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In light of ongoing global challenges of health, climate change, and food security, there is urgent need to
transform our food systems. Here, we call for stakeholders to leverage collective wisdom garnered from
more than two decades of sustainability transitions research into developing and implementing systemic ap-
proaches to shortcut theory to action and accelerate the transformation of global food systems.
Findings from the United Nations (UN)

Food Systems Summit 2021, dialogues

in the Food Systems Summit +2, and the

most recent UN Climate Change Confer-

ence in 2023 articulate the need for transi-

tions in food systems to deliver human

health and wellbeing while maintaining

the stability of the Earth system.

The urgency for this transition is high-

lighted by rising food insecurity, the

cost-of-living crisis, and the exceedance

of several Earth system boundaries,

including climate change and freshwater

use, across more than half of the

global land area.1 Globally, scientists

and policymakers are working to

address this urgent need, for instance in

the European Union’s Farm to Fork Strat-

egy2 and the Roadmap to Reshape Aus-

tralia’s Food Systems.3 They argue for

immediate change through a whole-sys-

tems approach that moves beyond siloes

with holistic thinking that considers the

web of relations across different stake-

holders, scales, interventions, and value

chain stages.3

Systemic change will never be straight-

forward because global food systems are

inherently complex. Feeding the world’s 8

billion people via globally interconnected

markets and supply chains involves innu-

merable stakeholders with their own

respective roles in the production, pro-

cessing, distribution, marketing, and con-

sumption of food. Furthermore, multiple

persistent challenges impede whole-sys-

tems change.
Our complex food systems
The many interdependent parts of

our complex food systems span from

agricultural inputs (e.g., fertilizer), produc-

tion, processing, manufacturing, trans-

port, distribution, and marketing of food,

to consumption and waste4 (Figure 1).

Although these components form (value)

chains, each link often operates indepen-

dently. Consequently, difficulties at any

point or dimension can hinder change.

Illustrating socioeconomic drivers, a

food processing factory’s investment in

older technology can hamper uptake of

new technology in distribution and retail.

Biophysical drivers like heatwaves pro-

duced by climate change affect yields,

impacting consumers. All parts are inter-

connected and drivers’ effects flow

across the system. Even well-intentioned

change can result in negative impacts

elsewhere. For example, intensification

and homogenization of agriculture initially

designed to increase yield and thus food

supply can lead to soil degradation, which

in turn can negatively impact yields. The

complexity of these drivers and their inter-

actions with different parts of food sys-

tems make them highly dynamic, some-

times resulting in unintended outcomes

for food security, nutrition and health, live-

lihoods, the environment, and the econ-

omy. However, if considered holistically

these same drivers can progress change.

The inherent complexity of the food sys-

tem sets the context for the challenges

of pursuing change.
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Triple challenge of change
Three common transition challenges and

the ways they play out within food system

complexities impede transformations.

Firstly, investment in the existing system

makes change untenable, creating resis-

tance. Secondly, narrow focus on technol-

ogies and practices may ignore aspects

that a given solution may need to succeed

but can also negatively impact the rest of

the system. Thirdly, ambitious solutions—

particularly those that require rapid, wide-

spread, and significant changes—are

frequently unfeasible. We further discuss

these three challenges.

Lock-in and resistance to change

The first challenge for transitions is the

resistance to transformative change that

keeps food systems locked-in to unsus-

tainable practices. This prevents change

and innovations like new agricultural

practices from being implemented at

scale. For example, large-scale and uni-

form food production for mass markets,

linked to almost 80% of global deforesta-

tion and 70% of freshwater use in recent

decades,5 demands high volumes and

intensifying yields of commodity products

at ever lower costs. Four transnational

corporations, which control about 70%

of the worldwide agrochemicals market

and nearly 90% of the global grain trade,

dominate food systems and have signifi-

cant financial incentives to maintain

existing unsustainable practices, which

creates path dependency and push back

against change. This model and its
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Figure 1. A conceptualization of food systems showing interconnected parts, outcomes, and drivers
Arrows within and between circles indicate flows and interconnected parts of the system.
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dynamics constrain opportunities for

more sustainable alternatives, among

them regenerative approaches such as

decreasing use of chemical fertilizers

and locks in current approaches to pro-

duction in food systems.

Narrow focus on optimal technology

and practice

The second transition challenge is

that narrow pathways, like technological

interventions seeking to optimize farming

practices, can have unintended conse-

quences. The Green Revolution of the

1960s is one example.6 The Green Revo-

lution primarily focused on technological

research and development, such as
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crop genetics for productivity increases,

with the premise of addressing poverty

and food insecurity in developing coun-

tries. However, later evidence showed

that companies and national govern-

ments could not sustain investment and

operationalization, in part due to huge

geographic disparities and inadequate

capacity to absorb novel technologies.6

Moreover, despite positive impacts in

productivity and agricultural outputs

(e.g., 208% average yield increase for

wheat in developing countries between

1960 and 20006), some social inequities

were exacerbated by technology transfer

that largely concentrated on male
farmers, overlooking women’s social con-

ditions, issues of caste, and patterns of

land ownership. The technology-focused

interventions also created issues through

water use, soil degradation, and fertilizer

runoff.

Limited feasibility of ambitious

solutions

Feasibility, defined as implementation

potential under realistic assumptions,

represents another challenge in scaling

sustainable food systems. Feasibility will

reflect the maturity of a food system

practice, but it also involves public

acceptance, institutional capacity, politi-

cal tenability, and geophysical potential



Figure 2. Overview of challenges and lessons from the broader sustainability transitions research to address them
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(e.g., land availability). For example,

research shows that food system transi-

tions through diet change will require sig-

nificant reduction in unhealthy high-level

consumption of some foods by 2050.7

The technical potential of diet change

has been extensively explored through

various options, including developing

plant-based meat replacements, lab-

grown meat, and taxation. If this broad-

scale diet change is realized, significant

outcomes for sustainability and human

health could be achieved, among them

avoiding about 10.8–11.6 million deaths

per year.7 However, achieving these out-

comes depends on rapid behavioral

change in the eating habits of billions of

people whilst overcoming strong cultural

and social norms around diets (e.g., asso-

ciation of meat with wealth). When feasi-

bility aspects are factored in, the technical

potential of diet change as a food system

transition option is not sufficient alone to

bring about sustainability.

Navigating transitions in food systems

becomes exceedingly difficult when con-

fronted with the triple challenges of

change resistance, narrow technological

focus, and feasibility. We can look to other

contexts to learn how to address these

complex challenges, to shortcut theory

to action, and deepen the transformative

power of food systems in a limited time

(Figure 2).
Three transition lessons for food
Sustainability transitions are studied

across diverse disciplines.8 Here, we pre-

sent lessons for whole-systems change

from the fields of transitions research, in-

tegrated assessment, and social learning

that respectively address the three

challenges named here—resistance to

change, a narrow pathway focus, and

feasibility. We then describe how these

lessons can be applied to food system

transitions.

Lesson 1: Align reinforcing

processes

Learnings from the field of transitions

research in the context of energy decar-

bonization can help overcome lock-ins

and resistance to change. One lesson is

the role of an enabling context, i.e., how

phasing out unsustainable systems while

preparing stimulating conditions for new

systems can drive change.9 This ‘‘align-

ment of reinforcing processes’’ is demon-

strated in German energy transitions,

where technological progress played an

instrumental role in the rapid uptake of

renewable energy, but was not the only

factor.9 Transition was accelerated by a

supportive surrounding context, jointly

shaped by government policy stimulus

(e.g., attractive feed-in tariffs) and eco-

nomic incentivization of industrial coali-

tions (e.g., wind turbine manufacturers).

Transition was also catalyzed by the
phase-out of nuclear power due to signif-

icant public and political opposition and

external shocks from the 2011 Fukushima

nuclear accident.

Food system transitions likewise require

multiple processes to co-align in a way

that reinforces and then catalyzes further

change, including overcoming economic

barriers anddependencyon industrial agri-

culture, changing policies that perpetuate

unsustainable food systems, while har-

nessing emerging interventions such as

shifts in lifestyle, newmarkets, and political

coalitions. The diverse settings in which

food systems operate necessitate timely

and place-based interventions, specific to

local and regional aspirations, resources

available, and different cultural, political,

andbiophysical environments. Anexample

of transitioning for affordable and healthy

diets comes from Tajikistan where condi-

tions have been established to favor tradi-

tional agricultural systems so that more

than half of its population has access to

affordable healthy diets.10 Multiple pro-

cesses there helped destabilize unsustain-

able practices, such as land reform in late

1990s that enabledmore equal distribution

of farmsizes,withaco-benefit of increased

productivity and household income, and

easing of international agricultural trade

barriers for stable crops, contributing to

price stability. The shift was reinforced by

emerging interventions that supported
One Earth 7, March 15, 2024 367
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healthydiets, suchas thegovernment’sso-

cial safety net program for school meals

benefitting a significant percent of the

population.10

Lesson 2: Integrate robust

intervention pathways

Learnings from the field of integrated

assessment illuminate the limitations of

narrow pathways and solutions. One

example comes from efforts over the last

decade to implement the Sustainable

Development Goals (SDGs). SDGs repre-

sent standalone goals, but the 2023

Global Sustainable Development Report

indicates evidence of spillovers, i.e., syn-

ergies and trade-offs11 across the SDGs,

revealing the complexity of transitions in

how interlinked SDGs require integrated

changes in technology, policy, and socie-

tal behaviors. These same interconnec-

tions can amplify risks (e.g., cost-of-living

crisis, war in Ukraine), underscoring the

need for robustness and adaptability, so

pathways and solutions can endure

long-term uncertainties.11

Food systems can learn from the com-

plexities revealed by the SDGs. For

instance, there are diverse food system

transition initiatives, like developing tech-

nological innovations (e.g., feed conver-

sion efficiency), building circular food net-

works (e.g., reusing food waste), and

shifting diets (e.g., reducing animal pro-

tein intake).12 Food systems need diverse

transition pathways, but these pathways

need to be coordinated with sectors

beyond food to integrate health, finance,

labor, trade, and resources to realize ben-

efits and mitigate unintended conse-

quences. Although this may seem difficult

to imagine (and harder to achieve), there

are examples of integrated assessment

processes that cut across sectors, for

example, to design robust and synergistic

pathways that flow through multiple en-

ergy, food, and agriculture sectors to

eradicate poverty while simultaneously

reducing environmental pressures.13

Integrating intervention pathways for

food systems can face barriers such as

limited connection across jurisdictions,

levels of government, and policy domains

of food and other sectors. Some of these

barriers are currently being addressed

elsewhere. One example is ‘‘Food: Locally

Embedded, Globally Engaged Partner-

ship’’ in Canada, which sought to align

different policy domains in support of an

integrated change. Extending this idea,
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coordinating and communicating between

various (e.g., agricultural, economic, in-

dustrial, environmental) programs and

governmentbodies that often operate in si-

los or at different levels can help shape a

unified policy landscape for food system

transitions in relation to other sectors.

To ensure robustness, pathways in food

systems also need to be prepared to

adjust to changing conditions and future

uncertainties. A range of decision and

planning tools from integrated assess-

ment and areas like climate change adap-

tation can support the design of adaptive

pathways for food systems to improve

durability through future systemic risks

and viability long term.14

Lesson 3: Experiment to build

support for uptake

The experience of transition in cities (e.g.,

urban living labs, grassroot experiments),

as informed by social learning processes,

demonstrates how experimentation can

help answer if and under what conditions

intervention pathways are feasible (tech-

nologically, economically) and meaningful

(socially, politically). There are a large num-

ber of urban experiment sites across Eu-

rope for social learning and exploration of

barriers constraining innovations, like

smart city initiatives and urban adaption

to climate change.15 The project ‘‘Action-

Oriented Research on Planning, Regula-

tion, and Investment Dilemmas in a Living

Lab Experience’’ (APRILab) explored polit-

ical challenges around intervention, regu-

lation, and investment (e.g., related to ur-

ban intensification and segregation) in

multiple cities (e.g., Copenhagen, Amster-

dam) and offered guidelines for how stake-

holder engagements and learning pro-

cesses can inform transition planning.15

Likewise, food systems can experiment

with intervention pathways to gather evi-

dence on suitability in practice and build

support for wider rollout. This can mean

experimenting with farming models (e.g.,

agroecological systems), new technolo-

gies (e.g., food processing to improve

nutritional quality), policy tools (e.g.,

taxing certain foods), business/partner-

ship models (e.g., blockchain-based plat-

forms for farmer-to-consumer direct

sales), and finance mechanisms (e.g.,

mobilizing private capital through Food

Finance Architecture). The development

of the organic foods niche during the

1990s is an example of experimentation

and learning.16 Through experimentation,
businesses learnt about consumer de-

mand, preferences, and motives. This un-

covered the need to educate consumers

to justify higher prices and led to posi-

tioning organic foods in relation to health

and environmental benefits. Supermar-

kets better understood supply chain

dynamics like seasonality and cross-

contamination from non-organic foods

and identified ways to manage these.

While experimentation in the urban

context involves specific geographies and

sectors, experimentation in global food

systems can have simultaneously vast

and micro-local scope, involving diverse

stakeholders and places. Transdisciplinary

partnershipsandgovernancecanhelppro-

mote agency and enable experimentation

in complex food systems by informing

who does what, when, and through which

means across scales and value chains.

There are examples of food-related part-

nerships and hybrid governance arrange-

ments among fisherfolk organizations in

the Philippines and cooperative farming

areas in Ethiopia that provide learning

about agency, collaborative experimenta-

tion, and realizing change.17
Next steps
The three lessons for accelerating food

system change presented in this paper

reflect learning from different experiences

and approaches to transition in the

broader sustainability context. They can

shortcut theory to action in food systems.

However, there are more shortcuts to be

found. This analysis drew from diverse

bodies of knowledge and represents the

tip of an iceberg. We see an opportunity

for a more comprehensive review of suc-

cesses and limitations of past sustainabil-

ity transition efforts through the lens of

different disciplines to assemble a knowl-

edge hub that can deepen our under-

standing and analytical perspectives for

food system change. This area of

research will help locate pathways for

transitions toward more sustainable,

healthy, and equitable food systems.
ACKNOWLEDGMENTS

Icons in Figure 2 are by Becris and Freepik from
https://www.flaticon.com under free personal and
commercial license with attribution and also from
the Noun Project under a Creative Commons Li-
cense CC BY 3.0.

https://www.flaticon.com


Commentary
ll
DECLARATION OF INTERESTS

The authors declare no competing interests.
REFERENCES

1. Rockström, J., Gupta, J., Qin, D., Lade, S.J.,
Abrams, J.F., Andersen, L.S., Armstrong
McKay, D.I., Bai, X., Bala, G., Bunn, S.E.,
et al. (2023). Safe and just Earth system
boundaries. Nature 619, 102–111. https://doi.
org/10.1038/s41586-023-06083-8.

2. European Commission (2020). Farm to Fork
Strategy: For a Fair, Healthy and Environmentally-
Friendly Food System. https://food.ec.europa.
eu/horizontal-topics/farm-fork-strategy_en#
Publications.

3. CSIRO Futures. (2023). Reshaping Australian
Food Systems – A Roadmap towards
a More Sustainable, Productive and Resilient
Future for Australia’s Food (CSIRO). https://
www.csiro.au/en/work-with-us/services/
consultancy-strategic-advice-services/
CSIRO-futures/Agr icul ture-and-Food/
Reshaping-Austra l ian-Food-Systems.

4. Ericksen, P.J. (2008). Conceptualizing food sys-
tems for global environmental change research.
Glob. Environ. Change 18, 234–245. https://doi.
org/10.1016/j.gloenvcha.2007.09.002.

5. UNCCD (2022). The Global Land Outlook: Land
Restoration for Recovery andResilience. United
Nations Convention to Combat Desertification.
https://www.unccd.int/sites/default/files/2022-
04/UNCCD_GLO2_low-res_2.pdf.
6. Pingali, P.L. (2012). Green Revolution:
Impacts, limits, and the path ahead. Proc.
Natl. Acad. Sci. USA 109, 12302–12308.
https://doi.org/10.1073/pnas.0912953109.

7. Willett, W., Rockström, J., Loken, B., Springmann,
M., Lang, T., Vermeulen, S., Garnett, T., Tilman,D.,
DeClerck, F., Wood, A., et al. (2019). Food in the
Anthropocene: the EAT-Lancet Commission on
healthy diets from sustainable food systems.
Lancet 393, 447–492. https://doi.org/10.1016/
S0140-6736(18)31788-4.

8. Loorbach, D., Frantzeskaki, N., and Avelino, F.
(2017). Sustainability Transitions Research:
Transforming Science and Practice for
Societal Change. Annu. Rev. Environ. Resour.
42, 599–626. https://doi.org/10.1146/annurev-
environ-102014-021340.

9. Geels, F.W., Sovacool, B.K., Schwanen, T., and
Sorrell, S. (2017). Sociotechnical transitions for
deep decarbonization. Science 357, 1242–
1244. https://doi.org/10.1126/science.aao3760.

10. Ambikapathi, R., Schneider, K.R., Davis, B.,
Herrero, M., Winters, P., and Fanzo, J.C.
(2022). Global food systems transitions have
enabled affordable diets but had less favourable
outcomes for nutrition, environmental health, in-
clusion and equity. Nat. Food 3, 764–779.
https://doi.org/10.1038/s43016-022-00588-7.

11. UN (2023). Global Sustainable Development
Report 2023: Times of Crisis, Times of Change:
Science for Accelerating Transformations to
Sustainable Development. United Nations.

12. Herrero, M., Thornton, P.K., Mason-D’Croz, D.,
Palmer, J., Bodirsky, B.L., Pradhan, P., Barrett,
C.B., Benton, T.G., Hall, A., Pikaar, I., et al.
(2021). Articulating the effect of food systems
innovation on the Sustainable Development
Goals. Lancet Planet. Health 5, e50–e62.
https://doi.org/10.1016/S2542-5196(20)30277-1.

13. Liu, Q., Gao, L., Guo, Z., Dong, Y., Moallemi,
E.A., Eker, S., Yang, J., Obersteiner, M., and
Bryan, B.A. (2023). Robust strategies to end
global poverty and reduce environmental pres-
sures. One Earth 6, 392–408. https://doi.org/
10.1016/j.oneear.2023.03.007.

14. Haasnoot, M., Lawrence, J., andMagnan, A.K.
(2021). Pathways to coastal retreat. Science
372, 1287–1290. https://doi.org/10.1126/sci-
ence.abi6594.

15. Raven, R., Sengers, F., Spaeth, P., Xie, L.,
Cheshmehzangi, A., and de Jong, M. (2019).
Urbanexperimentationand institutional arrange-
ments. Eur. Plann. Stud. 27, 258–281. https://
doi.org/10.1080/09654313.2017.1393047.

16. Lyons, K. (2007). Supermarkets as Organic
Retailers: Impacts for the Australian Organic
Sector. In Supermarkets and Agri-food Supply
Chains: Transformations in the Production
and Consumption of Foods, D. Burch and G.
Lawrence, eds. (Edward Elgar Publishing)),
pp. 154–172.

17. Manlosa, A.O., Partelow, S., Jiren, T.S.,
Riechers, M., and Paramita, A.O. (2023). The
role of institutions in food system transforma-
tions: lessons learned from transdisciplinary
engagements in Ethiopia, the Philippines,
and Indonesia. Ecosystems and People 19,
2146753. https://doi.org/10.1080/26395916.2022.
2146753.
One Earth 7, March 15, 2024 369

https://doi.org/10.1038/s41586-023-06083-8
https://doi.org/10.1038/s41586-023-06083-8
https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en#Publications
https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en#Publications
https://food.ec.europa.eu/horizontal-topics/farm-fork-strategy_en#Publications
https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/CSIRO-futures/Agriculture-and-Food/Reshaping-Australian-Food-Systems
https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/CSIRO-futures/Agriculture-and-Food/Reshaping-Australian-Food-Systems
https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/CSIRO-futures/Agriculture-and-Food/Reshaping-Australian-Food-Systems
https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/CSIRO-futures/Agriculture-and-Food/Reshaping-Australian-Food-Systems
https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/CSIRO-futures/Agriculture-and-Food/Reshaping-Australian-Food-Systems
https://doi.org/10.1016/j.gloenvcha.2007.09.002
https://doi.org/10.1016/j.gloenvcha.2007.09.002
https://www.unccd.int/sites/default/files/2022-04/UNCCD_GLO2_low-res_2.pdf
https://www.unccd.int/sites/default/files/2022-04/UNCCD_GLO2_low-res_2.pdf
https://doi.org/10.1073/pnas.0912953109
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1016/S0140-6736(18)31788-4
https://doi.org/10.1146/annurev-environ-102014-021340
https://doi.org/10.1146/annurev-environ-102014-021340
https://doi.org/10.1126/science.aao3760
https://doi.org/10.1038/s43016-022-00588-7
http://refhub.elsevier.com/S2590-3322(24)00033-2/sref11
http://refhub.elsevier.com/S2590-3322(24)00033-2/sref11
http://refhub.elsevier.com/S2590-3322(24)00033-2/sref11
http://refhub.elsevier.com/S2590-3322(24)00033-2/sref11
https://doi.org/<?A3B2 tlsb=-0.25pt?>10.1016/S2542-5196(20)30277-1
https://doi.org/10.1016/j.oneear.2023.03.007
https://doi.org/10.1016/j.oneear.2023.03.007
https://doi.org/10.1126/science.abi6594
https://doi.org/10.1126/science.abi6594
https://doi.org/10.1080/09654313.2017.1393047
https://doi.org/10.1080/09654313.2017.1393047
http://refhub.elsevier.com/S2590-3322(24)00033-2/sref16
http://refhub.elsevier.com/S2590-3322(24)00033-2/sref16
http://refhub.elsevier.com/S2590-3322(24)00033-2/sref16
http://refhub.elsevier.com/S2590-3322(24)00033-2/sref16
http://refhub.elsevier.com/S2590-3322(24)00033-2/sref16
http://refhub.elsevier.com/S2590-3322(24)00033-2/sref16
http://refhub.elsevier.com/S2590-3322(24)00033-2/sref16
https://doi.org/10.1080/26395916.2022.<?A3B2 tlsb?>2146753
https://doi.org/10.1080/26395916.2022.<?A3B2 tlsb?>2146753

	Shortcuts for accelerating food system transitions
	Our complex food systems
	Triple challenge of change
	Lock-in and resistance to change
	Narrow focus on optimal technology and practice
	Limited feasibility of ambitious solutions

	Three transition lessons for food
	Lesson 1: Align reinforcing processes
	Lesson 2: Integrate robust intervention pathways
	Lesson 3: Experiment to build support for uptake

	Next steps
	Acknowledgments
	Declaration of interests
	References


