakor and Mensah (2016) 
and Anato et al. (2020) found positive associations 
between women experiencing depressive symptoms 
and child undernutrition in Ghana and Ethiopia. We-
makor and Mensah (2016) observed that women ex-
periencing the highest levels of depression were also 
those with lowest incomes or from the lowest-income 
households. Cetrone et al. (2021) found that food se-
curity improvements resulting from participation in 
a nutrition-sensitive agriculture program mediated 
women’s depression symptoms in Tanzania. Such ev-
idence, which is both mixed and limited, suggests that 
further studies are needed to understand the psycho-
social impacts of women’s empowerment and mental 
health on household nutrition and health outcomes.

Evidence links access to resources and empowerment 
to nutritional outcomes and children’s educational out-
comes. For example, evidence indicates that women’s 
livestock ownership or production diversity, combined 
with market access and women’s empowerment, are 
important drivers of diverse household consumption 
and nutritional status (Sibhatu et al. 2015; Mulmi et 
al. 2016; Hodinott et al. 2015). Additionally, Malapit et 
al. (2018) found in Bangladesh that while gaps in pa-
rental empowerment had only weak associations with 
children’s nutrition status, mother’s empowerment is 
positively associated with girls’ education and keeping 
older children in school in general. 

A growing body of research has examined the path-
ways through which women’s empowerment is linked 
with household nutrition outcomes and access to nu-
tritious foods (Alaofè et al. 2017; Reinbott and Jordan 
2016; Bellows et al. 2020; Malapit and Quisumbing 

2015; Heckert et al. 2019; Lentz et al. 2021). These 
pathways are contextual and vary across countries and 
regions (Na et al. 2015; Ruel et al. 2019; Quisumbing 
et al. 2020). Ruel et al. (2019) observe that while the 
current evidence broadly associates women’s empow-
erment and nutrition outcomes, this evidence is gen-
erally context-specific, given that women’s empower-
ment and gender roles and norms are closely linked. 
As more evidence is generated from cross-context 
evaluations, future research can create typologies to 
better explain how gender roles more broadly inter-
act with nutrition-sensitive agricultural interventions 
(Ruel et al. 2019). 

Specific to equitable livelihood outcomes, evidence 
indicates that women face disproportionate barriers 
in accessing finance and credit options compared with 
men (Adegbite et al. 2020; Ghosh and Vinod 2017; 
Dawood et al. 2019; Kabir et al. 2019). For example, 
Kabir et al. (2019) found that in Bangladesh, a lack of 
access to credit is the most significant barrier wom-
en producers faced, followed by lack of need-based 
training, high interest rates, insufficient land access, 
and a lack of quality of seeds. Women’s ability to earn 
incomes and participate in income-generating activi-
ties are strongly mediated by restrictive gender norms, 
lack of access to resources, and time burdens arising 
from normative roles and responsibilities. In a study of 
urban women vegetable traders in Viet Nam, Kawaraz-
uka et al. (2017) found that women were able to work 
in less socially respected spaces, such as street trad-
ing, but still needed to negotiate their access to infor-
mal employment spaces with their husbands. 

Supporting women’s entrepreneurship is suggested as 
an important pathway to advancing gender equality 
and women’s empowerment in food systems. Malapit 
et al. (2019) suggests that this is not necessarily the 
case if these businesses are small and home-based; 
such businesses typically make little profit and tend to 
add to women’s existing time burdens. And in a sys-
tematic literature review, Wolf and Frese (2018) em-
phasized the need to recognize that spousal support is 
a key factor for women’s entrepreneurship or engage-
ment in income-generating activities.

5. Cross-Cutting Gender and Food System Issues

Gendered Social Norms and Expectations 
Social and cultural norms shape and reinforce the ways 
in which women and men can participate in, access, 
and benefit from opportunities and resources (Krist-
jianson et al. 2017; Meinzen-Dick et al. 2019; Rao et 
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al. 2017; Moosa and Tuana 2014). This has important 
consequences across all aspects of advancing women’s 
empowerment and gender equality in food systems. 
For example, norms can hinder women’s ability to ac-
cess or adopt new agricultural practices (Kiptot and 
Franzel 2012; Njuki et al. 2014). Importantly, gender 
norms vary within contexts, such as by religious iden-
tity or social class. Kruijssen et al. (2016) noted that 
different normative expectations of women in Hindu 
and Muslim communities influenced the ways in which 
these women were constrained or enabled in partici-
pating in aquaculture value chains in Bangladesh. 

In general, women often experience restrictive social 
norms that hinder their empowerment and full par-
ticipation in household or community activities and 
value chains (Huyer and Partey 2019; Kruijssen et al. 
2018). In a review of evidence on gender issues in 
global aquaculture value chains, Kruijssen et al. (2018) 
found that contextual gender norms shape the ways 
in which women and men participate in aquaculture 
value chains around the world, often limiting women’s 
ability to participate in and benefit from aquaculture 
value chains equally. 

Social gender norms are contextually and cultural-
ly specific and are strongly linked to women’s em-
powerment (Eissler et al. 2020a, 2020b, 2021a; 
Meinzen-Dick et al. 2019; Bryan and Garner 2020). 
Emic understandings of an empowered woman and 
an empowered man vary, but importantly inform the 
understanding of cultural nuances and expectations of 
roles and responsibilities of women (Meinzen-Dick et 
al. 2019; Bryan and Garner 2020). Men are generally 
considered household financial providers and deci-
sion-makers, whereas women are responsible for do-
mestic chores, childcare, food preparation, and other 
unpaid care tasks. In rural agricultural settings, women 
may also provide household labor on their husbands’ 
agricultural plots in addition to their domestic work 
yet are not remunerated for this labor (Picchioni et 
al. 2020; Nahusenay 2017; Ghosh and Chopra 2019). 
Recent evidence also suggests that patterns of male 
dominance in the household are linked to individuals’ 
gender norms but are not necessarily correlated with 
intergenerational transfers of male dominance in in-
trahousehold decision-making (Leight 2021). 

Gendered Access to and Control over Resources, 
Services, and Technology
A large body of literature has examined differences 
in men’s and women’s access to, ownership of, and 
control over resources in the food system (Johnson 
et al. 2016; Uduji et al. 2019; Perez et al. 2015; Geb-

re et al. 2019; Fisher and Carr 2015; Lambrecht and 
Mahrt 2019). Evidence indicates that perceived or ef-
fective ownership of resources may be more import-
ant than actual ownership for women’s empowerment 
and nutrition outcomes (Eissler et al. 2020b). Studies 
have found positive associations between women’s 
land ownership and their participation in community 
groups or co-operative networks, suggesting that ac-
cess to important resources, such as land, facilitates 
access to other resources, such as increased bargain-
ing power and pooled assets. Further evidence indi-
cates that when women’s previously less-lucrative or 
lower-valued activities begin to rise in value or earn 
higher incomes, control over the activity or resource 
may be transferred from women to men (Mwaseba 
and Kaarhus 2015). 

Existing literature shows that women face social, cul-
tural, and institutional barriers to accessing and adopt-
ing agricultural technologies, information, and services 
(Peterman et al. 2014; Peterman et al. 2011; Perez et 
al. 2015; Mudege et al. 2015, 2017; Ragasa et al. 2013; 
de Pinto et al. 2020; Raghunathan et al. 2019; Duffy 
et al. 2020). Men and women have different needs 
for and access to such information and technologies; 
gender analyses are therefore needed to tailor com-
munication strategies to ensure that information and 
dissemination are adequately targeted to men and 
women (Tall et al. 2014; Peterman et al. 2014; Diouf et 
al. 2019; Ragasa et al. 2013; Jost et al. 2016; Mudege 
et al. 2017; Duffy et al. 2020). Women have access to 
disproportionately less information than men overall 
but they have access to more information regarding 
certain topics relevant to their gender-normative roles 
and responsibilities, such as postharvest handling and 
small livestock production (Twyman et al. 2014). 

Gender-sensitive program designs that aim to increase 
access to technologies have positive impacts on wom-
en’s nutrition and health outcomes (Kassie et al. 2020; 
Alaofè et al. 2016, 2019). An evaluation of a gender-sen-
sitive irrigation intervention in northern Benin found 
that women in the program had higher dietary diver-
sity, increased intake of vegetables, reduced rates of 
anemia, higher body mass indexes (BMI), and improved 
household nutritional status through direct consump-
tion as a result of women’s increased crop diversifica-
tion and women’s increased income allowing them to 
make economic decisions (Alaofè et al. 2016, 2019). 

Interventions to benefit or empower women may 
overlook the time trade-offs required for women’s 
participation or for intended outcomes (Picchioni et al. 
2020; Komatsu et al. 2018; van den Bold et al. 2020). 
Importantly, measuring time use itself does not ad-
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dress women’s agency over their time use or the intra-
household decision-making surround-ing how and on 
what activities women may spend their time (Eissler et 
al. 2021b). There is little research to show how women 
may control their own time use or how interventions 
can support women in managing their own time to ad-
vance their strategic choices in food systems.

Women’s Agency: Decision-Making and Leadership 

Household Level
Evidence suggests positive nutrition, livelihood, well-
being, and resilience outcomes when women are 
more involved and have greater influence in house-
hold decision-making. Several studies find that when 
women own or have joint title to land, they are sig-
nificantly more involved or have greater influence in 
household decision-making, particularly regarding 
agricultural or productive decisions (Wiig 2013; Mish-
ra and Sam 2016). And while Fisher and Carr (2015) 
found that women farmers in Ghana and Malawi were 
less likely to adopt drought-tolerant maize varieties 
due to differences in resource access, women strongly 
influenced the adoption of drought-tolerant maize va-
rieties on plots controlled by their husbands. 

Community Level
Diiro et al. (2018) found evidence that increases in 
women’s empowerment, including women’s participa-
tion in community leadership, is associated with high-
er agricultural productivity; and women from more 
food-secure households are more likely to participate 
in community leadership roles. Niewoehner-Green et 
al. (2019) found that for women in rural Honduras, 
social norms and structural biases hindered their par-
ticipation in leadership positions in agricultural groups 
and limited their influence and voice in community de-
cisions. There is some evidence to suggest that men 
and women value and participate in different types of 
community groups. For example, women place a high-
er value on savings and credit groups than men and 
may have greater access to hyper-local institutions, 
whereas men have greater access to institutions and 
services from outside of their immediate community 
(Cramer et al. 2016; Perez et al. 2015). Other evidence 
suggests that women may participate in fewer groups 
than men (Mwongera et al. 2014). 

Food Systems Level
Increasing women’s voices and integrating their pref-
erences into agricultural solutions, including technolo-
gy design and implementation, is an under-researched 
pathway to empowerment and gender equality in 
food systems. For example, there is evidence that 

women may have different preferences than men with 
regard to crop varietals (Gilligan et al. 2020; Teeken et 
al. 2018), but there is limited evidence that breeders’ 
consider these preferences in varietal design and pro-
files (Tufan et al. 2018; Marimo et al. 2020).

Institutional Barriers, Policy, and Governance 
The prevalence of gender-based violence (GBV) is a 
systemic barrier for women’s empowerment in food 
systems. There is extensive research in health litera-
ture on GBV; however, research on violence against 
women in the context of food systems is limited. Some 
studies find evidence that women’s asset ownership 
deters GBV, suggesting that when women own assets, 
their status may increase, making it easier for them to 
leave harmful relationships (Grabe 2010; Grabe et al. 
2015). Buller et al. (2018) and Lees et al. (2020) found 
that cash transfer programs decrease the incidence of 
GBV. The new project-level Women’s Empowerment in 
Agriculture Index for Market Inclusion (pro-WEAI+MI) 
includes indicators on sexual harassment and violence 
against women in composite measurements of em-
power-ment for women in agricultural value chains 
(Ragasa et al. 2021; Eissler et al. 2021a), providing a 
tool to measure the incidence of GBV and its impact 
on women’s empowerment in food systems. 

Institutions and policies that support gender equality 
and women’s empowerment in food systems are gen-
erally lacking in low-income countries (Meinzen-Dick 
et al. 2013). Bryan et al. (2017) observed that a lack 
of policies and institutional capacity hinders research 
and gender integration into climate change adaptation 
programs across a range of contexts, specifically not-
ing a lack of staff capacity on gender, lack of funding 
to support gender integration, and sociocultural con-
straints as key barriers to gender integration. Some ev-
idence suggests a tension between formal legislation 
and practiced law. Pradhan et al. (2019) found that in 
practice, women’s joint and personal property rights 
differ from legal definitions. Eissler et al. (2021a) ob-
served that while Benin has formal gender equality 
and antidiscrimination laws, these are poorly enforced 
and do not align with social norms toward GBV or ha-
rassment. For example, women working in agricultural 
value chains often may not report incidents of sexual 
harassment in the workplace for fear of upsetting their 
husbands, suggesting that women may feel a sense of 
responsibility for inviting the harassment.

6. Conclusions

This scoping review aimed to elucidate evidence and 
identify evidence gaps for advancing gender equali-
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ty and women’s empowerment in food systems. We 
see evidence that women have differing access to 
resources compared with men, such as essential ser-
vices, knowledge and information, technology dis-
semination, land, credit options, time, and markets. 
This differing level of access is shaped and reinforced 
by contextual social gender norms. Existing evidence 
shows that context-specific pathways link women’s 
empowerment to important outcomes, such as house-
hold nutrition and dietary diversity, noting that these 
pathways may vary between and within contexts. 
Cross-contextual evidence exists of positive associa-
tions between maternal education (and specifically, 
access to nutrition education) and positive outcomes 
for child and household nutrition and diet quality. 

While this review was not systematic, it appears that 
only limited studies address important areas of inquiry 
regarding gender equality and women’s empowerment 
in food systems. Specifically, only a few studies includ-
ed in this review examined gender considerations in 
food systems for women in urban areas or aquaculture 
value chains. There have been few studies to under-
stand best practices and effective pathways for engag-
ing men in the process of women’s empowerment in 
food systems, or addressing issues of migration, crises, 
or indigenous food systems. Additionally, while there 
are gender-informed evalua-tion studies examining 
the effectiveness of gender- and nutrition-sensitive 
agricultural programs, there is limited evidence to in-
dicate the long-term sustainability of such impacts. 

In conclusion, this review suggests there is substan-
tial agreement about pathways to improve women’s 
empowerment and gender equality in food systems, 
but the actual evidence to support these pathways, 
specifically cross-contextual evidence, is limited. Ex-
isting evidence is extremely localized and context-spe-
cific, limiting its application beyond the focus area of 
the study. And finally, relatively few studies included 
a gender-informed design and conceptual framework 
to best understand mechanisms to promote equality 
and empowerment. Moving forward, further research 
is required to produce stronger evidence on cross-con-
textual pathways to improve gender equality and 
women’s empowerment in food systems. 

7. Recommendations for Investment

Invest in maternal education, particularly nutri-
tion-focused education and counseling. 
Cross-contextual evidence indicates that maternal ed-
ucation and experiences with nutrition counseling are 

positively associated with improved diet quality and 
diversity, leading to better nutrition outcomes at the 
household level. For example, Chudhury et al. (2019) 
found a positive association of maternal education and 
maternal health, household dietary diversity, and nu-
trition and health outcomes for household members 
in 42 countries, suggesting that dietary diversity may 
be driven by preferences and knowledge. In Tanzania, 
Kimambo et al. (2018) found positive associations be-
tween women’s nutrition knowledge and consump-
tion of African vegetables. Rakotomanana et al. (2020) 
found that in Madagascar, children of mothers with 
knowledge and positive attitudes about complemen-
tary nutrient-rich foods had more nutrient-diverse di-
ets; and those with mothers who had lower incomes 
and greater time burdens had less nutrient-diverse 
diets. Studies also found benefits from involving 
grandmothers in nutrition counseling, education, and 
dialogues in Sierra Leone (Aidam et al. 2020; MacDon-
ald et al. 2019) and Nepal (Karmacharya et al. 2017). 
Investments should focus on increasing women’s ed-
ucational attainment coupled with nutrition-focused 
counseling.

Invest in programs/interventions that aim to improve 
women’s influence and role in decision-making and 
leadership at all levels of the food system (house-
hold, community, and systems). 
Women’s influence and role in decision-making is as-
sociated positively with nutrition, women’s empow-
erment, and livelihood outcomes at all levels of food 
systems. At the household level, in northern Ghana, for 
example, women are less likely to have decision-mak-
ing autonomy over productive decisions, purchasing, 
selling or transferring assets, and speaking in public 
(Ragsdale et al. 2018). In Bangladesh, de Pinto et al. 
(2020) found that households have higher levels of crop 
diversification when women have more influence in 
productive household decision-making, suggesting that 
an increase in women’s bargaining power can lead to 
more resilient agricultural livelihoods. At the communi-
ty level, evidence indicates that women’s participation 
in community groups also enhances resilience, increas-
es access to important resources such as land or labor, 
builds and facilitates social networks, and increases 
their influence and participation in community-level 
decision-making (Kumar et al. 2019; Aberman et al. 
2020). For example, Kabeer (2017) found that women 
in Bangladesh who expand their active social networks 
through community groups have higher levels of em-
power-ment. Raghunathan et al. (2019) found that In-
dian women’s participation in self-help groups was pos-
itively associated with increased levels of information 
and participation in some agricultural decisions but did 
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not affect agricultural production or outcomes, possibly 
because of women’s limited time, financial constraints, 
or restrictive social norms. At the systems level, there 
is limited evidence to suggest that technology devel-
opment (including crop breeding, for example) incor-
porates women’s different preferences and needs into 
design (Tufan et al. 2018; Marimo et al. 2020). Invest-
ments should be made in interventions that address 
and facilitate improvements for women’s influence and 
participation in decision-making at all levels. 

Invest in interventions that promote positive and 
equal gender norms at the household, community, 
and systems level. 
Gender norms and associated expectations vary by 
context; however, restrictive gender norms shape and, 
in many ways, hinder women’s empowerment across 
contexts and limit their ability to participate in and act 
upon strategic decisions or activities to advance their 
own empowerment across all components of food 
systems. For example, a study in Egypt found that a 
woman’s normative role as an unpaid household care-
giver limited her ability to sell fish compared with her 
husband, who did not face time burdens associated 
with caregiving and who maintained decision-mak-
ing control over his and his wife’s activities (Kantor 
and Kruijssen 2014). In Papua New Guinea, Kosec et 
al. (2021) found that men are more likely to support 
women challenging normative gender roles in terms of 
their economic participation during periods of house-
hold economic stress because this can raise household 
income, not because they support transforming wom-
en’s role in society more generally. Contextual gender 
norms may also shape women’s food allocation pref-
erences, which hold important implications for nutri-
tion. In Ethiopia, for example, women may favor sons 
over daughters for more nutrient-dense foods (Coates 
et al. 2018). Sraboni and Quisumbing (2018) found 
that women’s preferences in allocating nutritious 
foods were influenced heavily by social norms in Ban-
gladesh, where women favored sons over daughters 
because of male advantage in labor markets and prop-
erty rights. Investments should be made to promote 
positive and equal gender norms for and with men and 
women across contexts and scales from the household 
to system levels. 

Invest in interventions and efforts that improve 
women’s access to important and necessary 
resources. 
The evidence overwhelmingly indicates that across 
contexts women have less access to important re-

sources than men. These resources include, but are 
not limited to, land, agricultural inputs, financing 
options, financial services, technology, technical ser-
vices, and time. Nuanced variations exist across and 
within contexts. For example, in sub-Saharan Africa, 
studies indicate that women may rely on informal 
sources of information, such as personal connections, 
whereas men rely on formal sources of information, 
such as extension or the private sector; however, 
in Colombia, men may have more access to infor-
mation overall compared to women, but both rely 
on the same sources of information (Twyman et al. 
2014, 2016; Mudege et al. 2017). With regard to time, 
Komatsu et al. (2018) found that women’s time alloca-
tion and household nutrition outcomes varied by lo-
cal context, such that women’s time in domestic work 
was positively associated with diverse diets in Bangla-
desh, Cambodia, Ghana, Mozam-bique, and Nepal, 
but in Mozambique, the relation between women’s 
time in agricultural work and children’s diet quality 
varied with women’s asset poverty. Picchioni et al. 
(2020) found that in India and Nepal, women and men 
participate equally in productive work that requires 
high levels of energy, but women shoulder most of 
the reproductive work at the expense of leisure op-
portunities. Van den Bold et al. (2020) found that a 
nutrition-sensitive agricultural intervention in Burkina 
Faso significantly increased the time women spent on 
agriculture and led to improved maternal and child 
nutrition outcomes, and that women’s increased time 
spent on agriculture did not have deleterious effects 
on their own or their children’s nutrition. Investments 
should be made to target improving women’s access 
to and control and ownership over such resources to 
ensure they are able to effectively benefit from these 
resources. 

Target research to yield more cross-contextual evi-
dence for advancing gender equality and women’s 
empowerment in food systems.
Finally, the overall outcome of this review revealed 
that the current evidence on advancing women’s em-
powerment and gender equality in food systems is lo-
cally specific and linked to contextual gender norms. 
Developing cross-contextual typologies can support 
development of evidence that has broader applica-
tion. More targeted research is required to identi-
fy patterns of successful and effective interventions 
and pathways to advance women’s empowerment 
and gender equality in food systems with contextual 
norms. The outcome of such research would be clear 
typologies that link successful interventions and rec-
ommenda-tions by gender norms. 
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Introduction 

By 2050, the United Nati ons projects that 68 percent 
of the world populati on will live in citi es (UN DESA 
2019). However, with conti nuous populati on growth, 

the number of people living in rural areas of many low- 
and middle-income countries (LMICs) will conti nue to 
rise. Two-thirds of the extreme poor live in rural ar-
eas (World Bank 2016) and the livelihoods of two to 
three billion rural people, oft en the most food inse-
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cure and vulnerable, still depend primarily on small 
farms (Laborde, Parent, and Smaller 2020; Woodhill, 
Hasnain, and Griffith 2020). 

There are various estimates of the number of small 
farms in the world, but they all suggest these farms are 
numerous. Lowder et al. (2016) used agricultural cen-
sus data from 167 countries to estimate that, of the 
total 570 million1 farms in the world, 475 million farms 
have less than 2 hectares (ha), dominating agriculture 
in most LMICs, where farm sizes continue to fall. Af-
rica south of the Sahara has the highest rural popu-
lation growth rate globally, and thus the number of 
small farms is expected to increase more than in other 
regions. Africa’s share of total world rural poverty is 
also expected to rise from 39.6 percent in 2015 to 58.1 
percent in 2050 (Thurlow, Dorosh, and Davies 2019). 
Transforming Africa’s agriculture sector is thus a prior-
ity embodied in the Malabo Declaration on Accelerat-
ed Agricultural Growth and Transformation for Shared 
Prosperity and Improved Livelihoods (AU 2014). How-
ever, to meet the Malabo goals and achieve multiple 
SDGs in all LMICs by 2030, creating an enabling envi-
ronment where small farms are included in and bene-
fit from rapid growth and transformation of agrifood 
systems is urgent (Barrett et al. 2020). 

Small farms not only contribute to feeding the house-
holds that operate them but also make two broader 
contributions. First, small farms are important to the 
overall food security of LMICs. Samberg et al. (2016) 
noted that farms less than 5 ha are responsible for 53 
percent of the global production of food calories for 
human consumption. Herrero et al. (2017) reported 
that in Africa and South and Southeast Asia small farms 
with less than 2 ha produce around 30 percent of food 
and make valuable contributions to micronutrient-rich 
food production. Ricciardi et al. (2018) estimated that 
farms under 2 ha globally produce 30–34 percent of 
the food supply. Nonetheless, small farm households 
themselves are often unable to afford a nutritious diet 
(Bai et al. 2020). 

Second, small farms contribute to the sustainability 
of agrifood systems by maintaining the genetic diver-
sity of crops and livestock and supporting ecosystem 
services. Small farms have more crop diversity and 
harbor greater non-crop biodiversity at the farm and 
landscape scales than do larger farms (Ricciardi et 
al. 2021). Subsistence-oriented small farmers plant 

a greater diversity of traditional crops and maintain 
genetic resources by cultivating land races (Fifanou et 
al. 2011; McCord et al. 2015). Small fields have more 
edges than larger fields, creating a heterogeneous 
landscape and providing habitat for non-crop species 
(Ouin and Birel 2002). To the extent that small farms 
have more tree cover than larger farms, they provide 
above- and below-ground carbon storage, with glob-
al benefits for climate mitigation (Ritchie and Roser 
2017). Trees on farms can also improve water infiltra-
tion, a hydrological service that benefits other water 
users in the landscape and downstream (Anache et al. 
2019).

For small farms to be part of inclusive and sustainable 
agrifood system transformation, both innovative tech-
nology and market institutions are required to support 
LMICs’ diverse agroecological and socioeconomic con-
texts. Many debates on the future of small farms focus 
only on farm production, rather than the whole con-
text of farm household livelihoods, which include off-
farm activities, or the agrifood system on which farms 
depend for buying inputs and selling outputs (Reardon 
et al. 2019; Giller et al. 2020). The future of small farms 
should instead be assessed using a holistic livelihoods 
and agrifood system lens.

Who are Small Farmers in the Future?

More than 410 million farms are very small, with less 
than 1 ha of land, and another 70 million are between 
1 and 2 ha (Lowder et al. 2016). However, discussions 
of farm size often ignore land quality considerations 
(Eastwood, Lipton, and Newell 2010). For example, a 
5-ha farm in a rainfed zone with poor quality soil may 
support less production than a 1 ha farm in an irrigat-
ed zone with good soil. Thus, mere farm size ranges 
tell us nothing about differences in agroecological 
land quality, or about the socioeconomic contexts in 
which they operate, such as market and infrastructural 
conditions (FAO 2014; Graueb et al. 2016). While the 
product mix of small farm varies depending on this 
context, many are diversifying that mix, driven by ur-
banization, consumers’ dietary preferences, technolo-
gy, infrastructure development, and rural-urban links. 
Moreover, households that operate small farms tend 
to have diversified income sources, including non-
farm activities, and that diversification is expected to 
increase over time, although at different rates among 

1  Hickson and Thornton (2020) updated the total to 590 million farms, which probably increases the total of small farms above the Lowder et al. (2016) esti-
mate.
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different sets of small farmers (Davis, Giuseppe, and 
Zezza 2017). 

Despite the strong heterogeneity across small farms, 
they can be categorized in ways that make our analysis 
more tractable. Following Vorley (2002), Dorward et 
al. (2009), Hazell and Rahman (2014), and Hazell et al. 
(2017) and based primarily on Hazell (2019), we classi-
fy small farmers in LMICs into three groups. 

Commercial small farmers run their farms as busi-
nesses. While commercial agriculture is an important 
source of income for them, many also undertake rural 
non-farm employment (RNFE). Most commercial small 
farmers do not specialize in high-value crops or live-
stock, as many also produce food crops. Their product 
and activity mix are conditioned by agroecological cir-
cumstances, urban market proximity, rural infrastruc-
ture, and the agro-processors, logistics, exporters, and 
wholesale enterprise investment and density in their 
area. Climate change and economic transformation 
also condition their farm businesses and will create 
new challenges and opportunities even over the next 
10 years. Some commercial small farms will continue 
to focus on today’s traditional export crops—for ex-
ample, cocoa in Ghana, cotton in Mali, and coffee in 
Ethiopia—while increasing numbers will turn to prod-
ucts that cater to the diversifying diets of burgeoning 
domestic urban markets, including fruits, vegetables, 
fish, poultry, edible oils, milk, and feed grains such as 
soy. Non-cereal products are especially labor-demand-
ing and often offer little or no economies of scale, al-
lowing small farms to be competitive. Over time we 
expect to see greater specialization in the farming of 
high-value products and a movement away from the 
combination of cash and staple crop farming, similar 
to what one sees among specialized vegetable farmers 
in the Shandong province of China (Huang, Gong, and 
Huang 2010) or specialized poultry and pig farmers 
near Yangon in Myanmar (Belton et al. 2020). 

Small farmers in transition often depend heavily on 
RNFE while also maintaining small plots for home food 
consumption plus some semi-commercialized food 
or non-food products. They tend to buy a substantial 
share of their food. These farmers are in zones where 
favorable non-farm opportunities exist locally or in 
near-by towns. With demand growing for high-val-
ue farm products in cities, some transitional farmers 
will commercialize their small farms while continuing 
their RNFE. However, others may exit agriculture or 
maintain just small food plots because access to food 
markets in their area is uncertain, or because the RNFE 
labor market itself is uncertain or limited (de Janvry 
and Sadoulet 2006). Thus, many small farmers in this 

group will continue to have one foot in farming and 
one foot in RNFE as their major source of income, and 
their number is expected to remain large over the next 
decade.

Subsistence-oriented small farmers are marginalized 
for a variety of reasons, many of which will be diffi-
cult to change in the next decade, such as ethnic dis-
crimination, sickness, age, or their farm’s location in 
a remote area with limited agricultural potential. We 
expect the number of these small farms to fall with 
economic transformation, but it is unrealistic to expect 
most will disappear in the next decade. These farm 
households tend to undertake some RNFE or farm 
wage labor (usually the domain of the poorest farm-
ers or the landless), but many of the same factors that 
constrain their farming also prevent them from under-
taking remunerative RNFE to become transition farm-
ers. These subsistence-oriented farmers are typically 
net buyers of staple foods. While market and technol-
ogy development will help them improve farm produc-
tivity, the above constraints limit even this. They need 
social protection policies and other public support be-
yond what the agrifood system and rural labor market 
can provide.

RNFE is an important income source for rural small 
farm households and on average occupies more of 
their working time than farming in many African and 
Asian LMICs (Dolislager et al. 2020). For commercial-
ized and transition small farmers, who are often in 
places with favorable agroclimates and adequate infra-
structure, RNFE helps fund farming by providing cash 
or collateral for credit to buy inputs and diversifying 
income risk from agriculture. This can incentivize ex-
perimentation with new production technologies and 
riskier products like vegetables, poultry, and fish that 
have higher values. Increases in local RNFE activities 
often lead to rising rural wages (Murgai and Lanjouw 
2009), which can induce the adoption of mechaniza-
tion (Wang, Yamauchi, and Huang 2016). However, in 
less favorable agroclimatic zones or hinterland areas 
where most subsistence-oriented small farmers are lo-
cated, RNFE is used mainly to fund food purchases and 
competes with, but also compensates for, unprofitable 
farming (Davis et al. 2009).

Innovations for the Future of Small Farms

The future of small farms will depend on technologi-
cal and institutional innovations that are now appear-
ing in some developed and developing county con-
texts or have yet to be developed (Herrero et al. 2021, 
2020). Technological innovations have the potential 
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to benefit small farms in LMICs, but ensuring their ap-
propriateness remains a challenge. High transaction 
costs, lack of collective action, and failures in produc-
tion and marketing coordination all introduce risks 
for small farms and are commonly seen as barriers 
to adopting modern technologies and participating in 
value chains. Many subsistence farmers may be too 
remote from markets or lack the capacity to benefit 
from new technologies. Transition farmers can be dis-
incentivized from adopting new technologies if they 
are labor-intensive and compete with their non-farm 
employment. Even for commercial small farmers, the 
adoption of new technologies requires enabling con-
ditions from output and input supply chains. Small 
farmers’ adoption of new technologies and the cul-
tivation of higher-value products thus requires that 
they have the proper profit incentives and market ac-
cess, which are in large part a function of the broad 
market institutional context. Effective market institu-
tions require improved infrastructure that facilitates 
input supply chains upstream from the farm and con-
nects small farmers to cities downstream from their 
farms. 

Downstream from the farm, output market conditions 
affect small farmers’ prices, risk, and transaction costs. 
Critical factors include urban market size and proxim-
ity; the density and quality of roads between farmers 
and markets; and the midstream (wholesalers, logis-
tics firms, and processors) and downstream (retailers) 
accessibility to and conduct toward small farmers. De-
velopments in these enabling conditions in LMICs are 
themselves local innovations, which often rapidly im-
prove market access for small farmers, as in the exam-
ples from Ethiopia, Nigeria, and India discussed below. 
Changes in these conditions will continue to be the 
main factor affecting small farmers’ technology adop-
tion, income growth, and inclusion in agrifood system 
transformation in the next decade. Some emerging 
technologies, such as e-commerce linked to digitaliza-
tion, are also promising innovative market institutions 
that will impact the relationship between small farm-
ers and markets in the next few decades.

The urban market now makes up the largest share 
of national food consumption in LMICs (Reardon et 
al. 2019). Proximity to urban markets in primary and 
secondary cities and small towns asserts a strong in-
fluence on market conditions and the technology 
and product choices of small farmers (Vandercasteel-
en et al. 2018). Highways and rural roads connecting 
farmers to urban markets likewise are critical to small 
farmers’ access to these booming urban markets, sug-
gesting the importance of public investment in rural 
infrastructure (Stifel, Minten, and Koru 2016). 

The combination of growing urban markets, expand-
ing road connections, and the development of whole-
sale markets provides favorable conditions for the 
spontaneous formation of clusters of wholesalers, 
cold storages, processors, and logistics enterprises 
that provide crucial services that enable small farmers 
to access urban markets. The emergence of clusters 
of small and medium enterprises (SMEs) offering po-
tato cold storages in Bihar, India, is a good example; 
these have allowed small farmers to store their pro-
duce and wait for much higher prices in the off-season 
(Minten et al. 2014). In Ethiopia, the spontaneous de-
velopment of a teff value chain connecting rural areas 
to Addis Ababa has been facilitated by the growth of 
midstream private SMEs utilizing public infrastructure 
and improvements in wholesale markets. Midstream 
market development also spurred the adoption of new 
technology and a new teff variety by small farmers 
(Minten et al. 2016). Many thousands of small chicken 
farmers in Nigeria, mostly women, benefited from the 
rapid growth of long north–south maize supply chains, 
operated by thousands of SME wholesalers and feed 
millers, to market their chicken and eggs in towns and 
secondary cities (Liverpool-Tasie et al. 2017). Sponta-
neous clusters of traders and input suppliers are also 
seen in aquaculture districts of Bangladesh and are a 
key determinant of small farmer technology adoption 
(Hu et al. 2019). 

The relations of supply chain firms with small farmers 
are a critical determinant of small farmers’ participa-
tion in markets for high-value agricultural products. 
These firms not only buy from small farms but also 
often provide resources and services that small farm-
ers need to participate in the market, from inputs and 
credit to adopt new technologies that meet market 
requirements to services such as aggregating, sorting, 
and packing. This facilitation is offered through formal 
contract-farming arrangements with large processors 
and retailers (Swinnen and Kuijpers 2018) as well as 
through informal relationships with SME wholesalers 
and processors that reduce the price risk for small 
farms (Liverpool-Tasie et al. 2020). Relative to the “tra-
ditional” arrangement of spot markets, this facilitation 
can be broadly seen as a market institution innova-
tion, especially in the poorer LMICs. We expect these 
relationships to expand over the next decade as the 
double-pronged food system revolution continues its 
rapid course, with both the proliferation of SMEs and 
of modern large-scale firms underpinning the growth 
of rural-urban supply chains (Reardon et al. 2019).

Despite still being in its infancy in LMICs, e-commerce 
(marketing online) and e-procurement (buying inter-
mediate inputs online) are emerging rapidly. The dif-
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fusion of Internet access, mobile phones, and com-
puters helps the spread of “delivery intermediaries,” 
whose expansion has been particularly rapid during 
the COVID-19 pandemic as consumers tried to avoid 
in-person shopping (Reardon and Swinnen 2020). 
COVID-19 accelerated e-commerce growth, for ex-
ample, from 30 to 70 percent per year in India, 10 to 
20 percent in China, and 20 to 50 percent in Nigeria 
(Vardhan 2020). The benefits of e-commerce for small 
farmers will depend on three conditions. First, wide-
spread access to e-commerce will depend on mo-
bile phone rates and Internet costs, which currently 
are particularly high in Africa (Torero 2019). Second, 
while e-commerce can make it easier for small farm-
ers to sell to urban markets, their costs and product 
quality must still be competitive with medium and 
large farmers and importers. Small farmers linked to 
e-commerce may be better able to compete in more 
proximate niche markets. Third, e-commerce as digi-
talization per se only informs a buyer of a seller and 
a seller of a buyer; the final transaction still relies on 
delivery intermediaries, roads, and logistics, and the 
same high transaction costs that have constrained the 
development of non-digitized supply chains will con-
strain large numbers of small farmers from participat-
ing in e-commerce.

Encouragingly, there are interesting examples of 
e-commerce that are inclusive of small farmers with 
potential to spread in the future, depending on the 
three conditions noted above. In Indonesia, the Rumah 
Sayur Group, a vegetable farm co-op with 2,500 farm-
ers, sold to supermarkets, wet markets, and food-ser-
vice businesses in Jakarta before the pandemic. During 
the pandemic, they turned to Alibaba’s Lazada to sell 
directly to consumers and retailers. In Malaysia, Laza-
da connected SME flower suppliers to online florists to 
gain a new customer base when COVID-19-related re-
strictions interrupted the traditional marketing system 
(Harper 2020). In Africa, Facebook and other e-plat-
forms have helped small farmers sell directly to con-
sumers. Examples include Koop direk von boer (buy 
directly from the farmer), a Facebook group of farmers 
created in May 2020 that attracted 46,000 members 
across South Africa in just two weeks (Masiwa 2020).

Upstream from the farm, market conditions affect the 
input prices, risk, and transaction costs facing small 
farmers. Just as the output market affects the prof-
itability of adopting new farm technologies and the 
transition to higher-value products, as do input supply 
chains. Importantly, input market conditions are par-
allel to output market conditions, affected by many of 
the same policies and public investments discussed 
in the context of downstream factors. Again, the de-

velopment of these conditions is a local innovation. 
Changes in these conditions can rapidly improve input 
market access for small farmers, spurring technology 
change at farm level. 

Some particularly interesting market institution and 
technological innovations in agricultural services mar-
kets appear to be helping small farmers. We character-
ize them as the development of mobile “outsource” 
services. They include a wide range of services avail-
able to farmers on a fee basis. For an individual small 
farmer, the outlays of capital for machines required 
would not be affordable given their small scale and 
the large lump-sum fixed cost for machinery. Such 
on-demand operational services emerged in the Unit-
ed States and European countries in the early 1880s 
where large farmers dominated. Small farmer de-
mand for mechanization and agricultural operation-
al services has risen in recent years in LMICs, first in 
Asia and Latin America and more recently in Africa. 
These services, perhaps especially as they are facili-
tated by communications innovations, appear to pro-
vide important support to small farming technological 
change. In general, mobile technology can help service 
supply and extension reach widely dispersed small 
farmers (Van Campenhout, Spielman, and Lecoutere 
2021). For example, mobile mechanization services for 
land preparation, harvesting, and threshing are hired 
by many small farmers in South and Southeast Asia 
(Zhang, Yang, and Reardon 2017; Paudel et al. 2019; 
Diao, Takeshima, and Zhang 2020; Yagura 2020; Belton 
et al. 2021). They are increasingly accessible for small 
farmers in Africa (Berhane et al. 2017; Kahan, Bymolt, 
and Zaal 2018; Takeshima et al. 2018; Diao, Takeshi-
ma, and Zhang 2020; Cabral 2021). Mobile phones are 
widely used for connecting service providers and small 
farmers, and new digital platforms appear to have po-
tential to reach groups of small farmers. Examples in-
clude Hello Tractor in Nigeria, TroTro Tractor in Ghana, 
Rent to Own in Zambia, and EM3, Trringo, and farMart 
in India (Birner et al. 2021; Daum et al. 2020).

Moreover, other SME services are emerging in vari-
ous agricultural operations traditionally done by small 
farmers themselves, such as for rice seeding and 
transplanting in southern China (Li et al. 2015; Gong 
et al. 2012); spraying, pruning, land preparation, har-
vesting, and marketing for mango farmers in Indone-
sia (Qanti et al. 2017); seed propagation, digging wells 
and ponds, spraying, and loading trucks for vegeta-
ble farmers in Ethiopia (Minten et al. 2020); and bee 
pollination services for vegetable and fruit growers 
in China (Altay News 2019). Many of these services 
have replaced labor-intensive farming activities with 
machines or specialized techniques, helping small 



186 | IIV. Actions for Equity and Resilience in Food Systems  

Science and Innovations for Food Systems Transformations

farmers who lack the cash to invest in machines, the 
skills to use machines and other techniques, or simply 
the time to spend farming because of non-farm em-
ployment. These services also introduce small farmers 
to new technologies that they otherwise might have 
been unaware of had they not been provided as part 
of a package of services by SMEs, such as flower hor-
mone use to extend harvesting of mangoes in Indone-
sia (Qanti et al. 2017). 

New institutional innovations can also benefit small 
farmers through contributions to sustainable land 
stewardship. Market-based institutions that incen-
tivize farmers to maintain ecosystem services and 
biodiversity have been used for over a decade. With 
payments for ecosystem services (PES), the private 
or public sector pays land stewards (farmers) to 
protect watersheds, sequester carbon through tree 
planting, or conserve biodiversity (Milder, Scherr, 
and Bracer 2010). In the case of carbon, for example, 
the institution providing payments receives offset 
credits in the voluntary or regulatory carbon market. 
Another scheme involves certification of agricultur-
al commodities, such as coffee, palm oil, and cacao. 
Certification schemes are generally implemented by 
non-governmental organizations (NGOs) and rely on 
consumers paying a premium for production prac-
tices that conform to sustainable social and environ-
mental goals (Brandi et al. 2015; Giovannucci and 
Ponte 2005; Ruysschaert and Salles 2014). Small-
holder farmers have benefited from these schemes 
only to a modest degree due to high transaction 
costs, low demand for ecosystem services, and poor 
access to information.

For carbon markets, smallholder participation is im-
peded by the required technical capacity as well as 
the costs of monitoring and complex requirements for 
reporting (Brandi et al. 2015; Wells et al. 2017). With 
certification schemes, evidence indicates mixed suc-
cess for environmental, social, and economic goals. 
The supply of certified products is generally larger 
than the demand (DeFries et al. 2017). Insecure land 
tenure, lack of credit, and insufficient profit to warrant 
the required investments hamper smallholder partici-
pation in both PES and certification schemes.

With rising recognition of the importance of land 
stewardship for climate mitigation and conservation 
of biodiversity, institutions to incentivize protection of 
ecosystems services and sustainability goals are likely 
to become more widespread in the coming decades. 
Carbon markets, which to date have largely been un-
able to stem land clearing and greenhouse-gas-emit-
ting practices on agricultural land, will likely be a more 

significant driver of farmers’ decisions in the future. In 
combination with digital technology, institutional inno-
vations have potential to reduce transaction costs and 
enable participation by smallholders to maximize their 
ability to benefit from these schemes, both to boost 
their incomes and contribute to society’s sustainability 
goals. Technology and training for smallholders to ac-
cess and interpret satellite data, monitor their lands, 
and fulfill reporting requirements are needed if they 
are to benefit from a growing demand for ecosystem 
services.

Policies for Inclusive Small Farm  
Transformation through Innovation

This brief has sought to imagine the future of small 
farms and identify promising innovations in agrifood 
systems to improve their prospects over the next 10 
years. Because small farms are heterogeneous and 
dynamic, we classed them into three groups: com-
mercial, in-transition, and subsistence-oriented small 
farms. Each has its own set of challenges and oppor-
tunities, and policies and investments that prioritize 
inclusive small farm transformation must be differenti-
ated to best target the needs of each group as agrifood 
systems evolve (Hazell 2019). 

Commercial small farmers are the vanguard of agri-
food transformation and best prepared to take ad-
vantage of the opportunities that growing market 
demand for agrifood products will create. They tend 
to be located in more favorable agroclimates, nearer 
to cities and towns, and in areas better served by in-
frastructure and midstream SMEs that facilitate input 
and output markets. These same market opportunities 
will incentivize some transitional farmers to invest in 
their small farms to become commercial farmers. To 
enhance small commercial and transitional farmers’ 
competitiveness to pursue these market opportuni-
ties, government policies and public investments in 
the following areas are important:
• Increase investments in infrastructure, including 

rural roads connecting to secondary and tertiary 
cities, that can create economies of agglomeration 
and a critical mass of proximate services such as 
wholesale, logistics, and farm input provision for 
small farmers in the surrounding rural areas, thus 
reducing transaction costs. Often mobile agricul-
tural services are clustered in towns and fan out to 
serve small farms in a hub-and-spoke model (Zhang 
et al. 2017). Many new digital technologies applied 
in e-commerce, information provision, and farm 
service businesses also depend on good infrastruc-
ture. While initial investments need to come from 
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government, they will serve to crowd in private 
investments from both large companies and SMEs.

• Promote education and training programs that 
target rural youth to develop the skills and knowl-
edge required to support modern agriculture and 
marketing. These skills are necessary for both 
farm management and for off-farm jobs in logis-
tics, machinery maintenance/repair services, and 
broader RNFE. 

• Facilitate co-operatives and farmer groups that 
can collectively pursue emerging opportunities in 
urban markets and modern farm technology. Local 
networks can also be strengthened through vil-
lage-level innovation platforms to link smallholder 
farmers with extension and research, such as Chi-
na’s Science and Technology Backyard (Barrett et 
al. 2020). These show promise for drawing togeth-
er the wisdom of (small farmer) crowds with the 
knowledge of cutting-edge scientific researchers 
to accelerate discovery, adaptation, and diffusion 
(Nelson, Coe, and Haussmann 2019; van Etten et 
al. 2019).

• Support SMEs upstream and downstream from 
farms by reducing unnecessary regulations and 
informal restrictions that often discourage SME 
development. SMEs are more accessible to small 
farmers than larger enterprises, and small farmers 
value the mix of services that SMEs provide (Liver-
pool-Tasie et al. 2020).

RNFE is the main economic activity of transitional 
farmers and is increasingly the main source of income 
for most small farmers. RNFE provides small farmers 
with cash both to purchase food and for farm invest-
ments to raise productivity, expand commercial ac-
tivities, and produce higher-value products. RNFE is 
also important for some marginalized farmers, help-
ing them reduce their reliance on risky, low-yield ag-
riculture. For these farmers, RNFE development will 
directly improve food security in a way that margin-
ally boosting agricultural production cannot (ZEF and 
FAO 2020; Frelat 2016). Public investments and poli-
cies that facilitate growth of the agrifood system must 
pay more attention to creating enabling environments 
for the development of RNFE and strengthening the 
synergy between agriculture and RNFE in rural areas. 
In this regard, the following actions are promising for 
governments to actively promote agriculture–RNFE 
synergies for rural development and agrifood system 
transformation:
• Pursue policies that have broad effects across 

economic activities in rural areas and do not limit 
interventions to farming alone. RNFE and farming 
are complementary, and both are needed for inclu-
sive growth in rural areas. 

• Develop an enabling environment—including basic 
infrastructure, property rights, and legal systems 
with enforcement mechanisms—favorable to rural 
businesses that encourage and facilitate inclusive 
RNFE (Haggblade, Hazell, and Reardon 2007). 

• Identify engines of regional growth through con-
sultation with the private sector and farmers, and 
conduct supply chain diagnostics for prioritization 
of strategic interventions (Haggblade et al. 2007). 
Emphasize differentiated strategies and flexible 
institutional coalitions for implementation appro-
priate to diverse rural areas.

This brief emphasizes the importance of market in-
stitution innovations for achieving higher agricultural 
productivity and quality through small farm technol-
ogy adoption and improving incomes for small farm 
households through participation in both farm and 
non-farm economic activities. In addition to the policy 
recommendations discussed above, some addition-
al policy recommendations are listed here, although 
adapting and differentiating policies over heteroge-
neous contexts across LMICs requires context-specific 
research and consultation with stakeholders (Barrett 
2020):
• Support new technologies that reduce risk and are 

attractive to small farmers when viewed in a holis-
tic way, taking into account farmers’ resource envi-
ronment as well as their livelihood strategies. Do 
not automatically assume labor-intensive innova-
tions are appropriate for small farmers, who often 
want to reduce, not intensify, their farm labor use 
(Hazell 2019). For transitional farmers who depend 
on RNFE, proposing new labor-intensive farming 
activities could fail if they cut into the time farm-
ers have available for RNFE livelihood strategies 
(Moser and Barrett 2006).

• Ensure that agricultural interventions to support 
sustainable farming practices are economically via-
ble for farmers and provide direct economic bene-
fits. In the longer term, farmers are most strongly 
motivated to adopt and maintain sustainable prac-
tices when they perceive positive outcomes of 
these practices for their farm or the environment 
(Piñeiro et al. 2020).

• Scale up productive social protection programs for 
subsistence farmers in hinterland areas who face 
barriers in accessing markets and other economic 
opportunities. Safety net programs ease liquidity 
constraints and increase tolerance for risk among 
small farms and, when integrated with measures 
to increase agricultural productivity, have potential 
to make significant progress toward the eradication 
of hunger (Wouterse et al. 2020).
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Abstract

Transforming food systems involves fi ve acti on tracks: 
i) access to safe and nutriti ous food, ii) sustainable 
consumpti on, iii) nature-positi ve producti on, iv) equi-
table livelihood, and v) resilience to shocks and stress. 

Acti on Track 5 of the Food Systems Summit aims to 
ensure food system resilience in the face of increasing 

stresses from climate change, populati on growth and 
confl ict over limited natural resources. We identi fy fi ve 
disti nct capaciti es that are key to a resilient food sys-
tem in the face of these shocks: (i) to anti cipate, (ii) to 
prevent, (iii) to absorb, (iv) to adapt to an evolving risk 
and (v) to transform in cases where the current food 
system is no longer sustainable. Resilience at the indi-
vidual, community, government and global food system 
level must be built in such a way that the economic, so-
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cial and environmental bases to generate food security 
and nutrition for current and future generations are 
not compromised anywhere in the world. This means 
that it is equitable in a financial sense (economic resil-
ience), it is supportive of the entire community (social 
resilience), and it minimises harmful impacts on the 
natural environment (ecological resilience). 

There are a number of key trade-offs which must be 
navigated as we strive to achieve greater food system 
resilience. These include the need to deliver short-
term humanitarian aid without jeopardising long run 
development, mitigation of rising global tempera-
tures even as the food system adapts to the inevitable 
changes in the earth’s climate, taking advantage of the 
benefits of globalisation while avoiding the downsides, 
and encouraging agricultural production and boosting 
rural incomes while also protecting the environment. 
All of these trade-offs become more pronounced in 
the context of small farms operating in marginal en-
vironments. In order to address these trade-offs, co-
operation and coordination across policy makers, local 
communities and public and private institutions and 
investors will be required. 

A range of local, regional, national and global solutions 
covering different parts and contexts of the food sys-
tem have been reviewed to understand progress and 
challenges in building resilience to improve food secu-
rity. The resilience framework is helpful to conceptu-
alise complex problems related to food security and 
allows us to point to important challenges that need 
to be overcome. From this analysis we conclude that 

developing an operational resilience approach is al-
ways context-specific and requires the involvement 
of relevant local, national and international actors, 
organisations and agencies. Hence, there is no single 
game-changing solution that will ensure resilience 
across multiple food security challenges. Instead, 
adopting resilience as a systems approach to support 
the conceptualisation and operationalisation con-
sidering the respective actors will contribute to the 
development of context-specific solutions. Beyond 
that, much will be gained by highlighting successful 
solutions and facilitating exchange of tools, data, in-
formation and knowledge and capacity. This will also 
contribute to the further develop of the resilience ap-
proach as a key concept to achieve food security. 

Introduction 

Action Track 5 seeks to provide an integrative per-
spective across all other action tracks encompassing 
the entire food system but with the specific focus on 
building resilience (Fig. 1). This review of the state of 
scientific understanding of resilience is broken into 
four parts: (Fig. 1), (i) the challenges faced by the food 
system and our ambition to meet these challenges, (ii) 
the identification of key trade-offs and synergies, (iii) 
operational aspects towards practical solutions and, as 
part of this, (iv) the contextualisation of specific food 
system related problems.

Following the (OECD 2020) and the FAO UN (FAO 2020), 
we distinguish five capacities of resilient food systems 

Figure 1  Representation of the integrative perspective of Action Track 5 across other action tracks and key elements addressed 
by Action Track 5 to build food system resilience.
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to deal with changes or shocks (Fig. 2), i.e. (i) to antic-
ipate, (ii) to prevent, (iii) to absorb, (iv) to adapt to an 
evolving risk and (v) to transform in cases where the 
current food system no longer sustainable. Our defini-
tion also includes two more aspects to achieve targeted 
solutions. On the one hand, building resilience requires 
clear understanding and consideration of the specific 
food system context (region, time-period, system com-
plexity, involved actors, institutional structures, etc.). 
On the other hand, conceptual ideas need to be opera-
tionalised, developing concrete measures and process-
es for the five capacities of resilient food systems. 

Challenges and ambitions 

As highlighted in the Global Assessment Report on 
Disaster Risk Reduction (UN Office for Disaster Risk 
Reduction 2019), global change and the increasingly 
interconnected nature of society are inducing unprec-
edented hazards that are likely to prove disastrous 
for many of the world’s most vulnerable populations. 
This has led the United Nations to issue a report fo-
cusing specifically on resilience guidance (United Na-
tions 2020). Action Track 5 of the Food Systems Sum-
mit aims to ensure such resilience in the regional to 
national and global food system(s), such that people 
are empowered to prepare for, withstand, and recover 
from instability. They must be able to participate in a 
food system that, despite shocks and stressors, deliv-
ers food security, nutrition and equitable livelihoods 
for all. Resilience at the individual, community, gov-
ernment and global food system level must be built in 

such a way that the economic, social and environmen-
tal bases to generate food security and nutrition for 
current and future generations are not compromised 
anywhere in the world. This means that it is equitable 
in a financial sense (economic resilience), it is support-
ive of the entire community (social resilience), and it 
minimises harmful impacts on the natural environ-
ment (ecological resilience).

The concept of resilience first emerged in the context 
of ecological stability theory (Holling 1973). It was di-
rected at understanding the capacity of ecosystems to 
sustain perturbations persisting in the original state. 
The resilience concept has evolved to address complex 
socio-ecological systems and their capacity to adapt 
while remaining within critical thresholds (Folke 2016). 
In the context of food systems, resilience has contrib-
uted to the foundation of adaptive resource manage-
ment (Walters 1986) with widespread use in cropping 
and farming systems (Webber et al. 2014). This con-
cept has also surfaced in the field of economics where 
it has been linked to ‘development resilience’ which 
focuses on the capacity to avoid and escape from pov-
erty in the face of unforeseen external shocks and 
stressors (Barrett and Constas 2014). This literature 
explicitly considers issues of risk, dynamics, and eco-
logical feedback. The recent OECD report (2020) on 
agricultural resilience usefully distinguishes between: 
(a) risks that are best managed at the farm level, i.e. 
normal business risks, (b) larger, less frequent risks 
requiring market interventions such as insurance and 
futures markets, and (c) infrequent, catastrophic risks 
requiring emergency assistance.

Figure 2  Schematic representation of the scope of food system resilience as proposed by Action Track 5 considering five 
capacities of food systems to anticipate, to prevent impacts of changes and shocks, to absorb, to adapt and to 
transform, and activities to develop concrete targeted solutions considering the respective food system context and 
to develop required operational measures and tools.
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Box 1: Food System Resilience during the COVID-19 Pandemic

Evidence about the impact of COVID-19 on food system resilience is just beginning to emerge in the peer-reviewed 
literature (High Level Panel of Experts 2020), but it is evident that the pandemic is affecting all four pillars of food security 
(Laborde et al. 2020). Estimates of the increase in food insecurity range from 83-132 million, reflecting and exacerbating 
many of the existing inequities in the food system (Klassen and Murphy 2020; FAO 2020b). These impacts are not just 
being felt in the developing world. In the United States, food insufficiency increased three-fold compared to 2019. Food 
insufficiency among black adults is estimated to be two to three times higher than for whites and reached one in five 
individuals in July of 2020 (Ziliak (2020)). 

Food insufficiency captures lack of access to food due to limited resources. This can arise in a pandemic due to limited 
availability, high prices or loss of income. Evidence to date shows that the impact of the pandemic on prices and food 
availability varies widely across commodities and countries. In India, where there was a sudden, unanticipated lockdown 
put in place for three weeks in late March/early April, the evidence on price impacts is mixed. In a detailed study based 
on data from just one of the largest online retailers in India, Mahajan and Tomar (2020) find that online prices during 
the lockdown were largely unaffected. Instead, the availability of food was reduced, by 8% in the case of fruits and 
vegetables and 14% for edible oils. In contrast to these findings, Narayanan and Saha (2020) use publicly available data 
from the Government of India to analyse urban food prices across a range of markets and suppliers and find evidence 
of marked price increases during the lockdown – particularly for pulses, oils and vegetables – ranging from 3.5% to 
28% depending on the commodity in question. Nonetheless, a recent household survey in Ethiopia suggests that the 
food system has proven relatively robust in that country, with dietary intake being largely unaffected by the pandemic 
(Hirvonen, Brauw, and Abate 2021).

The consequences of the COVID-19 pandemic for labour markets, and hence crop cultivation activities (Ayanlade and 
Radeny 2020) as well as household incomes, appears to a key channel for increasing food insecurity (Béné 2020). In 
West Africa, the agricultural workforce already has a poor nutritional and health profile and are especially vulnerable to 
pandemic illness during critical planting and harvesting periods (Ali et al. 2020). In a forthcoming model-based study of 
the impacts of COVID-19, Laborde, Martin and Vos (2020) predict that the global recession caused by this pandemic will 
be much deeper than that of the 2008-2009 financial crisis. The predicted increases in poverty are concentrated in South 
Asia and Sub-Saharan Africa with more severe impacts in urban areas than in rural communities. They project that almost 
150 million people will fall into extreme poverty and food insecurity as a result of this pandemic. When combined with 
limited health care resources, large households and high incidence of co-morbidities the human toll is expected to be 
extreme in sub-Saharan Africa (Walker et al. 2020). 

Food systems are becoming increasingly global, dy-
namic, and complex. Today, food goes through agri-
food supply chains involving networks of farms, 
production or processing facilities, and storage and 
distribution channels. With this growing complexity, 
new and challenging risks are emerging as evidenced 
by the ongoing COVID-19 pandemic the impacts of 
which are skewed towards the world’s most vulnera-
ble populations (Box 1). In addition, there are many 
other, ongoing challenges, including technological ac-
cidents, infectious diseases, transportation hazards, 
cyber-attacks, product contamination, theft, and un-
expected shutdowns of key supply chain nodes (Leat 
and Revoredo-Giha 2013; Manning and Soon 2016). 
Such disruptions could lead to significant public health 
and economic consequences. A study by the World 
Bank finds that the impact of unsafe food costs low- 
and middle-income economies about US$ 110 billion 
in lost productivity and medical expenses each year 
(Jaffee et al. 2019). Nonetheless, a large proportion 
of these costs could be avoided by adopting preventa-

tive measures that improve how food is handled along 
the global supply chains pointing to the great scope 
for collaboration and learning using South-South and 
Triangular cooperation adopted by several UN Organi-
zations, namely FAO, IFAD, and WHO.

Successful management of socio-ecological systems 
necessitates understanding the contextual factors 
that drive changes in resource-use patterns and influ-
ence societal capacity to adapt in the face of stress-
es. Schwarz et al., (2011) find that perceptions of risk, 
preference, belief, knowledge, and experience are key 
factors determining whether and how adaptation takes 
place, at both the individual and societal levels. They 
suggest that elements of good community-level gover-
nance such as social cohesion, leadership, or individu-
al support for collective action improve the perception 
that people have of the resilience of their community. 
Creation of a food system that delivers broad-based 
benefits for all people, requires covering all of the so-
cietal bases of equity and inclusiveness. Developing 
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capacity to improve resilience requires actions at both 
the individual and societal levels. Capacity building for 
resilient food systems is a non-static process to devel-
op stronger capacity that enables food systems to be 
more resilient to future shocks (Babu and Blom 2014). 

What are the key trade-offs and synergies? 
Over the next decade, food systems will face a complex 
challenge to deliver sufficient safe and nutritious food 
for all in a sustainable manner in the face of a chang-
ing climate, while reducing greenhouse gas emissions 
and preserving ecosystems and biodiversity, and pro-
viding equitable livelihoods to all of the actors in the 
food chain and promoting sustainable development. 
Attainment of these diverse goals while ensuring food 
system resilience gives rise to complex synergies and 
trade-offs across economic, political, social and en-
vironmental dimensions that need to be considered 
in setting priorities across productivity growth, envi-
ronmental sustainability and hunger reduction (Béné 
et al., (2019)). In this section of the paper, we review 
some of the most salient trade-offs and synergies that 
arise in the context of food system resilience. 

Short-term humanitarian aid vs. long-term develop-
ment assistance: 
Based on our definition of resilience (Fig. 2), an im-
portant component involves anticipating and prevent-
ing adverse impacts of external shocks to the food 
system. However, less than one percent of emergency 
assistance goes to disaster prevention and prepared-
ness (Kellet and Sparks 2012). The UN Secretary Gen-
eral convened a World Humanitarian Summit in 2016 
to deal with these issues. The summary report calls 
for a long-sought commitment to change the way hu-
manitarian and development actors work together 
(UN Secretary General 2016). Particular emphasis is 
placed on health and education of children and young 
people in crisis. In some cases such joined-up activities 
are complementary. However, linking actions and in-
terventions that involve inherent trade-offs such as di-
saster risk reduction and conflict prevention remains a 
significant challenge (Peters, Keen, and Mitchell 2013). 

Rural and urban communities: 
To identify potential trade-offs and synergies between 
rural and urban communities, Blay-Palmer et al., 
(2018) assess the value and utility of the evolving City 
Region Food Systems approach to improve our insights 
into flows of resources from rural to peri-urban to ur-
ban areas. Resolution of conflicts at the boundaries of 
agricultural and other land uses and communities, e.g. 
forest, urban, diversification and specialisation, as well 
as the need to combine the benefits of diversification 

with scale economies. Conflict frequently arises at the 
boundary of agriculture and forests where encroach-
ment on natural habitat can lead to conflict, for exam-
ple between wildlife and rural populations (Shaffer et 
al. 2019). Rural and urban communities also face com-
petition for resources, including land and water. Ag-
riculture accounts for nearly three-quarters of water 
consumption globally. As urban and suburban water 
scarcity emerges, we expect some reallocation of this 
resource to occur (Molden et al. 2007). In contrast, 
rural-urban labour movement can offer an important 
source of resilience. Migration is perhaps the most im-
portant resource flow. This is generally motivated by 
a desire to diversity and raise household income. A 
survey of 1,874 rice-farming households in Northeast 
Thailand found that income from migration represent-
ed 38% of their incomes (Paris et al. 2009). In addition, 
better knowledge and skills through migration and 
education at their destination have contributed to im-
provements in agriculture, e.g. improvement of land 
use techniques taken place in the Northeast region 
(Huguet and Aphichat Chamratrithirong 2011). Migra-
tion can also provide an important adaptation strategy 
to climate related risks (Sterly 2020).

Climate change adaptation and mitigation: 
Much progress has been achieved in identifying pos-
sible trade-offs between measures to support climate 
adaptation and mitigation in agriculture. Most promi-
nent is the climate-smart agriculture approach (CSA), 
defined by the FAO as “agriculture that sustainably in-
creases productivity, enhances resilience (adaptation), 
reduces/removes GHGs (mitigation) where possible, 
and enhances achievement of national food security 
and development goals” (Reiche et al. 2012; Lipper 
et al. 2014). However, recent analyses suggest that 
knowledge about the exploitation of interrelationships 
between adaptation and mitigation measures in agri-
culture remains limited and greatly depend on their 
context, design and implementation, so that actions 
have to be tailored to the specific conditions (Kongsag-
er 2018). Even less is known for the larger food system 
but the importance to identify tailored, resilient solu-
tions considering the context of specific conditions will 
also apply. 

Globalisation vs. self-sufficiency: 
There are important trade-offs between integration 
into global supply chains and world markets, on the 
one hand, and the desire for locally sourced prod-
ucts, with shortened supply chains and greater food 
self-sufficiency, on the other. Better integration into 
world markets can ensure food security in the face 
of local drought, flooding and other natural disas-
ters. In pre-colonial India, weather-induced famines 
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were common, resulting in tens of millions of deaths 
when flooding or drought destroyed local crops. How-
ever, with the introduction of railroads in colonial In-
dia, Burgess and Donaldson (2010) find a dramatic 
reduction in the number of deaths associated with 
comparable extreme weather events, suggesting that 
improved market integration greatly enhanced food 
security by allowing for timely food imports. Recent 
studies of the role of international trade in mitigating 
adverse impacts of climate change reinforce the ben-
efits of globalisation for resilience to adverse climate 
impacts (Baldos and Hertel 2015; Gouel and Laborde 
2018). However, when the source of adverse shocks 
is the global market, countries may have an incentive 
to insulate themselves from these developments. The 
problem with this strategy is that, the more countries 
insulate themselves from world markets, the more 
volatile those markets will become, as was found in 
the context of the food price crises of 2006-2008 and 
2010-2011 (Martin and Anderson 2012). This harms 
those countries – often the poorest – who rely on 
these markets for critical food imports.

Livestock production as a source of income and  
nutrition vs. environmental sustainability: 
The role of livestock in a resilient food system has been 
recently challenged on the argument that reduced 
consumption of livestock products will enhance health 
outcomes while reducing environmental stress (Willett 
et al. 2019). Beef production, in particular, has been 
shown to be extremely resource intensive, resulting 
in significant environmental stress (Eshel et al. 2014). 
However, in many developing countries, livestock 
products are a critical source of dietary diversity, par-
ticularly in the critical first 1,000 days of life (Alonso, 
Dominguez-Salas, and Grace 2019). Livestock produc-
tion is also crucial for resilience as this contributes in 
several ways to daily subsistence of rural poor in de-
veloping countries through food production, income 
generation, labour and transportation, as mobile as-
sets and wealth storage, integration with agricultural 
systems, diversification of activities, utilisation of mar-
ginal lands and women’s empowerment (FAO 2016). 

All of these trade-offs are made more challenging 
in the context of small farms, operating in marginal 
environments: 
Small farmers play a crucial role in fostering rural 
growth by playing multifunctional roles in develop-
ment. A large body of empirical research argues that 
smallholders are still key to global food security and nu-
trition. Although these farms account for only 12% of 
the world’s farmland, they provide livelihoods for more 
than 2 billion people and produce about 80% of the 
food in sub-Saharan Africa and Asia (Paloma, Riesgo, 

and Louhichi 2020). Empirical evidence suggests that 
populations living on less favoured agricultural lands in 
developing countries cope with major poverty-environ-
ment traps (Barbier 2010; Barbier and Hochard 2019). 
These traps arise in the context of severe biophysical 
constraints and limited market access that limit profit-
ability of production and restrict off-farm employment 
opportunities (Barbier and Hochard, 2018). The poor 
are often trapped in a vicious downward spiral as they 
overuse environmental resources to survive from day 
to day, and the impoverishment of their environmental 
resources further deprives them, making their survival 
ever more uncertain and difficult (Gray and Moseley 
2005). Since marginality is not a permanent state (Gu-
rung and Kollmair 2005) and those affected by it can be 
helped with targeted support and appropriate policies 
in place, there is an opportunity to target the oft-over-
looked rural poor under marginal conditions. These 
marginalised communities will benefit from risk-in-
formed and safety net social protection schemes as 
well as remuneration for ecosystem services they can 
provide through wise management and custodianship 
of renewable natural resources 

In order to address trade-offs properly, attention is re-
quired by:
• Policy makers, to strengthen coordination among 

international actors and across scales, allowing for 
positive synergies in which governments and NGOs 
can learn from the successes and failures of other 
nations and institutions (Wiener and Alemanno 
2015). 

• Institutions, to combine activities at “multilateral”, 
“bilateral” institutions, NGOs and foundations, as 
well as creating suitable consultative and partici-
patory platforms so the voices of smallholders and 
food workers can be heard by policy makers. 

• Coordinated public and private investments in the 
food sector focusing on the co-creation of solutions 
that meet individual and collective ambitions for 
tackling human and planetary crisis. (Mushtaq et 
al., (2020)). 

• Local communities to mobilise for collective action 
in the face of increasing hazards (UN Office for 
Disaster Risk Reduction 2019).

What needs to be done? 
To address these resilience challenges, solutions need 
to be defined around cross cutting levers of joined-
up policy reform, coordinated investment, accessible 
financing, innovation, traditional knowledge, gover-
nance, data and evidence, and empowerment. Much 
can be learned from successful ongoing initiatives and 
programmes. Hence, a range of concrete solutions are 
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reviewed in this section to highlight how food security 
challenges have been addressed successfully but also 
to identify limitations of present approaches. The ex-
amples are summarised in table 1 describing the main 
contributions for building resilience, the organisations 
and agencies involved, and the challenges and syner-
gies addressed.

Early warning system:
An important step to improve resilience is strength-
ening the capacity to monitor and analyse vulnera-
bility, capacities and risks (World Food Programme 
2020). There are now nearly two dozen organisations 
involved in food security and drought early warning 
systems, a number that has been growing since the 
inception of FEWS NET in the mid-1980s (Funk et al. 
2019). The joint FAO-World Food Program Early Warn-
ing System now provides up to date analysis of acute 

food security hotspots and plays a key role at the glob-
al level (FAO and WFP 2020). Strengthening resilience 
has emerged as an important means to prevent, mit-
igate and prepare for risks associated with a range of 
threats to development. Resilience is also a key ele-
ment of the UN pillars of development – human rights, 
peace and security – and resilience is a key to achiev-
ing sustainable development (UNISDR 2015). At the 
regional level, a promising example of actions to pro-
mote resilience is offered by the “Cadre Harmonise du 
Sahel” which provides a set of functions and protocols 
for the identification and analysis of populations in the 
Sahel region at risk of food and nutrition insecurity. It 
seeks to answer questions related to the severity of a 
given crisis, how many people are affected, when and 
where intervention should be undertaken, and what 
are the limiting factors? Stakeholders include national, 
regional (West Africa-wide) and international entities. 

Table 1  Application of the resilience approach to develop solutions for food security considering contributions (capacities) for 
building resilience, the organisations and agencies involved and the trade-offs and synergies addressed and achieved, 
respectively.

Solution Contribution to resilience Institutional Engagement  
(examples)

Trade-Offs and Synergies

Early warning systems Anticipate, Prevent, Adapt FAO, WFP, FEWS NET,  
Cadre Harmonise du Sahel

Humanitarian relief vs. development assistance; 
regional coordination and collective actions  
(adaptation)

Weather index insurance Absorb, Adapt R4, WBCIS, WFP, IFAD Enhanced through improved data and monitoring; 
reduces credit risk

Enhanced market information Anticipate, Prevent, 
Absorb, Adapt

Agricultural Market Information 
System

Prevents overreaction to shocks; allows for informed 
decision-making

Food insecurity in conflict zones Anticipate, Prevent, 
Absorb, Adapt

FAO, WFP, national agencies Joining resources, implementing complementary 
activities for effective resource utilisation and  
supporting communities

Enhanced rural-urban labour 
mobility

Absorb, Adapt, Transform Facilitates climate resilience; enhanced through 
education

Transport infrastructure Absorb, Transform Railroads in colonial India Improved market access benefits rural communities

Irrigation systems Prevent, Absorb, Adapt IWMI, FAO Enhanced climate resilience; increased farmers’ 
income; potential for groundwater depletion

Social protection Anticipate, Absorb,  
Transform

Ethiopia: Productivity Safety Net; 
FAO: Cash+ programme

Avoid poverty traps; improved health and nutrition; 
asset and skill enhancement

Aquaculture diversification Absorb, Adapt, Transform Integrated Agriculture-Aquacul-
ture programme

Income gains; Enhanced dietary outcomes; lose 
gains from specialisation; improved nutrition, water 
re-use/circulation

Crop diversification Absorb, Adapt, Transform ICBA, CFF, CGIAR, improved food security, 

Post-harvest loss reduction Anticipate, Absorb,  
Transform

Gates Foundation: PIC Improve food security; encourage adoption of new 
seed varieties

Development, dissemination and 
utilisation of agricultural big data

Anticipate, Adapt, Transform WASCAL; CGIAR: INSPIRE; AgMIP Enhances weather insurance, market, information 
and research impacts

Enhanced equity in food systems Absorb, Adapt, Transform FAO, IFAD Improved development outcomes; Enhanced  
indigenous capacity

Agro-ecology Anticipate, Prevent, Absorb ICBA improved ecosystems vs. reduced farmer incomes

Transnational policy coordination Anticipate, Pervent, Adapt Sahel-CILSS; EU-JPI; PPPs Improve human health

Food safety policies Ancitipate, Prevent, Adapt FDA: PCHF in Thailand;
Bangladesh Food Safety Network 

Improved health outcomes

Community organisation Anticipate, Adapt, Transform Bann Samkha community action Circular economy; enhanced incomes
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Weather index insurance:
As climate extremes become more frequent and more 
pronounced in the future, producers will face increas-
ing risks. Weather variability will affect agricultural 
seasons through changes in rainfall and temperature 
patterns that affect both production quantity and 
quality. Effective drought risk management requires 
an early warning system (e.g. FEWS NET), risk assess-
ment, drought preparedness, mitigation and response 
(Funk and Shukla, 2020). Traditional risk-sharing mech-
anisms within a community have been a key vehicle 
for protecting against idiosyncratic shocks to income. 
However, these do not perform well when adverse 
events such as drought affect an entire community 
(covariate risks). Weather index insurance has been 
developed specifically for such circumstances (Gine, 
Townsend, and Vickery 2008). Here, households enrol 
at the beginning of the season and payouts are made 
based on (e.g.) rainfall in the region (not the outcome 
on their specific farm) dropping below a trigger level. 
It is typically provided initially by the public sector, and 
can entail relatively low overhead if the triggers are 
transparent and not subject to manipulation.

Since its inception, weather index insurance has faced 
challenges in reaching the poorest households tend 
who typically face they face severe credit constraints 
(Binswanger-Mkhize 2012). However, recent innova-
tions are permitting index insurance to thrive in a num-
ber of key locations (Hazell et al. 2010). In India, partic-
ipation in the Weather Based Crop Insurance System 
(WBCIS) expanded from 300,000 in 2009 to more than 
13 million in 2013. Case studies of these successes 
suggest that participation in index insurance enhances 
farmers’ access to credit, allowing smallholders to par-
ticipate in more risky, higher return farming activities 
(CCAFS 2015). The R4 initiative in Ethiopia and Sene-
gal has a clear plan for introducing weather index in-
surance in new locales, operating in partnership with 
private financial institutions and insurers. They begin 
with a dry run in which local farmers and experts are 
consulted and the plan is modified to fit the local con-
ditions. It is subsequently rolled out to several thou-
sand farmers and further refined prior to being scaled 
up. Insured farmers have boosted savings, increased 
the number of oxen and increased access to loans. The 
R4 initiative has been particularly successful at reach-
ing low-income farmers. However, this programme 
continues to face data challenges in due to relatively 
sparse ground-based weather monitoring stations in 
many parts of sub-Saharan Africa (CCAFS 2015).

Enhanced market information:
The recent pandemic has heighted some important 
global food system resilience successes. OECD trade 

ministers held a record number of meetings during 
2020 (all virtual), and these meetings were substan-
tive, focusing on specific measures to facilitate the 
movement of critical goods and services during the 
pandemic. This was reflected in the fact that, by OECD 
measures, growth in trade facilitation activities out-
weighed trade restrictions during the COVID-19 pan-
demic (Jansen 2020). Increased digitalisation of trade 
regulations and monitoring has facilitated more rapid 
movement of critical goods. Meanwhile, where export 
restrictions have been put in place, they have been 
targeted, transparent and temporary. This has been 
reflected in the fact that, unlike the commodity crisis 
period: 2006-2011, when agricultural prices became 
extremely volatile in the wake of widespread cascad-
ing export restrictions, commodity prices were rela-
tively flat throughout 2020 (Jansen 2020). The OECD 
attributes much of this stability to the implementation 
of the Agricultural Market Information System (AMIS). 
AMIS provides up to date information on agricultural 
commodity prices and availability, thereby preventing 
over-reactions on the part of governments and mar-
kets (Jansen 2020). This has resulted in much more re-
silient global markets for agricultural products.

Addressing food insecurity in conflict zones:
Over the past two decades, conflict-plagued countries’ 
share of stunted children grew from 46% to 75% (FAO 
2017). There is mounting evidence that climate change 
is a key driver of conflict (Hsiang, Burke, and Miguel 
2013; Maystadt, Calderone, and You 2015), suggesting 
that this trend will only increase, absent significant in-
terventions. Strengthening dispute resolution mecha-
nisms and sound natural resource management might 
significantly help to reduce conflict in fragile states 
(Calderone, Headey, and Maystadt 2014). The World 
Food Program has introduced several programmes to 
address food insecurity in conflict zones, such as the 
Food Assistance for Assets programme, which aims 
to address the most food-insecure people’s immedi-
ate food needs with cash, vouchers, or food transfers 
while helping to improve their long-term food security 
and resilience. Within this programme, people receive 
cash or food-based transfers while they boost assets, 
such as constructing a road or rehabilitating degraded 
land to improve their livelihoods. The combination of 
conditional food assistance and asset creation work 
helps food-insecure communities to shift away from 
reliance on humanitarian aid to achieve more sustain-
able food security.

The crisis in Somalia offers an example of the com-
pound risks from severe weather events coinciding 
with conflict. Rapid shifts from drought to flooding in 
the context of ongoing violence and conflict have led 
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to a series of food security crises in that country. The 
World Food Program (WFP) and the Food and Agricul-
ture Organization (FAO), in conjunction with interna-
tional/local NGOs have joined forces to implement a 
multi-year, joint resilience programme in Burao and 
Odweine districts of Somaliland. The programme al-
lows agencies to pull resources together and imple-
ment complementary activities, contributing to effec-
tive resource utilisation and supporting communities 
over long periods. Through this partnership, water 
catchments, vegetable gardens, and nutrition-aware-
ness programmes were implemented. 

Social protection:
In Ethiopia, an effort is underway aimed at breaking 
the cycle of dependence on food aid. The Productivity 
Safety Net Program (PSNP) focuses on the chronical-
ly food-insecure households, providing cash or food 
transfers on a predictable basis for five years, along 
with financial and technical support. Where there are 
able-bodied beneficiaries, they are required to provide 
labour in exchange for these transfer payments. The 
goal is to help these households build assets which can 
sustain them through future crises, along with contrib-
uting to the construction of rural infrastructure. 

Integrating smallholders more fully into regional mar-
kets can also enhance resilience. In Ethiopia, a pilot 
effort dubbed P4P: Purchase for Progress, run by the 
WFP, works through farmer organisations to better in-
tegrate farmers into these markets. This involves im-
proving the efficiency of these organisations, reducing 
transactions costs and improving information flows 
and as well as encouraging additional value-added 
for smallholder-grown products. In some cases, P4P 
also involves the purchase of commodities for use 
in the WFP’s food aid activities. A recent study (Gelo 
et al. 2020) of the P4P pilot project in Ethiopia finds 
that these interventions have resulted in significant 
increases in household welfare – as measured by a 
roughly 25% increase in spending – as well as sharply 
increased investment in children’s education. This sug-
gests that such programmes can address both short-
term resilience as well as longer-term development 
objectives.

Aquaculture diversification:
Aquaculture can also provide an important vehicle for 
improving the resilience and well-being of smallholder 
farm households, particularly in Asia and Sub-Saharan 
Africa. In Malawi, Integrated Agriculture-Aquaculture 
(IAA) farming practices have been introduced to help 
farmers boost earnings and increase food security. In-
tegrated farming enables farmers to boost total farm 
productivity by 10% while increasing farm income by 

61% more income (Dey et al. 2007), as well as boosting 
household resilience during times of drought, leading 
one farmer to note: “Fish in the pond is like money 
in the bank.” (https://www.worldfishcenter.org/con-
tent/combining-aquaculture-and-agriculture-pro-
mote-food-security-malawi). This has also resulted in 
a tripling of fresh fish consumption, thereby enhancing 
the protein content of diets. The techniques used by 
the IAA programme are simple and low-cost. Fish are 
fed maize bran and household leftover while manure 
from goats, chickens and rabbits help to fertilise the 
ponds (Dey et al. 2007). 

Post-harvest loss reduction:
Programmes aimed at reducing post-harvest storage 
losses can also enhance resilience, in addition to pro-
moting food availability. By encouraging more success-
ful storage of commodities over the course of the year, 
they can improve intra-annual food security, making 
more food available during the ‘lean season’ (Aggar-
wal, Francis, and Robinson 2018; Kumar and Kalita 
2017). Often new seeds are more vulnerable to pests 
and are therefore viewed as undesirable in the context 
of traditional grain storage. By overcoming these loss-
es, improved storage technologies can enhance incen-
tives for adoption of new seed technologies which, in 
turn can boost productivity (Omotilewa et al. 2018). 

Development, dissemination and utilisation of agricul-
tural big data:
Development of resilient and sustainable agriculture 
is also being facilitated by the big data initiative of 
the Consultative Group for International Agricultural 
Research (CGIAR), dubbed INSPIRE, https://bigdata.
cgiar.org/inspire/, which seeks to harness recent ad-
vances in remote sensing, machine learning and ro-
botics to support agricultural research and innovation 
in support of sustainable development and food se-
curity. These and other new scientific tools including 
precision biology (cell factories), combined with arti-
ficial intelligence. offer the prospect of making every 
element of the food system more efficient https://
www.weforum.org/reports/innovation-with-a-pur-
pose-the-role-of-technology-innovation-in-acceler-
ating-food-systems-transformation. There is also an 
increasing emphasis on integrated systems approach-
es in which farming practices seek to imitate nature’s 
ecological principles, whereby not only crops but also 
varied types of plants, animals, birds, fish, and other 
aquatic flora and fauna, are utilised for production. 

Initiatives targeted at policy makers, researchers, agri-
businesses need to be aligned with capacity develop-
ment actions. This should seek to integrate knowledge 
generation with knowledge sharing in a manner that 
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can effectively inform, and be informed by, action 
(Virji, (2012)). Farm households’ decision-making 
in the context of risk and resilience challenges is of-
ten constrained by a lack of information on weather 
and market conditions. Many farmers in low-income 
countries rely on informal knowledge of local climates 
and weather patterns that has been acquired over de-
cades or even centuries. The challenge posed for these 
households by climate change is that much of this 
knowledge base is effectively destroyed as it is ren-
dered irrelevant under the new climatology (Quiggin 
and Horowitz 2003). In this context accurate weath-
er forecasting is of critical importance to the farm-
ing community. Indeed, Gine, Townsend and Vickery 
(Gine, Townsend, and Vickery 2007) found that farm-
ers in India with less access to risk-coping mechanisms 
invested more in acquiring accurate weather forecasts. 

The usefulness of modern climate forecasts will de-
pend on “developing focused knowledge about which 
forecast information is potentially useful for which 
recipients, about how these recipients process the 
information, and about the characteristics of effec-
tive information delivery systems and messages for 
meeting the needs of particular types of recipients” 
(Stern and Easterling 1999). An example where a close 
link between research and capacity building has been 
planned from the beginning is the West African Sci-
ence Service Centre on Climate Change and Adaptive 
Land Use (WASCAL, https://wascal.org/ ) with human 
capital programmes comprising ten graduate schools 
closely linked to the respective research activities and 
research institutions. Close links between research 
activities and capacity building are also considered in 
other larger research programmes such as N2Africa 
which emphasises putting nitrogen fixation to work for 
smallholder farmers in Africa (https://www.n2africa.
org/) as well as through the AgMIP (https://agmip.org/ 
) regional studies in Africa, Asia and other parts of the 
world. While all of these programmes have achieved 
good progress, links among these programmes are 
under-developed and they would generate greater im-
pact through coordinated research and funding activi-
ties at the national and international scales.

Enhanced equity in food systems:
The socio-economic and institutional context in which 
innovations are introduced is key for advancing equity 
in farming communities (Bayard, Jolly, and Shannon 
2007). However, solutions aiming to enhance agricul-
tural productivity often focus on technological innova-
tions but do not necessarily consider social, economic, 
and gender disparities. Growing evidence suggests that 
agriculture innovations can affect women and men 
differently within households and communities due to 

differences in power, roles, and access to rights (Doss 
2001; Beuchelt 2016). Equity in agri-food systems, in-
cluding being inclusive and sensitive to gender and 
social inequalities, can contribute to improving pro-
ductivity (Beuchelt 2016). Development policies must 
address challenges and knowledge gaps related to so-
cial justice issues, environmental equity, and economic 
equity for smallholder farmers. Such achievements are 
possible only in a policy environment that promotes 
context-specific pro-smallholder value chains with 
equal access to innovations, capacity building oppor-
tunities, and smallholder-friendly financing and in-
vestment, as well as policies that support productive 
social safety nets. The FAO and IFAD are collaborating 
to strengthen the capacity of the indigenous groups, 
women and rural youth. Five percent of the world pop-
ulation belongs to indigenous people (FAO 2018) and 
they are culturally unique and have unique resilience 
strategies and challenges. IFAD is also working on the 
4Ps (public-private-producers-partnership) in the ag-
ricultural sector to provide an enabling environment 
as a strategic goal. Some examples of advancing eq-
uity in the context of smallholder agriculture includ-
ing strengthening social protection systems (e.g. food 
banks, emergency food pantries, nutrition-sensitive 
cash-transfer programmes, etc.), as well as supporting 
grassroots activities dedicated to providing vulnerable 
populations with access to healthy and sustainable 
food.

Agro-ecology:
Other measures include direct use of saline waters 
for agriculture and food, feed, fibre production, along 
with efforts to increase productivity for marginal and 
or subsistence farms (International Center for Biosa-
line Agriculture). This has the potential to improve 
the food security of poor households in rural areas by 
increasing food supply, and reducing dependence on 
purchasing food in a context of high food price infla-
tion. The UN Special Rapporteur on the Right to Food, 
Oliver De Schutter (2011), highlights in his report that 
marginal and or small-scale ecological farming is al-
ready very productive and can do even better. He calls 
for the use of agro-ecological methods to increase 
food production where the hungry live. Leveraging 
agriculture-ecosystem mutualism can improve pro-
ductivity and may be more accessible and viable for 
marginalised or smallholder livelihoods than meth-
ods reliant on high agrochemical inputs (Seppelt et al. 
2020). Eco-farming for food security can be expanded 
to include the matrix of adjacent wild land, given the 
importance of landscape complexity for agro-ecolog-
ical functions such as pest management, pollination, 
soil and water quality (Tscharntke et al. 2005; Ricketts 
et al. 2008).
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Transnational policy coordination:
In addition to providing sustainable incomes, the 
food system must ensure food safety along the entire 
food chain. For many low- and middle-income coun-
tries, rapid demographic and dietary changes, among 
others, are contributing to broader exposure of pop-
ulations to food-borne hazards, stretching limited 
capacity to manage food safety risks. However, food 
safety receives relatively little policy attention and is 
under-resourced. Building resilience in such complex 
agri-food value chains calls for more significant and 
smarter investments in food safety management ca-
pacity, particularly in low- and middle-income coun-
tries. Comprehensive national food safety policies 
require cross-ministerial collaborations, spanning agri-
culture, industry, public health, domestic and interna-
tional trade, science, technology and education, in the 
setting food quality and safety strategies and ensuring 
their governance. Policy implementation of the food 
quality and food safety system must include elements 
of quality control and quality assurance systems, food 
safety standards, risk analysis, diagnostic technology, 
and traceability systems. Proactive and effective sur-
veillance and rapid response are also critical aspects of 
food safety systems’ performance to tackle risks (Jaf-
fee et al. 2019). Further, food safety systems are a crit-
ical ingredient of successful food export performance. 
Recognising this potential barrier, Thailand’s food sec-
tor has worked closely with the U.S. Food and Drug 
Administration (FDA) to meet the Preventive Controls 
for Human Food (PCHF) regulation, thereby avoiding 
burdensome export restrictions. 

The Permanent Interstates Committee for Drought 
Control in the Sahel, known as “CILSS,” is an interna-
tional organization established in 1973, consisting of 
13 countries in the Sahel of West Africa. The mandate 
of CILSS is to address desertification and to improve 
food security in the Sahel. Over the years, CILSS has es-
tablished itself as its member states’ technical arms in 
the area of food security. Subsequently, the Economic 
Community of West African States (ECOEarWAS) en-
trusted CILSS to support member states in developing 
their National Agriculture Investment Plans. In addi-
tion, CILSS created the Sahelian Pesticide Committee, 
known as the “CSP,” a common regulation for the reg-
istration of pesticides in CILSS member states to com-
bine the expertise in pesticide evaluation and manage-
ment to improve pesticide registration. In line with the 
Rotterdam Convention framework for the regulation 
of hazardous chemicals and pesticides in international 
trade. The CSP has the authority to issue full or provi-
sional registrations as well as refusing registration of a 
specific pesticide product. Besides facilitating the Rot-
terdam Convention’s agenda, this approach has entire-

ly replaced national pesticide registration in individual 
CILSS member states.

Food safety policies:
Consumers also directly affect the safety of foods 
through their food handling and preparation practic-
es. Poor hygienic practices in the home are responsi-
ble for between 30-40% of food-borne illness. Many 
countries invest in educating and informing the public 
about food safety as an important means of reduc-
ing food-borne illness. For example, the Bangladesh 
Food Safety Network developed a range of initiative 
and Information, Education and Communications 
(IEC) materials to enhance awareness of food hygiene 
and safety among targeted groups, household food 
preparers, school children, and street food vendors. 
Recently, the FAO has worked with public health and 
food safety authorities and with consumer bodies to 
assist in the design of public information/education 
programmes/campaigns, including the monitoring 
of their effectiveness. In addition, FAO assists in the 
development of appropriate messages for use in such 
programmes to facilitate behaviour, as well as to im-
prove food hygiene practices in food service sector 
(FAO 2020a). 

Policy coordination will be key in enhancing future 
food system resilience. Schipanski et al., (2016) pro-
posed integrated strategies for fostering food sys-
tem resilience across scales, including (a) integrating 
gender equity and social justice into food security 
research and initiatives, (b) increasing the use of eco-
logical processes rather than external inputs for crop 
production, (c) fostering regionalised food distribution 
networks and waste reduction, and (d) linking human 
nutrition and agricultural production policies. Enhanc-
ing social-ecological links and fostering adaptive ca-
pacity are essential to cope with short-term volatility 
and longer-term global change pressures. Pingali et 
al., (2005) explores the linkages between food securi-
ty and crisis in different contexts, outlining the policy 
and institutional conditions needed to manage food 
security during a crisis and rebuild the resilience of 
food systems. In the Sahel, CILSS has emerged as an 
important vehicle for regional policy coordination on 
matters of food security. In the context of wealthy na-
tions, the Joint Programming Initiative (JPI) in the EU 
(https://ec.europa.eu/programmes/horizon2020/en/
h2020-section/joint-programming-initiatives) has im-
proved the harmonisation of research activities across 
countries of the EU. A prominent example in the do-
main of the Summit21 is the JPI FACCE (Food Security, 
Agriculture and Climate Change, https://www.faccejpi.
net/en/FACCEJPI.htm) which is presently further de-
veloped to also link research to national and EU stake-
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holders including policy makers to better coordinate 
research and policies. 

Increasing risk-informed investments at all levels (lo-
cal, regional, national and international) are needed to 
improve food security and resilience of food systems 
to ensure food security and adequate nutrition. Public 
Private Partnerships (PPP) offer an important oppor-
tunity to leverage resources from the private sector. 
PPPs also bring in new technologies and innovation 
and they can facilitate risk-sharing. The Committee 
on World Food Security (CFS) established criteria for 
responsible agricultural investments in 2015. A recent 
review (Mangeni 2019) on the role played by PPPs in 
disseminating acceptable technology to farmers, ex-
plores the current state of the field, and details ap-
proaches and methods for the establishment and pro-
motion of PPPs in sub-Saharan Africa.

Community organisation and local innovation:
Bann Samkha, a small community in northern Thai-
land, has faced severe drought, leading to food inse-
curity. They solved this problem through community 
water resource management, allowing them to attain 
self-sufficiency in rice production. However, the long 
distance between rice farms and the commercial rice 
mill led to high transport costs. To cope with this prob-
lem, a compact and highly efficient small-scale rice 
mill machine has been developed. This user-friendly 
machine proven highly suitable for rice milling in rural 
areas, allowing farmers to sell high-value milled rice in-
stead of paddy rice. Furthermore, the community uses 
the rice straw to produce rice straw paper through an 
organic process. With local wisdom, the community 
has now created an ‘eatable calendar’ wherein each 
page of the calendar is embedded with seeds of the 
month that grow into plantlets after being watered. 
The rice straw paper and the eatable calendar pro-
duction have brought more income and a sustainable 
economy to the community. This illustrates the poten-
tial for communities to create high-value, circular and 
sustainable bio-economies (Thangphisityothin 2020).

The importance of context specificity

Resilience interventions will have differential impacts 
depending on their agro-ecological context, cultural 
aspects, policies and institutional capacities. The de-
terminants of access to safe and nutritious food vary 
widely, reinforcing the fact that solutions cannot be 
“one size fits all”. An estimated 1.4 billion people live 
and work in marginal environments (Chen and Raval-
lion 2004). Vulnerability for safe and nutritious food 
looms over all agro-ecologies in the face of climate 

change and biodiversity loss, but the fragile agro-ecol-
ogies are the most vulnerable. These regions are high-
ly populated and stricken by poverty, food, nutrition-
al and social insecurity. Site specific agro-ecological 
solutions, along with access and tenure to land and 
other renewable natural resources, could contribute 
to economic viability, provide appropriate solutions 
to many of the environmental challenges and be so-
cially inclusive, addressing rural employment and live-
lihoods. This is particularly relevant in parts of Africa, 
South and South East Asia and Latin America countries 
agriculture still accounts for as much as three-quarters 
of employment (Roser 2013). The adoption of prom-
ising agricultural technologies has been far from uni-
versal, and has remained particularly low among the 
poor (Freebairn 1995). As a result, the Green Revolu-
tion may actually have created new sources of food 
insecurity in marginal areas by targeting high potential 
areas and a handful of high-value crops grown there 
(wheat, rice, maize) (Pearse 1990; Shiva 1991; P. L. Pin-
gali, Hossain, and Gerpacio 1997). However, Enhanc-
ing agricultural development for marginal farmers 
and smallholders can create strong links to the rest of 
the rural sector (Koonin 2006), both through hiring of 
extra local labour at peak farming times and through 
more favourable expenditure patterns for promoting 
growth of the local non-farm economy, including rural 
towns (IFAD, 2013). 

Many coastal communities and small island states also 
face difficult economic conditions. However, in many 
cases the development of tourism can make a valuable 
contribution. Indeed, coral reef tourism is a critical, 
undervalued ecosystem service generating $36 billion 
in global revenue (Spalding et al. 2017). In many cases, 
local fisherman can convert their boats to tourism and 
boost their incomes. While coral reefs face an imme-
diate threat from climate change, there is potential to 
make them more resilient by managing fishing effort 
(Hughes et al. 2007). More generally, the impacts of 
climate change and extreme events differ consider-
ably across the planet (IPCC 2014). Resilience and 
vulnerability strongly depends on the ability to adapt 
to climate change which again depends of economic 
conditions (Wheeler and Braun 2013) with poorer, less 
diversified regions being more vulnerable (Reidsma 
and Ewert 2008). 

Concluding remarks

Several reports have addressed resilience of food sys-
tems from different perspectives considering different 
parts of the food system and contexts of food secu-
rity challenges (Fan, Pandya-Lorch, and Yosef 2014). 
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As evident from these reports and other studies, in-
cluding the present review, resilience has successful-
ly been used as a conceptual framework to improve 
food security as well as vehicle for organising links 
among respective actors, agencies and institutions. In 
the present study we have particularly addressed the 
contributions of the resilience approach as outlined in 
Figure 2, with respect to addressing important trade-
offs and synergies. From the range of reviewed studies 
several conclusions can be drawn: 
• The resilience approach has been helpful in devel-

oping solutions for food security, considering at 
least two but often more capacities. However, pri-
mary emphasis in the reviewed programmes and 
initiatives is focused on the absorption, adaptation 
and anticipation capacities and less on prevention 
and transformation. These important aspects need 
to be more considered in future studies. None of 
the studies integrates all capacities.

• The resilience approach is helpful in addressing 
trade-offs and synergies. However, key trade-offs 
identified here demand more attention. Further-
more, systematic approaches for analysis of these 
trade-offs are often missing.

• The reviewed initiatives and programmes have 
been successful in developing solutions for food 
security for the specific challenges and contexts. 
However, links among these programmes are often 
not well developed and additional benefits can be 
obtained by greater investment in institutions to 
facilitate the exchange of tools, data, information 
and knowledge. Such links would generate greater 
impact through coordinated research and funding 
activities at the national and international levels 
and support the further development of the resil-
ience approach.

• Most importantly, these examples clearly reveal 
that there is no single game-changing solution that 
solves the range of different food security chal-
lenges. Instead, operationalisation of the resilience 
concept to build food security will depend on the 
specific context of the food security challenge and 
the respective actors involved. Hence, using resil-
ience as a systems approach to support the con-
ceptualisation of the food security challenge and 
the integration of actors, organisations and agen-
cies to develop context-specific solutions offers a 
promising way forward. 
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Summary

Food insecurity and hunger conti nue to threaten the 
lives and livelihoods of millions of people. Many of 
today’s food crises are linked to violent confl icts in 
various ways. The number of people aff ected by con-
fl ict-driven food crises increased from 74 million in 
2018 to more than 77 million one year later, parti cular-
ly in north-eastern Nigeria, South Sudan, Afghanistan, 
Syria and Yemen. The achievement of food security 
ending hunger and malnutriti on and enabling sus-
tainable agriculture producti on as addressed by Sus-
tainable Development Goal (SDG) 2 of ‘Zero Hunger’ 

therefore largely depends on the progress made on 
SDG 16 in promoti ng peaceful and inclusive societi es. 

However, the severe food crises in the past decade 
have demonstrated the weaknesses to govern food 
(in)security in confl ict setti  ngs. While nati onal govern-
ments or belligerents are oft en unable or unwilling to 
respond adequately to food crises, humanitarian relief 
operati ons face the challenges of reaching those peo-
ple most in need of food supply and simultaneously 
avoiding exacerbati ng the confl ict. This has left  many 
of the aff ected communiti es having to fi nd their own 
responses to food insecurity. If food crises are to be ef-
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fectively addressed, research and policy actions need 
to tackle both food crises and violent conflict. 

Recommendations

Respect access to food as a human right: Any policy 
action needs to be based on the common understand-
ing that access to food is a human right. Providing safe, 
continued and sufficient access to food is foremost 
the respective government’s role. Every government 
should pursue preventive policies and take emergen-
cy measures to secure food equally for all parts of its 
population. If a government lacks the capacity to pre-
vent or mitigate a food crisis, it should allow and facil-
itate relief operations as demanded by humanitarian 
law. Any government or warring faction that prohibits 
parts of the population from access to food needs to 
be sanctioned.

Build a bridge between humanitarian assistance, 
development and peacebuilding: Food assistance, if 
implemented well, plays a key role in mitigating the 
devastating effects of conflicts and contributing to 
peace. While short-term assistance needs to be based 
on sound conflict analysis and a better understanding 
of the structural factors that determine vulnerabilities, 
long-term food assistance should actively integrate 
peacebuilding approaches. In line with current de-
bates of the humanitarian–development–peace (HDP) 
nexus, improving food security needs greater coopera-
tion and coordination between actors in humanitarian 
assistance, development cooperation and peacebuild-
ing.

Integrate local capacities: Conflict-affected popula-
tions adopt multiple strategies to secure food, and 
these depend on a multitude of factors such as the 
conflict context, intensity, and duration, an individual’s 
situation, access to resources and support and gover-
nance. Local response mechanisms and capacities to 
food crises and conflict need to be better understood 
and best practices integrated into relief operations and 
national response strategies.

Improve the data situation and links to early action in 
conflict settings: While early warning systems for fam-
ine have advanced over the past decades, challenges 

remain in accessing data in conflict settings and linking 
them to early action. The development of an integrat-
ed platform combining early warning systems for fam-
ine and violent conflict could add important data and 
the missing link to assess famine, drought and conflict 
risk more comprehensively while advancing anticipa-
tory humanitarian action in fragile and conflict-affect-
ed settings.

1. Introduction

Food insecurity remains one of the greatest global 
challenges. Since 2014, the number of people affected 
by hunger worldwide has been rising again: in 2019, 
almost 750 million people were exposed to extreme 
food insecurity (FAO et al., 2020), out of whom almost 
135 million people in 55 countries or territories were 
classified as in crisis conditions or worse (IPC/CH Phase 
3 or above). Violent conflicts undoubtedly play a deci-
sive role in current food crises. In 2019, more than 77 
million people in 22 countries were affected by con-
flict-driven food crises (FSIN, 2020). In addition, it is 
worth mentioning that violent conflicts have severe 
short- and long-term impacts on the nutrition status 
of children. 1

Food insecurity and violent conflicts are mostly found 
in regions with a high degree of fragility. Africa is still 
most affected by food crises: 54 per cent of the popula-
tion globally facing food crises or worse (IPC/CH Phase 
3 or higher2) are located in Africa (Fig.1). In East Africa, 
particularly in South Sudan, armed conflicts, violent 
extremism, inter-communal violence and other local-
ised tensions mainly affect peace and security. Further 
conflict-driven food crises have emerged in two other 
African regions: the Lake Chad Basin, comprising the 
borderlands of Cameroon, Chad, Niger and northern 
Nigeria, and the Central Sahel, affecting Burkina Faso, 
Mali and Niger (FSIN, 2020). In both areas, insecuri-
ty and jihadist groups’ expansionist aspirations have 
led to massive violent incidents and displacement of 
populations, destruction or closure of basic social ser-
vices, disruption or permanent breakdown of produc-
tive activities, markets and trade flows. In Asia and the 
Middle East region, 40 million people are affected by 
conflict-driven food crises, especially Yemen, Afghani-
stan, and Syrian Arab Republic, where political, social 

1  Studies in different contexts find evidence that conflict-affected children are shorter than children born in regions not affected by conflict. Moreover, neg-
ative effects on child weight at birth were observed if the mother was exposed to conflict during pregnancy. Physical and cognitive impacts have also been 
found in adults who were exposed to conflict in their early years (Brück et al., 2016).

2  IPC/CH Phase: Integrated Phase Classification is a standardised classification system to describe the anticipated severity of food emergencies / food insecu-
rity according to a five-phase scale: minimal, stressed, crisis, emergency, famine. (https://fews.net/IPC) 
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and economic grievances or geopolitical tensions have 
sparked protracted violent and armed conflicts (FSIN, 
2020).

This briefing paper looks at the multiple dimensions 
between current food crises and violent conflicts and 
identifies four key areas for a comprehensive response 
that addresses food insecurity and violent conflict. 

Figure 1  Food insecurity, violent conflicts and fragility in Africa 2015–2021



214 | IIV. Actions for Equity and Resilience in Food Systems  

Science and Innovations for Food Systems Transformations

 2.  Multiple dimensions of food crises and  
violent conflicts

Over the past decade, a growing body of research has 
examined the mutual impact between violent conflicts 
and food insecurity (for an overview, see Brück et al., 
2016; Martin-Shields & Stojetz, 2019) and indicated 
strong correlations on multiple layers. However, food 
insecurity, as well as violent conflicts, are character-
ised by a high degree of complexity and contextual-
isation. Thus, discussions about the state of food in-
security and the typology of violent conflicts tend to 
become objectives in themselves. Criteria for deter-
mining the state of food insecurity are usually based 
on the four dimensions of availability, access, stabili-
ty and utilisation and encompass a range of variables 
covering different sectors such as health, food prices 
and agricultural production. Analyses of food security 
range from the individual to the global level, and are 
classified by severity (FSIN, 2020). 

Typologies of violent conflict differentiate between 
the duration and intensity of violent conflicts, be-
tween root causes, key drivers, or ways of mobilisation 
as well as between domestic, regional and inter-state 
constellations (for an overview, see Demmers, 2016).3  
Each of these typologies entails a certain interpreta-
tion of violent conflicts. However, a categorisation of 
violent conflicts which centres on food (in)security is 
missing so far. To narrow this gap, we will link the log-
ics of war to food (in)security. We will identify three 
dimensions of how violent conflicts have an impact on 
food (in)security. 

2.1 Destruction and food insecurity
The general principle of violent conflicts is that bellig-
erent parties aim to harm, defeat or even eliminate 
their ‘enemy’. Consequently, the emergence of front-
lines, battlefields and war zones is an inevitable effect 
of violent conflicts, even if the current technological 
upgrading of modern armies and warfare (e.g. drones) 
aims to increase the accuracy of military attacks (Prinz 
& Schetter, 2017). This is why by and large, violent in-
teractions go hand in hand with physical destruction, 
affecting people’s vulnerabilities in various ways. 

In general, Collier (1999) finds that the gross domestic 
product (GDP) per capita declines at an annual rate of 
2.2 per cent during civil wars. 

Since the majority of people in many of today’s con-
flict-affected countries depend on small-scale farm-
ing to provide food and income for their households, 
small-scale agriculture is particularly affected: the de-
struction (e.g. bombing) or contamination (e.g. land 
mines, chemical weapons) of agricultural areas, as well 
as infrastructure (irrigation networks, roads, bridges, 
buildings, etc.), might force farmers to abandon agri-
culture altogether. Farmers may also no longer be able 
to cultivate their fields for lack of access to seeds and 
fertiliser, credits and capital, due to the uncertainty of 
access to buyers and markets and the displacement or 
killing of people (Baumann & Kuemmerle, 2016). 

Especially when the expansion of war zones provokes 
forced migration on a large scale, the impacts on food 
security are direct and severe, not only in the short 
term but often also in the long term. Forced migration 
not only leads to the collapse of agricultural produc-
tion and infrastructure but also disrupts or interrupts 
local and regional supply chains and increases food 
prices on local markets. At the same time, displaced 
people have to give up their livelihoods as producers of 
food (farmers, pastoralists etc.) and are thus exposed 
to food insecurity themselves (Brück et al., 2016), es-
pecially if they become dependent on food aid from 
humanitarian organisations and cannot restart agricul-
tural activities. 

The rehabilitation of war zones for food production 
and food supply takes decades. Clearing battlefields 
(de-mining), re-building physical infrastructure and 
establishing operational governance structures is cost-
ly and takes time. Moreover, such phases of post-war 
reconstruction are overshadowed by fierce disputes 
over access to and ownership of land and water, as 
property rights often change hands in times of war 
(Van Leeuwen & Van Der Haar, 2016). Thus, food inse-
curity, for poor populations in particular, often persist 
beyond the end of a violent conflict. 

2.2 Food (in)security and warring factions 
Food supply is of strategic importance to any armed 
group, from large-scale armies to vigilant gangs 
(Justino & Stojetz, 2016). This is why armed groups’ 
presence and rule directly impact local food security 
and the control of production areas. Historically, the 
supply of large armies with food went hand in hand 
with the plundering of food storages and the looting 

3  The question of when a violent conflict can be labelled as ‚war‘ is still ongoing. Its definition in International Law (declaration of war) diverges from the one 
in Peace and Conflict Studies (e.g. number of causalities).



IV. Actions for Equity and Resilience in Food Systems     | 215

Science and Innovations for Food Systems Transformations

of civilian households and markets. Although looting 
is still a common strategy, the links between armed 
groups’ presence and food security are more com-
plex: armed groups might show a strong interest in 
local food production and other goods. Combatants 
can take direct control over agricultural resources 
and livestock for sustenance or levy taxes on these 
products. For example, in Syria and Iraq, the agrari-
an zones seized by Islamic State were maintained to 
a large extent, despite massive forced displacement 
(Eklund et al., 2017).

People in conflict-affected contexts also adjust their 
practices to changing politics and (local) political ac-
tors. To protect their livelihoods and food security, 
people might (voluntarily or coerced) cooperate with 
armed groups (Martin-Shields & Stojetz, 2019). On 
the one hand, individuals participate in and support 
armed groups because they may benefit from the con-
flict through improved economic opportunities, such 
as access to food, looting and appropriation of agricul-
tural land or livestock (Keen, 1998). On the other, peo-
ple, such as farmers in agricultural off-seasons, might 
be recruited as part-time fighters. 

2.3 Hunger as a weapon 
When violent conflicts are directed against certain so-
cial segments, food insecurity can become “a weap-
on of war” (Messer & Cohen, 2015), as either a direct 
strategy or a by-product. The goal is either to deprive a 
particular warring party of the population’s support or 
eliminate entire population groups (ethnic cleansing, 
genocide). Direct strategies include cutting off food 
supplies to harm hostile armies and the population 
supporting them (De Waal, 2018). Similarly, block-
ing food access and destroying food infrastructure 
(“scorched earth”) are calculated military techniques 
not only to ignite mass starvation, malnutrition and 
hunger among the population but also to foster forced 
migration. Although the number of victims of mass 
starvation has declined in the past decades, it is still a 
widely-used military strategy in ongoing conflict zones 
such as Yemen, Syria, South Sudan or the Central Afri-
can Republic.

Strategies may also include preventing humanitarian 
access. In recent food crises, Al-Shabaab in Somalia, 
Islamic State in Syria or commanders in South Sudan 
refused aid from humanitarian agencies. Governments 
themselves often violate the humanitarian principle 
and reject international relief operations, especially if 
they form part of the conflict, as could be witnessed 
in Syria and Yemen. The bypassing of humanitarian 
principle can also extend to donor governments; one 

reason for the delayed response to the food crisis in 
Somalia in 2011 was the US anti-terrorist legislation, 
which made it difficult for humanitarian organisa-
tions to provide assistance to areas controlled by Al-
Shabaab (De Waal, 2018).

We have shown how the three interrelated dimen-
sions of war logics—destruction, rule of armed groups 
and hunger as a weapon—have multiple effects on 
people’s food insecurity. However, other factors, such 
as (conflict-related) increases in food and seed prices 
as well as (changing) climatic conditions, often ampli-
fy the exposure to conflict and food insecurity (Mar-
tin-Shields & Stojetz, 2019). In many of today’s con-
flict-affected countries, smallholder farmers, who are 
already vulnerable in the absence of conflicts (natural 
hazards) present a large part of the population. Con-
flict is an additional ‘shock’ that affects these popula-
tions’ livelihoods and well-being (Brück et al, 2016). 
In times of war, natural hazards affect the population 
much harder and increase the difficulty of access to 
food dramatically. As the most severe natural hazards, 
droughts exacerbate the effect of food (in)security. 
Droughts as ‘creeping’ or slow-onset disasters usually 
affect larger land areas than other types of disasters 
and make mitigation and adaptation strategies dif-
ficult to implement. Many of the adverse effects of 
drought often accumulate slowly and may persist for 
years after the event has ended (Wirkus & Piereder, 
2019).

What is less clear is whether food insecurity in turn 
sparks, intensifies or perpetuates conflict. While food 
insecurity alone is not likely to cause violent conflicts, 
it can increase social grievances in combination with 
socio-economic and political inequalities. These ex-
clude parts of the population (particularly youth) from 
economic activities and participation in political deci-
sion-making processes, which ultimately can fuel civil 
unrest or conflicts (Brinkman & Hendrix, 2011; Vest-
by et al., 2018). Besides structural conditions, rising 
food prices have been found to exacerbate the risk of 
political unrest and conflicts, particularly in urban set-
tings. The dominant explanation for the vicious circle 
of price and violent conflict are consumer grievances: 
higher prices create or increase economic constraints 
and/or sentiments of (perceived) relative depriva-
tion, which activate grievances that, in turn, can lead 
to conflict (whereas conflict is likely to increase food 
prices again) (Raleigh et al., 2015). These grievances 
can be directed against the state if it fails to secure 
food for the population in the face of rising global 
food prices. In Africa, rising food prices and unrest 
were associated with more political repression (Be-
razneva & Lee, 2013).
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3. Addressing food crises and violent conflict

The complex relationships between food crises and 
violent conflicts require comprehensive and adapted 
policy actions. These actions must refer to the reduc-
tion of food insecurity as an effect of violent conflict 
and consider the reduction of violent conflict or con-
flict risks itself. We thus suggest four key areas for a 
multi-faceted response that addresses food insecurity 
and violent conflict.

3.1  Respect access to food as a human right during 
violent conflict

Access to food is a human right. Any government 
should pursue preventive policies and take emergency 
measures to secure food equally for all parts of its pop-
ulation. If a government lacks the capacity to prevent 
or mitigate a food crisis, it should allow and facilitate 
relief operations as demanded by humanitarian law 
(Akande & Gillard, 2019). However, national govern-
ments or belligerents are often unable or unwilling to 
respond adequately to food crises. At the same time, 
international relief operations face the challenges of 
reaching the people most in need and of avoiding ex-
acerbating the conflict. 

Therefore, all actors must comply with the provi-
sions to protect the population from intended star-
vation and with humanitarian principles to guarantee 
humanitarian access. Any government or warring 
faction that prohibits parts of the population from 
access to food needs to be sanctioned. UN Security 
Council Resolution 2417 is a major step in this direc-
tion. The Resolution stresses the importance of com-
pliance by belligerents with international humanitar-
ian law and condemns the denial of humanitarian 
access to affected civilians (UNSC, 2018). Most impor-
tantly, the Resolution stipulates that the obstruction 
of humanitarian access in conflict settings can result 
in targeted sanctions, as already used, for example, 
for Al-Shabaab in Somalia (Akande & Gillard, 2019). 
Thus, the Resolution has the potential to be used by 
UN agencies to monitor and report robustly on hu-
man-induced food crises in conflicts and call on the 
Security Council and the international community to 
act (Zappalà, 2019).

3.2  Build bridges between humanitarian action, 
development and peacebuilding

The genuine role of international relief operations in 
food crises is to prevent or alleviate human suffering 
induced by disasters and conflicts. Short-term food 
assistance during violent conflicts usually focuses 

on improving food consumption of conflict-affect-
ed people and communities. It also aims to support 
the most vulnerable, such as displaced persons, chil-
dren, pregnant and nursing women. However, relief 
operations in conflict settings often face challenges in 
guaranteeing aid workers’ safety and security, gaining 
necessary data of affected populations and reaching 
those people most in need in a timely and appropri-
ate manner (see, for example, Tranchant et al., 2019). 
At the same time, food interventions risk becoming 
a source of conflict themselves, primarily because of 
an inadequate understanding of the conflict setting 
(Devereux, 2000). The misappropriation of food aid in 
particular, such as the usurpation of food by violent 
actors, can fuel political grievances and perpetuate 
conflict. Moreover, food aid can undermine local food 
production and markets and affect the development 
of local capacity (Hendrix & Brinkman, 2013). A clear 
and locally informed analysis of the conflict and its 
context as well as increased equity and accountability 
is needed to prevent negative impacts of food aid in 
conflict environments. 

While short-term food aid focuses primarily on alle-
viating human suffering rather than resolving violent 
conflict, long-term humanitarian assistance, as pro-
vided particularly in protracted crises or post-conflict 
situations, can identify potential conflicts and address 
them, reducing the risk of conflict flare-ups. Usually, 
these interventions have a stronger impact than the 
immediate supply of food (or cash/vouchers) and al-
ready include development assistance measures. 
Long-term food assistance can therefore play a crucial 
role in building local capacity, restoring agricultural 
production and, ultimately, consolidating peace. How-
ever, it is crucial to initiate its provision early enough 
and consider the amounts needed. It is also vital that 
it reaches the people who need it most, such as in-
ternally-displayed persons (IDPs), host communities 
and returnees (Hendrix & Brinkman, 2013; Lander & 
Richards, 2019). Nevertheless, aid agencies need to be 
aware that the longer food aid is provided, the more 
it has a direct impact on the local food market and 
price trends. Therefore, nuanced planning and man-
agement are required to avoid affecting smallholders’ 
livelihoods by flooding them with aid.

To effectively address these challenges, long-term food 
assistance needs to bridge humanitarian action, devel-
opment intervention and peacebuilding. Thus, food 
assistance is a key instrument addressed in current de-
bates of the humanitarian–development–peace (HDP) 
nexus, which calls for greater cooperation and coor-
dination among actors in humanitarian aid, develop-
ment cooperation and peacebuilding.
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3.3 Integrate local capacities
Conflict-affected populations adopt very different 
strategies to secure food. These strategies depend on 
multiple factors such as the conflict context, intensi-
ty and duration, the individual situation, access to re-
sources and support, and governance. For example, 
rather than aiming to maximise agricultural profits, 
farmers may change their crop production to a low-
risk, low-return strategy by switching their production 
from cash crops to less profitable crops as these crops 
provide food for subsistence or can be easily trans-
ferred in case of displacement. However, maintaining 
these low-risk-low-return strategies after conflicts end 
affects their recovery and can further affect their live-
lihood in the long run (Arias et al., 2017).

Similarly, pastoralists may adapt livestock production 
to the conflict, e.g. by selling livestock to have suffi-
cient cash or hiding livestock from armed groups or 
local ruling groups (Brück et al, 2016). Furthermore, 
studies have shown that households increase their use 
of safety nets to minimise uncertainty. Support ranges 
from cash transfers to in-kind assistance received by 
the household (Brück & d’Errico, 2019). Remittances 
are also an important safety net in responding to food 
crises and conflict but still much needs to be learned 
about its role for affected people (Haan et al., 2012). 
Therefore, local response mechanisms to food crises 
and conflicts need to be better understood and suc-
cessfull practices incorporated into relief efforts and 
national response strategies while, at the same time, 
striving to avoid potential harm.  

3.4  Improve the data situation and better link  
different data sets with early action

Early warning mechanisms for famine such as FEWS 
NET have advanced over the last 35 years towards bet-
ter predicting and managing food crises. They provide 
decision-makers and relief organisations with a rigor-
ous, evidence- and consensus-based analysis of food 
insecurity and acute malnutrition situations. However, 
several challenges remain. First, in violent conflicts, 
access to data needed for comprehensive analysis 
and timely warning is often restricted. Second, the 
announcement of a food emergency is highly political 
and often challenged by claims of sovereignty (Lander 
& Richards, 2019). Third, even if warnings are timely 
and allow careful planning, adequate finance mecha-
nisms are often not in place. Recent developments in 
anticipatory action, such as FAO’s Early Warning Early 
Action or ICRC’s forecast-based financing approach, 
aim to close the gap between forecasting tools and de-
layed response but still face multiple challenges in ad-
justing these to food crises and conflict (Wagner & Jai-

me, 2020). Forth, a knowledge gap still exists between 
data that is available to assess the food security situa-
tion and data on conflict early warning. Conflict early 
warning and forecasting systems such as UCDP ViEWS, 
ACLED Pulse) address this knowledge dilemma. They 
have the potential to close the “conflict assessment 
gap” of current food crisis warning systems (Wirkus & 
Piereder, 2019). 

An integrated platform developed to combine ear-
ly warning data sets for famines and violent conflicts 
could provide a better basis for a more comprehensive 
assessment of famine, drought and conflict risk and 
advance anticipatory humanitarian action in fragile 
and conflict-affected settings.

Taking into account these four key areas could help 
national governments and international humanitarian 
and development organisations to take effective pre-
ventive, anticipatory and emergency action against 
food crises during violent conflict, while at the same 
time integrating peacebuilding approaches into long-
term food interventions to address hunger and con-
flict.
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ABSTRACT

Transforming food systems involves fi ve acti on tracks: 
i) access to safe and nutriti ous food, ii) sustainable con-
sumpti on, iii) nature-positi ve producti on, iv) equitable 

livelihood, and v) resilience to shocks and stress. The 
overall goal of Acti on Track 3 is to reconcile the need 
for the producti on system to meet the demands from 
growing populati ons and rising prosperity with the ne-
cessity of restoring the environment, improving the 
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quality of soil, conserving biodiversity, and sustainably 
managing land, water and other natural resources. The 
strategy is to protect, manage and restore ecosystems: 
to “produce more from less” and set aside some land 
and water for nature. In this context, action at the land-
scape scale is key, extending beyond individual produc-
tion fields to the watershed, entire river basin, and 
the coastal area influenced by the change of land use 
and river discharges (IPCC 2019). Nature-positive land-
scape-level interventions include system-based con-
servation agriculture, agroforestry, river basin manage-
ment, bio-inputs, integrated soil fertility management, 
soil and water conservation and nutrient recycling. In 
particular, maintaining trees in landscapes, avoiding 
deforestation and promoting landscape restoration are 
critically important for preventing soil erosion, regu-
lating water resources, and protecting environmental 
services essential for sustaining production at multiple 
scales from regional to global. Such nature-positive ap-
proaches are best based on bottom-up and territorial 
processes, strengthened by scientific innovations and 
enabling policy environments. Translating science into 
transformative action also requires system-level gover-
nance and policy interventions that enable and provide 
incentives for farmers and land managers to adopt na-
ture-positive practices. Greater public and private sec-
tor investment in research and innovation is needed, if 
we are to develop solutions and adequately scale the 
adoption of nature-positive production systems. Fur-
thermore, a realignment towards nature-positive food 
systems requires awareness and empowerment on 
the part of producers and consumers. These concepts 
must be introduced to farmers through robust exten-
sion programs, with special attention paid to woman 
farmers. They must be taught in schools and broadcast 
to consumers. Ultimately, the aim should be to foster 
a five-way dialogue between academic institutions, 
farmer and citizen groups, industry and policy makers 
to translate scientific knowledge into viable action.

1. INTRODUCTION

This paper provides a high-level overview of evidence 
in favor of nature-positive food systems, discussing 
opportunities and challenges associated with sus-
tainable, efficient agricultural production with a view 
to concrete policy suggestions. The aim is to present 
these complex issues comprehensibly and impartial-
ly, so that proposed actions are science-based, solu-
tion-oriented, applicable, and restorative, balancing 
trade-offs and optimizing available synergies.

2. WHAT DO WE WANT TO ACHIEVE?

The primary objective of the Food Systems Summit 
2021 (FSS 2021) is to achieve multiple Sustainable 
Development Goals (SDGs) by internationally coor-
dinated actions across the food system chain (pro-
duction, distribution, and consumption). More con-
cretely, the overall goal is to provide healthy and 
nutritious food to all people, while creating livelihood 
opportunities and reducing the negative environ-
mental, climate, and health impacts associated with 
food systems. The Five Action Tracks of UNFSS-2021 
will explore achievable means to: 1) ensure access 
to safe and nutritious food; 2) shift to sustainable 
consumption; 3) boost nature-positive production; 
4) advance equitable livelihoods; and 5) build re-
silience to shocks and stress. Here, as a brief paper 
for the Action Track 3 of the Food Systems Summit 
2021, the focus is on food production systems, pri-
marily on land. Food systems in water, whether at 
sea or in aquaculture, are equally important, since 
fish and seafood help to assure healthy diets. This 
part  of food systems is dealt with in a planned sepa-
rate evidence-based Brief for the Scientific Group for 
the Food Systems Summit.1

Definition

Nature-positive food systems are characterized by a regenerative, non-depleting and non-destructive use of 
natural resources. It is based on stewardship of the environment and biodiversity as the foundation of critical 
ecosystem services, including carbon sequestration and soil, water, and climate regulation. Nature-positive 
food systems refer to the protection, sustainable management and restoration of a productive system. Finally, 
nature positive food systems cover the growing demand for food in a sufficient way and include sustainable 
and healthy nutrition.

1  Researchers who are part of the Blue Food Assessment (BFA; https://www.bluefood.earth/).
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The current global food production system is the re-
sult of 100 years of successful scientific and technical 
innovation. Yields of agricultural crops have increased 
more than ever before in human history, with sharp 
increases in production efficiency per area and per 
labor unit. Resultantly, the 20th Century has seen an 
increase in the production of food greater than the 
growth of the global population. However, this devel-
opment entails considerable trade-offs. It negatively 
impacts climate stability and ecosystem resilience. 
Scientific assessments by IPCC (2019) and IPBES 
(2019) have concluded that many aspects of current 
food production systems drive degradation of land 
productivity, water resources and soil health, as well 
as biodiversity loss at multiple spatial scales, ultimate-
ly compromising the sustainability of food production 
systems. The IPCC Special Report on Climate Change 
and Land (IPCC, 2019) has comprehensively laid-out 
the ways in which food systems, as they currently 
function, undermine our ability to feed the projected 
10 billion global population by 2050. Another report, 
from IPBES (2019), shows that one million species are 
threatened with extinction, which impacts human 
well-being associated with biodiversity, indicating 
that agriculture, as a key driver of deforestation and 
the depletion of ocean resources, is responsible for a 
significant part of this biodiversity crisis. Similarly, the 
latest Living Planet Report (WWF 2020) revealed that 
the most important direct driver of biodiversity loss 
in terrestrial systems in the last several decades has 
been land use change – primarily the conversion of 
pristine native habitats (forests, grasslands and man-
groves) into agricultural systems – while much of  the 
oceans have been subject to overfishing. Meanwhile, 
in freshwater ecosystems, biodiversity loss as  a result 
of food production has increased by 50%. Agriculture 
accounts for some 70 percent of freshwater with-
drawals worldwide and contributes to water pollution 
from agrochemicals, organic matter, drug residues, 
sediments and saline drainage into water bodies (Ma-
teo-Sagasta et al., 2018)

The degradation and fragmentation of natural and 
semi-natural ecosystems is known to increase the risk 
of emergence and spread of zoonotic diseases such as 
Ebola, HIV, SARS and COVID-19. Habitat loss of wild an-
imals, overall loss of biodiversity, in addition to contact 
possibilities of wild animals with large livestock popu-
lations, are become greater, risks of zoonosis increas-
es (Keesing and Ostfeld 2021). Humans depend on the 
stable and adaptive interaction between plants, micro-
organisms and life-support systems such as water and 
soil. Hence, we need a radical transformation of current 

food systems tending to disrupt these beneficial inter-
actions. Such transformation must encompass all of 
relevant environmental and socio-economic elements: 
affecting the environment, people, inputs, processes, 
infrastructures, institutions and all activities that relate 
to the production, processing, distribution, prepara-
tion, consumption, and waste-disposal of food (see Ac-
tion Track 1, Bortoletti & Lomax, 2019; HLPE, 2014).

The need for a comprehensive approach in nature-pos-
itive food systems is also recognized through the devel-
opment and promotion of various interconnected and 
complementary elements such as the ten elements of 
agroecology (FAO 2018a):
• Diversification and resource use efficiency, includ-

ing local varieties to protect food security; increas-
ing productivity and improving nutritional balance 
through the consumption of diverse kind of cere-
als, pulses, fruits, vegetables and animal source 
proteins; intercropping and crop rotation practices 
for resource efficiency.

• Increased resource efficiency through innova-
tive practices to produce more with less external 
resources and create synergies between the sys-
tem components; recycling biomass, nutrients and 
water to reduce external resources; reducing costs 
and negative externalities.

• Fostering synergies and promoting multiple eco-
system services to increase resilience: e.g. biolog-
ical nitrogen fixation in intercropping or rotations 
reduce the need of external fertilizer and contrib-
utes to soil health and climate change mitigation.

• Recycling of nutrients, biomass, and water: mini-
mizing waste and pollution with lower economic 
and environmental costs.

• Improving resilience through crop-system diversi-
fication: maintaining a functional balance so that 
production systems can tolerate pests and diseases 
or reduce the magnitudes of pest outbreaks. With 
diversification, producers reduce their vulnerability 
because they will have several options in case any 
product fails.

• Promoting the acceptance and implementation of 
innovations through the promotion of participa-
tory processes to share knowledge and co-create 
solutions to local challenges.

• Protecting human and social values and improving 
rural livelihoods, where dignity, equity, inclusion, 
and justice are an integral part of sustainable food 
systems, trade, and employment. Since culture and 
food traditions play a central role in society and in 
shaping human behavior, they are closely tied to 
landscapes and food system.
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• Fostering responsible and effective governance at 
local, national and global levels, maintaining the 
transformation processes for sustainable FS. These 
include incentives for ecosystems services.

• Supporting innovation for circular and solidarity 
economies within the planetary boundaries and 
reconnecting producers and consumers as the 
basis for inclusive and sustainable development. 
Here, local markets and local economic develop-
ment are key, while circular economies can help 
to tackle the global food waste challenge, making 
food value chains more resource efficient at every 
level.

The global community of policy makers as well as 
actors along the entire food chain, supported by 
citizens, must jointly transform the current “net-na-
ture-negative” into “nature-positive” situations at 
the global scale, by developing and applying effec-
tive and efficient incentives. This means fostering 
and enhancing positive practices in existence, while 
reducing impacts from negative practices at the land-
scape level. Such practices are innovations in soil 
and water management, land use planning, biodi-
versity conservation, circular economy approaches, 
new science and technologies in molecular biology 
and plant breeding, alternative protein sources, and 
digital tools for the management of agriculture, and 
land and natural resources. In doing so, boosting 
nature-positive food systems will put the global so-
ciety on a pathway    to a more resilient future and 
sustainable well-being in line with the Building Back 
Better Initiative of the  United Nations (Mannakkara 
et al., 2019). Food, feed and fiber production must 

support biodiversity, restore soils, protect freshwa-
ter supplies, increase water security, withdraw car-
bon from the atmosphere and store it in the terres-
trial biosphere (i.e. soils, trees and wetlands), create 
employment, increase  food security, and enhance 
climate resilience and social stability. In response to 
the Covid-19 pandemic, the necessity of changing 
the production systems more sustainable and circu-
lar is all the more urgent. Simultaneously, the current 
crisis provides a unique opportunity to challenge the 
perceived dilemma between economic growth and 
environmental stability.

3.  WHAT DO WE MEAN BY NATURE-POSITIVE FOOD 
SYSTEMS?

Nature-positive food systems globally meet the fun-
damental human right to healthy food, while operat-
ing within boundaries that limit the natural resources 
available for a sustainable exploitation (Steffen et al., 
2015). Using the concept of a safe operating space for 
food systems, the EAT-Lancet Commission has pre-
pared an outline of human health and environmental 
sustainability for global food systems with clear sci-
entific targets (Willet et al., 2019). They described six 
central environmental dimensions for planetary health 
using the planetary boundaries concept for food pro-
duction to ensure a stable Earth system (Table 1). These 
dimensions take into account the environmental limits 
within which food systems should jointly operate, en-
suring that a broad set of universal human health and 
environmental sustainability goals are achieved (Willet 
et al., 2019).

Table 1  Scientific targets for six key Earth system processes and the control variables used to quantify the planetary boundaries. 
Source: Willet et al., 2019.

Earth system process Control variable Boundary (uncertainty range)

Climate change Greenhouse gas (CH4 and N2O) 
emissions

5 Pg of carbon dioxide equivalent per year 
(4·7–5·4)

Nitrogen cycling Nitrogen application 90 Tg of nitrogen per year (65–90;* 90–130†)

Phosphorus cycling Phosphorus application 8 Tg of phosphorus per year (6–12;* 8–16†)

Freshwater use Consumptive water use 2500 km³ per year (1,000–4,000)

Biodiversity loss Extinction rate Ten extinctions per million species-years (1–80)

Land-system cha Cropland use 13 million km² (11–15)
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3.1  FIRST PILLAR: PROTECT NATURAL SYSTEMS AND  
PROTECTED AREAS FROM NEW CONVERSIONS 
FOR FOOD PRODUCTION AND SAVE AND  
SET ASIDE SOME LAND AND WATER BACK TO 
NATURE.

Any further conversion of natural ecosystems and 
undisturbed habitats should be halted. Land use 
change, especially the loss of forests and trees in the 
landscape through farming and the expansion of in-
tensive agriculture and large livestock populations, 
are critical drivers of risks related to the exposure 
to emerging infectious diseases (Shaw et al., 2020) 
and destabilize the safe operating space of humanity 
(Steffen et al., 2015). Exploiting natural land for ag-
riculture can lead to drastically increased emissions 
of greenhouse gases (GHGs) and losses of biodiver-
sity (Kiew et al., 2020; Dargie et al., 2017). Important 
drivers are high-income countries, which import large 
amounts of food and feed from unsustainable farm-
ing systems in low- and middle-income countries. As 
this generates a significant incentive for such unsus-
tainable activities, importing countries should also 
take responsibility for protecting lands elsewhere – in 
a globalized world, these also constitute part of their 
food system.

Likewise, agriculturally marginal lands that are areas of 
high biodiversity (e.g. steep lands, shallow soils, wet-
lands, peatland) must be protected. As poverty and 
lack of knowledge are significant drivers  of habitat de-
struction, protection of such natural systems requires 
actions that change radically societies and economies. 
Many smallholder farmers are locked into low yields 
and highly degrading livestock practices (Garrett et 
al., 2017). These practices persist because of historical 
legacies, political instability, market failures, cultural 
lock-in and fire risks. However, very importantly, the 
preservation of natural ecosystems depends on how 
successfully humanity can manage existing production 
systems in a productive and sustainable way. The three 
pillars interact directly and indirectly, sometimes with 
actions in one place with intended and unintended 
consequences in remote places (Garrett and Rueda 
2019, Eaking et al., 2014): getting more food from less 
land (see pillar 2) enables restoring degraded farmland 
(see pillar 3), and safeguarding natural ecosystems and 
returning some land back to nature (pillar 1). Setting 
aside land and water is made possible by more effi-
cient production on existing agricultural land. Exten-
sification measures compromising yield on productive 
land export negative externalities by importing food.

Figure 1  The three pillars of nature-positive food systems

Cohen-Shacham et al. (2016) have defined the term Nature-based Solutions (NbS), an overall concept that we  
use for nature-positive food systems accordingly. It is based on three pillars: “protect”, “sustainably manage” and 
“restore” (agro)ecosystems.
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3.2  SECOND PILLAR: SUSTAINABLY MANAGE  
EXISTING FOOD PRODUCTION SYSTEMS

Nature-positive food systems characterized by a regen-
erative, non-depleting, and non-destructive use of nat-
ural resources (Lal, 2020). It is based on biodiversity as 
the foundation of ecosystem services – particularly soil, 
water, and climate regulation – that farmers manipu-
late with external inputs and with human or mechani-
cal forces. For terrestrial food production, healthy soil 
and clean water are the essential means by which we 
produce healthy food (Lal, 2017). Equally essential are 
pollinators, on which 70 % of the crops depend (Reilly 
et al. 2020). These will be the most critical indicators of 
success in producing nature-positive outcomes. Here, 
as always, the need is to work towards food systems 
that deliver net-positive ecosystem benefits.

Nature-positive production hinges upon circular bio-
economy, in which local and regional integration of 
production, consumption and the use of all residues 
are integrated and balanced. It aims for strong innova-
tion, but balances different types of innovation – the 
social, environmental and technological – in an equal 
manner. Production systems are driven by the pure 
food needs of a growing population, which means 
that society needs to focus on sustainable dietary pat-
terns (reduced food waste and reduced reliance on 
cereal-based meat and dairy products) and reduced 
production of energy crops on arable land. As a conse-
quence, the efficiency narrative (“produce more from 
less”) must be complemented by the sufficiency narra-
tive (“consume moderately”) to avoid rebound effects 
(Müller & Huppenbauer, 2016). The nature-positive 
food system recognizes the fact that health of soil, 
plants, animals, people, ecosystems, and, ultimately, 
the planet is one and undividable (Lal, 2020). A trans-
formation of agriculture towards nature-positive food 
systems depends, first of all, on actions at the land-
scape scale, as defined by the Organization for Eco-
nomic Co-operation and Development (OECD 2001, 
2007). Here, ethical and political framing of issues, fi-
nancial and infrastructural incentives, and the general 
innovation strategies and the degree of participation 
of stakeholders and actors are designed and decided 
upon. Dietary behavior of the population at large, and 
the   way food is handled, is also an issue that shapes 
the landscape. The second level is the management 
practice and production technology of the entire val-
ue chain that must be linked to the objectives of im-
proving and maintaining non-commodity ecosystems 
services in productive agriculture. In nature-positive 
production systems, the technologies used are con-
sistent with the salient    and contextual territorial, 
cultural and socio-economic conditions, and are com-
patible with natural processes. Currently, a significant 

share of food production fails to meet these criteria. 
Nonetheless, some farming systems and technologies 
already perform better in this respect than others. 
These approaches include agroecological practices, re-
generative conservation agriculture, integrated nutri-
ent and pest management, river basin management, 
sustainable groundwater management, agroforestry 
and agro-silvo-pastoral systems and sustainable pasto-
ralism in the rangelands. The development and use of 
bio-inputs such as bio-fertilizers and bio-protectants is 
another environmentally-friendly approach, combined 
with integrated crop management, intercropping and 
cover cropping. Some strategies include precision ag-
riculture and climate-smart agriculture. Several specif-
ic programs    for farmers target individual improve-
ments, such as introducing semi-natural habitats on 
the farm, applying no-till arable cropping, or strictly 
reducing the use of pesticides and nitrogen fertilizers.

Many examples of traditional food production systems 
involving landscape-level management exist.  Many 
rural settlements in Asia and Africa have sustained 
their productive landscapes for centuries: for exam-
ple, “satoyama” in Japan (Kobori & Primack 2003; JSSA 
2010; Indrawan et al. 2014). Likewise, sustainable so-
cio-ecological landscapes involving a variety of tradi-
tional approaches have been continuously fine-tuned 
by people in response to the climate and soil charac-
teristics of their lands. These provide hints for low-cost 
and sustainable watershed management, which could 
be scaled up with modern technologies involving opti-
mal and sustainable land use design.  

3.3  THIRD PILLAR: RESTORE AND REHABILITATE 
DEGRADED SYSTEMS FOR SUSTAINABLE FOOD 
PRODUCTION AND ECOSYSTEM SERVICES

One-third of global land area is degraded (FAO, 2015b), 
comprising of 47% of forest and 18% of cropland (Bai 
et al. 2008). There are approximately 2 billion hectares 
of degraded and degrading lands in the world. Resul-
tantly, the potential for restoration or rehabilitation 
is huge, and as such it is key to avoiding new conver-
sion of natural habitats and ecosystems. Here, specific 
technical measures must be taken depending on the 
site, socio-economic and cultural conditions.

One option is targeted at rewilding natural ecosystems 
at the landscape level to restore soil health, enhance 
biodiversity, and ecosystem services. Such activities 
often have additional benefits, as they could increase 
resilience. Another option involves rehabilitating of 
agricultural productivity, and this is equally important. 
Both of these forms of land restoration can help se-
quester carbon (IPCC 2019). In this context ideal re-
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sults typically occur when scientific information and 
traditional, local knowledge cooperates in finding 
solutions. The potential offered by such partnerships 
in helping to avoid new conversion of natural habitats 
and ecosystems and in reverting some agriculturally 
marginal land back to nature is enormous (Lal, 2021). 
Specific measures must be taken depending on the 
local bio-physical, socio-economic and cultural condi-
tions (including pillar 1 measures). In addition, inten-
sive cooperation and benefit sharing with all actors 
and stakeholders involved in a region or site must be 
ensured. The development and use of adequate finan-
cial mechanisms and public policies must be based on 
their social, environmental and economic returns. And 
research must focus on new knowledge and technol-
ogies to restore land and soils, in collaboration with 
food producers and other actors in the landscape.

4. CHALLENGES OF NATURE-POSITIVE FOOD SYSTEMS

The transition to nature-positive food systems is 
slowed or made impossible by numerous agronomic, 
economic and social challenges, which are compound-
ed by deficits in knowledge systems.

4.1 AGRONOMIC CHALLENGES
Yield reductions related with nature-positive  
production
Replacing conventional systems or subsistence farming 
in marginalized conditions with diversified nature-posi-
tive production can increase the overall output of farms 
(Pretty et al. 2018). However, on average, and particular-
ly in temperate zones with highly intensive agriculture, 
conversion to nature-positive systems typically results in 
a reduction of yields that must be compensated by cost 
savings, higher product prices, or other support mea-
sures, as to ensure the economic viability of the farms. 
This is particularly true in the case of organic farming 
(Knapp & van der Heijden 2018; Seufert et al. 2012), but 
much less distinctive for integrated production systems 
with restrictions on plant protection and nitrogen fertil-
ization (Morris and Winter 1999). The trade-off between 
high yields and biodiversity-rich, non-commodity eco-
systems services such as soil nutrient cycling, soil car-
bon sequestration, pollination and indirect pest control, 
is the greatest challenge of the present.

4.2 ECONOMIC CHALLENGES
Higher labor demand
Nature-positive food systems have a high initial de-
mand for labor and can be more labor-intensive in 
general. This can be a serious constraint when manual 

labor cannot be substituted by mechanized labor. In 
situations where mechanization is possible, the invest-
ment required can also be a hurdle. However, provid-
ed that work conditions are decent, this can also be an 
opportunity for job creation.

Higher transaction costs
As nature-positive food systems are more diverse, they 
tend to yield a greater number of crop or livestock 
products with a smaller volume of each product. This 
can limit market and processing opportunities and re-
quires high levels of knowledge and risk taking/exper-
imentation. Furthermore, farmers may have to carry 
the financial and knowledge burden of identifying and 
applying alternative inputs. A number of nature-pos-
itive practices depend on collective action across a 
landscape scale, involving multiple farms and a range 
of actors. This requires higher levels of coordination 
and increases transaction costs.

Failed valorization of sustainability throughout  
the value chain
Healthy, safe and sustainably produced raw materi-
als and food are desired by policy makers and citi-
zens worldwide. However, these additional services 
are not rewarded in the value chain, neither at the 
farm level, nor at the level of processing, trade and 
consumption. Cheap food continues to be purchased 
predominantly because consumers have other prior-
ities in their household budgets or because they can-
not afford it.

A major challenge is that monocropping of calo-
ry-dense food commodities offers large scale-econ-
omies and lower unit costs, as opposed to the more 
diversified production of a portfolio of food commodi-
ties needed for a healthy diet.

4.3 POLITICAL CHALLENGES
Policy incoherence
Current agricultural and trade policies, including subsi-
dy schemes, still favor intensive, export oriented pro-
duction of a few crops and there are still incentives for 
the use of fossil fuel and chemical inputs in place (Ey-
horn et al., 2019). Furthermore different governmen-
tal policies are contradicting and conflicting, especially 
agriculture, environmental, health, trade and science/
education policies. Finally, the transition towards na-
ture-positive farming is decelerated by past decisions 
of farmers such as the investment in large machines, 
skills, and retail relationships (HLPE 2019, IPES-Food 
2016). A return on those investments is more difficult 
when farmers shift their strategy towards nature-posi-
tive food systems. Therefore, reorientations of govern-
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ments towards more ecological and social sustainable 
goals are always retarded.

4.4  DEFICITS ALONG THE AGRICULTURAL  
KNOWLEDGE SYSTEMS

Weak knowledge and advisory systems
Public and private investment in research on na-
ture-positive food systems has been substantially 
lower in comparison to other innovative approaches, 
which results in significant and persistent knowledge 
gaps (HLPE, 2019). A systems-oriented, transdisci-
plinary, and long-term field research approach   is 
clearly lacking (Edwards & Roy 2017). Therefore, there 
is a disconnect in the knowledge and advisory systems 
required to support nature-positive food systems and 
build the capacity of actors.

There is also a shortage of inter- and transdisciplinary 
research on nature-positive food systems that takes 
into account the context specificity of the approaches. 
Nature-positive system thinking and solutions are not 
sufficiently well integrated into the curricula of univer-
sities and farmer schools.

5.  CALL FOR ACTIONS TO SUCCESSFULLY COPE WITH 
TRADE-OFFS AND SCALING UP NATURE-POSITIVE 
FOOD SYSTEMS

There are several structural lock-ins that keep the cur-
rent unsustainable food production system in place. 
These create a set of feedback loops that reinforce 
this system and include investments and policies 
that create path dependency, such as purchasing of 
expensive equipment or subsidies for chemical pes-
ticides, export orientation, the expectation of cheap 
food, compartmentalized and sectoral, shortterm 
thinking, certain discourses about feeding the world 
and focused solely on production volumes and mea-
sures of success (looking at single crops) (IPES-Food 
2016). Other typical lock-ins that reinforce the cur-
rent system are the concentration of power in the 
food chain and institutional, agricultural research and 
technological lock-ins (WWF, 2016). Therefore, a sys-
tematic change towards nature-positive food systems 
requires a fundamental reorientation of many socie-
tal actors and a realignment of the cooperation be-
tween them. The inclusion of local actors, particularly 
of the most vulnerable voices, in decision-making will 
lead to more effective solutions. The nine actions can 
provide guidance to ensure an integrated, systemic 
approach.

Action 1: Increase policy coherence and strengthen 
adequate governance
Nature-positive food systems require a different type 
of government support that goes beyond incentives 
such as income-oriented subsidies or those for partic-
ular inputs or unspecific marketing actions. Further re-
search is therefore needed to better understand which 
government policies can support nature-positive food 
systems and multi-functionality of agriculture more 
generally. Importantly, more information is needed 
on the public and private costs of sectoral approaches 
that result in contradicting and conflicting policies.

The decisive level in fostering transition is the land-
scape. This is the level where actors and innovations 
come together and where food producers’ strategies 
interact with other users of the landscape, with gover-
nance policies and with natural systems. Sustainability 
at the landscape level is essential for water and soil 
management. The health of upland watersheds, for 
example, can be critical to water regulation and re-
charge, and the stabilization of soils. For this reason, 
the landscape approach has been promoted by agen-
cies such as the Organization for Economic Co-oper-
ation and Development (OECD 2001, 2007) and the 
European Union (European Commission, 2006) as the 
scale at which it  is most meaningful to align polices 
and incentives towards nature-positive outcomes. 
Landscape-level regulations and incentives, as well as 
infrastructure planning and other intervention strat-
egies should be designed and decided at this level, 
preferably through inclusive, participatory processes 
and institutions. An important element in these inter-
ventions is therefore not just the creation and sharing 
of knowledge, technologies and practices that better 
link to the objectives of improving and maintaining 
non-commodity ecosystems services, but importantly 
the governance systems that are driving certain tech-
nologies, processes or behaviors.

Landscape-level governance is critical. Governance 
frameworks – including, for example, regulations, in-
centives and extension programs – influence farmers 
everywhere and play a crucial role in the adoption of 
good farming practices. In some countries, these gov-
ernance systems are quite sophisticated cascading sys-
tems that are clearly targeted to promote sustainabili-
ty. Laws and regulations on environmental, human and 
animal health, animal welfare or land management 
are effectively implemented so that farmers who are 
found to be in violation can be fined or excluded from 
related government support and services. Farmers re-
ceiving income support have to respect additional en-
vironmental standards such as maintaining soil quality 
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or protecting groundwater, landscape and biodiversity 
(cross-compliance). A powerful incentive for the adop-
tion of sustainable agricultural practices and especially 
nature-positive production are payments for ecosys-
tem services (Piñeiro et al., 2020).

However, in other countries, governance institutions 
may not administratively align with landscape levels or 
may not be adequately empowered or well-resourced 
to implement similar efforts. In these cases, in parallel 
to broader governance strengthening, nature-positive 
practices can be more immediately advanced through 
mechanisms including support for relevant applied re-
search and extension activities, land conservation and 
restoration efforts, education and training, facilitation 
of access to credit and insurance, and legal and admin-
istrative reforms to secure land tenure and enhance 
farmers’ willingness to invest in sustainability.

Unfortunately, the transition towards nature-positive 
farming can be decelerated by incentives for food pro-
ducers to invest in large machines, skills, and retail 
relationships that are economically attractive only if 
applied in unsustainable farming systems (HLPE 2019, 
IPES-Food 2016). Similarly, large subsidies on agricul-
tural water promote unsustainable water usage while 
subsidies on pesticides and fertilizers can encourage 
overuse resulting in degraded water quality. These 
lock-ins make it difficult for producers to shift their 
strategy towards more nature-positive food systems.

Additional to the efforts and advances of several agen-
cies connected with UN and CGIARs, it is essential to 
coordinate and integrate several relevant initiatives 
ongoing globally such as Water, Land and Ecosystems 
(https://wle.cgiar.org), EarthBioGenome (https://
www.earthbiogenome.org), Future Food Systems, 
Australia (https://www.futurefoodsystems.com.au), 
Next Generation Food Systems (https:// www.ucdavis.
edu/news), DivSeek International Network (https://
divseekintl.org), CropBooster-P (https://www.crop-
booster-p.eu), EMPHASIS –ESFRI- (https://emphasis.
plant-phenotyping.eu), and Living Soils of the Ameri-
cas initiative (https://iica.int), among others.

Action 2: Improve sustainable soil management
Soil degradation, being exacerbated by the climate 
change along with land misuse and soil mismanage-
ment, is worsening the malnutrition already affecting 
more than 2 billion people globally (Lal, 2009). Res-
toration and sustainable management of soil are also 
critical to enhancing and maintaining ecosystem ser-
vices, identifying and implementing nature-positive 
agriculture, producing more food from less land, and 
advancing the UN SDGs (e.g. SDG#2, Zero Hunger, SDG 

#13, Climate Action, SDG #15, Life on Land) (Lal et al., 
2018). Developing resilient food production systems 
for local consumers is especially important during the 
COVID19 Pandemic which promotes food production 
by urban agriculture and home gardening (Lal, 2020). 
Achieving the targets of land degradation neutrality, 
adopted by the United Nations Convention to Combat 
Desertification, will also improve nutritional quality of 
the food. Translating into action the concept “health 
of soil, plants, animals, people and environment is 
one and indivisible” by restoration of degraded soils 
and adoption of nutrition-sensitive agriculture will 
also improve human health and well-being (Lal, 2020). 
Soil health and its capacity to generate ecosystem ser-
vices must be enhanced through sequestration of soil 
organic matter content by adopting a system-based 
conservation agriculture, enriching the soil by planting 
nitrogen-fixating plants or adding N fixating microor-
ganisms, mycorrhizae, growing cover and inter-crops, 
diversified crop sequences, and integrating crops 
with trees and livestock in agro-silvopastoral systems 
(Jensen et al., 2020; Smith et al., 2012). Adoption of 
nature-positive practices that enhance soil organic 
matter content can reduce dependence on chemicals, 
irrigation, tillage and other energy-intensive inputs, 
and would reduce losses of nutrients and water, en-
hance eco-efficiency and sustain productivity. Seques-
tration of soil organic carbon has been recommend-
ed by several international initiatives such as 4p1000 
adopted by COP21 in Paris in 2015, Adapting African 
Agriculture by COP22 in Marrakech in 2016 (Lal, 2019), 
Platform on Climate Action in Agriculture by COP25 in 
Madrid/Santiago and the international initiative for 
the Conservation and Sustainable Use of Soil Biodiver-
sity under the Convention on Biological Diversity.

Nature-positive production implies adaptation to cli-
mate change, protection and enhancement of soil 
health and food security. This can be achieved through 
bioeconomy strategies with the approach of integrat-
ed cycles in whole value chains to increase efficiencies 
by recycling resources through diverse products and 
coproducts in animal, plant, and microbial systems. 
The goal is to promote resource efficiency while en-
hancing productivity, and increase resilience in crop 
systems able to cope with biotic and abiotic stresses.

Action 3: Boost knowledge and innovation for na-
ture-positive food systems
The dramatic increase in food demand projected for 
2050 requires a broad-based environmental, social 
and technological innovation strategy; one that is 
supported by farmers, scientists, food value chain ac-
tors and citizens. Innovations must not be hindered if 
they serve the goals of nature-positive food systems. 
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Ecological innovations or optimizations are driven by 
biodiversity and ecosystem functions. Most funda-
mentally, soil fertility is vital to plant growth factors, 
such as mineralization of nutrient elements, water 
supply, aeration and loosening of the root zone and 
rooting depth. Social innovations include those in 
the socio-economic space, such as new ideas for the 
governance of landscape-level networks, innovation 
of institutions, novel approaches to building farmers 
organizations, creative use of finance to support these 
transitions, co-operations in marketing and food dis-
tribution such as Community Supported Agriculture 
(CSA), as well as new modes of learning and capacity 
building. Technological innovations encompass digita-
lization, the smart use of data for prediction and pre-
vention, various breeding techniques, production of 
bio-inputs or the separation, processing and recycling 
of organic waste.

Innovations across all of these categories can be mutu-
ally reinforcing, particularly when they are embedded 
in the systems approach of nature-positive food sys-
tems. Therefore, strict criteria for the choice of techno-
logical innovation must be applied consistent with this 
paradigm. Centrally, these include requirements for 
the protection of biodiversity, reduction of greenhouse 
gas emissions, improvement of biological and physical 
soil quality, human well-being, equitable access regard-
less of farm size and gender, and compatibility with tra-
ditional knowledge. In light of this, technological inno-
vations must always be sensitively integrated with local 
cultural and affiliated knowledge contexts, under the 
aegis of an overarching systems approach.

Already, global agriculture is undergoing major trans-
formations through this kind of technology conver-
gence, such as new digital technologies and the use 
of artificial intelligence to optimize agricultural pro-
duction processes. Drones and advanced analysis of 
image data can identify pests and diseases in real time 
and provide a powerful toolbox for all farmers regard-
less of farm size. With improved access to biotic (pests 
and diseases) or physical (meteorological, Sistema de 
Alerta Temprana (SAT) or early warning systems) infor-
mation and remote sensing, producers can use their 
mobile phones to strengthen their practices, making 
the best use of resources and inputs. Digitalization 
has been developed on and for broad-acre farms. The 
technology can work flexibly and on a small scale. It 
can intervene with pinpoint accuracy and the devic-
es become smaller, lighter and work in coordinated 
networks. The software makes it possible to carry out 
operations in small spatial and temporal structures in 
an efficient, labor-saving and energy-saving way. De-
pending on how the algorithms are programmed, net-

working and diversity emerge. Further developments 
also promise to make such technologies affordable for 
small and medium-sized farmers.

Parallel to digital technologies, novel bio-inputs pro-
vide a valuable supplement to NbS (Syed Ab Rahman 
et al., 2018; Liu et al. 2018; Kavino & Manoranjitham, 
2017). It is crucial to promote and strengthen studies in 
plant microbiome which comprises all micro- and mac-
ro-organisms living in, on, or around the plant, includ-
ing bacteria, archaea, fungi, and protists for food secu-
rity (d’Hondt et al., 2021). We recommend that greater 
emphasis be given to the development of green tech-
nologies that deploy indigenous perennial species, tap-
ping into the symbiotic relationships that naturally ex-
ist between microbes and plant species (Hohmann et 
al., 2020). In the African context, for example, it has al-
ready been established that the combined use of many 
different beneficial microorganisms (producing multi-
strain or multi-bacterial inoculants) can greatly boost 
nature-positive production (Adedeji et   al., 2020).

A similar role can be played by bio-stimulants from 
land and marine/ocean resources (e.g. Kelpak from 
seaweeds, molecules such as lumichrome, riboflavin, 
and nodulation factors from soil rhizobia and other 
mutualistic microbes), which replace chemical fertil-
izers in promoting crop plant growth and increasing 
yields. Plant protectants, such as botanicals (plant ex-
tracts) are currently under-exploited, but we can look 
to future scientific and technological developments to 
increase the portfolio of bioproducts developed from 
the local biodiversity, in keeping with a circular econ-
omy approach.

Maintaining and increasing biodiversity in agricultural 
settings is key to fostering and expanding nature-posi-
tive food systems, and can yield additional benefits for 
consumers. For example, local cultivars that are often 
more nutritious than common staples and better adapt-
ed to local climate and soil conditions (Leclère et al., 
2020). Subjecting these to conventional and molecular 
breeding programs, including gene editing, capitalizes 
on their inherent advantages, improving productivity 
and/or tolerance to adverse biotic or abiotic conditions. 
In the context of climate change, these methods may   
be critical for maintaining beneficial agrobiodiversity in 
the face of new environmental pressures. This under-
lines the need for advanced knowledge in plant genetic 
diversity, microbial diversity and interactions, taking 
into account local climate variability, soils, nutrients, 
water and contextual environmental impacts.

To conclude, the key to successful innovation in sup-
port of nature-positive food systems lies in develop-
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ing these technologies with the active participation 
of farmers, consumers, and citizens. This ensures that 
measures adopted locally are the most suited to their 
specific conditions and cultures. In the future, the tar-
get system, which we have defined as nature-positive, 
will guide the development of technologies and their 
use, and not vice versa. At the same time, interdisci-
plinary approaches are required to make the best use 
of advances in molecular, sensor, and modeling sci-
ences, which can be used to understand and predict 
production patterns. The use of multiple phytobiomes 
will be needed along  with integration of molecular, 
ecological, and evolutionary information to obtain sig-
nificant models. The outcome of this transformation in 
research practices should be made accessible to food 
producers on the ground, building on knowledge and 
resources that are already locally available. In this way, 
international and collaborative research and local, 
contextual knowledge systems are harnessed together 
in support of the overarching aim to save costs and re-
duce environmental impact: producing more food and 
fewer negative externalities (WRI, 2018).

Action 4: Adapt and intensify the knowledge sharing 
of farmers, farm advisors and farm teachers.
As immediate actions, the better understanding of 
nature-positive production within its complexity can 
be considerably improved. The scientific knowledge is 
tremendous, but its integration with the knowledge of 
farmers, consumers and citizen remains vastly unsat-
isfactory. The promise of traditional knowledge prac-
ticed by indigenous peoples and local communities is 
still underestimated compared to modern scientific 
knowledge. This in part reflects the fact that the former 
remains critically under-documented. In order to stim-
ulate interactions between traditional knowledge and 
science-driven innovation, greater cooperative work in 
the context of local farms, including the joint design 
of experiments, are an effective approach. To interest 
farmers in long-term solutions, the time lag between 
action and results and the risk related to it, could be 
compensated with financial support during the first 
few years of transition. For farmers, co-learning activi-
ties that prominently include farmers and consumers, 
are important. Scientists and farm advisors should 
learn to use the power of peer-to-peer learning and 
collaborative action among and with farmers. These 
are attractive, fruitful, and satisfying alternatives to 
providing top-down advice. Here, a complete overhaul 
of agricultural extension services in terms of capacity 
issues, incentives and accountability to farmers will ac-
celerate transition. Additionally, innovative approach-
es, like using vouchers for advisory services should be 
promoted. These can be given directly to farmer group 
associations to source extension services from private 

providers. A combination of public funding and private 
delivery, based on the farmers satisfaction with ser-
vices provided and the pro- motion of nature-positive 
food systems, can be combined with entrepreneurial 
proficiency. Likewise, ICT use for information and ad-
visory services, in partnership with private providers, 
should be scaled up.

In light of these proposals, a real revival of agricultural 
education at universities and farm schools is needed. 
The complex interdisciplinary concept of nature-posi-
tive food systems has to become gradable content in 
teaching, adaptive experimentation, and locally rele-
vant information exchange. So reformed, the mutual 
permeability of educational institutions would pro-
mote understanding for the transformation of agri-
culture and its actors. Most of all, public investment 
in research on nature-positive production should be 
considerably increased. As nature-positive production 
requires complex decisions, coping with uncertainties 
and trade-offs, as well as taking higher risks of failures, 
inter- and transdisciplinary research is a prerequisite.

Action 5: Strengthen information for citizen on  
sustainable nutrition and food diets.
The development and scaling-up of nature-positive 
production is dependent on the transition to sustain-
able consumption and more plant-based diets. In many 
countries, market forces determine access to healthy, 
sustainable and nutritious food (Action Track 1). One 
aspect of sustainable nutrition means a higher degree 
of sufficiency or consumer moderation, characterized 
by a reduction of food wastage. Food wastage varies 
in considerably across different contexts and is influ-
enced by socio-economic and cultural factors. In addi-
tion, a significant part of the unavoidable food losses 
should be reused via a circular economy of feed and 
food. Furthermore, competition for the scarce resourc-
es of arable land and water between food, feed and 
energy production must be reduced. Global food mass 
flow models show that by using arable land primari-
ly for direct human nutrition while maintaining grass-
land-based dairy and meat production with ruminants, 
the goals of preserving biodiversity and environmental 
integrity and securing human energy and protein sup-
ply by 2050 could be achieved together (Schader et 
al., 2015, Müller et al., 2017). Such changes in human 
nutrition and eating habits influence and change land 
use, ultimately reversing the loss of biodiversity (Le-
clerc et al., 2020), decreasing GHG emissions (Bajželj 
et al., 2014; Tilmann & Clark, 2014) and improving the 
ecological footprint (Westhoek et al., 2014).

How can arable land be primarily used for human nu-
trition? Energy production on arable land can be re-
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duced by ending state subsidies for the cultivation of 
these crops and for the production of biogas. Here, 
more energy-efficient and economically-viable alter-
natives to fossil fuel already exist in the form of solar 
and wind energy (Blankenship et al., 2011). The col-
lective change of individual consumption and eating 
patterns presents a more difficult challenge. In the 
first place, it requires better information, dissemina-
tion and integration of sustainable nutrition into the 
curriculum of schools. Therefore, it will be a multi-gen-
eration effort. Further activities can include the devel-
opment of personalized shopping guidance and all 
kind of nudging campaigns. Furthermore, levies and 
taxes on the transport of concentrated feeds or on the 
consumption of meat could lead to behavioral chang-
es and make plant proteins more attractive. Meat 
substitutes based on plant components or on animal 
cells grown in the laboratory are already technically 
possible, but currently remain prohibitively expensive 
(Furuhashi et al., 2021). However, less drastic solutions 
are still open for exploration and adoption. For exam-
ple, replacing plant protein in animal feed with insects 
grown on organic waste materials can also be much 
more climate-friendly than conventional methods van 
Huis et al., 2013). More ambitiously, raw materials for 
processed foods that are still underused, such as al-
gae, would be almost inexhaustible and ecologically 
less burdensome for human nutrition (Ścieszka & Kle-
wicka, 2019).

Action 6: Empower rural areas by cross-farm  
co-operations and through high local value creation
Any activities that strengthen rural societies, includ-
ing through local and regional markets, Participato-
ry Guarantee Systems (PGS), certification systems 
for remote markets such as Voluntary Sustainability 
Standards (VSS), or organic farming, can consider-
ably improve farm incomes and livelihoods. There are 
many successful examples of how this kind of social 
innovation help boost nature-positive production. To 
strengthen territorial development, the value addi-
tion to products must take place at the local and re-
gional levels, and so related regional networks must 
be strengthened.

Nature-positive farming systems usually give rise to 
a larger number of farm activities and more products 
that need to be marketed. This is especially true for 
agroforestry systems, for example, where several lay-
ers of food crops and energy plants are grown (Ajayi et 
al., 2009). Currently, there is a lack of adequate mar-
ket and processing facilities for smaller volumes, which 
sometimes also require high levels of knowledge and 
experimentation. Greater emphasis should therefore 
be placed on supporting local processing facilities, as 

well as investment in local training in technologically 
simpler food processing, quality assurance, and, ulti-
mately, improvement in storage and transport routes.

Nature-positive production systems have a high initial 
demand for labor and can be more labor-intensive in 
general, especially for women. This can be a serious 
constraint when manual labor entails onerous and 
low-skill work that cannot easily be substituted by 
mechanized labor. However, at the same time, it of-
fers opportunities for employment, and to revitalize 
rural areas, particularly when labor conditions are de-
cent and financial incentives are re-shaped (Schuh et 
al., 2019). Cooperative models of productive relations 
must therefore be supported so as to mitigate increas-
es in workload.

Action 7: Improve access to land, water and  
biodiversity especially for women
Inadequate and insecure access and tenure rights for 
various elements of natural ecosystems (unfortunately a 
reality in the global North as well as the South) increase 
vulnerability and undermine nature-positive produc-
tion. Insecure access provides little incentive for food 
producers to invest in long-term nature-positive pro-
duction. Land fragmentation, soil degradation, climate 
change, large scale water and land acquisition all block 
the possibilities for nature-positive production, thus in-
creasing the likelihood of environmental degradation.

Women are actively involved in food systems in sev-
eral fundamental functions, growing and managing 
crops, livestock, agribusinesses and food retailing 
and additionally, in preparing food for their families. 
Women and women´s groups have been shown to be 
a critical partner in water and soil sustainable manage-
ment. However, very often, they face restrictions that 
prevent them from participating on equitable and fair 
terms. The role of women in the transition towards 
sustainable food systems centrally includes increasing 
efficiency, changing diets, and improving integrated 
value chains. Inclusion means not only ensuring their 
participation and access to benefits, but more im-
portantly guaranteeing their empowerment to make 
strategic life choices (Malapit et al., 2020). Thus, sup-
porting sustainable and efficient food systems requires 
technologies, practices and policies that ensure wom-
en’s participation and enhance their resilience.

6. CONCLUSIONS

The Calls to Action in this paper provide an integrated, 
systemic approach to realigning our food systems for a 
sustainable, resilient, ‘nature-positive’ future.
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While today’s food systems are “net nature-negative”, 
they can and must become “nature-positive.” Food 
systems across the world are driving habitat and bio-
diversity loss, land and water degradation, and green-
house gas emissions. These phenomena, in turn, un-
dermine the productivity, sustainability and resilience 
of food systems. This vicious circle can be broken if we 
take several fundamental steps to realign our food, 
feed and fiber production to achieve nature-positive 
agricultural production at scale. We must strive to: (i) 
protect natural ecosystems from degradation and con-
version, (ii) manage existing production systems more 
sustainably in support of ecosystem health, and land-
scape-level resilience, and (iii) restore degraded eco-
systems.

This realignment builds on innovations at the land-
scape level, including soil and water management, 
land use planning, biodiversity conservation, princi-
ples of agroecology and circular economy approach-
es, new science and technologies in molecular biology 
and plant breeding, alternative protein sources, and 
digital tools for the management of agriculture, and 
land and natural resources.

Importantly, shifting food systems from net na-
ture-negative to nature-positive will require not only 
innovation in technologies and practices, but changes 
in food systems governance. This entails radical change 
in policies, investments, incentives, and subsidies that 
today fail to promote these practices. Nature-positive 
approaches will need to be integrated into agricultural 
extension programs, school and college curricula, and 
vocational educational programs. And they will need 
to build on broad, inclusive and empowered partner-
ships – with women, small-farmers, and the private 
sector among others – to co-create, promote, and en-
trench nature-positive innovation.
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Abstract

Climate change aff ects the functi oning of all the com-
ponents of food systems, oft en in ways that exacer-
bate existi ng predicaments and inequaliti es between 
regions of the world and groups in society. At the 
same ti me, food systems are a major cause for climate 
change, accounti ng for a third of all greenhouse gas 

(GHG) emissions. Therefore, food systems can and 
should play a much bigger role in climate policies. This 
policy brief highlights nine acti ons points for climate 
change adaptati on and miti gati on in the food systems. 
The policy brief shows that numerous practi ces, tech-
nologies, knowledge and social capital already exist 
for climate acti on in the food systems, with multi ple 
synergies with other important goals such as the con-
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servation of biodiversity, safeguarding of ecosystem 
services, sustainable land management and reducing 
social and gender inequalities. Many of these solutions 
are presently being applied at local scales around the 
world, even if not at sufficient levels. Hence, the ma-
jor effort for unleashing their potential would involve 
overcoming various technical, political-economic and 
structural barriers for their much wider application. 
Some other solutions require research and develop-
ment investments now but 

focus on helping us meet the longer-term challenges 
of climate change on food systems in the second half 
of this century when most existing food production 
practices will face unprecedented challenges. In the 
short term, these pro-poor policy changes and support 
systems can create a range of positive changes well 
beyond food systems without delay. In the long term, 
investments in research will help ensure food security 
and ecosystem integrity for coming generations. 

Introduction 

Climate change affects the functioning of all the com-
ponents of food systems1 which embrace the entire 
range of actors and their interlinked value-adding 
activities involved in the production, aggregation, 
processing, distribution, consumption, and recycling 
of food products that originate from agriculture (in-
cluding livestock), forestry, fisheries, and food indus-
tries, and the broader economic, societal, and natural 
environments in which they are embedded2. At the 
same time, food systems are a major cause of climate 

change, contributing about a third (21–37%) of the to-
tal GHG emissions through agriculture and land use, 
storage, transport, packaging, processing, retail, and 
consumption3 (Figure 1).

Climate change will affect food systems differential-
ly across world regions. While some areas, such as 
northern temperate regions, may even experience 
some beneficial changes in the short term, tropical 
and sub-tropical regions worldwide are expected to 
face changes that are detrimental to food systems. 
Such changes will have effects on food and nutrition 
security through a complex web of mechanisms (Fig-
ure 1). Critical climate variabilities that affect food 
and nutrition security include increasing tempera-
tures, changing precipitation patterns and greater 
frequency or intensity of extreme weather events 
such as heatwaves, droughts and floods3. They im-
pact the productivity of crops, livestock and fisheries 
by modulating water availability and quality, causing 
heat stress, and altering the pests and disease envi-
ronment, including the faster spread of mycotoxins 
and pathogens. Increased frequency and intensity of 
floods and droughts can lead to considerable disrup-
tions in food supply chains through harvest failures 
and infrastructure damage. The exposure of people 
to heatwaves, droughts and floods can harm their 
health and lower their productivity affecting their 
livelihoods and incomes, especially for those engaged 
in climate-sensitive sectors or working outdoors. This 
exposure can strongly affect more vulnerable groups 
in many lower-income countries, e.g. smallholder 
farmers, low-income households, women and chil-
dren. Other factors related to climate change that 

Figure 1  Linkages between climate change and food systems
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affect food systems are the rise in atmospheric con-
centrations of CO2 and, indirectly, land degradation, 
and reduction in pollination services. Changes in CO2 
levels in the atmosphere affect both crop yields and 
their nutrient content. Climate change will exacerbate 
land degradation, through increasing soil erosion es-
pecially in sloping and coastal areas, increasing soil 
salinity in irrigated lands, making climate more arid 
and prone to desertification in some dryland areas4,5. 
The potential reduction or loss of pollination services 
also leads to lower crop yields. Conservative esti-
mates, which take into account these climate change 
impacts only partially, show that the number of peo-
ple at risk of hunger may increase by 183 million peo-
ple by 2050 under high emission and low adaptation 
scenario [i.e. under Shared Socioeconomic Pathway 
(SSP) 3] compared to low emission and high adapta-
tion scenario (SSP1). An additional 150-600 million 
people are projected to experience various forms of 
micronutrient deficiency by 2050 at higher emission 
scenario6–8. 

The interactions between climate change and food 
systems have considerable repercussions across all of 
the dimensions of sustainable development. In fact, 
in six of the 17 sustainable development goals (SDGs), 
climate change-food systems interactions increasingly 
play a major role. These relate to the social goals of 
zero hunger (SDG 2) and gender equality (SDG5), and 
the four environmental goals of water resources (SDG 
6), climate action (SDG 13), life below water (SDG 
14), and life on land (SDG 15). Solutions addressing 
the challenges posed by climate change-food systems 
interactions can serve as a critical entry point for pro-
moting the 2030 Agenda for sustainable development 
well beyond the timeline of the current SDGs9. Since 
these interactions vary according to the country’s 
income, region, and population groups (i.e. gender, 
age, and location of its population), solutions priori-
tising women, younger, and rural people, i.e. “leaving 
no one behind,” can better leverage achievements of 
SDGs10.

How climate change interacts with food  
systems and food security

Food availability
Considerable evidence has by now emerged indicat-
ing that climate change is already negatively affecting 
crop production in many areas across the world11,12. 
Reductions of 21% in total factor productivity of glob-
al agriculture since 1961 have been estimated13. It has 
been found that climate change during the last four-

five decades reduced the yields of cereals by about 
2%-5% on average globally compared to the situation 
if there was no climate change14. This range of about 
5% lower cereal yields due to climate change was also 
found in regional studies, for example, for wheat and 
barley in Europe15, for wheat in India16, for maize in Af-
rica, Central and Eastern Asia17, and Central and South 
America18. Higher losses equalling about 5%-20% were 
found for millet and sorghum yields in West Africa19, 
and about 5%-25% lower maize yields in Eastern and 
Southern Europe20. There is growing literature docu-
menting the negative impacts of climate change on 
the yields of legumes, vegetables, and fruits in dry-
lands, tropical and sub-tropical areas3,21. These losses 
in yields have occurred after taking coping and adap-
tive actions3. 

In temperate climatic zones, such as northern China, 
parts of Russia, northern Europe, and parts of Cana-
da, observed climatic changes are increasing the ag-
ricultural potentials leading to higher crop produc-
tion15,17,22–25. However, in many areas, this increased 
production is coming at the expense of lower yield 
stability due to higher weather variability between 
seasons. Climate change accounts for about half of 
food production variability globally. Presently, adap-
tive strategies to increase crop yields (crop breed-
ing, improved agronomic management, adaptations 
based on indigenous and local knowledge, etc.) can 
withstand, at a global average, any impacts of climate 
change on crop yields. However, the acceleration of 
climate change can overwhelm this trend in the fu-
ture; and the impacts are already experienced in 
many regions. Climate change increased drought-in-
duced food production losses in southern Africa, lead-
ing to 26 million people in the region requiring hu-
manitarian assistance in 2015-1626. Climate change is 
also increasing ocean acidification and temperatures, 
reducing farmed fish and shellfish production as well 
as wild fish catches, with some regions experiencing 
losses of 15-35%3. 

The impacts of climate change on food productions 
are projected to worsen after the 2050s, particularly 
under higher emission scenarios3. In agriculture, the 
biggest crop yield declines due to climate change are 
expected to occur in those areas which are already 
hot and dry, especially in the tropics and sub-tropics, 
as well as in the global drylands where water scarci-
ty is projected to become more acute5. More recent 
modelling shows that previous projections of climate 
change impacts on future crop yields underestimated 
the extent of potential yield declines. For example, 
many crop modelling studies do not consider the ef-
fect of short-term extreme weather events. Although 
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extreme weather events have always posed disrup-
tions in the food systems, climate change is increasing 
the likelihood of simultaneous crop failures in major 
crop producing areas in the world27,28. Disruptions in 
storage and distribution infrastructures and on food 
provisioning due to extreme events systems will also 
impact food availability, as well as reduction in food 
exchanges due to lower productivity29. 

New 21st century projections by the Agricultural 
Model Intercomparison and Improvement Project 
(AgMIP)30 using ensembles of latest-generation crop 
and climate models suggest markedly more pessimis-
tic yield responses for maize, soybean, and rice com-
pared to the original ensemble. End-of-century maize 
productivity is shifted from +5 to -5% (SSP126) and 
+1 to -23% (SSP585), explained by warmer climate 
projections and a revised crop model ensemble31. In 
contrast, wheat shows stronger high-latitude gains, 
related to higher CO2 responses. The ‘emergence’ of 
the climate impact signal — when mean changes leave 
the historical variability — consistently occurs earli-
er in the new projections, in several main producing 
regions by 2030. While future yield estimates remain 
uncertain, these results suggest that major breadbas-
ket regions may contend with a changing profile of cli-
matic risks within the next few decades31. While many 
fruit, vegetable and perennial crops are understudied, 
higher temperatures are projected to negatively im-
pact their production, with one study estimating a 4% 
reduction in fruit and vegetable production from cli-
mate change32. 

The impacts of climate change on livestock systems 
and fisheries are studied much less than the major 
crops. Nonetheless, considerable evidence indicates 
that increased frequency of heatwaves and droughts 
under climate change can lower livestock productiv-
ity and reproduction through heat stress, reduced 
availability of forage, increased water scarcity and the 
spread of livestock diseases3,33. Increased levels of CO2 
can favour the growth of pasture grasses, especially 
during rainier seasons and more humid locations 5,34. 
In contrast, in many arid and semi-arid locations, the 
projected effects are mostly negative33,35,36. Climate 
change was found to reduce the maximum sustainable 
yield of several marine fish populations by about 4%37. 
Every 1°C increase in global warming was projected to 
decrease mean global animal biomass in the oceans 
by 5%38, also redistributing fish populations away from 
sub-tropical and tropical seas towards poleward ar-
eas39. It is clear that the association between climate 
change and human nutrition goes beyond issues of ca-
loric availability, and a growing challenge by 2050 will 
be providing nutritious and affordable diets.32

Food access
The impacts of climate change on agricultural pro-
duction, supply chains and labour productivity in cli-
mate-sensitive sectors will influence both food prices 
and incomes, strongly affecting people’s ability to pur-
chase food through these price and income changes40. 
Climate change is projected to increase global cereal 
prices between 1% to 29 %, depending on the Shared 
Socioeconomic Pathway considered3. The reductions 
in the yields of legumes, fruits and vegetables will also 
lead to their higher prices. The impacts of these price 
increases on food access are not straightforward. Net 
food selling agricultural producers can benefit from 
higher food prices41. Higher food prices will hurt pri-
marily the urban poor and net food buying agricul-
tural producers3. Increased temperatures and more 
frequent heatwaves will reduce labour productivity 
for outdoor work and work in closed areas without air 
conditioning. Lower labour productivity will result in 
lower incomes and lower purchasing power. 

Food stability
Climate change will increase the frequency of extreme 
water events, such as droughts, floods, hurricanes, 
and sea storms. Resulting inter-annual variability in 
food production, destruction of transportation infra-
structures, and higher food price volatility can ulti-
mately lead to more volatile global and regional food 
trade, undermining people’s ability to access food in a 
stable way3. These disruptions could have a particular-
ly negative impact on land-locked countries with fewer 
infrastructural access to global food trade and vulnera-
ble social groups, especially in those locations without 
functioning and sufficient social protection schemes12. 

Food utilisation and safety
Climate change is projected to adversely impact child-
hood undernutrition and stunting, undernutrition-re-
lated childhood mortality and increase of disability-ad-
justed life years lost, with the largest risks in Africa 
and Asia42. Moreover, climate-related changes in food 
availability and diet quality are estimated to result in 
529,000 excess climate-related deaths with about 2°C 
warming by 205032. Most of them are projected to 
occur in South and East Asia. Extreme climate events 
will increase risks of undernutrition even on a region-
al scale via spikes in food prices and reduced income. 
Exposure to one pathway of food insecurity risks (e.g. 
lower yields) does not exclude exposure to other path-
ways (e.g. income reduction). Higher concentrations 
of atmospheric CO2 reduces the protein and mineral 
content of cereals, reducing the quality of food and, 
subsequently, food utilisation3. Rising temperatures 
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are improving the conditions for the spread of patho-
gens and mycotoxins, posing risks to human health 
and increasing food waste and loss43. Climate change 
is projected to increase the area of spread of myco-
toxins from tropical and sub-tropical areas to temper-
ate zones3. Reduction in water quality due to climate 
change will also negatively affect food utilisation. 

Impacts of food systems on climate systems 
GHG emissions from food systems are a major contrib-
utor to climate change. Food systems are responsible 
for about one-quarter of global GHG emissions, and 
even one-third if indirect effects on deforestation are 
included (21%-37%)3. Specifically, new estimates by 
the Food Climate Partnership44 show that total GHG 
emissions from the food system were about 16 CO2 eq 
yr-1 in 2018, or one-third of the total global anthro-
pogenic GHG emissions. Three-quarters of these emis-
sions, 13 Gt CO2 eq yr-1, were generated either during 
on-farm production or in pre- and post-production 
activities, such as manufacturing, transport, process-
ing, and waste disposal. The remainder was generated 
through land use change of natural ecosystems to ag-
ricultural land. Results further indicate that pre- and 
post-production emissions were proportionally more 
important in high-income than in low-income coun-
tries, and that during 1990-2018, land use change 
emissions decreased while pre- and post-production 
emissions increased45.

Even if fossil fuel-related emissions were stopped im-
mediately, continuation of the current food system 
emissions could make the below 2°C climate target un-
achievable46. There are significant opportunities for re-
ducing these emissions47, at the same time, it is import-
ant to bear in mind the food security implications when 
implementing climate mitigation efforts48,49. Without 
compensating policies in place, stringent, abrupt and 
large-scale application of mitigation options, particu-
larly those which are land-based, can have a negative 
impact on global hunger and food consumption, with 
the detrimental impacts being especially acute for vul-
nerable, low-income regions that already face food se-
curity challenges42. However, many climate solutions 
can have mitigation and adaptation synergies together 
with other co-benefits, including for health, livelihood, 
and biodiversity47,50. 

Solutions for climate change adaptation  
and mitigation in food systems 

Based on the above assessment as well as the recent 
IPCC special report on Climate Change and Land1, the 

following actions are proposed for uptake by govern-
ments, the private sector and civil society. These ac-
tions are of two types. Firstly, there are a wide range of 
both well-tested ready to go solutions, and potential 
solutions for climate change adaptation and mitigation 
in the food systems51 (Actions 1 to 7). Many of these 
already available solutions are well-known and are 
being applied at local scales around the world, even 
if not at sufficient levels. Hence, the major effort for 
unleashing their potential would involve overcoming 
various technical and structural barriers for their much 
wider application. The second type of actions (8 and 
9) focus on key promising solutions which can help us 
meet the longer-term challenges of climate change 
on the food systems in the second half of this century 
when most food production practices will face unprec-
edented challenges.

1. Amplify efforts for sustainable land management 
Sustainable management of land (SLM), which includes 
water, supports and maintains ecosystem health, in-
creases agricultural productivity, and contributes to 
climate change adaptation and mitigation4,5. SLM is 
defined as the use of land resources, including soils, 
water, animals and plants, to produce goods to meet 
changing human needs, while simultaneously ensuring 
the long-term productive potential of these resources 
and the maintenance of their environmental functions 
(UN 1992 Rio Earth Summit). 

There are many practical examples of SLM. Application 
of water-efficient irrigation methods such as sprinkler 
and drip irrigation can help increase resilience to in-
creasing aridity under climate change5. Adoption of 
drought-resistant crop cultivars under diversified crop-
ping systems is an essential adaptive strategy in many 
dryland areas5. Where suitable, agroforestry is a pow-
erful practice for reducing soil erosion and increasing 
carbon sequestration, while diversifying livelihoods47. 
Rangeland management systems based on sustainable 
grazing and re-vegetation can increase rangeland resil-
ience and long-term productivity, while supporting a 
wide range of ecosystem services. Agroforestry prac-
tices, shelterbelts and silvio-pasture systems help re-
duce soil erosion and sequester carbon, while increas-
ing biodiversity that supports pollination and other 
ecosystem services52. SLM also includes agroecological 
practices, such as use of organic soil amendments, crop 
diversification, cover crops, intercropping, conserva-
tion agriculture practices, etc., which can have posi-
tive impacts on ecosystem services, food security and 
nutrition53–57. Indigenous knowledge and local knowl-
edge hold a great array of practices for SLM58. Protec-
tion and restoration of peatlands and climate-friendly 
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management of peatlands are a key element for ambi-
tious emission reduction strategies59.

Although SLM has proven positive social and economic 
returns, the adoption is currently insufficient. Import-
ant barriers for adoption are access to the resources 
for changing practices and the time required for the 
new practices to become productive. Introduction of 
payments for ecosystem services and subsidies for 
SLM can help. Enabling policy frameworks that include 
both incentives and disincentives, are needed for pro-
moting the adoption of SLM. Land tenure consider-
ations are a major factor contributing to the adoption 
of SLM4, particularly for women. Various forms of col-
lective action are crucial for implementing SLM in both 
privately and communally managed lands60, although 
such efforts need to be strengthened and supported 
by policy61. A greater emphasis on understanding gen-
der-specific differences over land use and land man-
agement practices can promote SLM practices more 
effectively. Improved access to markets, including 
physical (e.g. transportation), economic (e.g. fair pric-
es), and political (e.g. fair competition) support, raises 
agricultural profitability and motivates investment into 
climate change adaptation and SLM. Developing, en-
abling and promoting access to clean energy sources 
and technologies can contribute to reducing land deg-
radation and mitigating climate change through de-
creasing the use of fuelwood and crop residues for en-
ergy, while significantly improving health for women 
and children62. Finally, looking at co-benefits between 
addressing climate change (adaptation and mitigation) 
and other urgent problems, like land degradation and 
biodiversity conservation, much can be gained by pro-
moting SLM in agriculture.

2. Promote open and equitable food trade
The very heterogeneous effects of climate change 
on food production worldwide and the increase in 
extreme weather events that disrupt local food pro-
duction activities highlight the importance of inter-
national food trade as a key adaptation option to this 
volatile environment63,64. At the same time, strength-
ening regional and local food systems, through policies 
and programmes which support sustainable local pro-
duction, can help build a resilient food system. Such 
policies can include support for urban and peri-urban 
production, public procurement, and subsidies that 
encourage the application of sustainable production 
approaches. 

Adapting to changing climate will require a combina-
tion of enhanced regional and local food trade as well 
as international food trade that can act as safety nets 

in the context of climate crises. To this aim, reducing 
transaction costs of food trade and maintaining trans-
parent and well-enforced international food trade 
governance can strengthen food systems resilience. 
This will particularly include avoiding imposing export 
bans. Food trade and food sovereignty are comple-
mentary elements of food security, and should not be 
regarding as mutually exclusive, rather, transparent 
and fair norms need to be agreed. 

Fiscal instruments (e.g. carbon taxes) need to be given 
high priority in order to reduce fossil fuel use in agri-
culture. Agricultural subsidies need to be adjusted to 
encourage the application of sustainable production 
approaches and reduce any negative effects from them 
through trade, and that take power differences into 
account, e.g. the impacts of subsidised food exports 
by high-income countries making it harder for farmers 
in low-income countries to use sustainable methods 
or sell their products. Trade agreement mechanisms 
that allow low-income countries to have an equal say 
in trade governance are needed.

3. Include food systems in climate financing at scale
Food systems represent a range of actors and their in-
terlinked value-adding activities that are most impact-
ed by climate change. Food systems are also a major 
source of GHG emissions. This makes food systems a 
high priority target for adaptation and mitigation in-
vestments. However, investments into climate change 
adaptation and mitigation in the food systems to date 
have only accounted for a tiny fraction of the total 
amounts of climate finance. Investments into climate 
change mitigation in the food systems need to be com-
mensurate with the share of GHG emissions coming 
from the food systems, i.e. about a third of all miti-
gation funding, which is presently dominated by the 
energy sector and infrastructure. To illustrate, there 
are considerable opportunities for climate change 
adaptation and mitigation through investments into 
land restoration (e.g. reforestation, sustainable land 
management, re-seeding degraded rangelands) which 
allow for sequestering carbon in soils, increase crop 
and livestock productivity and provide a wide range of 
other ecosystem services. Estimates show that every 
dollar invested in land restoration yields from 3 to 6 
dollars of return depending on the location across the 
world65. Investments into food value chains for reduc-
ing food waste and loss is another area with substan-
tial mitigation and adaptation benefits. A wide range 
of public and private sources could be harnessed for 
these investments, such as increasing substantially 
the annual development aid dedicated to agricultural 
and rural development, food and nutrition security; in-
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creasing investments by the international and regional 
development banks into food systems, more active in-
volvement of the private sector (e.g. green bonds) and 
philanthropies.

4.  Strengthen social protection and empowering of 
the vulnerable

It is now practically impossible to fully adapt to cli-
mate change impacts. Even without climate change, 
extreme weather events periodically inflict significant 
disruptions in food systems at the local, regional and 
even global levels. Climate change will make these 
disruptions more frequent and more extensive. There-
fore, it is essential to strengthen the social protection 
for vulnerable populations in terms of accessing food 
during the times of such disruptions. Social protection 
can involve many forms such as access to subsidised 
food banks, cash transfers, insurance products, pen-
sion schemes and employment guarantee schemes, 
weather index insurance, and universal income. 

Impacts of climate change on food systems are not 
suffered equally by all social groups. Age, class, gen-
der, race, ethnicity, disability, among others, are social 
factors that make some peoples more vulnerable than 
others. Actions to address such inequality and differ-
ential impacts imply, on the one hand, strengthening 
social protection and, on the other hand, empowering 
marginalised social groups through collective action. 
Empowering women in societies increases their ca-
pacity to improve food security under climate change, 
making substantial contributions to their own well-be-
ing, to that of their families and of their communities. 
Women’s empowerment is crucial to creating effective 
synergies among adaptation, mitigation, and food se-
curity, including targeted agriculture programmes to 
change socially constructed gender biases66. Empower-
ment through collective action and groups-based ap-
proaches in the near-term has the potential to equalise 
relationships on the local, national and global scale67. 

5. Encourage healthy and sustainable diets
Transitioning to more healthy and sustainable diets 
and minimising food waste could reduce global mor-
tality from 6% to 19% and food-related GHG emis-
sions by 29‒70% by 205032,68. According to the WHO, 
healthy diets are essential to end all forms of malnu-
trition and protect from non-communicable diseases, 
including diabetes, heart disease, stroke and cancer. 
Currently, food consumption deviates from healthy 
diets with either too much (e.g. red meat and calo-
ries) or too little (e.g. fruits and vegetables) food and 
nutrition supply69. Healthy diets have an appropriate 

calorie intake, according to gender, age, and physical 
activity level. They are mainly composed of a diversi-
ty of plant-based foods, including coarse grains, puls-
es, fruits and vegetables, nuts, and seeds with low 
amounts of animal source foods68. The current diets of 
many high-income countries comprise a large share of 
animal source foods that are emission-intensive, with 
red meat consumption higher than the recommend-
ed value. Simultaneously, consumption of fresh fruits 
and vegetables is below recommended value in most 
countries70. Changes towards healthier diets have a 
mitigation potential of 0.7–8.0 GtCO2-eq year–1 by 
2050, but social, cultural, environmental, and tradi-
tional factors need to be considered to achieve this 
potential at broad scales3,50. One critical problem is 
that currently, healthy diets are unaffordable to broad 
sections of societies, even in high-income countries. 
Sustainable and healthy diets based on diversified 
intake are often linked to diversified production sys-
tems, highlighting the linkages between production 
and consumption71.

To encourage dietary transitions towards healthy and 
sustainable diets, a full range of policy instruments 
from hard to soft measures are needed68. For exam-
ple, unhealthy consumption of emission-intensive an-
imal source foods can be disincentivised by applying 
taxes and charges, whereas adequate consumption of 
healthy foods such as fruits and vegetables can be in-
centivised by providing subsidies and raising consum-
er awareness. Importantly, policies promoting healthy 
diets need to pay due consideration to the differential 
roles of animal source foods in different parts of the 
world and the important role livestock can play in sus-
tainable agriculture. For example, a recent study from 
Nepal, Bangladesh, and Uganda showed a reduction in 
stunting in young children due to adequate intake of 
animal source foods72. 

6. Reduce GHG emissions from the food systems
Before promoting particular changes to the food sys-
tems it is important to have an overview of where the 
most important potentials for reducing GHG emissions 
are. Agriculture is responsible for about 60% (or even 
80% if the indirect land use change is included) of the 
total GHG emissions from the global food system3. One 
important message from a systematic meta-analysis of 
38,700 farms and 1,600 food processors is the wide 
range of emissions – about 50-fold difference between 
the best and worst practices73. This means that political 
and economic measures can achieve major reductions 
in GHG emissions from existing food systems by apply-
ing more broadly current best practices and without 
waiting for new technologies or behaviour changes. 
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Reducing GHG emissions requires integrated interven-
tions both at the production and consumption sides. 
On the production side, all those practices increasing 
soil organic matter contribute to both adaptation and 
mitigation, while decreasing soil degradation and ero-
sion. Globally cropland soils have lost an estimated 
37 GtC (136 Gt CO2) since the Neolithic revolution74, 
recapturing that lost carbon through SLM would not 
only contribute to climate change mitigation, it would 
also increase the ecological resilience of agro-ecosys-
tems and provide opportunities for income and em-
ployment in rural societies. A wide range of practices 
exist, e.g. conservation agriculture practices, lower 
GHG emissions from fertilisers, agroecology-based ap-
proaches, agroforestry or integrating agriculture and 
livestock systems, which have an estimated potential 
to sequester 3-6.5 GtCO2-eq/year75. In rangelands as 
well, extensive and mixed farming systems, through 
improved management practices, have the capacity 
to reduce emissions. Presently, there are between 200 
and 500 million pastoralists in the world who act as 
stewards for 25% of the world’s land76. 

Meat and dairy consumption is often considered a ma-
jor culprit of high GHG emissions from food systems, 
but the discussion often lacks nuance. It is clear that 
the overall emissions from consumption of animal pro-
tein (mainly meat and dairy products) must be reduced 
to achieve mitigation targets compatible with the Paris 
Agreement. However, in some regions of the world, 
an increased consumption of animal protein would be 
desirable from a health perspective. It is also clear that 
livestock plays an important role in sustainable food 
systems – particularly extensive livestock can help to 
reduce the need for mineral fertilisers, and they can 
produce food from areas unsuitable for growing crops 
(notably drylands, cold regions, and mountainous re-
gions). Finally, expansion of post-harvest processing, 
refrigeration, subsidy shifts and behavioural changes 
are needed to reduce food loss and waste and lower 
the consumption of animal products in those places 
where intake is too high. Incentives for emission re-
ductions should be given to agricultural producers 
by applying GHG emission taxes also in agriculture, 
or including agriculture in existing emission trading 
schemes.

7. Support urban and peri-urban agriculture 
Promoting urban and peri-urban agriculture (PUA) can 
help increase the resilience of local and regional food 
systems, create jobs, and under certain conditions, 
help reduce GHG emissions from food transportation77 
and decrease uncertainties that may be associated 
with disruptions in food systems. PUA includes crop 

production, livestock rearing, aquaculture, agrofor-
estry, beekeeping, and horticulture within and around 
urban areas78. Around 1 billion urban inhabitants (i.e. 
30% of global urban population) can be nourished by 
producing food in PUA79. Simultaneously, PUA can 
support the regionalisation of food systems, reducing 
emissions from food transportation77. Moreover, PUA 
is multi-functional and is practised to follow various 
purposes: it helps to improve food security, generate 
income, provide employment80,81, especially for wom-
en and youth and reconnect urban habitants with na-
ture cycles. Subsequently, PUA has not only a great 
potential to reduce poverty, and improve nutrition, 
but also provides a series of ecosystem services such 
as reduced urban heat island effects82, or fixation of 
atmospheric nitrogen and carbon when using the ap-
propriate vegetation83, thus contributing to climate 
change mitigation and adaptation. PUA also comprises 
elements of circular economy, where household or-
ganic waste can be used as livestock and poultry feed 
rather than treated as waste84, subsequently reduc-
ing environmental pollution and GHG emissions. PUA 
contributes to increasing the resilience of urban poor 
households to food price shocks. Previous research on 
PUA showed that it was the main and only economic 
activity of poor urban households in many low-income 
countries. And even when PUA is not the main eco-
nomic activity of poor urban households, it made a 
significant contribution to smoothening seasonal food 
consumption shocks among the urban poor80.

8. Invest in research 
There have been tremendous advances in better 
understanding of the interactions between climate 
change and food systems in recent decades1,85. These 
investments in research and science need to be ex-
panded into the future, not least to ensure viable agri-
cultural systems in the long term when climate change 
will expose current staple food crops to unprecedent-
ed stress. Areas for investments include agroecological 
approaches to food production, which have received 
much lower investment,97 breeding of drought-resis-
tant crop cultivars and cultivars with improved nitro-
gen use to avoid emission of N2O

86, improved under-
standing of climate change impacts on both staple 
and non-staple foods, including impacts on nutritious 
values of crops87, particularly vegetables and fruits, 
and the subsequent implications for the healthy diets 
and the full costs of healthy diets. Along with these 
environmental dimensions, increased investments 
into research on social and economic impacts of cli-
mate change are needed, for example, on such ar-
eas as understanding the impacts of climate change 
and mitigation and adaptation options on vulnerable 
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groups, research on participatory and transdisciplinary 
approaches to facilitate dialogue between indigenous 
and scientific knowledge, research on collective ac-
tion, social innovation and mechanisms to increase 
food security.

9.  Support perennial crop development and  
cultivation 

About 87% of the world’s harvested area is cultivated 
with annual crops, mainly grains (cereals, oilseeds, and 
pulses) that are terminated and resown every year/
season88. A shift to perennial grain crops would dras-
tically cut GHG emissions from agriculture, and even 
turn cropping into a carbon sink, while significantly 
reducing erosion and nutrient leakage. Continued cli-
mate change is rendering our existing cultivars increas-
ingly vulnerable to stress and ultimately unfit for many 
regions of the world89. New perennial cultivars have 
the potential to create cropping systems that are gen-
uinely adapted for the climatic conditions towards the 
second half of this century. Perennial crops have the 
potential to drastically reduce the costs of farming by 
cutting the need for external inputs (seeds, fertilisers, 
pesticides, machinery, energy, and labour) and hence 
generate social and economic advantages particularly 
to farmers and rural societies90.

Development of new perennial grain crops through 
de novo domestication and wide hybridisation have 
advanced tremendously in the last decade thanks to 
scientific and technological advancements such as ge-
nomic selection technology91. The key benefits of pe-
rennial crops are that their widespread root systems 
can help sequester carbon in the soils for extended 
periods of time, water and minerals are used by pe-
rennial plants more efficiently, weeds are effectively 
managed90,92. They are also exceptionally drought re-
sistant and can bring soil erosion and nutrient leaching 

to practical minimum93. There are already commercial 
cultivars of perennial rice94 and successful semi-com-
mercial experiments with perennial Kernza, a wheat 
relative95. The yields of Kernza are still low compared 
to conventional wheat, but continued breeding can 
result in a competitive perennial alternative to wheat 
in 20-25 years96. A range of other crops is in the pipe-
line for domestication and breeding as perennial crops 
such as barley, oilseeds, and pulses. Equally important 
is the development of perennial polycultures, such as 
intercropping of perennial grains and legumes, mak-
ing the system more or less self-sufficient in nitrogen. 
These results are proofs of concept that high yielding 
perennial cultivars can be developed in the timeframe 
of a few decades, but research on all aspects of such a 
“perennial revolution” are urgently needed. 

Conclusion

This policy brief has two central messages. The bad 
news is that climate change is projected to affect food 
systems around the world significantly, often in ways 
that exacerbate existing frailties/weaknesses and in-
equalities between regions of the world and groups in 
society. The good news is that many practices, tech-
nologies, knowledge and social capital already exist 
to address climate change constructively, in terms of 
both mitigation and adaptation, as well as synergies 
between them and co-benefits with other important 
goals such as the conservation of biodiversity and oth-
er ecosystem services. Therefore, food systems, can 
and should play a much bigger role in climate policies. 
In the short term, pro-poor policy changes and sup-
port systems can unleash a range of positive changes 
well beyond food systems without delay. In the long 
term, there is an urgent need to invest in research for 
ensuring food security and ecosystem integrity for 
coming generations. 
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Abstract

Access to sufficient and clean freshwater is essential 
for all life. Water is also essential for food system func-
tioning: as a key input into food production, but also in 
processing and preparation, and as a food itself. Wa-
ter scarcity and pollution are growing, affecting poorer 
populations, particularly food producers. Malnutrition 
levels are also on the rise, and this is closely linked to 
water scarcity. The achievement of Sustainable Devel-
opment Goal (SDG) 2 and SDG 6 are co-dependent. 
Solutions to jointly improve food systems and water 
security outcomes that the United Nations Food Se-
curity Summit (UNFSS) should consider include: 1) 
strengthening efforts to retain water-based ecosys-
tems and their functions; 2) improving agricultural 
water management for better diets for all; 3) reducing 
water and food losses beyond the farmgate; 4) coordi-
nating water with nutrition and health interventions; 
5) increasing the environmental sustainability of food 
systems; 6) explicitly addressing social inequities in 
water-nutrition linkages; and 7) improving data quality 
and monitoring for water-food system linkages, draw-
ing on innovations in information and communications 
technology (ICT).

Introduction 

Water is essential for all life and is integral to the 
function and productivity of the Earth’s ecosystems, 
which depend on a complex cycle of continuous 
movement of water between the Earth and the at-
mosphere. Water is integral to food systems and im-
proved food systems are essential to meet SDG 6 on 
water and sanitation. As described by the High-Lev-
el Panel of Experts on Food Security and Nutrition 
(HLPE) and illustrated in Figure 1, the key dimensions 
of water that are of importance for humanity are its 
availability, access, stability, and quality. These have 
multiple, close linkages and feedback loops with 
food systems, which can be defined as the activities 
involved in the production, processing, distribution, 
preparation, and consumption of food within a wider 
socioeconomic, political, and environmental context. 
For example, waste streams from food processing 
often re-enter water bodies, affecting other compo-
nents of food systems, such as drinking water supply 
(water is itself essential for all bodily functions and 
processes, and is an important source of nutrients), 
as well as water-based and water-related ecosys-
tems.

Figure 1  Linkages between climate change and food systems
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More than 70 percent of all freshwater withdrawals 
are currently used for agriculture, and about 85 per-
cent of withdrawn resources are consumed in irrigat-
ed agricultural production. With these resources, irri-
gated crop areas generate 40 percent of global food 
production on less than one-third of global harvested 
area. Another key water-food system linkage is wa-
ter supply for WASH (water, sanitation and hygiene), 
which is important for human health, can support nu-
trition outcomes, particularly if combined with other 
interventions, and is a basic human right, as is the right 
to food. Water is also essential for agricultural process-
ing and for food preparation.

Climate change and other environmental and societal 
changes (e.g. land use changes, biodiversity loss, ur-
banisation, and changing lifestyles and diets) are im-
pacting the dynamics of natural water cycles and wa-
ter resource availability with impacts on food systems. 
More than half of all natural wetland areas have been 
lost due to human activity since 1900 and forest deg-
radation affects streamflow regulation. At the same 
time, the growing frequency and severity of floods 
and droughts in many regions of the world increase 
competition over water resources. This calls for chang-
es in water management, including increased water 
productivity, integrated storage solutions, accelerated 
land restoration as well as smarter water distribution 
to support food systems, while also reducing impacts 
on the domestic, industrial, energy, and environmen-
tal water use sectors. 

SDG 2 and SDG 6 can only be achieved if the water 
and food systems communities work together 

Water scarcity and pollution are growing, affecting 
poorer populations, particularly food producers
Freshwater-related ecosystems include wetlands, riv-
ers, aquifers, and lakes sustaining biodiversity and life. 
Although they cover less than 1 percent of the Earth’s 
surface, these habitats host approximately one-third 
of vertebrate species and 10 percent of all species, in-
cluding mammals, birds, and fish. Water-related eco-
systems are also vital for the function of all terrestrial 
ecosystems, providing regulating, provisioning, and 
cultural services. Furthermore, water is essential for 
energy production, accounting for 85 percent of global 
renewable electricity generation in 2015, and is also 
key for commerce and industry. Notably, de-carbonis-
ing the energy system can also impact the water sys-
tem, particularly in the case of increasing hydropower 
and biofuel. Progress on achieving the water and san-
itation targets of SDG 6 has been unsatisfactory and 

uneven (see Appendix 1 for SDG 6 targets). More than 
2 billion people live in places with high water stress, : 
by 2050, every second person, half the world’s grain 
production, and close to half the globe’s Gross Domes-
tic Product might well be at risk from water stress. In 
2017, approximately 2.2 billion people lacked access to 
safely managed drinking water, and 4.2 billion people 
lacked access to safely managed sanitation services. 
One in ten people lacked basic services, including the 
144 million people who drank untreated surface water, 
mostly in sub-Saharan Africa. Poor women and girls, 
who are responsible for more than 70 percent of all 
water collection, spend about 200 million hours a day 
on this task, reducing their learning opportunities and 
undermining their health and livelihood opportunities.

Farmers across the world, but particularly in sub-Saha-
ran Africa, continue to rely heavily on rainfall for food 
production. More than 62 million hectares of crop and 
pastureland experience high to very high water stress 
and drought, affecting about 300 million farm house-
holds. With climate change, temperatures and crop 
evaporation levels are increasing and there is growing 
uncertainty about the timing, duration and quantity 
of rainfall, increasing the risks of producing food and 
undermining the livelihood security of the majority of 
rural people. With respect to the other SDG 6 targets, 
such as water quality, water use efficiency, water de-
pendent ecosystems, and integrated water manage-
ment, progress has been slow and is often not well 
understood due to the lack of effective monitoring 
mechanisms and insufficient data. New, integrated ap-
proaches and reinforced efforts are urgently needed.

While water availability differs dramatically around 
the globe, differences in access are more often due to 
politics, public policy, and flawed water management 
strategies as well as exclusions due to geography (i.e. 
remote rural areas), gender, ethnicity, caste, race, and 
class. In many cases, water does flow uphill to power 
and money. Furthermore, increasing urbanisation and 
changing diets are changing the demand and supply 
of water resources for food systems and aggravating 
water stress in many parts of the world, particularly 
in water-scarce areas of low/middle income countries 
where coping capacity is often insufficient.

Malnutrition levels are on the rise and are closely 
linked to water scarcity 
An estimated 690 million people or 8.9 percent of the 
global population were undernourished in 2019, pri-
or to the COVID-19 pandemic, whereby this number 
has certainly increased since. Moreover, 144 million 
children below the age of five were stunted, 48 million 
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were wasted, and another 38 million were overweight. 
Climate change, associated conflict, and lack of suffi-
cient water for food production, including irrigation 
for fruits and vegetable production, are key contribu-
tors to unaffordable diets and overall levels of under-
nutrition. At the same time, overweight continues to 
dramatically increase around the globe, including in 
children. Latin America in particular suffers from the 
associated public health burden. Overall, rural areas 
currently experience the most rapid rate of increase. 
Given these trends, neither the 2025 World Health 
Assembly nutrition targets nor the 2030 SDG nutrition 
targets will be met. As with inequities in access to wa-
ter, inequities in access to food and nutrition are high-
est in rural areas. 

SDG 2 and SDG 6 targets are co-dependent
Ending hunger and malnutrition requires access to safe 
drinking water (SDG 6.1) as well as equitable sanita-
tion and hygiene (SDG 6.2). The underlying productivi-
ty (SDG 2.3) and sustainability (SDG 2.4) of agricultural 
systems are also dependent on adequate availability 
(SDG 6.4 and 6.6) of good quality (SDG 6.3) water. 
Moreover, water and related ecosystems (e.g. wet-
lands in SDG 6.6), which are embedded in sustainable 
landscapes, are important contributors to sustainable 
agriculture (SDG 2.4).

A key contributor to poor nutritional outcomes in sub-
sistence farming households in low-income countries 
is the seasonality of production, leading to seasonali-
ty of diets, which can affect pregnancy outcomes and 
child growth. Well-managed irrigation systems can 
buffer seasonal gaps in diets, contributing to improved 
food security and nutritional outcomes, for example, 
through homestead gardening.

It is equally important to stress the importance of 
changes in food systems for meeting SDG 6 targets: 
through reducing food loss and waste in food value 
chains (SDG 12.3), lowering pollution from slaugh-
terhouses, food processing, and food preparation, 
and considering environmental sustainability in food-
based dietary guidelines. All of these actions will be 
essential to meet SDG 6 targets (Appendix 1).

Solutions to improve food systems outcomes 
and improved water security

Based on the above assessment as well as recent wa-
ter-food system reviews, the following actions are pro-
posed for uptake by governments, the private sector, 
and civil society. 

1.  Strengthen efforts to retain water-based  
ecosystems and their functions

The ecological processes underlying the movement, 
storage, and transformation of water are under se-
vere threat from deforestation, erosion, and pollution, 
with impacts on local, regional, and global water cy-
cles. In addition to a direct halt to deforestation and 
destruction of water-based ecosystem, nature-based 
solutions that use or mimic natural processes to en-
hance water availability (e.g. groundwater recharge), 
improve water quality (e.g. riparian buffer strips), and 
reduce risks associated with water-related disasters 
and climate change (e.g. floodplain restoration) should 
be strengthened. Setting limits to water consumption, 
particularly in water-stressed regions, will be neces-
sary to stay within sustainable water use limits.

2.  Improve agricultural water management for  
better diets for all

Around 3 billion people on this planet cannot afford 
a healthy diet, particularly dairy, fruits, vegetables, 
and protein-rich foods.Both rainfed and irrigated sys-
tems play essential roles in lowering the prices of nu-
trient-dense foods, growing incomes to afford these 
foods, and strengthening diversity of foods available 
in local markets .

2.1  Strengthen the climate resilience of rainfed food 
systems 

Rainfed systems produce the bulk of food, fodder, 
and fibre, and most animal feed is produced under 
rainfed conditions. These systems are under severe 
and growing stress from climate change, including 
extreme weather. This can be addressed, to some ex-
tent, through structural measures (e.g. terracing, soil 
bunds), investment in breeding, improved agronomic 
practices, better incentives (e.g. payments for water-
shed conservation), and strong institutions (e.g. water-
shed committees).

2.2  Strengthen the nutrient density of irrigated  
agriculture 

As irrigation accounts for the largest share of fresh-
water withdrawals by humans, the potential for water 
conservation is also largest in this sector. Irrigation de-
velopment needs to take place keeping environmen-
tal limits – which are increasingly affected by climate 
change – in mind, and this includes reining in ground-
water depletion. The potential for increasing water 
and nutrition productivity in irrigation remains large. 
It includes crop breeding for transpiration efficiency, 
climate resilience and micronutrients, integrated stor-
age solutions – such as joint use of grey and green in-
frastructure –advanced irrigation technology, and au-
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tomated irrigation systems. There are clear trade-offs 
between nutrient density of foods and irrigation water 
use. Fruits and vegetable yields depend on frequent 
water applications in many parts of the world (but 
the water content of the end product also tends to be 
high), and tend to receive high pesticide applications 
that pollute water resources. Many livestock products 
are highly water-intensive due to animal feeds. Aware-
ness raising and social learning interventions can help 
internalise the water externality of water-intensive 
diets. Improved coordination of water with other ag-
ricultural inputs can also enhance yield per drop of 
water. This requires access to technology packages as 
well as to better agricultural information, which is in-
creasingly supported by ICTs. Moreover, subsidies for 
water-intensive crops, such as rice, milk, and sugar 
should be removed. For water-scarce countries, im-
porting virtual water via food and other commodities 
will remain essential. 

2.3  Address water pollution to improve food production, 
food safety, and water-based ecosystems

Globally, 80 percent of municipal sewage and indus-
trial wastewater with heavy metals, solvents, toxic 
sludge, pharmaceuticals, and other waste, are direct-
ly discharged into water bodies, affecting the safety 
of food, particularly vegetable production, and also, 
directly, human health. Agriculture also directly pol-
lutes aquatic ecosystems and risks food production 
with pesticides, organic matter, fertilisers, sediments, 
pathogens, and saline drainage. Key measures to ad-
dress agricultural and overall water pollution include 
breeding crops with higher crop nutrient use efficien-
cy, better agronomic practices, the expansion of na-
ture-based solutions for pollution management, low-
cost pollution monitoring systems, improved incentive 
structures for pollution abatement, and continued 
investment and innovation in wastewater treatment, 
including approaches such as the 3R (reduce, reuse, 
and recycle) of the circular economy across the entire 
food system .

3.  Reduce water and food losses beyond the 
farmgate 

Irrigated agriculture is often focused on high-value crops 
with a higher share of marketed surplus compared to 
rainfed agriculture. At the same time, many irrigated 
crops, such as fruits and vegetables, are time-sensi-
tive perishable products that require efficient market 
linkages to consumption centres. Strengthening mar-
ket linkages includes investment in physical infrastruc-
ture that supports on-farm production (irrigation, en-
ergy, transportation, pre- and post-harvest storage), 
efficient trading and exchange (telecommunications, 

covered markets), value addition (agro-processing and 
packaging facilities), and improved transportation and 
bulk storage. Investments are also needed in ICTs that 
facilitate farmers’ access to localised and tailored infor-
mation about weather, water consumption, diseases, 
yield, and input and output prices .

4.  Coordinate water with nutrition and health inter-
ventions

4.1  Strengthen institutional coordination and develop 
joint programs 

Governance and management of water for various uses 
and functions, as shown in Figure 1, follow different 
institutional arrangements. Similarly, professionals en-
gaged in various roles within water-related institutions 
have different kinds of training and experiences. Few 
irrigation engineers have a professional background 
or skills related to WASH, and few WASH professionals 
have the technical skills needed to design water infra-
structure for multiple uses. The notion of Integrated 
Water Resources Management (SDG 6.5) has been pro-
moted as a principle to overcome problems due to sec-
toral division. Coordination at the lowest appropriate 
levels is urgently needed between WASH and irrigation 
for improved food security, nutrition, health outcomes 
and also to strengthen women’s agency. Multiple use 
water systems can increase food security and WASH 
outcomes. A further example is the MiAgua programme 
in Bolivia supported by the development bank of Latin 
America (CAF), which included rural water supply, cli-
mate change adaptation measures such as watershed 
protection, and micro-irrigation projects for small-scale 
agriculture. MiAgua benefited 2.25 million people and 
contributed to increasing rural water coverage from 52 
percent in 2011 to 80 percent in 2020. 

4.2  Implement nutrition-sensitive agricultural water 
management 

Nutrition and health experts need to join forces with 
water managers at the farm household level, at the 
community level, and at the government level to 
strengthen positive transmission pathways between 
both rainfed and irrigated agriculture, and food and 
nutrition security. A recent guidance describes eight 
actions to increase the nutrition sensitivity of water 
resources management and irrigation as well as indi-
cators for monitoring progress.

5.  Increase the environmental sustainability of food 
systems

The water footprint of diets varies dramatically be-
tween rich and poor countries, but also by socioeco-
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nomic group within countries. More work is urgently 
needed on the impact of current dietary trends on 
environmental resources, including water. Food-based 
dietary guidelines should consider the environmental 
footprint of proposed diets, whereby government reg-
ulations and consumer awareness should be strength-
ened to reduce over-consumption of food, and further 
efforts are needed to reduce post-harvest waste and 
losses. 

6.  Explicitly address social inequities in water- 
nutrition linkages

Vulnerable groups need to be proactively included in 
the development of water services, including incor-
porating their needs and constraints into initial in-
frastructure design. For rural smallholders who most 
lack water and food security, irrigation design should 
consider multiple uses of water, such as drinking, irri-
gation, and livestock watering to meet women’s and 
men’s needs. While women make up a large part of 
the agricultural workforce, they often lack recognition 
and formal rights, and farmers are often considered to 
be ‘male’ in many parts of the world. Women’s pro-
ductive roles should be promoted, and they should 
be trained in irrigation and water management. It is 
also important to ensure that women and disadvan-
taged social groups (e.g. lower castes, stigmatised so-
cial groups) have equal access to credit, irrigable land, 
labour, and markets to buy agricultural inputs and sell 
their produce .

7.  Improve data quality and monitoring for water-
food system linkages, drawing on innovations  
in ICT

Better data are needed to truly understand the water 
footprint of diets, and devise policies that co-maximise 
water and food security and nutrition goals. Challeng-
es include poor water and poor food intake data and 
a lack of indicators connecting the two, but improve-
ments are emerging. Better and more data will support 
better water management and food systems and in-
crease transparency in decision-making. This requires 
sustained investments in monitoring of a wide range 
of hydrological and food-related parameters world-
wide. Modern Earth observation methods can support 
larger-scale assessment, but need to be complement-
ed by dedicated field measurements. 
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Appendix 1. SDG 6 targets on water and sanitation

SDG 6 targets

6.1 By 2030, achieve universal and equitable access to 
safe and affordable drinking water for all

6.2 By 2030, achieve access to adequate and equitable 
sanitation and hygiene for all and end open defeca-
tion, paying special attention to the needs of women 
and girls and those in vulnerable situations

6.3 By 2030, improve water quality by reducing pol-
lution, eliminating dumping and minimizing release of 
hazardous chemicals and materials, halving the pro-
portion of untreated wastewater and substantially in-
creasing recycling and safe reuse globally

6.4 By 2030, substantially increase water-use efficien-
cy across all sectors and ensure sustainable withdraw-
als and supply of freshwater to address water scarcity 
and substantially reduce the number of people suffer-
ing from water scarcity

6.5 By 2030, implement integrated water resources 
management at all levels, including through trans-
boundary cooperation as appropriate

6.6 By 2020, protect and restore water-related ecosys-
tems, including mountains, forests, wetlands, rivers, 
aquifers and lakes

Implementing mechanisms

6.A By 2030, expand international cooperation and ca-
pacity-building support to developing countries in wa-
ter- and sanitation-related activities and programmes, 
including water harvesting, desalination, water effi-
ciency, wastewater treatment, recycling and reuse 
technologies

6.B Support and strengthen the participation of local 
communities in improving water and sanitation man-
agement
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Abstract

Livestock are a critically important component of the 
food system, although the sector needs a profound 
transformation to ensure that it contributes to a rapid 
transition towards sustainable food systems. This pa-
per reviews and synthesises the evidence available on 
changes in demand for livestock products in the last 
few decades, and the multiple socio-economic roles 
that livestock have around the world. We also describe 
the nutrition, health, and environmental impacts for 
which the sector is responsible. We propose eight criti-
cal actions for transitioning towards a more sustainable 
operating space for livestock. 1) Shifts in the consump-
tion of animal source foods (ASF), recognising that re-
ductions in consumption will be required, especially 
in communities with high consumption levels, while 
promoting increases in consumption of vulnerable 
groups, including the undernourished, pregnant wom-
en and the elderly. Diet shifts alone will not produce 
the deep transformations required, and the following 
actions need to be deployed at scale at the same time. 
2) Continue work towards the sustainable intensifica-
tion of livestock systems, paying particular attention 
to animal welfare, food-feed competition, blue water 
use, disease transmission and perverse economic in-
centives. 3) Embrace the potential of circularity in live-
stock systems as a way of partially decoupling livestock 
from land. 4) Adopt practices that lead to the direct 
or indirect mitigation of greenhouse gases. 5) Adopt 
some of the vast array of novel technologies at scale 
and design the incentive mechanisms for their rapid 
deployment. 6) Diversify the protein sources available 
for human consumption and feed, focusing on the 
high-quality alternative protein sources that have low 
environmental impacts. 7) Tackle antimicrobial resis-
tance effectively through a combination of technology 
and new regulations, particularly for the fast-growing 
poultry and pork sectors and for feedlot operations. 
8) Implement true cost of food and true-pricing ap-
proaches to ASF consumption. The scale of the efforts 
on these actions will depend on the context and needs 
of each country or region, however, these actions will 
need to be deployed simultaneously and in combina-
tion to ensure that livestock contribute to sustainable 
food systems, leaving no-one behind.

1. Introduction

There is global consensus of the need to transform 
food systems to achieve critical global goals at the 
intersection of human and planetary well-being. The 
Sustainable Development Goals (SDGs) stress that to 
meet future needs we need to use land more sustain-
ably, minimise negative impacts on the environment 
and seek for opportunities to restore lands that have 
lost nutrients and/or biodiversity. Simultaneously it 
is crucial to provide all people with access to a more 
nutritious diet, and hence future food systems must 
provide a diverse range of affordable foods to enable 
all people to have access to diets of high nutritional 
quality. 

The livestock sector is an important part of these chal-
lenges, since on one hand, it is a major user of land 
but on the other hand, it provides food with high-qual-
ity protein and has high levels of micronutrients. Over 
recent decades, however, livestock production has 
grown rapidly in response to increasing demand, and 
its environmental footprint has grown to the point 
that the sector is now considered a major disruptor of 
global biogeochemical cycles, water use, biodiversity 
loss and others. A large reduction in the environmental 
footprint of the livestock sector is necessary to facili-
tate the continuation of conditions that have allowed 
humans to live on the planet and the Earth’s current 
ecosystems to thrive. 

Here, we provide a synthesis of the current under-
standing of the dynamics of the livestock sector in 
terms of use of natural resources, trade between 
countries and the synergies and trade-offs caused by 
the changing nature of the demand and supply of ASF 
(including milk, meat, eggs, and fish in this study). 
Drivers, environmental and social issues are discussed 
in detail, and mechanisms for enhancing the synergies 
are proposed. We discuss the kinds of policies, gover-
nance processes and institutions that might minimise 
negative interactions and maximise positive synergies. 
We conclude with a brief exposition of the possible 
implications for the international agricultural research 
agenda, along with eight priority actions that need to 
be deployed simultaneously and in combination to en-
sure that livestock contribute to sustainable food sys-
tems, leaving no-one behind.
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2. Background and trends

In recent years, the analysis of trends of the livestock 
sector has focused on understanding changes in de-
mand, supply, and trade of livestock products, togeth-
er with its associated intensification and expansion dy-
namics and environmental impacts. Most analyses of 
demand projections start from Delgado et al’s (1999) 
‘Livestock Revolution’ paper which built on evidence 
that as incomes increase and societies urbanise, per 
capita consumption of livestock products increases. 
This, together with increases in population, projected 
that the total demand for livestock products would 
grow substantially. This phenomenon, often gener-
alised, while mostly true, hides substantial heteroge-
neity in terms of the types of livestock products that 
are likely to increase in demand and the locations of 
consumption growth. Below we provide clarity on the 
dynamics of ASF demand and supply. 

2.1.  Trends in animal source food demand:  
1990-2015

Averaged globally, over the last 25 years, per capita 
food demand of all ASF increased by more than 40 kg/
person/year (FAOSTAT, 2018). However, this number 
hides substantial variation across regions and by com-
modity within ASFs, with several different trends oper-
ating in opposing directions (Figure 1 and Figure S1). 
For example, while there was a nearly 35% increase in 
per capita meat demand (+11.27 kg/person/yr), and 
total per capita meat demand increased for all regions 
between 1990 and 2015, this increase is being driven 
by large increases in demand for poultry and pork, 
which saw increases of 106 and 26% respectively. 

Global demand for ruminant meat (beef and mutton), 
however, has followed a different trajectory, with 
per capita demand having remained near 1990 lev-
els (changed less than 1 kg/person/year on average 

Table 1  Glossary of key terms 

Key Terms Explanation

Livestock Sub-Sectors Domesticated terrestrial animal sub-sectors that include bovine (beef and buffalo), dairy, sheep, 
lamb, goat, poultry, egg, and pig production.

Livestock Products Products (food and non-food) derived from terrestrial domesticated animal sub-sectors.

Animal Source Foods Food products derived from both terrestrial and aquatic animal sources. These include livestock 
food products, as well as food products derived from aquaculture, wild capture seafood, and 
hunting on land.

Ruminants Terrestrial herbivores that have four stomach compartments to facilitate the digestion of fibre. 
Domesticated ruminants can be categorised as large (bovine, buffalo, cows) and small (sheep, 
goats, lamb/mutton).

Monogastric Domesticated animals that have a single compartment stomach, this usually refers to pigs/hogs 
and fowls, which includes chicken, turkey, duck.

Red Meat There are various definitions of red meat depending on geography and if the use is culinary or 
nutritional/dietary. In this report, we follow the WHO (2015) definition where red meat refers to 
mammalian meat including ruminants and pigs/hogs.

White Meat Following nutritional/dietary definitions, in this report white meat refers to meat and meat  
products derived from poultry, other fowl, and seafood.

Cropland Area dedicated to the production of food, feed, and biomass crops. This included both area for 
annual (e.g. cereals) and perennial crops (e.g. fruit trees).

Rangeland Land type that can be used for livestock grazing and can vary substantially in terms of productiv-
ity, and tends to be characterised by native vegetation, but can vary in its level of intensification 
and management.

Pasture Land type that is dedicated for livestock grazing. Vegetation tends to be more managed than for 
rangelands and is primarily grasses and other forage crops.

Feed Crop Crop that is grown primarily to serve as a feed for animals.

Food Crop Crop that is grown primarily for direct human consumption. Food crops can have co-products that 
can be used to feed animals. 

Feed-Food Competition A competition for natural resources (e.g. land) between different purposes; feed or food  
production. 
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globally). Within the beef trend we still see substan-
tial variation regionally, with most regions exhibiting 
much bigger declines in beef demand than the global 
number would suggest. High-income countries have 
seen large declines in per capita beef demand since 
1990, with Europe, United States, and Australia, with 
beef demand declining by 8.8, 5.8, and 6.5 kg/person/
yr respectively. Latin America (excluding Brazil), South 
Asia, and Sub-Saharan Africa have also seen declines 
in per capita demand for beef. Globally, this has been 
balanced out by large increases in per capita demand 
in China and (4.6 kg/person/yr or >300%), Brazil, (11.8 
kg/person per year or >40%), and Western Asia and 
North Africa (2.2 and 3.3 kg/person/yr or >40% and 
>50% respectively). Demand for mutton has followed 
similar regional patterns as changes in demand for 
beef.

There is much less diversity of trajectories in the trends 
for poultry. Per capita poultry demand has increased in 
all regions, with the only difference being the magni-
tude of the observed increase. The smallest increase 
was in Eastern Africa and the United States of America, 
27 and 32% respectively in per capita demand of poul-

try meat. All other regions experienced per capita de-
mand of poultry meat double. Regional pork demand 
trends are more variable, but resemble poultry more 
so than beef, with non-Muslim-majority regions gener-
ally seeing substantial increases, particularly in China, 
Southeast Asia, South America, and Australia.

In low- and middle-income countries, this increase in 
meat demand has led to substantial per capita meat 
demand increases driven more by large increases in 
demand of monogastric meats with only minimal in-
creases in ruminant meat demand. In higher-income 
countries, we observe small changes (around 5%) in 
per capita total meat demand, masking large shifts in 
the makeup of meat demand, with substantial substi-
tution of beef and mutton with pork and poultry. Glob-
al demand for dairy products is growing at a similar 
rate to pork, but with less regional variation with most 
regions seeing increasing demand for dairy products.

Fish demand per capita globally increased by more than 
50%, with most regions seeing substantial increases, 
with the few exceptions being Eastern and Southern 
Africa, and the United States of America. However, the 

Figure 1  Change in animal source food demand 1990-2015 (kg/person/yr). Source: Based on authors’ calculations from 
FAOSTAT (2018). All regional definitions follow FAOSTAT definitions. Regions are inclusive of selected countries (i.e. 
Eastern Asia includes China), which are reported individually to highlight key trends.
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increase is mainly in farmed fish as globally captured 
fisheries have been stagnant or declining. Demand 
satisfied by aquaculture has seen 6% growth per year 
since 2001 with the majority of the growth in low- and 
middle-income countries, especially Asia (FAO, 2018).

2.2.  The role of trade in meeting demand for animal 
source foods

The increase in consumption in some countries has 
outstripped supply and this has led to substantial in-
creases in international trade in ASF in the last few de-
cades. The value of exports globally has nearly tripled 
from around 59 in 1990 to almost 174 billion US$ by 
2010, although total trade value represents less than 
20% of global production (FAO, 2019b). 

Meat in value terms has contributed nearly two-thirds 
of the value of exports of livestock products global-
ly. There are only two regions, Europe and Oceania, 
where meat does not dominate the value of ASF in-
ternational trade flows. In these two regions, the val-
ue of international dairy and eggs trade is about the 
same as meat. Europe and Oceania are also the largest 

exporters of the ASF categories accounting for almost 
85% of exports of dairy and eggs. For meat, the main 
exporting regions at the global level are Europe (pri-
marily pork), North and South America (beef, pork, 
and poultry), and Oceania (beef and mutton), which 
account for more than 90% of global meat exports in 
value terms. Nevertheless, global trade statistics do 
not tell the full story with respect to important region-
al trade patterns.

Most trade in ASFs is within the same region of origin, 
with most imports coming from nearby countries. For 
example, considering trade in meat, much of the trade 
of pork in Europe and mutton of East Asia and Pacif-
ic is between other countries within the region (e.g. 
Europe exports to Europe; Figure 2). However, while 
regional trade is the primary story in describing meat 
trade flows, there are a number of dominant trading 
countries that trade between continents (Figure 2; for 
example, intraregional bovine meat exports are dom-
inated by the Southern Cone of South America (most 
of the green outside of the Latin America region row 
in Figure 2), particularly Brazil, Australia (in East Asian 
and Pacific region, which is blue), and the United States 

Figure 2  Composition of 2010 regional imports of meat commodities by source of imports. The source of imports follow the 
colours given in the final column (i.e. imports from Europe are coloured orange, and from North America are red, 
etc.), so for example 91% of imports of bovine meat in Europe comes from other countries in Europe, whereas 62% 
of imports of bovine meat in the Former Soviet Union comes from countries in Latin America (FAO, 2019b).
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of America (in North America region, which is red)). 
Small ruminant export is dominated by Australia and 
New Zealand (in East Asian and Pacific region, which 
is blue), which are the primary source of imports for 
most countries. Europe and to a lesser extent North 
America are the primary exporting regions supplying 
the bulk of traded intraregional pork. Intraregional 
trade in poultry is dominated by Brazil (in Latin Amer-
ica, which is green) and United States of America (in 
North America region, which is red).

Trade in ASF in volume terms is small compared to 
trade of feed. For example, Galloway et al. (2007) es-
timated that trade in meat and processed meat prod-
ucts accounted for less than one tenth of the volume 
of trade in feed grains. This is a crucial observation, 
as these dynamics are likely to intensify to supply 
feed for fuelling the demand for pork and poultry in 
importing regions. This comes with substantial conse-
quences for land use and for environmental impacts, 
as depending on the land used for producing the feed, 
it could lead to substantial embedded environmental 
impacts in overall ASF production. A clear example is 
if imports of soybeans increase in Asia, this could fuel 
deforestation in Brazil, a primary soybean provider. In 
other regions, other environmental dimensions would 
take precedence over emissions, with the potential for 
substantial losses of biodiversity and disruption of wa-
ter cycles in places (see Searchinger et al. (2015) for 
example, for Sub-Saharan Africa). 

2.3.  The response of production to meet the 
increase in demand: The monogastric  
“explosion”, intensification, and expansion 
dynamics

ASF are produced under a broad range of production 
conditions, across all agro-ecological zones and under 
different intensification and resource use efficiencies. 
Historically, the production trajectories have closely 
followed demand with increases observed in the pro-
duction (Figure S2). Since the 1970s, there has been a 
‘monogastric explosion’ with rates of growth in animal 
numbers often exceeding 4% per year, and in meat and 
eggs production in cases over 6-7% per year, global-
ly. Greater availability of feed grains, rapid progress 
in genetics of animals with improved feed conversion 
ratios, coupled with short generation intervals and in-
dustrial production methods which have all been un-
derpinned by improved control of infectious and pro-
duction diseases, have made it possible to accelerate 
the production of eggs, poultry and pork several fold 
in a short space of time. Improvements in crop yields, 
improved feeding rations with high-quality feedstuffs, 
higher production efficiency, favourable prices and the 

involvement of the private industry in driving these 
dynamics played a significant role, initially in Europe, 
North America, and Oceania, and later in Latin Ameri-
ca and parts of Asia (FAO, 2006).

Since 1990, global production of ASF (kg) has increased 
by more than 60%, an increase of almost 2% per year 
(FAOSTAT, 2018). Most regions exhibited substantial in-
creases, with the largest production increases observed 
in Africa and Asia, which both increased their produc-
tion of ASFs by more than 160% from 1990 levels, at an 
annual rate of more than 4% per year (double the glob-
al average). Higher-income regions, on the other hand, 
grew at a slower rate, with ASF production in Europe 
actually declining by about 15% from 1990 levels.

Across ASF commodities the fastest growth in produc-
tion was for poultry meat which nearly tripled globally 
since 1990 (Figure 3). All regions on average saw in-
creased production, with the global median increase 
in production across all countries at 125% above 1990 
levels (~3.3%/year growth). 

Eggs, pork, and dairy production grew at a slower pace 
with production increasing by 103%, 72%, and 56%, 
respectively. Eggs and pork similar to poultry saw in-
creases across most regions, with the median regional/
country increase of 79% and 29% respectively. In low- 
and middle-income regions dairy production grew at 
rates similar to poultry (108 and 203% in Africa and 
Asia respectively), but saw much smaller growth rates 
in developed regions, with an 18% decline in dairy pro-
duction in Europe.

Ruminant meat production grew at a much slower 
pace than dairy and monogastric productions, with 
global production of beef and lamb increasing by 30% 
and 53%, respectively. Beef and lamb production glob-
ally grew about 1/4 and 1/3 the rate of poultry, respec-
tively, since 1990. For beef, most regions saw increas-
es in production with the exception of Europe whose 
production in 2015 was half their 1990 levels. Lamb 
production in low- and middle-income regions grew at 
a much faster rate than the global average, with small 
ruminant production increasing at rates similar to 
pork in Africa and Asia. However, in developed regions 
there were declines in production, with North Ameri-
ca, Europe, and Oceania seeing declines in production 
of 58%, 49%, and 6% respectively from 1990 levels.

While increases in animal numbers and total produc-
tion have occurred, substantial increases in produc-
tion efficiency, often associated with intensification, 
have also taken place. Intensification occurred at dif-
ferent rates in different parts of the world and in some 
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cases led to reductions in animal numbers. For exam-
ple, the United States of America produces 60% more 
milk with 80% fewer cows now than in the 1940s 
(Capper, Cady and Bauman, 2009) through a substan-
tial change in genetics, feeding and housing systems. 
Substantial intensification and also expansion of the 
livestock sector has occurred primarily in Latin Ameri-
ca and Asia. This is in stark contrast with Sub-Saharan 
Africa, where productivity has remained stagnant for 
decades, with all of the growth in production due to 
increases in animal numbers. These general observa-
tions hide substantial heterogeneity, which we disen-
tangle below. 

2.4.  Different livestock products and production sys-
tems, different dynamics

The production increases in the past few decades fol-
low different trajectories for ruminants than for pork 
and poultry in smallholder or industrial operations. 
Between 2000 and 2011, global milk and meat produc-
tion increased by 28% and 11% respectively (Figure 4). 
Mixed crop-livestock systems contributed to the ma-
jority of bovine milk and meat production. In 2011, 
mixed systems produced 505 Mt of milk and 42 Mt of 
meat with 608 million tropical livestock units (TLU). 
Grazing systems produced 45 Mt of milk and 10 Mt of 
meat with 192 million TLU.

Figure 3  Production trends of animal products (kg) from 1990 to 2015. Source: Based on authors’ calculations from 
FAOSTAT (2018).
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At the global level, these increases in total production 
were mainly driven by the increases in animal num-
bers (dairy: +19%, meat: +10%), followed by the in-
creases in animal productivities (kg of livestock prod-
ucts/TLU/yr, milk: +9%, meat: +1%). In arid and humid 
regions, or in low-income countries, total production 
increases were mainly driven by the increases in ani-
mal numbers rather than the increases in productivity. 
For example, in arid grazing systems, milk productivity 
stagnated while dairy animal numbers rose by 27%. 
This reflects that the feeding systems have remained 
static, being reliant on animals grazing and harvesting 
energy from available land instead of greater utilisa-
tion of new forage crops or concentrate feeds. Simi-
larly, improvements in animal health services in these 
production systems have been limited with patchy dis-
ease control, in particular over remote areas.

In contrast, in temperate regions and in high-income 
countries, total production increases were mainly driv-
en by the increases in productivity rather than the in-
creases in animal numbers. On average, high-income 
countries showed a decrease in total animal numbers 
(-4%) while maintaining modest productivity increases 
(under 1% per yr).

 Increases in dairy productivity (28%) only outstripped 
the growth in animal numbers (9%) as the source of 
growth in dairy production between 2000-2011 in the 
highlands of low- and middle-income countries. This 
evidence of intensification is unsurprising, considering 
that the majority of Research and Development and 
extension efforts have been directed towards these 
smallholder, mostly mixed, dairy systems. These re-
gions and systems have their own constraints, like in-
creasing human population densities, shrinking farm 
sizes, feed deficits and soil fertility problems. These 
could limit the viability of dairy production in the long 
run in these regions (Waithaka et al., 2006; Herrero et 
al., 2010, 2014).

It is a concerning trend that ruminant production in-
creases in many regions are still driven mostly by 
growth in animal numbers. This places additional envi-
ronmental burdens on land, especially in regions with 
vulnerable ecosystems. A continuing trend could mean 
further land degradation in arid regions and increase 
in deforestation or land conversion in humid regions. 
On the other hand, efficiencies increase, as seen in e.g. 
broiler production systems, need to be developed with 
care to avoid animal welfare issues.  

Figure 4  Average changes in dairy bovine milk and meat bovine productivities (kg/TLU/yr) and animal numbers in grazing 
systems (A) and mixed crop-livestock systems (B) by climate and income group. Period: 2000–2011. Data calculated 
based on productivity and animal number estimates by country, livestock system and climate type from Herrero, 
Havlík, et al. (2013). The climate category Arid includes semi-arid systems such as northern Australia. Grazing and 
mixed crop-livestock systems as defined by Robinson et al. (2011), income groups as defined by World Bank (2016). 
Figure adapted from Godde et al. (2018).
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2.5.  The role of smallholders in the production  
of ASF

An important element in the debate of ASF production 
is who contributes to it, who is benefiting and whom 
do we need to target as primary beneficiaries of re-
search efforts. Livestock production supports about 
650 million low-income small-scale producers in low-
er- and middle-income countries (FAO, 2009) and ap-
proximately 117 million people work in fisheries and 
aquaculture (Mills et al., 2011). Livestock are respon-
sible for 17–47% of the value of agricultural produc-
tion in lower- and middle-income countries regions 
(Herrero, Grace, et al., 2013) and contribute income 
to 68% of lower- and middle-income country house-
holds (FAO, 2009), while also playing important cultur-
al roles (Thornton, 2010; Herrero, Grace, et al., 2013). 
While men are often most represented in livestock 
production and fishing, women tend to be highly ac-
tive in processing and sale of animal products (Herre-
ro, Grace, et al., 2013). At the same time, ASF-related 
livelihoods do not necessarily entail high-quality jobs. 
For example, ASF producers and fishing communities 
in lower- and middle-income countries sometimes do 
not earn enough to eat their own production (Thow 
et al., 2017; Annan et al., 2018; Ravuvu et al., 2018). 
In high-income countries, poor working conditions in 
meat processing plant are well documented and, con-
sidering on-the-job mortality risk, fishing is among the 
deadliest livelihoods. Women in livestock value chains 
in particular may lack appropriate recognition and re-
muneration (Agarwal, 2018), and denial of women’s 
access to shared ASF resources, such as fisheries, cre-
ates power imbalances that expose women to abuse 
(Fiorella et al., 2019). In improperly managed systems, 
animal handlers can also be exposed to, and become 
the vector for, zoonotic disease. Exposure to food-
borne and zoonotic diseases may be particularly high 

in settings where workers do not have adequate ac-
cess to hygiene and sanitation services. These jobs are 
often disproportionately held by the poorest or most 
vulnerable in a society—making the profile of associ-
ated risk similarly inequitable. A recent International 
Labour Organisation study found that a move towards 
more plant-rich diets could create more jobs than an-
imal agriculture-based employment, with potential 
improvements in gender equality and occupational 
safety (Saget, Vogt-Schilb and Luu, 2020). 

In the future, will the smallholders be the engine of 
production growth or will they be superseded by larg-
er, more vertically integrated producers? This will likely 
be distinct for different livestock species and products, 
as the dynamics are very different for ruminant land-
based systems than for monogastrics. We attempt to 
describe it below. 

Bovine milk and meat: Globally, farms smaller than 20 
ha produce 45% of bovine milk and close to 37% of 
bovine meat (Herrero, Philip K Thornton, et al., 2017) 
(Figure 5). However, important regional differenc-
es exist. Large farms (>50 ha) dominate bovine milk 
(>75%) and meat (>80 %) production in North Amer-
ica, South America, and Australia and New Zealand, 
which are regions with high levels of exports of these 
products. 

Conversely, farms smaller than 20 ha produce the ma-
jority (>75%) of bovine milk and meat in China, East 
Asia Pacific, South Asia, Southeast Asia, Sub-Saharan 
Africa, and West Asia and North Africa. Very small 
farms (<2 ha) are of particular importance in China, 
where they still produce more than 60% of bovine milk 
and meat. These very small farms are also of impor-
tance in East Asia Pacific, South Asia, Southeast Asia, 

Figure 5  The production of bovine milk and meat by farm size and region. Source: Data from (Herrero, Philip K. Thornton, et al., 
2017).



270 | V. Actions for Sustainable Resource Management and Food Production Systems

Science and Innovations for Food Systems Transformations

and Sub-Saharan Africa, where they contribute more 
than 25% of bovine milk and meat production. 

Bovine milk and meat production are produced across 
a range of farm sizes in Europe and Central America. 
Farms smaller than 50 ha produce more than 45% of 
bovine milk and meat in Europe and more than 55% in 
Central America.  

The role of smallholders in the future is uncertain. For 
dairy, a sustainably intensified smallholder sector could 
be the engine of production growth as there are still 
large yield gaps in these systems. Furthermore, with de-
mand primarily satisfied by local markets (formal and 
informal) and demand growing, smallholders should 
benefit from improved cash flow derived from growth 
in dairy. For intensification to occur, markets, inputs and 
services and increased adoption of key technological 
packages need to happen at a faster pace than previ-
ously anticipated (McDermott et al., 2010; Godde et al., 
2018). Data from the International Farm Comparison 
Network has also demonstrated that there are limited 
signs of consolidation of land in smallholder dairy (IFCN, 
https://ifcndairy.org/). On the contrary, land fragmen-
tation and feed scarcity are two of the main issues con-
fronting these systems if they are to remain viable. 

For beef, the situation is different. In the absence of 
a clear increase in demand per capita, and with small 
farm output largely dependent on increased numbers 
of animals, it is likely that operation size will be more 
of a constraint. Nevertheless, smaller scale production 
resulting from culled animals in diversified farming 
systems may continue to be economically viable even 
if it will be unlikely to be the main source of income or 
livelihoods.

Pigs and poultry: A critical consideration for un-
derstanding the dynamics of the pork and poultry 
sub-sectors is to distinguish between the fast-growing 
industrial sector and the smallholder sector in which 
women are strongly represented. The contribution of 
smallholder systems to monogastric production based 
on data from Herrero, Havlík, et al. (2013), shows the 
importance of smallholder monogastric systems as a 
source of pork, poultry and eggs in several regions: no-
tably South and Southeast Asia and Sub-Saharan Africa 
(Figure 6). 

Gilbert et al. (2015) (Figure S3) found a negative rela-
tionship between the proportion of extensively raised 
chickens and pigs and the GDP per capita of different 
countries. According to the authors: 

“Below 1,000 USD [national GDP] per capita, over 90% 
of chicken are raised under extensive systems and the 
transition from extensive to intensive production real-
ly occurs between 1,000 and 10,000 USD per capita; 
above which most chickens are raised in intensive sys-
tems. For pigs, the transition zone—within which pigs 
are raised under a mixture of extensive, semi-intensive 
and intensive systems—extends between 1,000 and 
30,000 USD per capita. Countries with per capita GDP 
levels in excess of 30,000 USD tend to raise more than 
95% of their pigs in intensive systems.” (Gilbert et al., 
2015, p7). 

Although there are large variations between countries, 
this suggests that as economies grow, the smallhold-
er monogastric sector while still important in some 
countries, will tend to reduce in importance as income 
grows and conditions become more favourable for pri-
vate industry to industrialise the sector. The reduction 

Figure 6  The proportion of pork, poultry and eggs from smallholder systems in different global regions (Herrero, 
Havlík, et al., 2013).
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in transaction costs and vertical integration will drive 
this transition as it has occurred in other regions. The 
question is not if but when? This transition presents 
a whole set of different challenges to the extensive 
poultry sector, as the dynamics of feed sourcing will 
increasingly play a key role in the sustainability of the 
industry, as will the impacts of increasing density in in-
dustrial systems with respect to disease dynamics (in-
fectious diseases, antimicrobial resistance and other 
issues) and managing local pollution. 

3.  What are the implications of the historical 
supply and demand dynamics of ASF for land 
use and other environmental metrics? 

A short historical perspective: Ramankutty et al. 
(2018) recently reviewed the trends in global agricul-
tural land use. This section is largely drawn from their 
findings. Between 1700 and 2000, croplands expand-
ed from ~3-4 million km2 to ~15-18 million km2 (Figure 
S4). Pastures expanded from ~500 million km2 in 1700 
to 3,100 million km2 in 2000. Most of the cropland 
expansion replaced forests, while most of the pas-
turelands replaced grasslands, savannas, and shrub-
lands, with some notable exceptions (e.g. the North 
American Prairies were replaced by croplands, while 
Latin American deforestation today is still mainly for 
grazing.

The global expansion of agriculture follows the history 
of human settlements and world economic order. Ag-
ricultural expansion has slowed down since the 1950s, 
primarily as agriculture intensified through improved 
crop varieties, synthetic fertilisers and management of 
pests and diseases. Although rapid clearing of tropi-
cal forests and savannas for agriculture continues, 
the current rates of clearing are relatively small com-
pared to what happened in the temperate latitudes 
between 1850 and 1950. As an example, Smith et al. 
(2010) shows that for the period between 1990 and 
2007, global cropland area increased by 3%, with the 
biggest regional changes occurring in Africa (6%) and 
Latin America (9%).

The world has around 3 billion ha of suitable land for 
crop production. We already use 1.5 billion ha for 
feeding the world, with one-third of this area used to 
produce feed for livestock (FAOSTAT, 2018). The re-
maining 1.5 billion ha are currently occupied by for-
ests that play a fundamental role in our biogeochem-
ical cycles and in providing a broad range of essential 
environmental services to humanity. These areas 
should be reserved, even when the short-term eco-

nomic gains from conversion may be quite attractive. 
Any expansion of croplands into rangelands is likely to 
be on more marginal land, in more variable climate 
with subsequent lower yields than those observed on 
current cropland. Additionally, rangelands are import-
ant reservoirs of biodiversity and modest amounts of 
carbon, which suggests that their conversion would 
not be ideal in places like Africa (Searchinger et al., 
2015). Hence, the pursuit of agricultural intensifica-
tion.

Globally, total agricultural greenhouse gas emissions 
from have risen as a result, primarily, of increases in 
animal numbers and land use change. Livestock ac-
count for the majority of greenhouse gas emissions 
from food systems through methane from enteric fer-
mentation and manure management, carbon dioxide 
from land use change and nitrous oxide from manure 
management (Herrero et al., 2016; Tubiello et al., 
2021). However, livestock now use 62% less land and 
emit 46% fewer greenhouse gas emissions to produce 
one kilocalorie compared with 1961. These productiv-
ity gains have been observed across the livestock sec-
tor, with gains in the ruminant sector and especially 
dairy in Europe and North America, albeit substantially 
lower productivity gains than those observed for mo-
nogastrics. Nevertheless, improved livestock produc-
tivity has required an increase of 188% in the use of 
nitrogen fertilisers derived from fossil fuels to increase 
feed production (Davis et al., 2015) (Figure S5). Struc-
tural changes in the sector, driven by the monogastric 
explosion have been partly responsible for this trade-
off, as one-third of the cropland, which uses most of 
the fertiliser, is now used to produce feed for livestock. 
Despite productivity improvements, due to increased 
demand, the aggregate environmental impacts of live-
stock have continued to grow, which will require sub-
stantial further reductions in the sector’s environmen-
tal footprint.

Animal production practices, depending on type and 
location, can have beneficial or detrimental effects on 
biodiversity (Herrero et al., 2009; Barange et al., 2018). 
In particular, livestock-induced land use conversion is 
a major environmental and human rights concern in 
some areas (De Sy et al., 2015). Many intact ecosys-
tems, notably carbon-dense and biodiversity-rich trop-
ical forest biomes, have been converted to pasture and 
feed crops for animals (FAO and UNEP, 2020). These 
ecosystems are essential to climate change mitigation 
(Lennox et al., 2018). Intact ecosystems currently oc-
cupy half of the ice-free surface of the Earth (Diner-
stein et al., 2017), and this degree of intactness has 
been proposed as a global limit (Newbold et al., 2016; 
Dinerstein et al., 2017; Leclère et al., 2018; Willett et 
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al., 2019), implying that an urgent halt to land use con-
version is needed. In extensive rangeland practices in 
grassland and savanna biomes, where large grazers 
(e.g. bison) have been lost, ruminant livestock can be 
an important means of biodiversity conservation and 
climate mitigation (Olff and Ritchie, 1998; Griscom et 
al., 2017).

Resource use varies widely by type of ASF and pro-
duction practice. Beef production tends to be the 
greatest user of land and energy, followed by pork, 
poultry, eggs, and milk production (de Vries and de 
Boer, 2010). Fish, shellfish, and molluscs are generally 
near the low end of the range (Poore and Nemecek, 
2018). Aquaculture is associated with emissions and 
resource use, primarily from feed production (FAO, 
2013), and can also pollute water and result in habitat 
destruction (Barange et al., 2018; FAO, 2019a). Cap-
ture fisheries have lower environmental impacts than 
aquaculture on some fronts but put pressure on wild 
fish populations and associated ecosystems (Jackson 
et al., 2001; FAO, 2016, 2018; Barange et al., 2018) 
which have been depleted by inequitable natural 
resource access, and poor governance (Leroy et al., 
2020). The environmental impacts of capture fisher-
ies and aquaculture vary substantially across context, 
species, and production/harvesting practice (Troell, 
Jonell and Crona, 2019). Overall, energy use per unit 
protein production of fish/seafood is comparable to 
that of poultry and less than other livestock systems 
(e.g. pork, beef) (FAO, 2019a).

Resource use also varies by production system and set-
ting. In many cases, livestock can be reared in lands 
of low opportunity cost, without competing with 
croplands or other land uses (van Zanten et al., 2018). 
Livestock in grazing systems may have some environ-
mental benefits, such as conservation of grassland 
biodiversity, although such relationships are complex 

and context-specific (FAO, 2009). Animal production 
systems are often essential to circular production sys-
tems (Poux and Aubert, 2018). However, the intensive 
production of any animal, including pigs and poultry, 
has substantial environmental impacts, especially for 
surrounding communities and waterways, that must 
be considered (Wing and Wolf, 2000; Burkholder et al., 
2007; Godfray et al., 2018).

4.  The value of foresight: Were Delgado and 
colleagues’ projections accurate for 2020?

It is reasonable to review the 2020 projections made 
by Delgado and others towards the end of the 1990s 
against what is happening currently in the livestock 
sector.

4.1.  Did the livestock revolution really happen in the 
last 25 years? 

Globally, their projections of total meat and milk pro-
duction were 304 and 772 million metric tonnes for 
2020, a difference of only -12 and -5% from what cur-
rent trends in FAOSTAT suggest. When we explore the 
projections by commodity, we observe that the pro-
jections were particularly accurate for pork, with larg-
er deviations for beef and poultry. These deviations 
are offsetting, with an overestimation for beef and an 
underestimation of poultry production. Delgado et al. 
(1999) were perhaps too conservative in their assump-
tions of technological change and the shifts in demand 
for poultry, which has increased its production by a 
factor of three rather than doubling, as they project-
ed. The faster transition from smallholder to industrial 
systems in monogastric production, as described by 
Gilbert et al. (2015), could have played a critical role in 
accelerating this change. The dynamics of this sector 
were simply faster than anticipated.

Table 1  Comparing global animal source food production (million metric tonnes) in Delgado et al. (1999) to FAOSTAT (2018). 

FAOSTAT Delgado et al. (1999) % Difference

1990 2013 2020a 2020 2020

Beef 55 68 72 82 14%

Pork 69 113 125 122 -2%

Poultry 41 109 127 83 -35%

Meat 178 309 346 304 -12%

Milk 538 753 813 772 -5%

 Note: a 2020 projection a linear regression based on FAO production values from 1990-2013
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We observe a similar story with the per capita demand 
projections. Overall, the projections are good with a 
difference of only 4 and 10 kg/person/year difference 
for meat and milk respectively. However, we can see 
that similar to the beef and poultry projections there 
are offsetting deviations that are masked by only look-
ing at the global number (Table 2). Here the key devia-
tions are for projections for China and India (Table 3). 
There was an underestimation on increased demand 
of ASFs in China, particularly for dairy products (31 kg/
person/year), with a similarly larger overestimation of 
milk demand in India (33 kg/person/year). While the 
differences on the meat per capita projections for Chi-
na and India are not as large as for milk, we should 
recognise a couple of important tendencies in these 
projections. First, that while Delgado et al. (1999) cor-
rectly projected a strong increase in meat consump-
tion in China (even if they underestimated how large 
this growth would be), the projected increases in meat 
consumption in India do not appear to have materi-
alised. Income growth in India has not translated into 
the expected increases in consumption across all com-
modities (Alexandratos and Bruinsma, 2012), perhaps 
in part explained by the relative slowness of the emer-
gence of the intensive broiler sector in this country 
compared to east Asia.

4.2.  Animal source food consumption trends: the 
three key storylines

Reviewing these projections highlights that the evolu-
tion of the global livestock sector over the past couple 
of decades can be summarised in a few storylines:
a)  First, demand for poultry has been the main global 

driver of increased meat consumption, with per cap-
ita consumption having nearly doubled since 1990. 
This is a mix of changes in demand and supply.

b)  Second, per capita dairy consumption in high-in-
come regions has stayed constant since 1990, with 

any growth in total consumption driven by chang-
es in population. Low- and middle-income regions 
have seen substantial increases in dairy consump-
tion, with this being driven by both increases in 
population, and increasing per capita consumption 
of dairy products, with the largest increase ob-
served in China. 

c)  Finally, increases in global beef demand is a story of 
two countries, China and Brazil, which account for 
nearly 93% of the 11 million metric tonne increase 
in global beef demand, even as globally per capita 
beef consumption has been declining or stagnant 
in most countries. The key role of China and Brazil 
in the global beef sector was already identified by 
Delgado (2003) in an update of their 1999 projec-
tions. 

While the trends for overall meat have largely fol-
lowed projected trends, and suggest that assump-
tions underlying Delgado et al. (1999) projections 
continue to be broadly true, recent trends do suggest 
that shifts towards beef may not be occurring in many 
countries. Conversely, in many countries, particularly 
in high-income countries, there has been a trend to-
wards declining consumption of beef. This decline is 
especially obvious in Europe which saw a reduction of 
more than 10 million metric tonnes in beef demand 
since 1990. Nevertheless, when we exclude China 
and Brazil, we can see that per capita consumption in 
low- and middle-income countries has not increased 
appreciably. 

Why is beef demand not growing with rising incomes 
like other ASF? Perhaps this can be explained by the 
price premium of beef vis-à-vis other meat options. 
Pork and poultry have been 50% and 30% cheaper 
than beef, respectively, between 2010-2016 accord-
ing to the IMF (2017). Additionally, messages suggest-
ing that beef consumption is less healthy than white 

Table 3  Comparing per capita consumption of animal source food (kg/person/year) in Delgado et al. (1999) to 
FAOSTAT (2018)

FAOSTAT Delgado et al. 1999 % Difference

Meat Milk Meat Milk Meat Milk
1990 2013 2020a 1990 2013 2020a 2020 2020 2020 2020

China 25 62 73 6 33 43 60 12 -18% -72%

India 4 4 4 53 85 92 6 125 44% 36%

World 33 43 46 77 90 95 39 85 -16% -11%
 Note: a 2020 projection a linear regression based on FAO production values from 1990-2013
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meats have been around since the 1970s. The emer-
gence of Bovine Spongiform Encephalopathy caused 
drops in demand for beef in Europe in the 1990s and 
disrupted trade in North America in the 2000s. More 
recently messaging on environmental outcomes of 
beef through methane production and deforestation 
may also be having an impact on consumer confidence.

5.  Animal source foods and human nutrition 
and health: the need for moderation,  
not avoidance.

There is strong and growing evidence that global tran-
sitions to healthy diets, as defined in most national 
food-based dietary guidelines would lower climate 
and land impacts. In general, healthy plant-rich diets, 
including flexitarian, vegan, or vegetarian options, 
have lower climate and land impact than those high 
in ASF; their water and nutrient impacts depend on 
the practices used (Hallström, Carlsson-Kanyama and 
Börjesson, 2015; Aleksandrowicz et al., 2016; Frehner 
et al., 2021). Reduction in ASF, notably red meat, con-
sumption has been shown to reduce environmental 
impacts (e.g. on climate, land, and biodiversity), with 
some studies suggesting that achieving global climate 
and biodiversity targets is only achievable through 
reduced consumption (Tilman and Clark, 2014; Le-
clère et al., 2018; Springmann et al., 2018; Clark et al., 
2020). For example, transition to healthy plant-rich di-
ets, including some meat, would reduce food-related 
emissions by nearly half, setting them on track to meet 
the 1.5°C climate target (Clark et al., 2020). In contrast, 
a global transition to increased consumption of ASF, 
notably red meat, is not feasible within recommended 
environmental limits (Springmann et al., 2018). 

5.1.  It is possible for healthy adults to meet their 
nutrient requirements from well-planned diets 
based solely on plant source foods

Diets that include few or no ASFs, including vegetar-
ian and vegan diets have been shown to reduce the 
risk of non-communicable diseases (Tilman and Clark, 
2014; Springmann et al., 2016). Diets with diverse 
plant sourced foods can meet protein requirements 
(Young and Pellett, 1994), and vegetarian diets can 
meet adult micronutrients needs (Walker et al., 2005). 
However, plant-based foods do not necessarily equal 
healthy foods: many highly processed foods are fully 
plant-based (e.g. highly processed snack foods and 
sugar-sweetened beverages) yet have been associated 
with poor health outcomes (Hu, 2013; Marlatt et al., 
2016; Mozaffarian, 2016). 

Controversy exists regarding dietary recommenda-
tions for some ASF and this has had a polarising effect 
on many scientific and food sector discussions. These 
foods tend to be rich in nutrients, but some specific 
ASF may also increase the risk of diet-related chronic 
diseases and have harmful impacts on the environ-
ment. Most controversial are the recommendations 
regarding red meat consumption, as beef produc-
tion has one of the highest environmental footprints 
(Willett et al., 2019), but the health benefits and con-
sequences remain contested in the literature. Con-
sumption of red meat varies substantially by region 
and country-level income classification. Global intake 
of unprocessed red meat is estimated to be 27 g per 
day (26-28g per day) (Afshin et al., 2019). This is high-
er than the recommended optimal intake established 
by the Global Burden of Disease research group to 
reduce the risk of diet-related chronic disease (23 g/
day; optimal range: 18-27 g/ day) (Afshin et al., 2019) 
and substantially higher than recommended intake 
established by the EAT Lancet commission for opti-
mal human and planetary health (7 g/day; optimal 
range: 0-14 g/day) (Willett et al., 2019). Unprocessed 
red meat consumption was highest in Australasia and 
Latin America and lowest in South Asia and Sub-Saha-
ran Africa (Afshin et al., 2019). When comparing the 
estimated consumption of unprocessed red meat by 
World Bank income classification, low-income coun-
tries have a per capita consumption of 8.2 g per day 
while high-income countries have a per capita con-
sumption of 45 g per day (GBD 2017 Mortality Collab-
orators et al., 2018). 

Differences in consumption may be due to cultural 
preferences, particularly in South Asia, but may also 
arise from differences in affordability. Interestingly, an 
analysis looking at the relative caloric price of foods 
globally found unprocessed red meat to be the most 
affordable ASF globally, but still at least three times 
higher than the price of the equivalent amount of calo-
ries from a standard basket of starchy staples (Headey 
and Alderman, 2019). Relative caloric price varied by 
income levels ranging from 2.68 in upper-middle-in-
come countries to 3.72 in low-income countries. Re-
gionally, unprocessed red meat was cheapest in North 
America and Australasia and most expensive in the 
Middle East and North Africa. 

The United Nations Food Systems Summit Indepen-
dent Science Group’s working definition of a healthy 
diet recognises that nutrient needs to attain ‘healthy’ 
diets vary across individuals (Neufeld, Hendriks and 
Hugas, 2021), and ASF can be particularly important 
for reducing undernutrition among vulnerable groups 
in resource-poor settings. ASFs are a high-quality 
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source of protein, micronutrients and bioactive fac-
tors that are important for development. Consump-
tion of these foods may be particularly essential for 
young children and pregnant or lactating women as 
these individuals have increased nutrient require-
ments due to biological processes (Neumann, Harris 
and Rogers, 2002; Murphy and Allen, 2003; Semba et 
al., 2016; Beal et al., 2017). ASFs are considered com-
plete sources of protein that provide all nine essen-
tial amino acids. In addition, ASFs are nutrient dense 
and have higher bioavailability of key nutrients such 
as iron, vitamin A, and zinc compared to plant source 
foods (Murphy and Allen, 2003). Regarding undernu-
trition, most studies have assessed the role of ASFs in 
linear growth for children under the age of five and mi-
cronutrient deficiencies in both women and children. 
Recent systematic reviews have identified limited ev-
idence regarding the association between consump-
tion of ASF and linear growth during early childhood. 
Both reviews concluded that substantial heterogeneity 
in definitions of ASFs might have led to inconsistent 
results (Eaton et al., 2019; Shapiro et al., 2019). On the 
other hand, a cross-sectional analysis of Demograph-
ic Health Surveys found a strong association between 
ASF consumption and stunting (with ASF consump-
tion reducing stunting), and consumption of multiple 
ASF sources had an additive effect on the relationship 
(Headey, Hirvonen and Hoddinott, 2018). This analy-
sis distinguished between dairy, egg, meat, and fish as 
types of ASFs, but authors were unable to look at as-
sociations between stunting and red meat specifically. 
In addition, another study found a strong correlation 
of ASF intake and reductions in stunting in Nepal and 
Uganda, with dairy consumption having the strongest 
correlation (Zaharia et al., 2021). 

The association between red meat consumption and 
diet-related chronic diseases is highly debated among 
scientists. Evidence is clear that consumption of pro-
cessed red meats is detrimental to health, but the re-
lationship between unprocessed red meat and health 
needs further research. Evidence from epidemiologi-
cal cohort studies has found positive associations be-
tween unprocessed red meat consumption and type-
2 diabetes, cardiovascular disease, and cancer (Pan 
et al., 2011; Mozaffarian, 2016; Qian et al., 2020). In 
2015, the International Agency for Research on Cancer 
classified processed meat as a group 1 carcinogen and 
unprocessed red meat as a probable carcinogen (IARC, 
2015). On the other hand, in 2019, a systematic review 
found “low certainty” of evidence regarding red meat 
and poor health outcomes because of the limited data 
from randomised control trials and heterogeneity in 
effect size of estimates between studies (Johnston et 
al., 2019). 

In summary, populations consuming high amounts 
of red meat, particularly in processed forms, would 
benefit from reduced consumption to improve health 
and sustainability. This mostly applies to consumers in 
higher-income countries but also, to a growing num-
ber in lower- and middle-income countries, where the 
burden of diet-related non-communicable diseases is 
growing rapidly. For those vulnerable to undernutri-
tion (whether in lower- and middle-income countries 
or higher-income countries), the nutrient contribu-
tion of minimally processed ASF may be beneficial to 
reduce risk of micronutrient deficiency and promote 
growth (Murphy and Allen, 2003). 

6.  Essential actions for ensuring livestock’s 
contribution to sustainable food systems 

This section examines some alternative or additional 
actions that would need to take place for livestock to 
contribute to sustainable food systems, while address-
ing critical aspects of social equity, poverty and other 
social goals. 

6.1.  Achieve a balance in the consumption of animal 
source foods that improves health and nutrition 
for all, and that helps reduce the environmental 
pressures of livestock production. 

As discussed in section 5, this will require different ac-
tions depending on the context, including: 
• Consumption of ASF at a level appropriate to meet 

nutritional needs. 
• A reduction in consumption of red and processed 

meat for populations with high risks of diet-related 
non-communicable diseases or in the context of an 
unbalanced diet.

• Enable increased consumption by nutritionally 
vulnerable populations needing higher levels of 
nutrients including pregnant women, the elderly, 
children and undernourished populations, particu-
larly those in lower- and middle-income countries. 

These changes will require an integrated approach 
that includes a strong regulatory and fiscal framework 
and enabling environment in combination with aware-
ness raising and education to encourage behavioural 
changes among consumers, producers, and industry 
including new norms and standards.

6.1.1.  What sort of environmental gains could we 
expect from changes in consumption?

Several studies have quantified the potential environ-
mental gains of changing dietary patterns. This area of 
work started from the need to quantify greenhouse 
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gas mitigation potentials of changing diets (Stehfest 
et al., 2009), and has been expanded considerably to 
include health impacts and several additional environ-
mental metrics (Tilman and Clark, 2014; Leclère et al., 
2018; Springmann et al., 2018; Willett et al., 2019). As 
an example, Figure 7 summarises the technical mitiga-
tion potential of changing diets.

The features of these studies show that:

1. The upper bound of the technical mitigation 
potential of demand-side options is about 7.8 Gt 
CO2-eq per year (no consumption of animal prod-
ucts scenario) (Stehfest et al., 2009). 

2. Many dietary scenario variants have been tested. 
Key variants include target kilocalorie levels (i.e. 
2500 kcal per capita per day), notions of healthy 
diets, swaps between animal products (red vs. 
white meat) and/or vegetables, and stylised diets 
(Mediterranean, flexitarian, etc.). All fit roughly 
between the current emissions and the Stehfest et 
al. (2009) upper bound.

3. The main impact of reducing the consumption of 
ASFs is to reduce the land footprint of livestock. 
This land sparing effect, coupled with alternative 
uses of the land (i.e. negative emissions technolo-
gies), leads to a large mitigation potential. Many of 
the other environmental impacts are also associ-
ated with the land sparing effect (i.e. biodiversity, 
Leclère et al., 2018). 

4. The largest technical potential comes from reduc-
tions in ruminant meat consumption (most ineffi-
cient sub-sector), as most scenarios try to trigger 
land sparing (reduction of carbon dioxide emis-
sions) as the key mechanism for reducing emis-
sions.

5. Reductions in livestock product consumption, 
especially red meats, could have both environ-
mental and health benefits (Tilman and Clark, 
2014; Willett et al., 2019).

6. Full vegan diets could meet calorie and protein 
requirements but can also be deficient in key 
nutrients (vitamin B12, folate, Zinc), a concern 
for vulnerable groups, in particular those without 
access dietary supplements. Therefore, diets with 
some level of animal products may be necessary.

7. The economic mitigation potential of changing 
diets is not known. This is a crucial research area, 
together with mechanisms for eliciting behavioural 
changes.

8. Most scenarios so far have taken kilocalories as 
the currency for changing diets, none have dealt 
with protein or micronutrients, which from a live-
stock and a healthy diet perspective seems like a 
necessary step.

9. Very few key examples of legislation and poli-
cy-induced shifts in consumption exist. There are 
some examples that have been shown to promote 
increases in consumption of fruits and vegetables 
(Garnett et al., 2015).

Figure 7  The technical greenhouse gas mitigation potential of changing diets according to a range of scenarios examined in the 
literature (Mbow et al., 2019). 
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10. The social and economic costs of reduced demand 
for ASFs are unknown. Notably there is little infor-
mation on impacts on farmers income, employ-
ment, alternative labour markets, reductions in 
agricultural GDP, etc.

11. Methodological advances are needed for eliciting 
simultaneously the environmental, health and 
socio-economic impacts of reduced consumption.

These studies, while important, have only told part of 
the story and have opened important research areas 
to complete the picture. These studies tend to lack in-
formation on the power of the private sector to adopt 
and adapt technologies and make them attractive to 
consumers. Many food companies are now seeing an 
advantage to plant-based alternatives to meat and milk 
as they may become more profitable as the technolo-
gies mature. In addition, all scenarios have modelled 
the impact of given diets, and have not explored how 
the diets would be achieved, which makes the ex-an-
te evaluation of policies to shift demand patterns dif-
ficult, if not impossible. From a technological change 
perspective, most of these studies use fixed environ-
mental impacts per kg of product and since they do 
not change through time they do not take into account 
the potential for food systems redesigns.

Attached to livestock production is an enormous 
amount of wealth generation, employment, value 
chains and famers livelihoods. Impacts on these are 
seldomly studied and they are crucial to create con-
vincing policy cases for a contraction of livestock 
product demand. Global studies that have started to 
include some of these critical feedbacks are only now 
starting to emerge (i.e. Mason-D’Croz et al., 2020).

From a nutritional perspective, there are also im-
portant improvements to be made. All scenarios so 
far have used kilocalories as the currency. However, 
livestock’s contribution to healthy diets are not so 
much about their kilocalories as their micronutrients 
and protein. It is essential to include these in future 
research. Diets in these scenarios are also too ‘glo-
balised’, and more realistic, and culturally sensitive 
regional variants will need to be examined. The differ-
entiated impacts of ASF consumption and production 
across population cohorts, will require that future 
analysis begin to better recognise the heterogeneity 
of populations (rural/urban, under or over nourished, 
gender, age, or by age groups), if they are to provide 
necessary information to improve the targeting of fu-
ture food policies.

Changes in consumption will not be enough to achieve 
the transformation required to achieve healthy diets 

from sustainable food systems. The next suite of ancil-
lary actions will be required in tandem with consump-
tion changes. 

6.2. Sustainably intensify livestock systems
Sustainable intensification has been high on the agen-
da for some time (Garnett et al., 2013). In livestock 
systems, successful examples exist but all have been 
associated with the availability of inputs (high-quality 
feeds, fertilisers, etc.), services (veterinarians, exten-
sion) and in many cases, the development of markets 
and their associated value chains (McDermott et al., 
2010), as these are key incentives for systems to in-
tensify (Herrero et al., 2010; McDermott et al., 2010). 
Currently, adoption of better feeding practices, such as 
improved forages, have shown low adoption rates. For 
example, Thornton and Herrero (2010) found 10-25% 
adoption rates of dual-purpose crops, agroforestry 
practices and improved pastures by farmers in select-
ed low- and middle-income regions, over a 10-15-year 
horizon. Increasing adoption rates will require signif-
icant public and private investment and institutional 
change to be able to increase farmer adoption and re-
duce adoption lag times.

Efforts at sustainable intensification can have nega-
tive unintended consequences, which will need to be 
addressed through appropriate regulation and policy 
action to ensure sought after environmental benefits 
are realised. The concept of sustainable intensification 
sounds to many as a win-win strategy to increase re-
source use efficiencies, but it is essential that it also 
improves animal welfare (Garnett et al., 2013), and 
does not contribute to increased food-feed competi-
tion (van Zanten et al., 2018). To improve human and 
planetary health it is crucial to assess to what extent 
sustainable intensification strategies could bring us 
closer to achieving the SDGs. 

From a livestock perspective, most well managed in-
tensification practices in the past have led also to im-
proved systems profitability and leading to increased 
production (i.e. pasture intensification and supple-
mentation in the tropics has substantially improved 
milk and meat production). As a result, farmers have 
often increased the size of their operation (more ani-
mals, more land use changes) to increase even further 
the economic returns. This growth in turn has led to in-
creased environmental problems (more deforestation, 
increased greenhouse gas emissions, more land degra-
dation, more temperature forcing). A critical challenge 
ahead is how to regulate intensification so that it is 
truly sustainable and equitable, operates within limits 
of production growth, protects biodiversity and other 
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ecosystems services, and attains net or near net reduc-
tions in the use of resources. This is of particular im-
portance, as having fewer animals, but of higher pro-
ductivity, is essential to maximise the environmental 
benefits (i.e. reductions in greenhouse gas emissions 
and land use) of productivity growth in livestock sys-
tems (Thornton and Herrero, 2010). This would imply 
reversing the observed trend of increased ruminant 
numbers as the main source of production growth in 
low- and middle-income regions towards productivity 
increases. 

The degree of competitiveness of smallholders against 
imports from countries that can produce vast amounts 
of animal products, at lower production costs, will be 
a crucial factor to determine the success of livestock 
farmers in the low- and middle-income countries, es-
pecially as the volume of traded livestock products 
increase. Formal and informal markets will need to 
ensure the supply of cheaper, locally produced, safe 
livestock products to adequately compete. This im-
plies a substantial reduction in transaction costs for 
the provision of inputs, increased resource use effi-
ciencies, and more responsive, innovative and sup-
porting institutions for the livestock sector in low- and 
middle-income countries (FAO, 2009). Hence, invest-
ment in low- and middle-income efficient value chains 
(including market development, service provision, ad-
equate institutional support, etc.) should be high in 
the development agenda. 

6.3.  Implement practices that lead to greenhouse 
gas mitigation co-benefits explicitly, or indirectly

Mitigating greenhouse gases from livestock systems 
is more feasible in some contexts than in others, and 
this largely depends on the livelihoods objectives of 
livestock farmers (Herrero et al., 2016). Nonetheless, 
many practices that improve productivity or the pro-
duction system as a whole, can lead to direct and in-
direct greenhouse gas mitigation co-benefits. These 
should be pursued.

The supply side options for mitigating greenhouse gas-
es in the livestock sector have been the subject of the 
recent reviews (Smith et al., 2007, 2014; Hristov et al., 
2013; Herrero et al., 2016; Roe et al., 2019). These op-
tions look to:
• Reduce enteric methane of ruminants
• Reduce nitrous oxide through manure manage-

ment of both ruminants and monogastrics
• Implement best animal husbandry and manage-

ment practices (all), which would have an effect on 
major greenhouse gases (carbon dioxide, methane 
and nitrous oxide)

• Directly sequester carbon from pastures (rumi-
nants)

• Generally, improve land use practices that also 
help enhancing soil carbon sequestration. 

Excluding land use practices, Herrero et al. (2016) 
found that these options have a technical mitigation 
potential of 2.4 GtCO2eq/yr. However, they also found 
that the economic feasibility of these practices is low 
(10-15% of the technical potential, or less than 0.4 Gt-
CO2eq/yr). 

The largest mitigation opportunities for the livestock 
sector occur when livestock are considered holistically 
as part of the agriculture, forestry and land use sec-
tors (Havlík et al., 2014, Figure 8). This is what gives 
the flexibility to the ruminant sector to be able to relo-
cate production to regions with higher production ef-
ficiencies, and to spare land for the land use sector to 
engage in negative emissions technologies to mitigate 
the highest volumes of greenhouse gases. Important-
ly, this can be done at low consumption costs in many 
cases (Havlík et al., 2014). A prerequisite to trigger the 
land sparing effect is also to substitute the growth in 
production from animal numbers for increases in pro-
ductivity and reducing animal numbers, which will not 
happen unless we develop the appropriate incentives 
systems that prevent rebound from the intensification 
strategies, which are often profitable (Thornton and 
Herrero, 2010). 

Figure 8  Total calorie abatement costs for livestock and 
agriculture and land use at different carbon 
prices ($5 to $100 / tonCO2) (Havlík et al., 2014).
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6.4.  Embrace the potential for circularity in the  
livestock sector

Van Zanten et al. (2018) recently summarised stud-
ies focusing on circularity in the livestock sector and 
found that at the global level, if ruminant livestock 
were raised only in areas with no opportunity costs 
with respect to growing crops, ruminants would be 
able to supply 3-7 g of protein per capita per day. This 
protein would come mostly from ruminant meat and 
milk grown in rather extensive conditions, where cli-
mate variability or agroecology would preclude crop 
production. They also found that if by-products and 
other leftover streams from waste could be recycled 
and incorporated in rations for monogastrics, then 13-
20 g protein per capita per day could be produced and 
fulfil vitamin B12 and half of the daily calcium require-
ments in a fully decoupled way from land use. This is of 
significance as a human roughly needs 50 g protein per 
capita per day. This would mean that a global circular 
livestock system could provide 40% of the human pro-
tein needs with substantially lower environmental im-
pacts and no direct land needed for feed production. 

Van Zanten et al. (2018) showed the consumption of 
ASF in different regions of the world against the range 
of protein produced through circular livestock systems 
globally (Figure 9). Under such a system, we could keep 

within the circularity bounds: Africa and Asia could 
maintain the current levels of ASF consumption and 
even increase them, however, all other regions would 
require reductions in ASF consumption. This adds ad-
ditional nuance to often polarised debate on sustain-
able ASF production and consumption, and should be 
the subject of future research.

6.5.  Adopt technological innovations in livestock 
production at scale

Technological change in food systems is occurring very 
rapidly and is the subject of considerable research (see 
Herrero et al., 2020, 2021 for reviews). Innovation in 
feed production, digital technologies, robotics, ge-
netics and many other fields are shaping agriculture 
considerably. Several of the emerging options have the 
potential to disrupt the livestock sector and contribute 
to positive changes in the next decade if appropriate 
regulatory frameworks and social acceptability can be 
achieved. Below we present a few examples of these 
and how they could increase the sustainability of the 
production methods in the livestock sector.

Industrial feed production pathways: Engineers have 
created methods to produce high-quality microbial 
protein (85% protein) by fermenting sewage with a 
source of carbon dioxide and energy. After cleaning, 
drying and pasteurising the material, this is trans-
formed into a powder that can be used as an ingre-
dient by the feed industry to replace protein sources 
like soybeans. Pikaar et al. (2018) recently found that 
by 2050, microbial protein can replace, depending on 
socio-economic development and microbial protein 
production pathways, between 10−19% of conven-
tional crop-based animal feed protein demand. As a 
result, global cropland area, global nitrogen losses 
from croplands and agricultural greenhouse gas emis-
sions could be reduced by 6% (0−13%), 8% (3− 8%), 
and 7% (6− 9%), respectively. These are encouraging 
results, considering that this is one of many potential 
technologies, and could contribute towards reducing 
the environmental impacts of burgeoning monogastric 
demand. This technology is also in line with an extend-
ed circular concept for the food system even as the 
next example. 

Superfeeds: Superfeeds, like algae or grasses with high 
oil content are currently the subject of significant re-
search. Walsh et al. (2015) studied the technical po-
tential of algae systems as feedstock and showed that 
if production were to be implemented in large scale in 
all regions where there is potential to grow it, it could 
replace 2 billion ha of grasslands and croplands. This 
could lead to substantial emissions reductions through 

Figure 9  Animal source food consumption by region (g 
protein per capita per day) against the lower (13 
g per capita per day) and upper (20 g per capita 
per day) bounds of ASF supply through circular 
livestock systems (van Zanten et al., 2018). 
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avoided land use change and land sparing, which could 
be used for afforestation and rewilding. While they 
only demonstrated the technical potential (economi-
cally this is still not feasible right now), it shows the 
boundaries of what could be possible when the right 
sets of incentives are developed. Similarly, CSIRO have 
been developing grass varieties with 30% of oil in them, 
mostly for biofuels (Vanhercke et al., 2017). However, 
they could potentially be fed to livestock. This could 
disrupt the way we think about forage improvement 
in the future, and if deployed in suitable areas it could 
change how ruminant livestock are raised. Productivi-
ty could increase several folds if the energy density of 
the diets were to be dramatically increased. If coupled 
with reductions in animal numbers, this could also 
lead to substantial mitigation effects. A challenge with 
this approach includes the possibility that these new 
grasses could be more prone to pest attacks. Consider-
able research is still needed in this area.

Novel anti-methanogenic compounds: Significant 
progress has occurred in the last 4 years in identify-
ing plants and/or compounds that could substantial-
ly reduce methanogenesis in ruminants. Two notable 
examples, already on the market but with increasing 
potential for commercialisation are Asparogopsis tax-
iformis algae, developed by CSIRO, which has shown 
reductions of 60-80% in methane production in cattle 
when fed at rates of 2-3 g per day (CSIRO, 2021). This 
would be useful for confined animals, like in small-
holder systems, or in feedlots or dairy operations. The 
other compound is 3-nitrooxypropanol (3-NOP), which 
can decrease methane by up to 40% when incorporat-
ed in diets for ruminants (Hristov et al., 2015). These 
two examples could potentially reduce methane from 
enteric fermentation, although these additives would 
have no direct effect on the land footprint of rumi-
nants and the carbon dioxide and nitrous oxide emis-
sions from ruminants will remain. 

Virtual fencing: Virtual fencing comprises collaring an-
imals with GPS devices with the coordinates of the ar-
eas they graze in (Campbell et al., 2018). If the animals 
trespass the designated grazing areas, they receive a 
negative stimulus, and through training they learn to 
keep in the designated areas. This could contribute 
to improved grassland management and pasture res-
toration, and reduce the cost of extensive systems by 
reducing the need for fencing and labour to manage 
herd movement. Some of these grazing management 
systems could also lead to higher productivity and to 
improved emissions intensities.

Robotics/digital agriculture/sensors: Several start-up 
companies are deploying digital technologies in the 

livestock sector with great success across a broad 
range of domains. These include monitoring of welfare 
conditions for pigs and poultry, disease surveillance, 
precision feeding, monitoring of physiological status 
and others (https://animalagtech.com/start-ups-trans-
forming-the-livestock-industry/).

6.6.  Diversity protein production with high-quality 
alternative protein sources with lower  
environmental impacts

Diversifying the protein sources for human consump-
tion and animal feed will be required as a critical ac-
tion for transitioning towards a more sustainable food 
system. Meat and dairy analogues have a long history, 
with tofu, seitan, and almond and soy milk consumed 
for hundreds if not thousands of years (Shurtleff and 
Aoyagi, 2014; Kemper, 2018). ‘Veggie burgers’ as we 
currently know them were introduced to mass mar-
kets in the 1970s (Smith, 2014). Nevertheless, as a new 
generation of protein alternatives begin to enter the 
market, the attention being given to alternative pro-
tein sources for human food and livestock feed is bur-
geoning. These next generation technologies include 
a range of novel plant-based meat alternatives (e.g. 
Beyond Burger, Impossible Meats, etc.), insect-based 
proteins, and cultured meat and dairy products, all of 
which may displace conventional ASFs as well as first- 
and second-generation vegan and vegetarian alterna-
tives. Those alternative protein sources have the po-
tential to reduce the environmental impact (Parodi et 
al., 2018).

The size of plant-based meat market was between $4-5 
billion in 2018, or about 10% of the meat market, with 
rapid growth observed over recent years (Gerhardt et 
al., 2020). Non-dairy milk alternatives reached $21 bil-
lion by 2015, doubling from the levels in 2009 (Bridges, 
2018) and account for around 13% of the milk market 
(Sheikh, 2019). Substantial investment in alternative 
proteins has been documented with the sector receiv-
ing nearly $3.1 billion in investments in 2020, a nearly 
4-fold increase from 2018 (Keerie, 2021). Alternative 
proteins have seen rapid growth in the last decade, 
and with increasing investments, some projections 
suggest they could capture substantial future market 
share, with novel plant-based alternatives (25%) and 
cultured meats (35%) potentially capturing the majori-
ty of meat expenditure by 2040 (Gerhardt et al., 2020). 
Such technology may be highly disruptive to existing 
value chains and lead to substantial reductions in land 
use for pastures and crop-based animal feeds (Burton, 
2019). The resultant impacts on greenhouse gas emis-
sions depend on the meat being substituted and the 
trade-off between industrial energy consumption and 
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agricultural land requirements (Mattick et al., 2015; 
Alexander et al., 2017; Rubio, Xiang and Kaplan, 2020; 
Santo et al., 2020). 

Livestock feeds can use a variety of sources of pro-
tein, such as insect protein. Insects are generally rich 
in protein and can be a substantial source of vitamins 
and minerals. Black soldier fly, yellow mealworm and 
the common housefly have been identified for poten-
tial use in feed products in the European Union, for 
example (Henchion et al., 2017). Replacing land-based 
crops in livestock diets with some proportion of in-
sect-derived protein may reduce the greenhouse gas 
emissions associated with livestock production, al-
though these and other potential effects have not yet 
been quantified (Parodi et al., 2018). Other sources 
are high-protein woody plants such as paper mulberry 
(Du et al., 2021) and algae, including seaweed. While 
microalgae and cyanobacteria are mainly sold as a 
dietary supplement in the form of tablets and health 
drinks for human consumption, they are also used as 
a feed additive for livestock and aquaculture. Nutri-
tionally, they are comparable to vegetable proteins. 
The potential for cultivated seaweed as a feed supple-
ment may be even greater, and some red and green 
seaweeds are rich in highly digestible protein. Novel 
protein sources may have considerable potential for 
sustainably delivering protein for food and feed alike, 
although their nutritional, environmental, technolog-
ical and socio-economic impacts at scale need to be 
researched and evaluated further.

6.7. Tackle antimicrobial resistance effectively
Livestock and aquatic species are a major user of an-
timicrobials and antibiotics (Van Boeckel et al., 2015). 
This has raised concerns that poor antimicrobial use in 
livestock production will lead to increased antimicro-
bial resistance that will affect human health and un-
dermine antimicrobial treatments for humans. These 
concerns have led to legislation changes on the use of 
antimicrobials for growth promotion in livestock, start-
ing first in Europe in 2006 and now widespread and 
accepted at a global level. 

There have been efforts to document the levels of an-
timicrobial use across livestock species and production 
systems, and identify the main health problems that 
stimulate their use (Wieland et al., 2019; Gemeda et 
al., 2020). In some countries, this is also being linked to 
surveillance of pathogens and antimicrobial resistance 
profiles (FAO, OIE and WHO, 2010), yet knowledge 
gaps remain. There is uncertainty about how changes 
in antimicrobial use will impact on livestock produc-
tion, however, studies from Europe and Southeast Asia 

indicate that reductions and improved management 
can have a neutral impact on productivity (Raasch et 
al., 2020; Phu et al., 2021).

The antimicrobial use/antimicrobial resistance com-
plex in livestock and aquatic species has multiple 
dimensions and multiple outcomes in terms of food 
production, pathogen management, antimicrobial re-
sistance change and consequent environmental and 
human health impacts. Interpretation of antimicrobi-
al resistance findings requires a better understanding 
of the inputs to the system, antimicrobial use, and 
residues of antimicrobials in the environment and 
animal products. Recognising the complexity of the 
system, a study in the aquaculture sector in Vietnam 
on antimicrobial resistance risks showed the value of 
a systems thinking approach to obtain desired objec-
tives (Brunton et al., 2019). There is a need for more 
research on human behaviour across the livestock 
and farmed aquatic food systems, including the driv-
ers and motivators of antimicrobials use and the role 
of human behaviour in exposure to antimicrobial re-
sistance risks. 

Antimicrobial use occurs within the context of regula-
tions and enforcement, which includes legislation and 
policing as a framework with actions guided by a com-
bination of private standards, market access, and so-
cial and cultural norms. In addition to intergovernmen-
tal standards, there are powerful examples of the use 
of private standards to manage antimicrobials in the 
food system. Countries with high levels of antimicro-
bial use in terrestrial and aquatic farmed species can 
be successful in exporting products with no detectable 
residues. Understanding the institutional environment 
within which antimicrobial use occurs and the relative 
importance of public policy, private company strategy 
and individual incentives will be critical to achieving 
sustainable antimicrobial use. 

The antimicrobial use/antimicrobial resistance com-
plex is context-specific. Achieving sustainable antimi-
crobial use will likely require substantial education and 
training of multiple actors within the ASF system, as 
well as the development of an effective surveillance 
system. The process should consider (1) the impor-
tance of understanding flows through the livestock and 
aquatic systems with a focus on antimicrobials, patho-
gens and antimicrobial resistance, (2) surveillance 
that uses technology appropriate for the context and 
that is cost-effective and sustainable, (3) interventions 
that can manage immediate problems with a focus on 
hygiene and waste water management, (4) effective 
communication of surveillance and intervention needs 
to government, the private sector and wider society, 
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and (5) ensuring that mechanisms are in place for best 
practice in antimicrobial use through improved antimi-
crobials stewardship.

6.8.  Implement true cost of food and true-pricing 
approaches to animal source food consumption

Transitioning to a sustainable food system will entail 
reducing the environmental, social and health costs of 
food, while increasing the affordability of food and im-
proving the conditions of people who depend on food 
producing systems for their livelihoods. For livestock 
systems this requires balancing many trade-offs and 
simultaneously meeting various SDGs. Finding path-
ways that can benefit multiple goals is challenging, as 
the size and value of the various costs and benefits can 
be hidden. Typically, environmental, social and health 
costs and benefits are externalised: not included in 
prices (Baker et al., 2020). As a result, sustainable and 
healthy food is typically more expensive to consumers 
and less profitable to businesses than unsustainable or 
unhealthy food (Gemmill-Herren, Baker and Daniels, 
2021). This creates a major barrier for transitions to 
sustainable livestock systems. 

One solution is true pricing or true cost accounting, 
the systemic measurement and valuation of positive 
and negative environmental, social, health and eco-
nomic costs and benefits (Baker et al., 2020; Gem-
mill-Herren, Baker and Daniels, 2021). True pricing 
can create the right incentives to enable livestock food 
chains to reduce their environmental costs and pro-
vide healthy food. By also considering food security, 
affordability and a living income for subsistence farm-
ers, it also weighs the interests of the most vulnerable 
people in the food system. Given the large variation 
in the externalities of livestock systems, true pricing 
can incentivise the most efficient food systems when 
externalities are considered (Baltussen et al., 2016). 
At a global scale, it can help balance supply and de-
mand for animal protein, shift consumption towards 
the most sustainable and healthy animal-based pro-
tein sources and shift production to those production 
types and locations where animals can be held with 
the lowest effects on the environment. 

True cost accounting analyses of livestock have shown 
that the annual environmental costs of livestock sys-
tems are substantial and Baltussen et al. (2016) es-
timates it over 1 trillion USD per year. At the same 
time, there is substantial variation between types of 
animal food, regions, and production system. Natural 
capital costs increase from poultry on the low end to 
milk and beef on the high end on average. However, 
within every species there is substantial variation of 

natural capital costs due to heterogenous production 
practices. Subsistence systems can be particularly effi-
cient: these systems supply food to the most vulnera-
ble populations, are well adapted to local constraints 
and have a low or even positive impact on biodiversity 
(Baltussen et al., 2016, 2019). 

7.  Concluding remarks and recommendations  
in the context of the Food Systems Summit

The livestock sector will change, voluntarily, or as a 
result of forces external to the sector. Our paper pro-
vided a synthesis of the demand and supply dynam-
ics of ASF, their nutritional, health, and environmen-
tal impacts, and the environmental trade-offs arising 
from the uses of land and natural resources. We also 
showed some alternative pathways of how the sector 
could develop depending on the goals and aspirations 
of different countries. In this sense, context is very im-
portant, as what may work in one place may not be 
suitable for another. This initial targeting will be funda-
mental to design actions and policies that profoundly 
improve and substantially change, in many cases, the 
way we think about the roles of livestock.

Our study has demonstrated that the dynamism of 
the livestock sector provides a range of avenues for 
change, some more relevant to smallholders than oth-
ers, and some more amenable to public funding than 
others, and some more likely to alleviate negative 
environmental impacts than others. Picking the most 
effective and desirable solutions will be essential for 
stakeholders associated with the livestock sector to 
achieve the desired impacts on sustainable food sys-
tems. The balance between social and environmental 
goals will need to be carefully evaluated. The avenues 
for growth, the trade-offs and the potential actions 
can be summarised below. 

Smallholder dairy: The evidence suggests that demand 
is growing fast for milk, and that at least in highland 
or high potential areas, productivity per animal is in-
creasing due to the adoption of better practices like 
feeds, animal health management and genetics. These 
systems can be competitive, but issues surrounding 
land fragmentation and feed availability need closer 
attention. Testing and implementing transformational 
feed technologies or engaging in developing systems 
that could increase in circularity, through increased 
biomass recycling sound like important next steps to 
ensure high-quality feed at low environmental costs 
in these systems. This needs to go beyond previous 
work on crop residues (e.g. Blummel and colleagues) 
and may need transdisciplinary partnerships with oth-
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er sectors to develop these new biomass streams and 
to adjust breeding and feeding strategies. This in turn 
would also lead to reduced pressures on land and to 
the exploration of other greenhouse gas mitigation 
avenues, beyond those explored to date (improved 
feeds, manure management). Eventually this could 
contribute to national mitigation action plans of spe-
cific countries.

The future of the smallholder pork and poultry sector: 
our synthesis has shown that while there are countries 
were smallholder pork and poultry make an important 
contribution to the supply of these products, in the 
coming decades, much of the growth in production is 
likely to come from industrial production, as integrated 
supply chains emerge and the private sector engage-
ment increases. This suggests that investing in these 
smallholder systems is at best a medium-term strategy 
that could provide livelihood benefits as these produc-
ers diversify or identify new exit strategies. Identifying 
transition options for these producers in the future 
seems necessary. 

From an international public good perspective, the 
future of feed for fuelling the large demand for pork 
and poultry is a critical researchable issue, if the feed 
is to be sourced sustainably. Biomass value chains, 
old and new, need to be evaluated, developed and 
promoted to ensure that competition for food with 
humans is minimised. Here, again the development 
of circular feed sources, the development of regu-
lations for including a minimum amount of recycled 
feed, and the development of new feed sources (su-
perfeeds from industrial production or others) need 
to be developed and business cases for local indus-
tries to take on these enterprises in a well-planned 
manner.

For monogastrics, there are a lot of researchable is-
sues, including on antimicrobial resistance, with prior-
ity areas being:
1. Monitoring inputs: what inputs are used in the 

system in terms of feed, antimicrobials and other 
aspects that affect the health of the animals and 
have implications on the health of producers, con-
sumers and those working in the food chain.

2. Surveillance: establishing systems that generate 
information on current and emerging diseases, 
antimicrobial use and antimicrobial resistance.

3. Assessment of the economic burden of livestock 
health and wealth (see https://animalhealth-
metrics.org) as a basis to identify interventions 
that impact positively on the economic outcomes 
of livestock production as well as minimising 
impacts on the environment and public health.

A central element of a livestock agenda in relation to 
environmental trade-offs is related to the identifica-
tion of entry points for engaging in the beef sector. 
On one hand, the existing data shows that most of 
the growth in red meat production has been obtained 
through increases in animal numbers, while intensi-
fication has been influential in only a few countries. 
Consumption per capita is stagnant, or decreasing in 
most countries, and most of the demand is driven by 
population growth. At the same time, reducing red 
meat consumption could lead to substantial green-
house gas mitigation, reductions in pressure on land 
and biodiversity. Producing red meat only from lands 
of low opportunity costs, or as a by-product from the 
dairy industry would have the lowest environmental 
impacts. 

Identifying the best levels of consumption in relation 
to other dietary elements for different population 
groups should be a high priority for the Food Systems 
Summit, as well as identifying ways to decouple red 
meat production from land, or create niche products 
for very specific sets of consumers through labelling 
systems and certification. 

The livestock sector will change, voluntarily, or as a 
result of forces external to the sector. If sustainability 
concerns are of paramount importance, a critical re-
search area is to develop economic incentive systems 
(price premiums) and regulations to pay for reduced 
emissions, watershed protection, biodiversity protec-
tion and others; and to internalise these in true cost or 
true-pricing schemes, supported by adequate regula-
tory and fiscal measures. 
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Supplementary information

Figure S 1  Percent change in per capita animal source-food demand 1990-2015. Source: Based on authors’ calculations from 
FAOSTAT (2018).

Figure S 2  Evolution of livestock numbers by region during the period of 1961-2013. Data from FAOSTAT(2018), as presented in 
Ramankutty et al. (2018). 
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Figure S 3  Modelled proportions of extensive, semi-intensive and intensive pig production in different parts of the world in 
relation to the gross domestic product (GDP, in Purchasing Power Parity (PPP)) (Gilbert et al., 2015). 

Figure S 4  Trends in land use for cropland and permanent pastures 1700-2013 (Ramankutty et al., 2018).
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This Report was prepared by members of the Scientific Group and members of its Research Partners. 

Figure S 5  Historical trends in land use, greenhouse gas emissions and nitrogen (N) use intensities of the livestock sector 1961-
2010 (Davis et al., 2015). 
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Executive Summary

Blue foods – fish, invertebrates, algae and aquatic 
plants captured or cultured in freshwater and marine 
ecosystems – play a central role in food and nutrition 
security for billions of people and are a cornerstone 
of the livelihoods, economies, and cultures of many 
coastal and riparian communities. Blue food systems 
are extraordinarily diverse, involving thousands of 
species in many different production systems and sup-
porting a wide array of cultures and diets, including 
those of Indigenous Peoples. Many blue foods are rich 
in bioavailable micronutrients and can be produced in 
ways that are more environmentally sustainable than 
terrestrial animal-source foods. Nonetheless, despite 
their unique value and interconnections with terrestri-
al food systems, blue foods are often left out of food 
system analyses, discussions, decisions, and solutions.

Realizing the potential of blue foods to play a central 
role in ending malnutrition and in building healthy, 
nature-positive and resilient food systems will require 
that governments embed blue foods in food system 
governance. Here, we focus on three central impera-
tives for policy-makers.

1.  Bring blue foods into the heart of food system 
decision-making.

Governments should integrate blue foods into food 
policy-making, for example in a Ministry of Food, 
so that they can govern the entire food value chain, 
from producers to consumers, for both terrestrial and 
aquatic systems. They should ensure that blue foods 
are managed as a food system, not just a natural re-
source, for human sustenance and within environmen-
tal limits, and that they are fully included in policies for 
the food system as a whole. 

2.  Protect and develop the potential of blue foods 
to help end malnutrition.

Governments should recognize the right to food and 
manage blue foods as a source of nutrients that can 
help end malnutrition. To that end, food policy should 
harness the nutritional diversity of blue foods; take 
measures across the food system to reduce loss of nu-
trients from waste, environmental change and man-
agement failures; and ensure equitable distribution of 
blue food production and consumption. 

3.  Support the central role of small-scale actors in 
fisheries and aquaculture.

Small-scale actors supply most of the blue food for hu-

man consumption. Governments need to ensure they 
– including women, Indigenous Peoples and other 
historically marginalized groups – are included in blue 
food decision-making and policy. Government policy 
should expand investment in small-scale actors, sup-
port sustainable development and diversification of 
their sector, and ensure that trade and economic pol-
icy takes account of their roles in providing equitable 
economic opportunity and nutrition.

Introduction

Debates and decisions about food systems generally 
focus on agriculture and livestock. Blue foods – fish, 
invertebrates, algae and aquatic plants captured or 
cultured in freshwater and marine ecosystems – are 
perennially neglected1. Nonetheless, blue foods play 
a central role in food and nutrition security for bil-
lions of people and will be ever more important as the 
world seeks to create just food systems that support 
the health of people and the planet2–6. It is thus para-
mount that governments bring blue food systems into 
their food-related decision-making. 

Last year, the UN Committee of World Food Security 
High Level Panel of Experts called for a transformation 
of the food system, moving “from a singular focus on 
increasing the global food supply through specialized 
production and export to making fundamental chang-
es that diversify food systems, empower vulnerable 
and marginalized groups, and promote sustainability 
across all aspects of food supply chains, from produc-
tion to consumption”7. Properly understood and man-
aged, blue foods are profoundly suited to that shift.

The blue food portfolio is highly diverse. There are 
more than 3,000 species of marine and freshwater an-
imals and plants used for food6,8. Blue food systems are 
supported by a wide range of ecosystems, cultures and 
production practices – from large-scale trawlers on the 
high-seas to small-scale fishponds integrated within 
agricultural systems – supporting access to nutritious 
food for communities through global and local markets 
alike. This diversity supports resilience that can help 
local food systems withstand shocks like COVID-19 and 
climate extremes9–11 and offers many possibilities for 
governments and communities seeking to build food 
systems that are healthy, sustainable, and just.

Blue foods can be a cornerstone of good nutrition and 
health. Many of them are rich in bioavailable micro-
nutrients that help prevent maternal and infant mor-
tality, stunting, and cognitive deficits. And blue foods 
can be a healthier animal-source protein than terres-
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trial livestock: they are rich in healthy fats and can 
help reduce obesity and non-communicable diseases. 
In many parts of the world, blue foods are also more 
accessible and affordable than other animal-source 
foods12,13. Aquatic plants, including seaweeds, are a 
traditional presence in diets in the Asia-Pacific region 
and offer a variety of possibilities for low-carbon, nu-
tritious food. Coastal and riparian Indigenous Peoples, 
from the Arctic to the Amazon, have traditionally had 
among the highest per capita aquatic food consump-
tion rates in the world14,15.

Blue foods can have lighter environmental footprints 
than other animal-source foods16. Across a diverse 
sector, the details matter: greenhouse gas emissions 
and biodiversity impacts can be quite high for some 
blue food systems, such as bottom trawling or aqua-
culture systems with low feed efficiencies, especially 
when they are poorly sited or poorly managed. How-
ever, many fisheries and aquaculture systems already 
offer footprints that are much lower than beef, with 
vast potential to be improved further16. In some cases, 
unfed aquaculture (such as filter-feeding shellfish and 
seaweeds) can actually improve the water quality of 
the environment it occupies.

Blue foods are important to livelihoods in many vulner-
able communities. The FAO estimates that about 800 
million people make their living in blue food systems17, 
mostly in small-scale fisheries and aquaculture. These 
systems produce a wide variety of blue foods, support-
ing healthy diets and resilience in the face of climate 
change and market fluctuations. 

To capitalize on the potential of blue foods, deci-
sion-makers must address significant challenges. 
Wild-capture fisheries, both marine and freshwater, 
need to be better managed18,19 as many fish stocks have 
become severely depleted and some technologies have 
high environmental footprints. Although aquaculture is 
becoming increasingly sustainable, growing use of feed 
in some sectors is putting pressure on the environment 
through overfishing, deforestation for feed crops and 
intensification of agricultural production. Intensifica-
tion of aquaculture can concentrate nutrient pollution 
and exacerbate risks associated with pathogens and 
high dependence on antibiotics20. 

Environmental stressors can also limit blue food pro-
duction and must be mitigated. Climate change will 
increasingly affect the health and productivity of fish 
stocks and aquatic ecosystems21. These impacts will 
have implications for food security, livelihoods and 
economies worldwide and especially in wild-capture 
fisheries in Africa, East and South Asia, and small is-

land developing states22,23. Other kinds of pollution, 
from agricultural runoff to plastics, further threaten 
productivity and the safety of foods harvested from 
polluted waters24,25.

Like all food systems, blue food systems are beset by 
inequities. Wealth-generating activities are often fa-
vored over those important to nutrition and health, 
livelihoods, and culture. The aquatic resource man-
agement systems, knowledge and rights of Indigenous 
Peoples and traditional small-scale fisherfolk have of-
ten been undermined or overlooked in fisheries, water 
management and ocean governance26. Although blue 
food value chains employ roughly equal numbers of 
men and women4, their roles, influence over value 
chains, and benefits can be highly unequal. Progress 
towards gender equality is critical for development of 
more equitable and efficient blue food systems5,27.

Blue foods are the most highly-traded food products: 
for developing countries, net revenues from trade of 
blue foods exceed those of all agricultural commodi-
ties combined28–30. However, global supply chains are 
complex and often opaque, making it difficult or im-
possible for buyers to ascertain environmental impacts 
and human rights abuses in production. In some plac-
es harvesting and trade of fish for high monetary value 
global markets have undermined production that is 
important for local food security and livelihoods31. 

There is every reason to expect that total demand for 
blue foods will grow substantially in the years ahead, 
as population and incomes increase, and as atten-
tion towards healthy and sustainable food expands. 
If produced responsibly, they have essential roles to 
play in ending malnutrition and in building healthy, 
nature-positive and resilient food systems, including 
for people living on lands marginal for agricultural 
production (particularly forests, wetlands and small 
islands), many of whom are Indigenous32. However, re-
alizing that potential will require that governments are 
thoughtful about how to develop those roles. Here, we 
focus on three central imperatives for policy-makers: 
1. Integrate blue foods into decision-making about 

food system policies, programs, and budgets, 
to enable effective management of production, 
consumption and trade, and the interconnections 
with terrestrial food production.

2. Understand, protect and develop their potential 
in ending malnutrition, fostering production of 
accessible, affordable nutritious foods. 

3. Support the central role of small-scale actors, with 
governance and finance that are responsive to 
their diverse needs, circumstances and opportu-
nities.
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POLICY RECOMMENDATION 1:  
Bring blue foods into the heart of  
food system decision-making

The problem: Fisheries and aquaculture are typically 
ignored in management of food systems
Blue foods are deeply interconnected with the rest of 
the food system, in diets, in supply chains, and in the 
environment. Aquatic and terrestrial foods appear on 
the same plate and are often substitutes for each other 
in household food choices. Capture fisheries provide 
feed inputs for aquaculture and livestock; terrestrial 
crops provide feed inputs for aquaculture. Excess nu-
trients from agriculture and aquaculture pollute rivers 
and cause coastal dead zones, undermining fisheries; 
cultivation of filter-feeding fish and seaweeds takes 
up nutrients and, if properly managed and scaled, can 
help protect ecosystem health. Genetic advances in 
crops and livestock have had positive spillover effects 
on aquaculture through selection and breeding and 
through improvements in nutritional performance and 
feed efficiency.

Nonetheless, blue foods are generally ignored in food 
system discussions and decision-making1. Blue foods 
receive little attention in development assistance: the 

World Bank, the Bill and Melinda Gates Foundation and 
other major development funders have largely neglect-
ed the roles of fish, shellfish and aquatic plants in hu-
man nutrition and health. Blue foods also tend to be left 
out of food system policy-making at the national level. 
Ministries or agencies dedicated to capture fisheries and 
aquaculture tend to manage them as a natural resource, 
with a focus on economic interests, namely production 
and trade. In many countries, the result is that both fish-
eries and aquaculture are managed with an emphasis on 
high monetary value, export-oriented production. That 
orientation is reinforced by the market and naturally fa-
vors investments in innovations and enterprises that of-
fer the highest financial return. Critical welfare functions 
are often neglected; indeed, fisheries agencies often lack 
the mandate to address the potential contributions of 
blue foods to food security and public health, livelihoods 
and communities, and cultural traditions and diets.

When fisheries and aquaculture are siloed and man-
aged as a natural resource, policy-makers miss vital 
opportunities for advancing their goals for nutrition, 
sustainability, resilience, and livelihoods, and they 
make unwitting trade-offs among those interests. Fish-
eries that have sustained communities for generations 
are depleted by distant water fleets or outcompeted 
in the market by large volumes of inexpensive farmed 

The Bangladesh Story

The proliferation of diverse, freshwater aquaculture supply chains in Bangladesh in recent decades illustrates the po-
tential for blue foods to meet domestic demand, improve food and nutrition security, and reduce rural poverty33. This 
“hidden aquaculture revolution” has involved the participation of hundreds of thousands of small- to medium-scale 
actors along the supply chain, acting independently and in response to urbanization, growing incomes, and rising fish 
demand. Approximately 94% of the fish produced in freshwater aquaculture in Bangladesh is directed towards domestic 
markets and is not traded internationally. Although mostly small-scale, freshwater aquaculture systems have become in-
creasingly intensive and commercial in their operations34. Aquaculture growth and its contribution to food and nutrition 
security in Bangladesh have resulted from public investment in infrastructure, a positive business environment for small- 
and medium-size entrepreneurs, and ‘light touch’ government control over the type of systems and species produced33. 

The African Great Lakes

The small pelagic fisheries of the African Great Lakes region illustrate the opportunities in bringing blue foods into food system 
policy-making. These fisheries produce huge volumes of affordable, micronutrient-rich food traded throughout the region, 
but they have been given low priority for investment and management because they are seen as having low economic value. 
Food system policy-making approaches could include investments to a) reduce post-harvest loss, which can be substantial, and 
improve food quality and safety; b) strengthen domestic and intra-regional trade institutions to enhance small-scale trader 
market access; c) address challenges, risks and opportunities of female fish traders, who comprise a substantial portion of the 
post-harvest sector, and d) manage trade-offs between sale for animal feed industries and direct human consumption.
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fish. Farming of species that could remedy pressing 
nutrient deficiencies remains undeveloped because 
management and investment are directed to high-rev-
enue products. Small-scale producers who are central 
to local diets, livelihoods and community resilience 
lose out to large commercial concessions. 

The solution: Governments should fully integrate 
blue foods into their governance of the food system
The potential of blue foods will only be realized if they 
are brought into food system decision-making. That 
requires integrated governance, systematic inclusion 
in policy, and a basic change in the way we think about 
fish. Specifically, governments should:

1.  Create a governance structure that integrates 
green and blue

Governments should create a Ministry of Food or oth-
er structure that can govern the entire food system, 
managing synergies and trade-offs in production, con-
sumption and trade. Ministries of agriculture and of 
fisheries typically focus on production – generally on 
increasing volume – and often are captured by en-
trenched interests. A Ministry of Food or similar en-
tity could manage the disparate interests of produc-
ers, consumers, and other stakeholders for improved 
nutritional, environmental, economic, and social out-
comes. It could, for example, manage production and 
consumption to create markets for more nutritious 
species (see Section 2). It could also expand the capa-
bilities of small-scale producers, through investment 
and allocation of resource rights to support livelihoods 
and community resilience (see Section 3). More broad-
ly, it enables decision-makers to govern blue foods as 
a food system, and ensure that blue foods are fully in-
cluded in all food system policies. 

2. Govern blue foods as a food system
At the most basic level, integrating blue foods into 
food system decision-making also recognizes that fish-
eries and aquaculture should themselves be managed 
as food systems: they should be managed to deliver 
society’s goals for nutrition, health and equity, as well 
as for economics and sustainability. Government pol-
icy and management should embrace all aspects of 
the blue food sector, including fisheries, aquaculture 
development, distribution, exports and imports, and 
consumption. 

Promoting a systems approach means that govern-
ments can ensure nutrient-rich aquatic foods are avail-
able and affordable to those for whom they are most 
important, both nutritionally and culturally. It can 
work across the value chain to identify and address the 

many threats to supply of blue foods, from overfishing 
to pollution to waste and loss in harvesting, processing 
and distribution (see Section 2). It can build a system 
that is just, ensuring equitable participation in produc-
tion, accessibility for consumption, and broad repre-
sentation in decision-making. By managing blue foods 
as a system, governments can also create policies and 
incentives across the value chain to shift both produc-
tion and consumption to species and technologies that 
have lighter footprints and foster diversity in produc-
tion systems. 

Looking at the whole system also enables the govern-
ment to make public investments where markets fail. 
Private investment goes to blue food systems and en-
terprises that offer high financial returns. Governments 
can allocate public funds to develop innovations in fish-
eries and aquaculture that offer lower returns but are 
important for nutrition, livelihoods, and sustainability, 
and it can provide capital for small and medium-sized 
enterprises to take those innovations to scale.

To realize this vision, governments will need to collect 
data that enable good decisions, including data that 
enable monitoring of fisheries and supply chains, that 
capture the vital diversity of species that are produced 
and consumed, that survey the demographic diver-
sity of participants in the sector, and that reflect the 
frequently profound heterogeneity in consumption 
across different regions of the country and between 
different ethnic and religious groups. They will also 
need to redesign policies to enable and incentivize 
the capabilities of key actors – from producers to con-
sumers – to adopt transformative practices in the food 
system as a whole, in value chains, and in the places 
where they live (see Section 3).

3. Include blue foods in all food system policies
Structural reform must be followed by policy inclusion, 
whereby governments should integrate blue foods into 
the policies that regulate, guide and support the food 
sector. Government strategies to meet the human 
right to food, for example (see Section 2), should em-
brace the potential of blue foods to offer accessible, 
affordable sources of key nutrients. Dietary guidelines 
should include the nutritional contributions of differ-
ent blue foods, to help consumers understand their 
value for addressing nutrient deficiencies and obesity, 
diabetes and coronary disease. Safety net programs 
for children and pregnant and lactating women should 
also include blue foods, as fish can be a rich source 
of essential micronutrients for those most vulnerable 
populations, helping to prevent stunting and cognitive 
deficits. The food systems and food sovereignty of In-
digenous Peoples must be supported. 
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Including blue foods in policy-making for the food sys-
tem allows governments to better manage the inter-
connections between terrestrial and aquatic food sys-
tems. That includes the regulation of agricultural and 
inland aquaculture runoff and other land-based pollu-
tion that can undermine coastal fisheries and marine 
aquaculture, such as nutrients that cause coastal dead 
zones and toxins that can compromise food safety. 
Governments can also better manage the allocation of 
crops and fish to competing uses – for food or feed – 
and support the development of a circular economy in 
which wastes or by-products from one part of the food 
system are used as feed inputs to another. 

POLICY RECOMMENDATION 2:  
Protect and develop the potential of blue 
foods to help end malnutrition

The problem: Blue food systems are not managed 
for nutrition
Many blue foods contain high concentrations of bio-
available minerals and vitamins, essential fatty acids, 
and animal protein8: globally roughly 8% of zinc and 
iron, 13% of protein, and 27% of vitamin B12 are de-
rived from aquatic foods6. Blue foods can therefore 
make key contributions to diet-related health challeng-
es. They can reduce micronutrient deficiencies that 
lead to disease; improve heart, brain and eye health 
by uniquely providing omega-3 fatty acids; and replace 
consumption of less healthy red and processed meats6. 
The micronutrient contributions of blue foods are es-
pecially important for childhood development, preg-
nant women and women of childbearing age35–37 and 
can reduce nutritional inequities for girls and women6. 

Not all fish are equal. For example, a single serving of 
small indigenous species in Bangladesh, eaten whole, 
contributes more than five times as much vitamin B12 
as a single serving of tilapia fillet8. Which blue foods 
are on a plate and in what form therefore matters as 
well as the quantity6,31. Nonetheless, blue food policy 
often only considers blue foods as a protein source, 
which neglects the nutrient diversity of fish (in terms 
of micronutrients and fatty acids) and excludes the 
contributions of aquatic plants altogether. In the Ban-
gladesh case discussed above, for example, growth in 
(farmed) fish consumption has led to an increase in 
total protein consumption but a decrease in consump-
tion of certain micronutrients, highlighting the chal-
lenge of balancing high nutrient content provided by 
small native fish with employment and revenue gen-
eration offered by tilapia and pangasius production38. 
Adopting a nutrition-sensitive approach to aquacul-

ture and fisheries, rather than just a production-focus, 
can address these issues1,8,39.

In many countries, ministries manage blue foods for 
their wealth-generating benefits, focusing policy on 
high economic value blue food production, often 
for export. Such a focus risks undermining the criti-
cal welfare functions of blue foods by neglecting the 
nutritional characteristics, livelihood contributions, 
accessibility, and cultural patterns of blue food con-
sumption1,5,8,31. Nutrient-dense blue foods are regu-
larly exported from nutritionally vulnerable countries 
to either serve as a high-quality product for wealthy 
consumers or be reduced to fishmeal to feed farmed 
fish for high-income countries40. Orientation towards 
export markets not only affects coastal and riparian 
populations, but also inland communities who have 
historically depended on richly nutritious dried or 
smoked fish transported from the coast41.

The quantity, quality and safety of blue food supply 
are threatened by waste (amounting to 35% of fish 
harvested globally4), management failures (including 
overfishing and Illegal, Unreported, and Unregulat-
ed fishing), environmental degradation, and climate 
change21. It is estimated that declines in marine fish 
catch over the next three decades could subject an ad-
ditional 845 million people (11% of the world’s popula-
tion) to vitamin A, zinc, or iron deficiencies23. Although 
all of these pressures occur globally, their effects are 
highest and most strongly felt in tropical and low-in-
come countries with high dependence on blue foods 
for nutrition and health, livelihoods and income22,23.

Finally, blue food policy misses opportunities to sup-
port nutrition goals when it fails to address unequal 
distribution of the benefits from blue food systems 
or the concentration of power. Women in particular 
are underrepresented in policies and decision-mak-
ing5,27,42. Where gender equality is lacking, blue foods 
are less affordable5 and blue food waste and losses are 
greater43. 

The solution: Sustain and enhance the nutritional 
benefits of blue food systems
To manage blue food systems for the benefit of nutri-
tion and health, governments should:

1.  Recognize the centrality of the right to food in blue 
food trade and domestic policy

The right to food states that everyone is entitled to 
adequate, accessible, and safe food, that corresponds 
to their cultural traditions in a fulfilling and dignified 
manner44. A right to food means that governance of 
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and investment in blue food systems should seek bal-
ance between economic opportunities and local rights 
to food provisioning1,5, aiming to sustain and innovate 
with the full diversity of species, production and har-
vest methods, product forms and distribution channels 
in mind6. Recognizing the right to food requires taking 
a food systems approach in which nutrition, sustain-
ability, climate-resilience and equity can be considered 
together (see Section 1) and which ensures all actors 
are represented, including through engagement with 
grass-roots and civil society organizations (see Section 
3)1,5. Recognizing the food rights of Indigenous Peoples 
who harvest aquatic foods is of particular importance, 
whether such peoples have nation status or not. At a 
national level, blue foods should explicitly be included 
in food and nutrition policy (see Section 1)1,8. Interna-
tionally, blue foods should be positioned as a vital food 
source in the context of the UN Sustainable Develop-
ment Goals, health national adaptation plans (HNAPs), 
and other international efforts to alleviate malnutri-
tion1.

2. Harness the nutritional diversity of blue foods
Governments should ensure that the nutritional po-
tential of blue foods serves to improve the health and 
diets of nutritionally vulnerable people. They should 
recognize and harness the diversity of local blue food 
nutritional profiles, preparation methods and dietary 
practices19. 

Governments should manage capture fisheries to op-
timize for nutritional benefits, not just for maximum 
sustainable yield, which can uncover opportunities to 
diversify fish production without increasing pressure 
on existing stocks6,45. Aquaculture development should 
foster the sustainable production of native small fish 
species that can supply context-specific nutrient 
needs. As an example, mola, a fish species from the 
Gangetic floodplains, can easily be produced in home-
stead ponds and offers 80 times more vitamin A than 
commonly farmed silver carp8.

Governments should evaluate exports and licenses to 
distant water fleets to ensure that they do not com-
promise nutritional goals. In some cases (e.g. Namibia) 
retaining just a small portion of current exports could 
meet local nutrition goals31, although this requires in-
frastructure to support equitable distribution and ac-
cess to blue foods locally (see Section 3).

Public health policies and investments focused on 
reducing malnutrition should include blue foods in 
programs to address the specific nutritional needs of 
pregnant and lactating women, young children and 
the elderly – with appropriate consideration of food 

safety and pollutants – as was done with the introduc-
tion of dried small fish powder in Myanmar to support 
children’s health46.

3. Halt loss of nutrients from blue food systems
To ensure that blue foods important for nutrition are 
available, accessible, and affordable, governments 
should take steps to reduce losses in the system. Im-
proved processing methods can preserve and concen-
trate nutrients and increase availability and also im-
prove nutritional quality47.

In many places, better management of capture fish-
eries through harvest controls or spatial restrictions, 
for example, can restore fish stocks and increase 
yields18,19,48. Better regulation of economic develop-
ment in floodplains, riparian, coastal, and ocean eco-
systems can help protect blue food production and 
reduce risks to food safety49,50. 

Fisheries and aquaculture policy should also antici-
pate and adapt to projected climate change21,22. Gov-
ernments should consider nature-based solutions like 
mangrove and seagrass restoration and restorative 
aquaculture that can help strengthen the resilience of 
aquatic ecosystems51,52. Additional climate adaptation 
options are context-specific but include shifting to off-
shore resources53, devising climate-smart agreements 
for transboundary resources54 and investing in climate 
information systems, including early warning systems 
for extreme events55,56. Place-based responses to cli-
mate change are particularly important for Indige-
nous Peoples whose cultures and identities are closely 
linked to their local environments57.

4.  Improve the distributional equity of blue food pro-
duction and consumption

Participation in activities along the value chain is of-
ten socially differentiated; for example, men dominate 
blue food production and women blue food process-
ing. Governments thus need to collect data on what 
roles, from fish producers to post-harvest processors, 
traders, and consumers, different groups in society 
hold and why. When divisions of labor exist because 
of unequal opportunities to participate across the 
value chain, they are likely to result in distributional 
and nutritional inequities42. Investments to address 
the drivers of unequal opportunities, such as through 
strengthening women’s empowerment, are known to 
lead to improvements in outcomes for women and 
their families. For example, in Zambia, strategies to un-
cover underlying structural barriers that limit partici-
pation, such as unequal norms and attitudes, increased 
women’s participation in production processes, and 
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their control over resources43. Governments need to 
ensure the full diversity of actors, across social groups, 
including gender, class, and ethnicity, and along the 
value chain and scale of production, are fairly repre-
sented in decision-making processes5 (see Section 3). 
In addition, governments should recognize subnation-
al differences in nutritional vulnerability and blue food 
access in national policy and align subnational policies 
and instruments with nutritional goals.

POLICY RECOMMENDATION 3:  
Support the central role of small-scale 
actors in fisheries and aquaculture 

The problem: Limited recognition and support for 
the small-scale fisheries and aquaculture sector in 
supporting equitable and sustainable food systems 
Small-scale fisheries and aquaculture (SSFA) have 
been marginalized in dialogues about sustainable and 
equitable food system transformation, despite being 
central to it in many contexts1. SSFA play a key role in 
supplying nutrition and supporting local economies in 
many countries. They produce more than half of the 
global fish catch and contribute over two-thirds of 
aquatic foods destined for direct human consumption4, 
with the potential for lower environmental footprints 
(e.g. lower fuel use than in large-scale operations16). In 
addition, the value chains that process and sell their 
products support about 800 million full- and part-time 
jobs, half of which are women4,17. SSFA produce a high 
diversity of aquatic foods. This diversity underpins 
healthy diets, and resilience in the face of shocks, cli-
mate and market changes31,39,58,59. SSFA also contribute 
to intra-regional trade, especially in smoked and dried 
products, which can have more direct impacts on food 
security and poverty alleviation than the globalized 
system60.

SSFA worldwide face a growing range of threats and 
challenges, including resource over-exploitation, hab-
itat degradation, poor political representation, mar-
ket-driven competition for resources (e.g. patterns of 
trade and foreign fishing), assumed links between in-
formality and illegality61, climate change62, and shocks 
such as the current COVID-19 pandemic58,63,64. Cumu-
latively, SSFA are being ‘squeezed out’ of the spaces 
they occupy on the land-water margins by other more 
powerful sectors, such as tourism, residential and in-
dustrial land use, oil and gas exploration, industrial 
fisheries and aquaculture65. Within SSFA, inequitable 
access to resources and opportunities and limited 
gender and social inclusion are key threats. Indigenous 
Peoples whose lands and waters have been colonized 

by others, and whose harvesting activities tend to be 
small-scale, continue to be marginalized by public pol-
icy. Finally, pervasive data and monitoring limitations 
pose major challenges to understanding the status of 
SSFA66 as a lack of data leads to underestimating SSFA 
contributions, marginalizing SSFA in policy and deci-
sion-making, and aggregated and categorical data fail 
to represent the diversity of SSFA actors and benefits.

Governments and policies predominantly focus on 
industrialized, large-scale fisheries and aquaculture, 
leading to a lack of voice and support for SSFA. One 
reason for this persistent neglect is that policy-makers 
struggle with the diversity, dynamism and perceived 
informality of SSFA and their associated cultures5. 
Most policies affecting the sector make unrealistic as-
sumptions that SSFA are a homogenous group limited 
to producers67,68. In contrast, the sector is extraordi-
narily diverse along many dimensions64. Successful 
transformations of SSFA require supporting current 
activities, while exploring new opportunities and en-
couraging both the entry of new actors into the sector 
and the redeployment of some current actors to op-
portunities outside it.

The solution: Support SSFA capabilities and diversity 
through inclusive blue food policy
Governments of countries where SSFA operate should 
place this sector at the center of their national human 
development and food security strategies, creating 
initiatives that support the capabilities of the diverse 
SSFA actors. Supporting the viability of SSFA requires 
governments to:

1.  Include actors from SSFA in decision-making and 
policy development 

Inclusion of SSFA in decision-making is essential to en-
able more adaptive governance mechanisms and pol-
icies that build on the strengths of the diversity of SS-
FAs, acknowledge the cultural importance and specific 
roles of blue foods for diverse actors and steer food 
systems towards a more equitable distribution of blue 
food benefits. 

Women are greatly underrepresented in policy and 
decision-making even though they make up half of the 
workforce in SSFA globally. Recent efforts to improve 
gender equity in blue food policy have tended to adopt 
a narrow focus on women, overlooking men or gender 
relations27. Such a narrow focus risks exacerbating in-
equities by placing the blame, or burden for change, 
on women5. Blue food policy development therefore 
not only needs to involve more input and leadership 
from women, but also should take a gender transfor-
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mative approach to improving intersectional equity in 
SSFA5,27,69.

Indigenous coastal and riparian peoples tend to be 
more blue food-dependent than the wider popula-
tion in the countries they live in14,15. They also have 
proven systems for food system governance – in-
cluding knowledge systems – that, if recognized and 
supported, could enable the ‘decolonization’ of their 
food systems70. As access to traditional food sources 
has been lost, adoption of unhealthy diets based on 
processed foods have led to high rates of diet-relat-
ed non-communicable diseases71,72. Thus, by support-
ing Indigenous Peoples food (and wider) sovereignty 
claims, governments could contribute to transforma-
tive health benefits in these communities and nations.

Governments should support and strengthen 
multi-stakeholder initiatives that have the benefits 
of SSFA at their core, including organizations of fish 
workers, harvesters and producers at global, regional, 
and national levels such as the World Forum of Fish 
Harvesters and Fishworkers (WFF), the World Forum 
of Fisher Peoples (WFFP), and the International Collec-
tive in Support of Fish Workers (ICSF). 

2.  Expand capabilities through investment in institu-
tions and human capital, and investment in envi-
ronmental protection and restoration 

Securing the future of SSFA requires adaptive action 
that supports the capabilities of SSFA to deliver both 
market and non-market societal benefits. Positive en-
vironmental outcomes, for example, require engage-
ment of SSFA actors to co-produce knowledge, forge 
strategies for sustainability and climate adaptation, 
and participate in and lead environmental restoration, 
conservation and adaptation efforts. 

Governments should create space for SSFA as they ex-
pand agricultural, and industrial aquaculture and fish-
eries sectors. They should use public and private regu-
lation and financial mechanisms to enable SSFA actors 
– including Indigenous Peoples – to (re)gain control 
over the resources, rights, skills and knowledge nec-
essary for environmentally resilient and socially equi-
table production and trade (including insurance, cred-
it, and market mechanisms to buffer against extreme 
events). 

Governments should also allocate and enforce land, 
water and labor rights to SSFA through user rights-
based systems, creation of preferential access areas, 
coastal and inland land use zoning, or other measures. 
To support the roles of SSFA in creating livelihoods and 
resilient and equitable food systems, governments 

should also provide capital, through public and private 
financial mechanisms that empower rather than un-
dermine SSFA actors. In the case of Indigenous Peo-
ples, recognition of their collective sovereign rights is 
the key starting point.

3.  Support diversification and sustainable  
intensification

For many SSFA producers, it will be crucial to find path-
ways for sustainable intensification or expansion of 
their operations or for diversification into other SSFA 
products or other sources of livelihood. To that end, 
governments should invest in R&D and facilitate access 
to venture capital to support innovation in species/
production systems that are of high value for nutrition, 
livelihoods, and justice. They should also support the 
development of complementary livelihoods, which are 
often critical to continued participation by SSFA actors, 
their control of the resource base and its sustainability.

Costs, trade-offs, and potential environmental and 
social impacts of intensification and diversification 
should be carefully considered, and diversification 
should be proactively designed and monitored. To this 
end, efforts should be made towards better integra-
tion of different data types and sources and enabling 
the effective and timely access and use of data by rel-
evant actors. Investment is needed in monitoring sys-
tems for catch, effort, production and consumption, 
and in national surveys of engagement in SSFA which 
are fully gender-inclusive, and reflect intersections of 
gender, age and ethnicity. Promotion of R&D towards 
technological solutions to data collection, storage and 
communication/accessibility barriers would effectively 
support these needs.

4.  Secure economic and nutritional benefits through 
trade policies and the development and protection 
of local and national markets

Governments, in particular low-income food insecure 
nations, need to be able to regulate the activities of 
large corporate actors and trade to protect the rights 
(e.g. labor rights, human rights, right to food) of SSFA 
workers, to ensure that terms, conditions, and reve-
nues from trade are transparent and fair, do not im-
pact on local food security, and where needed retain 
high nutritional value products for local consumption. 
Regulation should consider the potential trade-offs 
and linkages between nutritional and economic value 
of resources. It should establish transparent processes, 
monitoring systems, and accountability mechanisms 
to ensure traceability and visibility of social impacts. 
Market-based approaches that encourage actors to 
add value to products through processing, marketing 
or certification need to carefully consider trade-offs 
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in economic, social, environmental, and public health 
outcomes (see Section 1). 

Governments should also explore opportunities to 
support “alternative” systems based on short supply 
chains for products with strong local identities and lo-
cal, decentralized production and processing. Diversi-
ty, deeply embedded in these food systems, could be 
supported by policies mandating or incentivizing local 
retention of SSFA products to ensure food self-suffi-
ciency, for example, the development or control of lo-
cal markets and school feeding programs. 

Conclusion

Blue foods have vital roles to play in transformation 
of the global food system. In the face of growing chal-
lenges and rising demand, governments must act now 
to support and expand these roles. They should bring 
blue foods into the heart of their food decision-mak-
ing, by creating a Ministry of Food or other governance 
structures that integrate blue foods fully into food pol-
icies, budgets and programs, managing the terrestri-
al and aquatic food systems as a whole. They should 
recognize the right to food and harness the nutritional 
diversity of blue foods in ways that ensure the equita-
ble distribution of blue food production and consump-
tion. And they should empower and support the mil-
lions of small-scale actors in fisheries and aquaculture 
who produce, process, distribute and trade most of 
the food we eat, and can be the key to a vibrant, sus-
tainable, healthy, and equitable blue food economy. 
Recognizing and acting upon the potential role of blue 
foods in all dimensions of food policy would be a clear 
win for the 2021 UN Food Systems Summit.
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I. Introduction - the new research basis

As the most widely-recognized defi niti on of bioecon-
omy, the 2030 Agenda for Sustainable Development 
pledged to move away from growing inequality to more 
inclusive, shared growth, away from ecocide, mass ex-
ti ncti on of our plant and animal biodiversity, and waste 
and destructi on of our planet’s abundant but sti ll fi nite 
natural resources to practi ces that respect and protect 
our common home, and away from acti viti es that ex-

pose hundreds of millions of people to the insidious ef-
fects of rising global temperatures and its consequenc-
es for climate risks. At the heart of the 2030 Agenda 
was a promise to prioriti ze to eradicate poverty and 
end hunger and malnutriti on in all their forms.

Too many people in the world today do not have ac-
cess to suffi  cient, aff ordable, safe and healthy foods. 
About three billion people in the world cannot af-
ford a healthy diet.1 To address this global challenge, 
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G7 heads of states at their Summit in Elmau in 2015 
committed to lifting 500 million people out of hunger 
and malnutrition by 2030, i.e. 72 percent of the total 
undernourished in 2019 and 60 percent of the total 
including COVID-19 projections in 2020,2 as part of a 
broader effort to be undertaken with partner coun-
tries to support the 2030 Agenda for Sustainable De-
velopment, i.e. Sustainable Development Goal (SDG) 2 
to end hunger and malnutrition by 2030 (Box 1).

Obviously, more and different investments and policy 
actions are needed to reach a world without hunger 
and malnutrition. We conceptualize ending hunger 
from different angles: as an important and feasible 
investment opportunity from a human rights perspec-

tive, as a humanitarian obligation, and for economic 
development. Experiences with COVID-19 and related 
responses from societies and political leadership tell 
us that significant action is possible. The hunger prob-
lem can be solved and deserves such action. The UN 
Secretary General’s Food Systems Summit, and reform 
and policy efforts in support of the SDGs in many re-
gions and countries, including by the EU and Germa-
ny, offer opportunities to take related interventions 
forward.

This policy brief is a call to action from the research 
community to not only address the problems of hun-
ger, malnutrition and poverty, but to actually act and 
invest and adapt policies to reach SDG 2 by 2030.

BOX 1: SUSTAINABLE DEVELOPMENT GOAL NO. 2

END HUNGER, ACHIEVE FOOD SECURITY AND IMPROVED NUTRITION AND PROMOTE SUSTAINABLE  
AGRICULTURE
2.1  By 2030, end hunger and ensure access by all people, in particular the poor and people in vulnerable 

situations, including infants, to safe, nutritious and sufficient food all year round
2.2  By 2030, end all forms of malnutrition, including achieving, by 2025, the internationally agreed targets on 

stunting and wasting in children under five years of age, and address the nutritional needs of adolescent 
girls, pregnant and lactating women and older persons

2.3  By 2030, double the agricultural productivity and incomes of small-scale food producers, in particular 
women, indigenous peoples, family farmers, pastoralists and fishers, including through secure and equal 
access to land, other productive resources and inputs, knowledge, financial services, markets and oppor-
tunities for value addition and non-farm employment

2.4  By 2030, ensure sustainable food production systems and implement resilient agricultural practices that 
increase productivity and production, that help maintain ecosystems, that strengthen capacity for adap-
tation to climate change, extreme weather, drought, flooding and other disasters and that progressively 
improve land and soil quality

2.5  By 2020, maintain the genetic diversity of seeds, cultivated plants and farmed and domesticated animals 
and their related wild species, including through soundly managed and diversified seed and plant banks 
at the national, regional and international levels, and promote access to and fair and equitable sharing of 
benefits arising from the utilization of genetic resources and associated traditional knowledge, as inter-
nationally agreed

2.a  Increase investment, including through enhanced international cooperation, in rural infrastructure, agri-
cultural research and extension services, technology development and plant and livestock gene banks to 
enhance agricultural productive capacity in developing countries, in particular least developed countries

2.b  Correct and prevent trade restrictions and distortions in world agricultural markets, including through the 
parallel elimination of all forms of agricultural export subsidies and all export measures with equivalent 
effect, in accordance with the mandate of the Doha Development Round

2.c  Adopt measures to ensure the proper functioning of food commodity markets and their derivatives and 
facilitate timely access to market information, including on food reserves, in order to help limit extreme 
food price volatility

From the 2030 Agenda for Sustainable Development: https://sdgs.un.org/2030agenda

1 FAO: The State of Food Security and Nutrition in the World 2020: Transforming food systems for affordable healthy diets, 2020.
2  Estimates as reported in FAO: The State of Food Security and Nutrition in the World 2020, and consistent with Laborde and Smaller (2020), What Would it 

Cost to Avert the COVID-19 Hunger Crisis?, Ceres2030.
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The findings presented here are based on a set of 
comprehensive and long-term research programs and 
partnerships among a large international research 
community3 to identify high-impact, cost-effective in-
terventions that can address the challenges of SDG 2 
and the related targets. This policy brief builds on find-
ings from two costing exercises: the marginal abate-
ment cost curves (MACC) approach, and the comput-
able general equilibrium (CGE) modeling approach. 
The purpose of the use of different research approach-
es and methodologies is to identify levels of coherence 
and consistencies of results that may lend credibility 
to proposed policy actions and investments. Concep-
tually, the two approaches have complementarities as 
both envision sustainable development, and both aim 
at one or more SDG 2 core targets (Box 1). Moreover, 
differences of findings between a modeling approach 
(which is constrained in this research by environmen-
tal targets and the doubling of incomes of small-scale 
producers), and using a marginal abatement cost 
curve approach (without capturing synergies or trade-
offs) are presented. As shown below, both approaches 
show results that are consistent.

II.  The state of Hunger and determinants  
of progress

Recent global projections have shown that the world 
is not on track to achieve Zero Hunger and Malnutri-
tion by 2030 in line with SDG 2. In the past few years, 
the number of undernourished people has been on 
the rise again, from 653 million people in 2015 to 690 
million people in 2019.4 The majority of the world’s 
undernourished – 381 million – are found in Asia while 
Africa – currently home to 250 million undernourished 
people – is the region with the fastest growth. Consid-
ering the total number of people affected by moder-
ate or severe levels of food insecurity, an estimated 2 
billion people in the world did not have regular access 
to safe, nutritious and sufficient food in 2019 and 3 bil-
lion people could not afford healthy diets.5

Without a more resolute response, the number of 
people suffering from hunger will surpass 840 million 

by 2030, or 10 percent of the global population. The 
world is also not on track to achieve the 2030 targets 
for child stunting and low birthweight, important indi-
cators of severe malnutrition. According to estimates, 
in 2019 21.3 percent (144 million) of children under 
five years of age were stunted, 6.9 percent (47 mil-
lion) were wasted and 5.6 percent (38.3 million) were 
overweight. Foresight studies agree that without a de-
termined effort to fight climate change and mitigate 
its negative consequences, the adverse effects as well 
as widening gaps of inequality will make it difficult to 
achieve the goal of ending hunger and malnutrition by 
2030.

COVID-19 is expected to worsen the overall prospects 
for food security and nutrition as food insecurity may 
appear in countries and population groups that were 
not previously affected. A preliminary assessment 
suggests that the pandemic may add up to 132 mil-
lion people to the total number of undernourished in 
the world in 2020.6 Beyond its short-term macroeco-
nomic impact, the Covid-19 crisis could undermine the 
long-term well-being of vulnerable populations and 
eco-nomic productivity by depriving them from access 
to essential health, education and nutrition services.

III.  Costs and targeting policies and  
investments to meet the G7 Elmau  
commitments and ending of hunger

Investments needed to end hunger and all forms of 
malnutrition are likely to be extensive, costly and dif-
ficult to implement, but also promise high returns in 
terms of lives saved, people’s well-being and produc-
tivity. Identifying optimal and least-cost investment 
options is important for practical policy-making. Using 
the MACC approach, 22 different interventions were 
assessed to identify least-cost investment options with 
the highest potential for reducing hunger and malnu-
trition.7 The information about the interventions was 
drawn from best available evidence-based literature, 
including modeling studies and impact assessments. 
Some of these interventions can be implemented in 

3  International Food Policy Research Institute (IFPRI), International Institute for Sustainable Development (IISD), and Cornell University: Ceres2030: Sustain-
able Solutions to End Hunger; Ending Hunger, Increasing Incomes, and Protecting the Climate: What would it cost? 2020.

  Center for Development Research (ZEF), University of Bonn and United Nations Food and Agriculture Organization (FAO): Investment Costs and Policy Action 
Opportunities for Reaching a World without Hunger (SDG 2), Bonn and Rome, Oct. 2020.

 ZEF and Akademiya2063. 2020. From Potentials to Reality- Transforming Africa’s Food Production, Bonn and Dakar. Oct. 2020.
4 FAO: The State of Food Security and Nutrition in the World 2020: Transforming food systems for affordable healthy diets, 2020.
5 FAO: The State of Food Security and Nutrition in the World 2020: Transforming food systems for affordable healthy diets, 2020.
6 FAO: COVID-19 global economic recession: Avoiding hunger must be at the centre of the economic stimulus, 2020.
7 ZEF and FAO (2020) Investment Costs and Policy Action Opportunities for Reaching a World without Hunger (SDG 2), Bonn and Rome, Oct. 2020.
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the short-term (such as social protection), others in 
the longer-term (such as agricultural R&D, or soil fer-
tility management). This assessment can broadly guide 
global and country efforts to achieve the SDG 2 targets 
by 2030. The results from the MACC indicate that

1.  Achieving SDG 2 does not have to be prohibitive-
ly expensive, provided that a mix of least-cost 
measures with large hunger and malnutrition 
reduction potential are prioritized. This requires 
not only immediate action, but also an optimal 
phasing of investments by frontloading invest-
ments with high longer-term impacts to reap their 
benefits before 2030.

2.  A rapid response is needed to reach the hun-
gry soon with social protection and nutrition 
programs, including those adversely affected by 
COVID-19 with job losses and other socio-eco-
nomic consequences. Scaling up existing programs 
is possible at low costs per unit with large effects. 

An important action in Africa would be regional 
trade integration with the African Continental Free 
Trade Area (AfCTA).

3.  In order to meet the aforementioned G7 commit-
ment of lifting 500 million people out of hunger 
and malnutrition by 2030, G7 governments would 
need to increase their investments by about US$ 
11-14 billion per annum over the coming ten 
years, namely in addition to what they and gov-
ernments of low- and middle-income countries 
are already investing. This is roughly equivalent to 
a doubling of current G7 development assistance 
for agriculture, food security and rural develop-
ment. The mix of the identified low-cost, high-im-
pact interventions include agricultural R&D, agri-
cultural extension services, digital agricultural 
information systems, small-scale irrigation expan-
sion in Africa, female literacy, and some scaling 
up of existing social protection programs (Figure 
1).8 Clearly, this portfolio is hunger-reducing in 

Figure 1  Marginal cost curve of the suggested interventions to eradicate hunger and malnutrition

Note: The MACC for hunger shows 
the cost of each hunger reduction 
measure such that each bar rep-
resents a single intervention where 
the width shows the number of in-
dividuals lifted out of hunger, the 
height its associated per-capita cost, 
and the area its associated total 
cost. The total width of the MACC 
reflects the total hunger reduction 
possible from all interventions, 
while the sum of the areas of all of 
the bars represents the total cost of 
reducing hunger (PoU) through the 
implementation of all interventions 
considered. The positions of the bars 
along the MACC reflect the order of 
each intervention by their cost-ef-
fectiveness. When moving along the 
MACC from left to right, the cost-ef-
fectiveness of the interventions 
declines as each next intervention 
becomes more expensive than the 
preceding.

Source: ZEF and FAO (2020) Invest-
ment Costs and Policy Action Op-
portunities for Reaching a World 
without Hunger (SDG 2), Bonn and 
Rome, Oct 2020

8 ZEF and FAO (2020) Investment Costs and Policy Action Opportunities for Reaching a World without Hunger (SDG 2), Bonn and Rome, Oct 2020
9  When mentioning “ending hunger”, it is assumed that there is about a 3 percent transitory prevalence of undernutrition (PoU) not identified by PoU mea-

surement.
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sustainable ways as most of the interventions are 
also income-enhancing and empowering, not just 
short-term hunger-reducing.

4. Ending hunger9 under a scenario of adverse trends 
would obviously require larger additional invest-
ments. We assess the costs of such a scenario 
that factors in both a continuation of the limited 
progress in hunger reduction as observed in the 
past five years as well as the additional threats 
posed by the COVID-19 pandemic which togeth-
er could lead under business-as-usual to hunger 
of about 840 to 909 million people in 2030. To 
prevent this outcome it obviously would require 
significantly higher investments than to lift 500 
million out of hunger, resulting in the need of 
government investments of about US$ 39 to 50 
billion per annum over the ten years until 2030, 
that is in addition to what governments are cur-
rently already investing. In this case, both donor 
and developing countries would have to bear a 
fair share of the financial burden. The promis-
ing investments and policy actions mix includes 
expanded new social protection programs, crop 
protection, integrated soil fertility management, 
the AfCTA, fertilizer-use efficiency, and child nutri-
tion programs.10

It is important to note that the MACC consider each 
intervention independently with its marginal costs and 
hunger reduction effects. As a result, beneficial syner-
gies among interventions are not captured. This im-
plies that costs are probably overestimated and hun-
ger reduction impacts underestimated although there 
could also be trade-offs between interventions. This is 
one reason why these estimates are compared with 
comprehensive modeling that may capture synergies 
and trade-offs.

The investments prioritized here contribute not only 
to reductions in hunger and malnutrition, but also to 
long-term development and sustainability, including 
beyond 2030. The mix of investments strengthens the 
resilience of populations affected by hunger today 
or are at risk of hunger in this decade. Investments 
in female literacy and nutrition-specific interventions 
would reduce child malnutrition (stunting among 
children below the age of five years) by about 34 mil-

lion at a total incremental average cost of about US$ 
5 billion per year. Additionally, taking all of the oth-
er hunger reduction measures mentioned in Figure 
1 together, the number of stunted children could be 
reduced by about 40 million without additional incre-
mental cost.11

The MACC focused on the impacts of interventions on 
SDG 2 indicators related to hunger and malnutrition 
(2.1 and 2.2). In addition, SDG 2 recognizes the im-
portance of significantly raising the productivity and 
incomes of small-scale food producers as an integral 
part of hunger reduction strategies (2.3). Most of the 
investments considered for ending hunger also support 
the income and productivity targets. A recent analysis 
of different strategies to increase the supply of food 
from small-scale production systems for affordable, 
safe and healthy diets from sustainable use of resourc-
es in Africa suggests a set of key actions12, including:
1. Investments in young women and men, i.e. voca-

tional training and extension services, to improve 
skills for all core and support professions along the 
entire value chain.

2. Investments in innovation and related agricultur-
al research on crops, animal production, agro-for-
estry and fisheries, and support of producer- and 
local private sector-led development and adoption 
of environmentally sustainable small-scale irriga-
tion, rural energy, digitalization and mechanization 
of farm operations.

3. Investments in mobile connectivity of rural areas 
and across Africa as a perquisite for digital tools 
to be widely and effectively used in the food and 
agriculture sector.

4. Improvements in trade and market access through 
rural infrastructure investments, and facilitating 
the participation of small-scale producers and 
small businesses in inclusive local and continental 
value chains as well as the opportunities of the 
AfCTA.

5. Aligning development support to Africa’s own 
agricultural transformation agenda, at the con-
tinental level, i.e. the African Union Agenda 2063 
with the Malabo Declaration, and at the country 
levels, and sustaining and expanding development 
assistance in the aforementioned priority areas for 
agriculture development and food security.

10  Measures are also needed to overcome hunger related to complex emergencies combined with violent conflicts and wars. These were not included in the 
calculations presented here.

11 ZEF and FAO (2020) Investment Costs and Policy Action Opportunities for Reaching a World without Hunger (SDG 2), Bonn and Rome, Oct 2020
12  ZEF and Akademiya2063 (2020). From Potentials to Reality: Transforming Africa’s Food Production. Bonn and Dakar, Oct. 2020. (The study was carried out 

for the African context, but the findings are transferable to other countries with comparable small producer-dominated production systems.)
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IV.  Using a computable general equilibrium 
model to estimate the cost of ending  
hunger, doubling average incomes of  
small-scale producers and protecting  
the climate

In Ceres2030: Sustainable Solutions to End Hunger re-
searchers sought to answer two linked questions: First, 
what does the published evidence tell us about agri-
cultural interventions that work, in particular to dou-
ble the incomes of small-scale producers and improve 
environmental outcomes for agriculture? And second, 
what will it cost governments to end hunger, double 
the incomes of small-scale producers and protect the 
climate by 2030? The project focuses on three of the 
five targets in SDG 2 and looks at the public spending 
needed in low- and middle-income countries, includ-
ing the contribution from donors through official de-
velopment assistance (ODA). This brief focuses on the 
answer to the second question. The answer to the first 
question is published as a special collection in Nature 
Research.13

Ceres2030 used a computable general equilibrium 
(CGE) model to estimate the additional donor spend-
ing that is needed over the period 2020-2030 by allo-
cating financial resources to a portfolio of public policy 
interventions (such as social protection programs, ru-
ral infrastructure or payments for ecosystem services). 
The model also includes data from the international 
level all the way down to the household level, allow-
ing for simulation of targeted public investment across 
countries and population groups. However, it does not 
assume perfect targeting (e.g. a food subsidy program 
will be allocated based on income status, not hunger 
status, since the latter is not observable by policy mak-
ers). In order to simulate the portfolio of interventions, 
the model uses fourteen policy instruments, grouped 
into three categories: (1) enabling inclusion, (2) on the 
farm, and (3) food on the move (see Box 3. for details).

Each instrument has a cost (public and/or private), 
and a marginal impact of structural variables (capital 

endowment, labor productivity) that will contribute 
to the final outcome (e.g. caloric available per house-
hold) after being mediated by the economic system.

For example, the research and development spending 
in the Consultative Group on International Agricultur-
al Research (CGIAR) system contributes to increasing 
agricultural productivity by paying a fixed cost in re-
search services, but also provides larger benefits for 
a large number of low- and middle-income countries 
over time, while a fertilizer subsidy will reduce the fer-
tilizer cost paid by the farmers receiving it on a recur-
rent basis. 14 policy instruments were modeled, based 
on existing data sources and a number of new param-
eters from the collection of evidence syntheses pub-
lished in Nature Research. This list is aimed at captur-
ing interventions for which data and parameters are 
available, especially regarding the actual cost (direct 
and opportunity costs) (See Box 2).

The results from the modeling indicate that:
1. Donors need to contribute an additional US$ 14 

billion per year on average until 2030 to largely 
end hunger of more than 490 million people, 
double the incomes of small-scale producers, and 
protect the climate. Donors currently spend US$ 
12 billion per year on agriculture, food security 
and nutrition and therefore need to double their 
contributions to meet the goals.14 However, ODA 
alone will not be sufficient. Additional invest-
ments of US$ 19 billion per year on average will 
have to be made by low- and middle-income 
countries.

2. The additional spending will not only lift 420 
million people out of hunger but also double the 
average incomes of 545 million producers and 
their families, and limit greenhouse gas emissions 
for agriculture to the commitments made in the 
Paris Agreement.15

3. Any delay in spending will not only have human 
costs but will also increase the total costs. Early 
spending, on the other hand, allows investment in 
interventions that take more time – like R&D – but 
have a bigger pay-off.

13 Sustainable Solutions to End Hunger, Nature Research, 2020.
14  All figures of existing donor spending represent 5-year averages calculated using data for 2014-2018 extracted from the OECD Development Assistance 

Committee (DAC) Creditor Reporting System (CRS) database (OECD, n.d.(a)). Spending on food security and nutrition is defined by the DAC codes: basic 
nutrition (12240), agriculture (311), agro-industries (32161), rural development (43040) and food aid (52010). All values refer to total disbursements from 
all donors of ODA and are stated in constant 2018 US dollars.

15  The targets are defined by SDGs 2.1, 2.3 and 2.4, under some constraints (mainly from SDG 2.4, which commits to minimizing the use of land, energy and fertil-
izer for agriculture through a reduction in greenhouse gas emissions). For target 2.1, the baseline simulates how hunger, as measured by the FAO’s prevalence 
of undernutrition (PoU), would increase in the business-as-usual world. For target 2.3, the productivity and incomes (interpreted in the model as net incomes) 
of small-scale producers double on average in the scenario as compared with the baseline. For target 2.4, greenhouse gas emissions for agriculture conform to 
the commitments made in the NDCs from the UNFCCC Paris Agreement in 2016. The NDCs are both integrated into the baseline and a target in the model.
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4. A portfolio of interventions is needed to achieve 
the multiple SDG 2 targets. The interventions in 
the model are balanced according to the impact 
on greenhouse gas emissions, economic growth, 
and the country context. The modeling offers a 
starting point for considering proper portfolio bal-
ance among the three categories of interventions: 
(1) enabling inclusion, (2) on the farm, and (3) 
food on the move.

The model’s key strength is that it captures synergies 
and trade-offs among interventions, along with a 
multitude of other complex interactions in the econ-
omy. This allows it to optimize public investment in its 
simulation of the achievement of SDGs 2.1, 2.3 and 
2.4, minimizing public costs. In optimizing the pub-
lic investment, the model intrinsically specifies how 
the public spending is distributed among the inter-
ventions, how much is spent each year from 2020 to 
2030, and how much is spent per country. This captur-
ing of complex interactions highlights the need for a 
mix of interventions, integrated together in the prop-
er proportions.

The model is not, of course, omniscient. It can only 
model economic relationships for which there is widely 
available and consistent data. It also makes the under-
lying assumption that interventions are used efficiently 
at the microeconomic level (e.g. proper location of new 
roads, selection of the best technical solution in a given 
context). Therefore, it could not be properly interpret-
ed and used independently of the growing literature on 
how successful interventions should be implemented.

V.  Scaling national and international  
development actions

Some low- and middle-income countries have made 
significant progress towards reaching SDG 2 in the last 
decade. These best-performing countries achieved on 
average more than a 50 percent reduction in hunger.16 
Important lessons can be drawn from the factors that 
drove this performance. The agriculture sector con-
tinues to play an important role in these economies 
in terms of its contribution to GDP employment. The 
countries spent substantially more on agriculture and 

16 ZEF and FAO (2020) Investment Costs and Policy Action Opportunities for Reaching a World without Hunger (SDG 2), Bonn and Rome, Oct 2020.

BOX 2: Interventions and Policy instruments considered in the Ceres2030 framework

Intervention Policy Instrument
ENABLING INCLUSION

Social protection Food subsidy
Education Vocational training

ON THE FARM
Input subsidy Fertilizer subsidy
Production subsidy Investment subsidy

Capital endowment
Production subsidy

R&D National Agricultural Systems (NARS)
CGIAR

Extension services Extension services
Rural infrastructure Irrigation
Livestock subsidy Agroforestry

Improved forage
FOOD ON THE MOVE

Post-harvest losses Storage
Rural infrastructure Roads

This list of interventions is not exhaustive. Other policies are essential to improve the enabling environment (e.g. land reforms), while critical dimen-
sions, such as gender equality and women’s empowerment, should be embedded in each intervention and not seen as a separate tool.
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experienced relatively high agricultural growth. How-
ever, what they all have in common is that manufac-
turing is gaining in importance and labor is gradually 
moving out of agriculture and rural areas. They also 
showed higher growth rates in capital formation and 
GDP compared to worse performing countries. These 
findings emphasize that hunger reduction goes hand in 
hand with improvements in various human and mac-
roeconomic development outcomes, such as poverty 
reduction and fiscal attention to agriculture.

ODA also has an important role to play towards ending 
hunger and malnutrition. At Elmau, the G7 countries 
committed to increasing bilateral and multilateral as-
sistance to achieve SDG 2. Analyses of ODA flows17 that 
relate to this commitment show that ODA from G7 
countries specifically allocated to food security and ru-
ral development slightly more than doubled between 
2000 and 2018 to reach US$ 17 billion. Most of this 
ODA was targeted at countries with a relatively higher 
prevalence of undernourishment, notably in Sub-Sa-
haran Africa, as indicated by these data: ODA repre-
sented 36 percent of the foreign finance received by 
African countries south of the Sahara, compared with 
31 percent from overseas person al remittances and 
23 percent from foreign direct investment.18 In other 
regions, ODA is less dominant with remittances rep-
resenting 55 percent of foreign finance in South Asia.

In 2018, a significant portion of G7 member coun-
tries’ ODA was allocated to agricultural development, 
and water and sanitation, food aid and environmental 
protection also receiving substantial investments. Ger-
many has increased contributions to these sectors the 
most in recent years, followed by Japan and France. 
Analyses show that between 2000 and 2018, agricul-
tural ODA helped to reduce hunger and child malnutri-
tion, highlighting the importance of agricultural ODA 
to achieve improvements in hunger and malnutrition 
rates in the coming decade.

VI.  Concluding statement:  
End Hunger can be done

In the past few years undernutrition has increased, but 
ending hunger and malnutrition by 2030 is still within 
reach. The research presented here is in agreement 
that an optimal portfolio of investments by the devel-
opment partners supporting countries’ own initiatives 
is feasible to reach the SDG 2. Many emerging econ-

omies have successfully cut hunger drastically in the 
past two decades through policy reform, investments 
and actions, in particular by accelerating investments 
in agriculture and thereby overcoming the undercapi-
talization of small-scale production.

The research agrees that between now and 2030 G7 
governments need to double their efforts to achieve 
the Elmau commitment. That means an additional US$ 
14 billion per year is needed on top of current spend-
ing, which stands at about US$ 12 billion per year. This 
effort, combined with more resolute efforts from de-
veloping countries would also mean a significant step 
forward towards achieving SDG 2 in its entirety.

It will also require a focus of the additional resources 
towards Africa where the highest levels of hunger and 
dependency on external resources will be found in this 
decade. Delaying these essential investments further 
will make achieving SDG 2 more difficult and more ex-
pensive, while acting sooner can improve lives and our 
environmental future.

In sum:
1. Sound investment will facilitate a world without 

hunger. This includes, to expand and intensi-
fy nature-positive agricultural production that is 
resilient to climate threats, and build back better 
from the COVID-19 pandemic.

2. Donors and affected partner countries must dou-
ble their investments from now until 2030, and for 
OECD donors this means a total of about USD 14 
billion more per annum.

3. In countries with hunger problems, agriculture 
must be a focus, whereby donors and partner 
countries should agree on and implement efficient 
packages of investment and policy measures.

4. Bring forward investments in social security to 
address acute hunger, and in research and train-
ing, because that takes time to take effect. 

17 ZEF and FAO (2020) Investment Costs and Policy Action Opportunities for Reaching a World without Hunger (SDG 2), Bonn and Rome, Oct 2020.
18 Mali Eber-Rose, Sophia Murphy, David Laborde. Ending Hunger Sustainably: Trends in ODA Spending for Agriculture, 2020. Ceres2030-IISD, Geneva.

This Brief was prepared by members of the Scientific 
Group and members of its Research Partners. 
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Executive Summary

Among the important tasks of the United Nati ons 
Food Systems Summit (UNFSS) is identi fying ways to 
fi nance the transformati on of the global food system. 
This report analyses opti ons for fi nancing a specifi c, 
but crucial, part of the overall food system transforma-
ti on, namely achieving SDG2 (and in parti cular “zero 
hunger”) by 2030, and it examines the role of external 
fi nance in this eff ort. It reviews costs and possible re-
sources and off ers ideas for the eff ecti ve mobilisati on 
and use of the funds.

Food Systems Transformation and Sustainable 
Development Goals

The operati on of food systems aff ects incomes and em-
ployment, poverty and food security, diets, health, and 
nutriti on, energy sources and uses, climate change, 
environmental sustainability, biodiversity, and eco-
systems, and even aspects of peace and governance. 
Hence, the adequate functi oning of food systems is 
crucial for achieving the Sustainable Development 
Goals (SDGs) by 2030. However, current food systems 
are falling short in many of these economic, social, 
environmental, and politi cal dimensions, and there 
are mounti ng calls for their transformati on. This will 



314 | VI. Costs, Investment, Finance, and Trade actions

Science and Innovations for Food Systems Transformations

require defining the specific objectives desired and 
the interventions, costs, incentives, and financing that 
would lead to their achievement. 

Financing food systems transformation will involve a 
variety of financial resources, including funds “inter-
nal” to food systems (consumer food expenditures and 
agrifood industry investments) and “external” funds 
(international development flows, public budgets, 
banking systems, and capital markets). The contribu-
tions of the different funding sources are likely to vary 
across different aspects of the transformation.

Financing of SDG2 and Ending Hunger

This paper focuses on one critical part of the overall food 
system transformation, namely achieving SDG2 (and in 
particular “zero hunger”) by 2030. It explores the role 
of external finance in achieving SDG2, namely the avail-
ability and use of external flows to food systems that can 
augment the internal flows to help meet the additional 
costs of reaching SDG2 and ending hunger.

The paper reviews cost estimates from several studies 
and compares these with potential sources of funding. 
There are significant data limitations for this exercise. 
With the available data, estimates suggest that, in aggre-
gate, sufficient additional resources are potentially avail-
able to finance the costs of ending hunger by 2030 (with 
“ending hunger” understood as lifting from 870 million 
to 1 billion people from hunger), including interventions 
that also contribute to nutritional objectives and mitiga-
tion and adaptation to climate change in agriculture.

However, to move from “potentially available” to actu-
al mobilisation and effective use of those financial re-
sources, several problems and constraints must be ad-
dressed, both at the aggregate level and at the country 
level. At the aggregate level, the expansion and adjust-
ment of existing sources of funding are required. At 
the national (implementation) level, even when nec-
essary financial resources can be effectively mobilised, 
they will only be utilised in effective programmes to 
end hunger and achieve SDG2 if individual countries 
are willing and capable of doing so. Therefore, institu-
tional mechanisms are needed to support developing 
countries in the design, financing, and implementation 
of national programmes, particularly considering the 
fiscal constraints that have been created by govern-
ment responses to the current pandemic.

Mobilising sufficient resources would require a series 
of changes for different sources of funds. Some ideas 
for mobilising these resources are listed below. 

Mobilising Additional Financial Resources 

For public budgets
• Implement public expenditure and tax reviews to 

increase and reallocate agricultural subsidies in 
developing countries (about 50 billion dollars, with-
out China) and scale up, better target, and redesign 
social safety nets using new and evolving cash 
transfer instruments that combine poverty, pro-
ductive, nutritional, environmental, and financial 
inclusion components (such as the Cash Transfers 
Plus analysed by FAO or the evolving instruments 
of social inclusion considered by the World Bank). 

• Increase public expenditures/investments in agri-
culture (for example, to an Agricultural Orientation 
Index [AOI] of 0.5) and social protection expendi-
tures (to 2% of GDP). 

• Strengthen revenues in developing countries 
through better tax administration and revision 
of sales, income, wealth, and trade taxes, and by 
implementing international initiatives to control 
corruption, tax evasion, and other practices that 
erode those countries’ tax bases. The use of carbon 
taxes needs to be considered. 

For banking systems
• Reactivate the tools of the “developmental central 

banks,” using rediscounts to offer credit to small 
farmers, rural populations, and small and medium 
enterprises (SMEs) in food value chains (within a con-
sistent monetary programme that controls inflation).

• Revitalise and modernise public development and 
agricultural banks (with incentives, performance 
metrics, and controls to avoid the problems of the 
past in this type of institution) to increase credit 
(supported by central bank discounts) and offer 
other financial services to small farmers, rural 
populations, and SMEs in food systems, with par-
ticular consideration for women, vulnerable ethnic 
minorities, and youth. 

• Increase the AOI of agricultural credit to at least 0.5.

For capital markets
• Create a project preparation/incubation/accelera-

tion facility to structure productive opportunities 
for small farmers into investable opportunities for 
impact investors, using economic, social, and envi-
ronmentally sound technologies with the support 
of One CGIAR and national agricultural research 
institutes (NARIs). This facility can also support 
enhanced environmental lending by the agricultur-
al public banks mentioned above.

• Design, guarantee, and launch a “zero hunger 
bond” (see below).
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Zero Hunger Bond and a Zero Hunger Alliance 
& Fund 

To finance food systems transformation to end hun-
ger and achieve SDG2, the international development 
funds dedicated to agricultural and rural development, 
food and nutrition security, and environmental as-
pects of food systems would need to be increased by 
about 15 billion dollars annually, which implies dou-
bling current levels. Two billion dollars of these 15 bil-
lion would be used to finance a Zero Hunger Alliance 
& Fund (ZHAF), designed to support institutionally and 
financially those countries that want to join a global 
partnership to end hunger. 

Creation of the ZHAF would be complemented by the 
development of a “zero hunger bond,” with 2% of the 
future issue of Special Drawing Rights (SDRs) of 650 
billion dollars allocated to offer guarantees for this 
new bond. The zero hunger bond would help finance 
the economic, social, and environmental interventions 
(possibly a subcategory of “zero hunger green bonds”) 
needed to achieve SDG2 and end hunger. These instru-
ments can be perpetual or very long-termed bonds, 
with an adjustable coupon and a cap on the maximum 
interest rate.

This proposal follows the suggestions of global lead-
ers (including Pope Francis) and builds on the idea of 
a Zero Hunger Fund presented by Action Track One 
of the UNFSS. The ideas developed here aim to guide 
the institutional design with experiences and lessons 
learned from other initiatives, including the Global 
Agriculture and Food Security Program (GAFSP), the 
Poverty Reduction Strategy Papers or Programmes 
(PRSPs), and GAVI, the Vaccine Alliance. 

Key lessons from these experiences are: (1) the impor-
tance of supporting country-owned, medium-term, in-
tegrated programmes; (2) the need for clear and mea-
surable objectives; (3) the strategic potential of scarce 
development funds to mobilise a much larger amount 
of financial resources, rather than financing individual, 
isolated projects directly; and (4) the benefits of flexi-
ble public-private institutions with strong coordination 
and operational capabilities. 

Based on these lessons, the proposed ZHAF would 
have the following characteristics and objectives:
• It focuses on a clearly measurable objective: elimi-

nating hunger by 2030.
• It is an independent public-private institution with 

a dedicated fund, and with personnel second-
ed from international organisations focusing on 
poverty, food security, and nutrition issues, who 

will work in close cooperation with local teams of 
partners in the participating countries, and as such 
form an Alliance. 

• There will be a dedicated fund to: (a) cover the oper-
ational costs (but not the salaries of the seconded 
personnel); (b) hire technical and operational exper-
tise needed to support the countries in defining 
their programmes and mobilising the human, finan-
cial, and institutional resources to carry them out; 
(c) de-risk some financial operations to mobilise 
private capital (such as the issuance of zero hunger 
bonds); and (d) eventually, finance some interven-
tions directly. The largest share by value of those 
funds will be used for (c), but the most important 
use, operationally, will be for (b). 

• Funding will come from the additional interna-
tional development funds (as discussed above, 
about 2 billion dollars), plus an effort to mobilise 
private funds, with the target of obtaining com-
mitments from at least 50 companies (from food 
and other sectors) to donate about 10 million 
dollars each (these companies will be recognised 
as Champions of the Zero Hunger Alliance). Com-
bined, those funds would reach 2.5 billion dollars 
per year. 

• In addition, 2% of the planned allocation of SDRs 
(or 13 billion dollars) will be used to design, 
launch, and guarantee zero hunger bonds (and 
zero hunger green bonds) issued by countries with 
“zero hunger programs” supported by the Alliance. 
Depending on how the guarantees are structured 
and maintained over time, they could multiply the 
value of the SDRs directly allocated to this initiative 
by a factor of more than 10. 

• Most of these funds will be leveraged to mobilise 
the country-level sources of financing discussed 
above, through public budgets, banking systems, 
and capital markets.

• The Alliance will support financially and opera-
tionally those individual countries that sign agree-
ments to join this global partnership to end hunger 
by 2030, helping them to identify the target pop-
ulation, define specific institutional, programmat-
ic, and instrumental components, mobilise the 
necessary funding, and structure the partnerships 
needed to carry out the programmes to end hun-
ger by 2030. 

• In particular, it is suggested to expand the use of 
the new instruments that combine cash trans-
fers based on poverty with additional productive, 
nutritional, environmental, and financial inclusion 
components.

The institutional arrangement outlined here has 
several advantages, including that: It supports the 
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country members of the Alliance in implementing 
country-owned, country-coordinated, integrated pro-
grammes. It focuses on a single and measurable ob-
jective (ending hunger by 2030) but, given the type of 
agricultural technologies and environmental interven-
tions supported, it also contributes to crucial objec-
tives related to climate change mitigation and adapta-
tion. It mobilises a significantly larger volume of funds 
than those directly allocated to the Alliance. By relying 
on temporary secondment of personnel from existing 
organisations, it reduces the risk of creating another 
permanent international bureaucracy. Finally, it has a 
flexible public-private institutional structure. 

A. INTRODUCTION
The operation of food systems affects incomes and em-
ployment, poverty and food security, diets, health, and 
nutrition, energy sources and uses, climate change, 
environmental sustainability, biodiversity, and eco-
systems, and even aspects of peace and governance. 
Hence, adequate functioning of those food systems 
is crucial for achieving the SDGs by 2030 (von Braun, 
Afsana et al. 2020). However, current food systems 
are falling short in many of these economic, social, en-
vironmental, and political dimensions, and there are 
mounting calls for their transformation. This will re-
quire defining the specific objectives desired and the 
interventions,1 costs, incentives, and financing that 
would lead to their achievement. 

This paper focuses on the transformation of food sys-
tems to help achieve crucial components of SDG22  
and, in particular, ending hunger by 2030. This nar-
rows the analysis of food systems to several relevant 
aspects, notably (1) agricultural production and rural 
development within the more general operations of 
food value chains, and (2) poor and hungry consum-
ers, rural and urban, as part of the more general prob-
lems of diets and health that affect a larger number 
of consumers.3 Even with a focus on SDG2, the targets 
and interventions considered have important impli-
cations for a variety of nutritional and environmental 
objectives. 

The paper compares the additional costs of achiev-
ing SDG2, including zero hunger (as estimated by von 
Braun, Chichaibelu et al. [2020] and studies refer-
enced there), with potential sources of funding. The 
estimates of potential funding use the framework in 
Díaz-Bonilla, Swinnen, and Vos (2021), which iden-
tifies two flows of funds “internal” to food systems 
(consumer food expenditures, on the one hand, 
which comprise the sales/revenues of the agents 
in the agrifood system, on the other), and four that 
are “external” to food systems (international devel-
opment flows, public budgets, banking systems, and 
capital markets). The main question analysed here is, 
given the estimated costs involved in such a transfor-
mation, what are the options to finance the interven-
tions needed, what is their quantitative availability, 
and how can those potential sources of finance be 
mobilised and used effectively to achieve SDG2 and 
end hunger. 

Adequate macroeconomic policies,4 a supportive busi-
ness environment, and peace are basic requisites for 
the operation of food systems. Furthermore, different 
policy interventions can influence the size and allo-
cation of consumer expenditures and the productive 
outlays of the operators of food value chains (the in-
ternal flows) in ways that support the achievement 
of different SDGs (see a discussion in Díaz-Bonilla, 
Swinnen, and Vos 2021). However, those reallocations 
within the internal flows are not the focus of this pa-
per. Rather, it analyses the availability and utilisation 
of external flows to food systems, which can augment 
the internal flows (operating under an adequate set 
of incentives defined by more general macroeconom-
ic policies) to finance the additional costs of reaching 
SDG2 and ending hunger.

This paper is structured as follows. Section B focuses 
on the costs of achieving SDG2, based on the work ref-
erenced in von Braun, Chichaibelu et al. (2020). Then 
those policy interventions and costs are analysed 
against a matrix of potential sources of financing, us-
ing the framework in Díaz-Bonilla, Swinnen, and Vos 
(2021). Section C presents estimates of the current 

1  “Interventions” refers generally to public sector actions, including policies, programs, investments, expenditures, taxes and subsidies, laws and regulations, 
and institutional aspects, that seek to address a specific problem.

2  The focus is on 2.1 “end hunger and ensure access by all people, in particular the poor and people in vulnerable situations, including infants, to safe, 
nutritious and sufficient food all year round”; 2.3 “double the agricultural productivity and incomes of small-scale food producers, in particular women, 
indigenous peoples, family farmers, pastoralists and fishers…”; and 2.4 “ensure sustainable food production systems and implement resilient agricultural 
practices that increase productivity and production…” In the text, references to SDG2 must be understood in this vein.

3  A more general discussion about foods systems, financing, and SDGs can be found in the framing note (Food-Systems-Summit-Finance-Lever-framing-
note-2021.pdf) and at https://foodsystems.community/communities/lever-of-change-finance/documents/; and in Díaz-Bonilla, Swinnen, and Vos (2021).

4 See Díaz-Bonilla (2015) for a discussion of macroeconomic policies in relation to agriculture and food security.
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values of the external funds that can complement 
the internal flows5 and help finance the additional ex-
penditures and investments needed to achieve SDG2 
and end hunger. Section D compares the costs in sec-
tion B with the availability of funds estimated in sec-
tion C, and evaluates different financial alternatives, 
suggesting some specific adjustments to effectively 
mobilise the additional resources needed. Section E 
argues that it is not only a matter of financing a set 
of interventions but also of designing and implement-
ing them adequately, which depends, to a large ex-
tent, on the willingness and capabilities of individual 
countries. Therefore, section F discusses a separate 
proposal, called a ZHAF (based on the idea of a fund 
to end hunger, advanced by different global leaders,6 
and presented as a specific proposal by Action Track 
One). Section G summarises all proposals and section 
H concludes. 

B.  COSTS OF INTERVENTIONS TO ACHIEVE SDG2 
AND END HUNGER

The analysis of the costs related to SDG2 and end-
ing hunger follows the work reported in von Braun, 
Chichaibelu et al. (2020), with the background of two 
other studies, ZEF and FAO (2020) and IFPRI, IISD, and 
Cornell University (Laborde, Parent, and Smaller 2020). 
The latter (part of the project called Ceres2030: Sus-
tainable Solutions to End Hunger7) considers fourteen 
interventions and policy instruments to end hunger, 

increase agricultural incomes, and achieve some en-
vironmental outcomes. ZEF and FAO (2020) calculates 
the additional costs of lifting people out of hunger and 
malnutrition using a variety of interventions, select-
ed by their favourable impacts on the elimination of 
hunger. Those interventions also support other com-
ponents of SDG2 and, in particular, given the technol-
ogies considered, they are aligned with the objectives 
of mitigation and adaptation to climate change. The 
number of people who may be lifted from hunger de-
pends on the range of interventions considered. These 
estimates are shown in Table 1. 

The costs of eliminating hunger are not linear, with each 
further reduction in the number of people affected be-
coming costlier (ZEF and FAO 2020). The largest esti-
mate, of about 163 billion dollars annually,8 would lift 
about 1,050 million people from hunger by 2030. While 
the projections under business-as-usual assumptions 
for the number of hungry people in 2030 are about 900 
million (under intermediate scenarios of climate change; 
see ZEF and FAO 2020), this number does not consider 
the possibility of additional humanitarian, health, or en-
vironmental crises. In section C, for the matrix of financ-
ing, the focus is on the intermediate estimate, namely 
lifting 870 million people from hunger, but the target 
of 1 billion lifted from hunger is also referenced, both 
as a cushion and because the additional interventions 
support further environmental objectives, particularly 
for climate change adaptation and mitigation. 

5  Internal flows of funds in food systems are estimated in a quantitative background paper at about 7,700–8,300 billion dollars, as an average of 2014–2018 
in current dollars, corresponding to food expenditures by consumers, which are sales from the perspective of all the operators of the food value chains. 
Different policy interventions can influence the size and allocation of internal flows in ways that support the achievement of different SDGs (see a discussion 
in Díaz-Bonilla, Swinnen, and Vos 2021).

6  See, for instance, Pope Francis, who argued that “A courageous decision would be to establish a “Global Fund” with the money that is used for weapons and 
other military expenditures, in order to definitively eliminate hunger and contribute to the development of poorer countries. In this way, many wars and 
the migration of many of our brothers and sisters and their families, forced to abandon their homes and countries to seek a more dignified life, would be 
avoided…” http://www.vatican.va/content/francesco/en/messages/food/documents/papa-francesco_20201016_messaggio-giornata-alimentazione.html.

7 https://ceres2030.org/
8  Another recent analysis (FOLU 2019) estimates the costs of 10 “transitions” needed for the transformation of food systems at 300–350 billion dollars per 

year until 2030. Those transitions involve several SDGs; but considering only those more directly related to SDG2, the costs would be about 170–190 billion 
dollars, which is in the same range as the estimates in ZEF and FAO (2020).

Table 1  Estimates of Ending Hunger and other SDG2 Goals

Source People lifted from hunger (million) Additional cost per year (billion dollars)

IFPRI, IISD, Cornell (2020) 
(Ceres 2030)

490 33

ZEF and FAO (2020) 870 56

ZEF and FAO (2020) 1050 163

Sources: Based on the cited studies.
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C. POSSIBLES SOURCES OF FUNDING
Each of the next subsections discusses quantitative es-
timates9 of the current values of the external sources.10   
They will be compared later with the additional financ-
ing needed (as discussed in the previous section), to 
give an idea of the extra financial effort required. 

1) International development flows
International development flows include concessional 
development assistance and non-concessional lend-
ing11 by bilateral agencies, multilateral development 
banks (MDBs), and some large private philanthropic 
funds. FAOSTAT provides data on development flows 
both as commitments and as gross disbursements.12   
Using disbursements13 in current values, the annual 
average for the 2014-2018 period was about 256 bil-
lion dollars for all uses/sectors, and 11.1 billion for ag-
riculture, forestry, and fishing (AFF),14 or some 4.3% of 
all development flows. 

ZEF and FAO (2020) also calculate development flows 
to other sectors related to SDG2 (such as water and 
sanitation), which produces a higher estimate of the 
disbursements going to food security and rural devel-
opment in 2018 of about 15 billion dollars, and of com-
mitments to about 17 billion dollars. 

2) Public budget 
The public sector implements many interventions that 
affect the operation of food systems. Here the focus is 
on public expenditures. Considering the interventions 
discussed in section B related to SDG2,15 the analysis 
centres on two main types of public expenditures: on 
AFF and on social protection. A brief discussion of ad-

ditional fiscal expenditures related to the COVID-19 
pandemic is also included. 

a) Agriculture, forestry, and fishing 
Data from FAOSTAT are based on the IMF functional 
classification of expenditures.16 Table 2 shows total 
government outlays (current US dollar average 2014-
2018) and outlays on AFF, using FAO’s regional classi-
fication of countries.17 Public expenditures for AFF by 
developing countries18 (not counting China) are about 
86 billion dollars. If all outlays are considered, public 
expenditures by developing countries amount to al-
most 6,500 billion dollars (but only about 3,700 billion 
dollars if China is not included). 

Table 2 shows the outlays related to AFF as a percent-
age of all public outlays. Developing countries spend a 
larger percentage of their budgets on agriculture-re-
lated activities than developed countries do. Howev-
er, this percentage does not consider the size of the 
agricultural sector, which is taken into account in the 
AOI. The AOI is calculated as the share of agricultur-
al expenditures in total expenditures divided by the 
share of agricultural GDP in total GDP. A number small-
er (greater) than 1 indicates that the share of govern-
ment spending on agriculture is less (more) than the 
share of agriculture in GDP, indicating that there would 
be under- (over-) spending in the sector relative to its 
economic relevance. The last column of Table 2 shows 
the median AIO values for the countries in each re-
gion. Clearly, developed countries spend more as pro-
portion of their agricultural sectors than developing 
countries. 

Of course, the levels of public spending alone do not 
determine agricultural performance, nor is there any 

9 Details are in a background paper that is based on the structure of Díaz-Bonilla, Swinnen, and Vos (2021).
10  Remittances are an important flow of funds, estimated by the World Bank at about 700 billion dollars in 2019, of which about 550 billion were to developing 

countries. However, they are basically intrafamily flows, which may not be possible or desirable to reallocate through public policies.
11 That is, not having highly subsidized interest rates and very long terms for repayment of principal.
12  The Development Flows to Agriculture (DFA) dataset is based on OECD’s Creditor Reporting System (CRS). It includes Official Development Assistance flows, 

Other Official Flows and Private Grants reported to the OECD.
13  The values of disbursements are different from the net flows in the case of loans (concessional or not) because repayments of the principal of the previous 

loans must be deducted. This is not the case for grants.
14  It includes Agriculture (which covers Agro-industry, General Environment Protection, Food and Nutrition Assistance, Rural Development), Forestry, Fisher-

ies, and Other Agriculture, Forestry and Fishing.
15  The public sector also has outlays related to other components of the agrifood system that may impact several SDGs. They are not considered here because 

the focus of this paper is on SDG2. Also, those additional public outlays correspond to different agencies and sectors and collecting them requires a detailed, 
country-based, review of public expenditures.

16  Using the distinction made by FAO (2012), they cover public outlays in agriculture (aimed specifically at enhancing primary production) , but not for agricul-
ture (which are government expenditures in other sectors that can also have a positive impact on the agricultural sector). Further, the classification does 
not include all the expenditures that can support the whole food system (see Díaz-Bonilla 2015).

17  Some countries report expenditure for the General Government, others only for the Central Government, and finally some of them report both. Table 2 has 
been calculated with the largest of the two values reported.

18  What is considered “developed” and “developing” countries varies across datasets. Therefore, the numbers presented must be considered approximations 
for those groups.
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formula to indicate whether a certain level of spending 
is more adequate than another. However, several stud-
ies show that the types of expenditure matter, partic-
ularly their orientation toward the provision of public 
goods, such as agricultural R&D (see for instance Fan, 
ed. 2008).19 Furthermore, as noted, these numbers do 
not include public expenditures for agriculture, par-
ticularly in infrastructure, and, more generally, pub-
lic outlays related to food systems as a whole. These 
considerations suggest the need to utilise a broader 
focus to analyse the level and composition of public 
expenditures at the country level (about 3,700 billion 
dollars of public expenditures in developing countries, 
not counting China) that are relevant for achieving the 
desired SDGs. 

b) Social protection
Another important group of expenditures related to 
SDG2 and ending hunger are those for social protec-
tion, and within them, the programmes of social as-
sistance (which refers to those more directly linked 

to poverty and vulnerability and that are financed by 
general revenues from the government and not by 
contributions from beneficiaries, known as “non-con-
tributory programs”). Here the focus is on the social 
assistance programmes, using data from the World 
Bank’s ASPIRE database.20 Because these data are 
based on household surveys, they may not capture 
information about all programmes defined statutorily 
by governments. Moreover, the database focuses on 
developing and emerging countries only. However, it 
does provide a useful disaggregation of social protec-
tion programmes and of the distribution of benefits 
across populations. 

Social assistance programmes included in the ASPIRE 
database are classified as conditional cash transfers, 
unconditional cash transfers, social pensions, school 
feeding, public works, food and in-kind programmes, 
health fee waivers, and other social assistance. Table 3 
shows an estimate of the money allocated to those pro-
grammes (in current dollars for the period 2014-2018), 

19  A separate quantitative background note also includes an analysis of the OECD data to evaluate the possibility of “repurposing 600 billion dollars in subsi-
dies” as part of the financing of the transformation of food systems. They show that the amount of subsidies that can be repurposed (average 2014–2018 
in current dollars) is less than 240 billion dollars (about 132.5 billion dollars in OECD countries, of which the EU represents 82.5 billion, and 105.8 billion 
dollars for non-OECD countries, of which China amounts to 62.1 billion dollars). For developing countries (not counting China but including OECD members 
that are developing countries), the value is about 52 billion dollars.

20 An estimate of expenditures on social protection in general is mentioned later.

Table 2  Government Outlays (Current Billion Dollars, 2014–2018)

Source: FAOSTAT.

Billions of current USD (average 2014–2018) Coefficient

Total Government 
Outlays 

Outlays for Agriculture, 
Forestry, and Fisheries 
(AFF)

AFF as Share of Total 
(%)

AOI median

Africa 366.8 7.8 2.1 0.17

Asia developing 4587.5 324.9 7.1 0.35

(of which China) 2781.4 268.0 9.6 0.28

(of which India) 352.5 24.1 6.8 0.41

LAC 1531.6 21.2 1.4 0.38

Oceania 561.0 3.5 0.6 0.19

Northern America & 
Europe

16545.8 66.0 0.4 0.56

Developing 6485.9 353.8 5.5 0.30

Developing w/o China 3704.5 85.8 2.3 0.30

Developed 19269.3 121.1 0.6 0.42

Total 25755.2 474.8 1.8 0.37
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with the first three programme types grouped togeth-
er as Cash Transfers and Social Pensions (CT+SP).21 

Total expenditures for social assistance by the coun-
tries considered are found to be somewhat less than 
410 billion dollars annually (and about 260 billion 
dollars without China), with CT+SP as the main pro-
gramme type in value terms.22 Countries in the ASPIRE 
database spend on social assistance less than 1.2% of 
their GDP (median value for those countries)

In addition to quantifying the level of expenditures for 
social assistance, another key characteristic is their 
distribution across the population, in particular the 
incidence of benefits for the poorest quintiles.23 Social 
assistance is intended for the poorest segments of a 
population, and if properly targeted, larger percentag-
es would go to the poorest quintiles and no benefits to 

the richest ones. However, in the case of sub-Saharan 
Africa, the poorest quintile receives 11.3% of the bene-
fits (average for the countries; the median is 8%), while 
the richest quintile receives 41.5% (average; median is 
38.9%). The East Asia and Pacific region also shows a 
distribution biased toward the rich, with the poorest 
quintile receiving about 17% (average and median), 
much less than the richest quintile, with an average of 
33.4% (median of 22%). The other world regions show 
a better distribution, with the poorest quintile receiv-
ing somewhat more than 30% (average and median), 
but the richest quintile still receives 10-16% of the 
benefits. These numbers suggest critical problems with 
the targeting of these programmes intended to help 
the poor and hungry.24 In particular, countries in Africa 
seem to suffer the dual problem of both lower levels of 
expenditures overall (a median of about 0.9% of GDP) 
plus ineffective targeting of the poorest groups. 

21  The ASPIRE database covers 125 countries, 43 from Africa, basically from the sub-Saharan Africa (AFR), 15 from East Asia and the Pacific (EAP) (including 
China), 29 from Europe and Central Asia (ECA) (including Russia, Hungary, Ukraine), 22 from Latin America and the Caribbean (LAC), 10 from the Middle East 
and North Africa (MENA), and 6 from South Asia (SAR) (including India).

22  As a reference developing countries spent about 1.1 trillion dollars in social protection (on average for 2010–2017; based on IFPRI’s SPEED database using 
data from the IMF). This is around 3.5–4.0% of their GDP for that period. Without China, the amount spent on social protection drops to about 916 billion 
dollars.

23  The estimates use all the annual household surveys for all the countries in the database (several countries have more than one household survey, and the 
years for each country vary; the average year of the surveys in the database is 2011). Benefit incidence is calculated as the percentage of benefits going to 
each quintile of the post-transfer welfare distribution relative to the total benefits going to the population (Sum of all transfers received by all individuals in 
the quintile)/Sum of all transfers received by all individuals in the population).

24  These are data from household surveys, which do not to capture the wealthier segments of the population well; therefore, what appears as the richest 
quintile in the survey may not be so in real life.

Table 3 Estimated expenditures for social assistance programs (billion dollars, average 2014–2018)

Source: ASPIRE and WDI/WB.

Billion USD Total CT+SP School 
feeding

Public 
works

Food and 
in-kind

Health fee 
waivers

Other social 
assistance

Total exclu-
ding health 
fee waivers

AFR 20.2 12.6 0.9 2.8 1.3 0.5 0.6 19.7

EAP 164.9 47.1 0.8 13.8 9.1 92.3 1.7 72.5

(China) 146.7 39.1 0.0 13.8 5.4 88.4 0.0 58.3

ECA 72.8 59.1 0.3 1.5 0.6 5.8 5.5 66.9

LAC 84.8 44.2 3.9 1.2 2.9 25.9 6.6 64.2

MENA 24.7 10.5 0.0 0.0 9.5 3.7 0.9 21.0

SAR 40.3 4.9 1.5 6.4 24.5 2.2 0.7 38.1

(India) 35.3 1.3 1.4 5.8 24.0 2.2 0.6 33.2

Total 407.7 178.4 7.5 25.7 48.0 130.5 16.0 282.5

Total w/o 
China

260.9 139.2 7.5 12.0 42.6 42.0 16.0 224.2
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c)  Brief consideration of expenditures related to 
COVID-19

The current pandemic is posing further challenges for 
fiscal accounts. Governments have implemented a va-
riety of policies and investments in health, social pro-
tection, and support to employment and production, 
all of which require the use of a variety of unconven-
tional monetary and fiscal instruments. As reported by 
the IMF policy tracker for governmental COVID-19 ac-
tions (covering most of 2020), developing and emerg-
ing countries made a strong additional fiscal outlay, 
surpassing 1.2 trillion dollars in 2020 (counting only 
additional public expenditures and until the time of 
reporting of the data), with 1.1 trillion dollars spent on 
non-health measures of social protection and mainte-
nance of employment. However, not counting China, 
the amount is about 700 billion dollars, of which 680 
billion dollars are for non-health measures of social 
protection and employment. Important questions to 
consider are whether these levels of expenditures can 
be sustained in the future, and how to manage the al-
ready accumulated debt related to the expanded ex-
penditures. These additional COVID-19-related expen-
ditures and debt will determine whether developing 
countries have the flexibility to increase public expen-
ditures for SDG2 in the aftermath of the pandemic. 

3) Banking system
Of the external flows discussed here, internation-
al development flows and public expenditures (dis-
cussed above) are mainly tied to governmental oper-

ations. However, the transformation of food systems 
to achieve the objectives of the 2030 Agenda will also 
require significant private investments from all opera-
tors in the food value chains. The internal cash flows 
from food operations (based on consumers’ food pur-
chases of some 7.7-8.3 trillion dollars, as mentioned 
above) can be expanded by loans from the banking 
system (which is discussed here) or by operations in 
capital markets (analysed in the next sub-section).

Table 4, based on FAOSTAT data, shows the total 
amount of loans provided by the banking sector to pro-
ducers in agriculture, forestry, and fisheries (including 
household producers, co-operatives, and agro-busi-
nesses) and for all sectors (the average for 2014-2019, 
in current dollars). The previous sections presented fi-
nance data as annual flows; here, the information on 
loans is collected as annual stocks (namely the total of 
loans outstanding at a point in the year). 

The total stock of loans is almost 42 trillion dollars in 
current dollars, of which about 22.9 trillion dollars are 
in developed countries, and some 18.9 trillion dollars 
in developing countries, or 7.3 trillion dollars if China 
is not included. The stock of loans for AFF is somewhat 
more than 1 trillion dollars; of this, developed coun-
tries represent about 530 billion dollars and develop-
ing countries account for about 473 billion dollars, or 
about 293 billion dollars if China is not counted.

Considering flows, there are no data on net disburse-
ments (loans minus repayments of principal), but the 

Table 4 Value of loans outstanding, total and for AFF (current dollars; average 2014–2019)

Source: Author based on FAOSTAT.

Total Loans Loans to Agriculture, 
Forestry, and Fishing
(billion dollars)

% of AFF over Total 
Loans

AOI (median)

Africa 402.5 16.3 4.1 0.2

Asia developing 17043.6 427.9 2.5 0.4

(of which China) 11612.3 180.5 1.6 0.2

(of which India) 1201.3 143.2 11.9 0.7

LAC 1429.2 28.7 2.0 0.5

Oceania 995.7 93.3 9.4 1.4

Northern America & 
Europe

20978.8 404.4 1.9 1.1

Developing 18879.3 473.1 2.5 0.3

Developing w/o China 7267.0 292.6 4.0 0.3

Developed 22878.6 531.3 2.3 1.3

Total 41757.9 1010.2 2.4 0.4
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change in stocks can be an indicator of those net flows. 
For total credit, the yearly average (2015-2019) change 
in stocks is about 1.6 trillion dollars globally, but the 
average for developing countries (not counting China) 
is only 87 billion dollars. The average annual change 
in loans for AFF during 2015-2019 is 24 billion dollars 
worldwide. The estimated flows for AFF in developing 
countries are around 14.2 billion dollars, or around 9.5 
billion dollars if China is not included.25 

Table 4 also shows the percentage of AFF loans as a 
share of total loans. In the case of developing coun-
tries without China, the coefficient is about 4% of total 
loans. However, as with public expenditures, a more 
revealing indicator of the importance of lending to the 
AFF sector is the AOI. For credit, this is calculated as 
the percentage of AFF credit in total credit, divided by 
the percentage of agricultural GDP in total GDP. The 
last column in Table 4 provides the median AOI for the 
countries in each region. As in the case of public ex-
penditures, developing countries show much smaller 
AOIs than developed countries,26 and values for Afri-
ca are lower than for other developing regions. In the 
case of India, the large share of AFF loans in total loans 
is also reflected in a higher AOI. 

4) Capital markets
Capital markets at the global and national levels offer 
another source of external funds; given that interest 
rates are at the lowest level in more than 70 years, 
these markets are an appealing option. The focus here 
is on social and environmentally oriented investments, 

25  The actual annual flow of loans for AFF may be larger, considering that some short-term credit may be extended and liquidated within the year and thus not 
affect stocks from one year to the next. There is no information about loans approved and disbursed by year. Nor are there aggregated data on total credit 
to other operators in food systems.

26 In Oceania, the values are dominated by Australia and New Zealand.
27  The FAOSTAT database includes estimates for Foreign direct investments (FDI) for Agriculture, Forestry and Fishing (AFF) and Food, Beverage and Tobacco 

(FBT). According to that source, developing countries received almost 2 billion dollars annually in FDI to AFF on average during 2014–2018, and about 2.7 
billion dollars for FBT (but there are no data for some countries, such as China and Brazil, during that period). FDI for agriculture and agro-industries, in the 
aggregate, is part of the internal flows within food systems, but for individual countries they can be considered additional financing. They can be influenced 
by a variety of public policies as discussed in Díaz-Bonilla, Swinnen, and Vos (2021).

28  There are also other themed bonds, such as “blue bonds” for sustainable fisheries (see Fitzgerald, Higgins, Quilligan, Sethi, and Tobin-de la Puente 2020).
29  There are also several bonds issued by MDBs with agrifood components, but that money is then lent to developing countries as part of international devel-

opment flows discussed above and, therefore, it is not included here to avoid double counting.

a potentially relevant source of funds for the transfor-
mation of food systems, considering the global trend 
toward investments that consider broader objectives 
along with financial returns.27

Definitions of these new investments are evolving, with 
some overlap among them (which means they cannot 
be added up across categories). The most common con-
cepts are” environmental, social, and governance (ESG) 
investments,” which encompass the broad category of 
sustainable and responsible finance; “impact invest-
ments,” which try to generate a measurable positive 
social and environmental impact along with a financial 
return; and “thematic” bonds, such as green bonds, so-
cial bonds, and sustainability bonds, which are aimed, 
respectively, at specific environmental, social, or a com-
bination of both objectives28 (see KPMG 2019; and In-
ternational Capital Markets Association [ICMA] 2020). 

Because of the variations in definitions, data on the 
actual volume of operations vary depending on the 
source. Table 5 shows some estimates.

However, the largest shares of investments in those 
categories take place in developed countries, and the 
amounts oriented to agriculture and the transforma-
tion of food systems are small. For instance, the survey 
of impact investments in GIIN (2020) shows that only 
8.1% of the funds (average 2018-2019) were allocated 
to food and agriculture.29  

The challenge is to mobilise these resources for invest-
ments in support of the transformation of food sys-

Table 5 ESG, impact investment, and thematic bonds (billions of current dollars)

Stock (Billions of USD) Flow (Billions of USD) Year of the estimate 

ESG a/ 30000 78 2018

Impact Investors b/ 715 n/a 2020

Green Bonds c/ 750 260 2019

Social Bonds d/ 167 131 2020
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Table 6 Matrix of incremental costs and financing, and reference flows, USD billions 

tems to achieve SDG2 and end hunger (more on this 
below). 

D. MATRIX OF FINANCING
This section presents an indicative matrix of financing 
using the information from the previous two sections. 
The question is: Given the current levels of the dif-
ferent sources discussed in section C, is it possible to 
finance the costs identified in section B? To define a 
matrix that helps answer that question, some assump-
tions must be made about the percentage of financing 
from the individual financing sources for each group of 
interventions. Furthermore, it requires specification of 
the instruments to be utilised, because some of them 
may only be financed by public expenditures, while 
others could receive credit from the banking system or 
investments from capital markets. 

Before turning to that specific exercise, it is important 
to note that global and regional aggregate savings are 
a macroeconomic constraint that cannot be ignored. 
Total available savings at the world level are about 
21.6 trillion dollars (average of 2015-2019). Of this, 
9.6 trillion dollars correspond to developing countries 

(but only 4.2 trillion not counting China); these savings 
are distributed very unevenly across regions. For in-
stance, for sub-Saharan Africa, aggregate savings are 
only slightly more than 300 billion dollars. Global sav-
ings are the counterpart to the corresponding levels of 
world investments. Therefore, any proposal to increase 
investments in certain activities would require either 
that consumption be reduced, for some given level of 
global incomes;30 or, that savings be redistributed to-
ward the transformation of food systems, which would 
reduce investments in other activities, with the related 
impacts on those other sectors of the economy. 

1) Indicative matrix
Table 6 assumes a matrix of financing with specific per-
centages by type of intervention and sources. It also 
shows the current values of flows of funds in those 
categories for developing countries calculated in the 
previous section (not counting China, to avoid its large 
values dominating the totals). The estimate for capital 
markets is a rough approximation, partially combining 
(to avoid double counting) the value of social bonds 
issued by developing countries (9.9 billion dollars), 
as surveyed in the Climate Bond Initiative and HSBC 

30  If there are enough idle resources at the global level so that world GDP can be enlarged, then savings and investments may be increased without affecting 
consumption.

Source: Author using data from 
section C. The following notes 
indicate what interventions 
from ZEF and FAO (2020) are 
considered in each group. (a) 
Agricultural R&D efficiency en-
hancement, Agricultural exten-
sion services, ICT-Agricultural 
information services, and Ag-
ricultural R&D; (b) Small-scale 
irrigation expansion in Africa; 
(c) Crop protection-Insects; 
Crop protection-Diseases; Crop 
protection-Weeds; Integrat-
ed soil fertility management; 
(d) Roads, Rail, Electricity; (e) 
Female literacy improvement, 
and Nutrition-specific inter-
ventions; (f) Social protection; 
Scaling up existing programs; 
Social protection; Establishing 
new programs; (g) Irrigation-Ef-
ficiency enhancement; Irriga-
tion-Global large-scale expan-
sion; Nitrogen-use efficiency; 
Food loss reduction; Soil-water 
management; Optimal crop 
planting and varieties (Adapta-
tion); Soil carbon sequestration 
(Mitigation).

Average 
annual 
incremental 
investment 
cost 

INTERNATI-
ONAL DEVE-
LOPMENT 
FLOWS

PUBLIC EX-
PENDITU-
RES: AFF

PUBLIC 
EXPENDITU-
RES: SOCIAL

PUBLIC 
EXPENDITU-
RES: INFRA-
STRUCTURE

BANKING 
SYSTEM

CAPITAL 
MARKETS

AgR&D, Extension and 
ICT a/

6.6 1.3 5.3 0.0 0.0 0.0 0.0

Irrigation b/ 3.8 0.8 1.1 0.0 0.0 1.5 0.4

Agricultural practices 
c/

4.4 0.9 0.9 0.0 0.0 2.2 0.4

Infrastructure d/ 10.8 2.2 0.0 0.0 8.6 0.0 1.1

Gender and nutrition 
e/

5.0 1.5 0.0 3.5 0.0 0.0 0.0

Social protection f/ 25.1 5.0 0.0 20.1 0.0 0.0 0.0

TOTAL (870 million 
lifted from hunger)

55.8 11.7 7.3 23.6 8.6 3.7 1.9

TOTAL (1 billion lifted 
from hunger plus ex-
panded environmen-
tal interventions) g/

163.1 16.3 41.8 27.1 8.6 56.6 12.6

CURRENT FLOWS 11 to 12 86 293 n/a 9.5 9.9
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(2021) (although they were not necessarily financing 
aspects of SDG2) and of the results for impact invest-
ment flows into agriculture (8.3 billion dollars in 2019), 
according to the survey in GIIN (2020). 

For all interventions, it is assumed that international 
development flows and public expenditures will be 
present as sources of financing. However, for invest-
ments in irrigation and agricultural practices, it is as-
sumed that banking systems and capital markets will 
also play a role, and that capital markets can also help 
finance some additional infrastructure.

The difference in estimated costs between lifting 870 
million people and 1 billion people from hunger is due 
not only to the non-linearity in costs related to help-
ing harder-to-reach groups of people but also to the 
expansion in environmental interventions required, 
mainly related to climate adaptation and mitigation 
(see the notes in Table 6 for the type of interventions 
considered in each block of estimates). 

With this matrix of financing, policy options for each 
source are discussed to ensure that those resources 
can be expanded and mobilised to achieve SDG2 and 
end hunger.

a) International development flows 
International development flows will have to increase 
by about 12-16 billion dollars above current levels 
(within the range suggested by IFPRI, IISD, and Cornell 
University [Laborde, Parent, and Smaller 2020]). The 
suggestion of this paper is that 2 billion dollars of that 
increase be allocated to support the ZHAF (discussed 
below). If total international development flows can-
not be increased (because bilateral development aid 
may be limited by budgetary and political factors in 
donor countries, and net flows of non-concessional 
loans from MDBs may be constrained by their capital 
base and restrictive financial policies), this implies a 
reallocation of funds from other activities. 

However, if bilateral aid can be increased and MDBs 
expand their capital, there would be no need to re-
duce support to other sectors. Even without capital 
increases, MDBs can negotiate with rating agencies 
to adjust risk parameters to allow for increased lend-
ing in the context of the pandemic (see Díaz-Bonilla 
2020).

Developed countries can also consider using a per-
centage of their holdings of the new issue of SDRs in 
the IMF to support developing countries (the new al-
location is expected to be about 650 billion dollars, of 
which about 60% goes to developed countries). For in-
stance, during the current crisis, some countries with 
strong external positions have allocated part of their 
SDR holdings to expand the IMF’s Poverty Reduction 
and Growth Trust (PRGT), which provides concession-
al loans to low-income countries.31 At the recent 2021 
spring meetings of the IMF and World Bank, there 
were discussions about developed countries donating 
or lending part of the SDRs that they do not need to 
support low-income countries, and some middle-in-
come countries have asked to be included in that op-
tion.32 Most of the conversation seems to focus on 
using those additional SDRs for debt reduction or for 
lending. 

Here, an alternative use is suggested that would mul-
tiply the impact of those SDRs (or any developmental 
funds, for that matter) for broader objectives: as guar-
antees for issuing “zero hunger bonds” (explained lat-
er), for instance, allocating 2% of the new issuance to 
a guarantee fund. This would have the additional ben-
efit of targeting the resources to a specific humanitar-
ian objective, and would also help finance some policy 
interventions that address important environmental 
objectives (with the possibility of designing a subcat-
egory of “zero hunger green bonds”). 

In general, international development funds should be 
used more strategically, namely to leverage and mobil-
ise the other sources of financing discussed here, in-
cluding, as mentioned, guarantees to de-risk the issue 
of zero hunger bonds or other socially or environmen-
tally themed bonds. In addition, multilateral and bilat-
eral organisations should better coordinate their own 
operations to avoid the fragmentation of relatively iso-
lated initiatives and competition across international 
agencies at the country level. 

Specific proposals: Increase by 15 billion dollars an-
nually the international development funds dedicat-
ed to agricultural and rural development, food and 
nutrition security, and environmental aspects of food 
systems, which would imply somewhat more than 
doubling current levels. oroever, it is suggested to al-
locate part of those resources (2 billion dollars) to the 

31 https://www.imf.org/en/About/FAQ/special-drawing-right
32  https://www.imf.org/en/News/Articles/2021/04/07/tr040721-transcript-of-imf-md-kristalina-georgievas-opening-press-conference-2021-s/ 

pring-meetings
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ZHAF (discussed later). Finally, it is proposed to allo-
cate 2% of the future issue of SDRs of 650 billion dol-
lars to create a fund to guarantee a new “zero hun-
ger bond” to help finance the economic, social, and 
environmental interventions (and for the latter there 
may be a subcategory of “zero hunger green bonds”) 
needed to achieve SDG2 and end hunger. 

b) Public expenditures 
Public expenditures for agriculture and rural develop-
ment and for social assistance will both have to be in-
creased by about 8.0-8.5%, with the objective of elimi-
nating the risk of hunger for about 870 million people. 
If the objective increases to lifting 1 billion people 
from hunger, along with other climate mitigation and 
adaptation measures, then public expenditures in agri-
culture and rural development will need to expand by 
about 50% and in social assistance by close to 10%, in 
the aggregate and with the assumptions of the finan-
cial matrix. These increases can be achieved through 
different policy instruments and fiscal options.

Developing countries (not counting China) have total 
annual government outlays of some 3.7 trillion dollars, 
but only 86 billion dollars go to AFF. The budget allo-
cated to social assistance has been estimated at about 
260 billion dollars. However, indicators such as the AOI 
for agricultural expenditures or the percentage of so-
cial assistance expenditures in total GDP show that de-
veloping countries in general, and particularly in Africa 
and Asia (not counting China), devote comparatively 
fewer resources than other regions to those crucial 
interventions. Specific public expenditure reviews can 
help determine the adequacy of both the level and 
composition and the efficiency, efficacy, and equity 
of public expenditures dedicated to SDG2. Certainly, 
targeting could be improved in social and agricultural 
programmes, and the more than 50 billion in agricul-
tural subsidies in developing countries (not counting 
China) could be repurposed (see footnote 20).

Moreover, better instruments can be utilised, such as 
some new enhanced social safety approaches. For in-
stance, cash transfers have been evolving into more 
complete mechanisms to address social vulnerabil-
ities. In the rural sector, they have begun to include 
poverty, nutrition, environmental, and productive pay-
ments (FAO 2017; De La O Campos et al. 2018). Recent 
work by the World Bank has expanded the framework 

for social inclusion, both in rural and urban settings, 
by defining multidimensional programmes with social 
safety nets, livelihoods and jobs, and financial inclu-
sion (see Andrews et al. 2021). These instruments can 
help achieve zero hunger and also contribute to some 
important environmental objectives. 

However, reallocating, better targeting, and repur-
posing public expenditures within a given agricultural 
and social budget envelope, even with better instru-
ments, may not be enough to reach the levels needed 
for achieving SDG2 and ending hunger, and therefore, 
expenditures may have to be increased. In that case, 
the options are: (1) reallocation from other sectors, 
but within the same total budget envelope; and (2) an 
increase in expenditures (larger budget envelope) fi-
nanced by monetary expansion (which may increase 
inflation), by additional public debt (which may lead 
to debt sustainability problems, requiring further debt 
relief schemes), and/or by increasing revenues. These 
options must be analysed at the country level; here 
the focus is on increasing revenues. 

Several developing and emerging-economy countries 
will probably have to increase public revenues. One 
way to achieve this is by improving tax administration 
to reducing tax evasion. Furthermore, these countries 
should reassess the multiple exemptions to value-add-
ed and sales taxes: in several countries those exemp-
tions represent an important loss of revenue, and be-
cause they apply to all sales, the exemptions do not 
help the consumers most in need, nor do they address 
challenges of nutrition or environmental sustainabili-
ty.33 Further, more progressive taxation of incomes and 
wealth will have to be implemented. Carbon taxes can 
also be considered.

Another consideration is that, in several countries, tax-
es on international trade are important both for fis-
cal purposes and because of their impact on domestic 
prices for consumers and producers. The adequacy of 
the taxes on international trade in terms of their fiscal, 
production, and consumption objectives will require a 
country-by-country analysis. 

The ZHAF discussed below can help the interested 
countries to conduct the specific fiscal analyses in-
volved in the reallocation, refocusing, and scaling up of 
public expenditures needed to support programmes 

33  Taxing unhealthy and/or environmentally damaging food products has been recommended. Although these interventions may be useful to change the com-
position of food production and consumption, the amount of revenue collected may not be large. Also, the idea of using tax on unhealthy foods to subsidize 
healthy ones (and similarly for environmental purposes) could be considered, but must avoid specific earmarking of tax revenues, which fiscal best practices 
consider inadequate because of the budgetary rigidities and mismatches that such practice generates.
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to end hunger, considering the constraints posed by 
the fiscal response to the pandemic.

Additionally, all countries, but particularly the devel-
oped ones that have greater influence on the opera-
tion of global financial markets, must be more active 
at the international and national levels to implement 
stronger controls on money laundering and tax havens 
that facilitate illegal financial outflows and tax evasion 
from developing countries. Moreover, proposals for a 
more unified system of taxation of international cor-
porations, with an established formula to allocate the 
taxable base and a common minimum corporate tax, 
must be implemented.34 These initiatives would help 
many developing countries to increase fiscal revenues 
that are now lost through corruption and tax evasion.

Specific proposals: Implement public expenditure 
and tax reviews as the basis for increasing and reallo-
cating agricultural subsidies in developing countries 
(about 50 billion dollars without China); and for scal-
ing up, better targeting, and redesigning social safe-
ty nets, using new and evolving cash transfer instru-
ments that combine poverty, productive, nutritional, 
environmental, and financial inclusion components 
(such as the Cash Transfers Plus analysed by FAO or 
the evolving instruments of social inclusion consid-
ered by the World Bank). To this end, it is also sug-
gested that the AOI of AFF expenditures be increased 
to at least 0.5 and expenditures for social protection 
be increased to at least 2% of total GDP in developing 
countries. Finally, revenues in developing countries 
should be strengthened through better tax adminis-
tration and the revision of sales, income, wealth, and 
trade taxes, and by implementating international ini-
tiatives to control corruption, tax evasion, and other 
practices that erode those countries’ tax bases. Car-
bon taxes can also be considered.

c) Banking system 
If irrigation and the adoption of improved agricultural 
practices are to be financed in part by loans from the 
banking system, as assumed in Table 6, then credit to 
the agricultural sector in developing countries (not in-
cluding China) will have to increase (some 40% in flows 
in the central estimates of 870 million people avoiding 

34  Those proposals build on options analyzed by the OECD in its work on “based erosion and profit shifting” (see https://www.oecd.org/tax/beps/flyer- 
inclusive-framework-on-beps.pdf). 

35  What follows is based on Díaz-Bonilla (2015); Díaz-Bonilla and Fernández-Arias (2019); Díaz-Bonilla, Fernández-Arias, Piñeiro, Prato, and Arias (2019). Those 
studies have a more detailed discussion of the issues mentioned here.

36  An example was the November 2020 “Finance in Common Summit” of Public Development Banks (PDBs), co-organized as a joint initiative of the Interna-
tional Development Finance Club (IDFC), the World Federation of Development Finance Institutions (WFDFI), SAFIN, IFAD, and the government of France 
(see https://www.ifad.org/documents/38714174/42142599/fic_statement.pdf/6a6fcfe1-6614-7786-c69a-743df3dcd5e6).

hunger, as shown in Table 6). For the banking sector to 
play this role, the systemic barriers that limit the sup-
ply of financial services for agriculture, small farmers, 
and the poor and vulnerable (women, disadvantaged 
ethnic groups, and youth) must be addressed. Detailed 
country-level analysis of banking system operations 
will be needed to assess whether these systems can 
finance the activities need to achieve SDG2, while ad-
equately performing the triple function of operating 
the payment systems, intermediating between savings 
and investments, and providing risk-management in-
struments.35  

This country-focused analysis should consider the fol-
lowing aspects related to agricultural credit and finan-
cial services. First, the adequacy of the overall mac-
roeconomic and regulatory framework. Second, what 
is the origin and use of the funds that are to be inter-
mediated (such as deposits; budget allocations by the 
government; monetary sources such as rediscounts 
by the monetary authorities; regulatory mandates to 
lend to the agricultural sector; loans from internation-
al organisations; and others). In particular, consider-
ation could be given to employing an updated version 
of the unconventional monetary policies that sus-
tained agrifood development in the 1960s and 1970s, 
implemented by what have been called “developmen-
tal central banks” (see below; a general discussion is 
found in Díaz-Bonilla 2015).

The third component of the analysis should look at 
what type of banking and financial institutions can in-
termediate those funds (and perform the other two 
functions of operating the payment systems, and pro-
viding risk-management instruments, as mentioned). 
A wide variety of formal and informal operators pro-
vide loans, manage savings, and offer other financial 
services to the rural population and the agrifood sys-
tem in general, and each type has its own advantag-
es and disadvantages. In this context, it is relevant 
to reconsider the role of public development banks 
with an agricultural orientation, which were disman-
tled in many developing countries during the 1990s, 
but whose operations are now being reconsidered.36 
Public funds or public institutions that offer loan guar-
antees to banks are also important for expanding the 
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coverage of credit to small farmers and SMEs in food 
value chains, particularly to women, vulnerable ethnic 
groups, and youth. 

The fourth component is to consider financial instru-
ments. Starting with credit, longer-term loans face 
agriculture-sector-specific problems, such as the dis-
persion and small scale of customers and the presence 
of covariant risks. They are also affected by macroeco-
nomic volatility, and regulations that are designed for 
the urban sector and for activities with more regular 
cash flows than the agricultural sector, as agriculture 
requires flexible disbursement and payment schemes 
aligned with the rhythms of agricultural activity. Inno-
vative insurance schemes, technical assistance, and 
better weather and market information can mitigate 
some of the risks in agriculture. However, in any case, 
the development of credit for long-term investment 
may require funding from public fiscal or monetary 
sources (as suggested above and discussed below in 
greater detail), or intermediation in capital markets. 
Supply-chain and value-chain lending offer a flexible 
form of financing that can help to include small farm-
ers; input and equipment suppliers should also be con-
sidered as potential vehicles for lending to small and 
family farmers.

Beyond the obstacles to credit, there is a dearth of 
other financial products and services needed by small 
farmers, rural populations, and SMEs. This is true both 
on the financing side (such as leasing, warrants, and 
discount of invoices, all of which require the adapta-
tion of regulations and operational mechanisms) and 
on the payments and savings side (for instance, sim-
plified checking and savings deposits, which are an 
important risk mitigation tool for rural households). In 
all of these cases, digital technology can reduce trans-
action costs and generate more information about 
potential customers, lowering risk for financial institu-
tions.

As noted above, in the past many developing coun-
tries operated with what were called developmental 
central banks, which offered loans (rediscount lines) 
to public agricultural banks (and also private financial 
institutions) with specific purposes, such as provid-
ing credit to agricultural producers. This combination 
of rediscounts by central banks channelled through 
agricultural banks was eliminated in many countries 
during the 1980s and 1990s in the face of dual con-

cerns that the increases of money supply (generated 
by the rediscounts) were fuelling inflation and that 
public banks suffered from a variety of problems 
(corruption, mismanagement, bias toward large pro-
ducers, crowding out private sector financial options, 
and so on). However, in the context of the 2008 glob-
al recession and the current pandemic, central banks, 
mainly in developed countries, have revived the use of 
those dedicated lines of credit to buy both public and 
private credit instruments (under the name of quan-
titative easing).37 That expansion of money supply is 
being made in the context of monetary programmes 
that include inflation targets. At the same time, sev-
eral public agricultural banks have been reformed and 
now operate more efficiently and with developmental 
objectives (Díaz-Bonilla 2015). Those operations must 
consider the financial needs of women, minorities, 
and youth. 

Specific proposals: Reactivate the role of devel-
opmental central banks using rediscounts to offer 
credit to small farmers, rural populations, and SMEs 
in food value chains (within a consistent monetary 
programme that maintains control of inflation). In 
addition, public development and agricultural banks 
could be revitalised and modernised (with incentives, 
performance metrics, and controls to avoid problems 
experienced by these institutions in the past) to in-
crease loans, including environmentally linked loans 
(supported by the central banks’ discounts) and offer 
other financial services to small farmers, rural pop-
ulations, and SMEs in food systems, with particular 
consideration for women, vulnerable ethnic minori-
ties, and youth. Finally, the AOI for agricultural credit 
in developing countries could be increased (for exam-
ple, to at least 0.5).

d) Capital markets 
With this matrix of funding (and recognising the very 
preliminary value of the estimates in Table 6), capital 
market operations may have to increase by about 20% 
over current estimated levels to lift 870 million people 
from hunger by 2030 (it would likely have to increase 
by almost 130% if the objective is to lift about 1 billion 
people from hunger and achieve other environmental 
objectives in SDG2).38 This will require developing a 
robust pipeline of investable opportunities (including 
individual projects, impact investment funds, and/or 
thematic bonds) with the adequate profile of risk/re-
ward to attract investors, and clear, measurable, and 

37 The U.S. Federal Reserve operated as a developmental central bank to help the U.S. economy in the 1930s (Fettig 2008).
38 Expanding the focus further to other SDGs would lead to larger investments from capital markets.
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monitorable impact objectives, aligned with achieving 
SDG2 and ending hunger. 

A specific unit could be set up at the international 
level to link private capital with investable opportuni-
ties for small farmers and rural populations in social 
and environmentally relevant activities. In this case, 
the objectives of zero hunger, doubling productivi-
ty, and environmental sustainability can be achieved 
with adequate technologies. Díaz-Bonilla et al. (2018) 
presented a proposal for a project preparation/incu-
bation/acceleration facility, based on CGIAR technolo-
gies and focusing on small farmers, and leveraging the 
presence that the CGIAR centres have in more than 
100 developing countries, where they work with a va-
riety of NARIs.39

The project preparation/incubation/acceleration facil-
ity would carry out a series of key actions (see Díaz-Bo-
nilla et al. 2018). First, individual opportunities need to 
be identified and business plans prepared. They gener-
ally will be small- and medium-scale projects involving 
small and family farms; these are complex and difficult 
to structure. Site-specific technological options and 
marketing opportunities must be analysed. Second, 
those small projects must be aggregated and struc-
tured (as a different type of investable vehicle), with 
adequate rates of return and risk profiles, and with val-
ue sizes that compensate investors for the transaction 
costs and due diligence requirements. Third, both the 
small farmers and the investors will require technical 
assistance, particularly in relation to sustainable tech-
nologies; this can be based on the work of the CGIAR 
centres and participant NARIs. Fourth, metrics for the 
impacts desired must be defined and monitored. All of 
those activities require a dedicated cadre of special-
ists. 

This facility can also support enhanced environmental 
lending by the agricultural public banks mentioned in 
the section on banking.

The facility can be structured as a revolving fund, 
where the preparation costs are in total or in part 

39  More recently, there have been other similar ideas regarding the need for an institutional device to link investable opportunities and investors (see, for 
instance, Millan, Limketkai, and Guarnaschelli [2019] and Finance for Biodiversity Initiative [2021]).

40 An example is a social bond issued by the private firm Danone for 500 million euros in 2018, which included some agricultural aspects (iiLAB 2018).
41  These may be mainly an option for developing countries that do not have access to highly concessional loans or grants. MDBs may also find it useful to issue 

long term zero hunger bonds to finance developing countries (but then the intermediation charges will have to be adjusted accordingly).
42 Alternatively, 100-year bonds can be considered, with payment periods during the last 10 years.
43  The cap considers that the average nominal yield since 1953 for US 10-year bonds has been 5.7% (4.4% since 1990); average consumer inflation in the Unit-

ed States has been about 3% since 1913 (2.4% since 1990); and the average real interest rate for the last 200 years has been 2.6%, but it has been declining 
in the last 100 years (see for instance, Schmelzing 2020). The yield for the 10-year inflation-adjusted bond for the period 2003–2021 has been 0.93% (data 
from the U.S. Federal Reserve; https://fred.stlouisfed.org/series/DFII10).

reimbursed by the appropriate private and/or public 
partner after the investment opportunity materialis-
es. With this mechanism, the facility could mobilise 
funds that will be a larger multiple of the resources 
allocated to the facility. International development 
funds, as well as some national public expenditures, 
can be used more strategically in this facility as blend-
ed finance with private sector funds and to de-risk in-
vestments. 

As discussed above, thematic bonds offer another 
type of instrument in capital markets. Although these 
can finance private sector operators,40 the focus here 
is on their potential for funding public sector opera-
tions. Additional funds mobilised through this instru-
ment are therefore considered as part of public expen-
ditures, and do not appear as a separate line in capital 
markets in Table 6. In particular, international devel-
opment funds could be used to design and reduce the 
risk of zero hunger bonds issued by developing coun-
tries.41

The specific design will have to be discussed with po-
tential private and institutional investors, but some 
features to consider are discussed here. The “zero 
hunger bond” can be a consol or perpetual bond;42 
issued in dollars; paying an adjustable rate with a 
cap (say 5%43); and callable, with call protection (for 
example, until 2050). As mentioned, 2% of the new 
allocation of SDRs of 650 billion dollars (13 billion 
dollars) can be assigned to a fund, which could be set 
up within the IMF, to guarantee the interest rate pay-
ments of zero hunger bonds issued by countries with 
programmes to end hunger as part of the Zero Hun-
ger Alliance discussed below. Other official develop-
ment aid and private philanthropic funds could be 
utilised as well to guarantee the interest payments 
and thus eliminate country risk for the countries  
participating in the global programme to eliminate 
hunger. 

This use of international development funds will great-
ly increase their impact: for instance, 13 billion dollars 
can guarantee an issuance of up to 260 billion dollars 
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44  A perpetual bond with a floating coupon with a cap of 5%; the default rates of the interest payments that have to be paid by the guarantee fund are similar 
to those of the IMF or the World Bank; and that the erosion that those payments inflict on the guarantee fund are covered by additional international public 
money. If the guarantee fund is not replenished, the total amount of bonds to be guaranteed will depend on the assumptions about the default rate, and 
whether the guarantee is calculated against the cumulative value of such erosion for a certain time frame, or some other formula. For example, a default of 
1% per year on the original value of the guarantee fund, in 50 years would have cut the value of the guarantee fund by half.

in zero hunger bonds (under the assumptions in the 
footnote44). As mentioned, this approach, in addition 
to providing resources for a specific humanitarian ob-
jective (zero hunger), would also help finance agricul-
tural technologies and other environmental interven-
tions that address crucial objectives related to climate 
change mitigation and adaptation (therefore, some of 
them could be zero hunger green bonds). Further, it 
will offer a safe asset that can help absorb some of the 
excess liquidity in global capital markets.

Certainly, the financial scheme suggested here can 
also be utilised for special bonds with other purposes, 
such as financing pandemic-related expenditures (for 
example, a “COVID reparation bond”). 

Specific proposals: Create a project preparation/
incubation/acceleration facility to structure produc-
tive opportunities for small farmers into investable 
opportunities for impact investors, using economic, 
social, and environmentally sound technologies with 
the support of One CGIAR and NARIs. In addition, 
countries participating in the ZHAF (see below) could 
be supported through the design, guarantee (using 
2% of the new allocation of SDRs and perhaps other 
public funds), and launch of a new type of social and 
environmental bond, called a zero hunger bond, as a 
perpetual (or long-dated) bond, with capped adjust-
able rates. Both proposals can be operationalised as 
part of the work of the ZHAF discussed below.

2)  An alternative financial matrix based on expanding 
public sector instruments 

The financing matrix presented in Table 6 is just an 
example, and different percentages of financing by 
sources can be considered. Those percentages depend 
on the specific conditions in individual countries and 
on the instruments to be utilised. For instance, a gov-
ernment may decide to scale up the instrument that 
combines the use of cash transfers based on poverty 
considerations with grants linked to productive activ-
ities, environmental sustainability, and similar activ-
ities. In that case, the additional costs of improved 
technologies will be financed by grants from the public 
sector (as suggested in IFPRI, IISD, and Cornell Univer-
sity [Laborde, Parent, and Smaller 2020]), instead of 
loans from the banking system. 

Scaling new social assistance and productive pro-
grammes, which are based on public expenditures, 
would significantly reduce the need for bank financing. 
In this scenario, the use of capital markets will depend 
on the investable vehicle; there may be a greater need 
for thematic bonds, including the new zero hunger 
bond, issued by governments (or by MDBs that then 
lend to governments) to finance public sector expen-
ditures.

E.  THE NEED FOR COUNTRY-BASED INSTITUTIONAL 
ARRANGEMENTS

The quantitative estimates and the financing matrix dis-
cussed above suggest that, in the aggregate, additional 
resources are available that could be used to lift 870 to 
1 billion people from hunger by 2030. Several adjust-
ments, improvements, and specific proposals were pre-
sented for each of the financing sources analysed. 

However, even if the resources exist and the potential 
for mobilising them effectively can be increased with 
the adjustments and proposals recommended, they 
can only be transformed into solid programmes to end 
hunger and achieve SDG2 if individual countries are 
willing and capable. The potential sources of financing 
and whether they are sufficient cannot be judged only 
at the aggregate level; they also need to be assessed in 
each individual country. 

Further, achieving SDG2 and eliminating hunger is not 
only a matter of financing the necessary interventions but 
also requires that a country and its authorities have the 
political will and the institutional capacity to carry them 
out. Institutionally weak governments cannot design and 
finance the programmes and coordinate the work of 
their own ministries and agencies and of the internation-
al organisations operating in their countries. Such coun-
tries could benefit greatly from the establishment of in-
stitutional mechanisms at the country and international 
support to help design, finance, and implement national 
programmes. The fiscal constraints entailed by the public 
responses to the current pandemic increase the need for 
these country-based arrangements. 

Therefore, implementing institutional mechanisms at 
the international and national levels is recommended 
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to coordinate the activities needed to achieve SDG2, 
and, in particular, those focusing on ending hunger, as 
analysed immediately. 

F. THE ZERO HUNGER ALLIANCE & FUND

1) Introduction and background
This section discusses the creation of a public-private 
institutional arrangement, called the Zero Hunger Alli-
ance & Fund (the Alliance) to support, financially and 
operationally, those individual countries that want to 
participate in a global programme to achieve zero hun-
ger by 2030.45  

The idea of a fund dedicated to eliminating hunger has 
been proposed by different international leaders. The 
proposal outlined here builds on the idea of a Zero 
Hunger Fund, which has been suggested by Action 
Track One of the UNFSS.46  

The proposal in this section is based on the premis-
es outlined in section E, namely that although it was 
shown that on aggregate there seem to be sufficient 
sources of funding that can be mobilised, real avail-
ability must be assessed at the country level, and that 
achieving SDG2 and eliminating hunger requires that 
a country and its authorities have sufficient political 
will and institutional capabilities. Therefore, adequate 
institutional coordinating mechanisms are needed to 
support countries committed to ending hunger to de-
sign the programmes, mobilise the resources available 
to them, and implement the interventions needed.

However, what would those potential global institu-
tional and financial arrangements for ending hunger 
be? The following brief review of three experiences 
can illuminate the options: the GAFSP, the PRSPs, and 
GAVI, the Vaccine Alliance.

2) Lessons learned
a)  Global Agriculture and Food Security Program 

(GAFSP)
The creation of another fund to directly finance ending 
hunger by 2030 would lead to questions about how 
it would fit with other existing initiatives. The propos-

al for GAFSP’s creation led to discussions about the 
complementarities (or lack thereof) with other finan-
cial mechanisms, such as the World Food Program (al-
though the WFP is intended largely for emergencies), 
and IFAD (which offers loans and grants to support 
small farmers mainly in poor countries). Furthermore, 
the World Bank’s mission statement calls for ending 
extreme poverty (which is usually defined by a mini-
mum-calorie poverty line, below which there is hun-
ger) and other MDBs have similar objectives. Within 
that framework of potentially overlapping missions, 
GAFSP was able to establish a niche as a grant-maker 
in support of small farmers.

There are also other considerations, highlighted by the 
experience of GAFSP. For instance, what size should 
the fund be? Evaluations of GAFSP have noted that the 
demand for its grants far exceeds the size of the fund, 
and the gap is too large to be filled (LTS Internation-
al.2018). GAFSP tries to place its operations within the 
more general agricultural programmes in the countries 
where the grants are approved and has also been able 
to mobilise additional funding in its projects. Follow-
ing the model of directly financing interventions with 
grants, given their relatively small size and dispersion, 
it would be difficult to achieve the scale needed to end 
hunger. On the other hand, using the funds to mobilise 
a multiple of the potential additional resources avail-
able may be more promising, as discussed below. 

Another issue is where to locate institutionally. Even-
tually, GAFSP was placed within the World Bank, which 
acts as host, trustee, and is one of the implementing 
partners (which also include other MDBs and UN 
agencies). Another institutional consideration is the 
mechanism of coordination with the other institutions 
and funds mentioned above. The proposal discussed 
below takes those concerns into consideration.

b) Poverty reduction strategy papers or programs 
The experience of the PRSPs also offers relevant les-
sons. They were initiated by the World Bank and IMF 
in September 1999 as a mechanism for linking debt 
relief with poverty reduction under the Enhanced 
Heavily Indebted Poor Countries Initiative (HIPC). The 
PRSPs were also expected to become a framework for 

45  In what follows the word “Alliance” (capital letters) refers to the institutional arrangement suggested, while “alliance” (lower case letters) denotes the 
country partnerships.

46  See Action Track 1: Ensure Access to Safe and Nutritious Food for All. Potential Game Changing and Systemic Solutions: An Initial Compilation” Submitted to 
the UN Food Systems Summit Secretariat, 19 February 2021. It recommends channeling “private sector resources to investments to end hunger by 2030,” 
with matching funds from governments and other donors, with the objective of creating a fund of some 4–5 billion dollars. Contributions from the private 
sector are assumed to come mainly from food companies (0.2030% of their profits), allowing them to repurpose their corporate social responsibility (CSR) 
efforts. Food companies have not, in general, supported the idea, arguing that it would be a corporate social responsibility (CSR) tax.
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concessional and non-concessional development sup-
port from other multilateral and bilateral agencies in 
low-income countries. They were based on five core 
principles for the programmes: country-driven; com-
prehensive; based on a long-term perspective; re-
sults-oriented; and partnership-oriented (World Bank 
and IMF 2005). 

The experience of the PRSPs showed:
• the need for country-initiated and country-owned, 

medium-term, integrated programmes, as a coor-
dinating mechanism for the work of the national 
ministries and agencies and for support from the 
international community; 

• as well as the limitations of the PRSPs being 
anchored in specific international organisations, 
with their own institutional requirements.47 

c) GAVI. The Vaccine Alliance48  
GAVI is an independent public-private partnership 
and multilateral funding mechanism that is not 
housed in any of the international organisations. 
First, this frees its operations from idiosyncratic in-
stitutional requirements. Moreover, being an inde-
pendent partnership, it can work with all public in-
ternational and national organisations, as well as the 
private sector. In fact, its operating model is based 
on partnerships with a variety of public and private 
organisations. 

Second, GAVI has a simple, measurable, and well-de-
fined objective (help countries to reach a specific num-
ber of people vaccinated) and uses streamlined instru-
ments and delivery mechanisms. 

Third, it applies its funds strategically to mobilise a 
variety of local and international financial resources, 
thus multiplying its impact. 

Fourth, the work depends on the initiative of a country 
that decides to participate in the Vaccine Alliance and 
is based on that country’s specific programme. Howev-
er, the Alliance offers technical and financial support to 
design and implement the programme, while helping 
with a flexible architecture of public and private part-
nerships, national and international, that are needed 
to carry it out. 

Fifth, its governance is also streamlined, with a Board 
that represents the main countries and organisations 
contributing funds and a limited Secretariat (with a 
chief executive officer, and a team of country respon-
sible officers, who work directly with countries to im-
plement programmes according to the agreements 
reached). 

Sixth, in addition to the traditional funding source of 
periodic pledges, it has a financing mechanism that 
uses donor funding commitments to back the issuance 
of special bonds in capital markets to finance the vac-
cination programmes. 

The proposal presented here considers the key les-
sons from the three experiences analysed, including: 
(1) the importance of focusing on country-owned, me-
dium-term, integrated programmes; (2) the need for 
clear and measurable objectives; (3) the strategic use 
of scarce development funds to mobilise far larger fi-
nancial resources; and (4) the design of flexible pub-
lic-private institutions with strong coordinating and 
operational capabilities.

At the same time, it is important to monitor operations 
to ensure that the focus on a single objective does not 
end up diverting scarce human and financial resourc-
es in developing countries from other relevant objec-
tives. Therefore, the need to have country-owned, in-
tegrated programmes that set the framework. 

3) Key Characteristics of a Zero Hunger Alliance & Fund
Based on these lessons, the proposed ZHAF would 
have the following characteristics and objectives (see 
more details in the Annex):
• It focuses on a clearly measurable objective: elimi-

nating hunger by 2030.
• It is an independent public-private institution,49  

with a dedicated fund and with personnel second-
ed from international organisations focusing on 
poverty, food security, and nutrition issues, who 
will work in close cooperation with local teams of 
partners in the participating countries, and as such 
form an Alliance. 

• There will be a dedicated fund to (a) cover the oper-
ational costs (but not the salaries of the second-
ed personnel); (b) hire technical and operational 

47 See some of those points in World Bank and IMF (2005).
48 https://www.gavi.org/our-alliance/about
49  Other options would be to insert the Zero Hunger Alliance and Fund into an existing institution, such as the World Bank, or in a specific consortium of in-

stitutions, such as FAO and IFAD, created for that purpose. These options can have the benefit of accelerating the start of the work, but also the potential 
cost of slowing the subsequent operation due to idiosyncratic institutional requirements and/or by being seen as “dominated” by some specific institutions, 
when its role is to support countries to coordinate a variety of partnerships, national and international, public and private.
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expertise needed to support the countries in defin-
ing the programmes and mobilising the human, 
financial, and institutional resources to carry them 
out; (c) de-risk some financial operations to mobil-
ise private capital (such as the issuance of zero 
hunger bonds); and (d) eventually, finance some 
interventions directly. The largest value in the use 
of those funds will be for (c), but the most import-
ant use, operationally, will be for (b). 

• The funding will come from the additional inter-
national development funds (as discussed above, 
about 2 billion dollars), plus an effort to mobilise 
private funds, with the target of obtaining commit-
ments from at least 50 companies (from food and 
other sectors) to donate about 10 million dollars 
each (these companies will be recognised as Cham-
pions of the Zero Hunger Alliance). Combined, those 
funds would amount to 2.5 billion dollars per year. 

• In addition, 2% of the planned allocation of SDRs (or 
13 billion dollars) will be utilised to design, launch, 
and guarantee zero hunger bonds (and zero hunger 
green bonds) issued by countries with programmes 
to end hunger as part of the Zero Hunger Alliance. 

Depending on how the guarantees are structured 
and maintained over time, they could multiply the 
value of the SDRs directly allocated to this initiative 
by a factor of more than 10. 

• Most of these funds will be leveraged to mobilise 
the other sources of financing discussed above 
(public budgets, banking systems, and capital mar-
kets) at the country level.

• The Alliance will support financially and opera-
tionally those individual countries that sign agree-
ments to join this global partnership to end hunger 
by 2030, helping them to identify the target pop-
ulation, define the specific institutional, program-
matic, and instrumental components, mobilise the 
necessary funding, and structure the partnerships 
needed to carry out the programmes to end hun-
ger by 2030. 

• In particular, it is suggested to expand the use of 
the new instruments that combine cash trans-
fers based on poverty with additional productive, 
nutritional, environmental, and financial inclusion 
components.

Table 7 Summary of Proposals

TOPICS PROPOSALS

International Develop-
ment Flows

*Increase by 15 billion dollars annually the international development funds dedicated to agricultural and rural 
development, food and nutrition security, and environmental aspects of food systems, which would imply about 
doubling current levels.

*Allocate yearly 2 billion dollars of the additional 15 billion dollars to the Zero Hunger Alliance & Fund.

*Allocate 2% of the future issue of Special Drawing Rights (SDRs) of 650 billion dollars to offer guarantees for a new 
“zero hunger bond” to help finance the economic, social, and environmental interventions (and for the latter there 
may be a subcategory of “zero hunger green bonds”) needed to achieve SDG2 and end hunger. These instruments 
can be perpetual or very long-termed bonds, with an adjustable coupon.

Public Budgets *Implement public expenditure and tax reviews to increase and reallocate agricultural subsidies in developing 
countries (about 50 billion dollars, without China) and scale up, better target, and redesign social safety nets using 
new and evolving cash transfer instruments that combine poverty, productive, nutritional, environmental, and fi-
nancial inclusion components (such as the Cash Transfers Plus analyzed by FAO or the evolving instruments of social 
inclusion considered by the World Bank).

*Increase the Agricultural Orientation Index (AOI) of expenditures for agriculture, forestry, and fisheries (for examp-
le, to not less than 0.5) and social protection expenditures as percentage of GDP (for example, to at least 2%).

*Revenues in developing countries should be strengthened by better tax administration and revision of sales, in-
come, wealth, and trade taxes, and by implementation of international initiatives to control corruption, tax evasion, 
and other practices that erode those countries’ tax bases. Carbon taxes can also be considered.

Banking Systems * Reactivate the tools of the “developmental central banks,” using rediscounts to offer credit to small farmers, 
rural populations, and SMEs in food value chains (within a consistent monetary program that maintains control of 
inflation control).

*Revitalize and modernize public development and agricultural banks (with incentives, performance metrics, and 
controls to avoid the problems of the past in this type of institution) to increase credit (supported by central bank 
discounts) and offer other financial services to small farmers, rural populations, and SMEs in food systems, with 
particular consideration for women, vulnerable ethnic minorities, and youth.
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The institutional arrangement outlined here has sev-
eral advantages, including that (1) it supports the 
country members of the Alliance in implementing 
country-owned, country-coordinated, integrated 
programmes; (2) it focuses on a single and measur-
able objective (ending hunger by 2030) but, given the 
type of agricultural technologies and environmental 
interventions supported, it also contributes to cru-
cial objectives related to climate change mitigation 
and adaptation; (3) it mobilises a significantly larger 
volume of funds than those directly allocated to the 
Alliance; (4) it reduces the risks of creating another 
permanent international bureaucracy by relying on 
temporary secondment from existing organisations; 
and (5) it has a flexible public-private institutional 
structure. 

G. SUMMARY OF PROPOSALS
It should be noted that the adjustments in the op-
eration of banking systems discussed above also 
address the main issues raised by the following pro-
posals in the Action Tracks: “Establish a catalytic SME 

Source: Author.

financing facility to transform food systems”; “Global 
matching investment fund for small-scale producers’ 
organisations”; “Invest in the future: Making food 
systems finance accessible for rural people”; “Pub-
lic development bank initiative to catalyse green and 
inclusive food system investments”; and “Blended 
financing mechanism to small projects/initiatives lo-
cally owned by women and youth along agricultural 
value chains.”

Furthermore, the preparation/incubation/accelera-
tion facility can help with other financial proposals 
from the Action Tracks, such as a “$200m climate 
smart food systems impact investment fund”; and a 
“Soils investment hub.” 

The creation of a ZHAF is also suggested, based on the 
idea of a dedicated fund to end hunger presented by 
Action Track One, with the specific objective of sup-
porting institutionally and financially those countries 
that want to join a global partnership to end hunger. 
The proposed zero hunger bond (or zero hunger green 
bonds) can also be an important component of the 

*Increase the AOI of agricultural credit to at least 0.5.

Capital Markets *Create a project preparation/incubation/acceleration facility to structure productive opportunities for small 
farmers into investable opportunities for impact investors, using economic, social, and environmentally sound tech-
nologies with the support of One CGIAR and national agricultural research institutes (NARIs) and partners in more 
than 100 developing countries.

*Support countries that participate in the Zero Hunger Alliance & Fund with the design, guarantee (using 2% of the 
new allocation of SDRs and other public funds), and launch of a new type of social and environmental bond, called 
a “zero hunger bond.” 

Both proposals can be operationalized as part of the work of the Zero Hunger Alliance & Fund.

Zero Hunger Alliance 
&Fund

*Create a public–private international institution, with a dedicated fund, to organize country-based alliances to 
eliminate hunger by 2030.

*It will function with personnel seconded from international organizations dedicated to poverty, food security, and 
nutrition issues, who will work in close cooperation with local teams of partners in the participating countries—and 
as such form an Alliance.

*There will be a dedicated fund to (a) cover the operational costs (but not the salaries of the seconded personnel); 
(b) hire the additional technical and operational expertise needed to support participating countries in defining the 
programs and mobilizing the human, financial, and institutional resources to carry them out; (c) de-risk some finan-
cial operations to mobilize private capital (such as the issuance of zero hunger bonds); and (d) eventually, finance 
some interventions directly.   

*The funding will come from the additional international development funds (about 2 billion dollars per year), plus 
a mobilization of private funds (a target of 500 million per year).

*In addition, 2% of the planned allocation of SDRs will be utilized to design, launch, and guarantee zero hunger 
bonds (and zero hunger green bonds).  

*The Alliance will support financially and operationally those individual countries that sign agreements joining this 
global partnership to end hunger by 2030, helping them identify the target population, define of the specific insti-
tutional, programmatic, and instrumental components, mobilize the necessary funding, and structure the partner-
ships needed to carry out the programs to end hunger by 2030.
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financing mobilised by the Zero Hunger Alliance and 
Fund.

H. CONCLUSION
This paper has analysed the costs and potential finan-
cial mechanisms for achieving SDG2 and ending hunger, 
and made a series of specific proposals to reach those 
objectives. If implemented, those proposals would 
lead to an additional 15 billion dollars in development 
funds annually, may mobilise an additional 230 billion 
dollars in public expenditures per year in developing 
countries (not including China) for sustainable agri-
cultural and rural development and social assistance, 
may increase the loan portfolio for agriculture, forest-
ry, and fisheries (in developing countries not counting 
China) by about 195 billion dollars (a stock), and would 
support the issuing of up to 260 billion dollars in zero 
hunger funds (depending on how the guarantees are 
structured). The proposals also support the creation of 
a ZHAF, with 2.5 billion dollars per year and the oper-
ational capacity to mobilise the resources mentioned 
above in support of country-owned and country-co-
ordinated integrated programmes to end hunger by 
2030. The options discussed also contribute to the im-
plementation of other financial proposals considered 
by different Action Tracks, in particular the proposal 
of a Zero Hunger Fund from Action Track One. It is 
hoped this paper can contribute to the debate on how 
to achieve the SDGs and end hunger in a transformed, 
improved global food system. 
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Abstract

Trade is an integral part of our food systems. It con-
nects people at all stages of agricultural and food val-
ue chains, linking farmers with consumers across the 
world. It also links nati ons to each other and thus 
scales up from the domesti c to global perspecti ve. By 
moving food from surplus to defi cit regions, trade pro-
motes food security, the diversity of foods available, 
and can aff ect preferences and diets. Trade impacts 
food prices and the allocati on of resources and thus is 
inherent with economic growth and interacts with the 
environment. At the same ti me, trade can create both 
winners and losers, resulti ng in inequality, and can 

generate negati ve social and environmental outcomes. 
This brief provides an overview of the current debate 
around trade in food and agriculture and illustrates the 
role that trade can play within food systems in balanc-
ing diff erent dimensions of sustainability. While trade 
openness is generally conducive to food security and 
promotes economic growth, formulati ng trade policies 
to achieve multi ple targets, including environmental, 
nutriti onal and social objecti ves, requires careful anal-
ysis. Trade policies may not be the best and most ef-
fi cient instruments to achieve multi ple objecti ves and 
they should be framed by complementary policies tar-
geti ng specifi c aspects of sustainability. For example, in 
addressing climate change, one of today’s most press-
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ing challenges, a combination of food trade and do-
mestic policy instruments can sharpen the adaptation 
and mitigation roles of trade and significantly contrib-
ute in providing incentives to promote climate-smart 
technologies. In order to effectively design such poli-
cies, a better understanding of both the complex link-
ages between trade and sustainability outcomes and 
the simultaneous impacts of policy approaches on all 
parts of the food system will be necessary. 

1. Introduction

Trade is an integral part of our food systems. It con-
nects people at all stages of agricultural and food value 
chains, promotes food security, is inherent with eco-
nomic growth, and interacts with society and envi-
ronment. Since 1995, agricultural and food trade has 
more than doubled in value, quantity, calories, and 
land used for export (FAO, 2020b; Qiang et al., 2020; 
Traverso and Schiavo, 2020). Today, about one-third 
of agricultural and food exports in the world are trad-
ed within global value chains that encompass at least 
three countries (Figure 1; FAO, 2020b). 

Agricultural and food trade links the food systems of 
countries and plays a crucial role in providing consum-
ers worldwide with sufficient, safe and nutritious food, 
while generating income and employment for farmers, 
workers and traders in agriculture and food industry. 

Trade is closely related to economic development. De-
veloped countries make up more than 60 percent of 
agricultural and food trade. Emerging economies, such 
as Brazil and China, have been increasing their market 

shares since the early 2000s and play an increasingly 
important role in global agricultural and food markets 
(FAO, 2018a, 2020b). 

At the same time, and as the interdependence between 
nations strengthens, the role of trade in society and 
income distribution becomes more important (FAO, 
2020b). This, together with the emergence of new play-
ers in global markets, has induced lively debates on what 
economic, environmental and social outcomes trade 
and global markets generate. These debates have been 
intensified and broadened through significant concerns 
about inequality, growing environmental consciousness, 
changing lifestyles and diets that have been attributed 
to globalization and the related concerns about health 
risks associated with increasing shares of overweight 
and obese people (FAO, 2016, 2018b, 2020b). 

The COVID-19 pandemic has fueled fears about the 
functioning of global agricultural and food trade and 
the discussion about reshoring tendencies in manufac-
tures and services and shortening global value chains 
has also reached food and agriculture. 

However, agricultural production strongly depends on 
specific natural resource endowments and environ-
mental conditions, such as soil characteristics, altitude, 
water availability and climate. These are distributed un-
evenly across the world and, together with differences 
in technology, shape trade flows. This distinguishes ag-
ricultural and food trade from trade in manufactures 
and services. In fact, since the Neolithic period, agri-
cultural and food trade has evolved in line with the 
comparative advantage derived from these immutable 
characteristics (see for example, Smith et al., 2015).

Figure 1  Participation in global value chains in food and agriculture.

Source: FAO (2020b). 
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At the same time, the demand for food is increas-
ing fastest in regions where population and income 
growth are strongest, but which may not always be the 
most productive. These developments may reinforce 
the role of trade in ensuring food security and provid-
ing nutritious and healthy diets for all. 

This brief highlights the role of agricultural and food 
trade in moving food globally from surplus to deficit 
regions, thus ensuring food security and serving a fun-
damental food systems function. It further addresses 
the interlinkages between trade and economic devel-
opment, the environment and societal shifts in food 
consumption. Ultimately, the brief illustrates the role 
that trade can play in balancing different aspects of sus-
tainability from a global perspective and points out the 
scope for further research and novel policy approaches.  

2. Trade, food security and nutrition

Trade in food and agriculture can help balance food 
supply and demand globally by moving food from sur-
plus to deficit areas. Higher food imports can increase 
the availability of calories and nutrients in a country. 
Through increased food supply, food prices would 
fall, thus improving access for net consumers. At the 
same time, decreasing food prices induced by import 
competition can also affect incomes and livelihoods 
of domestic farmers and food processors who are net 
producers. However, for a country, increased trade 
openness may also allow for better access to other 
countries’ markets and promote exports of agricultur-
al products to these markets, thereby creating and ex-
panding employment opportunities and raising work-
ers’ incomes (Dithmer and Abdulai, 2017; FAO, 2016). 

By moving food from surplus to deficit areas at times of 
shortages, which might, for example, be caused by nat-
ural disasters or seasonal growing patterns, trade can 
also contribute to more stable food supplies and pric-
es and thus to the stability dimension of food security. 
The exchange of foods that are produced under specif-
ic climate, soil and other natural conditions, can con-
tribute to the diversity of diets (Remans et al., 2014) 
and improved food utilization (FAO, 2016, 2018b). 

Although the theoretical pathways of how trade can af-
fect food security and nutrition are well established, the 
linkages between agricultural and food trade and food 
security and nutrition are complex and some of the im-
pacts can offset each other. This makes the identifica-
tion of the effects in empirical assessments difficult. In 
fact, there has so far been only little empirical evidence 
on these relationships (FAO, 2018b; Mary, 2019). 

A relatively new strand of literature contrasts trade 
openness with direct nutritional outcomes such as 
undernourishment. At global level, it was shown that 
agricultural trade openness has, on average, a positive 
net impact on food security measured as dietary en-
ergy supply adequacy. It also increased dietary diver-
sity measured as the share of calories from non-staple 
foods and protein consumption (Dithmer and Abdulai, 
2017). However, the exact mechanisms and impacts 
can vary by context and stage of development (FAO, 
2016). For example, in a sample of 52 developing 
countries, food trade openness was associated with 
an increase in the prevalence of undernourishment. In 
fact, it was found that food supply increased as a re-
sult of increased trade openness, but, in net food-im-
porting countries, the negative effect on agricultural 
producers and the food sector caused by import com-
petition prevailed. This result could point to efficiency 
constraints in net importing countries with large agri-
cultural sectors (Mary, 2019). 

Besides trade openness, the ease by which trade takes 
place also matters. For example, poor trade facilita-
tion with high bureaucratic requirements and lengthy 
export and import times can negatively affect various 
dimensions of food security, as shown in a study of 45 
African countries observed between 2006 and 2015 
(Bonuedi, Kamasa and Opoku, 2020). 

Among the most-researched relations within the area 
of agricultural trade and food security are the linkag-
es between trade and price volatility. Price volatility, 
which is described by episodes of large and unexpect-
ed price changes, can intensify and contribute to risks 
to food security (Kalkuhl, von Braun and Torero, 2016). 
In particular, the food price crisis of 2007/08 has trig-
gered a plethora of studies on its causes. While a whole 
set of macroeconomic and sector-specific drivers for 
the price surges has been identified (Tadesse et al., 
2014), it is now well established that trade restrictions 
that were imposed by many countries in response to 
rising food prices exacerbated food price volatility. 

Trade-restricting measures, such as high import tar-
iffs and export bans, reduce the volume traded in in-
ternational markets and thus constrain the exchange 
mechanism between surplus and deficit areas. This 
makes markets more vulnerable to shocks and in-
creases price volatility at times of crisis (Anderson, 
2012). To insulate from sudden food price surges, 
countries tend to impose new or heighten exist-
ing export restrictions and/or lower import barriers 
so that the domestic price would rise less than the 
world market price (Rapsomanikis, 2011), with the ef-
fect that world markets become even thinner, market 
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uncertainty increases and international food prices 
become more volatile (Anderson and Nelgen, 2012; 
Anderson, Rausser and Swinnen, 2013; Martin and 
Anderson, 2012).

Export restrictions, especially when applied by ma-
jor exporters, can significantly harm their trading 
partners, in particular, net food-importing develop-
ing countries. For example, export restrictions imple-
mented by various countries between 2006 and 2011, 
increased international price volatility for wheat and 
rice. In fact, the contribution of export restrictions to 
price volatility appeared to be in the same order of 
magnitude as that from key macroeconomic variables 
(Rude and An, 2015).

At the same time, export restrictions affect also domes-
tic markets (FAO, 2016). For example, export restric-
tions on wheat applied by the major wheat exporters 
during the 2007/08 food price crisis not only harmed 
their trading partners but also reduced prices for do-
mestic producers and increased domestic market insta-
bility. The negative market effects discouraged private 
investors and prevented the countries which imposed 
the export restrictions from achieving their production 
potential (Götz, Glauben and Brümmer, 2013). 

Diet diversity is important for an adequate provision of 
nutrients and human health. As natural conditions do 
not allow producing all foods everywhere, trade is an 
important means to help diversify diets. A number of 
studies investigate the relationship between trade and 
dietary diversity. 

Since the beginning of the 1960s, trade in crops has ex-
panded and diversified. This process has been identified 
as the main driver of globally diversifying supply of vege-
table products (Aguiar et al., 2020). In fact, the diversity 
of foods produced is a strong predictor of food supply 
diversity only in low-income countries, which are less 
integrated in international trade. In middle- and high-in-
come countries, food supply diversity was shown to be 
independent of production diversity and other factors, 
including international trade, contributed more to a 
country’s supply diversity (Remans et al., 2014). 

Although lower-income countries are often not well in-
tegrated in global markets, a study found that they still 
tend to improve their nutrient supply through trade in 
particular the supply of energy, protein, zinc, calcium, 

vitamin B12 and vitamin A (Wood et al., 2018). How-
ever, in another study it was found that while trade 
distributes substantial volumes of nutrients, its role in 
bridging the nutrient adequacy gap1 was only margin-
al in low- and lower-middle income countries. Inter-
national trade helped close the nutrient gap in most 
high- and upper-middle-income countries, even where 
domestic production ensured only a very low nutrient 
adequacy (Geyik et al., 2021). 

Taken together, the evidence shows that trade is in-
dispensable to ensure food security in all its dimen-
sions. Without trade, the availability and accessibility 
of foods and nutrients would be more unevenly dis-
tributed, any form of domestic production disruptions 
would cause serious concern for food security, and di-
ets would be less diverse. 

However, increased competition through rising im-
ports may be challenging for farmers in developing 
countries that are characterized by low efficiency and 
productivity constraints associated with poor physical 
infrastructure, weak institutions and low skills. 

3. Trade, growth and inequality

The global trade regime – as it is reflected by the WTO 
rules and a multitude of trade agreements – has con-
tributed to increasing trade significantly since the last 
decades of the 20th century. Population growth and 
urbanization, rising incomes and improvements in 
transport and communication technology have col-
luded with lower policy-induced trade barriers to fuel 
trade (FAO, 2020b). 

Most economists would agree that openness to in-
ternational trade promotes economic growth (Irwin, 
2019). Trade results in efficiency gains as resources are 
allocated in line with comparative advantage, which is 
shaped by differences in technology and relative factor 
endowments. In agriculture, where differences in land 
and water endowments and climate are significant 
across countries, gains from openness and market in-
tegration can be large (Martin, 2018). These gains can 
add to the rate of growth of the economy but are dif-
ficult to estimate. 

Isolating the impacts of trade openness, whether this 
comes from a reduction in trade costs or trade policy 

1  The nutrient adequacy gap describes the difference between nutrient requirements and actual availability referring to six essential nutrients (protein, iron, 
zinc, vitamin A, vitamin B12 and folate) (Geyik et al., 2021).
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reforms is challenging, given the myriad of factors that 
affect economic growth. In addition, focusing the anal-
ysis on single sectors, such as food and agriculture, can 
be complex. Using structural models to test counter-
factual scenarios is the analysts’ preferred method to 
untangle the role of trade and trade policy in econom-
ic growth. For example, a study looking at the effect of 
market integration across US counties between 1880 
and 1997 suggests that such gains are substantial as 
agricultural production is allocated according to com-
parative advantage (Costinot and Donaldson, 2016). 

In addition to the effect of efficiency gains, trade fa-
cilitates technology and knowledge spillovers across 
countries which promotes growth by improving the 
production process, increasing product quality and 
resulting in new products (Grossman and Helpman, 
1991). Indeed, since 1995, the growth in food and ag-
ricultural trade has taken place together with increas-
es in agricultural productivity per capita, particularly 
in emerging and developing economies (FAO, 2018a). 

This conventional wisdom on the effects of trade open-
ness on growth and productivity is being questioned 
by many practitioners. Gains from trade are asymmet-
rically distributed. Trade openness affects the prices of 
goods and those of production factors, including labor, 
and thus can result in winners and losers. In agricul-
ture, a major concern relates to the ability of small-
holder farmers from developing countries to compete 
effectively in open markets. 

A handful of studies focus on the impact of trade 
openness on agricultural productivity, with the under-
lying hypothesis being that trade facilitates the diffu-
sion of technology and knowledge spillovers. Focusing 
on how agricultural productivity in 44 countries – both 
developed and developing – converges at higher lev-
els, a study finds that openness to trade increases la-
bor productivity growth rates in agriculture within an 
analytical framework that also takes into account the 
costs of technology diffusion and adaptation (Gutier-
rez, 2002). 

Additional evidence suggests that trade openness can 
have a short-run negative impact on agriculture’s effi-
ciency (Hart, Miljkovic and Shaik, 2015). However, in 
the long run, it is found to increase efficiency in ag-
riculture, reflecting the ability of the sector to adapt 
to global markets and increased competition through 
technology adoption, but also through the exit of in-
efficient farms from the sector. In Chile – a country 
that liberalized trade in the 1990s after a period of im-
port-substitution policies – an analysis of 70,000 farms 
suggests that trade openness is positively related to 

farm yields (Fleming and Abler, 2013). 

Downstream, a study of more than 20,000 food firms 
in Italy and France suggests that import penetration 
in both final food products and intermediate inputs 
systematically contributes to firm-level productivity 
growth (Olper, Curzi and Raimondi, 2017). Participa-
tion in agricultural and food global value chains, either 
through imports of inputs or exports of intermediate 
products, is also found to promote agricultural labor 
productivity (FAO, 2020b; Montalbano and Nenci, 
2020). The main mechanism for this lies on how val-
ue chains unbundle the production process, allowing 
farms and firms to leverage their comparative advan-
tage in global markets and facilitating the transmission 
of improved technology, leading to better farm prac-
tices and improved labor productivity. 

These linkages between trade openness and technol-
ogy are unwrapped by a micro-level data study of the 
impact of trade in agricultural inputs on the productiv-
ity of 1.1 million fields across 65 countries. Since the 
1980s, trade openness in agricultural inputs was found 
to result in significant shifts from traditional farm tech-
nologies to modern ones, thus having distributional 
implications for productivity and welfare across the 
world (Farrokhi and Pellegrina, 2020). 

In addition to the efficiency gains from better resource 
allocation in agriculture and the dynamic effects on 
agricultural productivity through the transmission of 
technology and knowledge, trade openness in food 
and agriculture can generate significant effects on the 
broader economy by facilitating structural transforma-
tion. Trade in food, especially imports, can help meet 
domestic food requirements and allows labor to be 
allocated to non-agricultural sectors, thus promoting 
economic growth and development (Tombe, 2015). 
Analyzing the process of structural transformation 
in the UK in the 19th century and, more recently, in 
South Korea, a study finds that agricultural imports 
played a crucial role in the transformation process of 
both economies (Teignier, 2018). 

Trade openness, either by intensifying competition 
or through fueling the structural transformation pro-
cess, can promote growth but can also affect income 
distribution and inequality. A recent analysis of the 
impacts of eliminating tariffs on agricultural products 
across low- and middle-income countries pointed to 
increases in both income and inequality (Artuc, Por-
to and Rijkers, 2019). The results suggest that, on av-
erage, liberalizing agricultural trade would increase 
household incomes. At the same time, eliminating im-
port tariffs was found to have highly heterogeneous 
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impacts across countries, and within countries across 
households. In most countries, the top 20 percent of 
the richest households would gain more from liberal-
ization than the bottom 20 percent, thus exacerbating 
inequality. 

In the context of food systems, trade openness high-
lights the trade-offs between promoting economic 
efficiency and generating positive social outcomes. 
Integrating smallholder farmers in global markets is 
challenging. Policies that promote trade openness of-
ten tend to underplay market failures and the need 
for complementary actions to address inequality are 
necessary. Inclusive business models, such as contract 
farming, can address the constraints farmers in devel-
oping countries face in entering markets and global 
value chains (FAO, 2020b). However, a range of public 
policies and investments, such as carefully designed 
input subsidies targeted to smallholder farmers, skills 
upgrade and education, removing labor market rigidi-
ties, as well as improvements in infrastructure and reg-
ulation, can complement the market mechanism and 
promote a fair structural transformation. 

4. Trade, environment and climate change

Agriculture builds one complex with the environment. 
Natural resources and climate are inputs to agricultur-
al production and a part of the human impact on the 
environment is transmitted through this production 
process. 

While expected changes in climatic and environmental 
conditions over the coming decades will affect food se-
curity and nutrition, short-term shocks, such as natural 
hazards, pests, diseases and extreme weather events, 
already lead to harvest losses and supply chain disrup-
tions. In regions with limited access to international 
markets and where food production and consumption 
are tightly coupled, these shocks can more readily 
translate into local shortages of (specific) foods (Davis, 
Downs and Gephart, 2021).

At the same time, changes in trade flows are associ-
ated with changes in agricultural production, which 
can influence greenhouse gas (GHG) emissions, land 
and water use and biodiversity through positive and 
negative externalities. Because of the spatial hetero-
geneity of resource availability, resource productivity, 
and farming practices, the environmental impact of 
producing food is localized and highly dependent on 
its origin. Depending on whether the environmental 
impact of agricultural production is greater or smaller 
in the exporting region than in alternative production 

sites, agricultural and food trade can therefore either 
increase or reduce the aggregate impact of agriculture 
on the environment globally (Dalin and Rodríguez-Itur-
be, 2016). 

By contributing to a better allocation of production 
across countries, trade can improve the utilization of 
natural resources in agriculture at the global level, 
which, in aggregate, can be beneficial to the environ-
ment (Roux et al., 2021). Without trade, some coun-
tries would have to produce a wider range and larger 
quantities of foods, even if their natural endowment 
was not compatible with such an expansion, placing an 
additional pressure on their ecosystems. 

For example, increased agricultural production in net 
food-importing countries in the Middle East and North 
Africa would likely be at the expense of further water 
depletion in an already water scarce region (Biewald 
et al., 2014). 

However, greater import demand and demand for spe-
cific products in some regions of the world can also 
lead to the depletion of natural resources and/or in-
creased pollution in exporting countries. 

In particular, if comparative advantage is derived from 
differences in environmental regulation, production 
might shift to countries with relatively laxer regulation, 
leading to worse environmental outcomes on the ag-
gregate (Grossman and Krueger, 1991). 

Moreover, trade can induce technological change, in-
cluding through transfer of technology and best practic-
es between trading partners, and leading to increased 
productivity and more efficient resource use (Grossman 
and Krueger, 1991). For example, greater agricultural 
output per hectare may release some agricultural land 
from production (land sparing) which thus becomes 
available for natural habitats and species, contributing 
to wildlife biodiversity (Phalan et al., 2011). 

In order to analyze the impact of trade on resource 
use and pollution, a growing literature expresses trade 
flows in terms of the resource inputs and emission con-
tent they carry (virtual resource trade, carbon/land/
water footprint). In fact, while trade was found not to 
be a major topic in ecosystem research based on a sur-
vey of ecological journals published in 2017 (Pace and 
Gephart, 2017), the literature on interactions between 
trade and the environment has been rapidly expand-
ing. The analysis of impacts of agricultural trade on the 
environment mainly centers on climate change and 
the use of water and land, also covering deforestation 
(Balogh and Jámbor, 2020). 
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4.1. Climate change
Agricultural trade can play a role in both adjusting to 
the effects of climate change (adaptation) and reduc-
ing GHG emissions from agriculture (mitigation). 

Trade as adaptation mechanism
Climate change may lead to significant trade disrup-
tions in the short term (through extreme weather 
events) and long-term changes in trade patterns 
through altering countries’ comparative advantage. 
Trade could help countries adapt to short-term sup-
ply disruptions and long-term changes in compara-
tive advantage triggered by climate change (FAO, 
2018a).

As climate change is expected to have an uneven ef-
fect across regions, trade can be an important avenue 
in ensuring food security. In studies on climate change 
impacts on agriculture in the time period 2050 to 2100, 
low-latitude regions such as the Near East, North Afri-
ca, sub-Saharan Africa and South Asia are often pro-
jected to be adversely affected, whereas high-latitude 
regions such as North America, parts of South America 
(e.g. Chile), Central Asia and Eastern Europe are ex-
pected to experience largely positive impacts on agri-
cultural production (FAO, 2018a; Reilly, 1995; Wheeler 
and von Braun, 2013). 

Under deteriorating conditions for agricultural produc-
tion due to climate change, food imports by relatively 
more adversely affected (often developing) countries 
will have to come from those countries (often devel-
oped) that are relatively less adversely affected. 

In fact, most studies integrating biophysical and eco-
nomic models project a stronger role for trade as a re-
sult of climate change at the global level (Ahammad et 
al., 2015; Baldos and Hertel, 2015; FAO, 2018a; Havlík 
et al., 2015; Janssens et al., 2020; von Lampe et al., 
2014, 2014; Nelson et al., 2014; OECD, 2015; Schmid-
huber and Tubiello, 2007; Figure 2).  

However, the adaptive role of trade in ensuring food 
security, could be constrained by trade restrictions and 
structural barriers to adjustment. 

While a substantial part in mitigating adverse effects 
from climate change in agriculture would come from 
endogenous production adjustments, such as shifts in 
production patterns, in line with evolving comparative 
advantage (Costinot, Donaldson and Smith, 2016; Gouel 
and Laborde, 2021), freer trade could indeed offset part 
of the welfare losses from climate change (Costinot, 
Donaldson and Smith, 2016; Gouel and Laborde, 2021; 
Stevanović et al., 2016; Wiebe et al., 2015). Open mar-

Figure 2  Projected changes in agricultural net trade in 2050: climate change scenario relative to a no-climate change 
baseline (in billion USD, 2011 constant prices).

Source: Cui et al. (2018); FAO (2018a).
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kets could also contribute towards food security, es-
pecially in adversely affected regions that are already 
characterized by a high prevalence of undernourish-
ment (Baldos and Hertel, 2015; Janssens et al., 2020).

The aggregate patterns of climate change effects at 
global and regional level can mask differences in the 
distribution of gains and losses within countries and re-
gions. Through the balancing mechanism of internation-
al trade, agricultural and food prices in adversely affect-
ed regions would be relatively lower under free trade 
compared to a scenario in which trade is restricted. This 
would benefit net food consumers, while agricultural 
producers could lose. At the same time, farmers in less 
affected or even benefiting regions could gain from rel-
atively higher prices under free trade, while consumers 
would face welfare losses (Stevanović et al., 2016). 

As labor productivity in agriculture would be more af-
fected by higher average temperatures than in other 
sectors of the economy, affected countries could adapt 
to climate change by importing food and shifting labor 
towards non-agricultural sectors. However, under lim-
ited market integration, subsistence food requirements 
in many developing countries could drive specialization 
even towards, rather than away from, agriculture, thus 
exacerbating losses from climate change (Nath, 2020). 

Trade in climate change mitigation
Foresight analyses suggest that between 2012 and 
2050 agricultural production will have to increase by 
50 percent to provide food for a growing and progres-
sively more wealthy population (FAO, 2018c). Such 
increases in production could also result in increases 
in global GHG emissions unless food systems become 
‘emissions efficient’ and produce lower emissions per 
unit of output. As trade will expand to contribute to 
climate change adaptation, increased transport will 
also add to the emissions (FAO, 2018a; Pendrill et al., 
2019; Schmitz et al., 2012, 2015). The ultimate impact 
on global emissions depends on whether imports are 

sourced from systems that operate at lower emissions 
efficiency or from ones that operate at higher emis-
sions efficiency (Table 1).  

Several policy incentives can help improve emissions 
efficiency and lower GHG emissions. For example, tax-
ing GHG emissions is a way to ‘internalize’ their full 
cost to the society and can provide incentives to farm-
ers to adopt technologies and practices that promote 
climate change mitigation (FAO, 2018a). 

However, mitigation policies implemented through a 
uniform global carbon price would curb emissions but 
also reduce agricultural production, raise agricultural 
commodity prices, and impact food security. Underlin-
ing the trade-offs between food security, nutrition and 
emission reduction targets, especially for developing 
countries, the most significant reduction in consump-
tion as a result of global carbon taxes has been project-
ed for livestock products in sub-Saharan Africa (FAO, 
2018a; Havlík et al., 2015). 

If instead carbon taxes were imposed unilaterally, 
countries that try to internalize the cost of GHGs may 
inadvertently confer a competitive advantage on oth-
ers that do not impose a similar measure, potentially 
leading to emissions leakage and misallocation. This 
would imply the risk of increasing production and ex-
ports from countries without mitigation policies re-
sulting in emissions leakage. In this case, the impact 
of this leakage on global emissions may be positive 
(emissions reallocation) or negative (emissions mis-
allocation) depending on the relative emissions effi-
ciency of domestic production vis-à-vis imports (Ta-
ble 1). Specific trade policies can contribute towards 
addressing the trade-off between food security and 
emission reduction targets. To even out disparities 
between domestic and international levels of carbon 
taxes, border measures, such as border tax adjust-
ments based on food products’ carbon footprints, 
could be implemented (FAO, 2018a). 

Table 1 Impacts of emissions leakage through trade

Source: FAO (2018a).
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Instead of, or in addition to taxing GHG emissions, la-
beling of final products with respect to GHGs emitted 
during their production can be a way of shaping con-
sumer preferences towards less-emitting production 
practices. 

Common to all of these policies is that they would 
require an accurate and complete assessment of the 
costs incurred to the society by the GHGs emitted 
during agricultural and food production, or, as usually 
done in practice, a reliable estimate of the direct emis-
sions involved in the production process of different 
foods, namely the carbon footprint. 

However, already the consistent accounting of GHG 
emissions in agriculture implies several challenges, in-
cluding methodological issues and excessive data re-
quirements. Carbon footprints need to be quantified 
encompassing the emissions generated in the produc-
tion and supply of inputs used by farmers, direct and 
indirect emissions generated in agricultural produc-
tion processes, and subsequent emissions associated 
with transportation, processing, storage, and delivery 
of products to consumers (FAO, 2018a; Rosenzweig 
et al., 2020). In particular, agricultural production in-
volves many different sources of emissions that need 
to be covered. Moreover, these sources of emissions 
are often diffuse, difficult to monitor and can vary by 
location (Escobar et al., 2020). For example, fertilizer 
use is a major source of nitrous oxide emissions, but 
measuring the emissions from a given area of land is 
complicated, since it depends on factors other than 
the amount of fertilizer applied, many of which are 
site-specific (e.g. management practices, soil types, 
and weather) (FAO, 2018a).

In addition to overcoming technical challenges in de-
termining carbon footprints in agriculture and possi-
ble trade-offs with food security through certain mit-
igation policies, the carbon accounting mechanisms 
would also need to be agreed upon internationally to 
avoid any trade disputes (FAO, 2018a). 

Alternative policy approaches to reduce GHG emis-
sions from agriculture center on domestic measures to 
incentivize climate-smart agricultural practices. These 
can be indirectly related to trade by altering traded 
volumes and market signals (FAO, 2018a). 

4.2. Land, water, biodiversity
Besides GHG emissions, agricultural production can 
affect natural resources, such as land and water, and 
biodiversity. Through trade, these external effects can 
occur in countries far away from the final point of con-

sumption. In the case of water, these externalities are 
mainly positive (Dalin and Rodríguez-Iturbe, 2016). By 
importing products and services from countries with 
abundant water resources, water-deficient countries 
can alleviate the pressure on their own water supply 
(Deng et al., 2021; Pastor et al., 2019). 

With increasing agricultural trade, the total land use 
embodied in agricultural trade also more than dou-
bled (almost tripled) between 1986 and 2016. As in 
the case of water, countries with absolute or relative 
abundance of land, such as the United States, Brazil 
and Argentina, are net exporters of ‘virtual’ agricultur-
al land. Countries with relatively less land per capita, 
such as Japan, the Netherlands and mainland China, 
are among the net importers of ‘virtual’ land. Coun-
tries with relatively little arable land but high yields, 
such as European and some Asian countries, tend to 
export high-value agricultural products, such as fruits, 
vegetables and animal-based foods (Qiang et al., 
2020). 

However, due to trade-offs with other resource uses, 
trade may not always allocate production to the re-
gions with the most efficient land use (Roux et al., 
2021). For example, a globally optimal allocation of 
water use might imply an expansion of land use into 
natural areas and forests (Pastor et al., 2019). 

By specializing agricultural production away from cer-
tain products that are increasingly imported, land use 
changes can occur also in importing countries. For 
example, increased nitrogen pollution was observed 
in countries that shifted from domestic soybean pro-
duction to increased soybean imports. In these cas-
es, farmland that was originally used for cultivating 
soybeans, which can fix nitrogen and require signifi-
cantly less fertilizer, was converted to grow crops such 
as wheat, corn, rice, and vegetables, which are more 
prone to overfertilization (Sun et al., 2018).

Land use affects also biodiversity. On the one hand, 
some farming systems can be beneficial to biodiversity 
and many ecosystems depend directly on agricultural 
land use (Henle et al., 2008; Tscharntke et al., 2012). 
On the other hand, the conversion of natural habitats 
to farmland can lead to displacement or eradication 
of wildlife (Rockström et al., 2009), and biodiversity 
in existing agricultural systems can be affected by an 
overuse of agrochemicals and certain forms of land 
management. 

By distinguishing between biodiversity loss from agricul-
tural land used for exports and domestic consumption, 
increasing import demand from developed countries is 
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sometimes found to be the main driver for biodiversi-
ty loss in exporting countries (Chaudhary and Brooks, 
2019; Chaudhary and Kastner, 2016; Lenzen et al., 
2012; Moran and Kanemoto, 2017). However, more sys-
tematic research covering multiple disciplines, various 
dimensions/indicators of biodiversity and counterfactu-
als is needed to provide comprehensive assessments of 
biodiversity footprints (de Chazal and Rounsevell, 2009; 
Marquardt et al., 2019; Ortiz et al., 2021). 

Overall, the evidence on the effects of extreme weath-
er events, natural hazards, pests and diseases on food 
systems is concentrated on the main staple crops 
(maize, rice and wheat) and relatively few types of 
shocks (Davis, Downs and Gephart, 2021). Similarly, 
the analysis of the impact of trade on the environment 
also tends to focus on aggregated trade or on trade 
in staple food crops. Only very recently have studies 
considered the impacts of a broader range of specific 
products, such as trade in cash crops (Sporchia, Taher-
zadeh and Caro, 2021). 

Ensuring food security and satisfying dietary needs 
for a growing number of people, especially in already 
food-deficit regions, may not be possible without ex-
ploiting the relative comparative advantage in other 
regions of the world. 

5.  Globalization of food: trade, social and 
health impacts

Improvements in productivity and the expansion of 
international trade have increased the availability of 
food, reduced food prices and contributed to overall 
declining rates of undernutrition in the world. At the 
same time, together with higher incomes and a more 
sedentary lifestyle, trade is also associated with in-
creasing rates of overweight and obesity worldwide 
(FAO, 2018b, 2020b). 

The liberalization of trade and investment have some-
times been identified as being among the key mech-
anisms through which globalization impacts health 
(Cowling, Thow and Pollack Porter, 2018; Mary and 

Stoler, 2021). Overall, the empirical literature appears 
to point to a broad association between trade liberal-
ization, improved dietary quality and reduced under-
nutrition (Cuevas García-Dorado et al., 2019). 

However, subject to context and method of analysis, 
the body of empirical work investigating the relation-
ship between globalization, trade in food and agricul-
ture and health outcomes finds mixed results (Cowling, 
Thow and Pollack Porter, 2018; Cuevas García-Dorado 
et al., 2019; Mary and Stoler, 2021). 

Some studies explore the relationship between glo-
balization indices and average body mass index (BMI:  
kg/m2) in a country. In low-income countries, increas-
ing mean BMIs can indicate a reduction in undernutri-
tion, while high mean BMIs can also indicate a greater 
prevalence of overweight in a country. 

Economic globalization, measured as an index of trade 
and foreign direct investment (FDI) flows and restric-
tions2 was found to be positively related to increas-
es in mean BMI (Vogli et al., 2014). The relationship 
between economic freedom3 and BMI was found to 
be very weak overall. Only in the case of men living 
in developing countries was an increase in economic 
freedom associated with slightly higher BMIs (Law-
son, Murphy and Williamson, 2016). 

Several studies consider indicators different from BMI, 
such as the prevalence of obesity and/or overweight. 
The economic integration (or economic globalization; 
see above) between countries is often shown to have 
no or a decreasing effect on the prevalence of over-
weight (Costa-Font and Mas, 2016; Goryakin et al., 
2015; de Soysa and de Soysa, 2018). 

Globalization can also manifest in shifts in socio-cultur-
al norms, which, in turn, affect consumer preferences, 
diets and nutritional outcomes. A closer social integra-
tion, measured as an index of personal international 
contacts, international information flows and cultural 
proximity (Dreher, 2006), is sometimes found to be 
positively associated with obesity (Costa-Font and 
Mas, 2016; Goryakin et al., 2015). 

2  Several studies distinguish between the impact of economic, political and social globalization based on the KOF index (Dreher, 2006). According to this 
index, economic integration refers to actual trade and FDI flows and restrictions. Political integration is composed of a country’s international engagement 
with other countries and international organizations and social integration measures personal international contacts, international information flows and 
cultural proximity.

3  Economic freedom was measured with the Economic Freedom of the World index. The index assesses the degree to which policies and institutions of coun-
tries are supportive of economic freedom. It measures economic freedom in five broad areas: size of government; legal systems and property rights; sound 
money; freedom to trade internationally; and regulation (Gwartney, Lawson and Hall, 2013).
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However, socio-cultural aspects of globalization and 
access to information and communication technolo-
gy were found to reduce the share of overweight and 
obese young people aged between 15 and 19, sug-
gesting that increased international interconnectivity 
in this age group might help spread knowledge about 
healthier eating and lifestyle habits (Knutson and de 
Soysa, 2019). 

Recent studies also explore the relationship between 
(general) trade openness and obesity rates. For exam-
ple, an increase in trade openness was associated with 
increasing overweight and obesity rates in Brazil (Mil-
jkovic et al., 2018) and at global level (An et al., 2019). 
This relationship appeared to be stronger in develop-
ing countries with high economic growth rates, while 
no relationship between trade openness and obesity 
prevalence was identified among high-income coun-
tries (An et al., 2019). 

In a study on the effects of social globalization and 
trade openness on average BMI and different indi-
cators of diet quality, increasing social globaliza-
tion was associated with higher mean BMI, animal 
protein and sugar supply. These results seem to be 
driven by specific components of social globalization 
such as information flows through television and in-
ternet. Trade openness did not reveal any effect on 
dietary outcomes or health (Oberlander, Disdier and 
Etilé, 2017). 

A critical review of methodological approaches used 
in quantitative analyses of the impacts of global 
trade and investment on non-communicable diseas-
es and risk factors, encourages future studies, inter 
alia, to clearly define the exposure of interest and, in 
particular, not to conflate trade and investment; ex-
plore the mechanisms of broader relationships that 
might steer the results; adjust for reverse causality; 
increase the use of individual-level data; and, con-
sider sector-specific rather than economy-wide trade 
and investment indicators (Cowling, Thow and Pol-
lack Porter, 2018). 

Empirical evidence on the interlinkages between trade 
in food and agriculture and nutritional outcomes re-
mains scarce and, so far, only a few studies have 
explored these linkages more systematically (FAO, 
2020b). Agricultural and food trade constitutes an 
important means to ensure diet diversity. However, 
as trade improves the availability and accessibility of 
both foods necessary for a healthy diet and foods high 
in fat, sugar, salt and calories, the effects on nutritional 
outcomes can be mixed (FAO, 2018b, 2020b; Krivonos 
and Kuhn, 2019). 

In fact, trade has helped overcome the constraints the 
uneven distribution of natural resource endowments 
poses on the supply of foods and nutrients across 
countries. A study suggests that trade resulted in food 
and nutrients being more equally distributed in 2010 
than in 1970 (Bell, Lividini and Masters, 2021). 

Agricultural trade openness has also been associated 
with increasing overweight and obesity prevalence in 
developing countries (Mary and Stoler, 2021); rising 
imports of sugar and processed foods were found to 
be correlated with slightly higher average BMIs (Lin, 
Teymourian and Tursini, 2018); and the exposure to 
food imports from the United States of America was 
found to explain part of the rise in obesity prevalence 
among Mexican women between 1988 and 2012 (Gi-
untella, Rieger and Rotunno, 2020). 

6. The trade policy environment

International trade negotiations in the General Agree-
ment on Tariffs and Trade (GATT), and subsequently 
under the WTO, have contributed to opening global 
markets and barriers on agricultural and food trade 
have declined since the Uruguay Round of the GATT 
and the WTO Agreement on Agriculture in 1995. 

Since the beginning of the 1990s, the number of re-
gional trade agreements that have been notified to the 
WTO has also risen, from fewer than five in 1990 to 
339 being in force in 2021. European countries are cur-
rently the main partners in regional trade agreements, 
followed by countries in East Asia (WTO, 2021). 

Considerable attention has been paid to prospects for 
development from the African Continental Free Trade 
Area (AfCFTA). The AfCFTA covers 54 of the 55 African 
Union (AU) Member States and entered into force in 
May 2019, with trade commencing in January 2021 
(FAO and AUC, 2021). The AfCFTA is expected to sig-
nificantly increase intra-African trade of agricultural 
and food products, with estimates ranging between 
20 and 30 percent increase in 2040 compared to a sce-
nario without the AfCFTA (United Nations Economic 
Commission for Africa, 2018; United Nations Econom-
ic Commission for Africa and TradeMark East Africa, 
2020). 

In contrast to multilateral trade agreements, region-
al trade agreements grant concessions only to a few 
trade partners, discriminating against others. The pro-
liferation of regional trade agreements is sometimes 
seen as “building blocks” towards multilateral trade 
liberalization, but could also hinder further integration 
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(Bhagwati, 1991, 1993). This discussion is of particu-
lar relevance in the agricultural sector (Sheldon, Chow 
and McGuire, 2018), for which also the depth of many 
regional trade agreements and thus their actual po-
tential to impact members’ trade has been called into 
question (Grant, 2013). 

More recently, the use of environmental provisions in 
trade agreements has increased considerably, a trend 
that is particularly strong in agreements between in-
dustrialized and developing countries (Morin, Dür 
and Lechner, 2018). Moreover, the consideration of 
nutritional objectives in trade agreements has also 
emerged (Thow and Nisbett, 2019), with the discus-
sion in multilateral fora focusing on issues related to 
nutrition labeling (Thow et al., 2018). 

While the strong focus on environmental and nutri-
tion aspects in trade policy is relatively new, non-tariff 
measures, especially food safety standards and their 
international harmonization, continue to be a major 
point of discussion in agricultural trade (FAO, 2020a; 
Santeramo and Lamonaca, 2019; Wieck, 2018). 

These discussions on environmental provisions and 
nutritional issues in the context of trade trace the 
multiple trade-offs between economic, environmental 
and social objectives within food systems. They also 
highlight that, in general, the market mechanism can-
not guarantee the provision of a range of social and 
environmental benefits that are central to sustainable 
development. Food and agricultural trade may result 
in negative environmental outcomes or may fail to ad-
dress social objectives, such as reducing inequality.

In food and agriculture, trade policy measures address 
a broad array of mainly economic objectives. For exam-
ple, tariffs are commonly used to protect local produc-
ers from international competition and can contribute 
towards maintaining a level of farm income that keeps 
pace with income in other economic sectors. Tariffs are 
also used to reduce import dependence and promote 
self-sufficiency in staple foods. Export restrictions can 
lower the domestic price of food and contribute to-
wards food security in the short term. Both tariffs and 
export taxes provide an important source of govern-
ment revenue. Other measures, such as non-tariff bar-
riers, aim at improving the safety and quality of food. 
All of these policy instruments should address their 
objectives as sustainably as possible but can also en-
tail positive or negative external effects to society and 
the environment.

Within a food systems approach to trade, policy for-
mulation based on tariffs or export restrictions to ad-

dress environmental and social objectives, such as the 
preservation of biodiversity, better nutrition or equity, 
might be very costly and not sufficient to achieve all 
sustainability targets. 

Externalities or non-economic objectives, such as 
those considered in this brief, are best addressed by 
policies that act directly on the relevant margin, as 
for example, by domestic policy instruments, such as 
taxes and subsidies, rather than introducing trade dis-
tortions. Formulating policies at the margin implies 
a ‘targeting principle’ that allows ranking different 
policy instruments in line with their effectiveness in 
addressing externalities or non-economic objectives 
(Bhagwati and Ramaswami, 1963; Dixit, 1985; Rodrik, 
1987). Trade policies may not be the best and most 
efficient way to address externalities and achieve envi-
ronmental objectives. For example, a domestic carbon 
tax acts on the margin, providing incentives to farmers 
to reduce emissions and adopt climate-smart farming 
technologies.

In some cases, policy objectives can be independent 
of each other. For example, the prevalence of over-
weight and obesity can be addressed by taxes on the 
sugar or fat content of food or raising awareness on 
healthy diets, rather than trade policies. A basic prin-
ciple of effective policy-making – the Tinbergen rule 
– indeed suggests that to achieve a number of inde-
pendent policy targets at least the same number of 
independent policy instruments are required (Tinber-
gen, 1952).

Political economy considerations suggest that trade 
policies can also be endogenous in the sense that 
they have been created by pressure groups, such as 
producer organizations, exerting influence on the pol-
icy-making process. In this case, the ‘targeting princi-
ple’ may not apply. For this reason, it is important to 
understand the process by which policies are formu-
lated and consider context-specific policy approaches 
instead of broad principles (Rodrik, 1987). 

While open markets and free trade are conducive to 
global food security and promote economic growth, 
liberalization processes can create winners and losers 
and thus should be framed and supported by comple-
mentary policies that address market failures, exter-
nalities and system-inherent distortions. For example, 
addressing inequality can be achieved by redistribut-
ing gains from liberalization and facilitating mobility 
across sectors. 

In order to effectively design such policies, a better un-
derstanding of their simultaneous impacts on all parts 
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of the food system will be necessary. Evolving food 
systems research will require both strong disciplinary 
approaches and analytical tools integrating several di-
mensions and multi-level perspectives (van Ittersum et 
al., 2008). It will also require effective communication 
of “plurality and conditionality of complex, dynamic 
systems research” (Zurek et al., 2018) to non-expert 
audiences and policy-makers.

Key policy issues to be considered on the  
Food Systems Summit agenda:

Recognize the role of trade in promoting food security, 
economic growth and better natural resource use and 
management
Trade openness contributes towards global food se-
curity and better nutrition, a better allocation of food 
production, and a more efficient and sustainable use 
of natural resources across countries. For a country, 
participation in global markets and value chains facil-
itates the diffusion of technology and knowledge and 
leads to increased productivity and more efficient re-
source use. To allow trade to flow smoothly and fulfill 
these functions, unjustified trade distortions and bar-
riers should be avoided. Enhancing market transparen-
cy through improved information, cutting red tape and 
simplifying trade procedures through digitalization can 
significantly facilitate trade.

Implement complementary policies to address the 
trade-offs between economic and social objectives  
in the context of open markets
Open markets lie at the heart of the development 
process. In developing countries, a range of public 
policies and investments can help farmers overcome 
constraints to market access and create an enabling 

environment for a prospering economy for all. These 
include skills upgrade and education, removal of labor 
market rigidities, and improvements in infrastructure, 
institutions and regulation. Social protection mech-
anisms and redistribution of economic gains of trade 
openness to vulnerable population groups can im-
prove inclusion and reduce inequalities. 

Strengthen the role of trade in climate change  
adaptation and mitigation
As climate change is expected to have an uneven effect 
across regions, trade openness can be an important 
avenue in ensuring food security in countries which 
are more adversely affected by global warming and 
extreme weather shocks. However, the mitigating role 
of trade is equally important. Internalizing the cost of 
climate change in the food price across countries can 
help trade reallocate agricultural production to regions 
where emissions per unit of output is lowest. This can 
address the dual challenge of meeting food demand 
growth in the future and reducing greenhouse gas 
emissions.

Maximize the gains from trade for all countries
Both regional agreements and multilateral mecha-
nisms can support trade and economic growth. Nev-
ertheless, as food surplus and deficit areas may be lo-
cated in different world regions and specific products 
may be most efficiently produced in other parts of the 
world, gains from agricultural and food trade can be 
maximized through multilateral mechanisms. Mul-
tilateral mechanisms can also help guide an optimal 
policy mix in addressing trade-offs between econom-
ic, health and environmental objectives, such as the 
harmonization of food safety standards and the devel-
opment of a common understanding on sustainability 
certification.
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Abstract

Ensuring sustainable food systems requires vastly re-
ducing its environmental and health costs while mak-
ing healthy and sustainable food affordable to all. One 
of the central problems of current food systems is that 
many of the costs of harmful foods are externalized, 
i.e. they are not reflected in market prices. At the same 
time, the benefits of healthful foods are not appreciat-
ed. Due to externalities, sustainable and healthy food 
is often less affordable to consumers and profitable for 
businesses than unsustainable and unhealthy food. Ex-
ternalities and other market failures lead to unintend-
ed consequences for present and future generations, 
destroying nature and perpetuating social injustices 
such as underpay for workers, food insecurity, illness, 
premature death and other harms. We urgently need 
to address the fundamental causes of these problems. 
This brief sets out the results of an analysis to deter-
mine the current cost of externalities in the food sys-
tem and the potential impact of a shift in diets to more 
healthy and sustainable production and consumption 
patterns. The current externalities were estimated to 
be almost double (19.8 trillion USD) the current total 
global food consumption (9 trillion USD). These exter-
nalities accrue from seven trillion USD (range 4-11) in 
environmental costs, 11 trillion USD (range 3-39) in 
costs to human life and one trillion USD (range 0.2-
1.7) in economic costs. This means that food is roughly 
one-third cheaper than it would be if these external-
ities were included in market pricing. More studies 
are needed to quantify the costs and benefits of food 
systems to support a global shift to more sustainable 
and healthy diets. However, the evidence presented in 
this brief points to the urgent need for a system re-
set to account for these ‘hidden costs in food systems 
and calls for bold actions to redefine food prices and 
the incentives for producing and consuming healthier 
and more sustainable diets. The first step to correct 
for these ‘hidden costs’ is to redefine the value of food 
through true cost accounting (TCA) to address exter-
nalities and other market failures. TCA reveals the true 
value of food by making the benefits of affordable and 
healthy food visible and revealing the costs of damage 
to the environment and human health. The second 
corrective step is true pricing: incorporating external-
ities in prices to align market incentives with social 
values. Appropriate safety nets to boost consumer 
purchasing power and the enforcement of rights and 
regulations should also be part of true pricing to en-
sure that affordable and healthy food is accessible to 
all. Such actions will conserve the environment and 
simultaneously meet fundamental universal human 
rights and accelerate progress towards achieving de-
velopment goals.  

1. Introduction 

The vision of the UN Food Systems Summit is to 
“launch bold new actions, solutions and strategies 
to deliver progress on all 17 Sustainable Develop-
ment Goals (SDGs), each of which relies on healthier, 
more sustainable and more equitable food systems” 
(UN, 2020). The Summit seeks to transform the way 
the world produces, consumes and thinks about food 
build a just and resilient world where no one is left be-
hind (UN, 2020). In various Summit platform discus-
sions, questions have arisen relating to (a) the true 
cost of the food we eat, (b) what costs would be in-
volved in shifting to more sustainable patterns of pro-
duction and consumption, (c) who would bear the cost 
of these changes and (d) what the implications are for 
the poorest consumers. Addressing these hidden ex-
ternalities would be a significant, bold action.  

Ensuring sustainable food systems entails ensuring 
that food systems provide affordable and healthy food 
to all people while respecting planetary and social 
boundaries. Current food systems are not sustainable. 
They generate substantial environmental, social and 
health costs while failing to provide affordable food to 
all (FAO et al., 2020). For example:
• The emissions associated with pre- and post-pro-

duction activities in the global food system are 
estimated to be 21-37% of total net anthropogenic 
GHG emissions (IPCC, 2019), 

• The majority of the global working poor work in 
agriculture (World Bank, 2016), 

• 690 million people were undernourished in 2019 
(FAO et al., 2020), and 

• More than 10 million lives are lost annually due to 
unhealthy eating patterns (GBD, 2019). 

A transition to sustainable food systems will reduce 
their environmental, social and health costs while 
making healthy food affordable to all. Researchers 
have only recently begun investigating what dietary 
changes will be necessary to keep food systems within 
planetary boundaries (Herrero et al., 2017, Rockström 
et al., 2009). Even more recently, the question has 
arisen of how changes in the food system and their re-
sultant impacts on environments in which consumers 
acquire foods (food environments) affect our health, 
particularly the incidence of obesity and non-commu-
nicable diseases (Willet et al., 2019). For example, the 
EAT-Lancet report estimated that a transformation to 
healthy diets by 2050 would require substantial di-
etary shifts. This will include reducing the consump-
tion of:
• Foods with added sugars (including harmful 

non-nutritive sweeteners);
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• Refined grains (that can cause diabetes);
• Added sodium (that can cause hypertension); 
• Harmful fats (especially harmful trans fats, and to a 

lesser degree, other solid fats linked to cardiovas-
cular disease); and 

• Processed meats (associated with cancer).

Increasing the consumption of healthy, protective 
foods such as fruits and vegetables, legumes, nuts 
and seeds (Willett et al., 2019) will address multi-
ple health-related issues. These protective foods are 
needed for their phytochemicals and fiber that may 
be absent from other foods. Often unhealthy foods 
displace healthy alternatives (such as fruit, legumes, 
nuts, seeds and vegetables and beneficial forms of 
primary processing such as fermentation) that may be 
less convenient (Masters et al., 2021) and less market-
ed and therefore under-consumed. 

Effective game-changing strategies1 to achieve sus-
tainable food systems should arguably not ony treat 
the symptoms of the problem. Solutions should also 
address the root causes of why food systems impose 
environmental and health costs and fail to provide suf-
ficient quantities of beneficial foods in the first place. 
One major root cause is that these costs and benefits 
of production and consumption are externalized due 
to how markets are designed. These externalities are 
not reflected in market prices (Baker et al., 2020) and 
have no economic ‘currency’. As a result externalities 
are hidden effects of choices of market players, and 
make sustainable and healthy food less affordable for 
consumers and less profitable for producers. Histori-
cally the choices of all stakeholders and business prof-
its have been based on market prices and recorded 
in economic statistics such as gross domestic product 
(GDP). External costs and benefits can also be docu-
mented in statistics on mortality and disease, climate 
change and pollution. However, the link between mar-
ket activity and those social or environmental harms 
is not directly visible or reflected in the incentives 
that drive economic systems. As a result, the eco-
nomic value of food, which drives economic choices 
by businesses, consumers and governments, is highly 
distorted. By providing distorted information and per-
verse (often unintended) incentives against affordable, 
sustainable and healthy food, externalities constitute 
a significant barrier to attaining sustainable food sys-
tems. Moreover, even with a full cost approach, there 

are likely trade-offs across the health and sustainabil-
ity considerations. There is considerable diversity in 
regional food systems and their externalities.

First, internalizing the externalities of the food system 
requires redefining the value of food by measuring and 
costing these externalities through ‘True Cost Account-
ing’ approaches.  Secondly, the economics of food 
needs to be redesigned to explore pathways to inter-
nalize these externalities in prices, namely through 
true pricing. A price-based adjustment would be more 
inclusive than imposing third-party harm (abatements) 
or penalties. When combined with public funding 
mechanisms, true pricing could make sustainable and 
healthy food affordable and profitable. 

At the request of the Scientific Group of the UN Food 
Systems Summit, a working group set out to investi-
gate the true costs of food and propose possible ac-
tions to address the problem. This brief aims to inform 
food system stakeholders about how they can grasp 
an opportunity based on the most recent scientific in-
sights in this young and emerging field of analysis. Sec-
tion 2 summarizes the problem of externalities. Sec-
tion 3 describes how TCA can be used to redefine the 
value of food. Section 4 sets out how true pricing can 
be used to redesign the economics of food. Section 5 
provides an analysis of the current true environmental 
and health costs of food at the global level based on 
research from the working group. Section 6 outlines 
the potential benefits of dietary transitions. Section 7 
discusses the implications of the analysis for the de-
sign of true pricing mechanisms. Section 8 concludes 
and presents recommendations.

2.  The externalities as barriers to sustainable 
food systems

Externalities refer to “situations when the effect of 
production or consumption of goods and services im-
poses costs or benefits on others which are not re-
flected in the prices charged for the goods and ser-
vices being provided” (OECD, 2013). Externalities can 
arise when people are affected by market choices of 
others that they have no say in (Laffont, 2008). For ex-
ample, greenhouse gas emissions from one person’s 
actions affect people far away and future generations 
who have no say in those decisions. Externalities can 

1  The UNFSS definition of a ‘game-changing and systemic solution’ is a feasible action, based on evidence, best practice or a thorough conceptual framework 
that would shift operational models or underlying rules, incentives and structures that shape food systems, acting on multiple parts of – or across – the food 
system, to advance global goals which can be sustained over time. The key criteria that a ‘game-changing and systemic’
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also be beneficial, such as disease prevention that re-
duces health care costs. There are other price-related 
market failures, that cause prices to lead to inefficient 
allocation of resources. In addition, to monopoly and 
monopsony, a lack of information or behavioral bias-
es, for example around health effects can lead con-
sumers to ignore costs and benefits of their decisions 
(Gruber & Kőszegi, 2001; Wang & Sloan, 2018). Due to 
missing markets, the well-being effects of affordable 
healthy food on the poor will not translate to higher 
prices and drive the supply of more healthy food (UN-
LPE, 2012). 

Externalities arise from several elements in the food 
system (see Table 1). The boundary between social 
and human capital is defined differently across frame-
works and health externalities can also be classified as 
human capital (TEEB, 2018; IIRC, 2006). Health exter-
nalities can also be classified as human capital (TEEB, 
2018; IIRC, 2006). There is a considerable variation in 
costs between food products and regions (see Wagen-
ingen University (2017) for examples of variation in 
animal value chains). In some cases, traditional prac-
tices of animal husbandry can have positive effects on 
natural capital (Baltussen et al., 2019). Commodities 

involving production by smallholders in developing 
countries (such as cocoa or coffee) tend to have higher 
external social costs, including underearning for farm-
ers (IDH, 2014).

Externalities create significant problems in food sys-
tems. The first problem is that externalities prevent 
societies from achieving their full potential by distort-
ing the information about the value of food conveyed 
by market prices (Gemmill-Herren, 2021). The market 
price of products does not reflect its true costs and 
benefits. Furthermore, the value of companies and 
their decisions reflect expected future profits - the dif-
ference between the sum of the cost of outputs minus 
the sum of the cost of all inputs, including labor (OECD, 
2002), all valued at market prices. If a company con-
tributes to climate change, underpays workers or en-
ables healthy and affordable food, this is not reflected 
in its profit (Serafeim et al., 2019). As the financial re-
turns of companies are based on their (expected) prof-
its, the financial value of investments does not reflect 
the actual value that these investments benefit society 
(Serafeim et al., 2019). The economic value of the food 
sector is measured by its contribution to GDP, which 
the sum of all companies’ value-added - the value of 

Type of externality Examples of externalities Endpoint impact(s)
Environmental1  
(effects on natural capital)

Air, water and soil pollution
GHG emissions
Land use
Overuse of renewable resources
Soil depletion
Use of scarce materials
Water use

Contribution to climate change, health effects, 
depletion of abiotic resources, depletion of  
biotic resources including ecosystem services  
and biodiversity. 

Social2  
(effects on social rights and 
human & social capital)

Animal welfare
Child and forced labor
Discrimination and harassment
High and variable prices
Training
Underpayment and underearning

Poverty, well-being, food security and human 
skills.

Health3  
(effects on human health) 

Antimicrobial resistance
Undernutrition
Unhealthy diet composition
Zoonoses

Human life (mortality and the quality of life), 
Economic (medical costs, informal care, lost 
working days)

Economic4  
(effects on financial, manufactured 
and intellectual capital)

Food waste
Tax evasion

Increased food demand, and a decrease  
in public funds

Sources: 
1  FAO, 2015; NCC, 2015; Baltussen et al., 2016; Allen & Prosperi, 2016; Nkonya et al., 2016; TEEB, 2018; 2019; Dalin & Outhwaite, 2019; FOLU, 2019; Galgani 

et al, 2021.
2 Baltussen et al., 2016; Westhoek et al., 2016; IDH, 2016; WBCSD, 2018; Jaffa et al., 2019; True Price, 2020a, Galgani et al, 2021. 
3 Wageningen University, 2017; FOLU,2019; TEEB, 2018; GBD, 2019; FAO et al., 2020.
4 FAO, 2015; TEEB, 2018; 2019; Impact Institute, 2020; FAO et al., 2020.

Table 1  Summary of the key externalities in food systems



VI. Costs, Investment, Finance, and Trade actions  | 361

Science and Innovations for Food Systems Transformations

output minus the value of intermediate consumption 
measured at market prices (OECD, 2001). Hence, the 
degree to which the food systems contribute to cli-
mate change, deforestation or poor health is not fac-
tored into crucial economic indicators for policy-mak-
ers (Stiglitz et al., 2018), and externalities, therefore, 
lead countries to have lower average living standards 
than would otherwise be possible.

A second problem with (negative) externalities is social 
injustice. The existing arrangement of property rights, 
institutions and infrastructure were constructed over 
time, reflecting past choices of those in power who 
sometimes neglected or actively harmed marginalized 
groups, including women and girls, indigenous and 
minority populations, migrant workers and other com-
munities. Environmental harm such as air and water 
pollution are often concentrated in places inhabited 
by marginalized groups. Unhealthy products are often 
marketed most intensively to vulnerable populations 
such as children. 

The result is a variety of involuntary harms that may 
include severe rights violations:  forced labor, harass-
ment of women or underpayment in the agricultural 
sector and breach the rights of people making our 
food. A lack of affordable food is also a breach of the 
right to food for consumers. The erosion of natural 
capital breaches the rights of future generations to de-
cent livelihoods (United Nations, 1972). 

The third problem with externalities is that they inad-
vertently reward unsustainable, unaffordable and un-
healthy food production and consumption. As natural, 
health and social costs are externalized, it is more prof-
itable to produce unsustainable and unhealthy food. 
Child labor, forced labor and underpaid workers repre-
sent cheap labor, consuming natural resources without 
replenishing those provides cheap inputs and not con-
taining pollution saves costs. At the same time, add-
ing calories, salt, poor quality fats, sugars and harmful 
sugar alternatives to food items and promoting such 
foods can increase sales despite the negative effects 
on health (Stuckler et al., 2012). Food safety adds to 
the harmful effects on health, especially in developing 
countries (Devleesschauwer et al., 2018). One reason 
is that there is neurobehavioral evidence that some 
unhealthy foods elicit higher reward responses in the 
brain than healthy foods (Banerjee et al., 2020).

In the same way, encouraging high levels of food 
waste, e.g. through appealing packaging, can increase 
sales. Moreover, firms have no incentive to make 
healthy food affordable. Businesses set prices to op-
timize their business profit (Laffont, 2008), sometimes 

using inflated prices as signals of healthy food (Haws 
et al., 2016). As a result, sustainable and healthy food 
is more expensive to buy than unhealthy food (Stuck-
ler et al., 2012).

Given that global capital markets allocate capital 
based on financial returns, most capital will flow to 
the most successful companies in externalizing costs 
to optimize profit (Serafeim et al., 2019). In an econ-
omy where consumers maximize purchasing power, 
businesses maximize profits. In addition, investors 
maximize returns, leading to the underproduction of 
food leading to waste, overuse of natural resources 
and overconsumption of unhealthy food (Gemill-Her-
ren et al., 2021). 

In summary, externalities form a significant barrier to 
the transition to sustainable food systems. It is difficult 
to imagine how policies aiming to foster sustainable 
food systems will be successful in an economic system 
where the erosion of natural capital, breaches of hu-
man rights, and unhealthy food are permissible and 
strongly incentivized.

3.  True Cost Accounting:  
Redefining the value of food

A first step to address externalities is to expose them 
and redefine the value of food. This can be realized 
by True Cost Accounting (TCA), a tool for the systemic 
measurement and valuation of environmental, social, 
health and economic costs and benefits to facilitate 
sustainable choices by governments and food system 
stakeholders (Baker et al., 2020; Gemmill-Herren et 
al., 2021). TCA can serve different purposes, where dif-
ferent actors have different applications (Baker et a.l, 
2020):
•  Governments can integrate TCA into local, national 

or regional policy and budgeting. For example, 
Brazil, China, Columbia, India, Indonesia, Kenya, 
Malaysia, Mexico, Tanzania, and Thailand have 
applied TCA through the TEEBAgriFood frame-
work’s participatory process to bring stakeholders 
together to identify agricultural land-use policies 
that would benefit from the valuation of ecosys-
tem services (Baker et al., 2020). An interim TCA 
assessment in Indonesia contributed to agroforest-
ry being included in the country’s 2020 five-year 
development plan (Baker et al., 2020).

• Businesses can use these structured assessments 
to minimize negative impacts and enhance posi-
tive benefits across value chains (Serafeim et al., 
2019; WBCSD, 2021a). Companies can use TCA to 
produce impact statements or impact weighted 
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accounts (monetized, multi-capital, multi-stake-
holder accounts of all material business impacts, 
including true costs and benefits) (Baker et al., 
2020) and manage their externalities (NCC, 2016; 
Impact Institute, 2020) . 

• Financial institutions use TCA for reporting, impact 
investment and risk assessment (WBCSD, 2021; 
Impact Institute, 2020), and obtain assurance on 
their published impact statement (Schramade, 
2020).2

• Farmers can use TCA as a means to account for the 
costs and benefits of their agricultural practices 
(Jones, 2020). Various initiatives recognize farm-
ers, peasants, indigenous peoples, pastoralists, 
and other food producers as important stewards 
of biocultural landscapes (Baker et al., 2020; Gem-
mill-Herren, 2021).

• Consumers can use TCA to become aware of the 
environmental and social externalities embedded 
in the food they buy (Lord, 2020). Many labelling 
schemes incorporate TCA information to strength-
en the transparency they provide to consumers 
(Gemmill-Herren, 2021).

TCA recognizes that the economy’s productive assets 
extend beyond the assets currently accounted for and 
include natural, social and human capital (TEEB, 2018; 
Dasgupta, 2021). A TCA assessment can be done at 
different levels: a food system, a policy, a region, an 
organization, an investment or a product (Baker et al., 
2020). An overview of the approach and tools avail-
able is presented in Annex 1. 

A TCA assessment typically starts by identifying the 
goal and scope of the assessment, establishing the unit 
of analysis and the system boundaries. Then various 
externalities are assessed (qualitatively or quantita-
tively), valued and aggregated (NCC, 2016; TEEB 2018; 
Impact Institute 2019). It should be noted that the ma-
turity of methods and data to measure, value and at-
tribute externalities varies greatly. The quantification 
of carbon emissions is relatively mature, whereas the 
quantification of health externalities is quite young 
and involves substantial uncertainty (Gemmill-Herren, 
2021).

There is limited information available at this scale due 
to the young nature of TCA, the complexity of food 
chains and the large variety of disciplines and data 

required. Although TCA results will never be perfect 
or entirely objective, TCA provides actors in the food 
chain with much better information about the value 
of food than they currently have. However, given the 
ubiquity of externalities, the complexity of TCA, and 
the significant interests involved, actors in food sys-
tems need an abundant supply of affordable, compa-
rable and reliable TCA information. 

Available estimates (FOLU, 2019) approximate the 
external costs of the global food system due to GHG 
emissions at 1.5 trillion (2018) USD, other ‘natural cap-
ital costs’ at 1.7 trillion USD and “Pollution, Pesticides 
& Anti-Microbial Resistance” at 2.1 trillion USD. The 
2019 FOLU study estimated health costs due to obesity 
at 2.7 USD in that study. An exploratory calculation by 
van Nieuwkoop (2019) estimated the annual external 
costs of the food system to be at least 6 trillion USD. 
A study by FAO (2015) estimated the natural capital 
costs of crop production at around 1.15 trillion USD. 
The results of other available estimates are presented 
in Annex 2. 

4.  Redesigning the economics of food:  
True pricing

Once we understand the true cost of food, food system 
transformation requires a redesign of the economics 
of food through true pricing - the integration of exter-
nalities in prices. An effective redesign of the econom-
ics of food based on TCA should address market and 
policy failures. True pricing addresses market exter-
nalities and is an essential complement to other poli-
cies such as social protection needed to remedy other 
market failures. True pricing complements other pub-
lic policies (such as redistributive systems) by limiting 
the harm caused by negative externalities. True pric-
ing can incentivize the private sector to provide more 
beneficial externalities from healthy, sustainable food 
production and consumption. True pricing can also 
limit social injustice and address some of the causes of 
cultural and political conflict. In addition to true pric-
ing, active management by governments of systemic 
public goods, such as food security, infrastructure, the 
total stock of biodiversity, and stability, is needed.

A major challenge is putting theory into practice: how 
to reliably measure, trace and account for externalities 

2  A report by the Harvard Business School found that by 2019, at least 56 companies worldwide had disclosed monetized information about their impact, of 
which five were in the food sector (Serafeim et al., 2019). By 2021, around ten food multinationals are members of the Capitals Coalition (CC, 2021b), and 
various  leading multinational participate in WBCSDs True Value of Food project (WBCSD, 2021b).
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throughout the entire value chain of food products. 
For a long time, this was simply impossible. For more 
than a century, economists have recognized that the 
solution to externalities is their internalization in pric-
es (Pigou, 1920; Laffont, 2017). However, in practice, 
internalizing externalities has been elusive to econo-
mists and policy-makers due to the impossibilities of (i) 
quantifying and pricing externalities, (ii) creating polit-
ical support for pricing externalities and (iii) measur-
ing and accounting for externalities (Gemmill-Herren, 
2021). 

However, modern advances in technology have 
changed this by expanding the options and reducing 
the costs to store, communicate, validate, and pro-
cess information (Gemmill-Herren et al., 2021). Re-
cent advances in digital technology, environmental 
science and economics may allow businesses and 
governments to apply TCA and true pricing. This pres-
ents a major opportunity to support the transition to 
sustainable food systems. Some of these advances 
include: 
• TCA has provided the science to quantify and 

price externalities, albeit with uncertainties, as 
discussed in the previous section. 

• Key advances in technologies to measure environ-
mental observables have increased the availability 
of up-to-date primary data about the effects of 
economic activity on environmental resources. For 
example, with satellite technologies, it is possible 
to monitor deforestation (Finer et al., 2018) or 
agricultural irrigation water use (Foster et al., 2020) 
in near real-time. 

• Modern sensor technologies, in principle, allow for 
ubiquitous, low-cost automatic measurement of 
emissions (Maag et al., 2018).

• The tracing of primary non-financial information 
across the value chain has been facilitated by 
widely accessible information technology and can 
currently be done through identity preservation, 
segregation, mass balance and book-and-claim 
traceability systems (Mol & Oosterveer, 2015). 

• Distributed ledger technologies have the potential 
to address both traceability and control by pro-
viding in real-time a clear and immutable audit 
trail for externalities data in a blockchain network 
shared by all actors in the value chain (Demasti-
chas et al., 2020). Over 50 blockchain studies in 
agriculture and foods from bananas to salmon and 
pork are now available. Demastichas et al. (2020) 
found over twelve commercial solutions in a recent 
review. 

• ‘Big data’ technologies – primarily leveraging existing 
scientific and statistical models with more significant 
memory and computational capacity – are currently 
being used to estimate externalities (Song et al., 
2018), leading to various databases (UNEP, 2020). As 
primary data is currently still very scarce, developing 
the technologies and building databases are essen-
tial in the near future. Nonetheless, they will require 
an unprecedented level of international coopera-
tion, including both public and private sectors.

Scientific insight corrects long-standing tenets that 
pricing externalities reduce purchasing power and that 
consumers and citizens are not interested in external-
ities. Citizens and consumers are interested in exter-
nalities. Modern research in behavioral economics and 
consumer science shows that the majority of people 
are not selfish but have (conditional) pro-social prefer-
ences (Fehr & Fischbacher, 2003) and are interested in 
sustainability, but price plays a foundational consider-
ation in consumption choices (White et al., 2020; PwC, 
2020). In addition, recent political science research is 
uncovering empirical evidence that revenue recycling 
could lead to majority support for environmental tax-
ation (MacGrath et al., 2019). By better aligning taxa-
tion and subsidies with externalities, true pricing can 
reduce distortionary taxes and make subsidies more 
efficient (Freire-Gonzalves, 2018). 

As a result of the scientific and technological progress, 
cases of true pricing by market players have emerged 
in the past years:
• Various food producers, traders and farmers have 

used it to make their production more sustainable 
and involve their customers in the price implica-
tions (Eosta 2017; Tony’s Chocolonely, 2018; True 
Price 2020c). 

• A small number of retailers have used it to provide 
transparency (Penny’s, 2020) about the true price 
or even charge for it (Time, 2021). 

• A fairtrade certifier uses true pricing to improve its 
value chain (Fairtrade International, 2019). 

• Even governments have started to use it. For exam-
ple, the Dutch Competition Authority allows true 
pricing as a criterion to justify sustainability collab-
orations (ACM, 2020). 

These cases show that true pricing is possible but rep-
resent a small number of early adopters. For true pric-
ing to actually solve the global problem of true costs, 
it should be implemented at scale throughout global 
food systems. 
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Various pathways can be identified for its implementation 
(True Price 2020; Gemmill-Herren, 2021). Market-based 
pathways can significantly internalize externalities by 
enabling the expression of pro-social preferences in 
market choices and creating endogenous market incen-
tives. See Table 2 for some of these pathways. Nonethe-
less, given the profit motive of businesses, consumers’ 
budgetary constraints and the conditional nature of 
pro-social preferences, government intervention and 
international frameworks and agreements are likely re-
quired to fully internalize externalities.

Governments can establish ‘first-best’ true pricing 
mechanisms, which are welfare-efficient and equi-
table in the long term. First-best mechanisms would 
entail an optimal combination of regulatory and in-
come policies. Regulatory policies would have a pri-
mary purpose to provide incentives and safeguards for 
market-based pathways. However, international trade 
regulations are a constraint to such change. The World 
Trade Organisation (WTO) rules impose economic 
competition strictly based on prices and do not con-
sider externalities. 

Income policies would ensure that people have suffi-
cient income to buy healthy diets and no significant 
inequalities arise by the shift in production and con-
sumption patterns. However, current trends in inequal-
ities show this is unlikely without structural changes 
(transitioning from low productivity and labor-inten-
sive economic activities to higher productivity, sustain-
able and skill-intensive activities) across all sectors, far 
beyond changes in food systems only. Moreover, there 
are numerous factors in current food systems which 
need to be considered, including agricultural special-

ization with some regions having converted to cash 
crop monocultures and others to intensive livestock, 
large dependencies in the access to modern agricul-
ture. Agroecological systems are more likely to provide 
diversified food (contributing to healthy diets) with 
a lower environmental footprint. However, in some 
cases, organic farms have relatively large emissions of 
GHGs per unit product. True pricing would need to be 
deployed with strong policies supporting large struc-
tural changes in agriculture. 

First-best true pricing mechanisms could support fully 
sustainable food systems: 
• affordable, healthy diets with a small environmen-

tal footprint; 
• all people participating in the economy would have 

access to healthy food baskets; and 
• human rights would be respected and nature 

would be conserved. 

However, there remain substantial technological and 
political constraints to implement first-best mecha-
nisms (e.g. OECD, 2006). Applying the first-best true 
pricing mechanisms also requires:
• building technological infrastructure to collect and 

trace externalities along the value chain, 
• modernizing the implementation of fiscal systems, 
• integrating true pricing into international trade 

agreements and 
• creating popular understanding and support for 

true pricing.

Therefore, governments could adopt pragmatic ‘sec-
ond-best’ true pricing policies that take these con-
straints into account in the short run. Second-best 

Pathway type Pathway

Market-based 1. The provision of transparency about true prices of products by businesses.
2. The purchase of products with lower true costs due to sustainable consumption.
3. The reduction of true costs by businesses through more sustainable production.
4. The payment of environmental costs by market players to restore damages to natural capital.
5. The respect by businesses of human rights and remediation of breaches where they occur.

Regulatory policies 6. Mandatory transparency of externalities of food products enforced by governments.
7.  The incentivization of healthier and more sustainable food through taxes and subsidies by  

governments to incentivize businesses to produce sustainable products and enable consumers 
to buy them.

8.  The enforcement by governments of the restoration of natural capital and the respect of human 
rights along the value chain of food products.

Income policies 9.  The establishment and enforcement of labor prices (living wages and income) and minimum 
income (such as a basic income) that guarantee access to healthy and sustainable diets for all.

10.  Ensuring an equitable distribution of the collective benefits of true pricing, including savings in 
public expenditures on healthcare and environmental mitigation.

Table 2 Pathways for true pricing
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policies effectively incentivize sustainable, healthy and 
affordable food without imposing significant admin-
istrative burdens or complexities. The most suitable 
mechanism for each country will also be context-depen-
dent and country-specific. Some examples of potential 
policies that create smart incentives are the following:
• Subsidize healthy and sustainable food products 

for consumers, financed by eliminating distorting 
or inefficient subsidies or a carbon tax on carbon 
emissions by businesses. 

• Stimulate true pricing through public procurement, 
prioritizing foods with low external costs.

• Integrate true pricing in risk and capital regulation 
by central banks.

A recent study by the World Bank found that agri-
cultural subsidies were 30% of the total agricultural 
value-added, only 9% of which explicitly supports en-
vironmental conservation in OECD and eleven major 
developing countries (Searchinger et al., 2020). Afshin 
et al’s. (2017) meta-study on studies in high-income 
countries found that, on average, a 10% decrease in 
price increased the consumption of healthful foods by 
13%. In addition, there is recent evidence that fiscal 
incentives decrease the amount of cognitive control 
required to buy healthier food, suggesting it is possible 
to “titrate the amount of tax reductions and rebates 
on healthy food items so that they consistently be-
come more preferable than unhealthy foods” (Baner-
jee et al, 2020). Given that price elasticities are much 
higher for low-income households and countries (Mu-
hammed et al., 2017; Sassi et al. 2018), the effects of 
price reductions are expected to be much more exten-
sive for low-income countries and lower-income indi-
viduals in advanced economies. 

Both the design of pragmatic second-best and opti-
mal first-best true pricing mechanisms need to be in-

formed by data. The findings of the working group’s 
analyses are presented in sections 5 and 6 already as 
an exploratory illustration of how such mechanisms 
could work.

5.  Estimating the true costs of food systems  
in the context of the UNFSS aspirations 

A novel analysis was conducted by a working group of 
the UNFSS Scientific Group to estimate the true costs 
of the current food system and estimate the costs of 
changes towards a more sustainable food system. The 
work brought together diverse sources of data and ap-
proaches. The core unit of analysis was the global food 
system, consisting of global food consumption and 
production, divided by country and food group. The 
environmental and health externalities (listed in Table 
3) were estimated based on the externalities for which 
data were available at this scale and level of granular-
ity. The current analysis excluded economic external-
ities, social externalities, some environmental exter-
nalities (soil degradation, depletion of non-renewable 
resources, land use other than cropland, overuse of re-
newable resources and other air pollutants than NH3), 
and health costs such as antibiotic resistance, zoono-
ses and undernutrition as well as productivity losses 
due to disease. Although these are important sources 
of externalities, time, data availability,  data coverage 
and compatibility limited the inclusion of these costs. 
In particular, the requirement that data be available 
per food group excluded many externalities.

The value chain scope for environmental externalities 
was primary production, feed for animal products, in-
puts such as nitrogen and phosphate. Transportation, 
processing and food preparation costs were not con-
sidered in the analysis. Previous studies have shown 

Type of externality Externality Endpoint impact(s)
Environmental GHG emissions

Nitrogen water pollution
Phosphorus water pollution
Scarce blue water use
Land use 
Air pollution (NH3)

Contribution to climate change
Biodiversity loss
Biodiversity loss
Depletion of scarce water
Biodiversity, ecosystem services
Mortality and disability

Health (Human life) Contribution to cardiovascular diseases 
Contribution to diabetes mellitus type 2
Contribution to neoplasms (cancers)

Mortality
Mortality
Mortality

Health (economic costs) Contribution to cardiovascular diseases 
Contribution to diabetes mellitus type 2
Contribution to neoplasms

Medical costs, informal care, lost working days
Medical costs, informal care, lost working days
Medical costs, informal care, lost working days

Table 3 Data included in the study 
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the vast majority of environmental externalities are in 
the primary process (FAO, 2015; Baltussen, 2017).

Many data sources and methods were used to quanti-
fy the externalities, including Afshin et al. (2019) and 
Springmann et al. (2018a) to quantify the health im-
pacts and Pozzer et al. (2017), Schipper et al. (2018a), 
Willet et al. (2019) and WWF (2020) to quantify the 
environmental impacts. The effects were modeled per 
food group as set out in Willet et al’s. (2019) health ref-
erence diet. Consumption per food group was based 
on expenditure. Production was based on production 
data per country and food group but is presented here 
as an aggregate for the world. The environmental ef-
fects of imports were based on a global average of the 
environmental effects of exports per food group.

The monetization of environmental externalities was 
based on country-level monetization factors for resto-
ration and compensation costs. The methodology ad-
opted has been described by Galgani et al. (2021) and 
True Price (2020b). A single median global value was 
used to monetize the loss of human life, based on a 

meta-study by the OECD (2012) on the value of a sta-
tistical life. An average value was used to estimate the 
direct and indirect economic effects of health loss.

The true annual cost of food was estimated to be 
around 7 trillion USD (range 4-11) for environmental 
costs, 11 trillion USD (range 3-39) in costs to human 
life and 1 trillion USD (range 0.2-1.8) in economic costs 
(Figure 1). The annual estimate is based on the most 
recently available data.

Figure 2 shows that the mean estimate for the total 
cost of food was 29 trillion USD per year. Given that 
the current cost of food at current market prices is 9 
trillion USD, the results show that the true cost of food 
is disproportionally high. There is substantial uncer-
tainty in the estimates, particularly for the health costs 
as impact pathways have not been extensively studied. 
The counterfactual is not self-evident and externalities 
relate more to diets than to products. In addition, it 
should be stressed that this is not a complete picture, 
as some relevant externalities are not yet included, as 
indicated above.

Figure 1 The annual true cost of food for the globe 

Figure 2 Mean estimate of the total annual true cost of food including the external costs in scope of the analysis

Note: the bar represents the range of possible costs.

Note: This estimate excludes relevant externalities and estimates of included externalities include uncertainty.
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Among the highest environmental costs are GHG emis-
sions leading to climate change, land use and land use 
change leading to loss of ecosystems and biodiversity, 
and air pollution leading to, among others, loss of bio-
diversity and human health (Figure 3). 

Figure 4 shows the breakdown of the diet-related 
deaths related to unhealthy food systems, which 
drives both loss of human life and economic costs of 
healthcare. The most considerable contribution is due 
to cardiovascular diseases. Note that the health costs 
are borne by the current population, whereas a signifi-
cant part of the environmental costs will be carried by 
future generations (IPCC, 2014). 

These findings align with previous studies in terms 
of order of magnitude, including those of the FOLU 
(2019) study. A major methodological difference with 
the FOLU (2019) outcomes is that the FOLU (2019) 
study was based on global estimates of the food 
sector. In contrast, the current analysis is based on 

a breakdown per country and food group. Van Nieu-
wkoop’s (2019) estimate included fewer impacts and 
impact pathways than used in this study and intended 
to provide a first estimate of a lower boundary of the 
external costs. The current results for land use change 
align with the FAO (2015) estimate of natural capital 
costs of crop production (although the scopes are 
somewhat different).

It should be noted that there is substantial uncertainty 
in these as well as other existing estimates of the ex-
ternal costs of food, due to (i) an incomplete coverage 
of impacts, (ii) major uncertainties in primary data, 
(iii) uncertainties in trade data, (iv) uncertainties in 
the modeling of impact pathways and (v) uncertainty 
in the monetization of external costs. An uncertainty 
range was created for the results based on footprint 
and valuation uncertainty. Given that not all uncertain-
ties can be captured and not all sources quantify their 
uncertainty, the ranges should be interpreted compar-
atively. 

Figure 3 Breakdown of the annual environmental cost of food systems

Figure 4 Breakdown of annual diet-related deaths
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Environmental impact pathways that have high uncer-
tainty include biodiversity and pollution. Quantifying 
and valuing the health impacts of diets is a novel field, 
and methodological choices around attribution, the ra-
tionality of consumers, the reference scenario and the 
valuation of a statistical life affect the estimates. No 
quantified dietary guide is currently available to support 
the analysis of achieving the ambitions of the UNFSS. 
This is an area that requires more attention and quan-
tification. 

Further research is required to include relevant exter-
nalities related to undernutrition (which ultimately 
affects human productivity and incomes), zoonoses, 
antimicrobial resistance (AMR), productivity losses 
due to diseases, soil degradation, land use other than 
cropland, and depleted resources. In addition, it is im-
portant to add social costs such as underpayment of 
workers, underearning of farmers, child labor and ha-
rassment throughout the value chain. 

6.  Potential benefits of transitions to more 
sustainable diets

Effective policy interventions to redesign the econom-
ics of food also require an understanding of the effects 
of possible transitions on environmental and health 
externalities as well as affordability. Such interventions 
involve realizing multiple goals and making trade-offs, 
which can be managed by developing well-planned 
transition pathways, careful monitoring of key indica-
tors, and implementing transparent science targets at 
the local level (Herrero et al., 2021).

Hence, in addition to estimating current global ex-
ternal environmental and health costs of food, the 
working group also explored the potential benefits on 
health and environment of dietary shifts and their im-
plications on affordability. Due to a lack of availability 
of recent international dietary guidelines, the analysis 
used the only available EAT-Lancet alternative diets 
(Springmann et al., 2018). The working group in no way 
promotes these as recommended diets. The EAT-Lan-
cet’s recommended dietary patterns were based on 
the assumption that plant food production is more 
environmentally sustainable compared to animal food 
production, primarily based on considerations of land 
and water use, energy conversion and greenhouse gas 
emissions. However, these recommended diets do 
not consider differences in protein quality and nutri-
ent bioavailability (Moughan, 2021). Nonetheless, the 
EAT-Lancet pescatarian, vegetarian and vegan diets of-
fer a comparison to a healthy reference diet. 

For illustrative purposes, the analysis of shifting con-
sumption patterns to align with these four dietary 
alternatives showed that significant gains could be 
achieved in reducing environmental and health costs 
(Figure 6). However, these shifts do increase the aver-
age cost of food, albeit at a small fraction of the gains.

The health benefits of global dietary shifts are poten-
tially substantial (Figure 7). Ensuring the affordabili-
ty of (healthy) food for all requires detailed analysis 
about how any interventions affect the poorest groups 
in society. The current analysis does not cover the dis-
tributional effects of dietary shifts. This represents a 
critical area for future research.

Figure 6 Costs and benefits of potential dietary shifts

REF= Healthy Reference diet, PSC = pescatarian, VEG = vegetarian and VGN = vegan diets. 
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7. Study limitations

The methodology applied to estimate the true costs 
of the global food system and alternative diets has the 
following limitations:
• The environmental cost of dietary shifts did not 

take household food waste into account. The 
results were based on dietary guidelines for con-
sumption.

• All scenarios were based on the environmental 
footprints per kg of product in the current sys-
tem. Potential reductions in footprints due to a 
change in cultivation techniques were not taken 
into account.

• For the land use of animal products, pastureland 
was not included. The biomes used for growing 
the feed and the mean species abundance of the 
land used were determined from global averages 
of these data for products frequently used as feed 
(mainly cereal products). For processed food prod-
ucts such as vegetable oils and sugar, the biomes 
used and the mean species abundance were esti-
mated by averages within the country.

• Air pollution emissions referred to the agricultural 
sector as a whole, and not only food production.

• The impact of food safety on human health and 
food waste has not been considered but is a cause 
of significant disease and mortalities. 

• The effect of food production on AMR was not cov-
ered in the analysis. According to the AMR review 
(O’Neill 2016), each year at least 700,000 deaths 
are caused by AMR, which corresponds to a cost of 
2.3 trillion USD using the same valuation approach 
as for other health impacts in this study. A substan-
tial part of this should be due to food production, 
but it is currently unclear how much.

• The bioavailability and quality of protein and nutri-
ents were not considered in the dietary shifts but 
is an important consideration for future research. 

8.  Towards science-based and pragmatic true 
pricing mechanisms

In a fully sustainable food system, all people can afford 
healthy and sustainable food. If the damage to nature 
is paid for and restored in a sustainable food system, 
food production costs will increase. Internalizing the 
environmental costs would significantly reduce the 
environmental footprint by providing an incentive to 
avoid or reduce such costs in the first place, albeit at 
a cost to producers. A corrected price mechanism may 
nudge producers and processors to produce food in a 
more sustainable way to the benefit of the producers 
themselves. Those stakeholders that are already more 
sustainably producing healthy foods will have a com-
parative competitive advantage. 

In addition, paying minimum wages and ensuring ad-
equate incomes for all workers in the food value chain 
would further increase the cost of food.  At the same 
time, the realized benefits in human lives would be 
around 5 trillion USD and the economic savings, main-
ly through public health care expenditures, around 
0.5 trillion USD. With true pricing, substantial savings 
in public expenditure can be realized through lower 
health care costs, avoided environmental mitigation 
measures (such as climate change) and the reduction 
of subsidies. These savings could be sufficient to make 
food cheaper than it is now, even after environmental 
and social costs are internalized, although further re-
search is required. 

REF= Healthy Reference diet, PSC = pescatarian, VEG = vegetarian and VGN = vegan diets. 

Figure 7 Health benefits of potential dietary shifts
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There are currently substantial constraints to realiz-
ing the first-best true pricing mechanisms (see Table 
2). More fundamental and applied research must in-
clude all aspects of externalities and generate appro-
priate data to do these analyses. Therefore, efforts 
should focus on supporting market-based pathways 
and pragmatic second-best true pricing policies in the 
short term. These policies effectively incentivize sus-
tainable, healthy and affordable food without impos-
ing enormous administrative burdens or complexities. 
Nonetheless, they also need to support structural 
changes in agriculture, food industries and interna-
tional trade.

Suppose governments would like to incentivize a tran-
sition to the reference diet analyzed in 5 and 6 to reap 
the environmental and health benefits. In this case, 
the reference diet would, on average, be 6% more ex-
pensive than the current global consumption pattern 
and less affordable for many. A second-best true pric-
ing mechanism could focus on making this diet 10% 
cheaper. In global terms, this would cost at most 1 
trillion USD. This could, for example, be financed by a 
carbon tax on businesses or partly funded by reducing 
existing inefficient or less efficient subsidies. 

Such a policy change may not cost taxpayers anything 
while making healthy diets more affordable and con-
tributing to the achievement of the Paris agreement. 
Depending on the success in shifting dietary patterns, 
the shift could reduce the environmental costs of the 
food sector by 0.1- 1 trillion USD per year and create 
health savings of 0.7-5 trillion USD. It should be not-
ed that these are speculative estimates and further 
research should explicitly model behavioral, market 
and ecological effects and interactions. In addition, 
any policy should be focused on country-level data. 
Nonetheless, substantial benefits can be realized with 
a relatively simple intervention that (i) does not re-
quire measuring all externalities of food products in 
the short run and (ii) would presumably be popular as 
it reduces the price of healthy food.

9. Recommendations

Given the high costs to the environment and human 
health presented in these findings, it is essential that 
UNFSS stakeholders actively identify externalities 
that represent ‘hidden costs’ in the food system and 
those that ignore or incentivize unsustainable and un-
healthy food systems. These costs need to be quanti-
fied through TCA practices and pathways identified to 
reduce or eliminate these externalities through poli-
cies that: (i) internalize externalities and (ii) sanction 

those food system stakeholders who do not take ap-
propriate steps to reduce and internalize these costs 
and/or incentivize those who do. Estimating the full 
scope of these costs is a priority to determine if such 
an adjustment to the food system would increase 
food prices to a point where a reassessment of pover-
ty lines is necessary to ensure access to healthy diets 
for the poorest. 

In the short term, policy-makers can remove the bar-
riers for stakeholders to engage in TCA and use TCA 
data to redefine the value of food to reflect its true 
costs and benefits. In particular, governments and oth-
er UNFSS stakeholders can:
• Foster internationally accepted harmonized 

TCA principles across all applications. Together 
experts, practitioners and stakeholders from all 
fields in food and agriculture harmonized TCA 
principles can be developed to ensure validity and 
comparability of results and alignment between 
the various levels.

• Educate and build capacity among professionals 
in business and government about TCA. Build the 
new discipline of TCA it is important. Harmonized 
principles are necessary to bring experts and prac-
titioners from all fields together. In addition, TCA 
can be integrated into educational systems and 
current food professionals in government, civil 
society and business can be educated in TCA.

• Provide professionals in business and governments 
with concrete tools to facilitate TCA. Lowering the 
entry barriers of professionals to the complex field 
of TCA can be facilitated by providing practical skills 
and approaches (toolboxes) for analysis.

In the medium and long term, governments can look 
at ways to integrate TCA in economic metrics at all lev-
els systematically:
• Integrate TCA into National Accounts and GDP. This 

can provide a standardized account of how much 
inclusive welfare (realized welfare and changes in 
wealth) was created. This would provide a much 
better view of how the food sector contributes to 
welfare.

• Integrate TCA into business sustainability report-
ing and controls. By adding TCA information into 
their internal and external financial reports, busi-
nesses can compile impact-weighted accounts and 
impact statements, enabling them to report and 
manage the value they create to all stakeholders 
via all capitals. 

• Integrate TCA into product labeling. Products can 
show their true costs to their customers (in mon-
etized terms), as well as their true value (in mone-
tized terms or otherwise).
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In the short term, policy-makers could redesign the 
economics of food via true pricing by focusing on:
• Supporting market players to engage in true 

pricing, enabling the expression of preferences 
for sustainable and healthy food into choices, and 
creating endogenous market incentives

• Pursuing pragmatic second-best true pricing 
approaches that create smart incentives that sig-
nificantly correct the price signal without increasing 
food prices or imposing high administrative costs. 

Governments and other stakeholders of the UNFSS 
could enable both market-based and second-best gov-
ernment-led true pricing pathways, policy-makers and 
other food stakeholders can work together to:
• Establish an international measurement standard 

for true pricing based on a scientific consensus 
process and in alignment with governments and 
stakeholders.

• Develop a global true pricing database with the 
true prices and true costs of food products con-
solidating existing scientific knowledge, providing 
reference values and benchmarks for the most 
important externalities for each agricultural and 
food product and each country.

• Support SMEs and smallholder farmers who want 
to sell their products at a true price to businesses 
and consumers. 

• Create a policy toolbox for governments to imple-
ment short term true pricing policies based on fea-
sibility and impact studies of various second-best 
true pricing policies.

• Create a modeling toolbox to estimate the effects 
of short term true pricing policies on the environ-
ment, health and affordability.

Finally, policy-makers can start to explore how first-
best mechanisms for the medium term: 
• Develop science-based first-best true pricing mech-

anisms based on integrated TCA assessments of the 
food system and sustainable mechanism design.

• Generate a global agreement and create public-pri-
vate partnerships around a roadmap to realize the 
SDGs by 2030 and reach fully sustainable food 
systems by 2050 with affordable and healthy food 
without environmental, social and health costs.

• Create a technological alliance to Invest in afford-
able, traceable, sustainable, reliable and fair tech-
nologies to allow all market players, big and small, 
to implement true pricing in practice. This includes 
technology, science and inclusive governance to (i) 
measure primary environmental, health and social 
impacts and (ii) reliably trace and account for the 
true price of food products along the entire value 
chain.
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Annex 1: How does True Cost Accounting work?

A TCA assessment can be done at different levels: a 
food system, a policy, a region, an organization, an 
investment or a product (Baker et al, 2020). For each 
type of analysis, various frameworks exist. A major sys-
tem-level framework is TEEB for Agriculture and Food 
(TEEB, 2018). Recently Lord (2020) also published a 
methodology for food systems analysis. These frame-
works can be applied at other levels. At the regional 
level, the UN System of Environmental-Economic Ac-
counting provides a mature framework for natural 
capital valuation (SEEA, 2021). For other aspects, few 
well-accepted frameworks exist (Hoekstra, 2019), 
although inclusive wealth is a promising approach 
(Dasgupta et al, 2021b). Various TCA frameworks are 
being developed for the organizational level, often fo-
cusing on corporate reporting (Natural Capital Coali-
tion, 2015; Value Balancing Alliance 2021; Impact In-
stitute, 2019; HBS, 2020). Also, frameworks have been 
developed specifically for products such as coffee and 
bananas (True Price, 2020; Serafeim and Trinh, 2020; 
Galgani et al 2021) and investments (Addy et al, 2019; 
Olsen, 2020; Impact Institute, 2020). 

A TCA assessment starts by defining the goal, scope 
and unit of analysis (‘functional unit’). Consequently, 
the relevant externalities have to be identified. Once 
these externalities have been identified, they have to 
be assessed, qualitatively or quantitatively. Quantifi-
cation starts with measuring or assessing inputs and 
outputs, the direct measurable effects of production 
and consumption (Impact Institute, 2020). These in-
puts and outputs can be measured using primary data. 
In practice, inputs and outputs often have to be esti-
mated with macro-level models through (environmen-
tally) Extended Input-Output and Computable General 
Equilibrium models (Malik et al., 2018), micro-level 
models such as Life-cycle accounting (LCA) (Hauss-
childs et al., 2018) and social LCA (Huertas-Valdivia, 
2020), or through hybrid approaches (Nakamura & 
Nansei, 2018). Consequently, these outputs have to 
be translated to impacts via impact pathways (Impact 
Institute, 2019). 

For many environmental externalities these there are 
databases for such pathways such as those based on 
Recipe (Huijbregts et al, 2016), although pathways for 
ecosystem and biodiversity are more complex (TEEB 
2018, Dasgupta, 2021). Impact pathways for social and 
in particular health externalities are less mature. If the 
functional unit is a product, investment or organiza-
tion, the final quantification step is the attribution of 
impact to the functional unit (Capitals Coalition, 2021; 
Impact Institute, 2020; VBA, 2021). This process yields 

quantified impacts in natural units such as CO2 equiv-
alents, liters of scarce blue water extraction or loss 
Mean Species abundance for environmental external-
ities, full-time equivalents (FTE) of child labor, FTE of 
forced labor and underpayment for social externali-
ties, and disability adjusted life years (years of life lost 
+ years lived with a disability) for health externalities 
(True Price; 2020).

After externalities have been quantified, they can be 
valued, in monetary terms or otherwise, so that they 
are expressed in a common unit. To capture value not 
reflected in market prices, a TCA assessment requires 
an (implicit or explicit) measure of welfare. Although 
terminology differs widely in the literature, there is a 
wide recognition that multiple dimensions exist (Sti-
glitz et al., 2018) and common welfare dimensions in-
clude:
• The preference satisfaction or well-being of people 

(Stiglitz et al., 2018; TEEB, 2018; Dasgupta, 2021; 
Impact Institute, 2020). 

• An equitable distribution of income and other 
resources (Stiglitz et al., 2018).

• Adherence to social limits such as a living wage, 
labor standards and the right to food security, 
which can be derived from human rights. (TEEB 
2018; True Price 2020).

• Adherence to environmental limits, such as the 
conservation of climate, abiotic resources and 
biodiversity. These limits can be derived from plan-
etary boundaries for a livable planet (Rockstrom et 
al, 2009; Stiglitz et al., 2018), the intrinsic value of 
nature (TEEB, 2018) and/or the rights current and 
future generations (True Price, 2020).

The first dimension generally coincides with traditional 
measures of ordinal or cardinal utility economists have 
used to measure collective welfare (Van Praag 1991; 
Galgani et al 2021). The second dimension is linked to 
traditional measures of income inequality such as the 
GINI coefficient (Bowles & Carlin, 2020). Nonetheless, 
these measures cannot accommodate central issues in 
sustainability, such as biophysical limits, human rights, 
social equity and intergenerational equity (Dore & Bur-
ton, 2003; Gowdy & Erickson, 2005). Hence, the val-
uation of environmental and social damages has met 
with resistance from non-economists, policy makers 
and civil society (McCauley, 2006). As a result, in TCA, 
additional welfare dimensions emerged (Stiglitz et al., 
2018; TEEB, 2018; Impact Institute, 2020). Depending 
on the welfare dimension, different valuation meth-
ods, such as cardinal utility, abatement costs, shadow 
pricing or remediation costs are used (Galgani 2021). 
A relevant discussion point is to which degree exter-
nalities can be summed and netted. Economists would 
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traditionally sum all positive and negative externalities 
into one number, whereas some TCA frameworks hold 
that welfare dimensions ought to be considered sepa-
rately (Stiglitz et al., 2018; Impact Institute, 2019) and 

human rights violations or deforestation cannot be off-
set by an equal amount of profit for example (Capitals 
Coalition, 2021; True Price, 2020).

Annex 2: Summary of estimates of previous studies for externalities and food systems changes

Problem Estimated costs of current externalities Estimates of magnitudes of change 

Food systems as a 
whole

Inefficiencies and environmental and health social costs of the 
global food system $11.9 trillion vs an estimate of the market 
value of the global food system $10 trillion in 2018:
• $1.5 trillion from greenhouse gas emissions
• $1.7 trillion from natural capital loss
• $2.7 trillion from obesity-related costs
• $1.8 trillion from under-nutrition-related costs
•  $2.1 trillion from pollution, pesticides and antimicrobial  

resistance 
• $0.8 trillion from rural welfare losses 
•  $1.3 trillion from food loss and waste and fertilizer leakage  

(FOLU, 2019)

Biodiversity loss •  Food production contributes to 60%-70% of total global  
biodiversity loss (Baltussen et al., 2016, Westhoek et al., 2016).

•  The loss of wetlands since 1970 has been estimated at about 
35% globally (Darrah et al., 2019).

•  Food systems have created about 24% global forest disturbance 
(Curtis et al., 2018).

Depletion of  
fish stocks

•  Commercial fishing is estimated to deplete fish stock by 61%  
(Westhoek et al., 2016).

Emissions of  
greenhouse gases 
such as carbon 
dioxide, nitrous 
oxide and methane

•  13 percent global emissions from agriculture, other than  
from land use change (Nkonya et al., 2016) and cost USD 0.27 
trillions or 49.1 GT CO2 at $ 40/ton (van Nieuwkoop, 2019).

•  The diet-related social cost of GHG emissions related to cur-
rent food consumption patterns are estimated to be around 
USD 1.7 trillion for 2030 for an emissions-stabilization scenario 
(FAO et al., 2020).

•  The social cost of carbon is USD 128 per ton CO2 (Baltussen et 
al., 2016). 

•  Less than one-third of the costs are associated to CO2-eq 
emissions (Lord, 2020).

•  Adoption of organic agriculture, vegan and vegetarian diets to 
reduce greenhouse gas emissions possibly by 41-74% in 2030 
(Marchetti et al., 2020; FAO et al., 2020). 

Food
loss and waste

•  Food waste contributes to about 3–5 % of global warming 
impacts, more than 20 % of biodiversity pressure, and 30 % of 
all of the world’s agricultural land (Allen & Prosperi, 2016).

•  Food loss and waste greenhouse gas emissions of meat (poul-
try, bovine, goat, mutton, and swine) is estimated at 34–38% 
of all agricultural production-phase greenhouse gas emissions 
(Porter et al., 2016).

•  Environmental and social externalities attributed to the  
production and purchasing of food that is not consumed  
(food loss and waste) estimated 1 trillion per year at 2012USD 
of financial losses and estimated external costs from the lost 
and wasted food as USD 700 billion for environmental exter-
nalities and USD 900 billion (b) for social externalities per year 
– including  USD 394b from GHG emissions, USD 396b from 
conflict and  333b in lost livelihoods (FAO, 2014).

Food safety (includ-
ing antimicrobial 
resistance) and 
poor food quality

•  Economic loss due to insufficient food safety equates to 0.11 
(USD trillions)per annum  (Jaffee et al., 2019).
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Problem Estimated costs of current externalities Estimates of magnitudes of change 

Inadequate diets 
and malnutrition 
(undernutrition, 
micronutrient 
deficiencies and 
overweight and 
obesity)

•  Globally, diet-related health costs are projected to reach USD 
1.3 trillion per year in 2030 (FAO et al., 2020).

•  More than half (57 percent) of these are direct healthcare 
costs as they are associated with expenses related to treating 
the different diet-related diseases  (FAO et al., 2020).

•   In the UK, every £1 spent on food products generates 50 
pence in externalities on healthcare systems alone (and £1 in 
total external costs) (Sustainable Food Trust, 2017).

•  Current food consumption patterns, health costs are project-
ed to reach an average of USD 1.3 trillion in 2030. 43 percent 
accounts for indirect costs, including losses in labor productivity 
(11 percent) and informal care (32 percent) (FAO et al., 2020).

•  Springman et al. (2016) estimated the economic benefits  
of improving diets to be 1–31 trillion US dollars, which is 
equivalent to 0.4–13% of global GDP in 2050.

•  Adoption of global dietary guidelines (HGD) would result in 5.1 
million avoided deaths per year [95% confidence interval (CI), 
4.8–5.5 million] and 79 million years of life saved (CI, 75–83 
million) (Springman et al., 2016).

•  Transitioning towards more plant-based diets that are in line 
with standard dietary guidelines could reduce global mortal-
ity by 6–10% and food-related greenhouse gas emissions by 
29–70% compared with a reference scenario in 2050 (Spring-
man et al., 2016). 

•  Using the cost-of-illness approach, we estimate that the 
health-related cost savings of moving to the diets based on 
dietary guidelines (HGD) from that assumed in the REF scenar-
io will be 735 billion US dollars per year ($735 billion·y−1) in 
2050 with values in the range [based on uncertainties in the 
cost transfer method (Methods)] $482–987 billion·y−1 (Fig. 2). 
(Springman et al., 2016).

•  About two-thirds of the savings (64–66% across the non-ref-
erence scenarios) were due to reductions in direct health 
care-related costs, one-third (31–33%) to less need for unpaid 
informal care (although this figure is an underestimate 
because we were unable to obtain estimates of the indirect 
costs of diabetes), and a small fraction (3–4%) to reduced pro-
ductivity from lost labor time (Springman et al., 2016).

•  Transformation to healthy diets by 2050 will require substan-
tial dietary shifts, including a greater than 50% reduction in 
global consumption of unhealthy foods, such as red meat and 
sugar, and a greater than 100% increase in consumption of 
healthy foods, such as nuts, fruits, vegetables, and legumes. 
However, the changes needed differ significantly by region 
(Willett et al., 2019).

•  If any of four alternative diet patterns (FLX, PSC, VEG, VGN 
resented in the FOA et al., 2020 SOFI report) are adopted, 
diet-related health costs decrease by USD 1.2–1.3 trillion (95% 
of the diet-related health expenditure) by 2030 (FAO et al., 
2020). 

•  Adoption of any of the four alternative healthy diet patterns 
set out n FAO et al., 2020) that include sustainability consid-
erations could potentially contribute to significant reductions 
of the social costs of GHG emissions, ranging from USD 0.7 to 
USD 1.3 trillion across the four diets (41–74 percent) in 2030 
(FAO et al., 2020).

Land degradation •  Food systems contribute to 33% of degraded soils (Westhoek 
et al., 2016). 

•  Cropland soils have lost 20-60% of their organic carbon con-
tent due to land degradation; land degradation affects 1.3 
to 3.2 billion people living in poverty in developing countries 
(Dalin & Outhwaite, 2019).

•  The annual total natural capital cost of livestock systems in 
terms of resource use and pollutant emissions is as follows: 
beef production is USD 1.5 trillion, dairy milk production USD 
0.5 trillion and poultry meat production is USD 0.26 trillion 
(Baltussen et al., 2016).
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Problem Estimated costs of current externalities Estimates of magnitudes of change 

Land use change •  Land use and land use change, including peatland degradation 
and deforestation lead to greenhouse gas emissions of 8-10% 
(FAO et al., 2020).

•  Average Ecosystem Service Value lost per hectare converted to 
beef production estimated at  USD 1,837 per hectare (Baltus-
sen et al., 2016).

•  Economic loss due to land use and land cover change in ter-
restrial ecosystems equates to 0.33  annually (Nkonya et al., 
2016) and 0.41 percent of 2018 global GDP (van Nieuwkoop, 
2019).

•  25 percent of land was degraded due to poor management 
practices (Nkonya et al., 2016, #) equating to USD0.20 trillions 
or 0.25 percent of 2018 global GDP (van Nieuwkoop, 2019).

•  Carbon emissions due to land use changes are estimated to 
range from US$ 15-24 billion (Baltussen et al., 2016).

Soil degradation
and erosion

•  Accelerated soil degradation has reportedly affected as much 
as 500 million hectares (Mha) in the tropics, and globally 33% 
of the earth’s land surface is affected by some type of soil 
degradation. 

•  Approximately 33% of soils are moderate to highly degraded 
due to erosion, nutrient depletion, acidification, salinization, 
compaction and chemical pollution (Westhoek et al., 2016).
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The challenges

Local, regional and global food security are aff ected 
by the occurrence of epidemics of zoonoti c infecti ous 
diseases, caused by pathogens that spillover from an-
imals to humans. Currently, this is clearly illustrated 
by the COVID-19 crisis. Diseases that aff ect animals 
and plants also conti nue to disrupt food security by 
interrupti ng the food supply. A One Health approach 
embraces the noti on that the health of animals, peo-

ple, plants and the environment are inextricably con-
nected. Conversely, climate change, urbanizati on and 
mobility innovati ons should evaluate the risk for new 
and (re-)emerging human, animal and plant patho-
gens. 

The COVID-19 pandemic lays bare the complex con-
necti ons between food systems and health. In ad-
diti on, the pandemic exposes how human health is 
aff ected by socio-economic status and how health af-
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fects economic and social systems in return. The cur-
rent pandemic is not the first, nor will it be the last. 
Here, we discuss the link between global food security 
and healthy people, animals, plants and environment, 
and how we can better prepare for, and minimize the 
chance of, future pandemics. We conclude that both 
public and private parties should strengthen their One 
Health approach to jointly realize resilient and strong 
global health and agri-food systems. 

Interconnection between ecosystems, human and 
animal health - zoonotic infectious diseases 
COVID-19 is only one example of a zoonosis, a dis-
ease caused by the ‘successful’ transmission, spillover, 
of a pathogen from animals to humans. SARS-CoV-2 
emerged from wildlife. Similarly, ~60% of emerging 
infectious diseases in humans originated from ani-
mals, and ~70% thereof originated from wildlife. Such 
spillover events most commonly occur where the agri-
food system interfaces with natural ecosystems, as this 
is where humans, domesticated animals and wildlife 
interact. 

Through humanity’s long history with animal hus-
bandry and consumption, hygiene practices have 
evolved, reducing the likelihood of successful spill-
over events (e.g., food safety, clean water, and elim-
ination of rodents from shelters). However, increas-
ing mobility, population densities and urbanization, 
as well as the growing length and scale of the global 
food supply chains, and pressure on natural ecosys-
tems by changing land use have created new chal-
lenges and put the need for adaptation of current 
surveillance and intervention strategies in sharper 
focus.

Poor human health facilitates infectious disease 
spread 
Sub-optimal human health adds to the favorable con-
ditions for pathogen transmission. Poor nutritional 
status and the impaired general health of individuals 
and populations, for example due to the absence of 
nutritious foods and access to (affordable) health care, 
increase susceptibility to infectious diseases. Many of 
the common non-infectious diseases, including obesi-
ty, diabetes, cancer and cardio-vascular diseases, im-
pair the body’s immune response. These chronic con-
ditions lower barriers to successful pathogen spillover 
from animals to humans, and subsequent pathogen 
transmission between people. Similar to other infec-
tious diseases, COVID-19 disproportionately affects 
those with poor nutritional status and underlying 
health issues. 

Impact of zoonotic infectious diseases  
on food security 

Direct impacts 
Large disease outbreaks disrupt the workforce and 
supply chain. Both the disease and the measures im-
plemented to combat the COVID-19 pandemic have 
disabled part of the workforce. Such disruptions in the 
workforce affect the food supply and in many cases 
workers’ income or the economic viability of business-
es in the food system. In addition, restrictions on travel 
limit the movement of workers, disrupting harvest and 
processing operations. Similarly, trade restrictions limit 
the movement of goods, affecting supply and demand. 

Indirect impacts 
Cascading effects of the pandemic increase price vol-
atility, disrupt food security and the livelihoods of 
those dependent on the food supply chain. Similar to 
past influenza outbreaks, for example, COVID-19 has 
changed consumption patterns. Combined with travel 
and trade restrictions, this has resulted in, among oth-
er things, uncertainties in the food supply chain, that 
have led to volatility in producer and consumer prices. 
These disrupted markets most severely affect vulner-
able populations, e.g., low-income families, leaving 
them unable to acquire nutritious food or small farm 
operations. Furthermore, the COVID-19 pandemic is 
estimated to have put about a third of the jobs in the 
food value chain at risk (451 million jobs out of ~1.3 
billion), disrupting the livelihoods of ~1 billion people. 

SARS-CoV-2 and other infectious pathogens in the 
food chain 
Zoonotic and other infectious pathogens can be trans-
mitted via many different routes, including water and 
food products. The main transmission route of SARS-
CoV-2 is the respiratory route, but anecdotal evidence 
is available for the detection of SARS-CoV-2 genetic 
material in frozen products (e.g., ice cream). At pres-
ent, in February 2021, the movement of SARS-CoV-2 
through the cold chain is still considered as a possible 
route of introduction of the pathogen to the urbanized 
center of Wuhan, China, from where it spread across 
the world. 

The presence of pathogens in food systems may trig-
ger interventions to stop pathogen spread. Although 
we focus on zoonotic pathogens here, animal and 
plant diseases and pests should be kept in mind. Simi-
lar to zoonotic pathogens, the range and outbreak fre-
quencies of these disruptors of the food supply chain 
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and health are expected to change due to the effects 
of climate change. Interventions to mitigate zoonotic 
and notifiable animal and plant pathogens, including 
transport bans, destruction of crops, and culling, di-
rectly impact the food chain and the business and live-
lihoods of those relying on it. 

Adapting the agri-food system to limit  
pathogen risk 

Reducing the likelihood of spillover and onwards trans-
mission risk of pathogens can be achieved through i) 
reducing the need for natural habitat disruption, ii) 
smart management of both sides of the interface be-
tween natural ecosystems and the agri-food system, 
and vigilance at the human-animal interface within 
the agri-food system, and iii) improving overall human, 
animal and environmental health. 

Reducing habitat disruption through sustainable 
intensification of land use 
Sustainable intensification of land use could aid in lim-
iting contact between humans and livestock with nat-
ural ecosystems and wildlife. To continue to meet the 
growing demand for food, further acreage expansion 
by conversion of natural habitats to agricultural lands 
is expected in several regions of the world. The pres-
sure on natural ecosystems, caused by the expanding 
agri-food system, tends to negatively affect the biodi-
versity, resilience and health of wildlife, and increases 
the frequency of human, domestic animal and wildlife 
contact. These factors all contribute to increasing the 
chance of spillover occurring, hence prompting the 
argument to reduce natural habitat disruption, and 
utilize sustainable intensification practices instead to 
meet the growing food demand. 

Smart management and vigilance at the interfaces 
by surveillance and readiness to intervene
Risk assessments should inform surveillance and read-
iness strategies to optimize pathogen detection and 
intervention. Over the past decades we have creat-
ed an increasingly connected and ready network for 
pathogens to spread, with the agri-food system being 
an integral part of this conduit for the onwards spread 
of pathogens. Here, the domains of food security, safe-
ty and health clearly overlap: from hunting practices to 
livestock farming, from butchering practices at home 
to slaughterhouses, from trade of live animals on mar-
kets and unsafe food preparation practices to contam-
inated food products in supermarkets, and the length 
and scale of parts of the global food system. 

Detection efforts aimed at preventing pathogen spill-
over and spread throughout these highly connected 
networks can be optimized by mapping and assessing 
the risk, specifically at the human and domestic ani-
mal-wildlife interface and in the transport (cold) chain. 
Targeted sampling and surveillance throughout the 
system complemented by appropriate hygiene and bi-
osecurity measures form the first steps to preventing 
shocks to the food system and health. 

Optimized surveillance at the human-domestic ani-
mal-wildlife interfaces may enable the early detection 
of (re)emerging pathogens and unexplained disease 
symptoms (e.g., undiagnosed pneumonia in the case 
of SARS-CoV-2). This early detection provides the op-
portunity for early interventions, and re-design of the 
system. Importantly, clear communication with pro-
ducers and the public about biosecurity measures, 
and a rapid and strong unified response are needed to 
prevent and control potential outbreaks. 

Improving overall human, animal and environmental 
health - A Global One Health approach
Through active engagement with learning and recov-
ery steps following the current pandemic crisis, gov-
ernments, the private sector and society as a whole 
have the opportunity to improve and work towards 
more resilient markets, and create systems to reduce 
strain on our environment and keep vulnerable pop-
ulations sheltered from shocks, instead of amplifying 
their vulnerability (as is happening in COVID-19). 

Food security is essential to reducing malnutrition, and 
it results in improved human health and wellbeing, as 
well as a human population that is less susceptible to 
pathogens (e.g., reducing undernutrition, obesity, and 
resulting diseases). Governmental actions can lead the 
way to provide food security by ensuring the function-
ing of the food supply chain and food systems (e.g., 
minimizing disruption in trade of goods, providing em-
ployment services to migrant workers), and communi-
cating clearly to avoid mass panic and disproportional 
consumer behavior during disease outbreaks. The pri-
vate sector can weigh their impact on health, consid-
ering that their supply chain may be disrupting natural 
habitats, and that unknown pathogens may emerge at 
their farms, be transported in their cold chains, or dis-
proportionately affect their staff. These actions, serv-
ing the global and national good, should be governed 
through global institutions to ensure governance of 
the food system and health for all.

The interconnectedness of environmental, human and 
animal health can be leveraged in food systems to find 
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unconventional opportunities to improve health. Fur-
ther research and an improved understanding of the 
role of the food system in the context of Global One 
Health may provide additional entry points via the 
food system for sustainable, culturally acceptable and 
economically feasible interventions. 

Towards food system resilience

Resilient systems allowing for rapid recovery are need-
ed to minimize direct and indirect health effects of 
shocks to the food system. Shocks, small and large, will 
continue to disrupt the food system, although efforts 
to prevent and minimize shocks (as described above 
for zoonotic infectious diseases) may reduce the fre-
quency and severity of such shocks. 

Managing the interdependencies between health 
and the food system to improve health for all pres-

ents many challenges, including a change in mindset. 
Nevertheless, the dots between the food system and 
environmental, animal, plant and human health are 
becoming more connected in global, regional and na-
tional initiatives; for example, the materiality matrix in 
corporate sustainability reports, wherein stakeholder 
interests and a company’s social, economic, and envi-
ronmental impact are weighted. Moreover, the Euro-
pean Commission is moving towards a code of conduct 
for participants in the food supply chain, which could 
be considered at a global level. Most recently, in Sep-
tember 2020, a One Health High-Level Expert Council 
by UN Environment, FAO, OIE and WHO was created to 
address risks at the human-animal-environment inter-
face. When consumers, producers and governments 
combine their efforts and take a Global One Health 
approach to re-design the agri-food system, significant 
steps can be made towards food system resilience and 
better health. 
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Abstract

Agroecology is a powerful strategy that reduces the 
trade-off s between producti vity and sustainability. It 
promotes the diversity of crops and livestock, fi elds, 
farms and landscapes, which together are key to im-
proving the sustainability of food and farming systems 
in terms of long-term producti vity, food actors’ em-
powerment and inclusion and environmental health. 
Agroecology is a bundle of measures taken by farm-
ers that, individually or combined, mobilize biodiver-
sity and ecosystem services for producti vity. Ideally, 
it leads to economically and ecologically resilient pro-
ducti on systems that are high-yielding. It is not neces-

sarily a predefi ned farming system and the shift  from 
simplifi ed by industrial standards to agroecological 
farms is gradual. The transformati on and upscaling of 
agroecological practi ces requires changes that aff ect 
not only the management of farms, or producti on and 
consumpti on patt erns at the food system level, but 
also the insti tuti onal framework conditi ons and the 
way in which we measure the performance of agricul-
tural and food systems. In our paper, we describe four 
domains of transformati on - knowledge systems, mar-
kets, collaborati ons and policy coherence - each with 
enabling and constraining factors. 



388 | VII. Strategic perspectives and governance

Science and Innovations for Food Systems Transformations

1. Introduction

Transforming agriculture and food systems in line with 
Sustainable Development Goals (SDGs) is an impera-
tive that can no longer be ignored or deferred (CNS-
FAO, 2019; Eyhorn et al., 2019). In facing up to this 
challenge, agroecological approaches stand to play an 
indispensable role by connecting environmental sus-
tainability and social justice of production and con-
sumption. It combines the global challenge of ending 
hunger with locally adapted solutions and strengthens 
participation and the mobilization of local actors and 
their knowledge (HLPE, 2019). Agroecology optimizes 
the system approach and integrates scientific prog-
ress responsibly. To allow for agroecology to exploit 
its potential, there is a need for transformation that 
supports the shift from a capital to a more labor-dom-
inated approach that strengthens the social relations 
of production and moves farming beyond the logic of 
scale-enlargement, technology-driven intensification 
and specialization (Van der Ploeg, 2021). 

This paper is based on a well-documented multi-stake-
holder process of the Swiss National FAO Committee 
(CNS-FAO) during several years to provide scientific 
support to the Swiss government and the public on 
agroecology (CNS-FAO, 2016; CNS-FAO, 2019; CNS-
FAO, 2021). The aim of the paper is to highlight the 
potentials of agroecology for the strengthened effort 
of the UNFSS 2021 to achieve the SDGs, and highlight 
the necessary actions for mainstreaming agroecologi-
cal management practices.

2. Global challenges

We identify three major key challenges of global ag-
riculture and food systems: the first challenge is that 
much of the world’s population remains inadequately 
nourished, with more than 820 million people suffer-
ing from hunger. Many more consume low-quality di-
ets, contributing to a substantial rise in the incidence 
of diet-related illness and obesity (Willet et al., 2019; 
IPCC, 2019). A second challenge with global impact is 
the unsustainable way in which food production and 
consumption patterns substantially exploit the natural 
resources of soil, water and air (IPBES, 2019). This has 
caused an immense biodiversity loss (Leclere et al., 
2020; IPBES, 2019). Third, greenhouse gas emissions 
rise dramatically all around the world, with global agri-
culture causing 23% of anthropogenic greenhouse gas 
emissions and therefore contributing substantially to 
global warming (IPCC, 2019).

Not least due to the current Covid-19 pandemic, the 
fragility and vulnerability of food systems are clearer 
than ever. Food insecurity and acute hunger have in-
creased, along with more people living in extreme pov-
erty (HLPE, 2020). Providing food for an estimated 10 
billion people in 2050 is challenging. It will take a 56% in-
crease in crop calories compared to the base year 2010 
(FAO, 2017), in case other issues such as unsustainable 
consumption patterns, food loss and waste and the use 
of food crops for animal feedstuff and biofuels are not 
addressed. The resulting substantial expansion of agri-
cultural land, amounting to 593 million hectares (crop 
and grassland), must be contained wherever possible if 
we are not to release large amounts of CO2 equivalents 
and put biodiversity reserves at risk. Current agricul-
ture should mitigate 11 gigatons of greenhouse gases 
to meet the Paris climate target of less than 2 degrees 
Celsius warming (World Resources Institute, 2018). 
Future solutions must also take into account that by 
2050, it is forecasted that 68% of the world’s popula-
tion will live in cities (United Nations, 2019), increasing 
the importance of urban food production.

3. Need for transformation

A radical transformation of global food systems that 
addresses both the way we produce, process, trade 
and consume food and with the same priority the im-
provement of livelihoods of farmers, farm workers and 
their families is necessary and does not tolerate any 
delay. To provide enough food for the global popula-
tion, several overriding strategies are being pursued, 
namely a substantial increase in productivity, a sus-
tainable intensification (Godfray and Garnett, 2012) 
and an ecological intensification (Tittonell, 2014). 
Agroecology implements the ecological intensification 
strategy in agricultural practice.

Agroecology offers a powerful means of accelerating 
the needed transformations. Agroecology as we un-
derstand it, has a common framework grounded in the 
FAO’s ten elements (FAO, 2018b). The ten elements of 
agroecology are interlinked and interdependent. They 
encompass ecological characteristics of agroecological 
systems (diversity, synergies, efficiency, resilience and 
recycling), social characteristics (co-creation and shar-
ing of knowledge, human and social values, culture 
and food traditions), and enabling political and eco-
nomic environments (responsible governance, circular 
and solidarity economy) (FAO, 2018b). These elements 
come together in a model that relies centrally on the 
non-exhaustive and non-destructive use of biodiversi-
ty and ecosystem services, with off-farm inputs playing 
a diminished role in production (CNS-FAO, 2019).
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Hundreds of thousands of farmers manage their farms 
with agroecological practices in one way or another, ei-
ther to improve their own productivity and livelihoods 
or gain privileged access to markets with certificates. 
These practices include regenerative conservation ag-
riculture, organic agriculture, agroforestry, permacul-
ture, agro-silvo-pastoral systems, and sustainable pas-
toralism in rangelands, among others. An even higher 
number of farmers adopt only one or more selected 
techniques of agroecology such as integrated nutrient 
and pest management, introducing semi-natural hab-
itats on the farm, applying no-till arable cropping, or 
sustainable river basin and groundwater management. 
Some farmers use bio-fertilizers and bio-protectants 
instead of agrochemicals, apply intercropping and cov-
er crops to increase the land equivalent ratio (LER), 
and involve in precision agriculture and climate-smart 
agriculture. Nonetheless, fully agroecological farms 
have remained a niche. The classic role of niches is 
that of a “protective space” or a shelter where future 
solutions and novel ideas can be tried out (Smith and 
Raven, 2012). These novel ideas could change or even 
replace the current regime (Geels, 2011) or paradigm 
(Beus and Dunlap, 1991).

Although agroecological practices have been success-
fully implemented on many farms globally and practic-
es such as resource-conserving agriculture continue to 
spread to more farms and more hectares (Pretty et al., 
2006), they have not become mainstream until now. 
The most salient obstacles to mainstreaming agroecol-
ogy include that it is currently unknown to the public; 
the time lag between implementing agroecological 
practices and observing positive results; weak knowl-
edge and advisory systems; transaction costs; policy 
incoherence; crucial deficits of landscape-level coor-
dination, incentive systems in research, and compen-
sation for yield reductions; and the need to strength-
en the aspect of sufficiency in a sustainability context 
(IIED, 2016; CNS-FAO, 2021).

The HLPE report (2019) found that to effectively and 
sustainably address food and nutrition security, it is 
not sufficient to focus on technological solutions and 
innovations or incremental interventions only. Food 
system transformation requires (i) inclusive and partic-
ipatory forms of innovation governance; (ii) informa-
tion and knowledge co-production and sharing among 
communities and networks; and (iii) responsible in-
novation that steers innovation towards social issues 
(HLPE, 2019). 

Given its holistic approach, transformation to agroeco-
logical practices and systems happens at various scales 
and dimensions from management decisions on farms 

to complex and erratic transformations resulting from 
the sum of decisions of various actors within a wider 
landscape (Anderson, 2021). Therefore, a multi-level 
perspective has to be taken to understand enabling 
and disabling factors and processes relevant for main-
streaming (Geels, 2011). Anderson et al. (2021) intro-
duced the term “domains of transformation” within 
which they described factors, dynamics, structures 
and processes that constrain or enable transformation 
in sustainability transitions.

Agroecological transformation can be understood as 
having five levels (Gliessman, 2015): at level 1, farming 
systems become more efficient by reducing the use of 
fertilizers, pesticides or fuel. Level 2 involves replacing 
agrochemical inputs with more natural ones such as 
bio-fertilizers and bio-protectants. The way we under-
stand agroecology, it also includes technologies that 
are safe for the environment and human health and 
strengthen the systemic processes. Level 3 is about 
redesigning farming systems with diversified crop ro-
tations, mixed crops, intercropping, leading to better 
closed cycles of nutrients and organic material. Suc-
cessful food system transformation also includes in-
creased farmer-consumer collaborations (level 4), ei-
ther with short distribution channels or internet-based 
remote applications, and finally a comprehensive 
transformation of policies, rules, institutions, markets 
and culture (level 5). The various stages proceed dy-
namically and in parallel, so that when framework con-
ditions are conducive, a variety of production systems 
coexist and rural regions continuously change towards 
a higher degree of sustainability.

In our paper, we address all five levels and propose 
actions that enable transformation and remove lock-
ins. There is no contradiction between mainstream-
ing agroecology and strongly improving sustainability. 
Therefore, agroecology plays a crucial role for achiev-
ing the SDGs and works remarkably well in theory and 
practice (COAG, 2018; HLPE, 2019).

4. Impact of an agroecological transformation

Agroecology has the potential to contribute to eco-
nomic growth and decent work (Van der Ploeg et al., 
2019), particularly for the rural poor. It contributes to 
local economic and resource circulation, considerably 
increases and stabilizes yields of subsistence farmers 
(Pretty et al., 2006), and reduces costs and external 
dependencies. Strategies such as diversification, ex-
ternal input reduction and alternative marketing chan-
nels have, in some cases, shown to improve farmers’ 
income by 30% (FAO, 2018a). For example, integrated 
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pest management can generate remarkable improve-
ments: in a study in low-income countries, pesticide 
use declined by 71% and yields grew by 42% (Pretty et 
al., 2006). A study on 946 farms in France concluded 
that total pesticide use could be reduced by 42% with-
out negative effects on both productivity and profit-
ability in 59% of the investigated farms (Lechenet et 
al., 2017). Conservation tillage can improve soil carbon 
while raising yields, and integrated plant nutrient sys-
tems can achieve the same benefits with reduced fer-
tilizer application (Bruinsma, 2003; Pretty et al., 2003; 
Pretty et al., 2006; Uphoff, 2007).

Furthermore, there are indications that the economic 
performance of alternative and agroecological farming 
systems can be comparable to, and is sometimes better 
than, conventional farming systems (d’Annolfo et al., 
2017), and provide greater predictability for farmers 
(Chappell & LaValle, 2011). With a smaller farm size or-
ganic farms can achieve the same profitability as larger 
conventional farms (Smolik et al., 1995; Rosset, 1999) 
and that compared to monocultures, agroforestry sys-
tems can have a higher return on labor (Armengot et 
al., 2016). Extensive evidence indicates that agroecol-
ogy can, on a global scale, provide a level of food se-
curity comparable to that of conventional agriculture 
(Chappell & LaValle, 2011). Under conditions of sub-
sistence agriculture in Sub-Saharan Africa, agroecolog-
ical methods significantly improved food security and 
nutritional diversity (Bezner Kerr et al, 2019). Organic 
agriculture increases the access to food by increasing 
the quantity of foods produced per household and 
producing food surpluses that can be sold at local mar-
kets, for instance (UNCTAD/UNEP 2011). The yields of 
organic agriculture outperform traditional subsistence 
systems. In their study, Pretty et al. (2006) analyzed 
the impacts of 286 resource-conserving practices in 57 
low-income countries and found that these projects 
led to an average yield increase of 79%. Differences 
in terms of yield productivity are highly site-specific, 
as Tittonell (2013) showed for organic agriculture: on 
marginal sites, organic farming gives equal or slightly 
higher yields than conventional farming. However, on 
high-yield sites, organic farming is significantly lower 
yielding.

Furthermore, agro-biodiversity (a key element of agro-
ecology) is an important driver for making a diverse 
range of food products available. Although the path-
way is complex and not always positively correlated, 
agricultural diversity plays an important role in im-
proving dietary diversity, which has a strong associa-
tion with improved nutrition status, particularly mi-
cronutrient density of the diets (Fanzo et al. 2013). A 
recent publication by Bezner Kerr et al. (2021) found 

evidence for positive outcomes linked to the use of 
agroecological practices on food security and nutri-
tion (FSN) in households in low- and middle-income 
countries. While 78% of the studies reported positive 
outcomes, some studies found mixed outcomes and 
a few studies reported negative impact on FSN using 
indicators such as dietary diversity. The most common 
agroecological practices included crop diversification, 
agroforestry, mixed crop and livestock systems, and 
practices improving soil quality, with positive out-
comes on FSN indicators such as dietary diversity and 
household food security. 

Yield increases alone will not address our concomitant 
challenges of hunger, micronutrient deficiencies and 
obesity. This requires broad ranging system changes 
that tackle poverty, inequality and barriers to access. 
The systemic approach based on ethical values, often 
considered a part of agroecological methods, offers 
an opportunity to address these issues in an integrat-
ed manner. For example, in Madhya Pradesh, India, 
a development institute provided integrated training 
in agroecological techniques, health and nutrition to 
more than 8,500 women from 850 villages over 30 
years. This improved livelihoods for the majority of the 
women and broke the cycle of poverty (FAO, 2018a).

Agroecological systems use natural resources more 
sustainably and efficiently, and reduce the release 
of agrochemicals to air, water and soil (Pretty et al., 
2017; Lechenet et al., 2017)). Through the enhanced 
proximity between producers and consumers, agro-
ecology helps raise awareness and reduce food waste, 
e.g. by redistribution to food bank charities or by re-
purposing urban organic waste as animal feed or fer-
tilizer (Beausang et al., 2017). Agroecology puts an 
emphasis on maintaining soil fertility and ecosystem 
services, which can improve the long-term productiv-
ity of the land. As species richness is on average 34% 
higher in organic farming (Tuck et al., 2014), and or-
ganic farming systems have higher floral and faunal 
diversity than conventional farming systems (Mäder 
et al., 2002), biodiversity can be conserved and po-
tentially restored within agroecosystems. As organic 
farming is one of the best-documented agroecological 
farming systems in scientific terms, these results are 
fundamentally important for a better understanding 
of all agroecological practices. Studies have shown 
that through diverse and heterogeneous agroecolog-
ical approaches it is possible to preserve and increase 
wild and domesticated biodiversity by up to 30% (FAO 
2018a). The connection between climate action and 
agroecology is two-way – agroecological systems have 
the potential to contribute to reducing greenhouse gas 
emissions and offer management practices to adapt to 
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climate change (FAO, 2018a). Agroecological farming 
may lead to reduced greenhouse gas emissions by 
reducing emissions from the production of synthet-
ic fertilizer and carbon capture in the soil (Müller et 
al., 2017; Smith et al., 2008; Wood and Cowie, 2004). 
However, these benefits have to be weighed against 
the lower land use efficiency or the increased re-
quirements on labor of agroecological - especially of 
organic - systems (Meemken and Qaim, 2018; Clark 
und Tillmann, 2017). Regarding climate change ad-
aptation, agroecology may improve the resilience of 
smallholders through the diversification of production 
and increasing resource use efficiency by integrating 
social aspects (Altieri et al., 2015; Liebman and Schul-
te-Moore, 2015). Furthermore, soil fertility, which is 
higher in agroecological systems, is a key prerequisite 
for protection against erosion and flood (Seufert and 
Ramankutty, 2017). 

5. The role of diversity for food productivity

One central characteristic of agroecology is diversi-
ty (FAO, 2018b). In contrast, most public policies and 
incentives designed to increase agricultural produc-
tion carry the risk of reducing the diversity of diets, 
food systems and landscape. A defining feature of the 
agroecological approach is diversity of landscape and 
habitats, of farm activities, of crops grown, of livestock 
kept and of above and below ground flora and fauna. 
Agrobiodiversity represents the creativity of life; its ir-
reversible erosion means less capacity to innovate and 
adapt in the future, especially to climate change (Dury 
et al., 2019). Substantial improvements in the envi-
ronmental sustainability of agriculture are achievable 
now, without sacrificing food production or farmer 
livelihoods (Davis et al., 2012). While short-term pro-
ductivity is increasing, there is a clear loss of diversity 
when traditional varieties or races are replaced by im-
proved varieties (Khoury et al., 2014). This homogeni-
zation and high dependency on a few crops at global 
scale increases the vulnerability to pests, as historical-
ly illustrated by many examples in maize, banana and 
wheat (Dury et al., 2019). Additionally, risks of resis-
tance increase through the wide use of pesticides and 
antibiotics (Dury et al., 2019). The development of 
ecosystem services over time in more diverse cropping 
systems and rotations increasingly displaces the need 
for external synthetic inputs while still maintaining 
crop productivity or even increasing yields (Ferrero et 
al., 2017; Davis et al. 2012). 

While socioeconomic factors such as farm commer-
cialization, off-farm income, education or seasonal-
ity significantly affect diets of rural households, the 

linkages between a household’s own agricultural 
production and dietary diversity are not always clear 
(Muthini et al., 2020; Sibathu and Qaim, 2018, Bellon 
et al., 2016). A positive relation between agricultural 
diversification and diversified diets is shown in differ-
ent contexts for both subsistence and income-generat-
ing household strategies (Jones, 2017; Muthini et al., 
2020; Sibathu and Qaim, 2018). In a comparative anal-
ysis including 23 studies, Jones (2017) demonstrated 
that agricultural biodiversity has a small but clear and 
consistent association with more diverse household- 
and individual-level diets. These various relations be-
tween diversity and food and nutrition security calls 
for a production strategy combining local productivity 
and yield stability to make best use of between- and 
within-crop diversification to increase long-term food 
and nutritional security.

Agroecological approaches elevate the role of farmers 
and other food producers in associated knowledge and 
value chains. This is especially the case for the knowl-
edge and experience of women, as women play a key 
role in all stages of food production in almost all re-
gions around the world, encompassing their practical 
knowledge on biodiversity, including seeds, on food 
preservation and recipes. Women’s control of farm lev-
el decision making is an important determinant in un-
derstanding household-level diet diversity, expressed 
by a positive relation between agricultural biodiversity 
and household diet diversity for households headed 
by women (Jones et al., 2014). Agroecology can create 
better opportunities for women by integrating diverse 
work tasks and specific forms of knowledge, providing 
a more significant role for women in the household 
and farm economy. As agroecology, through low initial 
investment costs and knowledge-intensive technolo-
gies, is better accessible to women, it also fosters their 
economic opportunities and autonomy. In its political 
dimension, agroecology seeks to achieve and imple-
ment a just system (Seibert et al., 2019).

6.  Domains of transformation with enabling 
and restraining factors

The domains of transformation that we want to ad-
dress are i) strengthening knowledge on agroecology, 
ii) working with markets, iii) enhancing cooperation, 
and iv) ensuring policy coherence to create a condu-
cive policy context for agroecology. These four do-
mains address both agroecological practices (levels 1,2 
and 3 of Gliessman, 2015) and the wider food system 
changes (levels 4 and 5). 
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6.1  Strengthening knowledge (research, education 
and innovation) on agroecology

The knowledge and advisory systems required to sup-
port agroecology and build the capacity of actors are 
insufficient (Wezel et al., 2018). A systems-oriented, 
transdisciplinary, and long-term field research ap-
proach is lacking. Instead, current global knowledge 
and research systems promote fragmented short-term 
output (Aboukhalil, 2014; Edwards & Roy, 2017).

In 2011, total global public and private investment in 
AgR4D exceeded 70 billion US dollars (in purchasing 
power parity dollars) (Pardey et al., 2016). Current 
global R&D investments focus mainly on major staple 
crops. More nutrient-dense crops such as pulses, fruits 
and vegetables, as well as orphan crops, are often ne-
glected (GloPan, 2016; HLPE, 2019). The Consortium 
of International Agricultural Research Centres (CGIAR) 
Research Programs still focus largely on breeding and 
efficiency in production systems, rather than expand-
ing its scope to a food system perspective (Biovision 
& IPES-Food, 2020). A study analyzing 728 AgR4D 
projects with a total budget of 2.56 billion US dollars 
showed that local and regional value chains, tradition-
al knowledge and cultural aspects of food systems are 
underrepresented in research programs, while only a 
handful of projects take a participatory approach to 
research (Biovision & IPES-Food, 2020). The public in-
vestment in agroecological approaches is estimated to 
range between 1 and 1.5 % of total agricultural and aid 
budgets (HLPE, 2019). In order to transform the cur-
rent food system, it is crucial for research projects to 
address and include key aspects of socioeconomic and 
political change, such as decent working conditions, 
gender equality (Biovision & IPES-Food, 2020) and the 
important role of young and highly qualified people.

To tackle these challenges, the research focus should 
be shifted to agroecological principles, research ac-
tivities should be better contextualized and funding 
mechanisms should be adequately altered, providing 
more funding for systemic, interdisciplinary and trans-
disciplinary research. This also usually requires longer 
funding periods.

Besides providing adequate funding for agroecological 
research, it is also crucial to break down institution-
al silos and enhance systems thinking in research and 
training. Interdisciplinary courses at the graduate and 
undergraduate level should include non-academic ac-
tors. Educational structures and programs are already 
showing signs of evolving towards systems analysis 
with several universities recently opening food system 
centers or units that break down the traditional struc-
tures of research. Knowledge for agroecological inno-

vations requires front-end research, but needs also to 
be combined with “know-how” and “do-how” (Saliou 
et al., 2019). Therefore, tools and platforms allowing 
for the transdisciplinary exchange and development of 
knowledge are key, particularly with young people and 
women.

It is hence key to provide training that includes practi-
tioner-led learning and building a culture of account-
ability where research is undertaken with and for 
farmers as the ultimate beneficiaries. Currently, these 
agents of change for agroecology are rarely among 
the recipients of research funding. Farmers’ intuition 
and tacit knowledge, practical know-how and scientif-
ic R&D can be harnessed together to yield solutions 
that are better suited to their particular context and 
are more quickly implemented. 

Public support should be provided to further develop 
agroecological curricula at colleges and universities 
and facilitate exchange between experienced and in-
terested stakeholders (from research, civil society, 
donor organizations and private sector). Establishing 
a network of decentralized centers of excellence in 
agroecology would further reinforce system thinking 
and enhance exchanges between different knowledge 
holders (Biovision & IPES-Food, 2020; HLPE, 2019). 
New methodologies developed at universities and re-
search centers such as co-creation of knowledge and 
citizen science using digital tools enhance participa-
tion and transdisciplinarity.

Implementing agroecological practices successfully is 
knowledge-intensive and requires more experimenta-
tion and site-specific adaptation than standardized, in-
dustrial farming practices (HLPE, 2019). This potential-
ly makes agroecological practices attractive to young 
people, and requires the skills and expertise of a di-
versity of practitioners and specialists, including farm-
ers, researchers and extensionists. In many parts of 
the world, private extension services financed by the 
sales of goods and services are predominant. When it 
comes to developing extension systems that align with 
agroecological approaches, publicly funded extension 
services are crucial. Tackling them requires re-config-
uring knowledge and extension systems in ways that 
place a much greater emphasis on participation and 
social learning, e.g. farmer-to-farmer learning and on-
farm demonstrations. Expanding the use of low-cost 
information and communication technology (ICT) such 
as interactive radio, use of apps, videos, and social 
media is an effective means to reach large numbers of 
people, including youth. ICT has the added advantage 
of being highly customizable to suit specific contexts, 
while digital tools are also highly versatile. Widening 
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access will also require innovative approaches in the 
delivery of information, so that the private sector, 
farmer groups, volunteers, social workers and youth 
entrepreneurs can become partners in extension 
and advisory systems (Fabregas, Kremer & Schilbach, 
2019).

6.2 Working with markets

Agroecological systems are more diversified in terms 
of farm activities and tend to yield a greater number of 
crop or livestock products, but with a smaller volume 
of each product. This can limit market and processing 
opportunities and requires higher levels of knowledge 
and risk-taking. Furthermore, local marketing struc-
tures have in many regions been replaced by food re-
tail chains, with food producers finding themselves in 
the weakest position along the value chain.

Only 10-12% of all agricultural products are traded 
on international markets, and most food in the world 
is produced, processed, distributed and consumed 
within local, national and/or regional food systems 
(CSM, 2016). The Covid-19 pandemic has shown that 
sustainable local food systems are crucial for main-
taining stable access to food when the global system 
fails. Supporting short supply chains and alternative 
retail infrastructures with stronger participation and 
control of more and various food system actors such 
as farmers’ markets, fairs, food policy councils, and 
local exchange and trading systems, may enhance 
farmers’ livelihoods and increase access to local, sus-
tainably-produced and diverse food (Hebinck et al., 
2015). More support should be given to develop local 
and regional markets, processing hubs and transpor-
tation infrastructures that provide greater processing 
and handling capacities for fresh products from small 
and medium-sized farmers who adopt agroecological 
and other innovative approaches, and to improve their 
access to local food markets (Wezel in Herren et al., 
2020). Strengthening local food systems depends on 
enhancing local authorities’ (e.g. municipalities) ca-
pacity to design favorable local policies. These in turn 
could work to enhance direct connection between 
producers and consumers, provide public facilities, 
support farmers´ associations in building strong local 
marketing networks, and entrench participatory guar-
antee systems (PGS) to certify organic and agroecolog-
ical producers (HLPE, 2019).

Farmers (particularly smallholders, women and young 
people), producer organizations, input providers and 
businesses transforming their operations based on 
agroecological principles need access to credit and al-

ternative investment platforms with low capital costs. 
Not only farmers but food systems actors in general 
require access to secure and low-cost capital to absorb 
risks (e.g. momentary lower profitability) in the course 
of converting towards more sustainable business mod-
els. Investments into FinTech research which acceler-
ate and facilitate the access to transformational capital 
(e.g. mobile microfinance, peer-to-peer lending plat-
form and crowdfunding) must be given due priority.

Food prices and the price for food waste should be 
“right”, internalizing external costs and enhancing pos-
itive externalities. This means that both the nutrition-
al value of a food item as well as its production- and 
consumption-associated costs along the entire food 
value chain should be taken into account (FAO, 2018c). 
However, an increase in food prices has a negative im-
pact on the ability of those on low incomes to buy food 
of appropriate quality. Similarly, the Eat-Lancet Com-
mission states that “food prices should fully reflect 
the true costs of food”. However, options that support 
vulnerable population groups and protect them from 
the negative consequences of the potential increase 
of food prices need to be considered (Willett et al., 
2019). Besides food prices, financial and fiscal incen-
tives of unsustainable production systems also have 
a significant influence on current food systems. To al-
low for food system transformation, the creation of a 
shared understanding of all of the positive and nega-
tive externalities of the food system, as well as of the 
best approaches to defining reduction targets is crucial 
(Perotti, 2020).

6.3 Enhancing collaboration

Agroecological practices often depend on collective ac-
tion across a landscape scale, involving multiple farms 
and a range of actors. Furthermore, agricultural inno-
vations respond better to local challenges when they 
are co-created through participatory processes and 
endorsed by local-specific knowledge. Collaboration 
and coordination across local, regional and national 
levels is key to support the active involvement and 
self-organization of food system actors such as pro-
ducers, private sector investors, academia, civil soci-
ety and governments. There is growing evidence from 
literature highlighting the need for collective action 
and coordination at the local level to create favorable 
sociotechnical conditions for agroecological transition 
(Lucas et al., 2019). Agroecological innovations to be 
successful and implemented at larger scale, require 
mobilizing a growing range of stakeholders with multi-
ple perspectives (Triboulet et al., 2019). However, agro-
ecological farmers often value community cooperation 
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higher and as more important compared to colleagues 
working in non-agroecological farming systems. This is 
in line with agroecology principles in which the links 
to members of the community for knowledge sharing 
and problem-solving are key to strengthen sustainabil-
ity and resilience (Leippert et al., 2020). Through inter-
actions with other stakeholders and networks, farmers 
and other agents of change are supported to strength-
en existing initiatives and further develop collective 
awareness, identity, and agency around agroecological 
management issues (Chable et al., 2020). This requires 
higher levels of coordination and increases transaction 
costs.

Multi-stakeholder dialogues built on evidence-based 
arguments can help to bring together different per-
spectives, as long as they are developed in an inclusive 
manner (HLPE, 2019). Agricultural research projects 
and partnerships too often remain focused on one-way 
knowledge transfer via institutes based in the Global 
North. It is therefore crucial not only to promote a shift 
towards agroecological research but also to rebalance 
North-South power relations through equal research 
partnerships and direct access to research funding. 
Additionally, increased funding to build lasting bridges 
for South-South collaboration is needed. Supporting 
the emergence of long-term partnerships and coa-
litions with a focus on agroecology, local ownership, 
and the meaningful involvement of social movements 
and farmers’ organizations is equally important. In 
parallel, the Public-Private Partnership model that is 
so central to current AgR4D needs to be continually 
scrutinized with regard to the delivery of benefits vis-
à-vis the SDGs (Biovision & IPES-Food, 2020).

Social movements associated with agroecology have 
often arisen in response to agrarian crises and have 
joined forces to initiate transformation of agricul-
ture and food systems. Agroecology has become the 
overarching political framework under which many 
social movements and peasant organizations around 
the world assert their collective rights and advocate 
for a diversity of locally adapted agriculture and food 
systems mainly practiced by small-scale food produc-
ers. These social movements highlight the need for a 
strong connection between agroecology, the right to 
food and food sovereignty. They position agroecology 
as a political struggle, requiring people to challenge 
and transform existing power structures (HLPE, 2019).

6.4   Ensuring policy coherence to create a con-
ducive policy context for agroecology

To take agroecology to the next level, a solid gover-
nance structure combined with a set of coherent pol-
icy measures are essential (Eyhorn et al., 2019). Laws, 
regulations, publicity awareness campaigns and fis-
cal incentives are all part of a framework that should 
serve society. Many policy measures have negative 
impacts on the goals of different national strategies 
and policy objectives such as climate, biodiversity, soil 
protection, animal welfare, environmental protection, 
nutrition and health. Current agricultural and trade 
policies, including subsidy schemes, still favor inten-
sive, export-oriented production of a few crops as well 
as the intensive use of fossil fuel and agrochemical in-
puts and must be revised to address multi-functional-
ity of agriculture (Eyhorn et al., 2019; HLPE, 2019). The 
holistic nature of agroecology requires a well-coordi-
nated coherent policy framework and a shift from a 
production focused perspective to one including new 
indicators covering nutritional aspects, environmental 
impact and long-term stability of the system. Such a 
holistic accounting of the performance of food produc-
tion would allow for an evaluation of all of the positive 
and negative externalities (Perotti, 2020). 

International trade relations should include or allow 
for specific tools or mechanisms to foster the mar-
keting of products derived from agroecological sys-
tems. Bi- and multilateral trade agreements should 
not include policies or ask for laws that might hinder 
agroecological production and even put its central ele-
ments as defined by FAO at risk.

Agriculture benefits - at varying degrees - from govern-
ment support measures all over the world. In Europe, 
these are mainly direct payments, which are paid out 
to farms to support their income. “Public money for 
public goods” is a claim that environmental politicians 
and NGOs have been making for 30 years. Fortunately, 
there is a growing consensus that this would be an ef-
fective greening strategy and would bring major ben-
efits to agroecology. Piñeiro et al. (2020) investigated 
which measures were most effective in promoting 
sustainability in agriculture. By far the most effective 
measures are government-supported eco-schemes in 
all political, economic and social contexts, worldwide. 
Education, extension or market incentives (demand) 
come second. This relates to the fact that the market 
only settles private goods and services, but not public 
goods. The important function of state intervention 
(direct payments, investment subsidies, contributions 
to research, education and advisory services) is there-
fore to minimize the conflict of goals between private 
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and public goods and functions. If the funds available 
for the various policy areas were channeled into agro-
ecology, a huge transformative force would develop 
very quickly.

One major challenge is that on average, conversion to 
agroecological systems typically results in a short-term 
reduction of yields (Tittonell, 2014) that needs to be 
compensated by cost savings, higher product prices 
or policy support measures to ensure the economic 
viability of the farms. Additionally, the definition of 
sustainability in agriculture and food systems must be 
broadened beyond the efficiency narrative. Sufficien-
cy means reducing resource consumption by adopting 
sustainable diets, reducing the demand for certain 
goods (e.g. feedstuff and biofuels produced on arable 
land), or increasing the demand of goods with relative 
advantages that cause less emissions and resource 
depletion under certain situations and in certain lo-
cations, and by reducing food waste. Although the 
efficient use of natural and human-made resources 
remains important, efficiency alone is often offset by 
rebound effects (Polimeni et al. 2008) such as a high-
er consumption or wastage. Global mass-flow models 
show that narratives based on sufficiency can success-
fully reduce the trade-offs between productivity and 
eco-stability (Schader et al., 2015; Müller et al., 2017). 

Making use of existing public purchasing obligations 
can provide economic and political opportunities to 
implement policy and build new and innovative socio-
economic relationships that create sustainable food 
systems. Public procurement of sustainably-produced 
food, for example, can support low-income and other 
groups within schools, hospitals and other public insti-
tutions, setting off mutually reinforcing circuits. Inter-
ventions that focus on local procurement of sustain-
ably-produced food for school feeding programs, or 
that target groups vulnerable to food insecurity, to re-
alize food sovereignty at local and state level, can be ef-
fective in addressing FSN while supporting sustainable 
food systems (Barrios et al., 2020). These initiatives 
can also support safe, decent, meaningful employment 
for marginalized groups, including young people and 
low-income workers within the food system.

International guidance to comprehensively measure 
outcomes of agroecological farming systems are the 
Tool for Agroecology Performance Evaluation (TAPE), 
SAFA Guidelines of FAO (2013) or UN System of En-
vironmental Economic Accounting (SEAA). Research 
projects in general and technology development in 
particular should be subjected to a holistic, multi-cri-
teria assessment measuring against the elements of 
agroecology: FAO’s TAPE (FAO, 2019), the Agroecology 

Criteria Tool (ACT), the growing body of work on ‘true 
cost accounting’ and specific metrics like the LER are 
at hand (Biovision & IPES-Food, 2020). Multi-criteria 
sustainability assessment tools for farms and food 
business are very helpful in assessing complexity and 
holistic sustainability and can accelerate transforma-
tion processes in agriculture and nutrition (Mottet et 
al., 2020).

7. Conclusions: Contribution of Agroecology to 
the SDGs

The SDGs recognize the strong interconnectivity 
among development goals and stress the need for 
holistic approaches and profound transformation of 
human activity across multiple dimensions and at 
multiple scales (Barrios et al., 2020). Due to the fun-
damental importance of agriculture, the state of agri-
culture and food systems directly or indirectly affects 
all seventeen of these goals. Agroecology provides one 
tool to help build sustainable food systems and thus 
contribute to the ambitious targets laid out under the 
SDGs (Farrelly, 2016). In particular, agroecology can 
contribute to no poverty (SDG 1), zero hunger (SDG 2), 
good health and wellbeing (SDG 3), decent work and 
economic growth (SDG 8), responsible consumption 
and production (SDG 12), climate action (SDG 13) and 
life on land (SDG 15).

Agroecological approaches are increasingly called 
upon to play a greater role in contributing to achieve 
sustainable global food systems. Numerous promising 
examples demonstrating the potential of agroecology 
to stimulate and drive sustainable transition of food 
systems around the world were presented in a stake-
holder paper (CNS-FAO, 2021). If we implement the 
concept and at the same time apply a coherent policy 
set, agroecology contributes to sustainable and resil-
ient food production systems that help maintain eco-
systems and that progressively improve land and soil 
quality. It further helps in maintaining the genetic di-
versity of seeds, cultivated plants and domesticated an-
imals. Through the promotion of reduced, alternative 
(non-chemical) and safe application of crop protection 
products, agroecology can reduce risks associated with 
agrochemical exposure, thus positively influencing the 
health of rural workers and of consumers. 

All of these potential benefits of agroecology men-
tioned above combined with long-term productivity, 
social wellbeing and improved agency, reduced food 
waste and loss and a sufficiency-oriented agricultural 
production require a rethinking of both the indica-
tors and the way in which we measure performance 



396 | VII. Strategic perspectives and governance

Science and Innovations for Food Systems Transformations

of agricultural and food systems (Mottet et al, 2020). 
Additionally, a coherent policy framework is necessary 
that is able to break policy silos and improve gover-
nance structures in many countries to allow for a high-
er self-control of resource base, reduce the depen-
dency of traditional market mechanisms controlled 
by capital through the construction of new, nested, 
markets, a strong backing reliance of high quality of 
labor, exchange of experiences and the availability 
of skill-oriented technologies, and a high degree of 
self-regulation at the territorial level (Van der Ploeg, 
2021). All of these elements are strengthening farm-
ing as an interesting, fulfilling profession, attractive for 
young people. To allow agroecology to play a role in 
food system transformation, different governance lev-
els and different departments, teams and stakeholder 
groups need to closely work together to define the key 
performance indicators for sustainable food systems 
and a policy frame aiming to reduce the amount of 
trade-offs. Promising examples of agroecological prac-
tices have developed and spread globally (CNS-FAO, 
2021), and the increasing awareness of society for the 
urgency of food systems transformation increase the 
pressure on decision-makers to substantially support 
the development towards sustainable food systems. 
Strengthening knowledge systems, working with mar-
kets, enhancing collaboration between food system 
actors and creating an enabling policy environment 
will be crucial for this development.
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I. Bioeconomy Concepts and Contributions 

The most widely recognized definition of bioeconomy 
was proposed in the Global Bioeconomy Summit 2018 
framework: “bioeconomy is the production, utilization 
and conservation of biological resources, including 
related knowledge, science, technology, and innova-
tion, to provide information, products, processes and 
services across all economic sectors aiming toward a 
sustainable economy”. Bioeconomy policy frameworks 
and development approaches make use of materials 
and energy found in biodiversity, biomass, and genet-
ic resources. The knowledge generated about biolog-
ical principles and processes can be replicated in new 
product designs.

The bioeconomy concept as a development approach 
is driven by advances in science and technology (S&T) 
and the need to address new problems and concerns. 
Recently, this approach has been advanced by prog-
ress in research and development in biological sci-
ences and by complementarity and convergence with 
the S&T of materials (especially nanotechnology) and 
information (e.g. artificial intelligence (AI), digitaliza-
tion, information and communication technologies 
(ICT), Internet of Things (IoT)). The bioeconomy con-
cept has been favored by concerns associated with 
climate change, since material replacement and en-
ergy-based production processes are essential com-
ponents of actions needed for adaptation and mit-
igation, and it is seen as an important complement  
to the decarbonization of the economy. Interest  
in the bioeconomy concept as a development ap-

proach also emerges from society’s concern for  
meeting the increased demand for food produced 
more sustainably.

In addition, there are increasing changes towards sus-
tainable consumer lifestyles, where consumers are 
better informed and inclined to buy environmentally 
friendly products. These changes create opportunities 
for the utilization of biomass (agricultural residuals, 
food waste) to increase recycling and shorten supply 
chains, but also as an alternative feedstock for the 
production of numerous materials from fuels/energy 
to chemicals, bioplastics, and pharmaceuticals, among 
others. Future bioeconomy innovations are expected 
to generate greater positive impacts on sustainabili-
ty, like synthetic biology, novel nitrogen-fixing crops, 
nanofertilizers, and more. 

The bioeconomy concept as a development approach 
has similarities and differences with concepts of the 
circular and green economies, which are included as 
approaches to sustainable development (D’Amato et 
al. 2017; Kardung et al. 2021). All are multidimensional 
concepts, having as goals the reduction of greenhouse 
gas (GHG) emissions, energy and material use efficien-
cy, responsible consumption, the importance of social 
inclusion and the relevance of innovation. However, 
the bioeconomy is distinguishable by its focus on in-
novation and transformation of production structures, 
because its material and energy base are biological re-
sources, including the use of knowledge for processing 
and the creation of value-added chains (Figure 1).

Figure 1 Sectors and networks of the bioeconomy
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Table 1 Potential contributions of the bioeconomy to the SDGs

Source: Chavarría et al. (2020).

The bioeconomy makes important contributions to 
sustainable economic growth from environmental 
and social points of view, especially in rural areas. 
For example, the European Union (EU) bioeconomy 
(post-Brexit composition) employed ~17.5 million 
people, generating €614 billion of value-added pro-
duction in 2017 (Ronzon et al. 2020). Furthermore, in 
2017, Latin American countries like Argentina gener-
ated 2.47 million direct bioeconomy jobs (Coremberg, 
2019). Nordic countries have experienced bioecono-
my-related employment growth of 5-15 % (Refsgaard 
et al. 2021). It is estimated this development model 
has an economic potential of USD 7.7 trillion by 2030 
(WBCSD, 2020). Previous projections are supported 
by trends in bioeconomy markets. While commodities 
like vegetable oil, sugar and cereals have growth rates 
of less than 4.45 %, sectors with higher value-added 
such as biofuels, bioplastics, and biofertilizers have 
grown by 25, 20 and 14 %, respectively (Betancur et 
al. 2018). Using new S&T to add value to biological re-
sources leads to more profitable and sustainable mar-
kets. Cingiz et al. (2021) show the linkages between 
the different sectors of the bioeconomy and estimate 
that they contribute 30 % and 50 % to the total val-
ue-added of bioeconomy in the EU.

Finally, links between the bioeconomy and the 2030 
Agenda for Sustainable Development are demonstrat-
ed by using the Sustainable Development Goals (SDGs) 

as indicators for bioeconomy monitoring and evalua-
tion (Calicioglu & Bogdanski, 2021). In an analysis of 
national bioeconomy strategies (Linser & Lier, 2020), 
topics related to the SDGs were indirectly related to 
objectives, planned actions and proposed measure-
ments for policy instruments aimed at promoting the 
bioeconomy. Fourteen relevant SDGs for the bioecono-
my were identified. The bio-based economy can play a 
fundamental role in the decarbonization of the planet 
(SDG 13: Climate Action) and the production of agricul-
tural bio-inputs, healthy food and sustainable intensifi-
cation of agricultural production (SDG 2: Zero Hunger, 
SDG 3: Good Health and Well-Being and SDG 15: Life 
on Land). Additionally, the closure of production cycles 
through residual biomass use improves the sustainable 
production indicators (SDG 12: Responsible Consump-
tion and Production and SDG 11: Sustainable Cities 
and Communities). Another contribution of this new 
paradigm is the design of biomaterials and production 
of different types of bioenergy (SDG 9: Industry, Inno-
vation and Infrastructure, and SDG 7: Affordable and 
Clean Energy), which help to generate new jobs (SDG 8: 
Decent Work and Economic Growth) 

The bioeconomy approach as a development mod-
el that enables achieving the SDGs related to food  
security and nutrition, health and well-being, and 
clean water and sanitation, among others, is analyzed 
in Table 1.
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II.  Bioeconomy Contributions to Food Systems 
Transformation 

The transformation towards more sustainable and 
equitable food systems (FS) seeks to provide healthy, 
nutritious food, while creating livelihood opportuni-
ties and reducing negative impacts. To achieve this 
goal, the UN Food Systems Summit has established 
five action tracks relating to the bioeconomy. Action 
Track 1 seeks to ensure the availability of safe, nutri-
tious food for everyone. This requires increasing crop 
and livestock yields through sustainable intensifica-
tion activities in multifunctional landscapes, the diver-
sification of production, and good soil management.  
Action Track 2 is the shift to healthy and sustainable 
consumption patterns. In this case, the bioeconomy 
can strengthen local value chains, promoting the re-
use and recycling of food resources. Action Track 3 
aims to optimize natural resources in food produc-
tion, processing and distribution as pollution, soil 
degradation and loss of biodiversity are reduced. For 
this, the bioeconomy strategies focus on value chains 
with integrated cycles, which increase efficiency and 
recycling through products and co-products in dif-
ferent biological systems. Action Track 4 includes 
strategies for integrating chains and adding value to 
products at the local level, contributing to poverty 
reduction by creating new rural jobs. Action Track 5 
promotes resilience in the face of vulnerabilities, im-
pacts and stresses in FS. Resilience can be strength-
ened by a growing bioeconomy, based on the diver-
sification of agricultural commodity production, the 
increased use of bio-based inputs in agriculture, and 
the diversification of rural incomes into rural produc-
tion of bioenergy bio-based industry and environ-
mental services. The current contingencies caused 
by COVID-19 and recent natural disasters highlight 
the importance of innovations to prepare FS for fu-
ture pressures.

2.1  Advantages of Disruptive Scientific and  
Technological Developments

Advances in biology, ICT, and engineering are repo-
sitioning the role played by biological resources and 
improving our ability to understand and take full ad-
vantage of the opportunities offered. In recent de-
cades, biology advances have accelerated with new 
research tools such as CRISPR-Cas9, building on new 
knowledge of plant, animal and microbial genomes 
and big data. Knowledge increases are used to in-
crease the efficiency of crops, animals, biofuel, bio-
plastics and bioenergy production. They highlight the 
full potential of the intrinsic value of natural and bio-

logical processes. The impact of these transformative 
trends is augmented by the interaction among them, 
which is beginning to be referred to as “technological 
convergence”. By interacting with each other, differ-
ent disciplines — biology, biotechnology, chemistry, 
nanotechnology, data science, ICT, engineering, etc. 
— are driving progress in each specific field, blurring 
the traditional boundaries between economic sec-
tors, changing the competitive advantages of coun-
tries and their businesses.

ICT and digitalization are important determinants of 
economic organization and competitiveness. Wide-
spread connectivity, satellite technologies, data sci-
ence and AI mechanisms, robotics, autonomous sys-
tems, electronic and biological sensors, virtual and 
augmented reality, the IoT and blockchain apps are 
increasing the efficiency of agriculture, food and bio-
mass supply chains, reducing waste and resource use 
while increasing the quality of food and biomass. It is 
also becoming possible to predict climate phenome-
na and generate risk management programs to better 
deal with the consequences and monitor climate im-
pacts, which can reduce farm management costs. 

Through the use of S&T, the bioeconomy makes it pos-
sible to improve productivity and the sustainable use 
of biological resources by developing more productive, 
disease-resistant and environmentally friendly variet-
ies of plants and animals. S&T increases biomass pro-
ductivity, and develops new bioproducts with high val-
ue-added, such as nutraceuticals, bioenergy and other 
biological materials used by the cosmetic, pharma-
ceutical, chemical and other industries. Furthermore, 
it generates a range of new services and attaches 
greater value to biodiversity; for example, integrated 
pest management based on biological pesticides and 
fertilizers. It contributes to increase the efficiency of 
converting biological resource for food, feed, and oth-
er uses by improving biorefinery processes.

Technological convergence is a trend contributing to 
the renewed, modernized vision of agriculture and FS, 
value-added chains and international trade, especially 
because of young people’s technological skills – which 
exceed those of previous generations – and the need 
to halt the migration of young people from rural ter-
ritories to urbanized areas. These new technological 
scenarios are already beginning to be reflected in ag-
riculture, agribusiness and the rural milieu, and they 
are increasingly perceived as offering the basis for the 
development of “sustainable intensification”. 

Supports SGDs: 3,8,9,11,12,15 
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2.2  Transforming Rural Environments, Generating 
Income and Employment Opportunities

One key bioeconomy issue is the implications of 
moving from fossil to bio-based value chains. Fossil 
raw materials are relatively homogenous, extracted 
in high volumes from selected productive deposits 
of limited area. They are transformed into products 
for energy sector materials, multi-stage chemical sec-
tor, and the construction sector, through large-scale 
industrial and logistical infrastructures. In contrast, 
biological carbon – biomass – comes from a highly 
decentralized context because the diverse nature of 
agriculture and forestry and “does not travel well”. 
Due to its large volumes, limited shelf-life, and low 
energy and carbon density, it is not economical to 
transport biomass long distances before processing. 
Integrated biomass processing facilities need to be 
organized in a decentralized way, close to raw mate-
rial sources. 

It is these bio-based value chain characteristics that al-
low for significant transformations of rural landscapes 
and how they integrate into the economy. Bio-based 
value chains bring new activities into rural landscapes, 
diversifying income sources and the nature of existing 
employment opportunities. Greater economic den-
sity generates opportunities for Latin American and 
the Caribbean (LAC) territories, which are strongly 
influenced by situations of unemployment, informal-
ity (76 % of those employed), poverty (45 %; several 
times more than urban rates) and exclusion. The use 
of biomass for new industries increases economic op-
portunities for both agricultural and non-agricultural 
sectors (which in LAC generate 58 % of the income of 
rural territories) (ILO, 2020).  

Outmigration to urban centers, aging populations and 
lack of youth interest to remain in farming vis-a-vis the 
promise of a more “attractive” future in non-agricul-
tural jobs are common concerns in rural communities 
around the world. According to an OECD (2018) study 
that included 24 developing countries, only 45 % of ru-
ral youth are satisfied with their employment. Among 
the reasons for seeking a new job, rural youth men-
tioned a better income (36.7 %), greater stability in 
contracts (20 %), better working conditions (17 %) and 
an opportunity to increase their skills (13 %).

A second strategic component of the bioeconomy con-
cept as a development approach and its impacts on 
transforming rural environments is the implications of 
improved energy availability to attract other econom-
ic activities beyond bio-based value chain activities. 
Previously, rural electrification stimulated local devel-
opment processes and bioenergy options could low-

er costs through the decentralization of costly energy 
grids, improving environmental performance through 
the more integral use of residual biomass and waste. 
This is important for regions like LAC, where forest bio-
mass is equivalent to half of its land area (and 25 % of 
the world’s forests). Cingiz et al. (2021) show that the 
linkages with up- and downstream sectors makes up 
between 30 % to 50 % of the value-added of the bio-
economy in the EU.  

Affordable, stable energy supply is a critical restriction 
to economic development and the bioeconomy is in-
creasingly offering it through options that are not com-
petitive with food production. In an increasingly inter-
connected world, emerging bioeconomy networks are 
viable strategies for reversing rural outmigration. In 
2018, bioenergy generated 3.18 million jobs, equiva-
lent to 30 % of all jobs in the renewable energy sector. 
Moreover, the employment generated by the biofuels 
sector worldwide is highly concentrated: LAC accounts 
for 50 % of liquid biofuel jobs worldwide, while North 
America accounts for 16 %. 

Supports SGDs: 3,7,8,9,11,15

2.3  Improving Food Chain Resource Use
The diversification in biomass use to produce biofuels 
contributes to GHG reduction, generates added value 
and employment, and contributes to a safer, more ef-
ficient agri-food systems. Biomass fractionating results 
in a series of biomaterials of different added value. 
Biomaterials are liquid, solid and gaseous biofuels, 
which under the term “bioenergy” represent 10 % 
of the world’s primary energy supply (IEA, 2019). A 
wide range of products linked to animal and human 
food (flour protein, expeller, bagasse, distillers dried/
wet grains, etc.) and other high value-added products 
linked to the pharmaceutical, alcohol chemical and 
oleo chemical industries are also produced.

Biomass fractionation leads to an industry catego-
rized as “multi-product”, in which the production of 
co-products facilitates a better distribution in raw ma-
terial production costs, making the system more effi-
cient. Safer agri-food systems are generated, as biofu-
els serve as a buffer of raw materials that can be use 
as food in case of crisis or crop losses. The production 
of biofuels has generated more stable demands for 
raw materials, generating additional sales channels. 
According to Torroba (2020), 16 % of corn production 
worldwide, 20 % of sugar production, 19 % of soybean 
oil and 16 % of palm oil were destined towards bio-
fuels. When the prices of related commodities are 
not attractive, the redirection of raw material derived 
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from crops can be particularly beneficial to farmers. 
It generates more stable demand for raw materials, 
creating positive impacts on prices, and benefiting ne-
glected LAC groups, namely family farmers, of whom 
60 million work in the sector. 

Biofuel productivity has improved, reflecting learn-
ing-by-doing and ongoing technological updating. 
Processing costs of US corn ethanol declined by 45 % 
between 1983 and 2010, while production volumes 
increased seventeen-fold, whereby learning-by-doing 
and economies of scale played important roles in re-
ducing these costs. Similarly, the cost of producing sug-
arcane ethanol in Brazil declined by 70 % between 1975 
and 2010 (Chen et al. 2015). With advances in biotech-
nology to enhance the productivity of feedstock plants, 
the efficiency of refining and the use of residue, the 
cost of biofuels, and their environmental impacts will 
decline, while their value-added is enhanced. 

Supports SDGs: 7,9,13

2.4 Improved Nutrition and Health
Growing consumer interests in products with natural 
ingredients promotes new value chains associated 
with tropical biodiversity. Agroforestry systems with 
native fruit trees and traditional forest foods can pro-
vide the necessary macro- and micro-nutrients to im-
prove nutrition and food security. Micro-algae possess 
a high nutritional value, containing protein, polyunsat-
urated fatty acids, bioactive carbohydrates, and anti-
oxidants, including pigments such as carotenes, chlo-
rophylls phycobiliproteins. 

Innovations in plant breeding technologies, like those 
used to create genetically modified (GM) crops, have 
increased yields, contributing to higher household 
incomes, reducing poverty and enhancing household 
food security. Biofortified GM crops have been im-
proving the nutritional quality of food, including in-
creasing proteins (canola, corn, potato, rice, wheat), 
improving oils and fatty acids (canola, corn, rice, soy), 
increasing vitamin contents (potato, rice, strawberry, 
tomato), and increasing mineral availability (lettuce, 
rice, soy, corn, wheat). Nutritionally enhanced foods 
are preventing and/or treating leading causes of death 
such as cancer, diabetes, cardiovascular disease and 
hypertension. 

In many instances, improving macro-nutrients (pro-
teins, carbohydrates, lipids, fiber) and micro-nutrients 
(vitamins, minerals, functional metabolites) have sig-
nificant childhood health improvements, such as re-
ducing blindness due to the lack of vitamin availability. 

Improved food nutrient content, especially the in-
crease in mineral availability, contributes to improved 
immunity systems and reduces stunting. In many devel-
oping countries, plant-based nutrient intake accounts 
for 100 % of an individual’s nutrient diet, further high-
lighting the importance of nutritionally enhanced crop 
derived foods. Health benefits are extended to adult-
hood through reductions in cancer-causing mycotox-
ins, such as those found in GM corn. 

One quality of life health improvement that has result-
ed from the small land-holder adoption of GM crops is 
the reduction in drudgery (Gouse et al. 2016). The ma-
jority of weed control in developing countries is done 
by hand labor. Hand weeding is labor commonly as-
signed to women. Gouse et al. (2016) found that hand 
weeding was reduced by three weeks over the course 
of a year with GM corn adoption. This allowed women 
to have larger vegetable gardens.

Supporting SDGs: 1,2,15 

2.5  Improved Environmental Sustainability and  
Climate Resilience

Bioeconomy and biotechnology investments have 
made substantial environmental improvements, offer-
ing potential as a leading strategy in efforts to mitigate 
climate change. It is estimated that biomass could save 
1.3 billion tons of CO2 equivalent emissions per year 
by providing 3,000 terawatt-hours of electricity by 
2050 (Zihare et al. 2020). It is necessary to establish 
national instruments of measurement for GHG emis-
sions throughout the life cycle of biofuels according to 
the different raw materials used to corroborate the en-
vironmental advantages. Bio-based products release 
fewer GHGs compared to fossil carbon commodities. 

Another sustainable bioeconomy contribution is the 
reduction and use of food waste. In the agro-industrial 
sector in LAC, food waste is around 127 million tons/
year, enough to satisfy the nutritional needs of 300 
million people (Macias, 2020). Thanks to S&T advanc-
es, multiple technologies allow the reduction of waste 
and its use to produce new bioproducts (for the food, 
energy, chemical, pharmaceutical, and construction 
industries). Food waste can be considered as a cheap 
feedstock for producing value-added products such as 
biofertilizers, biofuels, biomethane, biogas, and val-
ue-added chemicals. These new industries have the 
potential to contribute to the mitigation objectives of 
climate change and the environmental sustainability 
of productive commercial activities due to the substi-
tution of products of fossil origin with a high carbon 
footprint.
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The commercialization of herbicide tolerant canola, 
corn and soy in the mid-1990s revolutionized land 
management practices, resulting in tens of millions of 
acres transitioning to zero-tillage. The additional com-
mercialization of insect-resistant corn, cotton and soy 
has resulted in millions of fewer pesticide applications. 
The reduction in tillage and chemical applications has 
produced a significant environmental benefit, with 
2.4 billion kg fewer carbon dioxide emissions and 775 
million kg fewer chemical active ingredients being ap-
plied (Brookes & Barfoot, 2020). It is estimated that in-
sect-resistant crops have reduced global pesticide use 
by 37 % (Klümper & Qaim, 2014). Not only are there 
fewer GHGs emitted during the production of crops, 
but the continuous cropping of fields with no tillage is 
increasing the soil’s sequestration and storage of CO2. 
Conventional agricultural practices that require the 
use of tillage for weed control are estimated to have 
a net global warming potential that is 26-31 % higher 
than zero-tillage land (Mangalassery et al. 2014). The 
adoption of GM technology in corn, soybean, and cot-
ton has reduced agricultural land and input use, saving 
0.15 Gt of GHG emissions, equivalent to roughly one-
eighth of the emissions from automobiles in the US 
(Barrows et al. 2014). 

One emerging and vital area of innovative bioeco-
nomy research is the use of innovative breeding 
technologies, including gene editing, to improve the 
abilities of plants to sequester increased amounts of 
carbon dioxide, allowing agricultural food production 
to make significant contributions to reducing the im-
pacts of changing climates. Changes in a plant’s ability 
to photosynthesize can have additional yield-enhanc-
ing benefits. Bioeconomy photosynthesis research 
that results in plants sequestering greater volumes of 
carbon dioxide and higher yields will ensure that crop 
production levels do not decline in the face of chang-
ing climates.

Plant breeding involving biotechnology and gene edit-
ing is also providing additional sustainability benefits 
by developing new varieties that are resistant to dis-
eases that are threatening to destroy species. Fungal 
diseases and virus have had devastating impacts on 
the production of coffee, where an estimated 60 % of 
all production is threatened (Davis et al. 2019). Similar 
circumstances exist regarding the production of ba-
nanas, oranges and cocoa. The technology is also being 
applied to reintroduce species into regions where they 
were previously made extinct due to disease, such as 
the case with the American chestnut tree.

Supporting SDGs: 2,3 

2.6 Upscaling Biotechnology Innovations 
Humanity is facing major challenges, including climate 
change, food security, and rural development. The bio-
economy is poised to play a central role in addressing 
these challenges. New technologies in life and infor-
mation sciences, combined with practical knowledge 
of production practices and ecosystems, can unleash 
the bioeconomy’s potential. This requires significant 
investment in basic and applied research, training 
highly-skilled professionals, and a fluid relationship be-
tween academia and industry. Zilberman et al. (2013) 
suggest that the “educational industrial complex” has 
been essential in establishing the biotechnology and 
information technology sectors in the US and through-
out the world. In the educational industrial complex, 
publicly supported basic research within universities 
and other research institutions leads to discoveries 
and innovations that are transferred to and expanded 
by startups and other private sector actors. Their de-
velopment efforts lead to products that are produced 
and marketed by the private sector and transferred 
to final users. The educational industrial complex has 
already led to the establishment of supply chains for 
new products, including biofuels and oils, fine chem-
icals, pharmaceuticals and foods. University research-
ers have led some of these new ventures, and the ex-
change between universities and the private sector in 
clusters like the Bay Area, St. Louis, Davis, Sao Paolo, 
San Diego, Austin, Mendoza, Santiago, etc. 

The supply chains that emerge from these industrial 
clusters provide direct employment in the production 
of technological devices and even greater opportu-
nities in the industries resulting from these technol-
ogies. The resulting bioeconomy industries are more 
likely to be concentrated in rural regions, alleviating 
rural poverty. For example, biofuel and fine chemical 
production can transfer rents from owners of non-re-
newable resources like fossil fuels to the expanded 
agri-food sector. Biorefineries operate at lower tem-
peratures, allowing for constructions smaller in size in 
comparison to refineries converting fossil fuels. This 
allows for more diversified as well as spatially-distrib-
uted scaling-up (Clomburg et al., 2017).

The success of the educational industrial complex 
depends on maintaining academic and research ex-
cellence. The pioneering knowledge produced by 
EMBRAPA was key to the emergence of Brazil as an 
agricultural powerhouse, suggesting that support for 
outstanding research institutes linked with industry is 
a sound social investment. 

The three main obstacles to the development of the 
biofuels sector are regulatory uncertainty, high trans-
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action costs, and financial constraints. Upscaling and 
applying new knowledge requires a science-based 
regulatory environment that aims to reduce regulato-
ry burdens and accelerate the development and ap-
plication of new, safe technologies. The emergence of 
entrepreneurial startups is more likely when venture 
investors and capital markets are established to sup-
port new industries and when regulatory procedures 
are streamlined to reduce the cost and time needed to 
establish the venture.

Supporting SDGs: 7,9,15

III. Move Forward 

As the “activities involved in producing, processing, 
transporting and consuming food” (UN, 2021), FS are 
an integral part of the bioeconomy concept as a de-
velopment approach. New developments in the bio-
logical sciences allow countries to address the many 
challenges that society is facing. We have summarized 
the many opportunities that the biological sciences 
have to offer. The translation of these opportunities 
into practice will not be trivial. There are a number of 
institutional factors that delay or even prevent the full 
exploitation of the opportunities that the bioeconomy 
has on offer. 

First, the development of research capacity at univer-
sities and government institutes can turn these oppor-
tunities into technical and social innovations. Second, 
developing industries based on these innovations and 
the supply chains can generate employment and eco-
nomic growth. Third, regulations of innovations should 
protect society but not disrupt the application of 
these opportunities in production, transportation, and 
consumption and unnecessarily restrict sustainable 
growth, jobs and resilience. The differences in regula-
tions in different countries often reflect different soci-
etal norms and values. These institutional barriers are 
difficult to solve by one country alone. The UN Food 
Systems Summit brings together many countries and 
many people for discussing the removal of institution-
al barriers. Our overview has shown that a lot can be 
achieved by building research capacity and reducing in-
stitutional barriers. The impacts will be beyond the FS 
and affect other sectors of our economies. An open dis-
cussion will be needed that takes differences in norms 
and values into account without discriminating one 
against each other. The UN Food Systems Summit pro-
vides such an opportunity. The results depend on us.
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1. Introduction

The United Nati ons (UN) Food Systems Summit and 
N4G meeti ngs in 2021 refl ect a growing internati onal 
recogniti on that the policies that fed the world in the 
twenti eth century are no longer fi t for purpose. Urgent 
reform is essenti al to achieve the goal of universally 
accessible and aff ordable healthy diets delivered by 
food systems that are environmentally, economically, 
and socially sustainable.

Today’s food systems are asked to nourish the world’s 
growing populati on in ways that do no harm to either 
human or planetary health. However, the growing 
problems facing food systems now amount to a two-
fold crisis. First, global progress in addressing malnutri-
ti on in all its forms (including undernutriti on, obesity, 
and micronutrient defi ciencies) and reducing diet-re-
lated diseases has stalled. Food systems are failing to 
provide aff ordable healthy diets for three billion peo-
ple.1 This aff ects their health, the mental and physical 
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are still grappling with the economic catastrophe of 
COVID-19. The transition needs to be viewed with 
realism, rather than being an abstract ideal. Against 
this background, the following sections of this paper 
set out the steps of the transition process that need 
to be taken on the road to a fundamental transfor-
mation of food systems. 

Box 1.  The potential benefits of transformed 
food systems

Sustainable healthy diets that are accessi-
ble and affordable for all would help to drive 
much-needed progress across most of the SDGs. 
Potential benefits include:
• Elimination of a major cause of inequality for 

the three billion people who today cannot 
access a healthy diet.5,6

• A substantial reduction in levels of stunting, 
which in 2019 affected 144 million children 
under five years, and wasting, which affects 
47 million pre-school children. This would 
lead to benefits in terms of cognitive devel-
opment and educational attainment for chil-
dren, and a more productive workforce.

• A substantial reduction in the prevalence 
of diet-related non-communicable diseases 
(NCDs). Without action, health costs linked 
to mortality and the health impacts of NCDs 
could reach US$2.5 trillion per year globally 
by 2030.5

• A reduction of 41-74 % in food system green-
house gas emissions, while boosting resil-
ience to climate shocks. This would also 
greatly contribute to addressing biodiversity 
loss. Agriculture is the largest contributor 
to the latter – the global annual loss of pol-
linating insects alone is estimated to cost 
US$235-577 billion.6

• A substantial reduction in the economic 
drag presented by inadequate nutrition, 
which ranges from 2 % to 3 % of GDP in 
some countries and up to 11 % of GDP in 
Africa and Asia each year. This would engen-
der progress on poverty reduction, educa-
tion, and equality.7

development of children, and the earning potential of 
those children throughout their lives. Those affected 
risk being locked into lifelong inequality. Second, food 
systems are in a spiral of decline with environmental 
systems:2 they are a major cause of worsening degra-
dation of soil, water and air quality, biodiversity loss 
and climate change. Moreover, although food systems 
have generally responded to the challenges posed 
by COVID-19, the pandemic has highlighted just how 
fragile and precarious the world’s food systems have 
become.

Without decisive action, the situation is set to wors-
en in the future due to a multitude of factors: pop-
ulation growth and climate change, increasing com-
petition for land, water, and other natural resources, 
and emerging diseases, conflict, and economic vol-
atility. The stakes could not be higher, not just for 
the health of the world’s population and the planet, 
but also for the delivery of most of the Sustainable 
Development Goals (SDGs), such as those relating to 
hunger and nutrition, growth, equality, education, 
wellbeing, and sustainable cities and communities.3

Minor adjustments on the margins of today’s food 
systems will be inadequate. All stakeholders involved 
in food systems, including government policy-mak-
ers, donors, businesses, non-governmental organ-
isations, and civil society, should be encouraged to 
adopt a much more radical approach. They need to 
rethink the ways in which food systems are current-
ly managed, governed, and used, and at the most 
fundamental level they must decide what food sys-
tems need to deliver and how the performance of 
those systems is assessed. Reshaping food systems 
to respond simultaneously to nutritional, health, 
economic, and environmental challenges presents 
considerable challenges but also great opportunities 
for actions that would yield considerable benefits to 
countries (see Box 1).

However, it is not enough merely to have a vision 
for future transformed food systems. Policy-mak-
ers need to chart a way forward to achieve them 
through a practical and pragmatic plan for the spe-
cific transition steps  that need to be taken, and how 
they would be funded, implemented, and managed. 
Developing such a plan, and implementing it effec-
tively, presents massive challenges that must cut 
through the complexity of food systems and compet-
ing priorities. It will need to navigate a path through 
powerful forces and vested interests that might fa-
vour the status quo and impede policy change. It 
must also be affordable at a time when countries 

1.1 What the transition process needs to achieve 
A series of steps must be urgently planned, discussed, 
financed, and enacted to allow the world’s food sys-
tems to transition from their current sub-optimal state 
to one where they fully support the dietary patterns 
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needed to maximise human and planetary health. The 
following are five key outcomes that broadly map onto 
the original UN Food Systems Summit Action Tracks 
and could usefully be considered within the Summit’s 
deliberations. 
• Food systems need to move beyond addressing 

hunger to address all forms of malnutrition. They 
need to deliver universal access to healthy diets. 
This means addressing all forms of malnutrition, in 
part by ensuring improved diets for all. Nonethe-
less, there is a global shortfall in the production of 
the range of nutrient-rich foods required to provide 
healthy diets for everyone. For example, only 34 % 
of fruits and vegetables needed for everyone to 
access a healthy diet are being produced.4 Healthy 
diets are currently also unaffordable for three bil-
lion people worldwide. 

• Consumer demand needs to be harnessed as a 
significant driver of change. Consumers must be 
able to make informed choices and be encour-
aged to select nutrient-rich food options, and 
to play their part in reducing waste. The lat-
ter is especially important in view of projected 
increases in the global population, combined 
with increasing stresses in environmental systems 
essential for food production such as land, soils, 
and water.

• Food systems must become fully environmentally 
sustainable, thereby operating within planetary 
boundaries. This is one of the three ‘pillars’ of the 
SDGs and it is essential for both the future health 
of the planet and the future viability of food sys-
tems to nourish the world. Policy-makers need to 
adopt a perspective that considers the environ-
mental footprint of all parts of food systems, from 
farm to fork. This perspective needs to encompass 
greenhouse gas emissions, as well as the effect 
of food systems on biodiversity loss, changing 
land use and deforestation, water use, and more 
besides. Substantial reduction in losses throughout 
the food chain, of foods and the nutrients that they 
contain, needs to be a priority.

• The transition needs to be a ‘just’ rural and urban 
process so that it reduces inequality and inequities 
of all kinds, rather than increasing them. No one 
must be left behind. 

• The transition needs to deliver transformed food 
systems capable of operating at two speeds, i.e. 
responding to immediate needs and short-term 
shocks, but also able to address the long-term 
restructuring of food systems needed to respond 
to climate change, population growth, and urbani-
sation. Governments have been too slow to act on 
climate change and biodiversity loss, despite warn-
ings over many years. More recently, COVID-19 has 

exposed the profound fragility of food systems, 
and their potential to exacerbate instability and 
conflict; for example, through food riots. 

2. Planning the transition steps

Food systems are complex, dynamic, and comprise 
many different interacting subsystems, but food sys-
tem policies often fail to recognise this. Too often a 
narrow approach is adopted that focuses on specific 
parts of the food system; for example, when setting 
production targets for specific food commodities. The 
reality is that the diverse parts of food systems are in 
constant flux, with the many parts influencing each 
other in a web of relationships. Production, trade, 
food prices and consumer demand are notable exam-
ples. Policy-makers need to think in terms of food sys-
tems as a whole and as interacting dynamic systems 
rather than individual isolated components in equilib-
rium.

The choice of initial transition steps should be in-
formed by a comprehensive analysis of existing pol-
icies and private sector investments, to help identify 
priority outcomes (defined in holistic human and plan-
etary dimensions), and barriers to change. A food sys-
tem assessment of all public funding and institutional 
mandates can distinguish those that could be repur-
posed to help cover the costs of transition phase ac-
tions. Similarly, a review of existing food system func-
tions, challenges and benefits would determine where 
best to target actions to increase the availability of 
nutrient-rich foods in particular, and to improve the 
efficiency of food value chains overall. 

The complexity of food systems presents a challenge 
for policy-makers trying to decide the first steps of the 
transition process. This is because of the myriad pos-
sible actions, policies and interventions. The following 
subsections outline how the necessary choices may be 
navigated. 

2.1  New priorities and principles to guide transition 
choices 

New metrics of ‘success’ in the process of food system 
transition are needed to frame and monitor policy de-
cisions. For example, the failure to properly account 
for the value of human health and the natural envi-
ronment in policy decisions relating to food systems 
is both a market failure and a widespread institutional 
failure. Unless addressed at the outset, this fundamen-
tal flaw will continue to distort or impede progress in 
food system transition.
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More generally, decisions involved in planning the 
transition of food systems will require a new approach 
that should adhere to the following principles: at ev-
ery stage of the transition ensure inequality does not 
increase, and that the poor are able to access and af-
ford healthy diets; avoid closing off options for the fu-
ture; invest in strengthening institutions and capacity 
building; ensure transparency to engender trust and 
‘buy-in’; base decisions on evidence and transparent 
expectations; and establish feedback mechanisms for 
adjustment. This last point is particularly relevant to 
actions that may be under-explored in some contexts. 
Limited trials of different options with wide societal 
engagement and transparency of intent will help to 
start the transition process, and inform subsequent 
wider rollouts.

A priority should be to ensure a ‘just’ transition where 
all classes of society benefit, and where inequality 
at all scales (international, national, and local) is re-
duced rather than increased. This is important since 
low- and middle-income countries (LMICs) are likely to 
be least able to resource the transition of their food 
systems, and the poor in any country will be inade-
quately placed to cope with fluctuations in food pric-
es that might occur during the process. Coordination 
between high-income countries (HICs), LMICs and the 
donor community will be needed to support transition 
agendas.

Policy decisions across government also need to be 
aligned with national food-based dietary guidelines 
(FBDGs). FBDGs are now available in roughly 100 coun-
tries across the world and are designed to inform con-
sumer choice.8 However, much greater use should be 
made of them to inform policy decisions in all relevant 
areas of government, from trade to infrastructure de-
velopment, health and the environment. Without this 
common approach, different parts of government risk 
pulling in different directions, rather than working to-
gether towards a common agenda of food system tran-
sition. FBDGs also need to be reassessed and updated 
to reflect the latest science, and to embody issues of 
sustainability as well as dietary health. 

2.2  Placing poor and marginalised people at the 
heart of the transition

The transition of food systems has the potential to ad-
dress societal inequalities in several ways. By ensuring 
access to diets that are affordable, healthy and sustain-
able, it has immediate benefit for the three billion who 
cannot afford healthy diets today.1 At a stroke, access 
to healthy diets for pregnant women and children will 
address the lifetime inequalities relating to health and 

mental development that malnutrition can cause. Con-
sequential increases in productivity and lifetime earn-
ings would further help to lift families out of poverty, 
thereby helping to open up wider opportunities. 

However, a key challenge for policy-makers is to en-
sure that the transition reduces inequality rather than 
increasing it. At the country level, the latter is a real 
threat: LMICs are likely to be less able to resource the 
necessary transition steps, and thus they risk falling 
further behind HICs. For individual families, the poor-
est will be least able to afford nutrient-rich food alter-
natives if they are more expensive, and less able to 
cope with fluctuations in food prices that might occur 
as food systems change. The effects of the transition of 
jobs and livelihoods needs to be managed particularly 
carefully, recognising the vital importance of the food 
sector as a major source of employment for the poor 
across the world. 

If the transition of food systems is to reduce inequality, 
then policy-makers must commit to specific actions at 
both international and national levels:
• Disruption to trade in general, and through pro-

tectionism in particular, must be avoided. Trade is 
a vital tool to minimise food prices and maintain 
food security, particularly at times of stress and 
price volatility.

• Governments need to promote growth that is 
specifically inclusive and pro-poor. This is a vital 
component in a strategy to address affordability. 

• Donors need to specifically focus their attention 
on protecting the poor from price fluctuations that 
may occur during the transition. 
Planning the transition of their food systems is like-
ly to be a particular challenge for those LMICs that 
are heavily resource constrained. It is suggested 
that governments in LMICs should give particular 
consideration to the following:

•  Repurposing existing expenditure across govern-
ment, recognising that sustainable healthy diets 
can contribute to multiple policy agendas, includ-
ing health, economic growth, and education. 

• Giving particular focus to actions that are, to first 
order, cost neutral; for example, rebalancing pro-
duction (terrestrial and aquatic food systems of all 
kinds) subsidies and research, taxes and regulation. 
Influencing consumer dietary choices is potentially 
low cost but has considerable potential to drive 
change throughout food systems. 

• Leveraging the considerable resources of the 
private sector by forging a partnership to work 
together on a common agenda.

• Focusing attention on actions that simultaneously 
produce multiple wins.
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• Using reviews to prioritise where to focus actions 
within food systems, and using the best science, 
evidence, and modelling to help choose the most 
cost-effective actions.

2.3 Tackling trade-offs and compromises head on 
The need to resolve competing policy and investment 
priorities operates at many scales and contexts. It is a 
daily reality in governments when resources are con-
strained and actions need to be prioritised, in private 
companies when making investment choices on prod-
uct portfolios or retail strategies, and in households 
when making day-to-day food-purchase choices.9–11

Policy-makers seeking to transition food systems 
need to think through how to navigate difficult trade-
offs that may lie entirely within the food system, but 
equally may involve wider areas of policy. Examples 
include how to balance resource expenditure be-
tween education, stimulating economic growth, and 
investing specifically in food systems, how to allocate 
scarce resources between addressing different forms 
of malnutrition which may affect a population simul-
taneously including undernutrition, micronutrient 
deficiencies, or overweight and obesity, how to strike 
a balance between investing in agriculture and fish-
eries versus other sectors in rural communities, and 
how to balance avoiding coronavirus-led debt default 
in the short-term with investing in food system tran-
sition to achieve longer-term health and economic 
benefits.

Trade-offs may usefully be approached through map-
ping out existing policies in relation to new goals and 
likely trade-offs, developing a clear understanding of 
the costs and benefits of alternative actions, transpar-
ently defining who pays and benefits from alternative 
strategies, taking a longer-term perspective, and en-
suring affordability as a priority.1,12

2.4  Ensuring that the transition process is  
appropriately resourced

The transition of food systems will inevitably incur 
costs before the benefits can be realised. These costs 
will likely manifest in all domains of the system, from 
production through to trade, food processing, retail, 
and consumption. It is therefore necessary that the 
distribution and impacts of these costs are identified, 
understood, and managed effectively. Put simply, 
it is essential to have clarity from the outset about 
how the transition steps would be resourced. This 
will be doubly important not only to ensure that re-
form can move beyond political aspiration, but also 
so that the transition does not further widen the gap 

between HICs and LMICs. Much can be achieved by 
repurposing (see Section 4) or refocusing existing re-
sources (for example, shifting subsidies and realigning 
taxes and incentives), and through negotiating more 
equitable trade agreements. Identifying actions that 
produce multiple benefits (win-wins) may also help. 
However, the following non-governmental also need 
to be considered:
• Incentivise the private sector to realign its 

resources to help support national agendas of 
delivering healthier diets in a sustainable man-
ner. The public sector cannot deliver transformed 
food systems on its own; rather, it needs to work 
in partnership with the private sector. However, 
many commercial actors too often act in ways 
that are not conducive to health or to the sus-
tainability of food systems. This is incompatible 
with the necessary transition agenda and needs to 
change. It is important for governments to incen-
tivise businesses to make a much wider range of 
nutrient-rich foods affordable to the entirety of 
‘bottom of the pyramid’ families. More generally, 
a comprehensive framework for food industry 
engagement needs to be established. 

• Establish a dedicated global financing facility 
for a food systems transition. Such a facility 
would mobilise multilateral resources to support 
and incentivise increased allocations of domestic 
resources towards making food systems more resil-
ient and diets both more sustainable and healthier. 
A particular priority for such a facility would be 
to assist LMICs in their transition, recognising the 
severe financial constraints in which many oper-
ate. It also has the potential to catalyse reform 
where there is a mismatch between the actors who 
need to resource change, and those who stand to  
benefit. 

• Realign donor policies towards supporting actions 
that promote the achievement of both human 
health and planetary goals. A particular priority 
should be the protection of the poor during the 
transition by refocusing social protection policies 
so that the poor will be able to cope with fluctua-
tions in the availability and price of foods that may 
occur during this time.

3. Incentivising and supporting actions

Given the diverse benefits that would result from 
achieving sustainable, healthy diets for all, the limited 
actions taken by countries across the world in recent 
decades2 represent a huge missed opportunity. The 
reasons for this are many and varied but include in-
sufficient policy focus by governments on improving 
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diet quality and nutrient-rich foods (as opposed to the 
provision of staples). 

A further issue concerns the private sector. Despite 
playing a major role in feeding the world, the private 
sector too often develops and promotes foods that are 
not conducive to healthy diets, or which rely on food 
production systems that over-exploit natural resourc-
es. The benefits mainly accrue to private sector stake-
holders, while the costs (population-wide ill health, 
ecological degradation, etc.) are mainly borne by the 
public sector and wider society. This mismatch has im-
peded progress in the past and must be addressed as 
part of the transition.

Many factors also affect the pace of change. Glob-
al food systems involve powerful business interests 
with considerable investment in the status quo: reve-
nues of the global food system are estimated to reach 
US$8 trillion in 2021.13,14 The implementation of policy 
change may also be constrained by limited resources, 
particularly in LMICs, and especially in a post-COVID-19 
world. Major shifts in policy may incur political risks, 
and decision-makers typically assign more weight to 
these compared with the risks associated with main-
taining the status quo.7 Moreover, at the level of the 
consumer, dietary choices may be heavily conditioned 
by evolving cultural or religious norms.15,16 However, 
three systemic issues stand out within the policy envi-
ronment. Addressing these at the outset of the transi-
tion is essential.

3.1  The misalignment between the complexity and 
interconnectedness of food and environmental 
systems, and how they are managed today 

Policy actions on food, health, agriculture and fisher-
ies, and climate are typically managed in isolation, in 
an organisational approach that is inherently unsuit-
ed to managing complex food systems. The need for 
‘joined up’ policy is a cliché but remains widely rele-
vant. This important issue can be addressed through 
a combination of measures: training and sensitisation 
of policy leads in all relevant sectors  to the urgen-
cy of the transition, leadership at the highest levels 
in government, convincing relevant policy-makers 
across government of the critical importance of sus-
tainable, healthy diets to their respective policy agen-
das, embedding these objectives into their own plans 
and strategies so that all parts of government drive 
change within a common transition agenda, and  
establishing targets for actions that improve food sys-
tem functions in ways that deliver multiple benefits 
simultaneously.

3.2  Inadequacies in science and evidence for policy 
development 

Trusted, high-quality science and evidence are essen-
tial to give policy-makers the confidence to take the 
bold decisions that are required. There is a need to ad-
dress major gaps in the evidence base, particularly in 
LMICs where evidence of ‘what works’ is often limited, 
establish a common science base that is recognised as 
independent, widely trusted, and freely available to all 
countries, and develop consensus around contentious 
areas of policy. 

The idea for a creation of an IPCC-like organisation for 
sustainable food systems (an ‘International Panel for 
Food System Science’, or IPFSS) has been mooted in 
recent years and offers one way to help deliver the 
necessary improvements. This idea is now gathering 
support from major stakeholders. 

An important role of the IPFSS would be to engender 
trust in the science and evidence in two distinct com-
munities. In the case of policy-makers, it would engen-
der confidence and provide support in justifying diffi-
cult or controversial decisions. However, trust in the 
underlying science is equally critical for citizens who 
can exert considerable influence throughout the food 
system through their individual and collective food 
choices.2 Misinformation circulating on the internet 
and social media concerning climate change, and now 
vaccinations, all illustrate how false information can 
dangerously mislead consumers.

3.3  Metrics for monitoring, tracking, and adjusting 
the transition process 

Effectively measuring what policy-makers and busi-
nesses manage is key to identifying what works and 
what is most cost-effective, as well as for supporting 
transparency and accountability.17 As such, the tran-
sition steps in food system reform must be carefully 
based on appropriate evidence where it is available,18 
and should promote making evidence available where 
it is not.2 For example, it remains difficult to compare 
diets (what people actually eat) across geographies 
and over time. This gap in appropriate measurement 
and monitoring continues to impair the prospect of 
reaching a global consensus on what elements should 
be included to define healthy or high-quality diets, and 
how to ensure the planetary sustainability of the food 
systems that underpin them. 

What is urgently needed is open-access portals for data 
not just on diets, but on all elements of food system 
functions, including information access, market prices, 
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and the nature and quality of food environments, all 
of which are needed in forms that can be effectively 
linked with global trade and climate change models to 
better inform policy choices.

4.  Who needs to act: priorities for  
transitioning food systems to protect 
human and planetary health

The transition of food systems requires global leader-
ship with a long-term focus and the delivery of a coher-
ent set of commitments and actions that place both 
people’s and the planet’s health at the centre. For the 
next decade, the structure of the SDGs will help to pro-
vide a coherent framework for action. Global leader-
ship, such as that expected to emerge more fully from 
the UN Food Systems Summit, will help to provide the 
continuity needed as well as mechanisms for periodic 
reassessment and reorientation.

However, global leadership must be supplemented 
with and supported by national, regional, and local 
level initiatives that bring together public, private, and 
civil society actors around the priorities that are most 
urgent, feasible, and essential for food system trans-
formation. The Global Panel’s recent Foresight report 
sets out detailed recommendations for different class-
es of stakeholder, and different parts of the food sys-
tem, recognising that such actions will usually need to 
be tailored to individual circumstances. However, the 
following priorities are generally applicable: 

International: 
1. Leaders and decision-makers should capitalise 

upon upcoming global fora to agree to new com-
mitments for making food systems more resilient 
and diets that are healthy and sustainable. Both 
the Nutrition for Growth (N4G) Summit and the 
UN Food Systems Summit are important opportu-
nities to explore the creation of a dedicated global 
financing facility for food systems transformation 
and secure national endorsements for change, 
including much improved capacity for research 
and evidence to better support policy decisions. A 
new vision for sustainable food systems delivering 
healthy diets for all must be supported through 
the best science and evidence of what works as 
informed by practical evidence.

2. Policy-makers must build on existing global 
development targets (such as the SDGs and the 
Paris Agreement on Climate Change) so they 
embody the goal of sustainable, healthy diets 

for everyone as a shared objective. These tar-
gets need to recognise the central importance 
of sustainable, healthy diets as a key enabler for 
progress on diverse agendas; for example, relating 
to inequality, economic growth, climate change, 
environmental degradation, and livelihoods and 
job creation. 

Governments:
3. Food systems and the policies that govern them 

need to be people-centred. This means ensur-
ing that healthy diets are available to all people 
irrespective of class, religion, gender and age. It 
means recognising the vital role that food systems 
play in providing livelihoods for countless millions, 
particularly for poor and marginalised groups. 
Moreover, it means ensuring that policy-makers 
understand and recognise the central importance 
of healthy diets for physical and mental develop-
ment, as a foundation for health, prosperity and 
wellbeing. 

4. Policy-makers in relevant government depart-
ments must address planetary and dietary chal-
lenges simultaneously because they are funda-
mentally interlinked. The approach to date, where 
these issues were tackled piecemeal and in silos, 
simply will not work. 

5. Governments in countries at all stages of devel-
opment must resolve policy distortions which 
could fundamentally impede change, or even 
drive food systems in the wrong direction. Exam-
ples include taxation and regulation, subsidies, 
and food-related research and development. The 
aim is to give much greater weight to the impor-
tance of nutrient-rich foods and better support 
measures that further both human and planetary 
health simultaneously. 

6. Relevant ministries (e.g. agriculture, fisheries, 
health, transport infrastructure, environment) 
need to work together to implement policies to 
realign production systems so that they support 
healthy diets in sustainable ways. Food sys-
tems today do not produce enough nutrient-rich 
foods to meet today’s needs, let alone projected 
demand over coming decades, nor are they pro-
ducing most foods sustainably. Narrow targets 
relating to productivity need to be replaced with 
broader measures valuing efficiency and sustain-
ability. 

7. Relevant government departments need to pri-
oritise building the resilience of food systems, 
as COVID-19 has highlighted their current defi-
ciencies and vulnerabilities.3  A broad approach is 
required that addresses the causes of the lack of 
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resilience within food systems, the root causes of 
the threats, and mitigation measures that may be 
needed during times of stress.

8. Governments in all countries should creatively 
target actions that can create multiple ‘wins’ 
across health and sustainability. Opportunities 
need to be sought throughout food systems, from 
farm to fork. Major projects in sub-Saharan Africa 
and China have already shown that this is possible, 
creating substantial and lasting benefits in terms 
of jobs, equality, and the development and pros-
perity of individuals and regions.19–22 Technology 
innovations across food systems from production 
through processing, storage, and retail hold con-
siderable promise.

Donors:
9. Donor agencies must support LMICs to ensure 

that the transition of food systems is socially and 
ethically just. They have an important role to play 
to ensure that the poorest are protected during 
and after a period of food system transition.

Companies operating in the food system:
10. Major transnational businesses and local SMEs 

must work closely with governments on more 
clearly articulated common agendas to deliv-
er sustainable, healthy diets. A comprehensive 
framework for food industry engagement is need-
ed: it is essential that the public and private 
sectors work together on common agendas and 
share the costs of implementing them. The pri-
vate sector must spell out specific, measurable 
responsibilities for improving diet quality and the 
sustainability of food systems and be willingly held 
accountable.

Civil society:
11. Civil society advocacy groups and citizens need 

to play their part. The former have a major role 
in leveraging change in businesses operating 
across food systems and holding policy-makers 
to account, and the latter have considerable 
influence to drive change through their purchas-
ing power. However, shifts in demand in favour 
of sustainable, healthy diets will need encour-
agement and empowerment through information 
from trusted sources. 
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Annex 1: The Food Systems Summit Briefs  
by Partners of the Scientific Group

A.  Modelling and Strategizing Food Systems Transformations

The Bioeconomy and Food Systems Transformation
by Eduardo Trigo, Hugo Chavarria, Carl Pray, Stuart J. Smyth, Agustin Torroba, Justus Wesseler, David Zilberman,  
Juan F. Martinez (February 17, 2021) 
doi.org/10.48565/scfss2021-w513 

The Transition Steps Needed to Transform Our Food Systems
by Patrick Webb, Derek J. Flynn, Niamh M. Kelly, and Sandy M. Thomas on behalf of the Global Panel on Agriculture and Food 
Systems for Nutrition (April 26, 2021) 
doi.org/10.48565/scfss2021-hz63

Cost and Affordability of Preparing a Basic Meal around the World
by William A. Masters, Elena M. Martinez, Friederike Greb, Anna Herforth, Sheryl L. Hendriks (May 2021)
https://sc-fss2021.org/wp-content/uploads/2021/06/FSS_Brief_Cost_of_Basic_Meals.pdf

B. Science, Technology, and Innovation Actions

The Role of Science, Technology and Innovation for Transforming Food Systems Globally
by Robin Fears, Claudia Canales (April 2021)
doi.org/10.48565/scfss2021-q703

How could science–policy interfaces boost food system transformation?
by Etienne Hainzelin, Patrick Caron, Frank Place, Arlène Alpha, Sandrine Dury, Ruben Echeverria, Amanda Harding  
(May 14, 2021) 
doi.org/10.48565/scfss2021-4y32

Food System Innovations and Digital Technologies to Foster Productivity Growth and Rural Transformation
by Rui Benfica, Judith Chambers, Jawoo Koo, Alejandro Nin-Pratt, José Falck-Zepeda, Gert-Jan Stads, Channing Arndt (May 2021) 
doi.org/10.48565/scfss2021-6180

Leveraging data, models & farming innovation to prevent, prepare for & manage pest incursions: Delivering a pest risk 
service for low-income countries
by Taylor, B; Tonnang, HEZ; Beale, T; Holland, W; Oronje, M; Abdel-Rahman, EM; Onyango, D., Finegold, C; Zhu, J; Pozzi, S, 
Murphy, ST (April 15, 2021)
doi.org/10.48565/scfss2021-ty56

Food Systems Innovation Hubs in Low-and-Middle-Income Countries
by Kalpana Beesabathuni, Sufia Askari, Madhavika Bajoria, Martin Bloem, Breda Gavin-Smith, Hamid Hamirani, Klaus Kraemer, 
Priyanka Kumari, Srujith Lingala, Anne Milan, Puja Tshering, Kesso Gabrielle van Zutphen, Kris Woltering (March 26, 2021) 
doi.org/10.48565/scfss2021-fh72

A New Paradigm for Plant Nutrition
by Achim Dobermann, Tom Bruulsema, Ismail Cakmak, Bruno Gerard, Kaushik Majumdar, Michael McLaughlin,  
Pytrik Reidsma, Bernard Vanlauwe, Lini Wollenberg, Fusuo Zhang, Xin Zhang (February 10, 2021)
doi.org/10.48565/SCFSS2021-HG55

A Whole Earth Approach to Nature Positive Food: Biodiversity and Agriculture
by Fabrice A.J. DeClerck, Izabella Koziell, Tim Benton, Lucas A. Garibaldi, Claire Kremen, Martine Maron,  
Cristina Rumbaitis Del Rio, Aman Sidhu, Jonathan Wirths, Michael Clark, Chris Dickens, Natalia Estrada Carmona,  
Alexander K. Fremier, Sarah K. Jones, Colin K. Khoury, Rattan Lal, Michael Obersteiner, Roseline Remans, Adrien Rusch,  
Lisa A. Schulte, Jeremy Simmonds, Lindsay C. Stringer, Christopher Weber and Leigh Winowiecki
https://sc-fss2021.org/wp-content/uploads/2021/07/FSS_Brief_Nature_Positive_Agriculture.pdf
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Delivering climate change outcomes with agroecology in low- and middle-income countries: evidence and actions needed
by Sieglinde Snapp, Yodit Kebede, Eva Wollenberg, Kyle M. Dittmer, Sarah Brickman, Cecelia Egler, Sadie Shelton  
(May, 17, 2021) 
doi.org/10.48565/scfss2021-2420

C.  Actions for Equity, Inclusiveness and Nutrition and Health

A review of evidence on gender equality, women’s empowerment, and food systems
by Jemimah Njuki, Sarah Eissler, Hazel Malapit, Ruth Meinzen-Dick, Elizabeth Bryan, and Agnes Quisumbing (May 11, 2021) 
doi.org/10.48565/scfss2021-1q69

Marginal areas and indigenous people – Priorities for research and action
by Sayed Azam-Ali, Hayatullah Ahmadzai, Dhrupad Choudhury, Ee Von Goh, Ebrahim Jahanshiri, Tafadzwanashe Mabhaudhi, 
Alessandro Meschinelli, Albert Thembinkosi Modi, Nhamo Nhamo, Abidemi Olutayo (April 5, 2021) 
doi.org/10.48565/fd4f-rk35

The White/Wiphala Paper on Indigenous Peoples’ food systems
by Members of Global-Hub and of the technical editorial committee. Danny Hunter (Alliance of Bioversity International  
and CIAT); Gam Shimray (Asian Indigenous Peoples Pact); Thomas Worsdell; (Asian Indigenous Peoples Pact); Anne Brunel 
(FAO Indigenous Peoples Unit); Gennifer Meldrum (FAO Indigenous Peoples Unit); Ida Strømsø (FAO Indigenous Peoples Unit); 
Luisa Castañeda (FAO Indigenous Peoples Unit); Mariana Estrada (FAO Indigenous Peoples Unit); Mikaila Way (FAO Indigenous 
Peoples Unit); Yon Fernandez de Larrinoa (FAO Indigenous Peoples Unit); Charlotte Milbank (FAO Indigenous Peoples Unit, 
University of Cambridge); Tania Martinez (Greenwich University, Natural Resources Institute); Harriet Kuhnlein  
(McGill University, Centre for Indigenous Peoples’ Nutrition and Environment); Bhaskar Vira (University of Cambridge) 
doi.org/10.4060/cb4932en

Priorities for inclusive urban food system transformations in the Global South
by Paule Moustier, Michelle Holdsworth, Dao The Anh, Pape Abdoulaye Seck, Henk Renting, Patrick Caron, Nicolas Bricas  
(May 10, 2021) 
doi.org/10.48565/3xdb-qq20

Secondary Cities as Catalysts for Nutritious Diets in Low- And Middle-Income Countries
by Kesso Gabrielle van Zutphen, Dominique Barjolle, Sophie van den Berg, Breda Gavin-Smith, Klaus Kraemer,  
Capucine Musard, Helen Prytherch, Johan Six, Simon Winter, Kris Woltering (April 2021)
https://sc-fss2021.org/wp-content/uploads/2021/06/FSS_Brief_Secondary_Cities.pdf 

The Future of Small Farms: Innovations for Inclusive Transformation
by Xinshen Diao, Thomas Reardon, Adam Kennedy, Ruth S. DeFries, Jawoo Koo, Bart Minten, Hiroyuki Takeshima,  
and Philip Thornton (April 2021)
https://sc-fss2021.org/wp-content/uploads/2021/06/FSS_Brief_Small_Farms.pdf

Fruits and vegetables for healthy diets: Priorities for food system research and action
by Jody Harris, Bart de Steenhuijsen Piters, Stepha McMullin, Babar Bajwa, Ilse de Jager, and Inge D. Brouwer (March 2021)
 doi.org/10.48565/scfss2021-ys30

Safeguarding and using Fruit and Vegetable Biodiversity
by Maarten van Zonneveld, Gayle M. Volk, M. Ehsan Dulloo, Roeland Kindt, Sean Mayes, Marcela Quintero,  
Dhrupad Choudhury, Enoch G. Achigan-Dako, Luigi Guarino (April 2021)
 doi.org//10.48565/scfss2021-rz27

Addressing Food Crises in Violent Conflicts
by Birgit Kemmerling, Conrad Schetter, Lars Wirkus (April 2021)
doi.org/10.48565/scfss2021-h009

COVID-19 and Food Systems: Rebuilding for Resilience
by Patrick Webb, Derek J. Flynn, Niamh M. Kelly, Sandy M. Thomas, and Tim G. Benton on behalf of the Global Panel on  
Agriculture and Food Systems for Nutrition (May 2021) 
doi.org/10.48565/scfss2021-g940

In the age of pandemics, connecting food systems and health: a Global One Health approach
by Gebbiena M. Bron, J. Joukje Siebenga, Louise O. Fresco (February 15, 2021)
 doi.org/10.48565/scfss2021-z850
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D.  Actions for Sustainable Resource Use and Foresight

Pathways to Advance Agroecology for a Successful Transformation to Sustainable Food Systems
by Urs Niggli, Martijn Sonnevelt, Susanne Kummer (June 2021) 
doi.org/10.48565/scfss2021-wf70

Water for Food Systems and Nutrition
by Claudia Ringler, Mure Agbonlahor, Kaleab Baye, Jennie Barron, Mohsin Hafeez, Jan Lundqvist, J.V. Meenakshi, Lyla Mehta, 
Dawit Mekonnen, Franz Rojas-Ortuste, Aliya Tankibayeva, Stefan Uhlenbrook May 2021) doi.org/10.48565/scfss2021-tg56

Crop Diversity, its Conservation and Use for Better Food Systems. The Crop Trust Perspective
by Stefan Schmitz, Rodrigo Barrios, Hannes Dempewolf, Luigi Guarino, Charlotte Lusti, Janet Muir (April 2021) doi.
org/10.48565/scfss2021-j983

Climate Change and Food Systems
by Alisher Mirzabaev, Lennart Olsson, Rachel Bezner Kerr, Prajal Pradhan, Marta Guadalupe Rivera Ferre,  
Hermann Lotze-Campen (May 2021)
https://sc-fss2021.org/wp-content/uploads/2021/05/FSS_Brief_Climate_Change_and_Food_Systems.pdf

Reduction of Food Loss and Waste – The Challenges and Conclusions for Actions Findings and Recommendations for  
Actions of an international Conference by the Pontifical Academy of Sciences with the Rockefeller Foundation 
by Joachim von Braun, Marcelo Sánchez Sorondo and Roy Steiner (February 15, 2021)
 doi.org/10.48565/scfss2021-dw50

Livestock and sustainable food systems: Status, trends, and priority actions
by Mario Herrero, Daniel Mason-D’Croz, Philip K. Thornton, Jessica Fanzo, Jonathan Rushton, Cecile Godde,  
Alexandra Bellows, Adrian de Groot, Jeda Palmer, Jinfeng Chang, Hannah van Zanten, Barbara Wieland, Fabrice DeClerck, 
Stella Nordhagen, Margaret Gill (July 2021, draft)
https://sc-fss2021.org/wp-content/uploads/2021/07/FSS_Brief_Livestock_Sustainable_Food_Systems.pdf

The Vital Roles of Blue Foods in the Global Food System
by Jim Leape, Fiorenza Micheli, Michelle Tigchelaar, Edward H. Allison, Xavier Basurto, Abigail Bennett, Simon R. Bush,  
Ling Cao, Beatrice Crona, Fabrice DeClerck, Jessica Fanzo, Jessica A. Gephart, 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 (April 15, 2021) 
doi.org/10.48565/scfss2021-bg71

E.  Investment, Finance, Trade and Governance actions

Ending Hunger by 2030 – policy actions and costs
by Joachim von Braun, Bezawit Beyene Chichaibelu, Maximo Torero Cullen, David Laborde, Carin Smaller (March 4, 2021; 
reprint from Oct.13, 2020) 
doi.org/10.48565/scfss2021-kz31

Financing SGD2 and Ending Hunger
by Eugenio Díaz-Bonilla (May 11, 2021) 
doi.org/10.48565/scfss2021-ba75

Trade and Sustainable Food Systems
by Andrea Zimmermann and George Rapsomanikis (June 8, 2021) 
doi.org/10.48565/scfss2021-zq03

F. Actions in Regions and Countries

Policy options for food systems transformation in Africa – from the perspective of African universities and think tanks
by Fadi Abdelradi, Assefa Admassie, John Asafu Adjaye, Miltone Ayieko, Ousmane Badiane, Katrin Glatzel, Sheryl Hendriks, 
Mame Samba Mbaye, Fatima Ezzahra Mengoub, Racha Ramadan, Tolulope Olofinbiyi, Simbarashe Sibanda (April 2021) 
doi.org/10.48565/scfss2021-6h10
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The Role of Science, Technology, and Innovation for Transforming Food Systems in Africa
by Sheryl L. Hendriks, Endashaw Bekele, Thameur Chaibi, Mohamed Hassan, Douglas W. Miano and John H. Muyonga  
(April 2021) 
doi.org/10.48565/scfss2021-a948

The Role of Science, Technology and Innovation for Transforming Food Systems in Latin America and the Caribbean
by Elizabeth Hodson de Jaramillo, Eduardo J. Trigo and Rosario Campos (April 2021) 
doi.org/10.48565/scfss2021-6w45

The Role of Science, Technology, and Innovation for Transforming Food Systems in Asia
by Paul J Moughan, Daniel A Chamovitz, S Ayyappan, Morakot Tanticharoen, Krishan Lal, Yoo Hang Kim (April 2021) 
doi.org/10.48565/scfss2021-tf41

The Role of Science, Technology, and Innovation for Transforming Food Systems in Europe
by Claudia Canales, Robin Fears (April 2021) 
doi.org/10.48565/scfss2021-qb52

Transforming Chinese Food Systems for both Human and Planetary Health
by Shenggen Fan, Jikun Huang, Fusuo Zhang, Wenhua Zhao, Hongyuan Song, Fengying Nie, Yu Sheng, Jinxia Wang,  
Jieying Bi and Wenfeng Cong (April 18, 2021)
doi.org/10.48565/scfss2021-vq06

Key Areas of the Agricultural Science – Development in Russia in the Context of Global Trends and Challenges
by a Group of Russian Scientific Experts under the Supervision of the Institute of Agricultural Research of the Higher School of 
Economics (April 2021)
doi.org/10.48565/scfss2021-6265

Food System in India. Challenges, Performance and Promise
by Ashok Gulati, Raj Paroda, Sanjiv Puri, D. Narain, Anil Ghanwat (March 30, 2021) 
doi.org/10.48565/scfss2021-b823
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Annex 2: Science Days 

1. Statement on Science Days

Implications for a Science Agenda for  
the UNITED NATIONS FOOD SYSTEMS SUMMIT 
08-09 JULY 2021

A report prepared by Rajul Pandya-Lorch, Heike 
Baumüller, Sundus Saleemi, Preetmoninder Lidder1 

INTRODUCTION

Science, technology and innovation are essential to 
accelerate the transformation to healthier diets and 
more sustainable, equitable and resilient food sys-
tems. What science and innovation are needed and 
how they can inform related policies were the focus of 
the Science Days, a virtual conference organized by the 
Scientific Group to the UN Food Systems Summit and 
facilitated and hosted by the Food and Agriculture Or-
ganization of the United Nations on July 8-9, 2021 (see 
Annex 1 for the program). In addition, partners held 
more than 40 side events on July 5-7 to present their 
insights on science, technologies and innovations that 
can drive food systems transformation (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: 
• advancing science-based options for achieving 

more healthy diets and more inclusive, sustainable 
and resilient food systems; 

• putting science to work, especially through stron-
ger science-policy interfaces, investments in insti-
tutional and human capacity, and capitalizing on 
models and data;

• addressing missed opportunities and contentious 
issues hindering the advancement of science;

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

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

• looking ahead to the world in 2030 and beyond, 
and prioritizing urgent actions to achieve Agen-
da 2030 and the Sustainable Development Goals 
(SDGs), especially SDG2.

Brief highlights of the discussions that took place 
during the two days follow, with an emphasis on op-
portunities for investments in science and knowledge 
and evidence gaps that must be addressed to mean-
ingfully and successfully transform food systems to 
achieve ending hunger and ensure more healthy diets, 
as well as enabling more inclusive, sustainable and re-
silient food systems.

1.  SCIENCE FOR THE FOOD SYSTEMS SUMMIT: 
UNLOCKING THE POTENTIAL OF SCIENCE,  
TECHNOLOGY AND INNOVATION (STI) FOR  
FOOD SYSTEMS TRANSFORMATION  

QU Dongyu, Director-General, United Nations Food 
and Agriculture Organization (FAO), highlighted the 
need to adopt “a holistic, coordinated approach to 
transform our agri-food systems” and stressed that 
“to achieve the ambitious transformative changes 
required, we need to change policies, mindsets, be-
haviours and business models.” 

Amina Mohamed, UN Deputy Secretary-General and 
Moderator of the Summit Advisory Committee, em-
phasized that “food systems transformation demands 
that we deepen our understanding of how to best cali-
brate our policies and investments, so they address all 
dimensions of sustainable development…. It’s no lon-
ger enough to think only of enhancing productivity. We 
must also account for the relationship with human and 
planetary health.”

Agnes Kalibata, UN SG’s Special Envoy for the 2021 
Food Systems Summit, underlined that food systems 

1  Rajul Pandya-Lorch is a senior communications adviser in food policy; Heike Baumüller is Coordinator, Program for Accompanying Research for Agricultural 
Innovation (PARI) and Senior Researcher, Center for Development Research (ZEF), University of Bonn; Sundus Saleemi is Senior Researcher, Pakistan Insti-
tute of Development Economics and Center for Development Research (ZEF), University of Bonn; and Preetmoninder Lidder is Technical Adviser, Food and 
Agriculture Organization of the United Nations (FAO).
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transformation will contribute towards achieving mul-
tiple SDGs, noting that “the complexity and importance 
of agri-food systems need to be recognized, not only to 
combat hunger and malnutrition, but also to reduce 
inequalities and eradicate poverty.”

Joachim von Braun, Chair of the Scientific Group, 
stressed the need for an interdisciplinary approach to 
food systems transformation, urging that “all sciences 
– natural sciences and social sciences, basic sciences 
and applied sciences – can and must deliver the inno-
vations needed for food systems transformation.” He 
presented a set of seven science-driven innovations2  
put forward by members of the Scientific Group to 
catalyze, support and accelerate food systems trans-
formation to achieve the Summit goals:
1. Innovations to end hunger and increase the avail-

ability and affordability of healthy diets and nutri-
tious foods.

2. Innovations to de-risk food systems and strength-
en resilience, in particular for negative emission 
farming and climate-resilient food systems.

3. Innovations to overcome inefficient and unfair 
land, credit, and labor arrangements, and to facil-

itate the inclusion, empowerment and rights of 
women and youth. 

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, regen-
erate -- productive soils, water and landscapes, 
and protect the agricultural genetic base and 
biodiversity.

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

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

Governance and the role of science in food systems 
governance was a key theme that emerged during the 
discussions, with speakers (i) calling on governments 
to invest in STI, noting that current levels are insuffi-
cient; (ii) calling for intergovernmental action, noting 
that food systems science cannot be undertaken by a 
single ministry; and (iii) calling for local governments 
to be engaged as food systems are local, ecology is lo-
cal, and natural resources are local.

2  These are presented in greater detail in the strategic paper on Science for Transformation of Food Systems: Opportunities for the UN Food Systems  
Summit by Joachim von Braun, Kaosar Afsana, Louise O. Fresco and Mohamed Hassan, July 2021.

SCIENCE FOR THE FOOD SYSTEMS SUMMIT: UNLOCKING THE POTENTIAL OF SCIENCE,  
TECHNOLOGY AND INNOVATION (STI) FOR TRANSFORMATION OF FOOD SYSTEMS
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Another key theme focused on collaboration between 
scientists and other stakeholders, with speakers urging 
scientists to engage with citizens and be prepared to 
answer difficult questions, calling on scientists not to 
“talk about” but rather “talk with” Indigenous Peoples 
and other communities, and suggesting that platforms 
should be created or strengthened to facilitate collab-
oration between scientists and other knowledge com-
munities in food systems.

2.  SCIENCE AS ACTION: SCIENCE-BASED OPTIONS 
TO ACHIEVE MORE HEALTHY DIETS AND MORE 
INCLUSIVE, SUSTAINABLE, AND RESILIENT FOOD 
SYSTEMS

2A.  Achieving more healthy diets in food systems 
– STI for affordable and accessible nutritious 
foods for healthy diets 

This session focused on science, technology, policy and 
institutional innovations to enhance productivity, and 
incentivize the availability, affordability, and uptake of 
nutritious and safe foods. 

Several knowledge/evidence gaps were highlighted, in-
cluding the notion that more research/evidence is need-
ed on (i) the effects – including environmental effects 
– of different types of diets including plant-based diets 
(vegan/vegetarian) and aquatic foods; (ii) the effects of 
different policy interventions on consumption patterns; 
and (iii) approaches for reducing anti-microbial resis-
tance. Concepts and definitions should be standardized 
based on a unified approach towards health. Large, 
standardized data sets – especially in/for Africa – should 
be collected. Collaboration among researchers, innova-
tors, and regulatory bodies needs to be enhanced.

The role of bioinformatics and nanotechnologies in en-
suring food safety standards needs to be better under-
stood. Modalities need to be explored for strengthening 
local food chains for improving the access to and afford-
ability of diversified diets, and minimizing food loss and 
waste. The issue of healthy diets should be approached 
holistically, i.e. using the One Health approach, i.e. the 
notion that human, animal, plant and planetary health 
are interconnected and interdependent.

 2B.  Achieving more inclusive food systems – STI for 
eliminating hunger and poverty and advancing 
equitable livelihoods 

This session focused on science, technology, policy  
and institutional innovations to eliminate hunger, 

malnutrition and poverty and advance equitable live-
lihoods. 

Technological and institutional innovations in food 
systems have enabled great progress in hunger re-
duction and improvement, but with massive adverse 
consequences for planetary health and social justice. 
Despite the advances in the production of staple food 
crops that help to increase global caloric availability, 
food systems fail to provide healthy diets for all with 
additional challenges caused by the COVID-19 pan-
demic. Huge social disparities across and within coun-
tries persist, notably – for example – between rural 
and urban areas, which have led to inequities in access 
to resources and institutional participation. Thus, in-
novations need to be more inclusive and should not 
exclude some food systems actors. 

Several key knowledge and evidence gaps emerged 
during the discussion, such as which technology bun-
dles are required to boost productivity of smallhold-
ers, how to change institutional frameworks/bring for-
ward institutional change to make food systems more 
inclusive and reduce social inequities, and how to 
avoid overlooking negative externalities of proposed 
solutions (e.g. small-scale irrigation and consequences 
on water availability).

2C.  Achieving more sustainable and resilient food 
systems – STI for making sustainable use of 
natural resources and managing and preventing 
risks and crises, including climate change and 
COVID-19 

This session focused on science, technology, policy 
and institutional innovations to achieve more sustain-
able and resilient terrestrial and marine-based food 
systems and foster more climate-neutral, climate-pos-
itive, and climate-resilient food systems. 

Diversification can play an important role in increas-
ing the resilience of food systems at various levels. 
In food production, for instance, resilience could 
be built through the diversification of cultivars or 
by shifting from annual to perennial cropping sys-
tems. Diversification efforts should focus on both 
the protection of the existing agro-biodiversity and 
farming systems as well as the development of new 
approaches, such as breeding of new cultivar(s) that 
are better adapted to changing conditions. Diversi-
fication of food baskets – including a greater focus 
on indigenous foods – could increase resilience at 
the consumption level. A more holistic view of food 
production is also needed that goes beyond a focus 
on staple crops to take into account crop production, 
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animal husbandry, forestry and non-food uses of bi-
ological resources. 

Building resilience will require structural changes, not 
only at the individual level but also at the societal and 
cultural level. Farmers are risk averse, but not neces-
sarily technology averse. To mainstream STI, there is 
a need to understand farmers and establish trust be-
tween farmers and scientists. Another way to facilitate 
the adoption of STI and reduce risks is by working with 
communities, enabling participants to decide which 
technologies to adopt. 

3.  PUTTING SCIENCE TO WORK: SCIENCE, PEOPLE  
AND POLICY

3A.  Strengthening the science-policy interface 
across disciplines and policy areas including  
economics, and health-, nutrition-, climate-, 
ecological-sciences 

This session focused on how to strengthen the sci-
ence-policy interface at the national and international 
levels to enable food systems transformation. 

Three key features are necessary for a successful sci-
ence-policy interface: (i) salience, translating science 
and knowledge in ways that are relevant to policy-mak-
ers; (ii) credibility, holding high scientific quality and 
being trustworthy; and (iii) legitimacy, being viewed by 
stakeholders as the appropriate body for the job. The 
accountability and inclusiveness of such an interface 
are also important. Research has both an ex ante and 
ex post role in policy-making. Science informs policies 
based on existing evidence but must also continuously 
gather new evidence through the evaluation of policies 
in place. Science-policy interfaces must play both of 
these roles. The lags between innovations and the mar-
kets and those between end users and innovators can 
be reduced by strengthening science-policy platforms. 

At the national level, platforms that can bring together 
all of the stakeholders – ministries, researchers, data 
repositories – from different disciplines are needed. At 
the international level, there is a need for an intergov-
ernmental mechanism: speakers called for more inves-
tigation on whether we should build on what currently 
exists or create a new body.

Discussions also highlighted the notion that unsustain-
able food system subsidies must be replaced with poli-
cy innovations. Scientists can help policy-makers to de-
sign policies that help to achieve multiple goals/wins. 
Such policies can be designed by identifying synergies, 

and multidisciplinary and collaborative research is a 
pre-requisite for identifying these synergies. 

3B.  Investing in institutional and human capacity for 
science and innovation 

This session focused on the type of investments need-
ed to strengthen institutional and human capacity to 
enable food systems transformation. 

Regional and international collaborations in food sys-
tem science need to be promoted and funds provided 
to support programs that empower youth, farmers, and 
women. The role of academics and science in build-
ing institutions can be strengthened through global 
networks that generate new types of knowledge and 
enable collaboration at the local, national, and glob-
al levels by bringing together different expertise. New 
programs, projects, and ways of teaching to overcome 
old barriers are required. Curricula and training courses 
need to be updated and state-of-the-art materials in-
cluded. Greater emphasis needs to be placed on trans-
disciplinary research and education (in terms of courses 
and degrees). In addition, to make related studies more 
attractive to students, mindsets need to be changed to 
see food system activities as a business, whereby entre-
preneurs in agribusiness and R&D can act as role mod-
els and support innovations from idea to output and 
give practical examples. A more efficient food system 
demands not only adjustments on the production side, 
but also a shift in the mindset of consumers to foster 
healthy diets. Changing consumption patterns towards 
more sustainable and healthy diets requires invest-
ments in human resources (e.g. nutritionists, food ad-
visers) and educating the younger generation.

As future food systems become increasingly knowl-
edge-intensive, universities (and research organiza-
tions) require increased financial support to play a 
key role in food systems transformation. This could be 
achieved through specific official development assis-
tance (ODA) designed to support science and technol-
ogy in the recipient country by making science an inte-
gral part of development projects (with a percentage 
of ODA-funded programs and projects going to local 
and national research organizations, such as acade-
mies and universities) aimed at strengthening research 
and higher educational systems. 

3C.  Capitalizing on models, data, and communica-
tions revolutions, and new methods 

This session focused on capitalizing on and expanding 
investments in models, data, methods, and communi-
cations to enable food systems transformation. 
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Speakers highlighted the utility of models as labs 
where innovations can be tested to understand their 
direct and indirect effects. This is particularly useful 
regarding food systems that are highly complex. Differ-
ent types of models and other data-driven tools can be 
applied in this regard. For instance, crop models can 
assess the impacts of innovations on agricultural pro-
ductivity or landscapes. They can also predict yields in 
specific contexts to inform crop insurance schemes. 
Initially developed at the field scale, they are increas-
ingly also being applied at regional and global scales. 
However, they have limitations, as it is only possible 
to model a certain range of crops, and information on 
different management approaches is limited. Anoth-
er important source of data is satellite images, which 
can be used – for example – for damage assessments 
and early warning. However, the local context can con-
strain their use: analysis of smallholder landscapes is 
difficult due to mixed crops and landcover, often mak-
ing additional fieldwork necessary.

To take full advantage of these analytical tools in the 
study of food systems, it will be important to integrate 
different types of models, including crop models, eco-
nomic models or GIS-based tools. This remains a major 
challenge. Limited data availability can also reduce the 
extent to which these tools can be applied. Moreover, 
data alone will not be enough; rather, the tools need 
to be based on sound theory and decision support sys-
tems to make sense of the data. In addition, further 
efforts are urgently needed to bridge the last mile to 
end users and provide them with the necessary infor-
mation to assist them with decision-making on the 
ground.

4.  WHY THE FIGHT: GETTING TO GRIPS WITH MISSED 
OPPORTUNITIES AND CONTENTIOUS ISSUES IN SCI-
ENCE AND INNOVATION FOR FOOD SYSTEMS 

This session explored the causes of important linger-
ing and emerging food systems-related science con-
troversies, as well as missed opportunities in STI for 
food systems transformation, and discussed the role of 
research to address such controversies and move be-
yond polarization. Speakers highlighted several missed 
opportunities and contentious issues concerning (i) 
agro-ecology, (ii) protein from aquatic foods, and (iii) 
biotechnology. 

Agroecology is about diversification (diversification 
of landscapes, actors, knowledge [traditional/sci-
entific]), which reduces trade-offs between ecosys-
tems and natural resources and food productivity. To 

mainstream agroecological practices, it is important 
to address incoherent policies, excessive dependen-
cy on markets, and inadequate participation of citi-
zens. Any diversification strategy needs to be context 
specific. Diversification is not a contradiction to pro-
ductivity, nor is it the sole solution to the problem, 
but it can enhance the resilience of food systems. 

Protein from aquatic foods is a missed opportunity to 
transform food systems.  Diversification should include 
diverse foods from land and water systems. A major 
challenge is to change the narrative from feeding to 
nourishing, which gives an entry point to transform 
water systems (e.g. in Cambodia, the most important 
part of the diet is aquatic food). More research is need-
ed on the implications of incorporating wild aquatic 
foods, e.g. seaweed that are high in micronutrients 
and protein, into diets. The importance of wild food in 
general appears to be underestimated, and more data 
and research are needed on this.

Biotechnology alone cannot solve the issue of hunger, 
but it is a part of the solution. CRISPR provides the 
ability to increase the quantity and quality of yields, 
as well as the micronutrient content of those yields. 
However, the political economy strongly influences 
the functioning of food systems. Science can be the 
solution if there are the right incentives in place. The 
major issue is having the right incentives in policy. 
Technology needs to be regulated based on its out-
comes. 

A challenge is also posed by misinformation about 
what would be required to create sustainable food sys-
tems, and at the same time provide financial returns 
for all stakeholders. Scientists can help in amplifying 
the voice for new tools that can drive the necessary 
policies and support the critical dialogues engaging 
policy-makers. Scientists producing evidence can put 
it in context, advise, and suggest pathways to imple-
mentation. 
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5.  ACHIEVING THE 2030 GOALS: OPPORTUNITIES, 
TRADE-OFFS, OBSTACLES AND SYNERGIES

Drawing upon global foresight models and scenario ex-
ercises, this session looked ahead to the world in 2030. 

Food systems are threatening key planetary bound-
aries, with some critical boundaries already being 
surpassed. Feeding the world is currently at odds 
with sustainable food production. Tackling the food 
system challenges demands a systemic approach and 
the provision of cross-cutting knowledge. Therefore, 
research and public policies need to be connected 
and actions from all actors in the area must be mobi-
lized. Food system transformation needs to address 
both the supply and demand side in a holistic way 
starting from research output that addresses soci-
etal needs to policy-making that integrates the civil 
society. Participatory governance and research are 

key. Investment in multi-stakeholder partnerships is 
mandatory, and communities must be empowered 
to become part of research and policy processes. 
Asymmetries in information need to be reduced (e.g. 
through trade and knowledge). It is crucial to involve 
citizens in making science choices, rather than just 
explaining to them technologies based on risk as-
sessment. 

For Africa, as the majority of its population lives in 
rural areas and engages in agriculture, a vibrant ag-
ricultural sector is required to achieve inclusive de-
velopment and socioeconomic transformation. This 
requires financial and infrastructure capacity building 
and investment in human capital. African investment 
in national public research is critical but insufficient. 
Trade and regulation are key for food systems transfor-
mation. Intra-African trade needs to be boosted, and 
free access to global food markets is critical.

WHY THE FIGHT: GETTING TO GRIPS WITH MISSED OPPORTUNITIES AND CONTENTIOUS ISSUES  
IN SCIENCE AND INNOVATION FOR FOOD SYSTEMS
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6.  EMPOWERING AND ENGAGING KEY PLAYERS IN 
FOOD SYSTEM INNOVATION

6A. Youth 
This session focused on how to effectively and ap-
propriately engage, include, incentivize, and empow-
er youth in science and innovation for food systems 
transformations. 

Today’s youth are the decision-makers of tomorrow. It 
is crucial to engage youth on two fronts: on the one 
hand, there is a need to capitalize on their potential, 
knowledge and ideas to foster innovation for food sys-
tem transformation, and on the other hand there is a 
need to listen to them and their needs on an equitable 
basis.

Food systems transformation must be inclusive of the 
youth. Meaningful representation is the key to mean-
ingful engagement. Youth are still under-represented, 
especially in international fora. This is a manifestation 
of power imbalances and lack of inclusiveness (and lack 
of understanding of thereof). Science is essential not 
only in providing innovative ideas and knowledge for 
food systems transformation, but also as a platform of 

engagement of youth at local and global scales through 
interdisciplinary, intergenerational and intercultural 
networks. At the same time, acting only at the inter-
national level is not sufficient because many groups 
are not represented at this level. Youth must be ap-
proached at both national and grassroots levels where 
young people self-organize in informal ways on a vol-
untary basis, but without proper resources for action. 

Youth have a particularly high stake in ensuring cli-
mate justice, which needs to go hand in hand with 
environmental and food justice. Trade-offs between 
these goals may exist and need to be addressed. This 
requires collective multilateral approaches. Youth can 
be drivers of change in this regard rather than passive 
beneficiaries.

6B. Traditional and indigenous knowledge 
This session focused on how to effectively and appro-
priately support and use traditional and Indigenous 
Peoples’ knowledge and facilitate access and bene-
fit-sharing. 

Speakers highlighted that indigenous food systems 
are multifunctional and holistic, as well as self-suffi-

ACHIEVING THE 2030 GOALS: OPPORTUNITIES, TRADE-OFFS, OBSTACLES AND SYNERGIES
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cient and nutritious. Nature not only generates food 
but medicine, shelter, energy and supports cultural 
identity, social and spiritual life. Additionally, Indig-
enous Peoples’ innovations do not deplete natural 
resources or increase carbon emissions. Women are 
knowledge keepers, sharing and sustaining knowl-
edge by passing it on to their descendants. However, 
it is insufficient to only acknowledge this, but rath-
er the move must take place from acknowledgment 
to specific actions. It is necessary to let the keepers 
of knowledge sit at decision tables, not only to pro-
tect their knowledge but also to confer the lessons 
of their knowledge about resilience and sustainability 
to address global challenges. Furthermore, it is im-
portant to recognize Indigenous Peoples’ knowledge 
and treat it equally with other knowledge systems, 
continue to encourage transdisciplinary collaborative 
research and co-production of knowledge that will 
support equitable benefit-sharing, and promote col-
laboration and network of champions for up-scaling. 
To empower and engage knowledge holders, univer-
sities and scientific bodies should participate in local 
initiatives and integrate indigenous knowledge into 
school curricula.  

Going forward, the key knowledge gap to address is 
how to better integrate Indigenous Peoples in deci-
sion-making and scientific processes.

6C. Science in and by the food industry and start-ups 
This session focused on how to effectively and appro-
priately support and use science in and by the food in-
dustry and start-ups, and foster partnerships between 
food industry science and public sector, academia and 
civil society science. 

This session showcased private sector-led examples 
of technological and institutional innovations that can 
support the achievement of the SDGs on several lev-
els. In India, for instance, innovations have benefited 
smallholders (satellite imagery/ remote sensing), con-
tributed to reducing poverty (white revolution) and 
improved nutrition (biofortification). Cultured meat as 
an alternative protein source can support food securi-
ty by providing nutritious and affordable food cost-ef-
fectively and with a smaller environmental footprint. 
Innovations in the blue sector (including capture fish-
eries, aquaculture and non-fish aquatic foods) can 
improve the access to and affordability of healthy 
and diverse diets. Cultured meat and aquatic foods, 
along with other innovations, could strongly increase 
not only the quantity but also the quality of protein, 
whereby the latter is often overlooked especially in 
low- and middle-income countries.

Developing and commercializing technological and in-
stitutional innovations requires a supportive start-up 
ecosystem that engages local communities and indus-
try. In particular, challenges related to product registra-
tion and regulations for new products and novel foods 
remain to be addressed in many lower-income markets. 
A lack of harmonization currently inhibits advance-
ment, given that all countries have different regulatory 
processes. The EU could be a useful role model in this 
regard. Innovation environments should support both 
incremental and transformative innovations to improve 
food systems and achieve sustainable agriculture.

Sustainability in the aquatic foods sector will be key 
to its long-term viability. Both the private and public 
sectors have to be involved for sustainable fisheries 
and aquaculture. Good resource management sys-
tems for public goods (i.e. fisheries) need to operate 
across borders and should be based on science. On the 
other hand, the industry has a responsibility to harvest 
with the right tools, reduce pressure on fisheries by 
sustainably increasing fish farming around the world, 
and share knowledge on breeding for improvements 
of growth and a reduction of disease outbreaks.

6D. Women 
This session focused on strengthening rights, and the 
effective and appropriate engagement, inclusion, and 
empowerment of women in science and innovation 
for food systems transformation. 

Speakers highlighted that there exist synergies between 
the two goals of achieving more gender equal societ-
ies and economies and the transformation of food sys-
tems into more equitable and sustainable food systems. 
Processes that disempower women are also those that 
exclude women from food systems. However, food sys-
tems and gender relations are diverse, and this diversi-
ty should be considered when prioritizing the pathways 
towards food systems transformation. Land and credit 
are the key resources that can empower women, al-
though women have reduced access to these two key 
resources. Women’s access to markets is hindered by 
cultural norms, gender-based violence, and limited mo-
bility exacerbated by unavailability of affordable trans-
port. Greater access to markets has been evidenced to 
improve women’s decision-making as well as improved 
incomes and nutritional outcomes. The pathways to 
gender equity and food system transformation are sim-
ilar. Both require not only science-driven innovations 
but also social, legal, and cultural change. 

The key knowledge and evidence gaps needed to ad-
dress the overarching question of how to induce food 
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system transformation to gender equitable food sys-
tems include:
• How to limit hijacking of social networks among 

women by privileged individuals (and men).
• How to identify and create new business models 

that put women at the center.
• How to engage men in the empowerment process, 

and create male champions for gender equality.
• How to understand intra-household inequalities 

to induce change towards gender equitable food 
systems, particularly at scale.

• How to break the default male-oriented system 
(not only the food system).

7.  BRAVE NEW WORLD: PUSHING THE FRONTIERS OF 
SCIENCE FOR FOOD SYSTEMS 

7A. Bio-science innovations 
This session focused on the frontiers of science for food 
systems, in this case the frontiers of bio-science innova-
tions such as genome editing, synthetic biology, micro-
biomes, alternative protein sources, alternative sources 
for essential micronutrients, cell factories and more. 

Bio-sciences offer various opportunities to tackle mal-
nutrition. For instance, this includes the use of underuti-
lized crops to increase the diversity of the gene pool, 
technologies for precision selection and accelerated crop 
improvement, and biofortification to improve nutritional 
quality of foods that are easily accessible for a large pop-
ulation. Bio-sciences also have strong potential to impact 
personalized nutrition (i.e. nutrition that takes into con-
sideration individual genetics, phenotype, dietary habits, 
etc.), but research in this area is still at an early stage.

Related innovations can also contribute to more sus-
tainable production. Although synthetic fertilizers/
pesticides have allowed us to significantly increase 
agricultural production and reduce food insecurity, 
their mis-use can have serious adverse effects for bio-
diversity and human health. There are many promising 
bio-based innovations that can help make agricultural 
production more sustainable (e.g. artificially synthe-
sized pheromones to control insect populations, mi-
crobiome-based inputs to improve carbon sequestra-
tion, reduce methane emissions from ruminants, etc.). 
Synthetic biology will also have an important role in 
vaccine development (e.g. for cattle). In the long run, 
these technologies could be personalized for different 
micro-environments (personalized farming). As bio-sci-
ence innovations are developed, it is important to un-
derstand the needs of those who will use these new 
technologies at all stages of the value chain. For exam-

ple, what do farmers want from bio-inputs? What do 
end consumers want from alternative protein sources?

Moreover, developing technologies is insufficient; 
rather, these technologies must be available to small-
holders, and smallholders must have the resources 
needed to adopt them if they wish to do so. Regional 
harmonization on standards can speed up the adop-
tion and increase transparency of suitable biotech-
nologies. More coherent regulatory frameworks can 
avoid creating barriers for competition, trade, and in-
novation. In some cases, regulating products instead 
of technologies may be preferable (e.g. not restricting 
the use of gene-editing, but creating regulations to en-
sure that the technology will not be mis-used).

7B. Digital innovations 
This session focused on the frontiers of science for 
food systems, in this case the frontiers of digital inno-
vations such as artificial intelligence, machine learn-
ing, the Internet of Things, remote sensing, big data 
analysis, robotics, and more. 

Many digital tools are now available in the different 
agricultural sub-sectors, in particular crop and live-
stock production, which support farmers with infor-
mation, access to markets and financial services. Addi-
tional investments are needed to move more of these 
solutions to scale and make them available for pro-
ducers and other food system actors. A better science 
base will be crucial to inform the design and scaling of 
these digital tools, requiring closer collaboration be-
tween researchers and entrepreneurs. This will allow 
STI products from the lab/university, etc. to be useful 
in the farm/market. Building subject matter-exper-
tise among the providers of digital solutions as part 
of teaching curricula could contribute to bridging this 
gap. Moreover, better integration of the diverse digital 
solutions into broader platforms can reduce marketing 
costs and generate added value for users.

Data protection remains an under-regulated and un-
der-researched issue. A balance must be struck be-
tween capitalizing on the data available through the 
digital tools to inform decision-making and protect-
ing the privacy of data among those that provide it. 
Users should be given the option to retain their data 
or be compensated for their use, either financially or 
through improved service provision. In addition, ef-
forts need to be made to make available data action-
able and lead to relevant solutions on the ground.  If 
data access and decision intelligence remain unequal, 
digital solutions will not level the playing field nor ad-
dress competitive disadvantages. 
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7C. Policy and institutional innovations 
This session focused on the frontiers of research on pol-
icy and institutional innovations such as financing the 
actions for food systems transformations, repurposing 
subsidies, innovating taxes, designing regulations, fa-
cilitating collective action, governing common goods, 
revising gender norms, improving market functioning, 
re-assessing the price and value of food and more. 

Economic policy reforms that can help to achieve dif-
ferent goals at the same time need to be developed 
and implemented.  Some of the current subsidies with-
in the food systems, e.g. for intensive animal farms 
that contribute to environmental degradation, must 
be redirected to encourage and support sustainable 
practices. Consideration should be given to promoting 
technologies such as cellular meat and fish, low im-
pact vertical farming, and regenerative ocean farming 
as well as public sponsoring of food industry initiatives 
that promote healthy food habits. 

There is a need for eliminating price and market distor-
tions. Market distorting subsidies should be replaced by 
income supporting programs for low-income consumers 
and producers. Internalizing the true cost of food into 
the price of food through taxes or policy instruments 
should be explored, but it must be considered wheth-
er poor people can afford those prices.  Social protec-
tion would need to be enhanced. True cost accounting 
must be integrated into national accounting, from GDP 
account to GEP (growth and ecosystems) accounting. 
Price surveys, production surveys, and ecosystem ser-
vices accounting surveys should be integrated.

Continuity of effective policies can be ensured through 
institutionalizing science-policy interfaces at national 
and regional levels. Bridging scientific and indigenous 
knowledge, building consensus on key definitions and 
communication between policy, science and consum-
ers are some of the key roles for these science-policy 
interfaces.  

There is room for better communication of scientific 
evidence for effective policies, whereby the trade-
offs and synergies of different policies must be clearly 
articulated and priorities must be identified for poli-
cy-makers.

8.  LOOKING AHEAD: STRATEGIC FOOD SYSTEMS  
SCIENCE BEYOND 2030 

This session closed the Science Days with reflections 
on the long-term (beyond 2030) issues, opportunities, 
and challenges for STI.

The essential role of science for food systems transfor-
mation was highlighted throughout this session. While 
many of the food systems of operated within and by 
the private sector, governments have a key role to play 
in creating appropriate macroeconomic frameworks 
and providing appropriate incentives and regulations 
to facilitate proper functioning of the private sector, 
creating positive externalities where the true cost of 
food is not reflected in market prices, and investing in 
research and development. Both public and private 
sectors have important roles to play in research and 
development.  Both basic and applied research are 
necessary. Investment in scientific research on and for 
food systems needs to increase by both the public and 
private sector. 

It is insufficient to generate new innovations. Many in-
novations and solutions already exist that are ready to 
be implemented. It is critical to understand and over-
come hurdles in innovation, including ensuring wider 
access to innovations, especially by populations that 
were missed in the millennium agenda. 

Technology should be adapted to user demands. Farm-
ers and consumers must come together with scientists 
and be involved in technology design instead of simply 
being the recipients of technologies. This engagement 
of science and scientists with the end users will only be 
effective if it is long term, institutionalized, and iterative. 

Food systems transformation and food security is not 
only about the supply side, but also the demand side. 
Affordability of healthy diets is a huge issue that must 
be tackled.

Key areas of research highlighted included assessing 
the true cost of food, improving resource use effi-
ciency, overcoming hurdles to implementation of in-
novations, increasing affordability of healthy diets, 
increasing productivity and production of fruits and 
vegetables, and reducing food loss and waste. 

The need for a global science-policy interface on food 
systems was highlighted. Suggestions were made for 
an intergovernmental platform, perhaps along the 
lines of the IPCC, and more broadly to explore a global 
agreement for food systems, perhaps along the lines of 
the Paris Agreement on climate. These would convey 
and entail a longer-term commitment by governments 
to overhaul the food systems. A radical change in food 
systems is needed, not incremental change.
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CLOSING REMARKS AND WAY FORWARD 

Joachim von Braun, Chair of the Scientific Group, reit-
erated that the Science Days brought together all sci-
ences – social and natural sciences – to facilitate trans-
formation towards  sustainable food systems, with the 
key objective of ending hunger and malnutrition. 

While food systems marginalize hunger, this must not 
be tolerated. The undernourished, youth, women, In-
digenous Peoples, and all those who are marginalized 
have the right of agency on all matters of the food 
systems. The 1.5 degree global warming goal is equiv-
alent 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 top 
game-changing actions of the Summit. 

Science Days was a great learning and research ex-
change experience. Game-Changing actions partly 
resulting from the important five Action Tracks that 
shape Summit agendas were shared. The FSS as a 
whole needs to become the game changer. 

Frontiers of science themes that bring resilience and 
equity were on the agenda. There was a call for pov-

erty lines to change given that many of them are ridic-
ulously low, not permitting a healthy diet. The oppor-
tunities of data revolutions and related analytics were 
noted, as were the related monopolization risks. Bio-
technologies and digitization play a key role in sever-
al contexts. Micro-biome research is very relevant for 
understanding both human nutrition and soil health, 
plant and animal health, namely One Health. Agro-
ecological approaches should be part of the science 
agenda, and landscapes need to change, monoculture 
agriculture  abandoned, and digital precision farming 
innovations embraced to facilitate increased biodiver-
sity. The opportunities for modeling were stressed, 
and the key role of trade arrangements was highlight-
ed.  All sessions touched upon the COVID-19 crisis, and 
the fragility of the food systems due to climate crises. 
There were calls for more sharing of science.

Ideas for addressing the finance challenges were 
shared, and it was noted that both the corporate and 
public sectors are needed for finance. The InterAcade-
my Partnership suggested to connect science funding 
to ODA development program spending. The Scientific 
Group called upon governments to spend at least the 
equivalent of 1% of food systems GDP for food systems 
science. 

LOOKING AHEAD: STRATEGIC FOOD SYSTEMS SCIENCE BEYOND 2030
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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 commu-
nities around the world and advise with evidence on 
the Summit agenda. The science communities broadly 
welcomed that move by the UN, but it is normal that 
this is not welcomed by everyone, such as concerns 
articulated by the HLPE of the CFS. It is time to move 
to productive so-called “cooperative conflicts”, to use 
a term from Amartya Sen. Proposals are on the table 
to strengthen existing science-policy interfaces and 

consider new mechanisms. Academies of sciences and 
business leaders suggested to establish an IPCC type 
mechanism for food systems, and it was welcomed 
that the EU has set up a high-level expert group to sort 
out such options.  

In closing, consideration was given to explore options 
for continuation of this Science Days format in the fu-
ture a few times until 2030, including watching prog-
ress on the FSS commitments from an independent 
science perspective.
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2. the Agenda of Science Days

The Science Days agenda can be accessed on the website of the Scientific Group (link below). Recordings of all the 
Science Days sessions and the complete report of the Science Days are also available on the website. 

Link: https://sc-fss2021.org/events/sciencedays/program/ 

3. The list of Side Events of Science Days 

Side Events of the Science Days oragized by global partners of the Scientific Group are listed on the website of the 
Scientific Group (link below). The highlights of these events are also available on the link. 

Link: https://sc-fss2021.org/events/sciencedays/side-events/  

Annex 3: Terms of Reference of the Scientific Group

The terms of reference of the Scientific Group are available at the following link: 

https://sc-fss2021.org/wp-content/uploads/2020/11/Terms_of_Reference_web.pdf
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About the Scienti fi c Group of the UN Food Systems Summit

The Scienti fi c Group of the UN Food Systems Summit is an independent group of leading researchers and scienti sts from around the world with a mandate 
from the United Nati ons. The Scienti fi c Group is entrusted to deliver independent, state-of-the art, robust, scienti fi c evidence to the UN Food Systems Summit. 
The Group has published research reports to guide and inform the Summit’s policy and investment decisions for the transformati on of global food systems. 
The Scienti fi c Group reports have been appraised and  scruti nized by the members of the Group in its series of meeti ngs and have further undergone external 
peer-review. 

The Scienti fi c Group has further brought to the fore diverse perspecti ves through its network of global partners who have published over forty  scienti fi c Briefs 
in collaborati on and dialogue with the Group.  

Chair of the Scienti fi c Group is Joachim von Braun, Director of the Center for Development Research (ZEF), Bonn University, and Professor for economic and 
technological change. Vice Chairs of the Scienti fi c Group are Kaosar Afsana, Kaosar Afsana (Bangladesh) Professor, BRAC James P Grant School of Public Health, 
BRAC University, Dhaka, Louise O. Fresco (Netherlands) President of the Executi ve Board, Wageningen University & Research. Mohamed Hassan (Sudan) 
President of The World Academy of Sciences for the advancement of science in developing countries (TWAS). 

Suggested citati on: 

“von Braun, J., Afsana, K., Fresco, L.O., & Hassan, M. (Ed.). (2021). Science and Innovati on for Food Systems Transformati on and Summit Acti ons, Papers by the 
Scienti fi c Group and its partners in support of the UN Food Systems Summit. ScGroup of the UNFSS (2021), htt ps://sc-fss2021.org” 

All publicati ons of the Scienti fi c Group and its partners can be found at www.sc-fss2021.org  
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