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A B S T R A C T

Urgent calls for food system transformation have spurred a variety of responses globally. In some cases, these
calls have been answered through top-down led processes, driven by public agencies to design and implement
measures that can drive societies towards more viable patterns of development. In other cases, transformation
processes have been ignited by community level actors who addressed sustainability issues with context-specific
solutions. The broad range of actors raises the question of whether it is top-down or bottom-up processes and
actors that are better placed to deliver the fundamental and system level changes that characterise trans-
formation. Through a systematic review, we identified 40 case studies across 24 countries to investigate the role
of top-down or bottom-up processes in transformation, whether the two might intertwine, and with what results.
We propose five different types of interactions: Autonomous Bottom-Up, Collaborative Bottom-Up, Top-Down
Struggles and Resourceful Bottom-Up, Collaborative Top-Down and Transformation Alliances. Based on our
analysis, we propose a new heuristic of roles and interactions between different actors. We suggest a shift from
dichotomic views on top-down and bottom-up actor roles towards the concept of “transformation functions,”
which would re-centre the discussion around the existing or needed capabilities for transformation in different
contexts. Finally, we call for further research to determine how different transformation functions need to
become more synchronised -or coordinated-to accelerate transformation.

1. Introduction

Calls for food system transformation are increasing in frequency and
urgency, with many actions, actors, and processes around the world
striving to transform food systems in a multitude of ways (Béné and
Abdulai, 2024; Rockstrom et al., 2023). In some cases, these calls have
spurred top-down led processes to address the needs and concerns of
diverse populations, as in the case of the UN Food Systems summit
(Tanzer et al., 2022). Public agencies, such as governments, public

research organisations and universities, and international development
agencies, have attempted to design and implement measures to shift
production, processing, distribution or consumption towards more
environmentally, socially and economically sustainable outcomes (Conti
et al., 2024a; Fanzo et al., 2024). In other cases, transformation pro-
cesses have started taking root from the bottom-up. Sometimes, these
bottom-up processes become increasingly mainstream to challenge food
system structures, as in the case of the Landless Workers’Movements in
Brazil or the Slow Food Movement (Petrini, 2015; Robles, 2011). In
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these cases, community-level actors such as farmers, civil society based
organisations, Non-Governmental Organisations (NGOs), trade unions,
local religious organisations and activists address sustainability issues
with context-specific solutions, often retrieving traditional practices and
experimenting with novel technical or social configurations, or both
(Apostolopoulou et al., 2022; Pereira et al., 2020). While this broad
actor involvement is a testimony of the need to transform the food
systems, it also raises questions of legitimacy, accountability and re-
sponsibility (Conti et al., 2025; Klerkx et al., 2022; Moallemi et al.,
2024). Debates are currently happening on if, and which combinations
and interactions between top-down and bottom-up processes and actors
can best deliver the fundamental and system level changes that are
necessary to successfully lead food system transformations across the
globe (Stone et al., 2024).
Proponents of top-down led processes argue that these are necessary

to respond to global challenges and ensure that transformation remains
directed towards the public good. Scholars also point to the ability of
public agencies to address system failures, manage riskier ventures, and
guide innovation towards social justice and environmental outcomes
(Hall and Hays, 2021; Hekkert et al., 2020; Kok and Klerkx, 2023;
Mazzucato, 2018). In contrast, proponents of bottom-up processes
emphasize their potential to empower actors through greater represen-
tation and to open “unconventional” sustainability pathways (Haxeltine
et al., 2013; Seyfang and Smith, 2007). These pathways include, for
instance, moving away from capitalism and embracing radical ideas
such as degrowth (Gibson et al., 2025). With a deep understanding of
local conditions, these efforts might, with relatively lower investments,
lead to the development of (cultural, technological, and other) in-
novations and ensure a transformation that is more aligned with local
visions and preferences (Hambloch et al., 2022; Leach et al., 2012;

Scoones et al., 2015).
Yet, both types of processes have received criticism. Top-down pro-

cesses have been accused of “cockpitism” (Hajer et al., 2015), or the
illusion that moving from defining the issue to international agreement
is a simple and smooth process. They have also been criticised for their
inattention to alternative knowledge and value systems, for example, the
failure to recognise what local people desire and value (Fletcher et al.,
2021; Williams et al., 2023). Top-down processes have also been subject
to corporate capture (Clapp, 2023; IPES, 2017) - as in the case of the UN
Food System summit, where powerful coalitions of multinational cor-
porations and donors trumped the efforts of international organisations
to propose meaningful alternatives to industrial food systems and
address the concerns of civil society (Anderl and Hißen, 2024; Anderson
and Maughan, 2021; Canfield et al., 2021). On the other hand,
bottom-up processes have often only succeeded in proposing alternative
visions of food systems at the local level, and might have equally fallen
prey to polarisation and been derailed towards less sustainable path-
ways (Guthman, 2004). The somewhat romantic belief that bottom-up
action could be “best” for envisioning change (Međugorac and Schui-
tema, 2023), for example with the idea of relatively small-scale and local
food networks challenging the current food system structures (Bui et al.,
2016), might have overlooked the need for more system-level and
organised action to restructure norms, practices, and values at all levels
(e.g. through deep changes in policies and institutions) (Klerkx and
Begemann, 2020). Bottom-up actionmight in this sense be insufficient to
reach beyond the local scale and fulfil the extent of system-level change
needed for transformation (Smith and Adrian, 2015), again raising the
question of how transformation processes can be successfully steered
and governed.
These different positions have, over time, contributed to the

Box 1
Top-down and bottom-up processes: brief overview and definition

Initially, the top-down and bottom-up dichotomy revolved around how international development interventions should be envisioned
(Chambers, 1983, 1994). Policymakers and many academics argued that to achieve broad goals such as poverty alleviation, food security and
others, it is vital to mobilise science and technology, regulations, financial and other incentives – a task that could only be achieved through
top-down processes (Toenniessen et al., 2008). Others instead advocated for more participatory and locally-focused actions as the only way to
account for the different preferences, values and contextual factors that characterise different food (and other) systems (Chambers, 1983; Stöhr,
1978). This tension remains unresolved and today spills over into broader transformation debates (Conti et al., 2024c; Easterly, 2008). For
instance, the terminology of “niche” and “regime” in the Multi-Level Perspective framework (MLP) (Geels, 2004, 2006) is one of the most widely
used to describe transformation processes in the food systems and beyond (El Bilali, 2019). TheMLP sets a clear demarcation between bottom-up
and top-down actors and processes. It suggests a rivalry between “niches” - local and community level initiatives advocating for alternative
pathways - and “regimes” - the incumbent configuration and its formal and informal rules that inherently thwart transformation efforts – as two
opposing poles (Stone et al., 2024). This conceptualisation is not universally applicable, and questions around whether a clear demarcation truly
exist between top-down and bottom-up actors have been raised. For instance, citizens might see municipal governments as top-down actors,
whereas the national government might consider them as local and relatively bottom-up actors (Kanosvamhira and Tevera, 2024). Whether
corporate actors, mentioned in the introduction, would belong to the first or latter actor group, remains unclear, and they remain
under-investigated in transformation processes (Yates et al., 2021). For the purpose of this paper, we distinguish and use – to some extent
artificially – the following terms:

Top-down processes and actors in food system transformation are processes initiated and directed by central public authorities and
agencies usually to meet the needs of large, more diverse populations (Music et al., 2022). This usually involves governments (both at national,
regional and local level), public research organisation and universities, international development agencies, who use policies, regulations,
research and development activities, and interventions (Kalvelage et al., 2023; Patterson et al., 2017; Orr et al., 2022) to catalyse, enable or
incentivise change towards new and more sustainable outcomes. For example, the European Commission recently adopted a mission-oriented
approach to “solve some of the greatest challenges facing our world” (e.g., climate change, healthy oceans, climate neutral and smart cities)
through a diverse portfolio of research, policy, and legislative actions that could not be achieved by singular initiatives (OECD, 2022).

Bottom-up processes and actors in food system transformation are processes that originate locally (Haxeltine et al., 2013), involving people
at the community level to experiment with different types of (social, economic, technological, cultural and others) innovations, as a response to
the interests and values of the communities involved (Seyfang and Smith, 2007). Key bottom-up actors are part of local communities (Rosol,
2010) – in our case, local food actors (e.g. farmers, cooperatives, small scale food processors), community and civil society based organisations,
NGOs, trade unions, local religious organisations (e.g. church groups) (van den Berg et al., 2018). Examples of these initiatives can include urban
farming to redesign city-level food systems, place-based ecovillages for implementing sustainable food production and consumption, or social
food movements to realise food sovereignty (Alkon and Mares, 2012; Oja Da Silva, 2023; Ulug et al., 2021).
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solidification of a dichotomy (Cleaver, 1999), where top-down and
bottom-up processes are conceived as incompatible alternatives for
transforming food systems (see box 1). Studies of transformation pro-
cesses have started revealing how bottom-up and top-down processes
might in truth be intertwined and equally important for transforming
the system (Loeber and Kok, 2024; Scoones et al., 2020). In these cases,
both top-down and bottom-up actors may search for acceptable and
viable sustainability solutions and develop shared agendas (Kok et al.,
2023; Stone et al., 2024). Yet, evidence on the types of actions and in-
teractions in these cases remains lacking.
We aim to address this gap and answer two key questions (RQ):

i. RQ1: What processes (top-down or bottom-up) initiate trans-
formations and how? Which actors are involved and what are their
different roles?

ii. RQ2: Under what circumstances do top-down and bottom-up pro-
cesses intertwine, what are the features of these collaborations, how
do they take place and with what results?

We answer these two questions by conducting a systematic review of
food system transformation case studies across various geographies,
some spanning several decades. The paper sheds light on how trans-
formative processes can be initiated, and the evolving interactions be-
tween bottom-up and top-down actors and processes. Building on this
analysis, the paper offers five different types of interactions observed in
transformation processes. These five different types are used to suggest a
new heuristic of how different contexts, actor roles and interactions
demand different types of interventions and enablers to advance trans-
formation of food systems. The discussion proceeds by suggesting a
better consideration of the system functions needed to accelerate
transformation, which actors and institutional arrangements could fulfil
these functions and how these could be synchronised. Finally, we pro-
pose new venues for further research.

2. Methods

2.1. Selecting cases

The research questions outlined above were addressed through a
systematic review of case studies related to food system transformations.
We collected a diverse set of cases from scientific literature, following
the Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines for systematic reviews (Moher et al., 2009; Tricco
et al., 2018). Details on the databases searched, publication dates and
keywords can be found in Fig. 1. Additional details can be found in
Supplemenntary Materials I. The search yielded an initial 11,706 articles
of which 977 were immediately removed due to being duplicates (10,
729 papers). We screened the 10,729 articles based on inclusion and
exclusion criteria, defined in detail in Box 2 and synthesized in Fig. 1.
After screening, 33 articles, reporting a total of 40 case studies across 24
countries, were identified.

2.2. Coding selected cases

To uncover patterns of top-down and bottom-up interactions, we
analysed the case studies thematically against the following features,
drawing from the approach developed by Moallemi et al. (2023):

• Initial context, processes, and actors involved in transformation. This
pertains to how transformation starts to take place in a specific
context.

• Evolving patterns of collaborations (or lack thereof) over time. This
pertains to the types of interactions that different actors (top-down or
bottom-up) have in transformation -e.g., do the actors support,
obstruct or ignore each other? We used the definitions of top-down
and bottom-up according to Box 1 to identify these patterns in cases.

• Types of roles carried out by different actors at different points in time
with regard to 12 pre-specified roles, synthesized from the literature.
These included setting joint priorities (aligning goals for coordinated
action), de-risking experiments (minimising risks of innovation
through support), building trust (fostering credibility via transparent
dialogue), building networks (enhancing collaboration and resource
sharing), convening multi-stakeholder collaborations (uniting diverse
stakeholders for integrated solutions), facilitating access to technology
(providing tools, training, and infrastructure), conducting R&D
(generating insights on innovations), demonstrating new practices
(showcasing viability to encourage adoption), funding (providing
financial resources), championing policy change (advocating for
enabling institutional reforms), generating knowledge (expanding in-
sights through research or experimentation), and mobilising commu-
nity (engaging stakeholders to foster ownership and collaboration).
Each role contributes to a holistic, inclusive transformation (see
more role details in Supplementary Materials II). These 12 roles,
while may not be exhaustive in capturing all roles actors could play,
encompass a broad spectrum of key ideas related to types of roles
carried out by different actors, based on earlier research on food
system transformation (Loeber and Kok, 2024; Moallemi et al., 2024;
Scheuermann et al., 2024; van den Akker et al., 2024; Williams et al.,
2023).

2.3. Limitations of case selection and coding

While the selected cases provided sufficient insight about diverse
cases, we acknowledge that the case selection process and their coding
had inherent limitations and potential biases. As such, the sample
cannot be considered statistically representative of the full diversity of
research and practice on food system transformation. First, the cases
might have bias towards bottom-up initiatives. The growing focus on
grassroots approaches in sustainability research may have led to an
overrepresentation of bottom-up dynamics. We addressed this by
ensuring that there are some cases with top-down elements in our
sample even though they may not fully represent the diversity of top-
down scientific processes in food and agriculture systems.
Second, the scope of transformation in the cases reviewed might be

limited. Changes observed in cases often reflected local or community-
level shifts, but this did not always lead to broader regional, national,
or international impacts, potentially limiting the representation of wider
systemic transformations. To address this limitation, we assumed that
transformation is an ongoing process with different stages (Hebinck
et al., 2022), and cases can focus on different stages of transformation (i.
e., local cases may represent transformation in early, experimentation
stage).
Third, relying solely on peer-reviewed literature, while ensuring

academic rigor, may have excluded valuable insights from grey litera-
ture, conferences, and non-scientific perspectives (e.g., local practi-
tioners, NGOs). This could also skew representation, as first authors
often have affiliations in High-Income Countries, even when cases
involve Low- and Middle-income countries. Further research is needed
to incorporate transdisciplinary insights and broaden the understanding
of top-down and bottom-up interactions.
Fourth, we are aware that the lines between top-down and bottom-

up processes and actors within these processes are not always clear.
One case could represent multiple processes and actor roles at the same
time. We elected to assign only one (the most prominent and according
to the definitions in Box 1) to each case for simplicity of analysis.
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Fig. 1. PRISMA diagram. The figure below illustrates the details of the systematic search (databases searched, publication dates, keywords and languages) as well as
different steps conducted for the systematic review. These steps were performed according to the PRISMA guidelines (identification, screening, included). Records
were manually searched and added in Step 2. The boxes on the right briefly describe the exclusion criteria followed.
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3. Results

3.1. Overview of the case studies

The analysed case studies are diverse and represent different
geographical locations, with an almost equal number of case studies1

from High-Income Countries (n = 18) and Low- and Middle-Income
Countries (n = 22), covering a total of 24 countries (see Fig. 2). These
cases represent food system transformation across various scales to
better capture the diversity of roles and actors in bottom-up and top-
down processes. These included diverse scales, ranging from case
studies that represented a more localised form of transformation situ-
ated at the community-level (see Holtkamp, 2023; Ravazzoli et al.,
2019), to or more mainstream, regionally or nationally (see Ojha and
Hall, 2021; Rover et al., 2016). To demonstrate a few examples of these
cases, in India, tribal women established Self-Help Groups and a pro-
ducer company to promote sustainable farming through non-pesticide
management, leveraging new practices, markets, and networks to shift
consumption patterns in a more local food system (Saxena and Prasad,
2024). In Senegal, civil society organisations and NGOs addressed rural
service gaps by supporting agroecological practices, leading to techno-
logical shifts, sustainable R&D, and policy influence through platforms
like the Thinking and Action Framework on Land Governance (Bottazzi
and Boillat, 2021). In Izmir, Turkey, in a more urban scale, municipal
policies fostered bottom-up movements, funding sustainable practices
rooted in Indigenous knowledge and enabling local associations to build
networks, participatory systems, and consumer awareness of locally
produced foods (Özatağan and Karakaya Ayalp, 2021). Each case
highlights a different pathway for transforming food systems towards
more sustainable approaches (see Supplementary Materials II for other
case studies’ details).
Only three publications date from before 2015. This is in line with

prior observations, suggesting that interest towards transformations has
started to emerge over the last decade, possibly sparked by international
commitments towards more sustainable societies (also reflected by the
Sustainable Development Goals inception and the Paris Agreements) (El

Bilali, 2019; Melchior and Newig, 2021). All publications used quali-
tative methodologies to capture, describe and analyze the trans-
formation process. Qualitative analysis was always accompanied by
quantitative measures to support the argument for transformation.
Many case studies (n = 17) were investigated through the lens of the
Multi-Level Perspective (MLP) (see box 1) as a guiding framework. The
next two sections answer RQ1 and RQ2.

3.2. Bottom-up, top-down and “hybrid” processes and roles for initiating
transformations

For most of our case studies (n = 24 out of 40), bottom-up processes
aimed at solving sustainability challenges. These processes commonly
targeted several issues, some of which were forgotten or ignored in
policy agendas (Chebrolu and Dutta, 2021; Rover et al., 2016). Envi-
ronmental issues included soil depletion, decreases in soil productivity
and concerns over pesticide use (Chebrolu and Dutta, 2021; Vila Seoane
and Marín, 2017). Economic issues included social marginalisation or
unemployment in farming communities (Polita and Madureira, 2022;
Ravazzoli et al., 2019). Equity issues included discrimination in land
access and use due to colonial history (e.g. (Rover et al., 2016; van den
Berg et al., 2018), or a desire to move away from capitalism (Sherwood
et al., 2016). In this context, bottom-up actors initiated transformation
processes by experimenting with context-relevant socio-economic or
technical innovations. For example, communities in the Italian Alps,
increasingly concerned about agricultural sustainability and unem-
ployment, began experimenting with different practices and the estab-
lishment of new local services (Ravazzoli et al., 2019). Simultaneously,
the uptake of these innovations required these bottom-up actors to
engage in advocacy and community mobilisation, building the capa-
bilities of farmers, consumers and communities more broadly to intro-
duce and enable new patterns of production and consumption. Often,
public agencies were minimally involved.
Sometimes, the unresponsiveness or disinterest to community con-

cerns is due to government agendas, where vested interests or power
dynamics (e.g., election donors, international investments (Clapp, 2025;
Clapp et al., Forthcoming)) make the continuation of status quo food
systems more advantageous to these incumbent powers. In those cases,
the state was often aware that at the grassroot level, farmers, consumers,
and activists were looking for new ways of producing and consuming

Box 2
A checklist for selection of food system transformation case studies

We defined ad hoc inclusion and exclusion criteria to ensure that the search was not only as inclusive as possible, but also identified meanigful
transformation case studies that were specifically relevant to our research questions. The following criteria were used:

• Relevance to food systems: included studies that clearly link to food systems or address the food system as a whole, and excluded those focused
only on specific components of food systems (e.g., phosphorus application) or unrelated sectors (e.g., chemistry, biology, psychology).

• Focus on system transformation, transition, and system change: included studies that address transformation, transition, or system change in its
systemic sense, beyond incremental or component-level changes, and excluded studies that focus only on technical innovations or changes in
individual system components without broader system-wide transformation.

• Sustainability focus: included studies with sustainability as a clear outcome of the transformation, and excluded those where transformation is
aimed at other goals, such as economic profitability, not representing other dimensions of sustainability were excluded.

• Duration of transformation: included studies showcasing interventions or transformations that reflect the long-term nature of system changes,
and excluded those with shorter durations that represent incremental change.

• Case study detail: included studies with sufficient information on case studies to address the research questions and accessible full-text doc-
uments, and excluded those lacking adequate detail or not presenting a case study or where the full text is unavailable.

• Insights into system dynamics: included studies that provide insights into both bottom-up and top-down dynamics within the transformation
process, and excluded those lacking such insights.

• Level of transformativeness: included studies that are transformative as defined by Conti et al. (2021), requiring changes across multiple system
components (i.e., technology choices, institutions and policies, attitudes and cultures, infrastructure, power and politics, infrastructure,
research and innovation priorities, practices and narratives) to be transformed, and excluded studies focusing on incremental changes of
single system components.

1 From here onwards, we always refer to the total number of case studies (n
= 40), rather than number of articles (n = 33).
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food, but did not perceive their concerns and efforts as sufficiently
important to act, often either ignoring (e.g., Smith, 2006) or even dis-
crediting them (Conti et al., 2024b). In these cases, bottom-up actors
often built strong networks of trust that over time allowed these new
practices to becomemoremainstream, and even gain visibility and value
in the eyes of often initially skeptical institutional actors. A case illus-
trating the uptake of organic agriculture in the UK described how the
government refused to acknowledge farmers practicing organic agri-
culture for decades, instead focused on more industrial agriculture and
national priorities to further intensification (Smith, 2006). Only when
their networks grew, and consumers became increasingly interested in
organic foods, did the state endorse and support this practice.
In other case studies, it was not disinterest, but lack of institutional

capacities (financial but also human) to support the generation and or
uptake of alternatives. In Senegal, the state’s limited financial capacities
prevented the government from being able to provide farmers with
extension services or other forms of support to guide them in the uptake
of more sustainable production practices. Instead, several civil society
organisations and NGOs stepped in and trained farmers in sustainable
agriculture practices (Bottazzi and Boillat, 2021).
The results of the review also show cases of transformation initiated

by top-down processes, although these were found less frequently (n =

6). These are cases in which public agencies foresee or face impending
environmental, economic and social issues, often similar to the ones
mentioned above, e.g., unsustainable production and consumption
practices (Sartison and Artmann, 2020), unemployment (Özatağan and
Karakaya Ayalp, 2021) or risks to populations (Bui et al., 2016). Ac-
cording to some cases, top-down processes are motivated by the issues
gaining traction in international policy agendas - as in the case of
widespread and harmful water pollution from agriculture in France,
where efforts were spurred by European Union concerns and recom-
mendations (Bui, 2021). Public authorities might consequently intro-
duce policies to subsidize alternative, more sustainable practices, as in
the case of conservation efforts that led to a new result-based payment
scheme for high natural value farmland in Ireland (Moran et al., 2021).
In other cases, these top-down processes might be propelled by the
presence of a government that is more attentive to the voices of the
people and more aware of the social and environmental repercussions of
not addressing sustainability concerns (Goulet, 2021; Özatağan and
Karakaya Ayalp, 2021; Sartison and Artmann, 2020). For example, in
Brazil the Planapo initiative was launched because of government
concern over continued used of toxic agrochemicals. A national plan was
then set up for the implementation of agroecology and organic agri-
culture (Goulet, 2021). However, these efforts may be vulnerable to
being reversed or scaled back if a more conservative government comes
into power (Goulet, 2021). In the case of Planapo initiative, once Bol-
sonaro came to power, the initiative was forced to shift its focus from
agroecology, labelled as a “communist approach” towards

market-oriented organic production, leading farmers to be pushed to-
wards a more industrial productivity-oriented agricultural regime.
When top-down processes are used to initiate the transformative

change, top-down actors assume their policy-making function (Moran
et al., 2021), but can also make active efforts to fund on-ground in-
terventions. For instance, public agencies might encourage local au-
thorities to assist in the switch to more sustainable practices by
providing information and support to farmers (Moran et al., 2021). They
might also purposefully direct new research priorities towards the cre-
ation and diffusion of more sustainable practices, such as in the case of
the Brazilian Agricultural Research Corporation participating to the
development of solutions for pest control, nutrition and conservation
(Goulet, 2021).
Other cases were initiated by top-down and bottom-up actors

collaborating to achieve certain sustainability outcomes. When an initial
threat is perceived by both actors, they might start to act jointly and
showcase a hybridity of processes and roles for addressing impending
challenges. This pattern is relatively common in the identified cases (n
= 9). For example, in Brazil, issues of colonial history, environmental
degradation and social struggles led communities to seek the estab-
lishment of novel patterns of land redistribution and ownership. Almost
simultaneously to these efforts, research centres, extension services and
universities (van den Berg et al., 2018) started to support communities
in finding new ways to regenerate soils, adopting agroforestry and
switching to indigenous and more varied crops, and accessing markets.
In France, the formation of farmers cooperatives for implementing
organic agriculture was accompanied by favourable policies and
consistent government funding, which over time enabled the initiative
to gain legitimacy and expand at the regional level (Bui, 2021). In these
more hybrid cases, bottom-up and top-down actors might more or less
explicitly coordinate in certain functions and accelerate the imple-
mentation of different solutions for sustainability, as the two cases just
described suggest. Top-down actors might invest (e.g., in research ac-
tivities) and set-up policies, while bottom-up actors experiment with
innovations (often backed by formal research institutions) at the ground
level and generate trust around those innovations within their com-
munities. This type of more collaborative endeavour – further explained
in section 4 – usually facilitates the identification and implementation of
shared priorities.

3.3. Evolving circumstances in transformation: hybrid interactions under
necessity

Whereas the section above sheds light on how transformation pro-
cesses are usually initiated (i.e. by bottom-up or top-down or hybrid
processes), answering the second research question demands a closer
analysis of how bottom-up and top-down processes and interactions
evolve over time.

Fig. 2. Number of case studies per country. image credits ©Australian Bureau of Statistics, GeoNames, Microsoft, Navingo, Open Places, OpenStreetMap, Tom-
Tom, Zenrin.
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Although hybrid collaboration emerged at the inception of the
transformation processes for only a small number of cases (n = 9), our
second research question reveals that collaboration was present in many
other cases (n = 19), but appeared at a later point and had distinct
features based on the depth and purposes of engagement of the different
actors.
We were not able to identify any meaningful collaboration in 13

cases. Within these cases, bottom-up actors did not believe in the value
or possibility of successful interactions with top-down actors. This might
be due to multiple reasons, such as lack of trust in the government to
take action (Chebrolu and Dutta, 2021), lack of opportunities (Salavisa
et al., 2021) or misaligned expectations (Zhang, 2024), nor was there
any reported attempt of public authorities to engage in
community-based transformation processes. Bottom-up actors instead
experimented with sustainable practices independently, forming tight
networks to produce and consume more sustainable products, as in the
case of the Seikatsu Club Consumer Cooperative in Japan (Hatanaka,
2020). Actors in these cases might not wish to trigger broader system
changes.
In other cases, collaboration takes the form of broad agreement on

sustainability pathways, but do not go any further in terms of joint ac-
tion. For instance, governments can introduce certain sustainability-
oriented policies, but then leave their implementation in the hands of
bottom-up actors. This is the case of policies for herbicide use reductions
in Portugal. Once the national government passed a set of regulations on
herbicide, it was up to the local farmers to adopt them. This led farmers
in the Douro Valley to independently experiment with herbicide
reduction methods in viticulture, forming a network to share knowledge
and experiences and expanding new practices to other neighboring
communities (Polita and Madureira, 2022).
Broad agreement on certain sustainability objectives can also lead

actors to informally coordinate on their respective roles. For instance,
top-down actors can devise and facilitate the implementation of sup-
portive policies, and bottom-up actors can mobilise communities to
respond to these new policy objectives. A specific example comes from
Irish national policies for nature conservation. As policies were too
generic for farmers to independently adopt them, supportive local ad-
visors and administration services ensured that these policies found
resonance and were implemented by farmers (Moran et al., 2021).
Finally, some cases showcase much more proactive mutual support

and intimate collaboration. In these cases, collaboration is more formal
or even enshrined in policies, with the government “allying,” with local
community needs for sustainability. This has several consequences, in
terms of re-formatting of actors’ goals (i.e. industrial versus sustainable
agriculture) and, more importantly, roles for sustainability, with a clear
agreement on what tasks bottom-up and top-down actors respectively
carry out for transforming the food systems in question (Bui, 2021). An
illustrative case is from Ghana, where increasing sustainability concerns
initially at the community-level were then recognised by the govern-
ment. Over time, both top-down and bottom-up actors agreed that
organic agriculture needed to be implemented swiftly to make cocoa
production sustainable. This agreement spurred responses from both
sides. While the organic cocoa initiative emerged through a bottom-up
process from farmers experimenting with new practices and mobilis-
ing networks around this new modes of production, top-down support
became equally necessary. The government mobilised research and
infrastructure for implementing organic practices, legislated for
favourable organic prices and set clear mechanisms that would de-risk
and protect farmers accessing new markets. Over time, this led to
what the authors themselves defined as “hybrid governance,” where
top-down and bottom-up actors had complementary and interconnected
roles. In this and other cases, the need for hybrid action and comple-
mentarity led to important “alliances” (Bui, 2021), where a virtuous
circle forms: initial bottom-up expansion leads to political and legal
endorsement, and political and legal endorsement leads to further
on-the-ground expansion.

4. Types of interactions in transformation

Differences in initial processes and roles, and their evolution over
time, allowed us to identify a number of distinct types of interactions in
transformation processes: Autonomous bottom-up (13 cases); Collabo-
rative Bottom-Up (6 cases); Top-Down Struggles and Resourceful
Bottom-Up (6 cases); Collaborative Top-Down (5 cases); Transformation
Alliances (9 cases) (see Table 1 for brief summary and visualisation).
These types of interactions are based on the thematic analysis of the

publications (see Section 2) and described according to: the initial
setting where the issue is perceived (e.g., at either the community or
beyond the community level), the resulting conditions and actors’ roles
(Fig. 3 and Supplementary Materials II), the evolution of these processes
and roles over time and the outcomes of these processes.
Clearly, all case studies are different and have their own unique

features. However, what these types of interactions are based on is the
identification of distinct and characteristic processes unfolding over
time.2 Each type is described below based on the level of interaction
(from the least to the highest amount of interaction) between top-down
and bottom-up actors, complementing a conceptual delineation with
empirical material from the case studies (each summarised separately in
Supplementary Materials II).

4.1. Autonomous Bottom-Up

Thirteen of our cases depict instances where certain sustainability
issues emerge at the community level. In response, the community de-
velops and deploys several social or technological innovations to address
these issues. Here, the community is not interested in involving top-
down actors nor changing norms and behaviours at a broader scale.
Sometimes, communities fear that engaging with public agencies might
reduce their potential to move away from the status quo. This disen-
gagement with top-down actors leads bottom-up actors to build inde-
pendent and alternative arenas of sustainability action.
For these independent arenas to be viable at the community scale,

bottom-up actors, mainly farmers, consumers and civil society organi-
sations generate new knowledge and experiment with “new ways of
doing things” to solve impeding challenges, while building networks and
trust that mobilise communities towards new sustainability pathways
(Holtkamp, 2023; Yacamán-Ochoa and García-Llorente, 2020). For
example, farmers might create networks to produce more sustainable
products, build shorter value chains and ensure that these products
reach a relatively smaller group of consumers, as in the case of local food
markets in Bologna, Italy. Here, an NGO promoted sustainable produc-
tion practices and consumption of local foods, while establishing a more
ethical and ad hoc participatory self-certification system to sell these
sustainable products to consumers invested in sustainability (Alberio
and Moralli, 2021). Thanks to context-adapted innovations, strong
networks of trust amongst actors and more inclusive local governance
structures (Hatanaka, 2020; Saxena and Prasad, 2024) – often set-up by
local NGOs and associations (Alberio and Moralli, 2021; Zhang, 2024) –
these movements see new, localised food system flourish, which
“secede” from the existent system.

2 A ”deviant” case, which would deserve a separate category, is the one of an
organic transformation in China, which could be considered as a “totalitarian”
transformation (Thiers, 2002). The paper in fact describes how the government
alone, without any linkages with either producer’s communities nor NGOs
managed to implement organic agriculture. However, this effort could succeed
only because the government coerced farmers to switch to organic under the
threat of forceful relocation. Even if this ultimately made the transformation
successful, we do not include this as a category because such process would not
easily be replicated in other parts of the word).
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Table 1
Visual representation of the different types of interactions, with brief description, relevant references, and countries represented. The large arrow in the centre represents transformation from the old system to the new one.
The icons at the top and bottom indicate top-down and bottom-up dynamics, respectively. The row of smaller arrows shows where top-down or bottom-up forces are at play in the transformation. Four small arrows
indicate both long- and short-term effects, whilst two arrows represent effects from later stages only. The half-circular arrows on the sides illustrate whether top-down forces are driving the bottom-up dynamics (arrow
pointing from top to bottom), or the bottom-up forces are influencing the top-down dynamics (arrow pointing from bottom to top). Note: References might appear in different rows when presenting >1 case studies
showcasing different types of interactions. The references are allocated after the analysis carried out by the authors. However, this allocation is not rigid and could be subject to interpretation.

Type of interaction Description References Country(ies)

Autonomous Bottom-Up Bottom-up actors create independent sustainability platforms,
experiment with innovative solutions and build trust-based networks.

(Alberio and Moralli, 2021; Chebrolu and Dutta, 2021; Hatanaka, 2020; Holtkamp,
2023; Ravazzoli et al., 2019; Salavisa et al., 2021; Saxena and Prasad, 2024; Vila
Seoane and Marín, 2017; Yacamán-Ochoa and García-Llorente, 2020; Zhang, 2024)

Italy (3); India (2); Japan (1);
Portugal (4); Argentina (1);
Spain (1); China (1)

Collaborative Bottom-Up Bottom-up actors mobilise independently, but later recognise the
need to engage with top-down actors for legitimacy, thus fostering
evolving collaborations.

(Bui et al., 2016; Ilieva and Hernandez, 2018; Polita and Madureira, 2022; Rover
et al., 2016; Sarabia et al., 2021)

France (1); Brazil (2); Spain
(1); Portugal (1)

Top-Down Struggles and
Resourceful Bottom-Up

Bottom-up actors assume a number of different roles to address top-
down inability to fulfil these roles. They are then increasingly
recognised by the latter who support them via governance practices.

(Bottazzi and Boillat, 2021; De La Cruz and Dessein, 2021; Isgren and Ness, 2017;
Nelson and Tovar, 2017; Smith, 2006)

Senegal (1); India (1); Peru
(1); Uganda (1); Mexico (1);
UK (1)

Collaborative
Top-Down

Top-down actors lead the change process, but they ensure alignment
with bottom-up priorities.

(Bui et al., 2016; Conti et al., 2024b; Goulet, 2021; Moran et al., 2021; Özatağan
and Karakaya Ayalp, 2021; Sartison and Artmann, 2020)

Ireland (1); France (1); Brazil
(1); Turkey (1); Germany (1)

Transformation Alliances Combined efforts of both top-down and bottom-up actors drive
changes, championed by both policymakers and communities.

(Alex, 2013; Bui, 2021; Glin et al., 2015; Gretter et al., 2019; Ilieva and Hernandez,
2018; Ojha and Hall, 2021; Sherwood et al., 2016; van den Berg et al., 2018)

India (1); France (1); Ghana
(1)
Senegal (1); USA (1); Nepal
(1)
Ecuador (1); Brazil (1)

Icons by Annette Spithoven, gravisio, and iconcheese the Noun Project under Creative Commons Attribution License (CC BY 3.0)
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4.2. Collaborative Bottom-Up

This type of interaction refers to cases in which bottom-up move-
ments are initially mostly autonomous, as the government is not inter-
ested or does not perceive certain challenges are priorities. An essential
aspect of this type of interaction is that bottom-up actors start organising
and mobilising independently for sustainability, exploring context-
relevant innovations, generating new knowledge, and building trust
and networks among a usually growing number of local actors (in a
similar fashion, to some extent, to the Autonomous Bottom-Up case).
However, as they progress, these movements understand the neces-

sity of engaging with top-down actors to gain legitimacy and traction

(Bui et al., 2016). While generating knowledge and promoting networks
is important, bottom-up actors feel that this is not sufficient to address
sustainability issues that are anchored at the system level. Instead, these
issues need to be concomitantly addressed – and possibly resolved -
through novel political and legal measures. For example, the Ecovida
network in Brazil (Rover et al., 2016) initially emerged bottom-up to
promote agroecology, and demonstrated the viability and benefits of
agroecology, forming a nation-wide network of committed farmers,
consumers and communities. However, once the value of new practices
was established, agroecology needed to be enshrined in public regula-
tions to become a truly viable alternative to industrial agriculture.
Consequently, bottom-up actors – that are generally organised through

Fig. 3. Different actor roles in the different types of interactions. An explanation of each role is provided in Supplementary Materials II. The order of the roles in the
figure does not imply any specific hierarchy. The percentages are based on the number of times an actor (top-down or bottom-up) had that specific role in a
given article.
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NGOs or community organisations – started to engage with top-down
actors to convene collaborations and influence public policy regula-
tions. This led to the establishment of national public regulations on
organic production standards and norms, and led authorities to create
new market infrastructure for organic produce. Therefore, evolving
collaborations lead to a new configuration where novel, more sustain-
able modus operandi proposed by bottom-up processes, are then
endorsed and safeguarded through formal mechanisms (e.g., laws).

4.3. Top-Down Struggles and Resourceful Bottom-up

This type of interaction refers to a situation in which the state
struggles, for different reasons, to provide the necessary support to
producers. Consequently, this leaves a “vacuum” (Bottazzi and Boillat,
2021) for civil society organisations or NGOs to step in and play multiple
roles, mainly to solve a broad range of environmental sustainability and
social well-being issues. The reasons for the vacuum can be multifac-
eted. For example, in Senegal, Uganda, Mexico and Peru, the state did
not have financial or organisational stability and capability to provide
services to farmers – such as education on suitable or sustainable prac-
tices, market information, or certification that would create a price
premium for certain products (Bottazzi and Boillat, 2021; De La Cruz
and Dessein, 2021; Isgren and Ness, 2017; Nelson and Tovar, 2017). In
these cases, NGOs often step in to help generate and deploy
context-relevant innovations, e.g., generating new knowledge or
providing technical assistance, as in the case of agroecology adoption in
Peru (De La Cruz and Dessein, 2021) or organic agriculture in Mexico
(Nelson and Tovar, 2017). They can also help organise farmers and
communities in cohesive and self-governed networks making autono-
mous decisions on their food system, or even shift consumers towards
consumption of healthy food (Conti et al., 2024b).
Once bottom-up actors demonstrate the versatility of their roles and

ability to tackle impending challenges, top-down actors usually become
increasingly aware of these movements and start to support and endorse
the bottom-up actions as viable for enabling transformation. For
example, in India, the government was grappling with sustainability
challenges and did not have the financial resources, nor the research
capacities needed (again, in terms of funding but also in terms of re-
searchers who could test and help implement different production
practices) to implement sustainable agriculture. Thus, an NGO stepped
in to equip farmers with knowledge on alternative production methods
(Non-Pesticide Management), set-up cooperatives where farmers could
control their own collection, processing, storage, distribution and retail
facilities (Conti et al., 2024b) and generate consumers’ awareness and
establish a certification body for sustainably-produced foods. Over time,
the government increasingly endorsed the NGO, that now plays a role as
national advisor in sustainability policies both at the regional and na-
tional level. Cases in Uganda and Senegal also signal that the govern-
ment might end up highly relying on NGOs and cooperatives to provide
knowledge on sustainability that then informs new political priorities.
Simultaneously, to carry out these new priorities, top-down actors might
still need the support and action of the NGOs, who are endorsed as
versatile, multi-functional agencies providing different services, such as
extension services to farmers or acting as certifying agents (e.g. for
organic) (Isgren and Ness, 2017; Nelson and Tovar, 2017).
Therefore, advantages of these collaborations go both ways. As in the

type of interaction above, political involvement might not be initially
desirable for bottom-up actors, but “at the same time it’s necessary”
(Nelson and Tovar, 2017) for them to gain more visibility and traction.
On the other hand, governments might have preferred to rely on their
own research and extension services to implement sustainable agricul-
ture. Yet, they might not have the knowledge or capacities to do so,
leaving NGOs to play multiple critical roles in “help[ing] governments in
transitioning towards economically viable and ecologically sustainable
agriculture” (Conti et al., 2024b). Therefore, once again, collaborations
between top-down and bottom-up actors emerge as a need to foster the

quest for sustainable food systems.

4.4. Collaborative Top-Down

The core feature of this dynamic lies in initial top-down interventions
that aim to solve certain sustainability related challenges, such as
environmental (Moran et al., 2021) and social (Sartison and Artmann,
2020) concerns. In this type of interaction, top-down actors are the ones
who direct the change process, through new policies, new research
priorities, new investments and funding. However, in all these case
studies, public authorities never act completely unilaterally, rather, they
ensure alignment with bottom-up priorities.
This alignment can happen more or less spontaneously. For instance,

in the city of Izmir, Turkey, the government acknowledged social and
environmental struggles and directed municipal funding and in-
vestments towards sustainable practices (Özatağan and Karakaya Ayalp,
2021). Efforts from public agencies to establish more sustainable food
systems – based on organic production and consumption – were, since
their inception, envisioned in a way that involved local communities.
These efforts not only promoted the creation of local food production
cooperatives and raised awareness for consumers to choose how and
what they wished to consume, but also enacted specific laws to maintain
local authority on the territory (Özatağan and Karakaya Ayalp, 2021).
Sometimes, this involvement came later, as in the Irish case, where only
an initial failure in implementing sustainable legislation led top-down
actors to set up local services and local advisory (Moran et al., 2021).
As top-down efforts find anchorage and acceptance amongst bottom-

up processes, this leads to increased mobilisation, both at the political
and legal level (e.g., new sustainability policies) (Bui et al., 2016), and as
increasing bottom-up mobilisation, as in the case of Brazil, where initial
efforts by the public research institution (EMBRAPA) to take into ac-
count farmers’ needs and priorities led to broad technology legitimiza-
tion and uptake amongst farmers’ communities (Goulet, 2021). In all
cases, however, once collaborations were in place only then could
concrete progress towards sustainability be achieved (Bui et al., 2016;
Sartison and Artmann, 2020).

4.5. Transformation Alliances

Transformation Alliances (n = 9) emerge when challenges are
perceived (approximately at the same time) by both top-down and
bottom-up actors. Cognisant of the magnitude of the urgency of solving
those issues, these actors work together towards sustainability
(Sherwood et al., 2016; van den Berg et al., 2018). The key feature of this
type of interaction lies in the mutual efforts and responses of both actors
– top-down and bottom-up – to work and find solutions together.
For example, in Senegal, the Ecovillage movement for alternative

food systems was supported by public authorities’ efforts to ensure
Ecovillages can have access to solar power, seeds, infrastructure for
irrigation, and technical support (Ilieva and Hernandez, 2018).
Top-down actors set certain activities into place, such as research on
new technologies and subsidies to ensure uptake (Goulet, 2021).
Meanwhile, bottom-up actors generate locally specific knowledge to
successfully deploy these technologies, and mobilise a growing number
of farmers, communities, or consumers to shift towards greater sus-
tainability. For instance, in Ecuador, it was not sufficient that the gov-
ernment and research organisations develop new knowledge on
sustainable production methods – it was equally necessary that these
methods were tested and refined locally (Sherwood et al., 2016). Over
time, this process leads to increasingly joint priority setting, where
top-down actions for sustainability are informed by bottom-up needs
and vice versa. Policy changes, thus, become desired and championed by
policymakers and activists alike (Ilieva and Hernandez, 2018). In the
case of New York City, the success of community efforts to preserve
urban gardens and implement urban agriculture was “attributable to the
timely and effective reframing of the key issue at stake and […]on the
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mayoral agenda” (Ilieva and Hernandez, 2018).
Witnessing increasingly complementary roles, this type of interac-

tion opens the way for increased trust and coordinated actions towards
shared goals, and often leads to the establishment of much more dem-
ocratic and inclusive governance structures. Over time, this creates a
favourable cycle of “positive reinforcement” and continuous improve-
ment for a new (sustainable) food system, progressively supported
through intertwined top-down and bottom-up processes.

5. Discussion

5.1. A new heuristic of transformation processes

This systematic review reveals that food system transformation
processes can be initiated, and unfold, in many ways. Above, we iden-
tified several types of interactions describing different initial circum-
stances, roles and responses for a variety of top-down and bottom-up
processes. We showed how transformation processes may begin as in-
dependent efforts to address community-specific sustainability issues (as
seen in the Autonomous Bottom-Up pattern) or be driven by top-down
actors seeking solutions to broad societal challenges (as in the
community-engaged top-down type). Often, the level at which the issue
is perceived (for example; very locally versus nationally) determines
which actors respond and how. When the issue is very prominent locally
(Ravazzoli et al., 2019), the challenge is frequently tackled by
bottom-up actors. On the contrary, top-down can have a more proactive
role and deploy financial and political means to address the problem
when perceived as a regional or national priority (Sartison and Artmann,
2020). From this, a variety of responses, and ensuing developments can
be identified, exemplified through the different patterns of interactions.
This is a particularly important finding in light of the relative rigidity of
many transformation frameworks that might overlook different patterns
of interactions evolving over time. Food system transformation frame-
works may invertedly create a bias towards certain (bottom-up or

top-down) processes and their inherent value (McKercher and Moyle,
2025). In particular, until now, studies examining top-down led efforts
might have failed to fully appreciate possible emerging efforts of local
actors for sustainability (Moran et al., 2021). In contrast, studies
examining more bottom-up processes (many of which, in our selected
publications, drawing on theMLP framework) might have solely focused
on themerits of local actions for achieving change, and in doing so might
have failed to give due credit to public agencies undertakings for sus-
tainability (for example; R&D, funding).
This systematic review has shed light on the inadequacy of using

either bottom-up or top-down processes (and supporting narratives)
alone to achieve transformation. This finding contrasts with a number of
the polarised positions propagated in some of the literature (Stone et al.,
2024). Certainly, cases such as the Autonomous Bottom-Up type, do
show that locally, independent and community responses can success-
fully solve certain local-scale challenges. However, what all the types of
interactions illustrate is that the hybrid and complementary engagement
(either earlier or later on) of both actors in the process is crucial for
transformation and appears to be an essential ingredient in achieving
system level changes. Even in cases where bottom-up actors have an
essential role to play – for example, favouring the uptake of new prac-
tices, mobilising local communities, forming networks, and even
substituting for the state in proving services – without a top-down
endorsement of some kind, these effort on their own are insufficient to
yield system-level changes. Similarly, top-down actors can try to
implement critical actions for transformation, but without a strong
bottom-up backing, policies and interventions may fail to enrol the
broader participation needed for transformation.
The review demonstrates that no actor has the capabilities, alone, to

orchestrate all the interconnected changes - in technologies, infra-
structure, policies, patterns of behaviours and others (Conti et al.,
2021)– needed for transformation. The case studies do not showcase a
“completed” transformation as food systems have no final destination
and are in a continuous process of evolution and transformation (Conti,

Fig. 4. A new heuristic of how transformation processes commence, the initial responses and actor roles. Independent of whether challenges emerge within or
beyond the community, the transformation could unfold following multiple paths as represented in the figure.
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2023; Hall and Clark, 2010; Mausch et al., 2024). However, they do
report system changes and a shift towards a more sustainable direction
of food system development. The cases also indicate that this shift could
not be designed or implemented unilaterally by a single set of actors
(whether top-down or bottom-up).
This finding, while dismantling some existing dichotomies in the

literature as already described above, also helps consolidate a number of
existing lines of argument in the broader literature. For instance, the
innovation system literature suggests that transformation involves
“numerous alliances” amongst different stakeholders to integrate insti-
tutional and technological dimensions of the system innovation process
need for transformation to occur (Hall and Dijkman, 2019). Relatedly,
literature on mission-oriented innovation systems stresses the need to
engage diverse actor groups across governance levels in setting the
directionality of transformative change (Janssen et al., 2021; Klerkx and
Begemann, 2020). The food system governance literature emphasizes
the need for much more proactively fostering linkages between com-
munities, policymakers and academics as indispensable element for
(food) system change (Hammelman et al., 2020; Tschersich and Kok,
2022). Studies on the political economy of food systems have equally
identified a need for more collaborative approaches to disrupt dominant
foodscapes (Harris et al., 2019; Leach et al., 2007). Similarly, political
ecology and food system justice debates have highlighted the need for
equitable and democratic dialogue (Kaljonen et al., 2024; Moore and
Milkoreit, 2020), for instance implementing more learning-based and
synergistic efforts towards transformation, advocating for more “hori-
zontal” collaboration between top-down and bottom-up actors
(Anderson et al., 2019; León-Bravo et al., 2017).
Thus, the need for more collaborative democratic and multi-actor

processes to deliver sustainability is not new. However, this systematic
review consolidates this finding and moves it a step further by providing
a heuristic that enables a much deeper, if still schematic, understanding
of transformation actors and interactions (Fig. 4). This heuristic captures
the variety (i.e., types) and the hybridity (i.e., evolving and the different
interactions) of transformation processes, showing different “paths” that
the transformation process can take based on initial circumstances, re-
sponses and roles. This heuristic, while not to be considered amonolithic
and universally true representation of all possible interactions and
outcomes of top-down and bottom-up processes in transformation, is
however a useful representation of different and evolving trans-
formation pathways.
Constructing this new heuristic in is not simply a conceptual exer-

cise. Instead, the heuristic itself could help inform and guide insights and
decisions in empirical transformation processes. By looking at real-word
and ongoing transformation processes through the lens of the types of
interactions, more informed decisions could be made in terms of which
actors can do what and when more effectively. For example, recognising
that some issues are very local and can be better tackled by communities
themselves, public funding can be targeted and directed towards
building independent sustainability arenas that can quickly and with
relatively less resource deal with impending problems. In other cases,
top-down action may be impossible because of lack of resources, so
attention could instead be focused on promoting and supporting (for
example, through political endorsement) the action of a local NGO.
Reflecting on possible and “most viable” paths for transformation can
help think through possible actions that facilitate and accelerate these
different transformation paths.

5.2. From a debate about roles and collaboration to a debate about
context-relevant transformation functions

Another until-now ambiguous aspect of transformation processes,
already highlighted in the introduction, is a tension in terms of actors’
roles and responsibilities for achieving transformation. The review not
only reveals that actors often have complementary or hybrid roles for
achieving transformation. It also reveals that some (either top-down or

bottom-up) actors tend to play certain roles. Some roles can be played by
either top-down or bottom-up (for example, knowledge generation) and
certain roles can only be played jointly.
As illustrated in the different types of interactions, bottom-up actors

usually assume the role of generating and experimenting with locally
adapted innovations. This often happens relatively quickly when a
sustainability issue emerges, as compared to possible actions from top-
down actors. Even if these actions can be equally prompt (as in the
transformation alliance case) they might take a slightly longer timespan
to take effect – for example, even if funding for R&D is unlocked,
developing new and relevant technologies might still take time. Besides,
in almost all case studies, bottom-up actors have shown their compar-
ative advantage in building local trust and forming networks that
facilitate the mobilisation of farmers, consumers, and communities more
broadly, towards new patterns in production, not only locally, but also
regionally and nationally (Alberio and Moralli, 2021; Hatanaka, 2020;
Isgren and Ness, 2017).
Top-down actors perform a different set of equally important roles,

including de-risking experiments, for instance setting subsidies in place
for farmers to switch to different practices, or designing a mechanism
that protect producers from possibly volatile or competitive markets
(Rover et al., 2016). They can also facilitate access to new technologies,
and provide funding for these new technologies to be developed or
refined through formal R&D (often informed by locally acquired
knowledge (Goulet, 2021)). Public funding can also be provided directly
to local initiatives to support the experimentation process (Ravazzoli
et al., 2019). All these actions are, as shown in many case studies,
essential to ensure transformation processes can successfully endure.
Finally, certain roles require top-down and bottom-up actors to work

together. For example, top-down actors can help champion policy and
institutional change (Sartison and Artmann, 2020), but such policy
change is usually more effective when accompanied by equal support
from bottom-up actors (Moran et al., 2021). Simultaneously, setting
joint priorities (this can be both in terms of policy priorities, but also in
terms of action priorities) requires a top-down willingness to draw from
local knowledge, and bottom-up trust in the role of public agencies to
deliver the public good. In some instances, convening collaborations is
done more bottom-up (for example, in the case of Collaborative
Bottom-Up), whereas in other instances these collaborations are initi-
ated top-down (as in the Collaborative Top-Down case). However,
regardless of who initiates the collaboration, a willingness from both
sides is needed to see it to fruition.
Emerging from our analysis of the respective roles of top-down and

bottom-up actors are glimpses of system functions or capabilities that
are essential to different stages of the transformation process, and which
transcend the actions and roles of individual actors. Whereas the idea of
roles explored in this paper refers to the different behaviours and re-
sponsibilities that actors have in transformation, the idea of functions
shifts the focus to the broader system capabilities that need to be in place
to enable systemic changes in food systems. This aligns with the recent
calls to focus on the knowledge and capabilities needed to achieve food
system transformation (Oliver et al., 2021), including the need to put in
place institutional arrangements that support system reflexivity
(Mausch et al., 2024) and system scale direction setting (Hall and
Dijkman, 2019; Herrero et al., 2020). Here, these can be thought of as
“transformation functions” of a food system and are analogous to the
concept of functions of an innovation system as emergent capabilities of
the system rather than individual roles or activities (Hekkert et al.,
2007).
Some of these transformation functions may well fall along tradi-

tional role demarcation, such as the top-down function of setting
appropriate regulations and policies (Béné and Abdulai, 2024) or the
bottom-up function of filling the vacuum left by ineffective state action
(Rossi, 2017). Knowledge creation can be performed by formal R&D
process but equally valuable knowledge generation can be performed by
bottom-up actors (Lacoste et al., 2021; Reid et al., 2021). However, on
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closer inspection, who or how these functions are fulfilled seems less
important. Instead, ensuring that a particular function or multiple
functions are in place to enable transformation processes seems much
more pivotal. For example, a function of setting national directions for
food system transformation can be achieved through a variety of
top-down and bottom-up configurations and supporting institutional
arrangements. A function of developing learning and trust networks
across the food system could be initiated in a variety of ways depending
on an array of contextual factor. Either way, our case studies suggest that
both functions need to be in place to make progress towards food system
transformation.
Exhaustively identifying and defining what these transformation

functions might be is beyond the current analysis, but, clearly, this could
be a significant new avenue of research. However, two aspects stand out.
Firstly, focusing on functions allows an agnostic position to be taken on
how and by whom these functions are enacted. This helps avoid the
pitfalls of ideologically framed debates on the respective role of top-
down and bottom-up actors (El Bilali, 2019; Stone et al., 2024). Sec-
ondly, our cases that display close alignment between top-down and
bottom-up processes and actors seem to suggest that a synchronising
function is at play that enables joint priority setting planning, invest-
ment and action. As it has been found in the innovation studies literature
in relation to brokering and coordination function (Klerkx et al., 2009),
the apparent need for a synchronising function raises similar questions
around the costs and responsibilities for ensuring that this function is in
place. It is not possible to explore here the range and nature of trans-
formation functions and how they are enacted, but it is clearly a critical
enabler of systemic change processes and as such worthy of much deeper
investigation.

6. Conclusions: synchronising processes and functions - where
do we go from here?

The review has shed light on the processes initiating and intertwin-
ing in transformation, the roles of different actors in these processes, and
the types of interactions of different top-down and bottom-up in-
teractions can be drawn. We propose a new heuristic that could help
navigate different transformation paths in a way that is appropriate for
different initial and emerging circumstances. The discussion around the
actor roles instead demands a shift of attention towards the idea of
transformation functions. Moreover, if synchronisation is indeed a
critical transformation function as our case studies and other recent
studies (Conti et al., 2021, 2024a) suggest, how can this be enacted?
What are the costs, capabilities, responsibilities and organisational
configurations needed to perform this? And how does the synchronising
function interact with other transformation functions? Answering these
questions could go a long way in helping define the suites of actions
needed to strengthen the system capabilities needed to accelerate food
system transformation.
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sociale. J. Alp. Res. Rev. Géographie Alp. https://doi.org/10.4000/rga.6150.

Guthman, J., 2004. Agrarian Dreams: the Paradox of Organic Farming in California, first
ed. University of California Press.

Hajer, M., Nilsson, M., Raworth, K., Bakker, P., Berkhout, F., De Boer, Y., Rockström, J.,
Ludwig, K., Kok, M., 2015. Beyond cockpit-ism: four insights to enhance the
transformative potential of the sustainable development goals. Sustainability 7,
1651–1660. https://doi.org/10.3390/su7021651.

Hall, A., Clark, N., 2010. What do complex adaptive systems look like and what are the
implications for innovation policy? J. Int. Dev. 22, 308–324. https://doi.org/
10.1002/jid.1690.

Hall, A., Dijkman, J., 2019. Public Agricultural Research in an Era of Transformation :
the Challenge of Agri-Food System Innovation, 67–67.

Hall, A., Hays, R., 2021. Insights from International Innovation Support Programs: A
Conceptual Framework and Lessons from Experience. Canberra.

Hambloch, C., Mausch, K., Conti, C., Hall, A., 2022. Simple solutions for complex
problems? What is missing in agriculture for nutrition interventions. Food Secur.
https://doi.org/10.1007/s12571-022-01324-6.

Hammelman, C., Levkoe, C., Agyeman, J., Kharod, S., Faus, A.M., Munoz, E., Oliva, J.,
Wilson, A., 2020. Integrated food systems governance: scaling equitable and

transformative food initiatives through scholar-activist engagement. J. Agric. Food
Syst. Community Dev. 9, 71–86. https://doi.org/10.5304/jafscd.2020.092.003.

Harris, J., Anderson, M., Clément, C., Nisbett, N., Duncan, J., Levkoe, C.Z., Moragues-
Faus, A., Rocha, C., Gliessman, S., Friedmann, H., Howard, P.H., 2019. The Political
Economy of Food’ Gliessman et al. Agroecology and Food Sovereignty. IDS Bull. 50.
https://doi.org/10.19088/1968-2019.120.

Hatanaka, M., 2020. Beyond consuming ethically? Food citizens, governance, and
sustainability. J. Rural Stud. 77, 55–62. https://doi.org/10.1016/j.
jrurstud.2020.04.006.

Haxeltine, A., Wittmayer, J., Avelino, F., 2013. Transformative Social Innovations: A
Sustainability Transition Perspective on Social Innovation, Transformtive Social
Innovation: 16 A Sustainability Transitions Perspective on Social Innovation. Social
Frontiers.

Hebinck, A., Diercks, G., von Wirth, T., Beers, P.J., Barsties, L., Buchel, S., Greer, R., van
Steenbergen, F., Loorbach, D., Gijs Diercks, Timo Von Wirth, Beers, P.J., Barsties, L.,
Buchel, S., Greer, R., Frank Van Steenbergen, Loorbach, Derk, 2022. An actionable
understanding of societal transitions: the X-curve framework. Sustain. Sci. 17,
1009–1021.

Hekkert, M.P., Janssen, M.J., Wesseling, J.H., Negro, S.O., Kattel, R., Mazzucato, M.,
2020. Mission-oriented innovation systems. Environ. Innov. Soc. Transit. 34, 76–79.
https://doi.org/10.1016/j.eist.2019.11.011.

Hekkert, M.P., Suurs, R.A.A., Negro, S.O., Kuhlmann, S., Smits, R.E.H.M., 2007.
Functions of innovation systems: a new approach for analysing technological
change. Technol. Forecast. Soc. Change 74, 413–432. https://doi.org/10.1016/j.
techfore.2006.03.002.

Herrero, M., Thornton, P.K., Mason-D’Croz, D., Palmer, J., Benton, T.G., Bodirsky, B.L.,
Bogard, J.R., Hall, A., Lee, B., Nyborg, K., Pradhan, P., Bonnett, G.D., Bryan, B.A.,
Campbell, B.M., Christensen, S., Clark, M., Cook, M.T., de Boer, I.J.M., Downs, C.,
Dizyee, K., Folberth, C., Godde, C.M., Gerber, J.S., Grundy, M., Havlik, P., Jarvis, A.,
King, R., Loboguerrero, A.M., Lopes, M.A., McIntyre, C.L., Naylor, R., Navarro, J.,
Obersteiner, M., Parodi, A., Peoples, M.B., Pikaar, I., Popp, A., Rockström, J.,
Robertson, M.J., Smith, P., Stehfest, E., Swain, S.M., Valin, H., van Wijk, M., van
Zanten, H.H.E., Vermeulen, S., Vervoort, J., West, P.C., 2020. Innovation can
accelerate the transition towards a sustainable food system. Nat. Food 1, 266–272.
https://doi.org/10.1038/s43016-020-0074-1.

Holtkamp, C., 2023. Contested diffusion of transformative innovations. Micro- and
macrolevel social capital in South Tyrol. Sociol. Rural. 63, 20–44. https://doi.org/
10.1111/soru.12389.

Ilieva, R.T., Hernandez, A., 2018. Scaling-up sustainable development initiatives: a
comparative case study of agri-food system innovations in Brazil, New York, and
Senegal. Sustainability 10, 4057. https://doi.org/10.3390/su10114057.

IPES, 2017. Too big to feed Exploring the impacts of mega-mergers, consolidation and
concentration of power in the agri-food sector. Int. Pan. Expert Sustain. Food Syst.
Brussels https://www.ipes-food.org/_img/upload/files/Concentration_FullReport.
pdf.

Isgren, E., Ness, B., 2017. Agroecology to promote just sustainability transitions: analysis
of a civil society network in the rwenzori region, western Uganda. Sustain. Times 9,
1357. https://doi.org/10.3390/SU9081357, 9, 1357–1357.

Janssen, M.J., Torrens, J., Wesseling, J.H., Wanzenböck, I., 2021. The promises and
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transitions: a holistic evaluation framework. Environ. Innov. Soc. Transit. 52,
100885. https://doi.org/10.1016/j.eist.2024.100885.

Kalvelage, L., Hardie, C., Mausch, K., Conti, C., Hall, A., 2023. Inside-out strategic
coupling for smallholder market integration – mango production in Malawi as a test
case. Outlook Agric. 52, 174–185. https://doi.org/10.1177/00307270231179240.

Kanosvamhira, T.P., Tevera, D., 2024. Unveiling quiet activism: urban community
gardens as agents of food sovereignty. Geogr. Res. 62, 402–415. https://doi.org/
10.1111/1745-5871.12661.

Klerkx, L., Begemann, S., 2020. Supporting food systems transformation: the what, why,
who, where and how of mission-oriented agricultural innovation systems. Agric.
Syst. 184. https://doi.org/10.1016/j.agsy.2020.102901, 102901–102901.

Klerkx, L., Hall, A., Leeuwis, C., 2009. Strengthening Agricultural Innovation Capacity:
Are Innovation Brokers the Answer? Working Paper Series.

Klerkx, L., Turner, J., Percy, H., Klerkx, L., Turner, J., Navigating, H.P., 2022. Navigating
the rapids of agrifood systems transformation : reflections on Aotearoa New Zealand
’ s emerging mission-oriented agrifood innovation system Navigating the rapids of
agrifood systems transformation : reflections on Aotearoa New Zealand ’ s emer.
https://doi.org/10.1080/00779954.2022.2158489.

Kok, K.P.W., Klerkx, L., 2023. Addressing the politics of mission-oriented agricultural
innovation systems. Agric. Syst. 211. https://doi.org/10.1016/j.agsy.2023.103747,
103747–103747.

Kok, K.P.W., van der Meij, M.G., Wagner, P., Cesuroglu, T., Broerse, J.E.W., Regeer, B.J.,
2023. Exploring the practice of Labs for sustainable transformation: the challenge of
‘creating impact. J. Clean. Prod. 388. https://doi.org/10.1016/J.
JCLEPRO.2023.135994, 135994–135994.

Lacoste, M., Cook, S., McNee, M., Gale, D., Ingram, J., Bellon-Maurel, V., MacMillan, T.,
Sylvester-Bradley, R., Kindred, D., Bramley, R., Tremblay, N., Longchamps, L.,
Thompson, L., Ruiz, J., García, F.O., Maxwell, B., Griffin, T., Oberthür, T.,
Huyghe, C., Zhang, W., McNamara, J., Hall, A., 2021. On-Farm Experimentation to
transform global agriculture. Nat. Food 2021 31 (3), 11–18. https://doi.org/
10.1038/s43016-021-00424-4.

Leach, M., Bloom, G., Ely, A., Nightingale, P., Scoones, I., Shah, E., Smith, A., 2007.
Understanding Governance: Pathways to Sustainability, STEPS Working Paper 2.
Brighton, 9781858646510.

C. Conti et al. Global Food Security 44 (2025) 100833 

14 

https://doi.org/10.3390/su13116076
https://doi.org/10.3390/su13116076
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref16
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref16
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref16
https://doi.org/10.1080/03066150.2022.2129013
https://doi.org/10.1080/03066150.2022.2129013
https://doi.org/10.1002/(SICI)1099-1328(199906)11:4<597::AID-JID610>3.0.CO;2-Q
https://doi.org/10.1002/(SICI)1099-1328(199906)11:4<597::AID-JID610>3.0.CO;2-Q
https://doi.org/10.48683/1926.00115829
https://doi.org/10.48683/1926.00115829
https://doi.org/10.2139/ssrn.4980291
https://doi.org/10.1016/j.gfs.2023.100733
https://doi.org/10.1080/2157930X.2024.2347759
https://doi.org/10.1080/2157930X.2024.2347759
https://doi.org/10.1016/j.agsy.2024.104080
https://doi.org/10.1016/j.gfs.2021.100576
https://doi.org/10.1016/j.gfs.2021.100576
https://doi.org/10.1016/j.ecolecon.2021.107091
https://doi.org/10.1257/aer.98.2.95
https://doi.org/10.3390/AGRICULTURE9040074
https://doi.org/10.3390/AGRICULTURE9040074
https://doi.org/10.1038/s43247-024-01398-4
https://doi.org/10.1073/pnas.2022218118
https://doi.org/10.1073/pnas.2022218118
https://doi.org/10.1016/j.respol.2006.06.001
https://doi.org/10.1016/j.respol.2006.06.001
https://doi.org/10.1016/j.respol.2004.01.015
https://doi.org/10.1038/s43016-024-01108-5
https://doi.org/10.1111/joac.12059
https://doi.org/10.1016/j.techsoc.2021.101580
https://doi.org/10.1016/j.techsoc.2021.101580
https://doi.org/10.4000/rga.6150
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref37
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref37
https://doi.org/10.3390/su7021651
https://doi.org/10.1002/jid.1690
https://doi.org/10.1002/jid.1690
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref40
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref40
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref41
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref41
https://doi.org/10.1007/s12571-022-01324-6
https://doi.org/10.5304/jafscd.2020.092.003
https://doi.org/10.19088/1968-2019.120
https://doi.org/10.1016/j.jrurstud.2020.04.006
https://doi.org/10.1016/j.jrurstud.2020.04.006
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref46
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref46
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref46
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref46
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref47
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref47
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref47
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref47
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref47
https://doi.org/10.1016/j.eist.2019.11.011
https://doi.org/10.1016/j.techfore.2006.03.002
https://doi.org/10.1016/j.techfore.2006.03.002
https://doi.org/10.1038/s43016-020-0074-1
https://doi.org/10.1111/soru.12389
https://doi.org/10.1111/soru.12389
https://doi.org/10.3390/su10114057
https://www.ipes-food.org/_img/upload/files/Concentration_FullReport.pdf
https://www.ipes-food.org/_img/upload/files/Concentration_FullReport.pdf
https://doi.org/10.3390/SU9081357
https://doi.org/10.1093/scipol/scaa072
https://doi.org/10.1016/j.eist.2024.100885
https://doi.org/10.1177/00307270231179240
https://doi.org/10.1111/1745-5871.12661
https://doi.org/10.1111/1745-5871.12661
https://doi.org/10.1016/j.agsy.2020.102901
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref60
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref60
https://doi.org/10.1080/00779954.2022.2158489
https://doi.org/10.1016/j.agsy.2023.103747
https://doi.org/10.1016/J.JCLEPRO.2023.135994
https://doi.org/10.1016/J.JCLEPRO.2023.135994
https://doi.org/10.1038/s43016-021-00424-4
https://doi.org/10.1038/s43016-021-00424-4
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref65
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref65
http://refhub.elsevier.com/S2211-9124(25)00008-2/sref65


Leach, M., Rockström, J., Raskin, P., Scoones, I., Stirling, A.C., Smith, A., Thompson, J.,
Millstone, E., Ely, A., Arond, E., Folke, C., Olsson, P., 2012. Transforming innovation
for sustainability. Ecol. Soc. 17. https://doi.org/10.5751/ES-04933-170211.

León-Bravo, V., Caniato, F., Caridi, M., Johnsen, T., 2017. Collaboration for
sustainability in the food supply chain: a multi-stage study in Italy. Sustainability 9,
1253. https://doi.org/10.3390/su9071253.

Loeber, A.M.C., Kok, K.P.W., 2024. Exploring the functions of place-based intermediation
in the governance of sustainability transitions. Environ. Innov. Soc. Transit. 52,
100869. https://doi.org/10.1016/j.eist.2024.100869.

Mausch, K., Hall, A., Hambloch, C., Conti, C., Hauser, M., Abraham, S., Hammond, P.,
Moallemi, E.A., 2024. Embracing Uncertainty: Foundations of a Learning System for
Food Systems Transformation.

Mazzucato, M., 2018. Mission-Oriented Innovation Policies: Challenges and
Opportunities. Ind. Corp. Change. https://doi.org/10.1093/icc/dty034.

McKercher, B., Moyle, B., 2025. Beware of framework bias. Tour. Manag. 106, 104992.
https://doi.org/10.1016/j.tourman.2024.104992.

Međugorac, V., Schuitema, G., 2023. Why is bottom-up more acceptable than top-down?
A study on collective psychological ownership and place-technology fit in the Irish
Midlands. Energy Res. Social Sci. 96, 102924. https://doi.org/10.1016/j.
erss.2022.102924.

Melchior, I.C., Newig, J., 2021. Governing transitions towards sustainable
agriculture—taking stock of an emerging field of research. Sustain. Times 13, 1–27.
https://doi.org/10.3390/su13020528. Switz.

Moallemi, E., Miller, M., Szetey, K., Chakori, S., Palmer, J., Battaglia, M., Bryan, B.A.,
Gao, L., Hall, A., Leith, P., Raven, R., Reed, P.M., 2024. Entry Points for Accelerating
Transitions towards a More Sustainable Future.

Moallemi, E.A., Zare, F., Hebinck, A., Szetey, K., Molina-Perez, E., Zyngier, R.L.,
Hadjikakou, M., Kwakkel, J., Haasnoot, M., Miller, K.K., Groves, D.G., Leith, P.,
Bryan, B.A., 2023. Knowledge co-production for decision-making in human-natural
systems under uncertainty. Glob. Environ. Change 82, 102727. https://doi.org/
10.1016/j.gloenvcha.2023.102727.

Moher, D., Liberati, A., Tetzlaff, J., Altman, D.G., Altman, D., Antes, G., Atkins, D.,
Barbour, V., Barrowman, N., Berlin, J.A., Clark, J., Clarke, M., Cook, D., D’Amico, R.,
Deeks, J.J., Devereaux, P.J., Dickersin, K., Egger, M., Ernst, E., Gøtzsche, P.C.,
Grimshaw, J., Guyatt, G., Higgins, J., Ioannidis, J.P.A., Kleijnen, J., Lang, T.,
Magrini, N., McNamee, D., Moja, L., Mulrow, C., Napoli, M., Oxman, A., Pham, B.,
Rennie, D., Sampson, M., Schulz, K.F., Shekelle, P.G., Tovey, D., Tugwell, P., 2009.
Preferred reporting items for systematic reviews and meta-analyses: the PRISMA
statement. PLoS Med. https://doi.org/10.1371/journal.pmed.1000097.

Moore, M.-L., Milkoreit, M., 2020. Imagination and transformations to sustainable and
just futures. Elem. Sci. Anthr. 8, 81. https://doi.org/10.1525/elementa.2020.081.

Moran, J., Byrne, D., Carlier, J., Dunford, B., Finn, J.A., Ó hUallacháin, D., Sullivan, C.A.,
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