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Solution-oriented approaches are crucial for identifying the leverage points to promote sustainable management
of agricultural peatlands in Finland. This study used a living lab approach to co-create policy measures and actions
to mitigate and reduce greenhouse gas emissions from drained agricultural peatlands. This study contributed to
narrowing the gap between high-level sustainability ambitions and their practical implementation by demonstrat-
ing how a living lab can operationalise transdisciplinary collaboration in a contested land-use context. The living lab
required collaboration between different scientific domains and the wider society by including interdisciplinary sci-
entists and practitioners from outside academia. The living lab enabled mutual learning processes between science
and society to promote a shared understanding between science and society for the co-creation of acceptable so-
lutions and transition pathways. The dichotomy between the cultivation of drained peatlands for food production
and the urgent need to mitigate climate change by reducing greenhouse gas emissions could be solved by targeting
interventions or leverage points that can change mind sets and values regarding the importance of productive peat
fields in producing food to ensure food and nutrition security, farmers’ livelihood, and rural vitality in Finland. Re-
structuring agricultural policies in Finland as well as in the EU could be easier if there is a shared perception between
science and society that removing drained peat fields from cultivation would not threaten these key aspects. This
study revealed conditional openness among farmers to reduce cultivation on less productive peat soils if adequate
incentives are provided, therefore resistance to change is not absolute but closely tied to concerns over fairness,
livelihoods, and regional viability, thus highlighting the importance of just transition measures.

Key words: climate change, greenhouse gas emissions, food system, transdisciplinary collaboration, co-creation,
just transition

Introduction

Unsustainable development occurs when economic, social, environmental, and political systems are exploited in
ways that deplete resources, harm ecosystems, create inequalities, and jeopardise the well-being of present and
future generations (Kates et al. 2005, Rockstrom et al. 2009). Despite substantial attention to sustainability in sci-
ence and policy, societies are increasingly operating beyond safe planetary boundaries, partly because dominant
sustainability approaches have struggled to engage with the structural and socio-political root causes of unsustain-
able development (Abson et al. 2017). These root causes are complex, path-dependent, and deeply embedded in
existing production systems, underscoring the need for solution-oriented approaches for transformational change.

The Dasgupta Review calls for fundamental changes in how societies think, act, and measure economic success
in order to protect and enhance both human prosperity and the natural world (Dasgupta 2021). While such calls
for transformation are now widely recognised at policy level, there remains a persistent gap between high-level
sustainability ambitions and their translation into context-specific, socially acceptable practices on the ground.
Achieving transformative change requires robust and continuous commitment from actors at multiple levels.
Accordingly, sustainability science has increasingly emphasised the involvement of actors from outside academia
to integrate diverse forms of knowledge, reconcile values and preferences, and foster ownership of both prob-
lems and solution options (Walter et al. 2007, Lang et al. 2012, Lin 2023, Kayhko et al. 2025). The three primary
goals of sustainability science defined by Kates et al. (2001) — understanding nature—society interactions, steering
these interactions towards sustainability, and fostering social learning — remain only partially realised in practice.
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Transdisciplinary research is particularly relevant when knowledge is uncertain, problem framings are contested,
and the stakes are high (Pohl and Hirsch Hadorn 2008). These conditions are clearly present in the management
of peatlands drained for agricultural use (hereafter, agricultural peatlands), where scientific uncertainty persists
regarding the climate and ecological performance of alternative land-use pathways, societal problem framings
diverge between food production and climate change mitigation, and the stakes are high in terms of climate
targets, just transitions for rural communities, and long-term sustainability. Yet, despite growing recognition of
peatlands as critical for climate change mitigation (Humpendder et al. 2020, Strack et al. 2022), there is limited
empirical research on how transdisciplinary approaches can be operationalised in practice to reconcile these com-
peting objectives in concrete land-use and policy contexts.

Living labs have emerged as a state-of-the-art approach to research and innovation across several domains,
including agriculture; and they are designed to enable co-creation in real-life settings through multi-method
approaches and active multi-stakeholder participation (Cascone et al. 2024). A central feature of living labs is their
emphasis on mutual learning between science and society, whereby knowledge is co-produced through iterative
interaction among diverse stakeholders (Hakkarainen and Hyysalo 2013, Hossain et al. 2019). Although living labs
are increasingly promoted as promising platforms for sustainability transitions, empirical evidence on how such
mutual learning processes translate into policy-relevant and socially acceptable solutions in contested land-use
systems remains limited — particularly in relation to climate change mitigation measures that directly affect live-
lihoods and rural land-use practices. This challenge is especially pronounced in the use of agricultural peatlands,
where efforts to reduce greenhouse gas (GHG) emissions often require fundamental changes in land management
with significant implications for farmers and rural communities. Thus, beyond the broader need to operationalise
transdisciplinary approaches, there is a need to better understand how mutual learning processes shape the co-
production, negotiation, and implementation of sustainability interventions in practice. This represents a critical
research gap, as the effectiveness and legitimacy of sustainability interventions depend not only on their techni-
cal performance but also on their social acceptability and governance feasibility.

The use of carbon-rich peatlands constitutes a particularly pressing sustainability challenge (Vasander et al. 2003,
Temmink et al. 2023). Extensive drainage for agriculture, forestry, and peat extraction has resulted in substantial
anthropogenic GHG emissions, estimated globally at 119—232 Mt carbon dioxide equivalents (CO,eq.) in 2023, with
agricultural use generating the highest emissions per unit area (van Giersbergen et al. 2025). In Finland, approxi-
mately 342 000 hectares of drained peatland under cropland or grassland were estimated to emit 9.8 Mt CO,eq.
from agricultural production, making peatland cultivation the largest source of emissions within the Agriculture
and Land Use, Land-Use Change and Forestry (LULUCF) sectors (Statistics Finland 2025). Beyond climate impacts,
peatland drainage has contributed to biodiversity loss, increased nutrient loading to ground and surface waters,
elevated flood risks, and land subsidence (Maljanen et al. 2010, Bonn et al. 2016, Minayeva et al. 2017, Ikkala et
al. 2021, Koivunen et al. 2023). Although the biophysical rationale for protecting and restoring peatlands is well
established, far less is known about how socially acceptable transition pathways can be co-developed with land
users and other stakeholders in agricultural peatland contexts, where land-use change directly affects food pro-
duction, rural livelihoods, and local identities.

These challenges are closely intertwined with questions of justice in sustainability transitions. Lonkila et al. (2024)
highlight that making the transition fair requires going beyond simply compensating losses, but also about deal-
ing with the underlying inequalities that already exist. In the agricultural context, Puupponen et al. (2022) show
that Finnish dairy farmers are concerned about potential restrictions on the use of agricultural peatlands, which
are often perceived as distributionally unjust since farmers typically have limited choice over the location of their
farms and the soil types of their fields. Moreover, constraints on cultivation methods and production lines may
threaten livelihoods and undermine past investments. These concerns are echoed in broader discussions among
Finnish food system stakeholders, who additionally emphasise the importance of food security, the diversity of
farming systems, and the need to ensure that farmers’ perspectives are meaningfully included in decision-making
processes (Huttunen et al. 2024). Together, these findings underscore that mutual learning processes can serve as
critical arenas in which questions of fairness, responsibility, and legitimacy are actively negotiated.

In Finland, peatland use has deep historical roots, supported by long-standing subsidy schemes and regulatory
frameworks aimed at converting “unproductive” land into productive and prosperous landscapes (Lampela et al.
2026). While public awareness and policy support for peatland restoration are increasing, including through up-
dated national policies and the EU Nature Restoration Law, stakeholder consensus on how to implement these
goals in agricultural peatlands remains limited (Tolvanen et al. 2013, Sommer and Frank 2024, Lampela et al.
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2026). This creates a concrete governance problem: ambitious climate and biodiversity targets exist, but there is
a lack of practically grounded, co-created policy instruments and implementation pathways that are perceived as
legitimate and feasible by farmers and local communities. Addressing this gap requires not only transdisciplinary
engagement, but also carefully designed processes of mutual learning that can translate diverse forms of knowl-
edge and values into actionable and context-sensitive policy measures.

Against this backdrop, the objective of this study was to apply a living lab approach to co-create policy measures
and actions to mitigate and reduce GHG gas emissions from agricultural peatlands through transdisciplinary
collaboration between actors from science and society. This study further adopted a leverage points approach to
identify key intervention points within the food system, with a particular focus on deep and transformational leverage
points related to how knowledge is produced, shared, and used in sustainability transitions. Specifically, this study
addressed two research questions: RQ1 — how a living lab operationalises transdisciplinary collaboration between
science and society for reducing GHG emissions from agricultural peatlands in Finland; and RQ2 — how different
stakeholders frame the trade-offs between food production, rural livelihoods, and climate change mitigation.

The living lab brought together farmers, local community members, scientists, government representatives,
private companies, and non-governmental organisations (NGOs). Farmers and local communities were considered
key stakeholders, as changes in farming practices and land management are central to reducing GHG emissions
from agricultural peatlands and require local legitimacy to be socially viable. The living lab explicitly facilitated
mutual learning processes between science and society, enabling iterative knowledge exchange, joint problem
framing, and the co-development of socially acceptable solutions. Through these mutual learning processes, this
study attempted to foster a shared understanding of trade-offs and synergies, while identifying incentives from
both public and private sectors to support the implementation of feasible policy measures. Ultimately, this study
sought to promote three principal outcomes for the food system: (i) food and nutrition security, (ii) livelihoods
and fair incomes, and (iii) environmental sustainability together with climate change mitigation.

Material and methods
The transdisciplinary research process of the living lab

The transdisciplinary approach integrates multiple scientific disciplines around shared societal problems and ac-
tively involves practitioners from outside academia to steer the food system towards more sustainable pathways,
requiring collaboration across scientific domains and engagement with the wider society (Herrero et al. 2019,
Lang et al. 2012, Brandt et al. 2013). Figure 1 illustrates how this transdisciplinary research process was opera-
tionalised in the living lab.

Transdisciplinarity is defined as a reflexive, integrative, and method-driven scientific principle that simultaneously
addresses societal challenges and interconnected scientific problems by integrating knowledge from diverse so-
cietal actors and multiple scientific disciplines (Lang et al. 2012). In this study, the central societal problem is the
drainage of peatlands for agricultural food production, which generates substantial greenhouse gas emissions and
accelerates climate change, while the corresponding scientific problem concerns knowledge gaps and uncertain-
ties related to the role of drained peatlands in climate change mitigation (see Figure 1). The main engagement
arena comprised of farmers and local community members collaborating with interdisciplinary researchers from
the natural sciences (peatland and soil sciences) and the social sciences (economics, political science, sociology,
and communication studies).

The transdisciplinary research process (see Figure 1) relies on mutual learning between science and society em-
bedded in societal and scientific discourses that sought to integrate societal and scientific pathways (Lang et al.
2012) to address: (1) limited understanding of peatlands’ role in climate change mitigation; (2) divergent percep-
tions among farmers, local communities, government representatives, private companies, and NGOs regarding
the importance of peatlands; (3) limited communication between natural and social scientists; (4) differing inter-
pretations of on-site GHG emission studies; and (5) challenges in aligning scientific findings with practical knowl-
edge. The living lab enabled capacity building and mutual learning among researchers and non-academic actors to
co-create solution-oriented, socially robust, and transferable knowledge, fostering shared understanding among
food system actors to support substantial reductions in GHG emissions from agricultural peatlands.

The Living Lab Integrative Process (Zimmermann et al. 2023) was used to co-create the “problem space” and sub-
sequently the “solution space” through participatory problem framing and team building (e.g. selecting land-use
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practices, integrating stakeholders, identifying barriers), followed by co-designing solutions, examining interven-
tions, and evaluating policy measures to reduce GHG emissions from agricultural peatlands. The goal was to en-
able the identification of leverage points to promote food system transformation for sustainable management of
agricultural peatlands in Finland (see Figure 1).

Transdisciplinary research process

Societal practice Living Lab Scientific practice

Societal problem
Draining peatlands
for agriculture
Specific actors
Farmers and local

Societal &
scientific
engagement
Problem framing &

Problem space

1) Select practice
2) Integrate
stakeholders

3) Uncover barriers

Scientific problem
Knowledge gaps
related to
peatlands for
climate change
mitigation

Team building

community Multidisciplinary

issue
Natural & social
scientists

oriented 2) Interventions
transferable 3) Evaluate

* .
knowledge performance Natural science
*Social science

*On-site

*Farmers Scientific discourse
*Local community
*Government
representatives
g . !
Private companies experiments

*NGOs *Practical

*Consumers X i knowledge
Leverage points for food system transformation OWIEES

Fig. 1. Transdisciplinary research process via a living lab to identify the leverage points for food system
transformation (adapted from Lang et al. 2012 and Zimmermann et al. 2023)

Actor specific Co-creation of Solution space
societal discourse solution- 1) Co-design

Meadows (1999) identified a hierarchy of twelve leverage points, where shallow interventions are relatively easy
to implement but bring only minor changes to a system, meanwhile deep leverage points may be difficult to ac-
complish but more likely to cause transformational changes in a system. Abson et al. (2017) aggregated Meadows’
twelve leverage points equally into four broad types of system characteristics — parameters, feedbacks, design,
and intent — from the shallowest to the deepest, whereby the capacity of the leverage point to affect change is
constrained by its hierarchy in the system. Subsequently, shallow leverage points are potentially constrained or
structured by deep leverage points. The paradigms, mind sets, and values (i.e. intent for food and nutrition secu-
rity) in the food system are essential in shaping the institutions of the food system (i.e. design of the EU Common
Agricultural Policy). The institutions in the food system would determine the characteristics and strength of the
feedback loops in the system (e.g., “greening” requirements where farmers must follow specific environmental
practices to receive full direct payments). The intent, design, and feedback loops shape the parameters for in-
terventions to adjust behaviour in sustainable land-use management. Understanding the interactions and power
dynamics between deep and shallow leverage points is crucial in solving sustainability issues in the food system.
Deep leverage points hold more transformative power but face greater resistance, while shallow leverage points
are easier to manipulate but often reinforce existing power structures.

Design of the living lab

Living labs are designed to address complex issues involving diverse stakeholders in real-life environments from
different backgrounds and disciplines focusing on the iterative process of co-developing solutions, including test-
ing and validating sustainability initiatives (Niitamo et al. 2006, Dell’Era et al. 2019, Hossain et al. 2019). The cul-
tivation of drained peatlands for food production is a complex and politically driven issue in Finland (Huan-Niemi
et al. 2023), therefore a living lab was used for co-creating policy measures that account for local, regional, and
national needs to mitigate GHG emissions from agricultural peatlands. The interventions for reducing GHG emis-
sions from agricultural peatlands in Finland may be easier if regions with lower share of agricultural peatlands are
targeted first, and agriculture is not the main source of income for the local community (Huan-Niemi et al. 2023).
Therefore, the research and evaluation of the living lab was implemented in Nurmes (Valtimo), located at the North
Karelia region (eastern part) of Finland, because Nurmes has a lower share of agricultural peatlands compared
to the western and northern part of Finland. Furthermore, Nurmes has a substantial proportion of pensioners;
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consequently, acquiring agricultural land for farm expansion is not a pressing issue as farmland is available due
to retiring farmers (Simola 2024). Two mentors, retired farmers who are active in the local community, were re-
cruited to the living lab for guidance and advice dealing with farming and the local community in Nurmes. The
farmers and local community members in Nurmes were recruited by the mentors for the semi-structured inter-
views conducted in the living lab. The mentors brought trust and reliability among farmers and local community
members in Nurmes as well as practical and local knowledge to the living lab.

This study was continuing the first stage (first three years of a 6-year research project) of the research (Phase 1:
see Figure 2) to produce action-oriented knowledge for sustainable management of peat soils in Finnish agricul-
ture, whereby the research results were published in Huan-Niemi et al. (2023). In the first stage (Phasel), action-
oriented knowledge emerged when integrated ways were utilised with various kinds of knowledge involved in the
shared design/co-creation of solutions needed for sustainable management of agricultural peatlands (Caniglia et
al. 2021). Action-oriented knowledge could promote critical actions to significantly reduce GHG emissions from ag-
ricultural peatlands by identifying and defining incentives from both the public and private sectors in Finland. The
research results from Phase 1 (Huan-Niemi et al. 2023) indicated that an iterative research process was not suffi-
cient to transform the food system towards sustainability, hence a deliberative research process would be needed
to engage the most affected stakeholders (farmers) together with local communities and other actors in the food
system in a practical, meaningful, and collaborative way. The iterative research process (Huan-Niemi et al. 2023)
was continuously refining and improving the research approach, methodology, findings based on feedback, new
insights, results obtained in previous cycles to ensure that the research was rigorous, thorough, and continuously
aligned with its objectives (see Appendix 1). The deliberative research process (Burchardt 2014) was enabling the
integration of knowledge from researchers and stakeholders in a collaborative transdisciplinary undertaking aim-
ing at a mutual learning process as well as to increase the legitimacy and acceptance of solutions (see Appendix 2).

In Figure 2, the blue arrows represented the iterative process of planning of the activity, observing and evaluating
the data collected from the activity, reflecting on the results of the activity, and back to planning the next activity
after in-depth analysis (horizontal line of the diagram in Figure 2). The co-created information/knowledge after
in-depth analysis was channelled to each living lab activity to serve as the background and base information for
the conducted living lab activities: semi-structured interviews, focus group discussions, and different workshops.
The grey arrows were to show that the previous activities served as a base for the next activity of the living lab
after the deliberative research process to enable the integration of knowledge from researchers and stakehold-
ers via mutual learning processes. The intention was to find policy-relevant and socially acceptable solutions in
contested land-use systems — particularly in relation to climate change mitigation measures that directly affect
livelihoods and rural land-use practices.

Action‘ Research

results from

oriented Future Phase 1 ; _s,et.luz :
Path iving lab in

research s e
with

feedback In-depth

Incentive analysis Semi-

Worksho structured
IOOpS . interviews

Focus Group Focus Group
Discussion 2 h Vision Discussion 1
Workshop ’

Fig. 2. Action-oriented research via a living lab (adapted from Huan-Niemi et al. 2023)
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The living lab was set-up to incorporate the deliberative research process to promote mutual learning among di-
verse stakeholders from the food system under the second stage (following three years of a 6-year research pro-
ject) of the research (Phase 2: see Figure 2). The living lab activities were implemented in a 3-year period and
supported by informational feedback loops from semi-structured interviews, focus group discussions, workshops
as well as the in-depth analysis of the conducted activities (see Figure 2). The living lab activities were to facilitate
mutual learning processes between science and society to enable iterative knowledge exchange, joint problem
framing, and the co-creation of policy-relevant knowledge and socially acceptable measures to mitigate and re-
duce GHG emissions from agricultural peatlands in Finland.

The living lab created a transdisciplinary, real-life platform for continuous interaction among diverse food system
actors such as farmers, local community members, scientists, government representatives, private companies,
and NGOs. The different actors’ participation in the living lab activities was based on informed consent. According
to the Finnish National Board for Research Integrity, no ethical review was needed because the participation was
informed, voluntary, not addressing sensitive issues of minority groups, and would not harm the participants. In
addition, the personal data and details of the participants were kept anonymous as well as all living lab activities
adhered strictly to the rules of the General Data Protection Regulation (GDPR).

The living lab activities
Design and interpretation of the semi-structured interviews

The interviews were executed to collect essential background and base information for developing a shared
understanding among relevant actors in the food system and finding important policy measures as well as incen-
tives to mitigate/reduce GHG emissions from agricultural peatlands. The interviews (a combination of thematic
and narrative interviews) were conducted with nearly fifty stakeholders (see Appendix 3) from the local, regional,
and national levels consisting of farmers (n=10), local community members (n=11), government representatives
(n=10), private companies (n=11), and NGOs (n=7). The stakeholders were interviewed on the issue of cultivating
peatlands in Finland for food production and the urgent need to mitigate climate change by reducing GHG emis-
sions. All interviews were recorded and transcribed for further analysis by the researchers in the living lab. The
thoughts and views from consumers were conveyed by private companies (food companies and retailers) who
have interactions with consumers.

The transcripts from the interviews were analysed using qualitative content analysis to extract and synthesise
stakeholders’ perceptions of peatland cultivation and sustainable management as well as to inform the design of
the workshop processes and focus group discussion. For the interviews with farmers and local community mem-
bers, the analysis focused on the meanings attached to peatlands, current peatland uses, and views on potential
solutions for reducing GHG emissions from peatlands in the Nurmes context. Interviews with government repre-
sentatives centred on interpretations of the role and value of peatlands and on perceptions of the potential and
importance of reducing GHG emissions at the national level. In the interviews with private companies and NGOs,
the analysis examined meanings attributed to peatlands, actions already implemented or envisioned, and percep-
tions of the roles of their respective organisations and sectors in reducing GHG emissions from peatlands. Inter-
views with farmers and local community members lasted between an hour and 2.5 hours, while interviews with
government representatives, private companies, and NGOs lasted between 30 minutes and one hour.

Design of the focus group discussions

The need for more information instigated the focus group discussions with peatland scientists from Nordic and
Baltic countries. The semi-structured interviews demonstrated that there was a need to explore and assess the
available measures for mitigating/reducing GHG emissions from agricultural peatlands. Therefore, peatland
scientists from Nordic and Baltic countries with similar or quite similar climatic conditions (boreal or hemi-boreal
region) were invited to the first focus group discussion for exploring and assessing the different measures for miti-
gating/reducing GHG emissions from agricultural peatlands along with the impact on water quality and biodiver-
sity. The measures for mitigating/reducing GHG emissions encompassed a range of general management options
proposed in both public and scientific forums. There were altogether nine participants in the focus group discussion
from Finland (n=2), Sweden (n=2), Latvia (n=2), Estonia (n=2), and Lithuania (n=1) along with a moderator and co-
moderator from Finland. A Menti poll was conducted to rank the explored measures according to the participants’
opinions on the effectiveness of the list of measures for reducing GHG emissions, their impact on water quality,
and their impact on biodiversity over a 20-year time scale.
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The same peatland scientists, who had participated in the first focus group discussion, were invited to the second
focus group discussion (refinement of the research question, methodology, and approach) to concentrate only on
GHG emissions from agricultural peatlands. To facilitate the discussion, the peatland scientists compiled estimates
of GHG emission factor from soils (measured in tons of CO, equivalents per hectare per year) for combined carbon
dioxide (CO,), methane (CH,), and nitrous oxide (N,O) emissions from agricultural peatlands across various man-
agement options in boreal and temperate climate zones (the emission factors are presented in the Results section
for focus group discussions). Many of the estimates for the emission factor were derived from the Tier 1 category
of the Intergovernmental Panel on Climate Change (IPCC) reporting framework (IPCC 2014). If available, the peat-
land scientists incorporated estimates from recent scientific literature that addressed management practices not
encompassed within the IPCC framework. Therefore, consensus was required from all participants on the ranking
of the different measures according to emissions factors (refer to the Results section: Table 2).

Furthermore, the ranking of different measures for agricultural peatlands also take into account their feasibility
and ease of implementation by farmers and local community members (results from the Vision workshop de-
scribed below) because in the first focus group discussion, peatland scientists requested specific feedback con-
cerning the feasibility and ease of implementation at the farm level. There were altogether five participants in
the second focus group discussion from Finland (n=1), Sweden (n=1), Latvia (n=1), Estonia (n=1), and Lithuania
(n=1) along with a moderator and co-moderator from Finland. The second focus group was smaller to facilitate
debate and in-depth discussions on the scientific evidence for each discussed measure to mitigate/reduce GHG
emissions from agricultural peatlands. Both focus group discussions were recorded and transcribed for further
analysis by the moderators.

Design of the Vision Workshop

The aim of the workshop was to provide more information and set a base for understanding the role of peatlands
in addressing climate change together with sustainable management of peat fields at the farm and local level. The
interviewed farmers (together with their spouses) and local community members were invited to the Vision Work-
shop organised onsite in Nurmes. There were twenty-six participants in the workshop consisting of natural and
social scientists (n=8), farmers (n=8), and local community members (n=10). The ranking of the different measures
to reduce GHG emissions from agricultural peatlands (refer to the Results section: Table 2) by peatland scientists
in the first focus group discussion was explained and discussed in the workshop in addition to providing specific
information on the agricultural peatlands in Nurmes. Furthermore, results from the interviews with farmers and
local community members were discussed, thus questions raised in the interviews were answered in the workshop.
The main goal was to build a shared understanding on peatlands not only among farmers and local community
members, but also among the multidisciplinary scientists. Finally, a Menti poll was administered (only for farmers
and local community members) to rank the different measures for agricultural peatlands according to their fea-
sibility and ease of implementation on farm along with their preferences for future management of peat fields.

Design of the Incentive Workshop

The objective of the workshop was to bring together actors from public and private sectors to reflect on their role
in sustainable management of peatlands as well as to jointly co-create solutions and policy actions that could
achieve significant reductions in GHG emissions from agricultural peatlands. The interviewed representatives from
governmental organisations, private companies, and NGOs were invited to the Incentive Workshop that was held
onsite in Helsinki. There were twenty-three participants in the workshop consisting of natural and social scientists
(n=9), government representatives (n=7), private companies (n=4), and NGOs (n=3). The workshop served as a
forum for discussing the stakeholders’ views on using peatlands for food production along with the crucial need
to mitigate climate change by reducing GHG emissions. Relevant information regarding GHG emissions from ag-
ricultural peatlands was shared in addition to the polling results and reasons behind the rankings of measures to
mitigate GHG emissions from agricultural peatlands by scientists (according to scientific evidence) versus farmers
and local community members (according to feasibility and ease of implementation on farm).

Design of the Future Pathways Workshop

The goal of the workshop was to collaboratively identify incentives from both the public and private sectors in
Finland as well as to develop a shared understanding between relevant actors in the food system for creating
actions and related policy measures to significantly reduce GHG emissions from agricultural peatlands. The work-
shop built on prior workshops held in Nurmes (Vision Workshop) and Helsinki (Incentive Workshop) as well as
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the conducted interviews. All interviewed stakeholders were invited to the Future Pathways Workshop organised
onsite simultaneously in Nurmes and Helsinki as well as online via Microsoft Teams. Farmers and local community
members along with one scientist (as the moderator) attended the workshop held onsite in Nurmes whereby on-
line participation was also possible. Scientists, government representatives, and private companies attended the
workshop held onsite in Helsinki with online participation as well. The workshops in Nurmes and Helsinki were
connected through video conferencing between the two sites via Microsoft Teams. There were twenty-eight par-
ticipants in the workshop consisting of natural and social scientists (n=10), farmers (n=4), and local community
members (n=5), government representatives (n=6), and private companies (n=3). The participants both onsite
and online formulated future pathways for agricultural peatlands by using the Backcasting method to foresee the
future along with the necessary steps to determine current and viable actions for sustainable management of ag-
ricultural peatlands in Finland.

The steps for the Backcasting method were: 1) set the vision for 2050; 2) established a timeline; 3) worked back-
ward to determine the critical milestones needed at different timeline to reach the goals; 4) analysed feasibility
and acceptability of the proposed actions and policies; and 5) created an action plan or concrete steps to take ac-
tions in the near-term. Backcasting is a strategic planning method that starts by defining a desirable future goal and
works backward to the present to identify the necessary steps, actions, and policy changes required to achieve it.
Unlike forecasting, which projects current trends forward, the Backcasting method is used for complex, long-term
challenges where transformative change is needed. Backcasting is particularly effective in situations where the
current trend is not leading to a desirable future, especially concerning real-world peatland governance in Finland.

Results

The results from the conducted living lab activities addressed two research questions (RQ1 and RQ2) by showing
how the living lab operationalised transdisciplinary collaboration between science and society for reducing GHG
emissions from agricultural peatlands in Finland (RQ1) as well as unveiling how different stakeholders framed the
trade-offs between food production, rural livelihoods, and climate change mitigation (RQ2). Results from the liv-
ing lab generated empirical insights into mutual learning processes and the co-production of knowledge in a real-
world peatland governance context.

The living lab implemented transdisciplinary collaboration between science and society by creating an iterative,
real-life platform for the co-creation of policy-relevant knowledge and socially acceptable measures to mitigate
GHG emissions from agricultural peatlands in Finland (RQ1). In contrast to a conventional case study, which pri-
marily documents and analyses a predefined situation, the living lab enabled continuous interaction, experimenta-
tion, and feedback between farmers, local community members, scientists, policymakers, private companies, and
NGOs. Through semi-structured interviews, focus group discussions, and successive workshops, scientific knowl-
edge on emission factors and mitigation potentials was integrated with local and farmers’ knowledge on farming
practices, economic constraints, and social acceptability. The two-step prioritisation of sustainable measures for
peatland management — first by farmers and local community members based on feasibility and ease of imple-
mentation, and subsequently by peatland scientists based on mitigation effectiveness — demonstrated how the
living lab facilitated reciprocal learning and the co-production of actionable knowledge. The process further led to
the co-identification of public and private incentives necessary for translating abstract climate goals into context-
sensitive and practically feasible policy options.

Diverse actors in the food system (participants of the living lab) framed the trade-offs between food production,
rural livelihoods, and climate change mitigation in distinct but partially overlapping ways (RQ2). Farmers and lo-
cal community members emphasised farm-level feasibility, income security, and the continuity of local food pro-
duction, while peatland scientists prioritised mitigation potential and ecological effectiveness, and concurrently
policymakers and private actors highlighted regulatory feasibility and incentive structures. Initially divergent prob-
lem framings were progressively aligned through deliberative dialogue, as the participants of the living lab gained
insight into each other’s constraints, values, and knowledge bases. Building on earlier living lab activities, the last
workshop enabled participants to jointly articulate long-term sustainability goals for 2050, co-create policy meas-
ures and incentive systems for 2035, and define near-term actions. This forward-looking, pathway-oriented co-
creation process helped stakeholders collectively frame the complex challenge of using drained peatlands for food
production and identify acceptable transition pathways for reducing GHG emissions from agricultural peatlands.
Overall, the living lab induced mutual learning between interdisciplinary scientists and actors from outside aca-
demia to produce a coherent, stakeholder-endorsed framework for the sustainable management of agricultural
peatlands in Finland — outcomes that extend beyond what a conventional case study approach could achieve.
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Semi-structured interviews

Table 1 is showing the list of seven agreements together with the two different perspectives among the diverse
food system actors interviewed in the living lab. The most important agreement (based on the authors’ interpreta-
tion) is to cease the clearance and drainage of peatlands for agriculture as well as the willingness to remove thick
peat fields (i.e., fields with thick organic soil layer) from cultivation for environmental sustainability and climate
change mitigation. Policy measures aimed at reducing GHG emissions in Finland from agricultural peatlands may
be easier in areas where there are less peat fields and agriculture is not the main source of income for the local
community (i.e. Nurmes). Farmers and local community members in Nurmes support no more clearing and drain-
age of peatlands for agricultural use because acquiring agricultural land for farm expansion is not a pressing issue
as well as farmland is available due to retiring farmers in Nurmes. The interviewed stakeholders would target pri-
marily fields with thick peatlands and low yields for afforestation and restoration instead of productive peat fields
that are cultivated. Furthermore, a land exchange system for farmers would be needed to provide fields with min-
eral soils for cultivation in exchange for peat fields earmarked for afforestation and restoration.

Table 1. The list of common understandings along with different perspectives and views among the interviewed actors in the food system

Local Private
Agreement among actors in the food system Farmers community Government companies &
members representatives NGOs
1) Importance of agriculture: producing food, ensuring farmers’
livelihoods, maintaining farm and rural vitality, and preserving
cultural landscapes. v v v v
2) Primarily target fields with thick peatlands and low yields by
removing these fields from cultivation as well as restoring or
afforesting these fields. v v v v
3) No more clearing of peatlands for cultivation or agricultural
use. v 4 4 v
4) There is a lot of uncertainty and lack of information, and
more research is needed. v v v v
5) Land exchange system to provide fields with mineral soils
for farmers in need of exchanging peatlands from cultivation. v v v v
6) There is no political will to solve the issue of peatlands in
cultivation. v v v v
7) The costs of reducing emissions from peatlands cannot be
compensated through the market. 4 4 v v
Local Private
Different perspectives among food system actors Farmers community Government companies &
members representatives NGOs

1) The removal of peatlands from cultivation does not jeo-
pardize Finland’s food security and is not significant for the X X v v
national economy.

2) The huge role of peatlands in GHG emissions, and the strong

X X v v
pressure on agriculture to reduce GHG emissions.

Relevant to livelihoods & fair income, stakeholders emphasised on the importance of agriculture to ensure the
livelihoods of farmers along with maintaining farm and rural vitality. All interviewed stakeholders have the per-
ception that agriculture is significant for producing food, ensuring farmers’ livelihoods, maintaining farm and ru-
ral vitality, and preserving cultural landscapes. At the same time, interviews from the private sector indicated that
the market system has the potential to change the current food system; specifically, private companies’ own cli-
mate goals and the EU legislation on corporate responsibility and sustainability reporting that induce motivation
to limit GHG emissions in supply chains. Consequently, changes in the procurement criteria of large food com-
panies could have significant impact on the food supply chain. Actors from the food companies explained that
there are indications of companies’ reluctance to purchase food products with large carbon footprint caused by
drained peatlands. The implementation of the EU taxonomy regulation could accelerate the ‘green transition’ of
the finance sector, hence affecting the economic viability of farms with peat fields. The market-driven transforma-
tion may prohibit a just transition for farmers and local communities with high shares of agricultural peatlands.
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Moreover, all groups of interviewed stakeholders believe that there is no political will in Finland to solve the issue
of peatlands in cultivation even though drained peatlands are a significant source of GHG emissions and a con-
tributing force to climate change. Actors from the private sector and NGOs indicated that they have been so far
reluctant to take leadership in issues connected to peatlands and independently take actions, especially for coop-
erative based food companies. Additionally, the interviewed stakeholders have different perspectives on the role
of cultivating peatlands in Finland to preserve food & nutrition security (see Table 1). Farmers and local commu-
nity members gave the impression that peatlands should not have a strong role in agriculture for climate change
mitigation because peatlands are needed for food production in Finland, and they do not agree to remove pro-
ductive peat fields from cultivation; however, they agree to target and remove fields with thick peat soils and low
yields from cultivation by restoring or afforesting these peat fields. All interviewed stakeholders agreed that there
is a lot of uncertainty and lack of information related to peatlands (including the magnitude of GHG emissions
from drained peatlands) and more research is needed. Currently, the costs of reducing emissions from peatlands
cannot be entirely compensated through the market system due to the lack of information and uncertainty in the
compensations systems.

Focus group discussions

The first focus group discussion revealed more concrete information on the available and effective measures for
sustainable management of agricultural peatlands because based on the results from the semi-structured inter-
views, the actors of the food system wanted additional information on the available measures for peatlands. The
second focus group discussion provided in-depth information on the ranking of these measures according to the
estimated emission factors as well as ease of implementation at the farm level together with acceptance of local
community (see Table 2).

Table 2. Ranking results (from 1-9, 1 being the most preferred) from the focus group discussions with peatland scientists, concerning
the different land-use/management measures according to their emission factors and ease of implementation at the farm level

Focus group discussion with peatland scientists (1 +2);
Ranking the different land-use/management measures according to their emission factors and ease of implementation.

Different measures to reduce GHG emissions Boreal and Temperate Data availability(COz, CH, NZO) / Notes
zone GHG emission
factors for organic soils
(tons CO,eq. ha' y*) W@

1. Protection of intact peatlands Considered as avoided emissions by IPCC

2. Afforestation of former cropland/grassland *Drained cropland/grassland from IPCC

34.4%/24.9* > 4.3** 2014; **Jauhiainen et al. 2023

3. Restoration and rewetting of degraded peatlands 30.4%/24.9% > 3.1%% *I;:)alizf(j*clr;)gcl:a;(()jl/irassland from IPCC
4. Conversion of annual crops to permanent grasslands ., . 5 5 oux I’)“I:"algr::ﬁz(rzlong::s(Ijaf;?jTrcl)Fr,TffP%:?gé14

5. Wet grassland (water table 30 cm below surface) oy s 1/ gusps) z*ozrg;irli?chrészscl)izd from Wilson et al.
e U T PSP v s
7. No-till farming on cropland/grassland - Data not found for either climate zone
8. Cover crops on cropland -- Data not found for either climate zone
9. Adjustable drainage on cropland/grassland - Data not found for either climate zone

Y Global warming potential (GWP) conversion factors 28 for CH, and 265 for N,O were applied in the data before summing up with the
CO, data; ? Arrows (=) separate the emission factor on the original land use and potential emission factor in the alternative land use;
* For comparison, Maljanen et al. (2010) provides emission factor 15.4 tons CO,eq. ha* y* for boreal abandoned agricultural peatlands.

The top-ranked measure according to peatland scientists is the protection of intact peatlands from clearance and
drainage for agricultural use because this helps in avoiding the formation of anthropogenic GHG emission (see
Table 2). Afforestation is ranked second because it is easier to plant trees that have higher capacity to seques-
ter carbon into biomass and remove carbon from the atmosphere, compared to the restoration and rewetting of
peat fields. The conversion of annual crops to permanent grassland is ranked higher because it is much easier to
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implement even though this measure has a higher emission factor compared to wet grassland and paludiculture
that require raising the water table close to the ground surface. The measures at the bottom of the list (adjust-
able drainage, cover crops, and no-till farming) are ranked low due to the lack of data or no scientific evidence to
support that these measures are efficient in mitigating GHG emissions from peat fields. The data available for the
bottom measures is still too limited for estimating emission factors, and the recorded observations so far show
only minor effects on reducing GHG emissions from peat fields.

Vision Workshop

The workshop gave a deeper understanding on the role and management of peatlands in addressing climate
change among farmers and local community members in Nurmes. The ranking of various measures for agricultural
peatlands to reduce GHG emissions by peatland scientists (Table 2) supplied the needed information not only for
farmers and local community members, but also the interdisciplinary scientists in the workshop. Results from the
interviews conducted with farmers and local community members (Table 1) and questions raised in the workshop
set the base for developing a shared understanding on peatlands among farmers, local community members, and
the interdisciplinary scientists. Information from in-depth discussions with farmers and local community members
at the Vision Workshop in Nurmes revealed that the top three ranked measures are much easier and more cost
effective to implement at the farm level compared to the bottom ranked measures (see Figure 3).

Question: Results: Ranking by farmers and local

Rank the measures according to community members in Nurmes, North Karelia
their feasibility and ease of (Easy at the top, difficult at the bottom)
implementation on peatlands on a

scale of 1 (easy) to 9 (very difficult) Conversion of annual crops to permanent

1st |grasslands

i) Evaluate the suitability of the

measure for the drained peatland used
for grassland/cropland/pasture and 3rd |Protection of intact peatlands
also rank the 'Protection of intact

peatlands' measure appropriately
according to your opinion. 5th  |Restoration of degraded peatlands

2nd |Cover crops on cropland

4th  INo-till farming on grassland/cropland

6th  |Afforestation of former grassland/cropland
Wet grassland (water table 30 cm below
7th  |surface)

ii) Consider over a period of 20 years.

iii) Also, take into account the

establishment and maintenance costs gt |Adjustable drainage on grassland/cropland
of the listed measures.

9th  |Paludiculture on former grassland/cropland

Fig. 3. Menti poll results from the Vision Workshop to show the ranking of different measures for agricultural
peatlands according to feasibility, ease of implementation, and preference by farmers and local community
members in Nurmes

Raising the water level at the peat fields is considered undesirable. Farmers are sceptical about wet grassland be-
cause they already have difficulties with the bearing capacity of peat fields while using heavy machineries. Fur-
thermore, paludiculture will force farmers to change their line of production, for example, from milk or grain pro-
ducing farms to berry or non-food producing farms as well as dealing with the complicated process of raising the
water level close to the ground surface. In addition, the investment costs are high with uncertainty in production
methods as well as undeveloped markets in Finland for products produced by paludiculture. The current status of
paludiculture is still largely experimental, slowly moving from pilot studies to early-stage implementation; thus,
the implementation of paludiculture remains scarce (Wichmann and Nordt 2024).
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Incentive Workshop

Stakeholders from government, private companies, and NGOs agreed that there is a lack of incentives for sustain-
able management of peatlands. There is an acute need for relevant actors to initiate independent actions and take
leadership in issues relating to peatlands, especially the Ministry of Agriculture and Forestry. The polling results
and reasons behind the rankings for different measures to mitigate GHG emissions from peatlands by scientists
(scientific evidence) versus farmers and local community (according to their feasibility and ease of implementa-
tion on farm) fostered a deeper comprehension on the available measures to mitigate/reduce GHG emissions for
agricultural peatlands. The results from the focus group discussions with peatland scientists along with results
from in-depth analysis of the conducted interviews — government representatives’ perceptions of the potential
and importance of peatlands in reducing GHG emissions at the national level together with private companies’
and NGOs’ perceptions of their respective organisations and sectors in reducing GHG emissions from peatlands
as well as farmers’ and local community members’ views on the potential solutions for reducing GHG emissions
from agricultural peatlands in the Nurmes context — set the base for developing a shared understanding on the
policies and incentives needed from the public and private sectors to reduce GHG emissions from drained peat-
lands among representatives from government, private companies, and NGOs together with the interdisciplinary
scientists. The co-created incentives, policy measures, and viable solutions (Table 3 and Table 4) in the workshop
served as a background for establishing the needed policy measures and incentive systems in the Future Path-
ways Workshop.

Table 3. Feedback from government representatives in the Incentive Workshop

What kind of policy measures and solutions would be needed to achieve significant reductions in greenhouse
gas emissions from agricultural peatlands? How should the current policies change?

e State purchase of drained peatlands and using re-parcelling scheme (reallocation & exchange of fields)
* Mapping of low-yielding fields for re-wetting and putting planned/ongoing projects on the map

¢ Establishment of restored wetlands and a national restored wetlands map

e Development of reliable statistics for agricultural peatlands

e Calculating emission reductions from agricultural peatlands as a benefit at the farm level

o Effective communications concerning the benefits of policy measures for drained peatlands

¢ Development of a toolkit to find the best policy measures for peatlands

¢ Finding and raising the needed funds for planned projects on restoration of drained peatlands

e The Ministry of Agriculture and Forestry has a critical role in implementing the policy measures

Table 4. Feedback from private companies and NGOs in the Incentive Workshop

How can the actions of companies and organizations support policy planning and implementation?

* Supplementary payment an incentive to maintain permanent grassland on peat fields

e Corporate social responsibility pathway for companies: from voluntary measure by paying additional payments
to mandatory requirements (not a realistic option yet in the case of peat fields)

¢ Funding for peatland restoration projects through companies’ climate goals
e Training of farmers with facts and information related to peat fields, while respecting the opinions of farmers
¢ Sharing good examples from pioneer farmers who have implemented the policy measures

e Effective communication: maintain a positive tone without accusations; offer the media positive stories such
as trips to restored wetlands; landowners and other stakeholders are actively involved in relaying the positive
messages

» A dedicated network, Peatland Action Group (e.g., Baltic Sea Action Group), is needed to move issues about
peatlands forward — ELY Centre’s climate unit could be the representative network

Future Pathways Workshop

This workshop brought together all participants of the living lab to reach a consensus on the policy measures and
possible solutions to reduce GHG emissions from agricultural peatlands in Finland as well as to co-create a shared
understanding among the participants relating to the two different perspectives among food system actors (see
Table 1). Consequently, a mutual understanding was reached among the participants to acknowledge the key role
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of peatlands in mitigating climate change by reducing the immense GHG emissions from peat fields. However,
farmers and local community members still hold on to the perspective that productive peat fields are needed for
food production to ensure food & nutrition security in Finland as well as certain regions in Finland with high shares
of drained peatlands are dependent on peat fields for animal feed and food production.

The formulated future pathways (see Figure 4) for sustainable management of agricultural peatlands utilised
knowledge gained from previous living lab activities. The participants in the workshop together set the goals for
2050 as well as co-created the needed policy measures and incentive systems for 2035 in order to achieve the
goals in 2050. Furthermore, the participants in the workshop co-created actions that are needed currently (2025)
to accomplish the targets set for 2035 (see Figure 4). The workshop assisted in identifying and framing the com-
plex problem of using peatlands for food production as well as developing acceptable solutions to mitigate/re-
duce GHG emissions from peatlands. The transdisciplinary research process in the workshop have induced a mu-
tual learning process between scientists and actors from outside academia to provide a coherent framework for
sustainable management of peatlands in Finland.

. Protection of intact peatlands (No
more clearing of pristine peatlands
as well as peat forests to establish

. A smooth system for exchanging
peat fields with mineral soil fields 1. Using re-parcelling scheme for peat fields with
additional funding

new peat fields) 2. Afunctioning government system to| o
5 R on of abandoned purchase peat fields for re-parcellingl| 2- Estates and retiring farmers as a target groups
. Restoration of abandoned peat ; et :
fields 3. An operational carbon market for 3. Mapping of pristine wetlands, ongoing

compensation (requires a strong restoration projects, and low-yielding peat fields

3. Afforestation or restoration of knowledge base) for actions
existing thick peat fields 4. Calculation of emission reductions 4. Organise funding for planned restoration
4. Transition from annual crops to for accreditation at the farm level projects
permanent grasslands on peat 5. A working incentive system 5. Achigving compf'anies’ climate negtrality goals by
fields : (lumpsum or premium payment) o funding domestic restoration projects
. 6. Companies initiate premium payments for
5. Use of cover crops on existing peat change or remove the use of peat L )
fields with annual crops fields for agricultural production maintaining permanent grasslands on peat fields

7. Improve communication on the benefits of
sustainable management of peat fields (sharing
good examples from pioneering farmers)

8. Developing reliable statistics and increasing
research on the role of peatlands in mitigating
climate change

9. Conveying reliable facts on peat fields and
effective training of farmers

10.The Ministry of Agriculture and Forestry has a
central role in planning and executing the plans

6. Effective tools for finding targeted
peat fields

Fig. 4. Future pathways via the Backcasting method to set future goals and determine the
current actions needed in Finland for sustainable management of agricultural peatlands

Leverage points to promote food system transformation

The transdisciplinary research process could identify both shallow and deep leverage points for food system trans-
formation (Abson et al. 2017) to promote sustainable management of agricultural peatlands in Finland. The results
from the semi-structured interviews, focus group discussions, and workshops, combined with in-depth analysis
of the empirical material, revealed key leverage points for transforming the food system in Finland (see Figure 5).
Paradigms, mindsets, and values shaping the prioritisation of food and nutrition security (intent) play a central
role in structuring agricultural institutions and policies, including the EU Common Agricultural Policy and Finnish
agricultural policies (design). In turn, the political will of institutions and social structures to address drained
peatlands at national and EU levels, together with recognition of the key role of peatlands in climate change miti-
gation (intent and design), determines the characteristics and strength of system feedbacks. These include the
introduction of stringent regulations or substantial incentives for protecting intact peatlands, increased research
on drained peatlands in response to knowledge gaps, and farmer training based on existing knowledge for sus-
tainable management of peatlands.
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Fig. 5. The shallow and deep leverage points in the hierarchy of system characteristics for transforming

food system (adapted from Abson et al. 2017) to promote sustainable management of agricultural
peatlands in Finland

Intent, design, and feedbacks jointly shape the parameters available (see Figure 5) for steering behaviour towards
sustainable management of agricultural peatlands in Finland, such as funding for land re-parcelling schemes to
exchange peat fields, financial support for peatland restoration projects, government subsidy payments, and pre-
mium payments or procurement criteria set by private companies. At the same time, adjustments at the parame-
ter level (e.g. subsidies and premium payments to farmers) and reinforcing feedbacks (e.g. growing understanding
of the climate impacts of drained peatlands) may, over time, challenge and even shift farmers’ and other actors’
mindsets, potentially altering the prevailing intent to cultivate productive peat fields in Finland. Understanding
the interactions and power dynamics between deep and shallow leverage points is therefore crucial for promot-
ing effective action to reduce GHG emissions and mitigate climate change as well as helping to close knowledge
gaps surrounding sustainability challenges in food production on drained peatlands in Finland.

Discussion

The future pathways derived from the living lab activities (see Figure 4) can serve as a foundation for defining
national goals and identifying the actions needed in Finland to ensure sustainable management of agricultural
peatlands. These pathways demonstrate that agreement among diverse food system actors — despite differing
perceptions and interests — is possible. They also highlight concrete entry points for addressing the peatland
question in Finland. However, while a shared understanding was developed, it did not fundamentally shift pre-
vailing mindsets and values regarding the perceived necessity of cultivating productive peat fields to safeguard
national food and nutrition security. Nevertheless, despite this general mindset, farmers expressed willingness to
consider alternative measures — or even to abandon cultivation on less productive peat fields — provided that
appropriate incentives are available. Although the living lab did not reach a fully transformational stage, there is
reason for cautious optimism. Sustained engagement beyond the living lab’s three-year timeframe could further
advance the transition process. Given the political, economic, and social complexity of drained peatland cultivation,
it would be unrealistic to expect transformative change within such a limited time. Still, the steps outlined in the
pathways may cumulatively contribute to systemic transformation if implemented simultaneously and coherently.

At present, Finland lacks sufficient political will to address the issue of drained peatlands under cultivation. This
makes it difficult to restructure elements of the EU Common Agricultural Policy (CAP) that currently sustain the
cultivation of drained peat fields. Addressing such complex real-world sustainability challenges requires trans-
disciplinary, community-based, interactive, and participatory research approaches (Lang et al. 2012). While top-
down policy reforms are necessary, bottom-up approaches can foster the mutual learning and social acceptance
required for systemic transformation and steering transitions toward sustainable development (Kates et al. 2001).
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Pursuing transformational solutions demands a reconsideration of how knowledge is produced and how solu-
tions are translated into concrete implementation (Abson et al. 2017). Practitioners in the public and private sec-
tors who operate within sustainability challenges — such as the agricultural use of drained peatlands — are often
deeply familiar with the complexity of these systems. Consequently, actors beyond academia play a crucial role in
identifying and framing problems and in developing socially acceptable solutions. When such solutions are sup-
ported by key stakeholders, they may eventually influence political will and expand opportunities for policy reform.
Fischer and Riechers (2019) argue that significant behavioural change occurs when the desire for change aligns
with practical means for action. In this regard, applying a leverage points perspective (see Figure 5) may offer stra-
tegic advantages for sustainability science.

Transdisciplinarity and the co-creation of knowledge beyond academia are increasingly emphasized as ways to
bridge the gap between researchers and practitioners (Polk 2015, Lin 2023, Kayhko et al. 2025). However, it can-
not be assumed that all stakeholders possess the capacity or sustained interest to participate throughout long-
term research processes. Transdisciplinary projects often span several years, and stakeholders may initially under-
estimate the time and resources required for meaningful engagement. Others may be unable to participate from
the outset. This represents a key limitation of the living lab’s transdisciplinary process. Such approaches demand
substantial time, financial resources, and institutional commitment (Lang et al. 2012, Polk 2015). Therefore, com-
pelling mechanisms are needed to strengthen both the capacity and motivation of stakeholders and researchers
from multiple disciplines to engage in sustained co-creation.

Another challenge in transdisciplinary research is the risk that collaboratively produced outcomes become vague
or ambiguous in order to avoid conflict among stakeholders (Lang et al. 2012). In this study, no consensus emerged
on setting highly ambitious targets; consequently, the co-created goals for 2050 remain relatively broad (see Fig-
ure 4). The reason for the lack of consensus is that farmers and local community members often emphasise that
productive peat fields are essential for ensuring food and nutrition security. Moreover, Finnish farmers are con-
cerned about the profitability of farming, being blamed for the environmental impact of farming in society, and
the future of agricultural peatlands (Puupponen et al. 2022). The living lab explicitly facilitated mutual learning
processes between science and society, enabling iterative knowledge exchange, joint problem framing, and the
co-development of socially acceptable solutions to alleviate concerns on the transition towards carbon-neutral
production among farmers and local community members, who have vital roles in ensuring that changes in farm-
ing practices and land management are socially viable and locally legitimate.

Certain regions in Finland with high shares of drained peatlands rely heavily on peat soils for animal feed and food
production, making the issue economically and socially sensitive. Therefore, there is a need to move beyond just
compensating for losses and develop restorative policy measures that acknowledge existing structural injustices in
relation to the deep historical roots of peatland use supported by long-standing subsidy schemes and regulatory
frameworks. Consequently, additional policies are crucial to ensure a fair transition for regions with high shares
of drained peatlands in Finland by designing broad policy mixes beyond solely environmental policies, while ac-
knowledging that broader systemic injustices may persist (Lonkila et al. 2024, Huttunen et al. 2024).

According to Lonkila et al. (2024), there are very few effective policy measures put into practice, and the efforts
to change farming practices on agricultural peatlands are stuck in a political deadlock. There is no simple solution
to social resistance; overcoming it requires continuous reflection, learning, and the willingness to confront un-
comfortable questions that may yield challenging answers (Raven et al. 2009). Ensuring a just transition for farm-
ers and rural communities with high shares of agricultural peatlands is therefore imperative. Safeguarding liveli-
hoods and maintaining rural viability must be integral components of any sustainability strategy. In this context,
the mutual learning fostered through the transdisciplinary research process is paramount, as it creates space for
stakeholders to openly exchange perspectives, challenge assumptions, and jointly navigate tensions between
competing goals. Strengthened communication among diverse stakeholders — particularly in the co-creation of
immediate, pivotal actions — can support the gradual transformation towards sustainable management of agri-
cultural peatlands in Finland.

Conclusions

This study contributes to narrowing the gap between high-level sustainability ambitions and their practical imple-
mentation by demonstrating how a living lab can operationalise transdisciplinary collaboration in a contested land-
use context. In the case of agricultural peatlands in Finland — where climate change mitigation, food production,
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and rural livelihoods intersect — the process created a structured space for mutual learning, shared problem
framing, and the co-creation of socially grounded transition pathways. Although the living lab did not yield fully
transformative outcomes or binding, ambitious targets, it revealed conditional openness among farmers to re-
duce cultivation on less productive peat soils if adequate incentives are provided. This suggests that resistance is
not absolute but closely tied to concerns over fairness, livelihoods, and regional viability, highlighting the impor-
tance of just transition measures.

Importantly, the transdisciplinary research process enabled the identification of both shallow and deep leverage
points for food system transformation. The empirical work revealed that paradigms, mindsets, and values shap-
ing the prioritisation of food and nutrition security (intent) underpin agricultural institutions and policies (design),
including the EU Common Agricultural Policy and Finnish agricultural frameworks. Political will and institutional
recognition of peatlands’ role in climate mitigation (intent and design) influence system feedbacks, such as regu-
lations, incentives, research investments, and farmer training. Together, intent, design, and feedbacks shape con-
crete parameters — subsidies, land re-parcelling schemes, restoration funding, and private-sector procurement
criteria — that steer behaviour on the ground. At the same time, adjustments at the parameter and reinforcing
feedback levels may gradually challenge prevailing mindsets, potentially shifting the dominant intent to cultivate
productive peat fields. Transformative change in such path-dependent systems cannot be achieved within short
project cycles; however, understanding the interactions and power dynamics between deep and shallow leverage
points provides strategic guidance for aligning practical measures with broader paradigm shifts. Sustained com-
mitment across governance levels, coupled with continued co-creation between science and society, is therefore
essential for enabling a just and effective transition toward the sustainable management of agricultural peatlands
and for transitioning food systems within planetary boundaries.
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Appendix 1. Living lab activities conducted via the iterative research process

Initial Planning and Conceptualization: The process began with defining the research question (mitigate greenhouse gas emissions
from agricultural peatlands in Finland), selecting appropriate methodologies, and planning how the research would be conducted
[setting up a living lab). The interdisciplinary researchers and experts (including mentors from Nurmes) participated in co-designing
the living lab as well as mapping the transdisciplinary stakeholders with specific knowledge and roles in the food system.

Data Collection and Analysis: The interdisciplinary researchers collected and analysed data based on the initial plan — semi-structured
interviews with multiple stakeholders: farmers (10 interviews), local community members (11 interviews), government representatives
(10 interviews), private companies (11 interviews), and NGOs (7 interviews). This stage was the first round of generating findings.

Evaluation and Reflection: After analysing the findings from the interviews, the researchers evaluated the interview outcomes
against the original objectives (1. develop a shared understanding; 2. identify and define incentives). They reflected whether the data
collected was sufficient. More information was needed on the different measures for mitigating GHG emissions from agricultural
peatlands as well as the effectiveness and efficiency of the various measures. The need for more information instigated the focus
group discussions with peatland scientists from Nordic and Baltic countries.

Feedback and Revision: Based on the evaluations and reflections, the interdisciplinary researchers have received feedback from
peers (scientists), mentors (living lab in Nurmes), and different stakeholders (farmers, local community members, government
representatives, private companies, and NGOs). The informational feedback loops have helped to identify gaps, weaknesses, or
areas that needed improvement.

Refinement: The research question, methodology, or approach was refined. Results from the interviews were used as the base for
the discussions in the workshops and focus group discussions. The design of the workshops and focus group discussions were using
the acquired feedback and knowledge from earlier implemented activities.

Repeat the Cycle: The revised approach was implemented in the next cycle of data collection and analysis. The iterative process
continued until the research objectives were satisfactorily met. The first focus group discussion served as a base for the second
focus group discussion with a more refined approach by using emission factors to rank the different measures for peatlands. The
Vision Workshop (farmers & local community members) served as a base for the Incentive Workshop (government representatives,
private companies, & NGOs). The implemented workshops and focus group discussions served as a base for the final workshop
(Future Pathways Workshop) attended by the interdisciplinary researchers and various stakeholders interviewed previously. The
formulated future pathways for agricultural peatlands and activities implemented in the living lab serve as a base to discover the
leverage points for food system transformation.

Finalisation: The set of findings were analysed by the interdisciplinary researchers after the completion of iterated activities, followed
by the publication of research results as well as presentations in conferences and seminars to disseminate solutions and knowledge
from co-creation and in-depth analysis of activities implemented in the living lab.
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Appendix 2. The deliberative research process in the living lab activities

Semi-structured interviews were conducted with various stakeholders: farmers, local community members, government
representatives, private companies, and NGOs (inclusive participation) with rules to ensure that everyone could express their thoughts
without difficulty. The results from the interviews were shared with the various stakeholders (information sharing). The interviews
were semi-structured with a mixture of thematic and narrative interviews for free expression of views (inclusive participation) along
with transparent, clear rules, and procedures that ensure fairness and accountability (transparency).

Focus group discussions: The peatland scientists could discuss their thoughts and views on the different measures to reduce GHG
emissions from agricultural peatlands, whereby every participant was given time to voice their opinions (inclusive participation)
with clear rules and procedures (transparency). The scientists must rank the different measures based on peer-reviewed and
published research (emission factors as indicators) as well as debate on the different views (reasoned argumentation). A consensus
was reached among the scientists on the rankings for the different measures based on available scientific evidence and not solely
on their opinions (collective decision-making). The ranking results were shared with the various stakeholders in the workshops
(information sharing).

Vision Workshop: farmers and local community members could discuss together their thoughts and views from the conducted
interviews (inclusive participation) as well as the chance to reflect on the varied opinions on peatlands (reflective thinking). Relevant
information on pristine peatlands and GHG emissions from agricultural peatlands was shared with farmers and local community
members to broaden their knowledge related to peatlands (information sharing). Then a Menti poll was taken to rank the different
measures for agricultural peatlands according to their feasibility and ease of implementation (collective decision-making) and their
preferences for future management of agricultural peatlands (inclusive participation), with clear rules and procedures to ensure
fairness and accountability (transparency). The ranking results with the reasoning behind the different rankings were discussed in
the workshop (reasoned argumentation).

Incentive Workshop: stakeholders from government, private companies, and NGOs could discuss together their thoughts and
views from the conducted interviews as well as the chance to reflect on the varied incentives or lack of incentives for peatland
management (inclusive participation & reflective thinking). The different stakeholders co-created policy measures and solutions
that are needed to achieve significant reduction in GHG emissions from agricultural peatlands (collective decision-making). Relevant
information on GHG emissions from agricultural peatlands was shared (information sharing). The rankings and reasons behind the
rankings of measures to mitigate GHG emissions from peatlands by scientists versus farmers and local community were discussed
(reasoned argumentation).

Future Pathways Workshop: scientists, farmers, local community members, government representatives, private companies, and
NGOs could discuss together their thoughts and views from the conducted interviews and workshops as well as the chance to
reflect on the varied opinions on peatlands (inclusive participation). The stakeholders could debate and formulate future pathways
for agricultural peatlands (reflective thinking, reasoned argumentation, & collective decision-making). Relevant information and
results from previous living lab activities were shared (information sharing). The process was transparent with clear procedures to
ensure fairness and accountability (transparency). The diverse stakeholders had a voice in the outcome of the workshop (inclusive
participation).
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Appendix 3. Interviewed groups of stakeholders

Interviewed groups

Detailed information

Farmers (n=10)

avariety of farmers were interviewed to represent the spectrum of farmers in Finland — livestock
farms, plant production farms, large farms, small farms, and diversified farms. All farms have peat
fields except for one farm (diversified farm).

Local community members
(n=11)

representatives from the local farmers’ union (MTK Pielisen), retired farmers, village associations
(Karhunpaan kyldyhdistys, Pielisen-Karjalan kehittamisyhdistys), local authorities (Nurmes),
regional farmers’ union (MTK Pohjois-Karjala), agricultural extension services (ProAgria: regional
office), Centre for Economic Development, Transport and the Environment (ELY-keskus: regional
office), and National Land Survey of Finland (Maanmittauslaitos: regional office).

Government representatives
(n=10)

representatives from the different departments of the Ministry of Agriculture and Forestry,
Ministry of the Environment, National Emergency Supply Agency (Huoltovarmuuskeskus), and
National Land Survey of Finland (Maanmittauslaitos: national office).

Private companies (n=11)

representatives from food companies (Atria, Fazer, Oatly, Raisio, Vaasan, Valio), retailers (Lidl,
S-Group), and financial institutions (S-Bank, OP Financial Group, The Finnish Climate Fund).

NGOs and movements (n=7)

representatives from the national farmers’ union (MTK: The Central Union of Agricultural Producers
and Forest Owners), agricultural extension services (ProAgria: national office), World Wildlife
Fund, Baltic Sea Action Group, Finnish Association for Nature Conservation, and environmental
movement (Extinction Rebellion).
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