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Abstract

We urgently need to foster regenerative food systems that mutually reinforce human and
ecological health. However, we have limited understanding of the action pathways that
could encourage the emergence of such systems. Here we report on an extensive Three
Horizons futures process, conducted with diverse participation from food system research-
ers and practitioners, to identify core domains of action for transforming the food system of
Yorkshire, UK, towards a regenerative future. After establishing the contrast between the
current degenerative and envisioned future regenerative food system, six core action
domains were identified that require support to enable transformation: 1) enhancing supply
chain connectivity and innovation to support diverse hybrid business ecosystems; 2) scaling
environmentally beneficial and regenerative farming; 3) empowering citizens to reshape
food demand; 4) providing trusted, accessible knowledge support for standards and incen-
tives; 5) supporting schools and young people as drivers of long-term change; and 6) ensur-
ing coordination and mutual support across domains. Our results highlight the importance of
efforts to cohere synergic action, ambitious visioning, and addressing issues of power.
Overall, our study sets an ambitious standard for co-developing action priorities to encour-
age regenerative futures.

Author summary

We urgently need to foster regenerative food systems that mutually reinforce human and
ecological health. However, we have limited understanding of the kinds of actions that
could help such systems to emerge. Here we report on an extensive “Three Horizons’
futures process, conducted with diverse participation from food system researchers and
practitioners, to identify core domains of action for transforming the food system of York-
shire, UK, towards a regenerative future. After establishing the contrast between the cur-
rent degenerative and envisioned future regenerative food system, six core action
domains were identified that require support to enable transformation: 1) enhancing sup-
ply chain connectivity and innovation to support more diverse, purpose-led businesses; 2)
scaling environmentally beneficial and regenerative farming; 3) empowering citizens to
reshape food demand; 4) providing trusted, accessible knowledge support; 5) supporting
schools and young people as drivers of long-term change; and 6) ensuring coordination
and mutual support across domains. Our results highlight the importance of efforts to
cohere actions with impacts greater than the sum of their parts, ambitious visioning, and
addressing issues of power. Overall, our study sets an ambitious standard for co-develop-
ing action priorities to encourage regenerative futures.

Introduction

Today’s dominant food systems produce highly problematic outcomes for people and planet.
They are the leading cause of global biodiversity loss and a major contributor to climate
change and pollution, leave billions with poor dietary health, cause conflict, encourage spread
of pathogens, and create major power imbalances [1-4]. As such there is growing recognition
that marginal improvement of existing food systems is insufficient. Instead, extensive and
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deep transformation across the many facets of food systems is required [1,5,6]. Transformation
involves going beyond changing technologies, policies and behaviors, to include change in
underlying structures, power relations, beliefs, values, paradigms and worldviews of unsustain-
able systems [7-9].

A powerful orientation for such transformation in food systems is towards regenerative pat-
terns, dynamics and cultures [5,10-12]. Being ‘regenerative’ can encompass a range of aims,
practices and outcomes that mean different things to different people [13], but for the purpose
of this article we refer to regenerative systems as maintaining positive reinforcing cycles of
wellbeing both within and beyond themselves, especially between humans and wider nature,
such that ‘ife creates conditions conducive to life’ [13,14]. Conceptually, regenerative systems
can be considered to go beyond simply reducing anthropogenic harm to acceptable levels, to
actively ‘spiraling up’ social and ecological health, and aim to overcome failures of dominant
mindsets around commodification, GDP-based economic growth, and separation of humans
from nature [5,12,13,15,16]. The regenerative movement is well-established in agriculture,
where its interpretations are diverse although its focus is primarily on regenerating soil health
that in turn supports delivery of ecosystem services [17-20]. Regenerative food systems, how-
ever, would need to consider regenerative dynamics across, for example, models of gover-
nance, business and education, in addition to farming [5,10]. While interest in transforming
food systems is growing, there has been very limited critical analysis of how such change at
scale can be brought about [21,22].

This paper aims to understand how transformation to regenerative futures could be sup-
ported in a real-world large-scale food system. The work focuses on the food system of the
extensive 15,420 km? Yorkshire and Humber region (hereafter abbreviated to “Yorkshire’) in
the UK, with a human population of around 5.5 million. Yorkshire has a diversity of soils, land
cover and farming systems (Fig 1), extends across urban and rural environments (Fig 1), and
contains the highest concentration of food and drink businesses in the UK [21]. Yorkshire is
also a hotbed of food system innovation, as highlighted by a number of recent local food strate-
gies and action plans [23-26], and its networks of innovative farmers and food and drink busi-
nesses, such as Yorkshire Agricultural Society’s Farmer Scientist Network [27], Grow
Yorkshire [28], and Deliciously Yorkshire [29]. Yorkshire’s food system also shares many chal-
lenges with other food systems, such as high rates of food insecurity [30]. These features make
Yorkshire a useful case for establishing lessons about regional-scale food system change and
well-suited to participatory processes drawing on a diversity of innovative actors, and explains
the county’s selection as the focus of the FixOurFood research program [21].

Our work used an in-depth multi-stakeholder co-creation approach using the Three Hori-
zons (3H) futures process [31] (Fig 2), with multiple surveys and workshops engaging 114
experts from three food subsystems spanning production to consumption: 1) agriculture; 2)
food economies; and 3) food in schools and early years settings. The results depict what partic-
ipants identified as the contrast between current systems and normative ideas of what a radi-
cally different desired future food system should look like, and the interrelated domains of
action needed to support the desired systemic shift.

Results
Current challenges, desired futures, and value contrasts

Participants identified positive aspects of the current Yorkshire food system, such as family-
run farms with a long-term stewardship approach and a Yorkshire artisan food identity that
has potential to strengthen rural food economies. Yet the current system was perceived by
most to be degenerative in some form, reinforcing ecological degradation, social
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Fig 1. Land use map of the Yorkshire region, UK. The original pixel scale is 25 m. Image produced using AgriFoodPy [32] and QGIS, based upon Land
Cover Map 2023 © UKCEH 2024. Contains Ordnance Survey data © Crown Copyright 2007, License number 100017572.
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marginalization and inequalities, eroding human health and wellbeing, and with economic
power held by several large retail, processing and agri-tech companies, limiting agency of
smaller purpose-led enterprises (Fig 3, Table 1). These problems were thought to be perpetu-
ated by mindsets focused on profit and efficiency at the expense of ecological health and resil-
ience, lack of public awareness and skills around better food, lack of political leadership and
agency or resources for transformation, and a constant environment of crisis that was discour-
aging long-term sustainable thinking and behavior (Fig 3, Table 1).

In contrast, the envisioned system was considered to be much more regenerative, including
greater localization, honoring of regional food identity, greater biological and cultural diver-
sity, equality of access to food, agency to produce food regeneratively, and public reconnection
to nature and food production that encouraged caring attitudes (Fig 3, Table 2). It was envi-
sioned by participants as having thriving regenerative farming and supported by holistic and
ambitious government and business policy. It would be contributing to high regional self-suffi-
ciency, resilience, biodiversity and carbon sequestration, and affordable nutritious food for all
(Fig 3, Table 2).

The current and envisioned food systems are underpinned by contrasting values and world-
views (Table 3). For instance, in the desired future: food is embraced for its multifaceted social
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Fig 2. The Three Horizons framework. In this framework, the future is viewed as three horizons, or societal patterns. Horizon 1 (H1) is the pattern
that dominates the present, but which is declining as many aspects of it-ways of working, values, assumptions, technologies and so on-increasingly
become less fit for purpose as the wider environment changes. Horizon 3 (H3) then represents an envisioned, radically different future-the sense of
what a collective wants to bring into being. Horizon 2 (H2) is the transitional zone where actions are strategically oriented to help create space for the
longer-term third horizon to emerge. The scaling used in the graph is not intended to be taken literally, but rather for rough qualitative comparison.
‘Prevalence’ describes the relative prevalence of a horizon in the food system (e.g. the amount of resources it holds or transmits, or the proportion of
human activity taking place that is related to the horizon). Time flows from left to right: the present is found where H1 is dominant, and all information
to the right of this is in the future. Figure originally created in Mural (https://www.mural.co/) and rendered by Dave Gledhill of 1790 Creative (https://
autografic.art/).

https://doi.org/10.1371/journal.pstr.0000134.9002

benefits rather than typically being viewed in more utilitarian terms of nutrition and fuel;
there are appropriate financial rewards for regenerating and maintaining ecosystem services in
farming; and economic power is distributed rather than concentrated (Table 3).

Action needed to support transformation

The contrast between current and envisioned future food systems (Fig 3, Tables 1-3) enabled
in-depth exploration, in systemic terms, of the kinds of existing and new initiatives that could
support a transformational shift and avoid reinforcing the status quo. Six core domains of
action and policy were identified that were deemed to provide critical entry points for cohering
change to support transformation. Each of the domains of action-a cluster of many different
reinforcing initiatives—would need support and cohering to build momentum, support disrup-
tion of the current system, and enable a new, envisioned pattern of activities to emerge.

1. Enhance supply chain connectivity and innovation

The first action domain identified was a need to establish and strengthen new supply chain
platforms and networks that can support hybrid businesses generating environmental and
social benefits beyond profit. This would require reconfiguring supply chains to support more

PLOS Sustainability and Transformation | https://doi.org/10.1371/journal.pstr.0000134 November 21, 2024 5/30


https://www.mural.co/
https://autografic.art/
https://autografic.art/
https://doi.org/10.1371/journal.pstr.0000134.g002
https://doi.org/10.1371/journal.pstr.0000134

PLOS SUSTAINABILITY AND TRANSFORMATION Transformative action towards regenerative food systems

A
w
2
u_IJ Current challenges Transformative action The desired future
<
>
[
14
o
Py Enhance divsl;‘s,ictzland Thrivi

o 'oor, ) hai riving

3?0""'."9 unequal sczl:,':,:c‘:iv?; p ‘ment, g i

eIty nutrition and increasing farming

H 1 innovation self-sufficiency ‘

Lack of

leadership, _ Scale ' Empower / People ' Regional
environmentally |/ food citizens (re)connected to | Self-awareness

Dominant
mindsets Lack of public

il A Holistic and
s gency i
inabl and resources for i to reshap their food and a";;gllti:?yus
behaviour skills transformation farming demand connectivity
Crises o Systemic
Siloed and discourage Provide rusted Support Nutritious adaptation and
+ L=y accessible ' schoolsiand food fo!' all, resilience to
H 2 policy thinking and T A TR young people boostl_ng wider
practice et ana as drivers of wellbeing conditions
incentives long-term /
change
H 3 Cohere,
integrate,
cooperate

TIME )

Fig 3. Three Horizons map of current Yorkshire food system challenges (Horizon 1, H1), the desired regenerative future food system (Horizon 3,
H3), and key domains of action for supporting the transformation from H1 to H3 (Horizon 2, H2). The scaling used in the graph is not intended to
be taken literally, but rather for rough qualitative comparison. ‘Prevalence’ describes the relative prevalence of a horizon in the food system (e.g. the
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horizontally is not intended to reflect differences in prevalence or time-the important aspect is the circles” association to a particular horizon.

Figure originally created in Mural (https://www.mural.co/) and rendered by Dave Gledhill of 1790 Creative (https://autografic.art/).
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direct sales, local and seasonal sourcing (e.g. via dynamic food procurement platforms and
food hubs), and more generally enhancing connections between food system actors (including
stronger farmer sharing networks), helping to move beyond innovation in isolation by bring-
ing different actors together to develop shared solutions to challenges. As emergency responses
to acute food insecurity, such supply chains and networks could redirect surplus and otherwise
wasted food to food banks and other food access structures [33,34]. Inspiring alternative food
and innovation networks were pointed out as already active in Yorkshire, such as Food Circle
York (a social enterprise bringing together a community of customers and organic and regen-
erative farmers, growers and producers, with twice-weekly markets in York) [35] and York-
shire Agricultural Society’s Future Farmers of Yorkshire (a platform for innovative farmers,
vets and industry supporters in Yorkshire that runs conferences and other large-scale events,
workshops, mentoring schemes and industry visits) [36], providing opportunities to learn
from, replicate and scale up innovative practice, and share ideas and skills.

This action domain has potential to support a fundamental shift in power and agency
towards a diversity of marginalized food system actors with a more regenerative ethos, disrupt-
ing current patterns of relatively uniform and unequal food procurement. It would support
value shifts towards more networked, cooperative action, and the accessibility and conve-
nience of healthy and sustainable food. Bringing multiple actors and system parts together to
work cooperatively, rather than working in silos, would enable pooling of resources, sharing
risk across partnerships and making investment more attractive, as well as facilitating peer-to-
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Table 1. Challenges in the current Yorkshire food system that make it degenerative and inhibit transformation to
a regenerative system, according to Three Horizons participants.

Challenge
Declining diversity

Poor, unequal nutrition

Dominant mindsets encouraging
unsustainable behavior

Lack of public awareness, interest and
skills

Lack of leadership, agency and
resources for transformation

Siloed and nontransparent policy

Crises discourage sustainable thinking
and practice

Explanation

Biodiversity is declining particularly as a result of harmful farming
practices, impairing ecosystem functioning and the richness of people’s
experience of nature. Meanwhile, innovation and organizational diversity
(e.g. of producers and sellers) are limited, and diverse smaller enterprises
on local high streets are failing under the dominance of big food retail.

There is widespread and rising food insecurity, food poverty, and
inequality of dietary nutrition and health. The relative availability,
accessibility and affordability of ultra-processed food and food high in fat,
sugar and salt is contributing to an epidemic of malnourishment and
obesity, with those on lower incomes disproportionately affected.
Unhealthy diets are being exacerbated by advertising and the food
environment surrounding schools (e.g. due to the prevalence of fast food
outlets).

In the food system overall there is often a narrow focus on profit, price,
efficiency and convenience, which pushes healthy nutrition and
environmental wellbeing low down on people’s agendas. In farming there
is a deep-seated ‘conventional’ farming mindset focused on producing
high yields at the expense of ecological health and resilience. This
contributes to a degenerative reinforcing cycle, whereby high inputs (e.g.
fertilizer) and short rotations can reduce soil health, making farmers even
more dependent on high inputs to maintain yield, further degrading soil.

A lack of holistic understanding and interest around food drives
degenerative dynamics. This is apparent in many schools, where food’s
social, environmental and nutritional importance is under-appreciated
with school meals under-funded, food education insufficiently holistic,
school food standards weakly enforced, and high levels of food wastage.
Stressful school dining environments contribute to students developing
negative attitudes towards school food. More generally there is a lack of
public food awareness-including an understanding of what a healthy or
environmentally friendly diet is, how food is produced, and the costs of
food production-and skills (e.g. cooking with seasonal produce).

There has been a lack of political leadership, agency and resources for
transforming the food system and implementing regenerative practice.
There is insufficient agency particularly at local or small scales to enact
major positive change, given the concentration of power in a small
handful of food retail and processing businesses (e.g. Tesco, Sainsbury’s,
Asda, Morrisons, Arla Foods, Nestlé, etc.) and high costs constraining
SMEs’ ability to invest, for instance. For schools, healthier and more
sustainable food is harder for institutions to access, whilst farmers have
little incentive or support to transform their practice. In general, there
was felt to be insufficient skills, tools and resources to facilitate healthy
eating practices.

Policy and organizations lack joined-up thinking and transparency, and
policies are typically reactive, siloed and disjointed. This includes limited
transparency in land governance, and organizations’ asset use tends to be
for isolated purposes, so skills and infrastructures are under-utilized.

The environment of stress and crisis discourages long-term sustainable
thinking and practice. For example, product shortages (due to factors
such as COVID-19, Brexit and the Russo-Ukrainian war) encourage the
procurement of more unhealthy processed, cheap school food, and
transforming farming practices can be seen as financially too risky, with
the hardships associated with farming discouraging young people from
viewing it as a sustainable career. Labor shortages place further pressure
on farms.

https://doi.org/10.1371/journal.pstr.0000134.t001
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Table 2. Themes of the desired future regenerative Yorkshire food system envisioned by Three Horizons

participants.

Theme

Local diversity and empowerment,
increasing self-sufficiency

Thriving regenerative farming

People (re)connected to their food

Regional self-awareness and connectivity

Holistic and ambitious policy

Nutritious food for all, boosting
wellbeing

Systemic adaptation and resilience to
wider conditions

Explanation

The food system has high local diversity and empowerment, with a
thriving diversity of small organizations (e.g. producers, processors and
retailers) and urban and small farms. These organizations are supported
by fair and inclusive market arrangements such as dynamic food
procurement platforms for supplying the public sector, as well as new,
more direct supply chains between regenerative farmers, schools and
businesses. This is contributing to high resource circularity and self-
sufficiency, with lower reliance on food imports and less food waste.

Viable regenerative farming practices have been embraced as the
inspiring choice, not least due to a culture of sharing best practice
between farmers, and farmers are well-paid via supply chains to produce
food regeneratively. A result of these supply chains is that regeneratively
sourced school food has a positive environmental impact. Young people
and innovators are motivated and well-supported to enter the farming
sector, ensuring the sustainability of its workforce. Thanks to the wide
range of public services that farms produce in addition to food, we live in
biodiverse landscapes, and the food system is carbon-negative.

People in the food system are empowered, knowledgeable, skilled and
engaged, and school students, staff and families have high levels of food
literacy, with a reconnection of people to nature integral to education
and policymaking. Consumers embrace the opportunities offered by the
new food choice realities of more localized and seasonal food sourcing,
with a greater proportion of plant-based meals, but also a diversity of
new foods (e.g. grain and fruit varieties). Care and appreciation of food
and its importance contributes to a zero-waste approach to food.

There is high awareness and connectivity of food system actors,
including an integrated land use strategy at national and regional levels,
and awareness and recognition of good farming practice that is already
occurring. Moreover, Yorkshire food is distinctive and desirable across
the UK.

Joined-up, long-term policy with a systemic perspective prioritizes
healthy, sustainable food, with rewarding of good practice and a right to
food enshrined in local and regional policy. School food is understood as
integral to the wider food and education system, and there is accordingly
clear enforcement and communication of ambitious school food
standards. Socio-environmentally responsible business models are the
norm.

Healthy neighborhood food environments (foodscapes) support a high
proximity of healthy food for all demographics, which is at the heart of a
preventative health system. Schools have sufficient resources to provide
high-quality food for all, and even support wider community wellbeing
via food partnerships and pastoral support. As a result, people in school
communities are healthy in body and mind, and the wider wellbeing of
producers and food citizens is increasing.

Farming decisions improve livelihoods and resilience (e.g. to climate
change and associated extreme weather events), not only yield, and high
international trade standards mean Yorkshire does not externalize
impacts when importing. Creativity is thriving from a diversity of
perspectives and backgrounds in schools, and developmental evaluation
and futures methods are embedded in food system activity to aid
adaptation to a complex, uncertain and constantly shifting environment.

https://doi.org/10.1371/journal.pstr.0000134.t002

peer learning. Hybrid business models are known to keep value distributed within local food

systems, rather than accumulation by the few (e.g. shareholders), reinforcing local agency [36].
By strengthening farmer sharing networks and creating new supply chains, this action domain
was considered to have potential to enhance capacity for regenerative farming and resilience

to external shocks.
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Table 3. Contrast between the values of the current Yorkshire food system and the desired future system, identi-

fied by Three Horizons participants.

Current food system value
Low diversity

Healthy and sustainable food is exclusionary

Concentrated power

Actors work in isolation

Reactive policy
Disjointed policy

Minimal support for public goods and ecosystem
services

Transformation seen as too risky
Good practice talked about but rarely applied

Focus on maximizing crop yields at the expense of
ecological health and resilience

Limited public food awareness and skills
People typically have restricted diets

People used to huge freedom of food choice
Convenience means ultra-processed and fast food

Food typically viewed in more utilitarian terms of
nutrition and fuel

https://doi.org/10.1371/journal.pstr.0000134.t003

Future envisioned food system value
High diversity

Healthy and sustainable food is universally accessible and
affordable

Distributed power

Actors work in a culture of networking, cooperation and
sharing

Proactive policy

Holistic policy

Appropriate financial rewards for regenerating and
maintaining ecosystem services

Transformation seen as essential and inspiring
Good practice normalized

Profitable farming that also improves social and ecological
wellbeing and resilience

High public awareness and connection to food system
People typically have varied diets that boost nutrition

People embrace new constraints (but also possibilities) of
seasonality, more local sourcing, etc.

Convenience means fresh local unprocessed food available to
all

Food embraced holistically for nutrition, culture, social
engagement, health, education and environment

Supporting this domain was thought to require good awareness of where hybrid businesses

and networks already exist, as well as proactive attempts to attract funding, support local

authorities and other organizations in funding applications, and provide capital for establish-

ing such platforms, hubs, consortia and cooperatives. Care would also be needed to ensure
platforms do not have excessive charges that raise prices for consumers or reduce producer
incomes, and that they genuinely increase convenience for consumers to purchase food from

hybrid businesses (see action domain 3).

2. Scale environmentally beneficial farming

The second action domain is a need for long-term evidence-based policy and market support
for scaling environmentally beneficial and regenerative farming. In addition to creating stron-
ger market incentives (e.g. action domain 1), it also requires institutionalizing long-term com-
mitments to scaling up ‘horizontally’ via city and regional-scale councils, partnerships and
networks (e.g. Future Farmers [37]) and ‘vertically’ via national-scale policy working with the
UK Department for Environment, Food & Rural Affairs (Defra) to ensure an integrated land
use strategy and that environment or agri-environment schemes such as Environmental Land
Management (ELM) and carbon credits (a system for financing carbon offsetting via land
management that reduces, avoids, or removes carbon emissions) genuinely provide sufficient
support. It also requires improving farmer-policymaker relationships via constructive dia-
logue, and getting big players (e.g. large-scale food producers, processors and retailers) on
board for system-wide mainstreaming.

A commitment to such scaling was considered important for supporting transformation by
ensuring regenerative and other environmentally restorative farming, and associated mindsets,
become mainstream rather than remaining as small-scale, isolated innovation. Concerted
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action would also support value shifts towards high biological and agricultural diversity,
rewards for good practice, farming that focuses on livelihoods and resilience, and more holistic
policy. Mainstreaming could have major positive environmental impacts, from increasing bio-
diversity and capturing carbon, to improving soil and water quality, benefiting both human
health and wellbeing.

Education was seen as key. Many courses in agricultural colleges were considered to focus
on machinery and yield, with insufficient emphasis on environmental stewardship or nutri-
tional diversity, highlighting a need for more integrative and holistic education that connects
food with the wider Earth system. Giving greater recognition to regenerative farming systems
was also considered important, such as by designating ‘Areas of Outstanding Natural Farming’
in areas lacking existing protection (e.g. outside National Parks and National Landscapes,
which designate areas of ecological, aesthetic and cultural importance in the UK). Strong
farmer networks would be needed to help farmers navigate the complex array of funding
schemes for environmentally beneficial farming, alongside scientific evidence to inform regen-
erative farming systems and demonstrate their economic, environmental and social potential
(see action domain 4).

3. Empower food citizens to reshape demand

Empowering food citizens to encourage demand for regeneratively produced food will be criti-
cal for transformation to a more regenerative food system. Participants emphasized that
changing policy and governance around food production, processing and distribution must
coincide with fostering demand for new supplies and forms of food, inspiring the public to
lead a culture change in consumption and shifting emphasis to local, seasonal, and zero-waste.
Opverall, the goal would be to develop a population of empowered and knowledgeable food citi-
zens (re)connected to their food and its origin, to whom transformation to a regenerative food
system becomes a meaningful and desirable change.

Four aspects were seen as particularly important in meeting this challenge. First, extensive
efforts will be needed to ensure regeneratively produced food is affordable, whilst also giving
producers a high proportion of income from the sale price. Second, much greater awareness of
the importance of food will be required. Key to this will be improving food literacy of school
staff, students and families (see action domain 5). Using urban space for food-growing and
twinning urban and rural farms to establish community links could help to reconnect people
with where their food comes from. It also requires helping people move away from seeing food
only in utilitarian terms by drawing on the fundamental social, cultural and environmental
connections between people and food, as happens in family cooking initiatives in schools.
Numerous initiatives doing this work to shift consumer mindsets already exist, such as TastEd
(which offers teachers support for taste education lessons that bring fresh fruit and vegetables
into classrooms) [38], Rethink Food (which provides resources for schools to introduce holis-
tic approaches to growing, cooking and learning about food) [39], Farmer Time (which con-
nects schoolchildren to farmers via live online chats) [40], and Open Farm Sunday (an annual
public open day for UK farms) [41]. Third, food retailers can support food waste reduction,
e.g. by removing ‘use by’ date labeling and selling loose unpackaged fruit and vegetables
(including ‘wonky’ produce), which additionally cuts packaging waste [34].

Finally, regeneratively produced food needs to be accessible. This includes ensuring that
physical infrastructure of food shopping for regenerative food is appropriate. This might
include local rural branches of large supermarkets prioritizing more local produce, or finding
ways to increase diversity of local food suppliers (e.g. near schools). Accessibility also needs to
be enabled by ensuring appropriate information (e.g. about food’s environmental impact, and
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clearer brand differentiation for regeneratively produced food) is readily available to consum-
ers, such as through changing the UK Groceries Supply Code of Practice (which sets out how
retailers are expected to fairly manage their relationships with suppliers) and food standards.

4. Provide trusted, accessible knowledge support for standards and
incentives

Provision of trusted and accessible knowledge, including transparent data, rigorous scientific
evidence, and data-sharing networks, is needed to establish food system standards and policy
and incentives for good practice, such as for farmers shifting to regenerative agriculture or
hybrid businesses. Here, standardized indicators and tools are needed to facilitate comparison
and communication of data from different areas and spatial scales, as well as open and accessi-
ble data. Too often, data are collated in extractive ways, kept private, and serve vested interests.
An open approach to knowledge and data could support value shifts towards networking and
sharing, enhanced public awareness of the food system, and a more consistent, common lan-
guage and coordinated action. Readily available and accessible information would support
more agile and reflexive ways of working, helping producers and policymakers respond to
changing food system conditions. A number of organizations are already working to support
this action domain (e.g. to help farmers maximize the use of soil data, such as Soil Benchmark
[42] and Soilmentor [43], or Take a Bite Out Of Climate Change, which shares in accessible
ways the scientific consensus about how food and agriculture contribute to climate change
[44], with many additional opportunities to build on such initiatives and share data ‘beyond
the farm gate’.

5. Support schools and young people as drivers of long-term change

Schools and young people will need to be supported to be drivers and advocates of long-term
food system change. Schools are major procurers of food and have significant influence on
society through education, and young people are often inspirational and passionate leaders of
change with interests in realizing long-term shifts in the food system. The action domain is
closely related to domain 3 —empowering consumers-but more specifically focuses on schools
and young people as this sector provides key opportunities for leveraging change across the
whole of the Yorkshire food system.

Support for this action domain will both address immediate and real challenges facing peo-
ple as they struggle to contend with difficulties in accessing healthy and affordable food while
also bringing about cultural shifts. This can be achieved through taking whole school
approaches to food, where food is viewed as an intrinsic part of school life, healthy and sustain-
able food is provided within and outside the school environment, food becomes integral to
curricula, and schools and authorities work in partnership with communities, producers and
providers. There are many existing exemplars, such as: school caterers increasing children’s
dietary diversity and intake of locally produced fruit and vegetables; embedding food in curric-
ula; children growing vegetables in school allotments and cooking with them to create tasty
and nutritious meals in school; efforts to ensure free school meals; enhancing atmosphere and
culture in school dining to improve relationships to food; inviting families in deprived areas to
learn to cook from scratch and eat together as a community; involving students and parents or
carers in school food decision-making, such as menu co-design, which motivates students to
be champions of food system transformation; and more broadly using food as a focus to
empower students to be leaders of change.

Supporting the domain requires: engaging school leadership to enhance demand for whole
school food approaches; ensuring new approaches are embedded in mandatory school food
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standards and via food award schemes; shifting perceptions about the importance of free
school meals; influencing national policy to address constraints in funding; free school meal
auto-enrolment; and changing schools’ contracting and procurement practices to address, for
example, barriers to local farmers more directly supplying schools. Overall, a focus on schools
and young people can support value shifts towards more holistic perspectives and universality
of food access, with sustainable and healthy eating behaviors being carried with students
throughout their lives and reflected back in homes and local communities. Through better
school food cultures, major food waste reductions are also possible.

6. Cohere, integrate, cooperate

Food system transformation will only happen when different areas of action reinforce each
other to help create a new system dynamic. A critical action domain would therefore be to
cohere and integrate the other domains, capitalize on opportunities, and reinforce transforma-
tive effects (Fig 4). For instance, participants identified that producer- and consumer-led
change go hand in hand, that enabling more localized supply chains would support the scaling
of regenerative agriculture, and that supporting schools and young people to be drivers of food
system transformation sustains future generations of motivated food system workers (Fig 4).
Through greater cohering and collaboration, impacts could be amplified, actions for transfor-
mation would be more efficient, and opportunities would be provided for collaborative learn-
ing about transformation [45]. A critical enabling condition is then having appropriate cross-
system modes of governance, monitoring and evaluation to steward large-scale integrated
action [46].

Discussion

Our findings highlight major contrasts between the current degenerative and an envisioned
regenerative Yorkshire food system (Fig 3, Tables 1-3). The current food system is degenera-
tive in the way it reinforces continued ecological degradation, power imbalances, social mar-
ginalization, and erosion of human health and wellbeing. Many other food systems in the UK
and beyond are facing similar challenges, including the concentration of economic power by a
handful of food retail companies, soil and other environmental degradation from farming, and
increasing food poverty [47-51]. In contrast, our Three Horizons participants envisioned a
much more regenerative future food system. For example, participants expressed desire for
greater localization and honoring of regional food identity, greater biological and cultural
diversity, equality of food access, agency to produce food regeneratively, and public reconnec-
tion to nature and food production that encourages caring attitudes. These are common signa-
tures of regenerative food systems highlighted elsewhere [5] and echoed in other envisioned
food systems in the UK [23,48]. Notably prominent in our study, however, is the identification
of underlying mindsets and values driving unsustainable behavior and how these would have
been remolded in the envisioned future, thus establishing the transformative shift that actions
would have to support (Table 3).

Supporting this shift will not be easy and will require considerable effort to cohere and sup-
port diverse action, including for the six critical interrelated domains of action identified by
diverse experts from across the food system (Fig 3, Table 4). These domains show how a transi-
tionary system can begin to disrupt a status quo and create space for more regenerative and
radical innovation to emerge. Our work also highlights the importance of cohering and con-
necting actions to enable synergic effects, whereby the overall impact is greater than the sum
of effects of individual parts in accelerating transformation. In this case, for example, various
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Fig 4. Diagram showing how five action domains strengthen each other to support food system transformation in Yorkshire. Circles represent the
action domains, and squares represent how each action domain strengthens another (their color is matched to the action domain they originate from).
Figure originally created in Mural (https://www.mural.co/) and rendered by Dave Gledhill of 1790 Creative (https://autografic.art/).

https://doi.org/10.1371/journal.pstr.0000134.9004

pre-existing local food strategies and action plans in Yorkshire [23-26] provide opportunities
to elevate transformational efforts if they can be effectively cohered.

This, in turn, needs more effective coordination across local, regional and national policy
that enhances local agency and grassroots change. Examples include policies that fund school
meals, deliver more effective farming stewardship schemes, and enable dynamic food procure-
ment platforms to be established. Effective cohering will also require new, transformational,
forms of organizing and governance [46,52]; support from developmental, empowering,
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Table 4. Domains of action identified by Three Horizons participants as necessary for supporting transformation towards a regenerative food system in Yorkshire.

Action domain

1. Enhance supply chain
connectivity and innovation

2. Scale environmentally
beneficial farming

3. Empower food citizens to
reshape demand

4. Provide trusted knowledge
support for standards and
incentives

5. Support schools and young
people as drivers of long-term
change

6. Cohere, integrate, cooperate

Key actions

« Reconfigure supply chains to support more direct sales, local
and seasonal sourcing, and redirect surplus or waste food to
those in need

Strengthen sharing networks (e.g. of farmers to share best
practice and resources)

Introduce fairer supply chain arrangements for small supplier
organizations, such as dynamic food procurement platforms
for public sector institutions

Institutionalize long-term, evidence-based commitments to
scaling environmentally beneficial farming via city, regional-
scale and national-scale policy

Improve the farmer-policymaker relationship via constructive
dialogue

Get big players (e.g. large-scale food producers) on board for
system-wide mainstreaming

Introduce more integrative, holistic education in agricultural
colleges that connects food with the wider Earth system

Give greater recognition to regenerative farming systems

Inspire the public to lead a culture change in consumption,
shifting emphasis to local, seasonal and zero-waste

Improve the food literacy of school staff, students and families

Use urban space for food-growing and twinning urban and
rural farms to establish community links

Food retailers should support food waste reduction, e.g. by
removing ‘use by’ date labeling and selling loose unpackaged
fruit and veg (including ‘wonky’ produce)

Ensure accessibility and clear visibility (e.g. via labeling) of
regeneratively produced food

Provide trusted and accessible knowledge support, including
transparent data, rigorous scientific evidence, and data-
sharing networks, to food system actors transforming their
practice, such as farmers shifting to regenerative agriculture or
hybrid businesses, as well as policymakers

Standardize indicators and tools to facilitate comparison and
communication of data from different areas and scales

Encourage whole school approaches to food (embracing
food’s educational as well as nutritional value)

Involve students and parents/carers in school food decision-
making, including menu co-design

Embed new approaches in mandatory school food standards
and via food award schemes

Support accessibility of tasty, healthy food for all via free
school meal auto-enrolment

Change schools’ contracting and procurement practices to
address, for example, barriers to local farmers more directly
supplying schools

Ensure all the action domains are working in tandem towards
a shared goal

Identify what each action domain can offer to the others to
enhance their transformative potential

https://doi.org/10.1371/journal.pstr.0000134.t004

Why transformative?

« Encourages higher diversity of organizations and more
distributed power in the food system, disrupting the
dominance of several big players

« Encourages culture of networking and cooperative working

o Supports actors (e.g. hybrid businesses) led more by values of
human and environmental wellbeing than by price, efficiency
and convenience

Helps to change the identity of convenient food to fresh local
unprocessed food rather than ultra-processed and fast food

Commits to making regenerative and other environmentally
restorative farming systems (and the mindsets associated with
them) truly mainstream rather than remaining as small-scale,
isolated innovation

Supports value shifts towards high (biological, agricultural and
biocultural) diversity, rewards for good practice, farming that
focuses on livelihoods and resilience, and more holistic policy

Would kickstart regeneration of environmental health,
including increasing biodiversity, capturing carbon, and
improving soil and water quality, which in turn bring benefits
for human health and wellbeing

Works to develop a population of empowered and
knowledgeable food citizens to whom a transformation to
regenerative food systems becomes a meaningful and desirable
change

Taps into the deep social, cultural and environmental
connections between people and food, moving away from
seeing food mainly in utilitarian terms

Helps the public to understand and appreciate constraints but
also opportunities of new realities of food choice relating to
seasonality, more local sourcing, etc.

Approaches knowledge as transparent, dynamic and
empowering, rather than gained and hoarded in more
extractive, opaque and inaccessible ways that serve vested
interests of the status quo

Supports value shifts towards networking and sharing, and
public awareness of the food system

Supports rapid feedback and learning for agile adaptation to
food system conditions

Supports transformation as a sustained, long-term change that
gets to the heart of how we learn to relate to food, nature,
society and culture

Builds up knowledge and skills in younger generations who
will carry the makings of a regenerative food system with them
well into the future

Supports value shifts towards more holistic perspectives of
food, high awareness of the food system, and universal
accessibility rather than exclusivity of healthy, sustainable food

Uses the prominent role of schools in the overall food system
(e.g. their substantial throughput of food and universality of
provision) to have a major impact in dietary change,
improving food equality and waste reduction

Amplifies the impact of individual actors

Makes transformative action more efficient (e.g. avoiding
duplication)

Helps actors to understand transformation in a more systemic
way
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complexity-aware and transformation-focused modes of evaluation [53]; and transdisciplin-
ary, action-oriented research [46,54].

A good starting point for effective cohering has been the establishment of a new high-pro-
file commission-the FixOurFood Commission [55]-to help drive transformation. The Com-
mission was established as a direct result of this research and involves influential food system
actors tasked with building momentum for large-scale food system change in Yorkshire. The
six action domains provide a strategic focus for the Commission’s work. A second outcome
from our research, driven particularly by action domains 2 and 4, has been the installation of a
co-designed regenerative farming trial and demonstration platform at the University of Leeds
farm, with involvement of a large network of stakeholders, to provide data and evidence
informing how to transition to a regenerative farming system [56]. Our work should also
directly inform: the ongoing development of regional-scale food strategies, e.g. by North York-
shire Council [57]; investment priorities of Yorkshire’s mayoral combined authorities
(MCAs), including the newly created York and North Yorkshire MCA; and the research prior-
ities of the FixOurFood program more generally [21] as it enters its final year.

Our study sets an ambitious standard for co-developing action priorities to encourage
regenerative futures. We suspect that transforming food systems elsewhere in the UK will
require a similar combination of producer-led, consumer-led, top-down and bottom-up
change, building on pre-existing momentum, and cohering, integration and cooperation, to
that highlighted by our study. Moreover, the recent disruption to international food supply
chains from climate change [58] and geopolitical crises such as the Russo-Ukrainian War [59]
will surely focus attention across the wider UK on efforts for greater food self-sufficiency (the
UK currently imports around half of its food [60]), which arose as a key topic in our York-
shire-focused work.

There were, however, two important limitations of our work that will require further effort
and work. First, some of our work struggled to establish a truly radical vision. An ambitious
vision is important to guide transformation, help actors reframe a sense of what is possible,
and ensure that efforts at change address the underlying worldviews, assumptions and mind-
sets that hold a current system in place [31]. Establishing genuinely ambitious visions is, how-
ever, harder than one might think given that people struggle to imagine something they have
not yet experienced [61]. Our vision, for example, could be critiqued for still viewing the envi-
ronment in utilitarian terms; not sufficiently envisioning a future beyond a growth-focused
capitalist mindset [62]; or for having limited vision of how inequalities might have been tack-
led. Use of visioning tools like the Regenerative Lens (which aims to encourage ambition and
alignment to regenerative system concepts in futures practice) [13] or Seeds of Good Anthro-
pocenes (which aims to create optimistic, realistic visions of the future based on identifying
and growing ‘seeds’ of pre-existing exemplars of innovative ways of thinking and living) [60],
as well as research to support imagination (e.g. Joseph Rowntree Foundation’s Emerging
Futures [63]) will therefore be important for any transformational initiative going forwards.

Second, significant efforts were made in our work to honor diverse views and include
diverse goals and values, and identify systemic action. Yet the process we undertook did not
provide the time and space for detailed work that would be needed to creatively address some
of the key dilemmas and tensions involved. This included three key aspects: power, innovation,
and trade-offs of farming practices and different diets. Clearly, there are dilemmas around the
‘power’ embedded in the Yorkshire food system, like that held by a handful of large enter-
prises, such as supermarkets that hold many elements of the current system in place. While the
dominance of supermarkets helps to support distribution of food to a large population at low
cost due to economies of scale, it can constrain transformation. Our Three Horizons findings
also revealed a tension between more bottom-up forms of innovation and change and notions
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of disrupting monopolies in the food system (e.g. in action domain 1, ‘Enhance supply chain
connectivity and innovation’), and the desire to ‘get big players on board’ for more system-
wide impact (e.g. in action domain 2, ‘Scale environmentally beneficial farming’). The trade-
offs of different farming practices and different diets must also be further explored to fully
understand their impacts on wider ecosystem services. For example, the meat and dairy indus-
try holds significant social, economic and cultural power [64], yet much of its conventional
practice will also need to be challenged and downscaled or modified if society is to move
towards genuinely regenerative futures [65-67]. The issue is also not straightforward: while
there is a growing social movement to reduce meat consumption, integrating livestock is one
of the main principles of the regenerative agriculture movement, with farmyard manures key
to adding carbon back into the soil and thus helping to restore soil health [17,18,68], and
claims that livestock in some regenerative farming systems are carbon-negative [68]. However,
livestock are also major contributors to methane emissions [69] and can cause water quality
decline [70]. These issues have created tensions between regenerative farmers and the vegan
movement, for instance [71]. Thus, while our work began to open up discussion about some of
these issues, and set an ambitious overarching direction that had high levels of consensus,
much more extensive effort will be needed to find creative ways of working with dilemmas
and power imbalances.

Reflecting on our Three Horizons process in light of other applications of this framework,
what stands out is our unusually extensive, iterative, multi-step and multi-actor application
that integrated results from across multiple food subsystems and considered how action could
be systemically cohered. Our approach aligns with recommendations for more second-order,
adaptive and reflexive approaches in co-creative research and transformation contexts [72-
74], as well as incorporating diverse forms of knowledge in food system transformation
research [54,75].

From this approach, we learnt a number of lessons as facilitators. Firstly, the process
required high levels of coordination, as well as considerable commitment of time and effort
from participants. We found that online platforms, notably Mural (https://www.mural.co/)-
although many other similar platforms exist-were helpful for collaboratively engaging with
large groups of people (e.g. populating Three Horizons maps), especially given the shift to
online workshops during the COVID-19 pandemic. However, it was not always easy for par-
ticipants who were unfamiliar with online meeting forums and collaborative platforms, and
poor internet connections particularly for those joining from rural locations impacted their
ability to contribute and follow the workshops. Secondly, the process reinforced to us that
Three Horizons is an orienting tool: whilst it provides many opportunities for detailed analy-
sis, what participants valued most was that it helped them to work through complexity and dis-
till information down to core messages and narratives. Since applying Three Horizons in this
way, we have focused on how food system actors can reinforce one another in service of more
regenerative dynamics. While it was outside the scope of our project, there are ways of practic-
ing Three Horizons that focus more on specific, named actors (e.g. organizations, businesses
and initiatives) and thus enable even more action-oriented use of the Three Horizons results
(e.g. in ‘ambition loops’ to cohere reinforcing action between government policy, business,
and civil society [76]) and encourage more direct commitments to action from participants.
Nonetheless, our results still provide useful overarching themes, and are being used to strategi-
cally orient the work of organizations such as the FixOurFood Commission.

In conclusion, supporting transformation at scale requires cohering and connecting many
different disruptive and innovative forms of action while maintaining transformational intent.
In this case, six important action domains were identified, focused on supply chains, scaling
regenerative farming, empowering consumers, providing open and accessible knowledge,
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working with schools and early years settings, and cohering action. Clearly, transformation
will require much concerted effort. Yet, through more effective cohering and connecting
across different scales, continuing to help reshape the sense of what is possible, and actively
attending to power imbalances, the possibility for transformation becomes more tenable. This
can be further enhanced with support from transdisciplinary, action-oriented, second-order
modes of research to understand how power imbalances might be more effectively navigated,
how new ways of organizing and governing can be developed, and how more developmental
approaches to evaluation can support and help to drive transformational change.

Materials and methods
Overview

This research aimed to identify and co-create core activities that would begin to support trans-
formation towards a regenerative food system in Yorkshire. It involved working with diverse
actors and researchers through a deliberative and adaptive process specifically designed to
examine how systemic change can be supported. The methods explain how the research was
framed and its approach to knowledge and knowing, followed by the specific methods used.
An overview of the process is provided in Fig 5.

Ontological framing

How an issue is framed greatly influences the way research is conducted, including the kind of
questions asked and methods [77]. Being explicit about ontological positions—how ‘reality’ is
understood-is therefore critical for guiding transdisciplinary research [78]. Our work was
carefully framed by four core ontological positions (Table 5).

Food system: Food-related activity was viewed as a complex system, with diverse and
dynamic interactions occurring between different system components, including all elements
and activities relating to the production, processing, distribution, access, preparation, preser-
vation, consumption, disposal and recycling of food [21,79,80], as well as more broadly
between behaviors, technologies, economies, politics, health, environment and society
[21,80,81], and the assumptions and worldviews shaping the food system [80].

Transformation: To overcome the many challenges and impacts, many have advocated the
need for transformation of food systems [1-4]. We viewed transformation as a process of
major, fundamental change, qualitatively distinct to other kinds of change, such as marginal
and incremental change, or adjustments or reforms which tend to focus on ‘change to keep
things the same’ [22]. Transformations go beyond changing technologies, policies and behav-
iors within systems to also changing structures, power relations, beliefs, values, paradigms and
worldviews [7-9]. As such, to support transformation a different strategic approach is required
compared to supporting other kinds of change [22].

Regenerative food systems: Supporting transformation requires clarity about what the trans-
formation is meant to achieve [82]. In this research, the transformational goal was broadly to
shift the food system towards one that would be regenerative. We considered such systems to
maintain positive reinforcing cycles of wellbeing within and beyond themselves, including
between humans and wider nature [13], such that ‘life creates conditions conducive to life’
[14]. Importantly, being regenerative is about going well beyond reducing the harm caused by
human activity to acceptable levels [16,83], with a new set of underlying dynamics that result
in ‘more good’ rather than simply ‘less bad’, and transformational worldviews and relations of
ecological interdependence and mutualism [5,12,13,15,16]. Regenerative food systems apply
these ideas to food-related activity, including food production and use, food waste, entre-
preneurship, finance, governance, livelihoods, education, and technology [5]. They commonly
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Research aim: how can transformation to a regenerative food system be supported in Yorkshire?

1) What are the challenges in the current Yorkshire food system that make it degenerative and inhibit
transformation to a regenerative system?

2) What would a future regenerative Yorkshire food system look and feel like?
3) What current and needed innovations could support transformation to the desired future?

Main questions:

Methods: Three Horizons (3H) workshops and surveys; other workshops; inductive thematic analysis

Headline stats: 14 months of data collection from Oct 2021 to Dec 2022; 29 FixOurFood researchers involved; 85 wider
stakeholders engaged (45 in workshops); 15 workshops (45.25 hours total); c. 1400 initial individual ideas
generated, ultimately coded to 19 themes (7 for H1, 7 for H3, 5 for H2)

3H survey (all
a9, subsystem participants)
SUBSYSTEM WORK ['] ——— ety —
@
Enrolment of On-boarding

participants by
subsystem leads

workshops (all
subsystem participants)

Thematic analysis of survey
results by subsystem leads,
selected wider stakeholders
and coordinating researchers @

&

Refinement of 3H

map by coordinating 3H workshop 1 (all

researchers subsystem
participants): focus on
H1and H3
3H workshop 2 (all
subsystem
participants): focus on
3H workshop 3 (all H1-H3 contrast, and H2 Q9.

subsystem participants):
focus on summary
narrative and next steps

Refinement of summary
narrative by subsystem
leads, selected wider
stakeholders and
coordinating
researchers

ES)
s

(ry)
— ‘@
Refinement of 3H

map by coordinating
researchers

Drafting of
'summary narrative'
of transformation by
FixOurFood
researchers

INTEGRATION

\

Integrative workshop to

Prioritisation of H2
action domains by

thematically analyse H3 and
identify mutual support

Final processing by
coordinating researchers:

FixOurFood between H2 action domains refinement of H3 and Review and
X researchers (all FixOurFood researchers narratives around H2 action editing of this
Creation/refinement and selected wider domains and thematic journal article (all
of integrated 3H stakeholders) analysis of H1 participants)

map by FixOurFood
researchers

modification of H3

vision by FixOurFood
researchers using
Regenerative Lens

SNG=IGE=

Evaluation and

Fig 5. Process diagram for the research underpinning this study. ‘Subsystem leads’ are FixOurFood researchers
coordinating subsystem participants and processes. ‘Wider stakeholders’ are experts working or studying in their
subsystem in the Yorkshire food system who are not FixOurFood-employed researchers. ‘Coordinating researchers’
are FixOurFood researchers coordinating the entire Three Horizons process. Initial stages worked with FixOurFood
researchers and wider stakeholders from three different subsystems of the Yorkshire food system: 1) agriculture, 2)
schools and early years settings, and 3) food economies. Findings from these three subsystems were then integrated

through further analysis and workshops. Figure originally created in Mural (https://www.mural.co/) and rendered by
Dave Gledhill of 1790 Creative (https://autografic.art/).

https://doi.org/10.1371/journal.pstr.0000134.9005
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Table 5. The core ontological positions used to frame the research.

Ontological position Explanation

Food systems o Food-related activity viewed as a complex system, with diverse and dynamic
interactions occurring between different system components [21,79-81].

Transformation

Transformation understood as a major, fundamental change qualitatively distinct
from relatively marginal or incremental adjustments or reforms [22], which
changes a system’s underlying structures, power relations, beliefs, values,
paradigms and worldviews [7-9].

Regenerative food systems Transformation envisaged as being towards a ‘regenerative food system’.

Future food system envisioned as a regenerative system-one that maintains
reinforcing cycles of wellbeing within and beyond itself, including between
humans and wider nature [13], such that ‘life creates conditions conducive to life’
[14].

Regenerative food systems seen as encompassing more than just regenerative
agriculture, and underpinned by worldviews and relations of ecological
interdependence and mutualism rather than dualism and anthropocentrism
(5,12,13,15,16].

System transition as Three This is the framing used to explain how an idealized, and deliberately stewarded,
Horizons systemic change comes about [31].

The present system is viewed as the first horizon, and the desired future(s) as a
more distant third horizon that emerges from strategic action in a second
transitional horizon in the medium term [31].

In the second horizon, an explicit distinction is made between transformative
innovations/activities and innovations/activities that are captured by the first
horizon to extend its lifespan [31].

https://doi.org/10.1371/journal.pstr.0000134.t005

emphasize the importance of re-localizing foodsheds, celebrating the uniqueness of places and
regions, food sovereignty, regenerative and agroecological forms of farming, and elevating
Indigenous knowledge [5,84]. Framing the future, transformed system, as being a regenerative
one provides a powerful concept, aiming to drive ambition, imagination and transformation.
We worked with this regenerative framing whilst allowing participants to co-create their own
interpretation of what a future regenerative Yorkshire food system would look like.

System transition: Transformation also requires an explicit framing of how transformation
is expected to come about. For this, we used the Three Horizons (3H) ontological framework
of system transition [46] (Fig 2). This framework has been used to collaboratively explore alter-
native futures [31,85-89]. It views a transformed future as arising through an interplay of three
horizons: the present first horizon that is declining as conditions around it change and it
becomes increasingly less fit for purpose (H1); and a desired future third horizon (H3) that
emerges from strategic action in a second transitional horizon (H2) in the medium term [31]
(Fig 2). This framing helps focus explorations on how transformative innovations and activi-
ties (‘H2+’) can creatively disrupt H1, creating space for H3 to emerge, and on how to avoid
reformist or conformist activities (‘H2-’) that extend the lifespan of H1 [31].

Together, the combination of explicit framings of a food system, that requires transforma-
tion, towards one that is regenerative and through a process of system transition provided a
powerful ontological framework to examine how transformation can be supported.

Epistemology

Epistemological positions-how ‘knowledge’ and ‘knowing’ are understood-have a major bear-
ing on the kinds of research methods applied, and thus the nature and form of the knowledge
produced. In this research an iterative, action-oriented, and co-creative second-order
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Table 6. Core philosophical and epistemological positions shaping the research approach and methods.

Philosophical or Explanation

epistemological position

Second-order science Investigators viewed themselves as part of, and acting from within, the system
they seek to understand and intervene in [73,90,91].

Eliciting multiple forms of Three different forms of knowledge elicited:

knowledge 1. evidence and experience from the past and present to understand challenges

in the present;

2. normative imaginations about what kind of future system is desired;

3. creative ideation about how action can strategically support transformation
[31,90].

Co-creation Collective and engaged processes where sharing, reflection and learning could
occur through an interactive process of dialogue and sense-making. This is in
contrast to a more static and extractive process of data collection and analysis.

Adaptation & reflexivity The research process adapts the method as new opportunities and insights
emerge and as it receives feedback from participants [74]. This enhances
possibilities for more creative outcomes and overcomes the limits of an
assumption that a process for research can always be effectively predetermined
[74].

https://doi.org/10.1371/journal.pstr.0000134.t006

approach was applied (Table 6). This was deemed to be important for examining action
needed to support large-scale food system transformation, where uncertainty and complexity
prevail, there are multiple perspectives and ways the food system is being experienced, yet
where information is needed to support urgent action and change.

Philosophically, second-order research is where investigators view themselves as part of,
and acting from within, the system they seek to understand and intervene in. This is in con-
trast to a first-order approach, where researchers assume they can objectively stand from the
outside, looking in [73,90,91]. Taking a second-order approach requires researchers and other
investigators and actors to continually and critically reflect on how their personal involvement
within the system influences observation and interpretation. It also widens scope for inclusion
of much more diverse ways of knowing, recognizing in our case the value and importance of
expertise and prospective, iterative and generative approaches where multiple actors can col-
lectively explore future, envisioned food systems and co-create ideas about how systemic
change might be achieved [31,74,90].

Epistemologically, three forms of knowledge and knowing were collected in the research:
(1) experiential knowledge and evidence from the past and present about the challenges in the
present (relating to H1); (2) normative imaginations about what kind of future system is
desired (H3); and (3) creative ideation about how action can strategically support transforma-
tion [31,90] (H2). The first form represents the kinds of ‘truth’ we are more familiar with:
truths based on evidence of what currently exists and has existed. The second is a different
kind of truth that is often more prospective and subjective, but which is nonetheless a truth
about what one desires to see in the world. The third is a more creative kind of knowledge,
developed in many different ways but which focuses on bringing something tangible into
being (in this case an idea about action). Our approach therefore went beyond the limits of tra-
ditional research that can be overly focused on provision of ‘evidence’ from the present or the
past. Over-reliance on such knowledge can be like driving forward while looking through a
rearview mirror [92]. To support transformation, other prospective, normative and creative
forms of knowledge are also required [90].

The research was also co-creative. That is, it included involvement of many different actors
in a structured process of dialogue. By working together, and by building on findings pro-
duced in different stages and workshops, individual and collective sense-making could be
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enhanced, allowing effective strategic ideation to emerge [90]. This was in contrast to applying
more static extractive processes that typically emerge from first-order scientific approaches
[73] where much of the interpretation is conducted by external researchers. This limits oppor-
tunities for collective learning and sense-making needed for working with complex phenom-
ena and where no single person will have a full understanding of the system being explored.

The co-creation was then supported by an adaptive method to the research [74] which
allowed for a more iterative, reflexive and flexible approach that could respond to what was
being discovered. At times, this allowed for the path of research to be altered to enhance its
creative potential [74]. It also allowed the exploration and continued improvement of the pro-
cess in response to feedback from the participants. While the overall structure of the process
was predetermined and maintained, many specific steps were designed based on the results of
previous steps. Examples of adaptation to the research process included introducing more nar-
rative-based approaches to illustrate the system while phasing out use of complex system dia-
grams in workshops, and developing and applying a new Regenerative Lens [13] to help
support the envisioning of an ambitious third horizon system.

Overall, the epistemological approach shaped the development and implementation of the
methods, including design of workshops, how dialogue was convened, the questions used to
stimulate ideation, the sequencing of different tasks, and analysis and interpretation.

Method
Overview

The research included an extensive process of eliciting knowledge, ideas and insights from a
diverse range of experts across the food system using surveys and workshops. It included data
collection over 14 months (October 2021 to December 2022), from a total of 114 researchers
and food system experts. A total of 45.25 hours of workshops were conducted with around
1400 initial ideas generated (Fig 5).

Data collection was structured using the 3H process, focusing on understanding challenges
in the present system, establishing future visions, and identifying activities needed to support
system change. The process helped participants work with complexity and uncertainty,
enabling them to constructively share their different perspectives [31,90].

The work included two main phases: (1) Exploring transformation using a series of surveys
and workshops in each of three separate subsystems of the Yorkshire food system; and (2) inte-
grating findings from the different subsystems (Fig 5).

The three subsystems included: agriculture (the subsystem most focused on ‘production’);
schools and early years (the ‘consumption’-focused subsystem, hereafter abbreviated to
‘schools’); and food economies (the ‘distribution’ subsystem). Together, while clearly not cap-
turing every aspect, the three subsystems provided a holistic understanding of the food system,
spanning production to consumption.

Activities of the three subsystems were coordinated by six FixOurFood researchers (the ‘coor-
dinating researchers’). These included professional facilitators, who designed and led surveys
and workshops, and facilitated other participants in the process of analysis and interpretation.

Ethical approval for the research was granted by the University of York’s Department of
Environment and Geography Ethical Review Committee. Formal written consent was
obtained from participants before they took part in the research.

Participants

The expert participants included a total of 85 wider stakeholders and 29 researchers, whose
knowledge, ideas, and insights were elicited through surveys and workshops. This included, in
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each subsystem, two to four FixOurFood researcher ‘subsystem leads” who had enrolled a long-
list of 20-30 ‘wider stakeholders’ who were experts working in, or studying, their Yorkshire
subsystem. These wider stakeholders represented a broad range of organizations and different
areas in Yorkshire (S1 Table), and had an in-depth understanding of diverse issues and experi-
ence of working with marginalized people. The researchers (e.g. subsystem leads), who also
acted as participants, brought additional expertise relating to different aspects of the food sys-
tem. All participants were tasked not just with providing their own perspective, but also with
bringing in many other voices absent from the room.

Diverse participants-traditional researchers and wider stakeholders—were also involved in
both the primary workshops to elicit ideas as well as in post-workshop meetings to interpret
findings. As such, while there were distinct facilitators and overall process leads who managed
and supported the research process (i.e. the coordinating researchers) who did not act as ‘par-
ticipants’, there were also both ‘researchers’ and ‘stakeholders’ who acted as participants. Both
of these participant researchers and wider stakeholders were equally considered to be ‘stake-
holders’ and as having important expertise relevant to understanding transformation. Both
kinds of participants provided essential understanding of nuances and interconnections of the
food system in the process of analysis and interpretation.

Phase 1: Work in individual subsystems

For each subsystem, a survey and three to four online workshops were held with participants
on Zoom, each about a month apart. After an initial on-boarding workshop to introduce par-
ticipants to each other, discuss the research context, and explain how the process would
unfold, participants were sent a survey. This focused on the broad questions about challenges,
envisioned systems and activities to support transformation, tailored to each subsystem, with
open-ended answers. Survey responses were broken down into distinct points and transferred
to post-it notes on the collaborative online whiteboard application Mural (https://www.mural.
co/), keeping responses separate by subsystem. Post-its were inductively open-coded [93,94],
and similar responses grouped (Fig 6). The initial themes were inductively coded to higher-
level themes (Fig 6) and added to 3H maps on Mural. This work was facilitated by the overall
process leads, with subsystem leads and selected wider stakeholders participating.

The three main workshops conducted for each subsystem involved:

« Workshop 1: This introduced and refined the 3H maps resulting from the survey responses,
focusing on identifying challenges (H1) and elements in the envisioned systems (H3).

o Workshop 2 focused on understanding the contrast between the present and envisioned
future, and identifying the H2+ actions needed to support the transformation. Between
workshops 2 and 3, the subsystem leads and process leads drafted a ‘summary narrative’ of
transformation: a brief bullet-point prose summary of H1, H2 and H3.

Workshop 3 refined the summary narrative and identified ideas for next steps.

In addition to these workshops, a separate in-person 3H workshop was held with secondary
school pupils enrolled on FixOurFood’s Leaders for Change program. These are pupils from
schools around Yorkshire, whose voices are integral to driving food transformation within
their schools and communities, and for priority-setting around school food within
FixOurFood.

Reports for each subsystem, including details of participants, questions, framings and
results were created [95-97].
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Fig 6. Example of the thematic coding process (Horizon 1). Raw survey responses were inductively grouped into first-level themes-i.e. each first-level
theme is underpinned by one or more raw survey response (one example of this hierarchy, ‘Government policy considers sustainable farming as an
afterthought’, is shown, and contains three raw survey responses). First-level themes were then inductively grouped into second-level themes-i.e. each
second-level theme is underpinned by one or more first-level themes (one example of this hierarchy, ‘Government policy considers sustainable farming
as an afterthought’, is shown). Figure originally created in Mural (https://www.mural.co/) and rendered by Dave Gledhill of 1790 Creative (https://
autografic.art/).

https://doi.org/10.1371/journal.pstr.0000134.9006

PLOS Sustainability and Transformation | https://doi.org/10.1371/journal.pstr.0000134 November 21, 2024 23/30


https://www.mural.co/
https://autografic.art/
https://autografic.art/
https://doi.org/10.1371/journal.pstr.0000134.g006
https://doi.org/10.1371/journal.pstr.0000134

PLOS SUSTAINABILITY AND TRANSFORMATION Transformative action towards regenerative food systems

Phase 2: Integrating results from different subsystems

Coordinating researchers created an integrated 3H map based on results from all subsystem
workshops. The language and content of horizon themes were refined and sense-checked in
an online workshop with the wider FixOurFood research team. An online workshop was then
held with FixOurFood researchers to critically evaluate and push the ambition of the inte-
grated H3 vision using a ‘Regenerative Lens’ [13] of key qualities associated with regenerative
systems. This resulted in several modifications to the original H3 themes and some new
themes added.

In a further online workshop, the main H2 themes were inductively clustered into five
overarching priority action domains by FixOurFood researchers, with critical reflection on
their potential for supporting systemic change and in relation to where there was considered
to be an existing momentum for change. The clustering process brought together themes
that supported or reinforced other themes, not just on whether they were similar in their
content.

An in-person, two-day professionally facilitated workshop, attended by FixOurFood
researchers and wider stakeholders, was then held. Here the five action domains were pre-
sented and participants explored: a) why each domain was considered to have transformative
potential, and b) what enabling conditions were needed around each area to support them. H3
themes (based on results of applying the Regenerative Lens) were also inductively clustered
into six ‘meta-themes’, with clustering being based on which theme supported or reinforced
another. H1 was also inductively grouped into seven meta-themes of similar content (Fig 6).
The narratives around the five H2 action domains were refined based on Otter.ai-transcribed
audio transcripts of workshop discussions.

To deepen understanding about how the five action domains would work together in a
mutualistic way, participants were led through an ‘offers and requests’ exercise during the two-
day workshop. Participants were divided into five teams, one per action domain. Each team
identified what its associated action domain could offer, and would require from, the four
other domains to support transformation. The offers are reported in this paper (Fig 4). The
mutualistic support between the action domains was subsequently treated as its own, sixth,
action domain.

Although the process of ‘distilling’ information throughout the subsystem and integration
work inevitably lost some nuance, 3H aims to cohere and distill complexity into something
meaningful and motivating that broadly guides action and stimulates critical reflexivity, rather
than capture every detail, which would quickly become overwhelming [31,90]. Throughout
the 3H process, if tensions or contradictions arose between participants’ offerings, these were
noted by the facilitators and retained in the final results if there was no objection from partici-
pants, rather than fully resolved.

Final authorship of the co-created research

FixOurFood researchers and wider stakeholders contributed to final refinement and sense-
checking of the results in drafts of this article. As with other co-created research, it can be diffi-
cult to discern the origin of ideas or precise input of those involved. Separation between
researcher, author, or participant is not so easy to discern and, in such a process of co-creation,
all involved have legitimate claims to the production of knowledge. As such, participants were
invited, through an opt-in process, to be authors on this manuscript. Author contributions
were categorized according to the CrediT terminology [98].
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