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ABSTRACT
Addressing sustainability challenges in landscape management requires processes for co- 
producing usable knowledge together with those who will use that knowledge. Participatory 
futures methods are powerful tools for attaining such knowledge. The applications of such 
methods are diverse and understanding the intricacies of the knowledge co-production 
process is important to further develop these research practices. To improve participatory 
futures methods and contribute to systematic and critical reflections on methodology, we 
present a comparative analysis of four research projects that applied participatory futures 
methods in the same study area. Conducted between 2011 and 2020, these projects aimed to 
co-produce knowledge about the future provision of ecosystem services in the Helge å 
catchment area in southern Sweden. For structuring the post-hoc, self-reflexive analysis, we 
developed a framework dividing the knowledge co-production process into three dimen-
sions: settings, synthesis and diffusion. We based the analysis on documentation from the 
projects, a two-step questionnaire to each research team, a workshop with co-authors and 
interviews with key participants. The comparison highlights steps in project decision-making, 
explicit and implicit assumptions in our respective approaches and how these assumptions 
informed process design in the projects. Our detailed description of the four knowledge co- 
production processes points to the importance of flexibility in research design, but also the 
necessity for researchers and other participants to adapt as the process unfolds.
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Introduction

Our societies, and the natural landscapes that we 
depend upon, are facing multiple complex sustainability 
challenges, including climate change, biodiversity loss 
and environmental degradation. The measures sug-
gested to address these challenges, however, often com-
pete for the same resource base. Boreal production 
forests, for instance, are expected to provide resources 
for the necessary shift to a bio-based economy (Pülzl 
et al. 2017) while at the same time generating other 
ecosystem services such as carbon sequestration, tem-
perature regulation (Bright et al. 2017), water purifica-
tion (Gauthier et al. 2015) and thriving habitats for the 
protection of biodiversity (Gustafsson et al. 2020; 
Angelstam et al. 2020). To address these complex chal-
lenges, it is not enough to understand the biophysical 
processes that generate the necessary ecosystem ser-
vices. We must also consider the potential trade-offs 

involved in managing for specific purposes (Sandström 
et al. 2011; McShane et al. 2011), understand the gov-
ernance systems that these production landscapes are 
embedded in (Bernstein and Cashore 2012), as well as 
where potential leverage points for change might lie 
(Fischer and Riechers 2019). Knowledge co- 
production has emerged as a promising transdisciplin-
ary approach to generate the knowledge needed to 
address sustainability challenges that involve multiple 
groups of people with different needs and interests and 
that are beset by biophysical, social, political and 
administrative uncertainties (Chambers et al. 2021).

Knowledge co-production is a process where 
researchers work with non-academic actors to both 
frame the research design and generate knowledge 
(Clark and Harley 2020; Norström et al. 2020). 
Knowledge co-production has gained traction both 
in the research community, among research funders, 
and in the policy sphere over the past decades (Lemos 
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et al. 2018; Apetrei et al. 2021). Initiatives range from 
individual research projects focusing on participatory 
mapping of ecosystem services (Boeraeve et al. 2018; 
Malmborg et al. 2021) to long-term collaborations 
between researchers, policy-makers and industry 
actors in specific sectors or to address a specific 
issue (Tengö et al. 2017; Chambers et al. 2021). 
Participatory futures methods (or futures analysis), 
in which the participation of diverse knowledge- 
holders is seen as fundamental, have been used in 
knowledge co-production to increase understanding 
of complex landscape challenges (Oteros-Rozas et al. 
2015; Pereira et al. 2021). Futures methods are used 
to develop scenarios or visions of the future with the 
aim to compare options, increasing anticipatory capa-
cities and supporting strategic decision-making 
(Sardar 2010). Using participatory futures methods 
can, if carefully designed, increase creativity in land-
scape management (Börjeson et al. 2006; Pereira et al. 
2018) and facilitate dialogue that overcomes 
entrenched positions and finds new options by focus-
ing on commonly desired futures instead of the pre-
sent (Nielsen and Nielsen 2016).

However, such processes of knowledge co- 
production tend to be complex in and of themselves. 
How and what kind of knowledge is generated in 
them, and by whom, is not always clear (Defila and 
Di Giulio 2015). Unexpected insights can emerge 
during the process (Sellberg et al. 2021b), and activ-
ities that contributed to specific outcomes might not 
become apparent until the completion of a project. 
For instance, local context matters, but exactly how 
begs further investigation (Lam et al. 2021). 
Researchers and participants alike also benefit from 
reflecting on when and what type of knowledge is 
created and what it is useful for (Mauser et al. 2013; 
Hakkarainen et al. 2022). Understanding these, and 
other, intricacies of the knowledge co-production 
process through reflexive post-hoc evaluations can 
therefore provide valuable insights into how to design 
future projects (Boeraeve et al. 2018).

In this paper, we examine four projects that 
applied participatory futures methods to co-produce 
knowledge about the future of ecosystem services 
generation in the Helge å catchment area in southern 
Sweden. All four projects ran over several years and 
focused on similar actor groups and general themes 
but drew on different bodies of theory and used 
different methodological approaches. The combina-
tion of similarities in geographic, social and temporal 
context and differences in approaches creates 
a unique opportunity for reflecting on and evaluating 
knowledge co-production processes. Choice of for-
mats and methods in knowledge co-production 
should ideally be context-specific (Norström et al. 
2020), but this also creates challenges for case study 
comparisons with the aim to reach more 

generalizable insights. The similarities in context 
between our four projects reduce this challenge, 
allowing us to analyse different approaches to knowl-
edge co-production and the role that process design 
has for the usability of knowledge outputs. Through 
this analysis, we aim to provide a detailed conceptua-
lization of a knowledge co-production process, and 
thus improve the potential for successful projects in 
the future.

In pursuit of this aim, we asked the following 
research questions: What were key influencing con-
ditions in the knowledge co-production processes in 
these four, contextually similar projects? How did 
these conditions and researchers’ decision-making 
influence the usability of the co-produced knowl-
edge? We present a post-hoc in-depth comparison 
of the four research projects, conducted through 
a reflexive self-evaluation by the researchers and 
interviews with key participants. We developed an 
analytical framework for the knowledge co- 
production process to aid the comparison. Based on 
our in-depth comparison, we reveal tensions and 
insights into the design of knowledge co-production 
processes, and what these insights mean for future 
research aiming to co-produce usable knowledge for 
sustainability (Lemos et al. 2012; Clark et al. 2016a).

Materials and methods

Helge å catchment and the four projects

The Helge å river catchment area is one of the largest 
in southern Sweden, covering 4 749 km2 (SMHI 
2002) and overlapping with 13 municipalities in 
three counties. It encompasses all major land uses in 
the region, from production forestry in the north, 
mixed small-scale agriculture, animal husbandry, 
and forest patches in the center, to intensive agricul-
ture in the south (Figure 1). In the downstream area, 
the river also passes through biodiversity-rich wet-
lands in the Kristianstad Vattenrike UNESCO 
Biosphere Reserve.

The four research projects in this comparison are 
INTEGRAL, BONUS MIRACLE, ALTERFOR and 
a Ph.D. project at Stockholm Resilience Centre in col-
laboration with Kristianstad Vattenrike Biosphere 
Office (henceforth SRC-KVB) (Table 1). KVB is 
a bridging organization with responsibility to manage 
the biosphere reserve, coordinated by Kristianstad 
Municipality. As with SRC-KVB, ALTERFOR had part-
ner organizations: Södra Skogsägarna, a forest owner 
association, and Kronoberg County Administrative 
Board. The four projects were each active for 3–5  
years in 2011–2020 and were conducted by three dif-
ferent research groups. In INTEGRAL and 
ALTERFOR, the research teams partially overlapped. 
ALTERFOR can therefore be considered a follow-up 
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project of INTEGRAL. Except for SRC-KVB, all pro-
jects contributed with case studies to larger EU-funded 
research consortia focused on case comparisons across 
Europe.

Analytical framework: the knowledge 
co-production process

To compare the knowledge co-production processes in 
the four projects, we developed an analytical framework 
(Figure 2). It builds on the Conceptual model of an 
ideal – typical transdisciplinary research process (Lang 
et al. 2012) and the Inventory of synthesis (Defila and Di 
Giulio 2015). The Conceptual model is focused on the 
transdisciplinary research process, whereas the 

Inventory of Synthesis is a framework for analysing the 
integrated results of inter- and transdisciplinary 
research. By building on these two frameworks, we 
can compare knowledge co-production processes 
while giving special attention to the participating 
knowledge-holders and how their expertise became 
transferred through the process steps resulting in indi-
vidual knowledge outputs and outcomes. Our frame-
work is organized into the dimensions Settings 
(underlying assumptions and points of departure), 
Synthesis (integration and/or synthesis building) and 
Diffusion (dissemination and integration in different 
academic and non-academic fields). Based on relevant 
literature on knowledge co-production, participation 
and knowledge utilization, we identified six separate 

Figure 1. Overview map, spatial extent of mappings and scenario analyses in the four projects, and land covers in the Helge å 
catchment area. Based on Fastighetskartan from © Lantmäteriet.

Table 1. Overview of the four futures-oriented research projects that were included in this comparative analysis.
Project  
name

Years  
active Funding Institution(s) Research group

INTEGRAL 2011– 2015 EU FP7 Swedish University of Agricultural 
Sciences

Ida Wallin, Vilis Brukas, Renats 
Trubins, Ola Sallnäs

ALTERFOR 2016–2020 EU Horizon 2020 Swedish University of Agricultural 
Sciences 
Project partner: Södra Skogsägarna & 
Kronoberg County Administrative 
Board

Isak Lodin, Vilis Brukas, Ljusk-Ola 
Eriksson, Adam Felton, Matts 
Lindbladh, Eric Agestam, Kristina 
Wallertz

BONUS MIRACLE 2015–2018 EU FP7 through BONUS; national 
research funders in Denmark, 
Germany, Latvia, Poland and 

Sweden

Linköping University, Uppsala University, 
Swedish Meteorological and 
Hydrological Institute, University of 
Copenhagen

Karin Tonderski, Tina-Simone Neset, 
Neil Powell, Thao Do, René Capell, 
Johannes Carolus, Søren Marcus 
Pedersen

SRC-KVB 2015–2019 Swedish Environmental Protection 
Agency (SEPA)

Stockholm Resilience Centre 
Project partner: Kristianstad 
Vattenrike Biosphere Office

Katja Malmborg, Elin Enfors-Kautsky, 
Albert V. Norström, Lisen Schultz
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key elements organized within the three overarching 
dimensions. Below, we describe them as a series of 
sequential steps. In practice, however, they are closely 
connected and often developed or defined through 
non-sequential staging as a series of interactions that 
occur in parallel and/or through iterative cycles. They 
also often evolve and change throughout a project.

First dimension: settings
Settings consist of three overlapping elements. First, 
Research aims and methodologies include the explicit 
research aims that have been stipulated for the pro-
ject, the theory, approach or range of methodologies 
that guide decisions about design and tools, and 
potential requirements put on the research by, for 
example, funders. This also includes normative 
assumptions that can be either explicit or implicit, 
like the project’s theory of change. A project’s theory 
of change describes assumptions about how (future) 
actions and outcomes are connected and how they 
can lead to predictable and desirable change 
(Oberlack et al. 2019).

The second element is the Contributing knowledge- 
holders and approach to participation. It encompasses 
the categories of knowledge-holders, including actors 
with both academic, practical and local knowledge 
(Tengö et al. 2014), and the motivation for inviting 
them. Levels of engagement, ranging from commu-
nication and consultation to deliberation and co- 
production (Hurlbert and Gupta 2015; Reed et al. 
2018), can be used to describe a project’s approach 
to participation. To further distinguish between dif-
ferent types of contribution, we include the extent to 
which the participants are expected to ensure the 
usefulness and usability of the co-produced 

knowledge. Usefulness of knowledge describes the 
potential value to the user but does not consider if 
it is easily picked-up and integrated into decision- 
making (Lemos et al. 2012). The usability of knowl-
edge is decided by its ability to inform decision- 
making and the ease with which it can be applied 
by the user (Clark et al. 2016a). Usable knowledge 
needs to be credible (valid and reliable), but also 
salient (relevant) and legitimate (respectful of the 
diverse values of its intended users) (Cash et al. 
2003). The production of knowledge also needs to 
be feasible, meaning that the resources required to 
generate it are on par with the resources available in 
the decision-making context in question (Gómez- 
Baggethun and Barton 2013). In a knowledge co- 
production process, ensuring that these criteria are 
met can be distributed between different participant 
groups (Clark et al. 2016b). For instance, 
a participating researcher might ensure the credibility 
of a hydrological model, while a municipality politi-
cian contributes to its saliency by ensuring that sug-
gested policy interventions that are used to create 
scenarios from the hydrological model are relevant 
considering the local context and decision-makers’ 
mandates.

The third element, Problem-framing, is defined by 
the focal sustainability challenge and can be achieved 
either within the interdisciplinary team of researchers 
or in collaboration with participants from practice 
and policy. For successful co-production of knowl-
edge, it is generally recommended to include partici-
pants from practice already in the problem-framing 
stage (Chambers et al. 2021). However, as an articu-
lation of problem-framing is often demanded by fun-
ders already in the application stage, it is not always 

Figure 2. Analytical framework for comparing knowledge co-production processes using Settings, Synthesis and Diffusion 
dimensions. Settings include the elements Research aims and methodologies, Contributing knowledge-holders and approach to 
participation and Problem-framing. This dimension corresponds with the Problem-framing and team building phase in Lang et al. 
(2012). Synthesis consists of the element Knowledge creation process and corresponds with the Co-creation phase in Lang et al. 
(2012) as well as the Inventory of synthesis (Defila and Di Giulio 2015). Diffusion consists of the elements Knowledge outputs and 
outcomes and Usability of produced knowledge, which corresponds with the (Re-)integration and application phase in Lang et al. 
(2012).
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possible to include non-academic participants in the 
initial framing. In this case, transparency regarding 
how the project was framed is important for under-
standing how later stages evolve.

Second dimension: synthesis
The dimension of Synthesis is where knowledge is 
synthesized and/or integrated. The key element here is 
the Knowledge creation process, where new knowledge is 
jointly created (Tengö et al. 2017). This encompasses 
process design (format) and project activities over time 
(methods) (Lam et al. 2021), including multi-actor 
workshops where tools and exercises are used for social 
learning and to generate new insights; elicitation of 
opinions and information from relevant actors through 
interviews or surveys; and data analyses and modeling 
conducted within the interdisciplinary research team. 
As this element focuses on activities, its different parts 
can generally be mapped over time. This is not to say 
that every step of a process needs to be pre-planned. 
Unexpected insights often emerge and including 
a degree of flexibility into the design is beneficial 
(Sellberg et al. 2021b).

Third dimension: diffusion
The last elements are Knowledge outputs and outcomes 
and Usability of produced knowledge. These are both 
parts of the Diffusion dimension, in that they represent 
the potentially transferable knowledge that the process 
resulted in (Lang et al. 2012). Knowledge outputs and 
outcomes can range from concrete results, like ecosys-
tem service maps or modeled scenarios of the future, 
to more intangible outcomes, such as participants 
learning new concepts. However, there is an analytical 
motivation for distinguishing between outputs and 
outcomes on the one hand, and knowledge use on 
the other (Rich 1997; Hoffmann et al. 2019). As 
researchers, we are often concerned with outputs. 
How knowledge will reach people and how it is to be 
used is easily overlooked (Clark and Harley 2020). 
Usability can be achieved by including the intended 
users in knowledge co-production. However, the 
knowledge outputs are not automatically fit-for- 
purpose just because the intended users have been 
part of the production process. Feedback mechanisms 
between intended knowledge uses and how the project 
is initially framed are required. This can be achieved 

through the participation of intended users in the 
formulation of the research aims before the project 
starts (Marre and Billé 2019) or by incorporating 
insights from previous research projects in the initial 
design (Blackstock et al. 2007; Wall et al. 2017). The 
usability of knowledge outputs and outcomes can 
therefore be assessed based on who the intended 
users are, the type of knowledge that has been gener-
ated and the extent to which it addresses current 
sustainability challenges in the eyes of the intended 
users (Barton et al. 2018). Efforts by researchers to 
interact and build trust over time also increase usabil-
ity (Lemos et al. 2012).

Reflexive self-evaluation and interviews with 
participants

The four projects were compared through a reflexive 
self-evaluation protocol by members of the respective 
research teams. Information was collected in four 
ways: through a two-step questionnaire; an analysis 
of project reports and publications; in a facilitated 
virtual workshop; and interviews with eight key non- 
academic participants from the projects.

The first step of our reflexive self-evaluation 
(Boeraeve et al. 2018) was a questionnaire (please 
see the supplementary materials, S1) based on an 
existing evaluation framework of participatory sce-
nario planning (Oteros-Rozas et al. 2015). The ques-
tionnaire covered a broad range of questions relevant 
for understanding participatory futures-oriented 
research. It was completed by each research team. 
After an initial analysis of the responses, a second 
iteration of the questionnaire was shared with the 
team to fill some important information gaps. This 
iteration focused on the elements in our analytical 
framework (Figure 2). To complement the question-
naires, we analysed project reports and scientific pub-
lications from the respective projects, in particular, to 
extract details about knowledge outputs (see list in 
S2). Additionally, we discussed initial findings and 
emerging topics in a virtual workshop in 
February 2021 with representatives from all projects 
(all co-authors of this paper).

Finally, in May–July 2021, we conducted virtual 
interviews with eight key non-academic participants 
(Table 2). When identifying key participants, we 

Table 2. Interviewed key participants, including their affiliations and which projects they participated in.
Participant Affiliation INTEGRAL ALTERFOR BONUS MIRACLE SRC-KVB

A Farmers or forest owners’ association X
B Farmers or forest owners’ association X
C Governmental agency X
D Governmental agency X X X
E Municipality X X
F Industry representative X
G Municipality X
H Farmers or forest owners’ association X
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considered participating actors from partner organiza-
tions as well as participants with particularly high 
attendance rates in the projects’ participatory compo-
nents. Our selection was limited to the participants 
who were still employed by the same organizations 
or still active in the role that motivated their participa-
tion to begin with. The interviews focused on what the 
participants remembered from the project activities, 
what they had found interesting and if they explicitly 
used any of the knowledge outputs since the projects 
ended (interview guide S3). To prompt recollections, 
they were shown figures from the respective projects. 
Some participants had participated in multiple pro-
jects, in which case they also compared strengths and 
weaknesses between the processes. These interviews 
lasted 1 hour on average. Swedish, which is the lan-
guage the interviews were conducted in, does not 
distinguish between ‘useful’ and ‘usable’ in the same 
way as English. Hence, we collected data on both of 
these aspects of knowledge use. When analyzing the 
interviews for evaluative information concerning use 
of knowledge outputs and outcomes, however, usabil-
ity emerged as more prominently emphasized by the 
participants. We therefore focus on usability, rather 
than usefulness, in the Results.

The research in this paper was approved by the 
Stockholm Resilience Centre research ethics sub- 

committee as part of the first author’s PhD project. 
All participants were asked for oral informed consent 
before being interviewed.

Results

First dimension: settings

Research aims and methodologies
All four projects focused on ecosystem service pro-
duction and sustainable landscape management in 
the face of climate change, but the sustainability 
challenges that defined the problem framing varied 
(Table 3). All projects also had the dual-research aim 
to generate social learning among the participants. 
For the projects that were part of larger EU-funded 
research consortia (all except SRC-KVB), most deci-
sions regarding approaches and methods were taken 
at the consortia level, to make outputs comparable 
between cases. INTEGRAL and ALTERFOR had top- 
down approaches to change, while BONUS 
MIRACLE and SRC-KVB both were based on theo-
retical bottom-up approaches (Table 3).

Problem-framing
While INTEGRAL and ALTERFOR focused on alterna-
tives for future forest management, BONUS MIRACLE 
aimed at reducing nutrient discharge into the Baltic Sea. 

Table 3. Research aims and methodologies of the four projects.
Aspect INTEGRAL ALTERFOR BONUS MIRACLE SRC-KVB

Sustainability 
challenge 
in focus, as 
defined by 
project aim

Understand trade-offs in forest 
management with regards to 
future ecosystem service 
provision. Focus on land-use 
structures and key drivers of 
change.

Examine alternative forest 
management models and 
assess the impact of different 
management models in 
terms of their capacity to 
deliver ecosystem services 
and reduce socio-ecological 
risks on the European and 
landscape level.

Generate knowledge to reduce 
nutrient enrichment in the 
Baltic Sea Region. Analysis of 
both governance systems 
and modeled biophysical 
responses.

To map multiple ecosystem 
services across the Helge å 
catchment, generate 
a social-ecological system 
understanding for the study 
area, and develop 
a strategic action plan 
towards a positive future 
vision.

Process aim Generating transdisciplinary 
knowledge about the project 
topic. Integration of results in 
decision-support tools and 
making recommendations for 
policy.

Facilitate implementation of 
desired forest management 
models in Kronoberg county/ 
the upper Helge å catchment 
and in other cases in Europe. 
Improve cross-national 
knowledge transfer regarding 
their benefits, costs, etc.

Enact social learning process 
that would lead to the 
identification of new 
configurations for 
governance.

Develop tools, facilitate 
learning and create spaces 
for cross-sectoral 
collaboration to address 
complex sustainability 
challenges using a resilience 
approach.

Targeted 
ecosystem 
services

Provisioning: Forest production 
Regulating: Carbon 
sequestration, biodiversity, 
water quality (leakage of 
mercury and dissolved 
organic content)

Provisioning: Forest production 
Regulating: Carbon 
sequestration, biodiversity, 
water quality 
Cultural: Recreational and 
aesthetic value

Regulating: Water quality (losses 
of N and P) and flood control.

Provisioning: Forest, milk, 
meat, fruit, food and fodder 
crop production 
Regulating: N and 
P retention, water quality, 
landscape diversity, 
Cultural: Outdoor recreation, 
hunting, horseback riding, 
biodiversity heritage

Theory of 
change

Top-down: produce empirical- 
based evidence that can 
guide policy making. 
Theoretical approach: Logics 
of human behaviour incl. 
homo economicus, - 
sociologicus and – 
interpreter.

Top-down: Researchers make 
alliances with powerful 
actors. Strategies are hard to 
implement if they are not in 
line with the interests of the 
powerful actors. 
Theoretical approach: 
Research, Integration and 
Utilization (RIU) model 
(Böcher 2016)

Bottom-up: Local practitioners’ 
practices lead to change. 
Social learning among 
stakeholders is used for 
adopting research. 
Theoretical approach: Soft 
Systems Methodology

Bottom-up: Local practitioners’ 
practices lead to change. 
Aim to highlight 
participants’ own agency 
and to create/acknowledge 
important strategic 
alliances. 
Theoretical approach: 
Wayfinder/Resilience 
thinking (Enfors-Kautsky 
et al. 2021)
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Originally, the BONUS MIRACLE consortium intended 
to have flooding as a systemic issue for all four cases 
around the Baltic Sea. In the issue framing phase, how-
ever, participants in the Helge å case expressed a strong 
concern about browning of the river water (brownifica-
tion). The original systemic issue was therefore 
exchanged for brownification, to accommodate local 
concerns. SRC-KVB did not have a targeted challenge 
from the get-go. Instead, they mapped multiple ecosys-
tem services to generate a social-ecological system’s 
understanding for the landscape. Their aim, articulated 
by the biosphere office, was to explore the potential of 
these methods to support collaboration in addressing 
complex sustainability challenges in the Helge å 
landscape.

Contributing knowledge-holders and approach to 
participation
The disciplinary backgrounds of members in the 
research teams were similar, with an emphasis on 
ecology and geosciences, environmental policy analy-
sis, and either post-normal or sustainability science 
(detailed affiliations in S4). Similarly, there was 
a large overlap in the affiliations of the non- 
academic participants, with all projects including 
actors with an interest in the forestry sector. The 
projects also included participants from other sectors 
to varying degrees (Table 4 and S4).

All projects motivated the inclusion of non- 
academic participants by acknowledging the value 
of local and practical knowledge in the research 
process. Participants were expected to contribute 
to the saliency of the produced knowledge outputs 
by providing insights into what is relevant and 
possible to do (or use) in specific governance con-
texts. They were also expected to contribute to the 
legitimacy of the process outputs. In BONUS 
MIRACLE, a process design centered on social 
learning contributed to legitimacy, while for 
INTEGRAL, two exercises were important (the 
prioritization of factors of change and articulation 
of a normative vision). Nevertheless, both projects 
experienced challenges connected to saliency and 
legitimacy when proposing certain problem- 
framings to the participants (example from 
BONUS MIRACLE described in Problem-framing) 
. The narratives by the research teams (in S5) and 
the interviews with key participants (in S6) contain 
further evidence of resistance to the original 
research focus in these two projects.

ALTERFOR and SRC-KVB both had non- 
academic partner organizations that contributed to 
framing the project aims and identifying the key 
challenges. In ALTERFOR’s case, this exercise was 
designed to ensure that the eventual knowledge out-
puts would address specific knowledge needs of the 
partner organizations (saliency). The early involve-
ment of the partner organizations contributed to 
both saliency and legitimacy of knowledge outputs 
in the eyes of the partner organizations themselves 
(as powerful actors in the study area). SRC-KVB was 
designed to be flexible to the emergent interests of the 
participants. In this case, the partner organization 
contributed to the initial framing and to the legiti-
macy of the process in the eyes of the other invited 
participants.

In SRC-KVB, the iterative process design (includ-
ing certain exercises) required all participants to con-
tribute to both content and prioritizations within the 
outputs (ecosystem service assessment and system 
model building), effectively involving all participants 
in ensuring the credibility of knowledge outputs. In 
the other three projects, credibility was mainly 
ensured by the research teams, except for compo-
nents of the outputs that addressed specific local 
knowledge about management and governance prac-
tices and potential implications of implementing cer-
tain management measures.

Second dimension: synthesis(knowledge creation 
process)

When analyzing the project timelines, we identified 
six overarching types of activities, to varying degrees 
engaged in by all projects (Figure 3, individual project 
timelines in S7).

The extent to which non-academic actors partici-
pated in the activities varied. Certain activities, like 
Data analysis and Synthesis, involved research teams 
only. Interviews were used in two ways: First, to elicit 
information about the study area to inform data 
analyses (INTEGRAL, ALTERFOR and SRC-KVB). 
Second, in SRC-KVB, follow-up interviews at the 
end of the project with non-academic participants 
were used to assess learning. ALTERFOR and SRC- 
KVB also started with Planning meetings with their 
respective project partners to help frame consecutive 
analyses and workshops. The Workshops involved the 
highest degree of participation by a broad range of 
actors. The number of workshops ranged from two in 

Table 4. Range of affiliations of participating actors.
All projects Forestry sector representatives (land owners’ associations, industry representatives and nature protection) 

Representatives from public administration (municipalities, county boards, national agencies)
BONUS MIRACLE & SRC-KVB Agriculture sector representatives (farmers’ association)
INTEGRAL & SRC-KVB Regional business development organizations 

Associations for outdoor recreation
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ALTERFOR, three in INTEGRAL, to five in SRC- 
KVB and seven in BONUS MIRACLE. All workshops 
in SRC-KVB included the same group of participants. 
In the other projects, results from previous interac-
tions were presented at each workshop and there was 
generally some overlap in participants; however, each 
event was mainly with a new group of actors.

The researchers’ reflexive self-evaluation revealed 
methodological struggles that arose in the knowledge 
creation processes of INTEGRAL, ALTERFOR and 
BONUS MIRACLE. In INTEGRAL, early interactions 
where participants had criticized workshops for hav-
ing a too narrow focus motivated the researchers to 
change the consortium-prescribed method for vision 
development. Similar adjustments were made in 
ALTERFOR, but in relation to global versus local 
modeling simulations. In BONUS MIRACLE, outputs 
(about nutrient loading) from the predefined hydro-
logical model did not address the local participants’ 
main water-related concern (brownification), while 
time-consuming adjustments had to be made to the 
cost–benefit analysis to make it locally relevant. These 
examples highlight trade-offs in balancing local needs 
with research aims and consortia comparisons, 
requiring additional efforts by the research teams. 
The changes within INTEGRAL were even of 
a magnitude that the Helge å vision development 
ultimately could not be included in one consortia 
publication. None of the researchers, however, 
expressed regret making these adaptations.

Similar resistance from participants occurred in 
SRC-KVB related to an initially proposed key chal-
lenge (sustainable food production). However, due to 
the purposefully flexible design of this process, two 
additional sustainability challenges could be added as 
foci for exercises and analyses (decreasing brownifi-
cation of the river water and increasing diversity of 
tree species in production forests). This meant that 
relevance for participants could be maintained with-
out major changes to the original process design. 

Detailed recollections of these events in all projects 
are presented as narratives in S5.

Third dimension: diffusion

Knowledge outputs and outcomes
All projects produced futures-oriented outputs and 
ecosystem service analyses (Table 5). They also 
included exercises that scoped potential for change, 
lists of external drivers, and articulated strategies for 
how to achieve the desired change in the study area. 
In INTEGRAL and BONUS MIRACLE, these 
‘Roadmaps’ or ‘Pathways to change’ were developed 
by the research teams and took the form of strategies 
for how to address targeted sustainability challenges 
through existing governance systems. The impact of 
those pathways on water flow and nutrient transport 
in different climate change scenarios was modeled 
quantitatively in BONUS MIRACLE. The ‘Strategies 
for change’ in SRC-KVB were formulated in similar 
terms but were developed as part of a suite of exer-
cises by the participating local actors themselves. In 
ALTERFOR, ‘Pathways’ in the form of different spe-
cific management interventions in the forests were 
suggested in collaboration with the two project part-
ners, after which the interventions were used as treat-
ments in the modeled future scenarios.

Potential usability of knowledge outputs – from the 
research teams’ perspective
For the local actors in INTEGRAL, ALTERFOR 
(beyond the partner organizations) and BONUS 
MIRACLE, the research team considered the main 
benefits of participation to be the learning from the 
model outputs, to discuss and connect with other 
participants, to have their views communicated to 
actors at higher levels of governance through the EU- 
funded research consortia and to use the co-produced 
pathways as vehicles to transform governance. The 

Figure 3. Stylized model of a knowledge creation process and the different types of activities it may involve.
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intended users of the knowledge outputs varied, 
where ALTERFOR focused on the two partner orga-
nizations, allowing the partners to test their proposed 
management options against climate and ecosystem 
service models. The target users of INTEGRAL’s 
knowledge outputs were national decision-makers 
and various actors within the EU system, as the 
modeled outputs were designed to be comparable 
with the other European cases in the research con-
sortium. BONUS MIRACLE had a focus on local 
stakeholders in four study areas, as well as regional 
policy-makers around the Baltic Sea. The comparison 
of these four Baltic case studies was supported by an 
interactive visualization tool (Neset et al. 2019). In 
SRC-KVB, the intended users and process partici-
pants overlapped, as the project was focused on learn-
ing and development of tools in the process itself. 
This also meant that the knowledge outputs in SRC- 
KVB had less potential to be transferable beyond the 
immediate participant group, compared to the other 
projects.

An aspect that emerged as particularly interesting to 
compare is how the ecosystem service concept was 
perceived. Ecosystem service analyses constituted out-
puts in all projects, either as separate analyses (in SRC- 
KVB) or as part of the modeled future scenarios (in 
INTEGRAL, ALTERFOR and BONUS MIRACLE). 
The concept functioned as a useful tool to synthesize 
diverse information about processes in the landscape. 
In the interactions with project participants, however, 
perceptions diverged. As a concept, it was experienced 
as either too complicated or not specific enough by the 
researchers when communicating with non-academic 
participants in INTEGRAL, ALTERFOR and BONUS 
MIRACLE. Team members in these projects chose to 
use other terminology when interacting with local 
actors. In SRC-KVB, on the other hand, the ecosystem 
service concept emerged as a valuable tool that was 
appreciated by both researchers and non-academic par-
ticipants. This perceived difference in usability probably 
has two interacting causes. First, that SRC-KVB 
assigned considerably more time to discussing the con-
cept as such, before any analyses were presented. 
Second, there was a wide push for the use of the eco-
system service concept in Sweden following the intro-
duction of the national environmental interim goals in 
2012 (Ds 2012:23 2012). The later timing of the last 
three workshops in SRC-KVB, compared to the other 
projects, likely meant that participants had more time to 
be exposed to the ecosystem service concept also out-
side project activities, making them more familiar with 
this academic term.

Usability of knowledge outputs – from the non- 
academic participants’ perspective
In interviews with key participants from each project 
(summaries in S6), an obvious issue that emerged was 

relevance: Were the main concerns of the participat-
ing local actors really being addressed? In 
INTEGRAL and BONUS MIRACLE, the initial 
focus of the projects was not the sustainability chal-
lenge that the participants were most keen on addres-
sing at that point in time. For example, BONUS 
MIRACLE aimed at modeling and assessing measures 
for tackling nutrient loading in the Baltic Sea, while 
the local actors were more concerned about local 
causes and consequences of brownification in the 
Helge å river. They adjusted their focus for the pro-
ject as a whole to also encompass brownification, but 
the modeling component could unfortunately not be 
changed. This confirms the need to coordinate pro-
ject focus and key challenges with local actors before 
a project starts (as in ALTERFOR), or to include 
flexibility in the process design, allowing adjustments 
according to emerging topics (as in SRC-KVB, and 
partially in BONUS MIRACLE).

It also became apparent that good process design 
and facilitation was important. Good facilitation 
included organizing workshops so that all partici-
pants were activated and discussions not hijacked by 
single individuals. Good design included a clear fram-
ing for the project, and communication of how par-
ticipants were expected to contribute. Unclear project 
framing was an issue in INTEGRAL, where one inter-
viewed participant felt unsure about the purpose of 
the discussions and experienced frustration as 
a result. The open format that the INTEGRAL 
researchers advocated for became confusing for the 
participants, as its rationale was not explicitly com-
municated. In SRC-KVB, on the other hand, the 
iterations, a clear wrapping-up during the last work-
shop and through follow-up interviews, as well as the 
materials that were distributed (workshop reports 
written for the participants and print-outs of knowl-
edge outputs) were highly appreciated and created 
a sense of achievement.

Additionally, for SRC-KVB, a participant emphasized 
a difference from other science-policy-practice interac-
tions they had experienced, in that the workshop parti-
cipants perceived themselves as producers of knowledge 
(rather than only recipients). As stated in the section 
about approach to participation, SRC-KVB stood out as 
the only project that included non-academic participants 
in ensuring not only the saliency and legitimacy of the 
co-produced knowledge but also its credibility. Thus, 
there seems to be a connection between this aspect of 
approach to participation and the degree to which parti-
cipants felt activated in knowledge creation.

In general, the most prominently featured use men-
tioned by key participants in all projects was the oppor-
tunity for networking. Overall, they found it 
enlightening and interesting to interact with both 
researchers and other local practitioners, as well as to 
learn about recent scientific developments. For the 
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three projects that were part of larger consortia, the 
participants also found the comparisons between dif-
ferent case studies insightful. For instance, key partici-
pants in ALTERFOR felt that examples from across 
Europe could inspire new ideas also for southern 
Swedish forestry. Participating in the projects had also 
led to other collaborations between local actors. This 
was suggested as a potential future benefit for all pro-
jects. In BONUS MIRACLE, such a collaboration had 
already been realized. A group of participants and 
members from the research team applied and received 
funding for a workshop on brownification, which even-
tually led to a scientific synthesis publication (Kritzberg 
et al. 2020) and a conference for local practitioners.

The usability of specific knowledge outputs varied 
between the projects. The interviews suggest that 
informative and appealing figures were valued, as 
those were the outputs that to date have been used 
in practice. These include the ecosystem service bun-
dles and conceptual system models from SRC-KVB, 
which have been used when communicating and 
teaching about landscape management, ecosystem 
services and forestry in different settings. Another 
example is how the collaborative modeling results in 
ALTERFOR have influenced strategies in one of the 
partner organizations. Analyses without good visua-
lisations or outputs that did not match with the 
participants’ everyday needs were forgotten or 
remembered as confusing. This mis-match is evident, 
for example, in the scenario outputs from BONUS 
MIRACLE. The resolution of the outputs was too 
high to directly feed into the GIS software at the 
agency where one of the interviewed participants 
worked, and this participant lacked the expertise to 
correctly aggregate the spatial data themselves. 
Similarly, the usability of outputs in ALTERFOR 
decreased due to limitations in the capacity of models 
to address important current challenges: no simula-
tions of wildlife browsing and insufficient resolution 
of data about border zones.

Discussion

We have developed and applied an analytical frame-
work to analyze the knowledge co-production pro-
cesses in four participatory futures-oriented research 
projects. Through this comparative analysis, and in 
the contrasts between the contextually similar pro-
jects, detailed insights emerged concerning knowl-
edge co-production processes in general. Below, we 
present these insights by looking across the three 
dimensions of our analytical framework, Settings, 
Synthesis and Diffusion, and discuss implications 
for research practice.

Adapting to local context: costs and benefits of 
different strategies

High-quality co-production of knowledge requires 
context-specific processes that address local issues 
and generate outcomes that are aligned with local 
interests, beliefs and needs (Marre and Billé 2019). 
Each project in our analysis took a different approach 
to acknowledging current issues and interests, which 
led to diverging outcomes. The two projects with 
partner organizations (ALTERFOR and SRC-KVB) 
experienced least resistance regarding project focus, 
likely due to their partners’ early involvement. 
Participants in BONUS MIRACLE, while agreeing 
with problem definitions and pathways, expressed 
resistance towards the role of modeling. 
INTEGRAL, on the other hand, experienced resis-
tance from participants concerning the methodology 
and the use of specific terminology. These experi-
ences contribute to existing literature that highlights 
the shortcomings of prescriptive approaches in 
knowledge co-production (Chambers et al. 2021). 
Beyond partnering with local organizations, research-
ers can overcome this issue by engaging in prepara-
tory activities such as spending time in the study area 
to build relationships with local actors (Dick 2021; 
Horcea-Milcu et al. 2022) and by scoping previous 
research in the study area, in case it could be lever-
aged, used or built upon (Bennich et al. 2020).

Additionally, the comparison confirmed the rele-
vance of also assessing the level of technical and scien-
tific knowledge of the participants beforehand (Posner 
et al. 2016). This is exemplified by the ecosystem 
service analyses, where the research teams in 
INTEGRAL and BONUS MIRACLE decided not to 
use ecosystem service terminology in interactions 
with local actors. The term was perceived as too com-
plicated and a barrier for communication. The project 
outputs describing ecosystem services therefore lost 
some of their usability from the perspective of the 
local actors, who were not (yet) familiar with the con-
cept. Meanwhile, the iterative, learning-focused and 
more time-consuming approach in SRC-KVB resulted 
in the ecosystem service analysis emerging as one of 
the strongest and most appreciated outcomes by the 
participants (Malmborg et al. 2022). This suggests that 
academic terminology and sophisticated scientific 
analyses do not necessarily have to be avoided or 
translated into lay terms, but that co-learning the 
applicability of academic concepts together with all 
participants (researchers included) can be integrated 
into project objectives. Participants may thus be given 
the opportunity to learn how outputs can be instru-
mentally or strategically utilized in their respective 
professional contexts (McKenzie et al. 2014).
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Situating research processes in the local context 
poses its own challenges. Many research funders 
require clear problem framings already in the pro-
posal stage, while funding for the project might not 
be granted until much later (if at all). As the worlds 
of research and local policy and practice move at 
different speeds, this can create mis-matches 
(Angelstam et al. 2013; Horcea-Milcu et al. 2022). 
New topics of local interest sometimes emerge fast, 
as experienced in BONUS MIRACLE with the 
brownification issue. Worth considering is also 
who should be involved in agenda-setting. 
ALTERFOR was specifically designed to meet the 
needs of two powerful actors, following the 
Research, Integration and Utilization (RIU) model 
(Böcher 2016). This ensured fit-for-purpose knowl-
edge outputs, in the sense that the partners had 
defined the focus of the analyses and therefore 
were interested in the resulting outputs. 
A common motivation for engaging in participa-
tory futures methods, however, is to challenge and 
inspire the participants (Oteros-Rozas et al. 2015; 
Wallin et al. 2016). This benefit was also high-
lighted in the interviews, for example, that partici-
pants in BONUS MIRACLE and ALTERFOR were 
inspired by learning about challenges and alterna-
tive solutions from other case studies in the 
research consortia. It is therefore necessary to find 
a balance between research being salient, that is, 
fit-for-purpose, while at the same time maintaining 
the potential to be inspirational and challenging the 
status quo (Pereira et al. 2020). Inevitably, when an 
issue is high on the political agenda, extra attention 
and additional resources are required of the 
researchers to ensure that the process is not co- 
opted by powerful actors and that a diversity of 
voices are being heard (Clark et al. 2016b; 
Turnhout et al. 2020).

In short, adaptability is central to knowledge co- 
production processes (Moallemi et al. 2021; Sellberg 
et al. 2021b). However, despite strategies to accommo-
date local needs and interests, research projects face 
challenges and need to compromise. A flexible design 
requires a larger time-commitment by both research 
teams and other participants. In the case of 
ALTERFOR, tensions between the needs of research 
and local actors arose despite adaptability being built 
into the methodology. As experienced in INTEGRAL, 
too much flexibility can also be experienced as frus-
trating by individual participants, as it can come across 
as lacking clarity, causing a difficulty to set expecta-
tions. Here, transparency already in the setting-up 
phase and formulating common goals with the parti-
cipants is key (Horcea-Milcu et al. 2022), even if those 
goals are formulated in general terms such as focusing 
on learning or collectively exploring a diversity of 
sustainability challenges in the study area.

Changes along the way: researchers’ situational 
judgement and co-productive agility

Apart from integrating adaptive features in the pro-
cess design, unforeseen events may also necessitate ad 
hoc adjustments later on. When and how to adjust 
may be guided by a research methodology, but such 
guidance is rarely perfectly adapted to the particular 
situations in which researchers find themselves 
(Brunet et al. 2018).

In their narratives (S5), the researchers clearly 
describe conscious decisions to depart from pre-
scribed methodologies and adapt to local needs, to 
the detriment of research objectives. The conse-
quences of adaptations in the four cases could not 
be fully known when changes were implemented. In 
these complex situations, generalist knowledge and 
technical know-how are not enough to act 
(Bornemark 2017). Instead, the decisions described 
in the narratives can be understood as situational 
judgement or co-productive agility. Situational judge-
ment instructs the practitioner on how to interpret 
unfolding events and to decide on a better course of 
action, based on the needs of those involved, process 
objectives and context (Bornemark 2017). Co- 
productive agility takes this further, to specifically 
describe participants’ ability to navigate between 
roles in knowledge co-production, in order to engage 
with evolving agendas and to navigate power 
dynamics (Chambers et al. 2022). None of the 
researchers expressed regret concerning the final out-
comes, despite later revelations that some intended 
comparisons with other consortium cases were made 
impossible. Evidently, the researchers made use of 
situational judgement and agility regarding their 
adjustments to the specific situation of their projects, 
which in turn contributed to higher value for the 
participants.

Making space and time for open, reflexive discus-
sions among researchers is therefore highly recom-
mended in order to improve project design and 
adaptability (Wittmayer and Schäpke 2014; 
Hakkarainen et al. 2022), as well as to hone research-
ers’ capacity to make situational judgements 
(Bornemark 2017) and be agile in the co-production 
process (Chambers et al. 2022). In these safe spaces, 
openly reflecting on one’s own and others’ experi-
ences and impressions, discussing dilemmas and con-
necting to different theories of thought can provide 
guidance about important issues related to the quality 
of the process as it unfolds (Bornemark 2017; Alonso- 
Yanez et al. 2019; Sellberg et al. 2021a).

Usability of knowledge outputs

High quality and informative knowledge outputs, in 
the form of materials and figures, as well as 
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networking with other participants and researchers, 
emerged as the most important features for increas-
ing diffusion of the co-produced knowledge in the 
four projects. However, using knowledge outputs 
and outcomes, through institutionalization and com-
munication with others, is highly dependent on the 
individual participant and the organizational struc-
tures they are embedded in (Clark et al. 2016a). 
Several interviewees emphasized that the co- 
produced knowledge benefited their own practice 
but was not necessarily diffused into their organiza-
tions. The perceived usability of ecosystem service 
analyses, already discussed in a previous section, also 
speaks to the importance of time: the later timing of 
SRC-KVB, compared to the other projects, meant 
that the participants who were active in public 
administration were in a more favorable stage of 
the policy process (Tomich et al. 2004; Posner et al. 
2016). Additionally, the emphasis on capacity- 
building in SRC-KVB meant that the participants 
developed both a deeper understanding, opportu-
nities for experimentation and a shared language 
connected to ecosystem services, all of which support 
usability of knowledge in co-production (van 
Bommel et al. 2016; Caniglia et al. 2021). 
Organizations that have internal structures for facil-
itating learning between colleagues, therefore, have 
the potential to benefit more from their members’ or 
employees’ participation in knowledge co- 
production processes (Johannessen and Hahn 
2013). A sense of ownership or commitment to the 
research from the participating organizations, and 
not only individual participants, is also important 
for successful diffusion (Hoffmann et al. 2019). 
Such buy-in was to varying degrees lacking in all 
four projects.

Furthermore, a trade-off appears to exist, at least 
for certain types of outputs, between usability in the 
local context, and opportunities to generate transfer-
rable knowledge (Newig et al. 2019). Aiming to fill 
scientific knowledge gaps might also undermine 
other outcomes from co-production (Chambers 
et al. 2021). This trade-off is clearly illustrated by 
the tension in two of the projects, where the connec-
tion to EU-level research consortia meant that meth-
ods and outputs had to be consistent between 
consortia case studies. The consistency offers an 
opportunity to compare and generate less context- 
specific insights. These are crucial to bridge the gap 
between local case studies and regional or interna-
tional understanding and decision-making (Stringer 
et al. 2006), in this case, environmental governance in 
Europe. However, the demands on consistency also 
reduce the flexibility of the process in individual case 
studies. This trade-off is important to acknowledge in 
transdisciplinary research (Lam et al. 2021). It might 

not be possible to meaningfully generate outcomes 
that meet all types of goals, ranging from social 
learning, impact on local change processes and high- 
quality, internationally generalizable science 
(Chambers et al. 2021). Researchers may have to 
prioritize between these and then be transparent 
about their priorities to those expected to contribute 
with their time and knowledge, in order to set rea-
sonable expectations.

Improving knowledge co-production practices

Building on our comparison, we have described sev-
eral strategies that can guide researchers in setting up 
more successful processes of knowledge co- 
production for sustainable landscape management. 
Ultimately, researchers engaging in co-production 
need to consider diffusion early and understand the 
needs and limitations of the intended decision- 
making context (Barton et al. 2018; Marre and Billé 
2019). Real integration, where insights from knowl-
edge co-production are used to reconfigure how 
actors in an organization work, requires deep engage-
ment and a significant amount of time by both parti-
cipating researchers and multiple members or 
employees of the targeted organization (Posner et al. 
2016). Therefore, a crucial consideration for research-
ers and research funders alike is to critically assess 
and discuss the actual need for participation 
(Mascarenhas et al. 2021; Moallemi et al. 2021). The 
risk when involving local actors without clear aims 
for their participation includes participation fatigue 
and disappointment (Lindstad 2018). In some cases, 
interviews or surveys can be more efficient and less 
invasive tools for ensuring salient and legitimate data 
to inform models and other analyses (Mukherjee 
et al. 2018).

We are certainly not the first to point out the 
problems of participation fatigue (Wesselink et al. 
2011), professionalization of stakeholder participants 
(Kleinschmit et al. 2018), varying capabilities and 
motivations for participation, and problems due to 
unclear expectations (Jagannathan et al. 2020). 
Conducting research in stand-alone projects (projec-
tification) is also limiting, as it risks leading to pro-
jects that are restricted by their inevitable short-term 
framing and unnecessary overlap between projects, 
undermining the potential for research users to 
become engaged in longer-term learning (Allan 
2012). Researchers need to reflect on the role of the 
project as a format and take action to avoid too much 
reductionism, risk-avoidance (Allan 2012) and depo-
litization of their research (Turnhout et al. 2020).

From our unique vantage point, however, with 
a time horizon of 9 years in one case study area and 
the involvement of different research groups and 
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disciplines, we believe there is an often-untapped 
potential in bridging between projects (Angelstam 
et al. 2013). Long-term relationships can be formed 
between practitioners and researchers, which over 
time can inspire new directions for practice and 
research alike (Campbell et al. 2016; Lam et al. 
2021). These relationships build personal and organi-
zational trust and improve communication (Coleman 
and Stern 2018). To further strengthen these quali-
ties, researchers may train local actors as so-called co- 
researchers through resource sharing and local capa-
city-building (Garnett et al. 2009). Creating well- 
structured spaces for reflection in projects, where 
participants can openly discuss different types and 
usability of knowledge and decenter academic exper-
tise, can also allow non-academic actors to take more 
active leadership roles in transdisciplinary research 
(Alonso-Yanez et al. 2019). Assessing impact 
throughout the process, connected to participants’ 
reflexivity practices, would also support broader lea-
dership and improve positive outcomes from co- 
production (Sellberg et al. 2021a; Chambers et al. 
2021, 2022).

Additionally, learning continues beyond project 
activities. Communication of key messages from 
a single project may not be enough for learning to 
take place. This insight calls upon researchers to 
take responsibility for the aftermath of 
a knowledge co-production process and to consider 
the long-term consequences of their intervention 
(Schauppenlehner-Kloyber and Penker 2015), as 
well as in relation to other research projects that 
are active simultaneously (Allan 2012). Evaluating 
past projects is important. Here, our analytical fra-
mework proved valuable in structuring a post-hoc 
reflexive self-evaluation. Revisiting our projects has 
been a valuable exercise for all researchers involved, 
as some insights need time to mature. In our cases, 
the self-evaluation was initiated between 1 and 5 
years after the final participant interaction took 
place. Based on our experiences, 2 to 4 years after 
the conclusion of a project (depending on its dura-
tion) might be a time period that balances the need 
to remember while still allowing time for insights to 
mature. However, our methodology is limited by the 
patchiness of memory. In order to increase the 
usability of future post-hoc reflections, we recom-
mend implementation of protocols for project doc-
umentation, not just in terms of final results but also 
to produce evaluative information continuously 
(Hakkarainen et al. 2022)for example, through field-
notes about important decisions that were taken as 
the process evolved.

Importantly, our analytical framework was devel-
oped to facilitate our systematic comparison and is 
therefore specifically appropriate for analyzing 
knowledge co-production in bounded research 

projects. It would be less appropriate for analysing 
transdisciplinary research that is cyclical (e.g. action 
research) or research commissioned to researchers by 
research users. The distinction between the dimen-
sions and elements facilitated a systematic compari-
son between the projects. When designing future 
projects, however, the dimensions and elements 
should not be considered as temporally separated 
steps, but as facets that co-evolve in parallel and/or 
iteratively.

Conclusion

Knowledge co-production processes, through parti-
cipatory, futures-oriented research like the projects 
described in this paper, can generate usable knowl-
edge for sustainable landscape management. We 
therefore conclude that it is a valuable tool for 
anyone striving to address complex sustainability 
challenges in landscape management. However, 
these processes need to be designed with care, 
with clear goals, transparent and adaptable proce-
dures and produce knowledge outputs that meet 
the needs of the intended decision-making con-
texts. Researchers and other participants in knowl-
edge co-production also need to engage in reflexive 
practices to improve the quality of the processes. 
Otherwise, the transformative potential of knowl-
edge co-production is undermined.

Notes

1. Scenario typology (Börjeson et al. 2006): Predictive 
(What will happen? Probability, likelihoods); 
Explorative (What can happen? Explore possible 
futures, often from a variety of perspectives and long 
time horizons. 2 sub-categories – External and 
Strategic); Normative (How can a specific target be 
reached? Has explicitly normative starting points, 
focus on certain future situations or objectives and 
how these could be realized).

2. Full reference in supplementary material S2.
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