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Abstract

Faced with the growing climate crisis, there are calls for transformative adaptation, a
climate response that address the root causes of vulnerability and requires radical change in
food systems. Transformation of food systems is, hence, essential to deal with the ongoing
climate crisis and to fulfil wider sustainability and development challenges from local to
global scales. Transformed food systems must minimise vulnerability to shocks while
delivering environmental, social, and economic benefits. This need can only be met by
embracing food systems transformation as a process of social and individual change that
contributes to transformative adaptation. The scale of this societal and environmental
challenge demands an equally grand vision — one that integrates climate, sustainability and
systems thinking with human psychology, beliefs and values, and shared understandings.
Such a vision, with community and individual transformation at its core, has the potential to
deliver multiple benefits to society through transformative food systems change, livelihood
resilience and climate change adaptation and mitigation. Fostering conditions that support
both individual transformation and the development of collective understandings,
therefore, needs to be a core part of any strategies to transform food systems. In this
opinion piece we provide a framework to guide this transformative drive towards societal
climate resilience.

*Corresponding author: a.j.challinor@leeds.ac.uk
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Introduction

Climate change threatens food security with dire warnings of increased poverty and
malnutrition. The agricultural sector is not only a significant source of greenhouse gas
emissions but it is also adversely impacted by climate change, especially droughts, floods
and increasing temperatures. Climate risk management is part of the response to the threat
of climate change. In particular, there is an urgent need for food system transformation that
minimises vulnerability to climate shocks while delivering environmental, social, political
and economic benefits (Zurek et al. 2022, Whitfield et al. 2021). Further, risks to food
availability and access, conflict, migration, public health, and security can interact and
cascade across communities, sectors, and borders, effectively acting as a risk multiplier
(Challinor & Benton 2021), especially for the most vulnerable.

The Intergovernmental Panel on Climate Change (IPCC) Sixth Assessment Report (AR6), in
recognition of the severity of the climate crisis, calls for a paradigm shift in the climate
response from an incremental to transformative one (IPCC 2022). The report also identifies
the danger of the climate response inadvertently increasingly the vulnerability of more
marginalized groups. There have subsequently been calls for transformative adaptation, a
climate response that address the root causes of vulnerability and requires radical change in
food systems including power dynamics between different value chain actors (Hellin et al.
2022).

The COVID-19 pandemic and the food systems reverberations of the invasion of Ukraine
revealed the low levels of resilience of global food systems to unexpected shocks, with the
poorest and most vulnerable most negatively affected (Carducci et al 2021, Alexander et al
2022, Lin et al. 2023). COVID-19 brought transformational societal shifts to the forefront of
global discourse and rapidly unlocked unprecedented financial supports for social systems
transformation (Barrett et al. 2021) for a limited duration. Food systems transformation, as
part of the climate response, must be longer-lasting (including inter-generational
dimensions), while enshrining environmental sustainability and ensuring that nobody is “left
behind”. A radical new agenda is required, one that embraces a rights-based approach to
planetary boundaries (Ensor & Hoddy 2021) under the umbrella of climate justice (Newell
2022).

Agricultural research plays a major role in this transformation but it requires researchers to
work in different ways with much greater emphasis on inter- and transdisciplinary research
and by embracing food systems transformation as a process of change at societal and
individual levels (Pender 2023). However, transformative change for individuals,
communities and societies is inherently risky. Social equity issues arise in terms of who
bears the burden of transformative changes and how transformation towards more
environmentally and socially-sustainable food systems can be charted in ways that minimize
maladaptation (Eriksen et al. 2021; Tribaldos & Kortetmaki 2022, Blythe et al. 2018).

Transformative food systems change is driven by multiple agents, who operate at different
levels and dimensions of societal and economic systems. Critically, transformation is a socio-
political choice (Pender 2023). While technological innovations are fundamental to the
process (Barrett et al. 2020), the social and institutional environments ultimately enable and
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drive transformation (Hellin et al. 2022). There is a need to couple technologies and
innovations with broader societal, institutional and governance change (International
Science Council 2023). Government and governance are responsible for profound economic,
political and social changes but as O’Brien (2018) notes, these structural changes are
themselves underpinned by shifts in the mental models (i.e. the values and assumptions) of
the individuals that comprise those structures. Hence, social transformation consists of
practical, political and personal transformation.

A transformative response to the climate crisis is, hence, both a huge challenge and
opportunity for agricultural researchers. There is no denying that the challenge can at times
be overwhelming. Schipper et al. (2024) in a Comment titled “Scientists have emotional
responses to climate change too” recognized that “trying to resolve problems with serious
consequences over which you have inadequate control is the literal definition of distress —
and not surprisingly, many climate scientists are reporting feelings of distress and anxiety”.
We very much relate to this reality.

In this Opinion we propose a framework (Figure 1) that highlights the importance of internal
and external dimensions of both individual and collective change for food systems
transformation. We do not provide a blueprint on how the framework could be
operationalized (that would be well beyond the scope of this Opinion piece and our
expertise). Rather we provide the framework to illustrate the type of human and societal
transformations that underpin urgently needed food systems responses to the climate crisis.
We see the framework as a contribution (however small) to the fusion of science and
humanism which is so urgently needed to “provide not only solace and inspiration, but also
maps and narratives toward a better future for nature and people” (Jackson 2019). A
framework that can in the words of (Wilson et al. 2020) help “our understanding of human
behavior that can lead to societal climate resilience in the long-term”.

The role of human and societal transformation in responding to the climate crisis

Most analyses to date have focused primarily on external aspects of transformation,
whether the systems themselves (e.g. Hall & Dijkman. 2019), regulatory instruments
(government policies, laws), or the behaviour patterns of individuals (e.g. Karanja et al.
2022). Our focus here is instead on the internal aspects of transformation — both the
personal psychology and the cultures that can result in agency as a transformative force.
The organisations and institutions that comprise and drive food systems all arise from
collective culture which are themselves affected by individual agency. We use the term
‘internally driven transformation’ to emphasise this ever-present role of individuals and
society in fostering change (Clare et al. 2017).

Those who exercise their agency may act, at different times, as consumers, or as actors
within value chains, as well as members of research, regulators and advisory entities,
governments and multilateral organisations. The importance of individual agency applies
therefore to all such groups. Organisations and institutions interact in multiple ways to
produce food systems outcomes (figure 1, RHS) through presenting options, choice-editing,
enabling actions, rewarding progress or penalising unwilling actors, where outcomes can
cascade across other systems, sectors, geographies and communities.
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Figure 1. Food systems transformation framework that highlights the importance of internal
and external dimensions of both individual and collective change. Figure adapted from
Wilber (2001). Outcomes of transformed food systems are derived from the 2021 World
Food Systems Summit Action Tracks (https://www.un.org/en/food-systems-summit/action-
tracks) and from Béné et al. (2019).

Human transformation: individuals and behaviour change

The behaviour of individuals is shaped by their personal and collective values and
worldviews (Pender 2023). Human behaviour is also shaped and influenced by innovations
and policies, and is aggregated through a range of different institutions in society, including
households, communities, workplaces and civil society (Granderson 2014). Transformative
change in food systems can occur when sufficient numbers of individuals feel empowered
or are required to take actions that collectively drive structural and systemic shifts. If such
changes at the collective level in turn generate further individual transformation, positive
feedback loops of transformational change can arise.

Understanding pathways of systems change requires disaggregation of the various
overlapping roles that individuals play within systems, structures and society, e.g. as
consumers, farmers, processors, retailers, regulators as well as family and other social roles,
as well as their roles in advocacy or civil society groups.Being an effective agent of change
may have many dimensions, including internal psychology (Fig.1, upper left) from which the
desire to express agency and drive behaviour change (upper right) may emerge. The key
question here, as shown in Fig.1, is “what can | do, either individually and/or as part of
wider networks and organisations?”
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Individual and group transformation is a highly effective, and usually entirely overlooked,
way of increasing the agency of individuals in effecting change (Pender 2023). Research on
individuals who undergo positive personal transformation following periods of intense
psychological turmoil highlights a shift towards greater and more cooperative agency. Such
individuals tend to transcend notions of group identity (such as attachment to a particular
religious, political or ethnic affiliation) in favour of wider-ranging and more open
perspectives. There is an expansion of conceptual awareness, with a transcendence of a
self-centred perspective and a greater concern for other people’s problems and for social
and global issues (Taylor 2012, 2021).

Individual transformation does not need to await the occurrence of intense turmoil. Ken
Wilber (whose ‘Four quadrants’ model provides a basis for Fig. 1) has viewed personal
development partly as a progression from an “egocentric” to a “sociocentric” and then a
“worldcentric” worldview (Wilber, 1995). At the egocentric level, the individual is entirely
preoccupied with self-needs, whereas at the sociocentric level, they prioritise the needs of
their group or community beyond self-needs. At the worldcentric level, the individual
identifies with humanity as a whole, beyond any notions of nationality, ethnicity, religion or
gender. Similarly, Maslow (1970) saw this wide-ranging identification as one of the
characteristics of the highly developed individuals he termed “self-actualisers.”

Viewed in this way, individual transformation becomes an essential element of sustained
social change such as transformative climate change adaptation, particularly any shifts
towards a more global perspective, involving global citizenship with greater consideration of
justice and fairness. While not discounting the possible value of ‘enlightened self-interest’ in
certain circumstances, social and political change cannot be sustainable without a
corresponding psychological shift in individuals. Although such a shift often occurs
accidentally, it can be consciously cultivated. Various practices and lifestyles are traditionally
strongly associated with spiritual growth, such as meditation, altruism, empathy, voluntary
simplicity, and contact with nature. A person may also follow a more systematic path of self-
development such as the Buddhist eightfold path, the eight-limbed path of Yoga, or the
practices of contemplative or mystical Christianity.

In Figure 1, the internal quadrant of personal psychology can be seen as a key driver of
external change. In particular, the aspects of worldview and values are highly significant.
Critical global issues such as equitable sustainable food systems and just climate change
transitions (the change advocated by IPCC 2022) can only be adequately dealt with from this
wider conceptual perspective: any attempt to deal with them from a social systems
perspective alone will emphasise and exacerbate conflicting competitive agendas, which run
the risk of exacerbating the very problems they intend to address.

In terms of values, personal development or transformation involves a movement towards
increased empathy and altruism, hence shifting towards a more connective orientation in
which an individual is no longer enclosed within their own psychological space, with a sense
of duality between them and the world (including other beings). The “transformed”
individual feels a more empathic connection with other people, and with other living beings
and the natural world itself (Taylor 2012, 2021). Individuals are more likely to act if they
believe that their action will bring about positive change (Wilson et al. 2020).
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With this heightened sense of socio-ecological connection, comes a sense of responsibility.
The individual feels an impulse to respect and support others, and the natural world itself,
because they feel that their identity is shared, that they are part of a wider network of
being. Indeed, it could be argued that it is a lack of empathic connection that has led to our
present environmental crises, with a lack of responsibility to the natural world. Whilst this
attitude is far from universal, it is prevalent enough to be the underlying major driver of
anthropogenic environmental change.

Personal transformation (“what can | do?”) is complemented by an additional perspective in
Fig. 1: “what can we do?”. Here, it is communities that are the engine of change, since it is
within communities that the necessary deep reorientation of systems and practices, now
clearly identified as our systems and practices, can begin (Pisor et al. 2022). It is here that
guestions can be asked, and meaning found, about the goal and direction of food systems.
The notions of individual and personal transformation necessarily imply, ‘Transformation
towards what?’ just as the notion of sustainability immediately raises the question: ‘what do
we want to sustain, and how?’

Large-scale societal change, which is driven by a positive collective vision, is more likely to
be effective in the long term, because change is motivated and underpinned by a shift to a
transformed mode of thinking and feeling about one’s place in the world as a whole.
Collective understanding is therefore a key part of the human transformation that is needed
for transformative adaptation. Transformative change is underpinned by both individual and
shared understandings and assumptions about the world, which in turn influence
perceptions and interpretations of food systems.

Collective understandings also define what is individually and collectively imaginable,
desirable, and viable, based on different understandings of causality, perceptions of agency,
and assumptions about leadership. Thus, when considering the role of individuals and
communities as subjects of change, the related issues of equity and justice emerge starkly,
particularly regarding concepts of climate justice and just transition pathways (Whitfield et
al.. 2021, Rockstrom et al. 2021, Newell 2022). Individual transformation towards pro-
environmental values and behaviours is likely to occur most reliably when practised and
habituated in community. Communities and collective action is therefore a key instrument
in creating large-scale social change.

Societal transformation through collective understandings

There are multiple pathways and feedbacks between collective understandings and the
individuals that together form the collective (i.e. between the top and bottom halves of fig.
1). Social and societal norms play a key role in generating the behaviours and beliefs of
individuals (Gifford & Nilsson 2014). Motivation for personal change is, to a significant
degree, socially generated. We consistently underestimate how much others influence our
choices and behaviours (Wilson & Dunn 2004). Social affiliation has a demonstrated effect
on environmental behaviours (Hoffarth & Hodson 2016).
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Collective understandings can be facilitated through dialogues that respect communities’
rights and autonomy, and forge common interests regarding transformation, rather than
dialogues that simply communicate or entrench the positions of different (often opposing)
groups (Pender 2023). Indeed, enabling multiple perspectives may prove more useful to
accelerate food systems transformation, than operating within silos or traditional dividing
lines. This calls for inter- and transdisciplinary responses as part of the climate response
(Cundill et al. 2019), including polycentric governance processes (Ostrom 2017). For
example, delineating left versus right politics can tend to produce opposing drivers that
hinder rather than serve transformation. The transformative visions with the greatest
potential may be those where there are a broad range of views that allow for the
identification of common interests and alterations to structures that stymie collective
agency — from the multinational corporations that are driving change in food systems
through to food sovereignty movements and broader animal welfare perspectives. This
kind of pluralism and diversity of values and perspectives can be argued to be central to the
progress of knowledge about the world (Longino, 1990).

Collective understandings can also be embodied by faith communities. Around 84% of the
world’s population belong to a faith community, and this number is growing (Sherwood
2018). These communities are often heirs to traditions of practice that foster personal
transformation towards a wider sense of solidarity with others and with the natural world.
Altruism is an explicit value of every world faith. Indeed, extending a sense of kinship
beyond biological relation, generating empathy and fellow-feeling with those more distant
from oneself, is thought to be a significant evolutionary role of religion (Maclintyre 2004).
Faith communities thus represent an under-utilised resource in fostering the transformation
of individuals at a large scale, and so creating transformative social and environmental
change (Muller 2021).

Despite the key role for collective understandings and agency, they remain a necessary but
not sufficient element of internally driven food system transformation. For change to occur
at a societal level, actors need to form new and potentially unconventional partnerships to
allow for the scaling of new knowledge and innovations. Truly transformative processes
therefore require reform of both governance and power-relations, by forging new coalitions
and partnerships that espouse both sustainability and equity and which work towards
societal change. Public investments and policies are an important stimulus for many
necessary changes. These include de-risking transformative climate adaptation pathways via
incentives, infrastructure and support. Governments are innovation partners, along with
investors (donors, private sector, and philanthropy) and both public and private agricultural
research organisations (Hall & Dijkman 2019).

Achieving food systems transformation and transformative adaptation

We have proposed the need to incorporate individual agency and self-actualisation into
food systems transformation, as a counterpoint to the more common focus on institutional
and policy change. What evidence is there that such an approach can work? Certainly, the
process of developing collective understandings, as outlined above, has the potential to
generate bottom-up change (Mehta et al. 2021). For example, new conversations and
partnerships at the local level can affect change in food systems (e.g. Freedman et al. 2011);
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local-level food system change can occur in response to geopolitical events and global food
regime changes (e.g. Mukahhal et al. 2022); and collectively envisaged food system
scenarios can lead to effective policy formation in the context of a climate response (Veeger
et al. 2019, Chaudhury et al. 2013, Palazzo et al. 2017, Vermeulen et al. 2013, Vervoort et
al. 2014, Rutting et al. 2021, Wiebe et al. 2018).

Do the pathways we outline here have the potential to scale sufficiently to engender
system-wide transformation of food systems as a response the climate crisis? There
aredefinite examples at the national level from outside of food systems. In the Netherlands,
where people working for various government agencies and universities got organized to
pressure their pension fund — the biggest in the country — to divest from fossil fuels, which
they recently did (Rutting et al. 2022). Another example of internally driven change comes
from Honduras, in the wake of the destruction caused by Hurricane Mitch in 1998
(McSweeny and Coomes 2011). Household-level innovations in land management spurred
by the natural disaster spread from household to household, eventually resulted in a shift to
system built on more just land distribution and protected forest areas that proved much
more resilient when a similar flooding occurred a decade later (McSweeny & Coomes 2011,
Westley et al. 2011)

There are also a number of examples of specific food systems transformations that resulted
from internally-driven change, as documented in Pereira et al. (2023). In Costa Rica, more
ambitious mitigation goals were included in the Intended Nationally Determined
Contribution (INDC) due an inclusive process where transformation was envisioned. The
INDC team engaged with researchers, asking them to set up a participatory process for
exploring futures that ultimately helped them demonstrate public aspiration towards an
ambitious goal. A somewhat similar example is presented in the same reference for Ghana,
where national science-policy dialogues resulted in policy, strategy and programme
advancement. Pereira et al. (2023) also provides an analysis of both barriers to change and
means of overcoming those barriers.

Despite the examples provided here, the ability of internally driven change to foster
national-to-global food systems transformations is far from guaranteed. Fostering and
maintaining local-level initiatives that can scale up to the national level has significant
challenges. For example, whilst food hubs have seen growth in recent years, and can
contribute to food system resilience, support beyond current levels is needed to ensure
longevity (Neuman and Sharp 2023). However, there is at least some cause for optimism.
First, there is evidence that societal tipping points can, during peak mobilisation events at
least, occur when just 3.5% of a national population is actively engaged in protest to effect
change (Christensen et al. 2013, Chenoweth 2020). Platforms for engagement and exchange
could be used to scale up individual and community action. Indeed, the internet and social
media systems are increasingly used as a resource for the forming of shared understandings
and actions (Foodtank 2022, Earl & Kimport 2013). If the associated challenges of
misinformation, echo-chambers and filter bubbles that arise from power and agenda
processes can be addressed (Rhodes 2022), then these platforms offer significant potential
for a transformative approach to the climate crisis.
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A second cause for optimism is that the cultural shifts can result from positive feedbacks
across scales (and thus across the quadrants of Fig. 1). For example, modelling results
suggest that dietary shifts away from meat result from interactions between social norms
and self-efficacy, findings which “stress the importance of value-driven actions motivated
either by intrinsic identity or by group dynamics” (Eker et al 2019). A similar result can be
seen in the field of environmental psychology, with collective efficacy shown to increase
pro-environmental intentions through increasing self-efficacy (Jugert et al. 2016). Self-
efficacy can also be increased by addressing underlying anxieties, as has been argued for the
case of climate by Mortreux et al. (2023).

The framework presented here offers a lens through which to consider the complexity and
challenge of transformation to sustainability; transforming food systems as part of a radical
response to the climate crisis. It does so by looking at who can, who will, and who should act
as an agent of change, and how change can be fostered. The adoption of this framework
would allow us to better perceive and understand the roles played by different agents of
change across system nodes, grasp the systemic consequences, and identify the blockages
or enablers that can emerge in pathways of transformation to sustainable and equitable
climate futures. There are many pathways for change —internally driven change can not only
occur through the routes we have focussed on here, but also through engendering large-
scale structural change. We believe that the framework contributes to the emerging
literature on how to foster societal transformation in different contexts (Fisher et al. 2022)
and especially the growing number of bottom-up examples of transformative climate
change adaptation. Mehta et al. (2021) refer to these examples as “socio-ecological bright
spots” or ‘patches of transformation” that can inspire “transformative societal changes that
can be scaled up and out”.

Acknowledgements

The authors are very grateful to two anonymous reviewers for their invaluable comments
and suggestions on an earlier version of this manuscript. This work was underpinned
throughout with core research funding from the University of Leeds (Challinor) with
susequent support from the CGIAR research project on Climate Resilience (ClimBeR) and
the CGIAR Climate Action Science Program. We would like to thank all funders who
supported this research through their contributions to the CGIAR Trust Fund
(www.cgiar.org/funders/).

References

Alexander, P., Arneth, A., Henry, R., Maire, J., Rabin, S. and Rounsevell, M.D., 2022. High
energy and fertilizer prices are more damaging than food export curtailment from Ukraine
and Russia for food prices, health and the environment. Nature Food, pp.1-12.

Anderson, W.B., Seager, R., Baethgen, W., Cane, M., You, L., 2019. Synchronous crop failures
and climate-forced production variability. Sci. Adv. 5, eaaw1976.

doi:10.1126/sciadv.aaw1976

Atteridge A.., Remling E. 2018. Is adaptation reducing vulnerability or redistributing it?


https://www.cgiar.org/funders/

401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430

431
432
433
434

435
436

437
438
439
440
441
442
443
444

Wiley Interdiscip. Rev. Clim. Chang. 9.

Baker, P., Machado, P., Santos, T., Sievert, K., Backholer, K., Hadjikakou, M., Russell, C.,
Huse, O., Bell, C., Scrinis, G., Worsley, A., Friel, S., Lawrence, M., 2020. Ultra-processed foods
and the nutrition transition: Global, regional and national trends, food systems
transformations and political economy drivers. Obes. Rev. 21. d0i:10.1111/0br.13126

Barrett, C.B., Benton, T.G., Cooper, K.A., Fanzo, J., Gandhi, R., Herrero, M., James, S., Kahn,
M., Mason-D’Croz, D., Mathys, A. and Nelson, R.J., 2020. Bundling innovations to transform
agri-food systems. Nature Sustainability, 3(12), pp.974-976.

Barrett, C.B., Fanzo, J., Herrero, M., Mason-D’Croz, D., Mathys, A., Thornton, P., Wood, S.,
Benton, T.G., Fan, S., Lawson-Lartego, L. and Nelson, R., 2021. COVID-19 pandemic lessons
for agri-food systems innovation. Environmental Research Letters, 16(10), p.101001.

Béné, C., Prager, S.D., Achicanoy, H.A.E., Toro, P.A., Lamotte, L., Bonilla, C., Mapes, B.R.,
2019. Global map and indicators of food system sustainability. Sci. Data 6, 279.
doi:10.1038/s41597-019-0301-5

Béné, C., 2020. Resilience of local food systems and links to food security — A review of some
important concepts in the context of COVID-19 and other shocks. Food Secur. 12, 805-822.
doi:10.1007/s12571-020-01076-1

Blythe J, Silver J, Evans L, et al. 2018. The Dark Side of Transformation: Latent Risks in
Contemporary Sustainability Discourse. Antipode 50: 1206—23.

Carducci, B., et al. "Food systems, diets and nutrition in the wake of COVID-19." Nature Food
2.2 (2021): 68-70.

Challinor, A. and Benton, T. G. 2021. International dimensions. In: The Third UK Climate
Change Risk Assessment Technical Report [Betts, R.A., Haward, A.B. and Pearson, K.V.
(eds.)]. Prepared for the Climate Change Committee, London. Available at
https://www.ukclimaterisk.org/wp-content/uploads/2021/06/CCRA3-Chapter-7-FINAL.pdf

Christensen, C., Raynor, M.E. and McDonald, R., 2013. Disruptive innovation. Brighton, MA,
USA: Harvard Business Review.

Chen, B., Villoria, N.B., 2019. Climate shocks, food price stability and international trade:
evidence from 76 maize markets in 27 net-importing countries. Environ. Res. Lett. 14,
014007. doi:10.1088/1748-9326/aaf07f

Chenoweth, E. 2020 Questions, Answers, and Some Cautionary Updates Regarding the 3.5%
Rule, Carr Center for Human Rights Policy
https://carrcenter.hks.harvard.edu/files/cchr/files/CCDP_005.pdf

10


https://carrcenter.hks.harvard.edu/files/cchr/files/CCDP_005.pdf

445
446
447
448
449
450
451

452
453
454

455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483

484
485
486

Chaudhury, M., J. Vervoort, P. Kristjanson, P. Ericksen, and A. Ainslie. 2013. Participatory
scenarios as a tool to link science and policy on food security under climate change in East
Africa. Regional Environmental Change 13:389—-398.

Cottrell, R.S., Nash, K.L., Halpern, B.S., Remenyi, T.A., Corney, S.P., Fleming, A., Fulton, E.A,,
Hornborg, S., Johne, A., Watson, R.A,, Blanchard, J.L., 2019. Food production shocks across
land and sea. Nat. Sustain. 2, 130-137. doi:10.1038/s41893-018-0210-1

Crippa, M., Solazzo, E., Guizzardi, D. et al. 2021. Food systems are responsible for a third of
global anthropogenic GHG emissions. Nat Food 2, 198-209 (2021).
https://doi.org/10.1038/s43016-021-00225-9

Clare A, Graber R, Jones L, and Conway D. 2017. Subjective measures of climate resilience:
What is the added value for policy and programming? Glob Environ Chang 46: 17-22.

Clark, W. C., & Harley, A. G. (2020). Sustainability science: Toward a synthesis. Annual
Review of Environment and Resources, 45, 331-386. https://doi.org/10.1146/annurev-
environ-012420-043621

Cundill G, Currie-Alder B, and Leone M. 2019. The future is collaborative. Nat Clim Chang 9:
343-5,

Donat, M.G., Sillmann, J., Fischer, E.M., 2020. Changes in climate extremes in observations
and climate model simulations. From the past to the future, in: Climate Extremes and Their
Implications for Impact and Risk Assessment. Elsevier, pp. 31-57. doi:10.1016/B978-0-12-
814895-2.00003-3

Earl, J., and Kimport, K., 2013. Digitally Enabled Social Change: Activism in the Internet Age.
272pp. The MIT Press. ISBN 9780262525060

Eker, S., Reese, G. & Obersteiner, M. Modelling the drivers of a widespread shift to
sustainable diets. Nat Sustain 2, 725—735 (2019). https://doi.org/10.1038/s41893-019-0331-
1

Ensor, J., and Hoddy, E., 2021. Securing the social foundation: A rights-based approach to
planetary boundaries. Earth System Governance 7.
https://doi.org/10.1016/j.esg.2020.100086

Eriksen S, Schipper ELF, Scoville-Simonds M, et al. 2021. Adaptation interventions and their
effect on vulnerability in developing countries: Help, hindrance or irrelevance? World Dev
141: 105383.

FAO, IFAD, UNICEF, WFP and WHO. 2021. The State of Food Security and Nutrition in the

World 2021. Transforming food systems for food security, improved nutrition and affordable
healthy diets for all. Rome, FAO. https://doi.org/10.4060/cb4474en

11


https://doi.org/10.1038/s43016-021-00225-9
https://doi.org/10.1146/annurev-environ-012420-043621
https://doi.org/10.1146/annurev-environ-012420-043621
https://doi.org/10.4060/cb4474en

487
488
489

490
491
492

493
494
495

496
497
498
499
500

501
502
503
504
505
506

507
508
509
510
511
512

513
514
515
516

517
518
519
520

521
522
523

Foodtank, 2022. 21 Organizations Transforming Australia’s Food System. Last accessed
October 2022. https://foodtank.com/news/2019/01/21-organizations-transforming-
australias-food-system/

Freedman, D.A. and Bess, K.D. (2011), Food Systems Change and the Environment: Local and
Global Connections. American Journal of Community Psychology, 47: 397-
409. https://doi.org/10.1007/s10464-010-9392-z

Gifford R., Nilsson A. Personal and social factors that influence pro-environmental concern
and behaviour: a review. J Int Psychol 2014, 49:141-157. https://doi.org/10.1002/
ijop.12034.

Granderson AA. 2014a. Making sense of climate change risks and responses at the
community level: A cultural-political lens. Clim Risk Manag 3: 55—64.

Granderson A a. 2014b. Making sense of climate change risks and responses at the
community level: A cultural-political lens. Clim Risk Manag 3: 55—64.

Hall, A. and Dijkman, J., 2019. Public agricultural research in an era of transformation: the
challenge of agri-food system innovation. Rome and Canberra: CGIAR Independent Science
and Partnership Council (ISPC) Secretariat and Commonwealth Scientific and Industrial
Research Organisation (CSIRO), 2109, p.67. Available at:
https://cas.cgiar.org/isdc/publications/public-agricultural-research-era-transformation-
challenge-agri-food-system

Hansen J, Hellin J, Rosenstock T, et al. 2019. Climate risk management and rural poverty
reduction. Agric Syst 172: 28—46.

Hellin J, Amarnath G, Challinor A, et al. 2022. Transformative adaptation and implications
for transdisciplinary climate change research. Environ Res Clim 1: 023001.

Hoffarth M.R., Hodson G. ‘Green on the outside, red on the inside: perceived
environmentalist threat as a factor explaining political polarization of climate change.” J
Environ  Psychol 2016, 45(Supplement C): 40-49. https://doi.org/10.1016/

j.jenvp.2015.11.002

Jugert P, Greenaway K.H., Barth M., Blichner R., Eisentraut S., Fritsche | 2016

Collective efficacy increases pro-environmental intentions through increasing self-efficacy,
Journal of Environmental Psychology, Volume 48, (PP 12-23)
https://doi.org/10.1016/j.jenvp.2016.08.003

Karanja, A. Ickowitz, B. Stadlmayr, S. McMullin, 2022. Understanding drivers of food choice

in low- and middle-income countries: A systematic mapping study. Global Food Security, 32
(2022), Article 100615, 10.1016/j.gfs.2022.100615

12


https://doi.org/10.1007/s10464-010-9392-z
https://cas.cgiar.org/isdc/publications/public-agricultural-research-era-transformation-challenge-agri-food-system
https://cas.cgiar.org/isdc/publications/public-agricultural-research-era-transformation-challenge-agri-food-system

524
525
526
527
528
529
530
531
532
533
534
535

536
537
538

539

540
541
542
543
544
545
546
547
548
549
550
551
552

553
554

555
556

557

558
559

560
561

LBD Double Burden of Malnutrition Collaborators. 2020. Mapping local patterns of
childhood overweight and wasting in low- and middle-income countries between 2000 and
2017. Nat Med 26, 750-759 (2020). https://doi.org/10.1038/s41591-020-0807-6

Lin, F., Li, X., Jia, N., Feng, F., Huang, H., Huang, J., Fan, S., Ciais, P. and Song, X.P., 2023. The
impact of Russia-Ukraine conflict on global food security. Global Food Security, 36,
p.100661.

Longino, H. 1990. Science as Social Knowledge: Values and Objectivity in Scientific Inquiry.
Princeton: Princeton University Press.

Maclintyre, F. 2004. Was religion a kinship surrogate? J. Am. Acad. Religion 72.3, 653-694.
McSweeney, K., and 0. Coomes (2011) Climate-related disaster
opens a window of opportunity for rural poor in northeastern Honduras. Proceedings

of the National Academy of Sciences of the United States of America 108: 5203-5208

Maslow A. 1970. Motivation and personality (2nd Edition). New York, NY: Harper and Row.

Mehta,L., Srivastava,S., Movik,S., H.N.,Adam., D’Souza,R., Parthasarathy.D,. Otto Naess,
L.,Ohte.N., 2021 Transformation as praxis: responding to climate change uncertainties in
marginal environments in South Asia, Current Opinion in Environmental Sustainability,
Volume 49,(pp.110 -117) https://doi.org/10.1016/j.cosust.2021.04.002.

Mortreux, C., Barnett, J., Jarillo, S.et al. Reducing personal climate anxiety is key to
adaptation. Nat. Clim. Chang. 13, 590 (2023). https://doi.org/10.1038/s41558-023-01716-2

Mukahhal W, Abebe GK, Bahn RA and Martiniello G (2022) Historical Construction of Local
Food System Transformations in Lebanon: Implications for the Local Food System. Front.
Sustain. Food Syst. 6:870412. doi: 10.3389/fsufs.2022.870412

Muller, T. 2021. ‘People of faith are allies to stall climate change.” Nature 592, 9. doi:
https://doi.org/10.1038/d41586-021-00808-3

Neumann, N., and Sharpe, R. (2023). Sustainable food hubs and food system resilience:
Plugging gaps or forging the way ahead? Food Research Collaboration Discussion Paper.

Newell P. 2022. Climate justice. J Peasant Stud 49: 915-23

O’Brien K. 2018. Is the 1.5°C target possible? Exploring the three spheres of transformation.
Curr Opin Environ Sustain 31: 153-60.

Ostrom, E., 2017. Polycentric systems for coping with collective action and global
environmental change. In Global Justice (pp. 423-430). Routledge.

13


https://doi.org/10.1038/s41591-020-0807-6
https://doi.org/10.1016/j.cosust.2021.04.002
https://doi.org/10.1038/d41586-021-00808-3

562
563
564
565

566
567
568

569
570
571

572
573
574
575
576
S77

578
579
580

581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601

Palazzo, A., J. M. Vervoort, D. Mason-D’Croz, L. Rutting, P. Havlik, S. Islam, J. Bayala, H. Valin,
H. A. Kadi Kadi, P. Thornton, and R. Zougmore. 2017. Linking regional stakeholder scenarios
and shared socioeconomic pathways: Quantified West African food and climate futures in a
global context. Global Environmental Change 45:227-242.

Pender A. 2023. From partial to integrated perspectives: How understanding worldviews can
expand our capacity for transformative climate governance. Earth Syst Gov 16: 100174.

Pereira, L., Vrettos, C., Cramer, L., Drimie, S., Muiderman, K., Schapendonk, F., . . .
Wamukoya, G. (2023). Policies and Design Processes to Enable Transformation. In B.
Campbell, P.

Pisor AC, Basurto X, Douglass KG, et al. 2022. Effective climate change adaptation means
supporting community autonomy. Nat Clim Chang 12: 213-5.

Thornton, A. Loboguerrero, D. Dinesh, & A. Nowak (Eds.), Transforming Food Systems Under
Climate Change through Innovation (pp. 119-129). Cambridge: Cambridge University Press.
doi:10.1017/9781009227216.011

Rhodes, S.C., 2022. Filter bubbles, echo chambers, and fake news: how social media
conditions individuals to be less critical of political misinformation. Political Communication,
39(1), pp.1-22.s

Rockstrém, J., Steffen, W., Noone, K., Persson, A., Chapin, F.S., Lambin, E.F., Lenton, T.M.,
Scheffer, M., Folke, C., Schellnhuber, H.J., Nykvist, B., de Wit, C.A., Hughes, T., van der
Leeuw, S., Rodhe, H., Sorlin, S., Snyder, P.K., Costanza, R., Svedin, U., Falkenmark, M.,
Karlberg, L., Corell, R.W., Fabry, V.J., Hansen, J., Walker, B., Liverman, D., Richardson, K.,
Crutzen, P., Foley, J.A., 2009. A safe operating space for humanity. Nature 461, 472-475.
doi:10.1038/461472a

Rockstrom J, Gupta J, Qin D, et al. 2021. Stockholm to Stockholm: Achieving a safe Earth
requires goals that incorporate a just approach. One Earth 4: 1209-11.

Rutting, L., Vervoort, J. M., Mees, H., & Driessen, P. P. J. (2021). Participatory scenario
planning and framing of social-ecological systems: An analysis of policy formulation
processes in Rwanda and Tanzania. Ecology and Society, 26(4). https://doi.org/10.5751/ES-
12665-260420

Seneviratne, S.l., Wartenburger, R., Guillod, B.P., Hirsch, A.L., Vogel, M.M., Brovkin, V., van
Vuuren, D.P., Schaller, N., Boysen, L., Calvin, K. V., Doelman, J.,, Greve, P., Havlik,
P., Humpenoder, F., Krisztin, T., Mitchell, D., Popp, A., Riahi, K., Rogelj, J., Schleussner, C.-
F., Sillmann, J., Stehfest, E., 2018. Climate extremes, land—climate feedbacks and land-use
forcing at 1.5°C. Philos. Trans. R. Soc. A Math. Phys. Eng. Sci. 376, 20160450.
doi:10.1098/rsta.2016.0450

14


https://doi.org/10.5751/ES-12665-260420
https://doi.org/10.5751/ES-12665-260420

602
603
604
605
606
607
608
609
610
611
612
613
614
615
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641

642
643
644

Sherwood, H. 2018. Religion: Why faith is becoming more and more popular. The Guardian
2018, 27t August. https://www.theguardian.com/news/2018/aug/27/religion-why-is-faith-
growing-and-what-happens-next.

Sillmann, J., Kharin, V. V, Zwiers, F.W., Zhang, X., Bronaugh, D., 2013. Climate extremes
indices in the CMIP5 multimodel ensemble: Part 2. Future climate projections. J. Geophys.
Res. Atmos. 118, 2473-2493. doi:10.1002/jgrd.50188

Springmann, M., Mason-D’Croz, D., Robinson, S., Garnett, T., Godfray, H.C.J., Gollin, D.,
Rayner, M., Ballon, P., Scarborough, P., 2016. Global and regional health effects of future
food production under climate change: a modelling study. Lancet 387, 1937-1946.
doi:10.1016/50140-6736(15)01156-3

Taylor S. 2012. Transformation through suffering: A study of individuals who have
experienced positive psychological transformation following periods of intense turmoil and
trauma. Journal of Humanistic Psychology, 52, 30-52.

Taylor S. 2021. Transformation through loss and grief: A study of personal transformation
following bereavement. The Humanistic Psychologist, 49(3), 381-
399. https://doi.org/10.1037/hum0000172

Tribaldos, T. and Kortetmaki, T., 2022. Just transition principles and criteria for food systems
and beyond. Environmental innovation and societal transitions, 43, pp.244-256.

Veeger.M., Mason-D'Croz D., Dunston S., Vervoort.J,.Palazzo A.,2019 Crash-testing policies;
How scenarios can support climate change policy formulation A methodological guide with
case studies from Latin America CGIAR Research Program on Climate Change, Agriculture
and Food Security (CCAFS)

Vermeulen, S. J., A. J. Challinor, P. K. Thornton, B. M. Campbell, N. Eriyagama, J. M.
Vervoort, J. Kinyangi, A. Jarvis, P. Laderach, J. Ramirez-Villegas, K. J. Nicklin, E. Hawkins, and
D. R. Smith. 2013. ARutting, L., Vervoort, J. M., Mees, H., & Driessen, P. P. J. (Proceedings of
the National Academy of Sciences of the United States of America 110:8357-62

Vervoort, J. M., P. K. Thornton, P. Kristjanson, W. Forch, P. J. Ericksen, K. Kok, J. S. I. Ingram,
M. Herrero, A. Palazzo, A. E. S. Helfgott, A. Wilkinson, P. Havlik, D. Mason-D’Croz, and C.
Jost. 2014. Challenges to scenario-guided adaptive action on food security under climate
change. Global Environmental Change 28:383-394.

Westley F, Olsson P, Folke C, Homer-dixon T, Vredenburg H, Loor-bach D, Thompson J,
Lambin E, Sendzimir J, Banerjee B, Galaz V, and Van Der Leeuw S (2011) Tipping toward
sustainability: emerging pathways of transformation. Ambio 40:762-780

15


https://psycnet.apa.org/doi/10.1037/hum0000172

645
646
647

648
649
650
651
652
653
654
655
656
657

658
659
660
661
662
663
664

665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688

Whitfield, S., Apgar, M, Chabvuta, Cet al. (16 more authors) (2021) A framework for
examining justice in food system transformations research. Nat. Food 2, 383—385 ISSN 2662-
1355

Wiebe, K., M. Zurek, S. Lord, N. Brzezina, G. Gabrielyan, J. Libertini, A. Loch, R. Thapa-
Parajuli, J. Vervoort, and H. Westhoek. 2018. Scenario Development and Foresight Analysis :
Exploring Options to Inform Choices. Annual Reviews of Environment and Resources
43:545-570.

Wilber K. 1995. Sex, ecology, spirituality: The spirit of evolution. Boston: Shambhala
Publications.

Wilber, K. (2001). A Theory of Everything—An Integral Vision for Business, Politics, Science,
and Spirituality. Boston: Shambhala Publications

Willett W, Rockstrom J, Loken B, Springmann M, Lang T, Vermeulen S, Garnett T, Tilman D,
DeClerck F, Wood A, Jonell M, Clark M, Gordon LJ, Fanzo J, Hawkes C, Zurayk R, Rivera JA, De
Vries W, Majele Sibanda L, Afshin A, Chaudhary A, Herrero M, Agustina R, Branca F, Lartey A,
Fan S, Crona B, Fox E, Bignet V, Troell M, Lindahl T, Singh S, Cornell SE, Srinath Reddy K,
Narain S, Nishtar S, Murray CIL. Food in the Anthropocene: the EAT-Lancet Commission on
healthy diets from sustainable food systems. Lancet. 2019 Feb 2;393 (10170):447-492.
https://doi.org/10.1016/s0140-6736(18)31788-4

Wilson T.D, Dunn E.W. 2004. Self-knowledge: its limits, value, and potential for
improvement. Annu. Rev. Psychol. 55: 493-518. https://doi.org/10.1146/
annurev.psych.55.090902.141954.

Woltering L, Boa-Alvarado M, Sanjuan M. 2021. Below the Tip of the Iceberg: Why Systems
Change is the Key to Scaling Innovations and Solving Development Challenges. Nextbillion.
Guest article, 9 June 2021. https://nextbillion.net/systems-change-scaling-innovations-
development-challenges

Xu, X., Sharma, P., Shu, S., Lin, T.-S., Ciais, P., Tubiello, F.N., Smith, P., Campbell, N., Jain,
AK., 2021. Global greenhouse gas emissions from animal-based foods are twice those of
plant-based foods. Nat. Food 2, 724-732. d0i:10.1038/s43016-021-00358-x

Zurek, M., Ingram, J., Sanderson Bellamy, A., Goold, C., Lyon, C., Alexander, P., Barnes, A,
Bebber, D.P., Breeze, T.D., Bruce, A. and Collins, L.M., 2022. Food system resilience:
concepts, issues, and challenges. Annual Review of Environment and Resources, 47, pp.511-
534,

Clare A, Graber R, Jones L, and Conway D. 2017. Subjective measures of climate resilience:
What is the added value for policy and programming? Glob Environ Chang 46: 17-22.

Cundill G, Currie-Alder B, and Leone M. 2019. The future is collaborative. Nat Clim Chang 9:
343-5.

Ensor J and Hoddy E. 2021. Securing the social foundation: A rights-based approach to
planetary boundaries. Earth Syst Gov 7: 100086.

16


https://doi.org/10.1016/s0140-6736(18)31788-4
https://nextbillion.net/systems-change-scaling-innovations-development-challenges
https://nextbillion.net/systems-change-scaling-innovations-development-challenges

689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716
717
718
719

Fisher E, Brondizio E, and Boyd E. 2022. Critical social science perspectives on
transformations to sustainability. Curr Opin Environ Sustain 55: 101160.

Granderson A. 2014. Making sense of climate change risks and responses at the community
level: A cultural-political lens. Clim Risk Manag 3: 55-64.

Hellin J, Amarnath G, Challinor A, et al. 2022. Transformative adaptation and implications
for transdisciplinary climate change research. Environ Res Clim 1: 023001.

International Science Council. 2023. Flipping the Science Model: A Roadmap to Science
Missions for Sustainability.

IPCC. 2022. Climate Change 2022: Impacts, Adaptation, and Vulnerability.Contribution of
Working Group Il to the Sixth Assessment Report of the Intergovernmental Panel on
Climate Change [H.-O. Portner, D.C. Roberts, M. Tignor, E.S. Poloczanska, K.
Mintenbeck, A. A. Al.

Jackson ST. 2019. Humboldt for the Anthropocene. Science (80- ) 365: 1074—6.

Mehta L, Srivastava S, Movik S, et al. 2021. Transformation as praxis: responding to climate
change uncertainties in marginal environments in South Asia. Curr Opin Environ Sustain
49: 110-7.

Newell P. 2022. Climate justice. J Peasant Stud 49: 915-23.

Pender A. 2023. From partial to integrated perspectives: How understanding worldviews can
expand our capacity for transformative climate governance. Earth Syst Gov 16: 100174.

Pisor AC, Basurto X, Douglass KG, et al. 2022. Effective climate change adaptation means
supporting community autonomy. Nat Clim Chang 12: 213-5.

Schipper ELF, Maharaj SS, and Pecl GT. 2024. Scientists have emotional responses to climate
change too. Nat Clim Chang 14: 1010-2.

Wilson RS, Herziger A, Hamilton M, and Brooks JS. 2020. From incremental to
transformative adaptation in individual responses to climate-exacerbated hazards. Nat
Clim Chang 10: 200-8.

17



