Sustainability Science (2025) 20:1833-1862
https://doi.org/10.1007/511625-025-01707-6

R385/ D IGES

Integrated Research System for Sustainabifly Science  Environmental Strategies

ORIGINAL ARTICLE q

Check for
updates

Core design principles for just sustainability transitions: a framework
for transformative research

2

Alexander Herwix'2® . Kristina Bogner>*® . Michael P. Schlaile>57

Received: 3 September 2024 / Accepted: 1 June 2025 / Published online: 4 August 2025
© The Author(s) 2025

Abstract

Transformative research is crucial for orienting, scaling, and accelerating just sustainability transitions (JUSTRAs), which
have become a growing priority in sustainability science and policy. This paper addresses the challenge of organizing
productive transformative research initiatives by adapting Elinor Ostrom’s Core Design Principles (CDPs) for organizing
sustainable collective action. We present a modular framework that illustrates how the CDPs can be applied in the context of
transformative research initiatives to support JUSTRAs. In particular, we argue that CDPs can function as boundary objects,
fostering productive dialog between different perspectives. This framework offers both theoretical contributions to the field
and practical guidance for researchers and practitioners engaged in transformative research initiatives on the ground. By
bridging theory and practice, our work aims to make research efforts driving JUSTR As more productive.
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Introduction

Handled by So-Young Lee, Institute for Global Environmental
Strategies (IGES), Japan. Transformative research is a growing research movement
that is gaining prominence in both sustainability science
and policy (Horcea-Milcu et al. 2024; Schneidewind et al.
2016; Wittmayer et al. 2021) as an essential lever for advanc-
ing just sustainability transitions (JUSTRAs; Avelino et al.
2024; European Environment Agency 2024). Despite its
importance, organizing productive' transformative research

initiatives (TRIs) remains a significant challenge. While
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existing literature has made significant strides in developing
recommendations for conducting TRIs (e.g., Caniglia et al.
2023; Fazey et al. 2018; Holscher et al. 2021; Scholz et al.
2024; Wittmayer et al. 2024), the literature also continues to
highlight the complexity of TRIs and the challenges associ-
ated with implementing them in practice (see, for example,
Caniglia et al. 2023; Holscher et al. 2021; Horcea-Milcu

! We use the term productive here in the general sense of “effective
in bringing about” or “having the quality or power of producing”
(Merriam-Webster, 2025) to emphasize the ambition of our work to
help anticipate and reduce unproductive friction when organizing
TRIs. We recognize that friction is inevitable in transformative work,
and we are not suggesting that consensus is always possible or even
desirable. Rather, our framework is designed to help transformative
researchers: (1) foster constructive tensions that drive progress toward
shared goals, and (2) more effectively anticipate and manage unpro-
ductive conflicts that impede progress.
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et al. 2024; Kump et al. 2023; Wijsman and Berbés-Blazquez
2022; Wittmayer et al. 2024).

We argue that the persistence of these practical challenges
stems, at least in part, from the essentially contested nature
(Gallie 1956) of the concepts of justice and sustainability
and the diverse perspectives and needs of those involved in
and affected by JUSTRAS (Schlaile et al. 2017). The inherent
tension between justice and sustainability ideals (Ciplet and
Harrison 2020) and the complex interplay of various actors
with sometimes seemingly irreconcilable interests (Patterson
et al. 2024) create a complex and unique environment that
is inherently rich in potential and fraught with obstacles.
Therefore, rather than expecting to find clear, ready-made
answers about how to organize productive TRIs, we should
strive to develop and support more reflexive practices for
navigating TRIs (see Caniglia et al. 2023; Kaljonen et al.
2024; Lazurko et al. 2025; Wittmayer et al. 2024).

Our work contributes to this goal by adapting Elinor
Ostrom’s evidence-based Core Design Principles (CDPs)
for organizing sustainable collective action (Ostrom 2010;
Wilson et al. 2013) to the context of TRIs. We propose that
the CDPs can serve as a modular framework for organizing
(practical knowledge about) TRIs.? In particular, we argue
that the CDPs can be used as a holistic but manageable set of
boundary objects (Star 2010; Star and Griesemer 1989) that
a wide range of stakeholders in TRIs can work productively
with, even if they disagree about the goals of a TRI or some of
the actions to be taken (e.g., Franco-Torres et al. 2020; Jans-
sen et al. 2023; Steger et al. 2018). In this sense, the CDPs are
not and can never be a panacea for organizing “successful”
TRIs. Rather, they should be seen as robust reference points
that can help transformative researchers and their partners bet-
ter navigate the complexities of organizing productive TRIs.

We present a modular framework that operationalizes the
CDPs in the context of TRIs. For each CDP, our framework
provides key planning and assessment questions, identifies
potential sources of tensions, suggests guiding questions for
reflexive practice, and offers examples of useful tools and
resources. The framework is modular in the sense that both
the content for each CDP and the list of principles itself
should be adapted to specific TRI contexts and refined over
time. This set of considerations helps those involved in
organizing TRIs orient themselves, as well as connect and
bridge diverse parties in specific settings, creating a founda-
tion for more productive TRIs.

2 We use the term framework here in the sense of a basic conceptual
structure that can help us organize our thinking in relation to a par-
ticular situation (see Ison 2017). In our framework, the CDPs serve
two functions simultaneously. First, the content of each CDP suggests
a key concern that transformative researchers should consider when
(co-)designing and (co-)organizing TRIs. Second, the set of CDPs
can serve as an organizing framework for additional insights, meth-
ods, techniques, and tools (i.e., practical knowledge) that can be help-
ful in organizing TRIs.

@ Springer

Our findings extend existing knowledge in several ways. On
the theoretical side, we contribute to the field of sustainability
science by providing a novel application of Ostrom’s CDPs in
the context of TRIs, thus strengthening the bridge between col-
lective action theory and sustainability science. On the practical
side, we provide a modular framework for organizing TRIs that
can support the orientation, planning, and reflection of trans-
formative researchers and practitioners.

By bridging theory and practice, our work aims to make
TRIs more productive and is, thus, particularly valuable
for actors managing or engaging in such initiatives. It also
seeks to benefit those at the margins of TRIs by advocating
for more reflexive research practices and, in particular, co-
creative processes that broaden the range of participants and
viewpoints included in TRIs and ideally involve all those
affected by them. Our framework also provides helpful
directions for context-sensitive evaluations of TRIs. This
aspect may be of particular interest to science funders and
policymakers, as it provides a basis for assessing the poten-
tial and progress of TRIs.

Theoretical background and related work
Transformative research

There is a growing recognition that traditional research
approaches may be insufficient for catalyzing the profound
societal changes needed to address the persistent global
problems we face. This realization has given rise to trans-
formative research, an emerging research orientation that
aims to bridge the gap between knowledge production
and societal transformation (Holscher et al. 2021; Horcea-
Milcu et al. 2024; Schneidewind et al. 2016; Wittmayer
et al. 2021).> As such, transformative research goes beyond
merely describing or analyzing problems and strives to
directly engage in change processes to co-produce more just
and sustainable ways of working, living, and being (Horcea-
Milcu et al. 2024). The transformative research orientation
closely aligns with and extends the goals of sustainability
science, which aims to generate actionable knowledge to
address complex socio-ecological challenges (Kates et al.
2001), with an explicit focus on action.

At its core, transformative research is generally character-
ized by several key features (cf. Horcea-Milcu et al. 2024;

3 We refer to transformative research as a research orientation to
emphasize that we do not consider transformative research to be a
specific research method. Rather, we use it as an umbrella term for all
research that seeks to actively participate in just sustainability transi-
tions (see Wittmayer et al. 2021). In particular, we point to Wittmayer
et al. (2021) for a succinct discussion of the research traditions trans-
formative research draws on (e.g., mode-2 knowledge production,
post-normal science, transdisciplinarity, phronetic social science, par-
ticipatory action research, and knowledge co-production).
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Schneidewind et al. 2016; Wittmayer et al. 2021). First, it
adopts a systemic perspective, recognizing the intercon-
nected nature of societal and environmental issues and our
own entanglement (as researchers) with them (Fazey et al.
2018; Ison 2017). Second, it embraces transdisciplinarity
(Hirsch Hadorn et al. 2008), integrating knowledge from
various academic disciplines and non-academic actors
(Scholz et al. 2024). Third, it is inherently normative and
explicitly oriented toward sustainability and social justice
(Avelino et al. 2024). Fourth, it is iterative, emphasizing
collaborative processes of co-creation that involve diverse
actors in the research process (Caniglia et al. 2023) and seek
to increase the reflexivity (van Mierlo et al. 2010) of these
participants over time.

The goals and outcomes of transformative research extend
beyond traditional academic outputs. While it still aims to
produce rigorous scientific knowledge, it also seeks to co-
create transformative action by (i) building capacity among
relevant parties for systemic thinking and collaborative
problem-solving; (ii) catalyzing social learning processes
that can lead to shifts in values, beliefs, and behaviors; and
(iii) fostering networks and partnerships that can sustain
the long-term change efforts needed to address persistent
societal challenges (cf. Holscher et al. 2021; Horcea-Milcu
et al. 2024; Schneidewind et al. 2016; Scholz et al. 2024,
Wittmayer et al. 2021).

Transformative research is particularly relevant in the
context of sustainability science because it addresses the
need for knowledge that can guide societal transformations
toward more just and sustainable futures (Horcea-Milcu
et al. 2024; Kates et al. 2001). It recognizes that the com-
plex, systemic nature of sustainability challenges requires
new ways of co-creating and applying knowledge that can
bridge the gap between science and society (Miller et al.
2014; Schneidewind et al. 2016).

However, the implementation of TRIs remains very
challenging. The field is still evolving, and there is ongo-
ing debate about good practices, methodologies, evaluation
criteria, and ethical standards (e.g., Caniglia et al. 2023;
Gugerell et al. 2023; Hoffmann et al. 2022; Holscher et al.
2021; Kump et al. 2023; Martiskainen and Sovacool 2021;
Scholz et al. 2024; Stepanova et al. 2020; Wittmayer et al.
2024). In particular, researchers face significant barriers
when organizing TRIs, including power asymmetries (Fritz
and Meinherz 2020; Horcea-Milcu et al. 2019), institutional
constraints (Kump et al. 2023), and competing knowledge
systems (Norstrom et al. 2020). Another key challenge is
how to manage the complex and context-sensitive role of
emotions in TRIs (Martiskainen and Sovacool 2021).*

4 Emotions are known to influence collective learning and unlearn-
ing in sustainability (van Oers 2024), motivate or demotivate action
(Ogunbode et al. 2023; Ojala 2023b), create and maintain group iden-
tity and purpose (Van Kleef and Fischer 2016), influence perceptions

While the literature has advanced in identifying these and
other challenges, comprehensive frameworks for navigating
them in practice remain limited (Caniglia et al. 2023). As
Scoones et al. (2020) note, transformative research requires
flexible approaches to organizing that can bridge diverse
perspectives while maintaining scientific rigor. What is
particularly needed is an integrative framework that pro-
vides general practical guidance while accommodating the
context-specific nature of transformative work (cf. Loorbach
et al. 2020; Pereira et al. 2020).

Just sustainability transitions

The concept of just sustainability transitions (JUSTRAs;
Avelino et al. 2024) builds upon and combines different
distinct streams of research, including sustainability transi-
tions (e.g., Grin et al. 2010; Kohler et al. 2019; Loorbach
et al. 2017; Schlaile and Urmetzer 2019), environmental
justice (e.g., Agyeman et al. 2016), or just transitions (e.g.,
Wang and Lo 2021). Some scholars argue that questions
of justice are already included in the notion of sustainabil-
ity, considering its intra- and inter-generational nature and
multi-scale dimensions encompassing ecological and socio-
economic aspects (e.g., following Renn et al. 2009, who
argue for understanding sustainability as encompassing the
three dimensions of systems integrity, justice, and quality of
life). However, the (normative) complexities of sustainable
development led to diverging discourses and fields, some of
which overlook inequalities, intersectionality, or the poli-
tics of cost—benefit distribution, even if justice is, to some
extent, already part of the Brundtland definition (WCED
1987). Consequently, critics have emphasized the absence
of attention to these issues (e.g., Agyeman et al. 2016; Hop-
wood et al. 2005; Kasemir 2003).

Against this backdrop, scholars increasingly engage with
JUSTRAS in practical terms, working, among other things,
on the tensions between different forms of justice within

Footnote 4 (continued)

and ways of dealing with fairness (Hegtvedt and Parris 2014), and
create and resolve conflict (e.g., Lindner 2006). Therefore, emotions
can lead to disengagement, conflict, conflict resolution, or conflict
avoidance, while also creating opportunities by fostering group con-
nection, motivating action, and strengthening shared purpose. The
difficulty lies in the complex dynamics between emotions and modes
of collaboration that defy simple cause-and-effect relationships. In
addition, insufficient understanding of emotions and a lack of emo-
tional competencies can pose challenges for recognizing and engag-
ing with emotions in TRIs (see Grund and Holst 2023 on emotional
competencies; Ojala 2023a on critical emotional awareness). Hence,
we acknowledge that the work on emotions is relevant for organizing
TRIs but, due to our article’s scope and the complexity of the rela-
tionship between emotions and change, we cannot adequately address
this domain in the remainder of this article and must, therefore leave
it as an avenue for future research.

@ Springer
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transition processes by examining justice issues in specific
empirical contexts such as agriculture and food (e.g., Trib-
aldos and Kortetmaki 2022; Tschersich and Kok 2022), bio-
economy (e.g., Bastos Lima 2022; Ramcilovic-Suominen
2023; Schlaile et al. 2024), energy (e.g., Sovacool et al.
2016; Sovacool and Dworkin 2015), mobility (e.g., Hum-
berto 2023; Sheller 2018), or urban systems (e.g., Frantz-
eskaki et al. 2021).

Elinor Ostrom’s core design principles

The CDPs emerged from the work of Elinor Ostrom (2010,
2015), who investigated whether self-organizing groups
could use common-pool resources sustainably. Based on her
original fieldwork, she identified eight design principles that
synthesize the core factors that affect the likelihood of long-
term survival of self-organizing and resource-using groups
(Ostrom 2010). Over the years, these design principles have
been slightly adapted and reformulated based on evolution-
ary theory to become the CDPs, a general framework for
organizing collective action that can be helpful to all groups

across contexts (Wilson et al. 2013, 2020) and scales (Wil-
son et al. 2023). In particular, the CDPs systematically distill
a basic, core set of considerations that are likely to affect
cooperation within and between groups over the long term.
As such, the CDPs provide a set of robust reference points
that can be helpful in navigating potential organizational
tensions, but they should not be seen as a panacea. Follow-
ing the CDPs is neither inherently necessary nor by itself
sufficient for organizing successful collective action. Wilson
et al. (2013), for example, explicitly highlight the possibility
that additional context-sensitive auxiliary design principles
(ADPs) may be useful or even necessary for organizing pro-
ductive collective action.

The initial version of the CDPs as developed by Wilson
et al. (2013) is summarized in Fig. 1. CDP 1 calls for clear
group boundaries and purposes. CDPs 2—6 aim to create
conditions that encourage cooperative behavior and discour-
age unhelpful ones. CDPs 7-8 make the framework inher-
ently multi-level by highlighting that the same principles can
apply to interactions between groups (Wilson et al. 2023).
Thus, the CDPs are by design scale-invariant, meaning that

Fig.1 Ostrom’s Core Design
Principles based on Wilson

et al. (2013). The different
colors represent the different
focal points of the CDPs. CDP 1

1. Clearly defined boundaries

The identity of the group and the parameters of the shared endeavour should be clearly delineated
within each context.

focuses on scope and direction,
CDPs 2-6 focus on mechanisms oo
to secure within-group coopera-
tion, and CDPs 7-8 focus on

2. Proportional equivalence between benefits and costs

In general, the more proportionality is established within groups, the stronger between-group selection
will be, relative to within-group selection.

between-group cooperation

3. Collective-choice arrangements

Consensus-oriented decision-making provides a safeguard against decisions imposed by some
members of the group at the expense of others.

4. Monitoring

Monitoring is an essential part of the arsenal of mechanisms that are required to keep within-group
selection under control.

5. Graduated sanctions

Group members are often able to impose significant costs on miscreants at low cost to themselves.
Given such power of the group over each member, gentle reminders can be extremely effective
coordination mechanisms.

6. Conflict resolution mechanisms

Fair conflict resolution mechanisms act as a safeguard against exploitation within groups.

7. Minimal recognition of rights to organize

@ Springer

Self-organizing groups need to be responsible for their own organization, which can pose a challenge
in modern large-scale societies.

8. Appropriate coordination among relevant groups

In multi-tier societies, selection occurs at multiple levels, which can be managed by applying the CDPs
1 - 6 not only to groups, but also recursively to the relationships between groups.
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they are generally applicable to groups of groups, which is
what makes them particularly useful when considering com-
plex nested social phenomena such as sustainability transi-
tions (e.g., consider the work on the multi-level perspective;
Geels 2011; see also Schlaile et al. 2022, 2023).

In practice, the CDPs function in both descriptive and
prescriptive capacities, suggesting two modes of operational-
ization. In descriptive mode, they serve as diagnostic tools to
assess the “cooperative climate” within and between groups,
providing insights into existing governance structures and
identifying potential issues in collaborative arrangements
(Wilson et al. 2013, 2020). In prescriptive mode, they offer
evidence-based guidance for planning, designing, and
improving governance systems across diverse contexts (e.g.,
Baggio et al. 2016; Haryanto et al. 2022; Hayes et al. 2021;
Robert et al. 2021).

The empirical foundation supporting the CDPs’ effective-
ness as a diagnostic tool is substantial and growing, with
Cox et al. (2010) confirming their validity across 91 case
studies of common-pool resource management, and Bag-
gio et al. (2016) demonstrating their configural nature in
explaining success and failure in commons governance.
Applications in prescriptive mode have extended beyond
natural resource management to areas such as healthcare
improvement (Robert et al. 2021), organizational develop-
ment (Hayes et al. 2021), education (Eirdosh and Hanisch
2020), and systemic knowledge integration in transformative
research (Gugerell et al. 2023), while critical scholarship
has productively engaged with their perceived limitations
regarding power dynamics (Mudliar and Koontz 2021) and
cultural contexts (Singleton 2017).

Recent developments have further enhanced the CDPs’
applicability in prescriptive mode by integrating them with
insights, methods, and tools from complementary fields
such as contextual behavioral science (Hayes et al. 2021),
cultural theory (Singleton 2017), sustainability transitions
(Schlaile et al. 2022, 2023), and sociology (Gugerell et al.
2023; Mudliar and Koontz 2021). These interdisciplinary
approaches have enriched the CDPs’ operationalization
across diverse contexts, creating more nuanced frameworks
for addressing complex governance challenges. Particularly
noteworthy is their compatibility with the perspective of
cultural evolution (cf. Eirdosh and Hanisch 2020; Schlaile
et al. 2022, 2023), where the CDPs provide a structure for
enabling complex, polycentric arrangements for collective
action that prevent relevant parties from acting at cross-pur-
poses and instead bring them together to function adaptively
as a system (Wilson et al. 2023).

From this evolutionary perspective, JUSTRASs require
the deliberate organization of multi-level processes of
“system-level cultural evolution in which all three ingre-
dients—the target of selection, variation oriented around
the target, and replication of best outcomes—are carefully

managed [with the whole system in mind]” (Wilson et al.
2023, p. 4). The CDPs can, thus, not only serve as a diag-
nostic framework, but also inform the design of govern-
ance systems that can evolve adaptively at multiple scales
simultaneously.

Core design principles for just sustainability
transitions

Our personal experience as sustainability researchers and
teachers has made us keenly aware of the practical chal-
lenges that are associated with organizing TRIs for JUS-
TRAs. As existing research has begun to unpack and elabo-
rate on the complex and contested nature of this work, we
have become more aware of the nuances and challenges
involved, but we also often still feel overwhelmed by the
scope of the task: How can we organize productive TRIs
that engage with the multiple and diverse perspectives on
JUSTRAs that we are bound to encounter in specific contexts
to learn more about how to make progress toward more just
and sustainable futures?

After careful reflection and in line with existing work on
transformative research (e.g., Caniglia et al. 2023; Fazey et al.
2018; Horcea-Milcu et al. 2024; Meadows 2002), our recom-
mended response is to put one’s head down, to stay humble,
and to carefully identify and engage with the parties relevant
to a particular initiative. Rather than putting our resources into
developing grand theories of JUSTRAs, we should acknowl-
edge that justice, sustainability, and therefore also JUSTRAs
are deeply socially embedded and essentially contested con-
cepts (Gallie 1956). Engagement with such concepts is, never
minding our personal conceptions, destined to be centered on
contextual negotiations as matters of concern and the involved
or affected parties change. Thus, we should accept that we will
never find a consensus understanding of justice and sustain-
ability in practice, or realize an uncontested JUSTRA. Some
colleagues even argue that we should expect a state of discord
to be the norm (Patterson et al. 2024).

Against this backdrop, the best we can do is to work
toward organizing productive TRIs that consider justice
and sustainability concerns to a degree that is (and reason-
ably can be) deemed appropriate by all relevant parties.
This includes all involved parties but also those who are
not directly involved but still affected by our activities (e.g.,
Ulrich 1994; Ulrich and Reynolds 2010).”

> We want to emphasize here that not all relevant parties (e.g., chil-
dren, future humans, other animals, ecosystems) may be able to
express, represent, and defend their own needs and concerns in ways
that are easily understood by us. This requires us to use our reason-
ing abilities to make sure that their needs and concerns are adequately
addressed (see Gonzalez-Ricoy and Rey 2019; Thomsen et al. 2023).

@ Springer
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A key metaphor that we found useful for framing this per-
spective is the notion of “dancing with systems” as advanced
by Donella Meadows (2002, p. 2):

The future can’t be predicted, but it can be envisioned
and brought lovingly into being. Systems can’t be con-
trolled, but they can be designed and redesigned. We
can’t surge forward with certainty into a world of no
surprises, but we can expect surprises and learn from
them and even profit from them. We can’t impose our
will upon a system. We can listen to what the system
tells us, and discover how its properties and our values
can work together to bring forth something much bet-
ter than could ever be produced by our will alone. We
can’t control systems or figure them out. But we can
dance with them.

Building on this understanding, we propose the CDPs for
JUSTRASs framework (see Fig. 2 for an overview and Table 1
in the Appendix for the full version). This framework can
be used to help individuals and groups nested within TRIs
to collectively align their dance moves with each other in a
way that makes productive transformative action more likely.
As the name suggests, our framework extends and adapts the
CDPs to the context of TRIs working toward JUSTRAS. In

Fig.2 Overview of the CDPs
for JUSTRASs framework. The
circle in the center outlines the
structure of the content availa-
ble for each CDP and the arrows
illustrate that this content can be
used for iterative planning and
reflection. The different colors
associated with the CDPs in the
outer ring represent their differ-
ent focal points. CDP 0 is the
foundation upon which all other
CDPs build and which they seek
to maintain. CDP 1 focuses on
the scope and direction of TRIs,
CDPs 2-6 focus on mechanisms
to secure within-group col-
laboration, and CDPs 7-8 focus
on between-group collaboration.
For more details regarding the
content of the framework, refer
to the full version of the frame-
work in Table 1

Autonomy
and authority
to implement
CDP1- CDP6

Constructive
conflict
management
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Appropriate
relations with
external parties
(consistent with

Appropriate feedback

particular, since dancing with systems involves staying hum-
ble, listening to, and feeling the system (Meadows 2002), our
framework focuses on highlighting key questions, potential
sources of tension, and examples of tools and resources rele-
vant to JUSTRAs rather than providing ready-made answers.

The goal of the framework is to provide a set of robust
reference points that can help transformative researchers
and their partners better navigate the complex terrain of
organizing TRIs. For this, we were inspired by and build
on the assessment and planning questions for the CDPs by
Atkins (2018), the justice-sustainability tensions identified
by Ciplet and Harrison (2020), and the guiding questions for
justice work in nature-based solutions by Wijsman and Ber-
bés-Blazquez (2022), among others. The result is a modular
framework that can serve as a boundary object helpful for
orienting an open-ended, critical, but constructive discourse
among participants in TRIs (cf. Franco-Torres et al. 2020).
Such use of the framework could be facilitated by trans-
formative researchers or other participants such as activists
or local changemakers, who become part of a TRI.

Note that we have added a CDP O to the eight CDPs to
emphasize that the starting point and end of the framework is
to help create common ground among all involved parties so
that transformative action can be productively co-created. To

Common ground for
productive co-creation of
transformative action

Clear
boundaries
and shared
sense of
purpose

Just
distribution
of costs and
benefits and
sustainable
use of
resources

Key sources of tension

Guiding questions i

for reflexive practice s

Inclusive
decision-
making

Tools and resources

Monitoring of behaviors
and goal attainment

mechanisms
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stay with the “dancing with systems” metaphor: if we want
to dance well together and have a good time, we need to find
or prepare a dance floor with enough room to move, and
also agree on the music we want to listen to. We have also
reworded some of the CDPs to adapt them to the JUSTRA
context. For example, we renamed CDP 6 from “conflict
resolution mechanisms” to “constructive conflict manage-
ment” to emphasize that we see conflicts not simply as social
issues to be resolved as quickly as possible, but as an inevi-
table and often valuable part of TRIs that can be managed
strategically (see Cuppen 2018).

We offer this framework as a solid starting point for
organizing productive TRIs. The strength of the framework
is that it helps to get an overview of key challenges associ-
ated with organizing TRIs and to anticipate and construc-
tively manage tensions and conflicts. Importantly, these ten-
sions and conflicts are not inherently negative, they are also
key to driving self-reflection, as well as constructive debate,
innovation, and change (e.g., Cuppen 2018). Our framework
encourages reflexive practice to manage these dynamics pro-
ductively. It also provides examples of potentially helpful
tools and resources.

The modular nature of the framework allows for its
adaptation to various contexts and scales. Transformative
researchers and their partners should only use it as a start-
ing point, adding or modifying elements as needed for their
specific needs and initiatives. In particular, the questions,
sources of tension, and tools and resources associated with
each CDP are not exhaustive but serve as prompts for deeper
reflection and discussion among involved participants. Thus,
in practice, the application of this framework involves an
iterative process of planning, implementation, reflection, and
adjustment, encouraging continuous learning and adapta-
tion. This approach recognizes that we cannot control com-
plex systems, but we can learn to dance with them (Mead-
ows 2002).

Illustration of the framework

To illustrate how the CDPs for JUSTRAs framework can
be applied in practice, we draw inspiration from our own
experiences and consider a hypothetical, ideal-typical TRI
called the Dutch Protein Transition Initiative (DPTI), which
focuses on the transformation of the agri-food system in the
Netherlands. This 5-year transdisciplinary action research
project aims to make the agri-food system and related con-
sumption patterns more sustainable and just by contributing
to a shift toward diets with more plant-based proteins and
fewer animal-based proteins. The DPTI involves collabora-
tion with various societal actors, including farmers, food
producers, supermarket chain representatives, consumers,
civil society organizations, and policymakers. The initia-
tive’s goals include co-producing actionable knowledge,

fostering social learning, and designing and testing inter-
ventions to promote a just and sustainability-oriented protein
transition. It is important to reiterate that the framework,
including the key sources of tensions, guiding questions, and
examples of tools and resources presented, is intended as a
starting point for reflexive engagement by researchers and
participants, not as a prescriptive blueprint.

CDP 0: Common ground for productive co-creation of trans-
formative action

The framework posits that establishing common ground for
the co-creation of transformative action is a fundamental
prerequisite for productive TRIs. For the DPTI, the initial
members should recognize that, without a shared under-
standing of the complex situational context, a baseline of
trust, and awareness of power relations, the diverse actors
involved in the DPTI (e.g., livestock farmers, plant-based
startups, and ethically motivated consumers) may strug-
gle to engage productively with each other and the topic.
In particular, the decision of who will facilitate the crea-
tion of common ground and the debates around the other
CDPs should be made deliberately since it will impact power
dynamics (see also CDP 3). From the beginning, a key ques-
tion should be: ‘How do we create “the right amount” of
common ground to support a productive co-creation of
transformative action?’. The results of the ensuing activi-
ties could be assessed by investigating the extent to which
those involved agree that there is sufficient common ground
for productive co-creation of transformative action in this
initiative.

In practical terms, this involves not aiming for universal
consensus, which is often unrealistic (Patterson et al. 2024),
but rather fostering a sufficiently shared understanding of
different perspectives, terminologies (e.g., what constitutes
a “just” protein transition for each group), and the overall
situation of concern (e.g., using tools like the Social-Ecolog-
ical System (SES) Framework; McGinnis and Ostrom 2014)
to enable productive engagement and navigate inevitable
disagreements.

Several tensions could arise in this process. For example,
mismatches in literacies (Norstrom et al. 2020) could cre-
ate communication barriers between academics, agricultural
practitioners, or policymakers. Seemingly irreconcilable dif-

ferences in core values (Patterson et al. 2024), for example,

between those who see animal husbandry as a legitimate
livelihood and those who view it as fundamentally unethi-
cal, would need careful handling. There is also the practi-
cal question of the extent of common ground needed (Pat-
terson et al. 2024); for example, extensive deliberation and
negotiation could stall action, yet insufficient groundwork
could lead to superficial agreements that fail under pressure.
Finally, TRI processes are vulnerable to capture by powerful
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actors, such as large food corporations or well-funded lobby
groups (de Geus 2025), potentially marginalizing less pow-
erful voices like small-scale farmers, underrepresented con-
sumer groups, or other animals beyond humans.

To navigate these complexities, DPTI members could
draw on existing inter-disciplinary and transdisciplinary
toolkits® (e.g., Bammer 2015; Bammer et al. 2024) such as
the td-net toolbox (Pohl and Wuelser 2019) to find relevant
methods, techniques, and tools. For example, if they are
considering the question: “Who do we need to work with to
move toward JUSTRAs?’, they might find a tool like Net-
Map (Bosch et al. 2024) and engage in participatory influ-
ence network mapping to better understand the stakeholder
dynamics surrounding the initiative. Building on the rich
history of participatory action research (PAR; Cornish
et al. 2023) and co-design approaches (Busse et al. 2023),
they could then use co-design workshops with farmers,
consumers and industry representatives to jointly develop
a project-specific glossary of key terms, addressing the
question: ‘What language do we use to communicate?’. In
addition, participatory modeling approaches (e.g., Voinov
et al. 2018) could be used to co-create a tentative conceptual
framework for the DPTI. Recognizing the critical role of
emotions in transformative learning (Grund et al. 2024) and
JUSTRAS in general (Bogner et al. 2024), such efforts can
be supported by trust-building techniques such as Calling
the Circle (Baldwin 2009) and Art of Hosting (Quick and
Sandfort 2014) to cultivate safer spaces for the expression
of diverse viewpoints. Moreover, tools and practices for sup-
porting (self-)reflexivity such as the human-scale develop-
ment approach (Spiering and Barrera 2021) might be used
to articulate and bridge between different needs and sustain-
ability visions within TRIs. To address capture, transpar-
ent agenda-setting and facilitation techniques that actively
solicit and amplify marginalized voices (see CDP 3), as well
as ongoing reflection on the state of common ground in the
initiative (see CDP 4), would be essential.

CDP 1: Clear boundaries and shared sense of purpose

The framework suggests that TRIs should strive for suf-
ficiently clear boundaries and a shared sense of purpose
among TRI participants. In general, this can be done by
focusing on the question: ‘What situations of concern are
we trying to change, why, with/for whom, and how?’. The
goal is to co-develop a shared understanding of the scope
and direction of the initiative. For the DPTI, this could result

% These toolkits tend to have a fairly broad focus, listing methods and
tools that may be relevant to the implementation and assessment of
all CDPs. To avoid repetition, we have included only a few examples
of such toolkits as part of CDP 0.
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in a regional focus on reducing livestock farming in Noord-
Brabant.” A potential DPTI mission statement could be: ‘Co-
creating pathways for a protein transition in Noord-Brabant
that is healthy, ecologically sound, economically viable for
producers, and more animal-friendly by 2040’. This mission
could serve as a workable boundary object for collective
action. To account for changing circumstances and diverg-
ing understandings, regular investigations could be carried
out to assess the extent to which DTPI members (and other
relevant parties) agree that the purpose and boundaries of
the initiative are clearly defined and appropriate.

Defining clear boundaries around the DPTI and estab-
lishing a shared sense of purpose would likely encounter
significant tensions. For example, there is an ever-present
risk of marginalization (Fritz and Meinherz 2020) when
considering questions such as “‘Who has a “stake” and is
considered as part of planning activities?’. In particular, the
perspectives of powerful industry players or vocal advocacy
groups could overshadow the concerns of less organized
stakeholders (e.g., migrant farmworkers or animals beyond
humans, who are not actively seeking to influence the initia-
tive). In addition, agenda-setting processes are also likely to
be influenced by highly contingent situational factors such
as different levels of personal engagement of participants
based on their resources, capacities, and motivations (Den-
rell 2012). Furthermore, from a socio-technical transitions
perspective, interdependencies between multiple levels and
systems of analysis (Geels 2011) pose a significant analytical
challenge; for example, a regional focus on reducing live-
stock farming is connected to national nitrogen policies in
the Netherlands, EU agricultural subsidies, and international
feed markets. Finally, the time horizon for change would
also likely be contested (Ciplet and Harrison 2020): schol-
ars might demand rapid shifts, while incumbent industries
and farmers with long-term investments might advocate for
slower, incremental changes.

Several practices and tools can be drawn upon to navi-
gate these complexities associated with boundary and pur-
pose delineation. For example, Critical Systems Heuristics
(Ulrich and Reynolds 2010) can help to make boundary
judgments explicit and contestable, and encourage regu-
lar reflection on “Whose values, voices, and interests may
be marginalized?’. Participatory scenario planning (e.g.,
Galang et al. 2025) could be used to explore different tran-
sition pathways (Collini and Hausemer 2023), helping stake-
holders to visualize futures and negotiate a shared direction.
Narrative and storytelling techniques (e.g., Guijt et al. 2022)
can help stakeholders connect personal values to broader

7 We chose North Brabant as a hypothetical example here because it
“is the most livestock-dense province in the Netherlands and the most
livestock-dense region in Europe” (Talsma 2022).
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goals, fostering collective identity and action. Finally, the
DPTI should recognize that negotiated boundaries and
purposes are never static and, therefore, need to establish
reflexive and adaptive monitoring mechanisms (see CDP 4)
to revise them as new insights emerge.

CDP 2: Just distribution of costs and benefits and sustain-
able use of resources

The framework emphasizes that TRIs should strive for a just
distribution of costs and benefits and a sustainable use of
resources in both (i) internal organization and (ii) socio-eco-
logical impact. For the DPTI, this could mean considering
questions such as (i) ‘How do we secure a just distribution of
costs and benefits and a sustainable use of resources in rela-
tion to our organizational activities as a TRI?” and (ii) ‘How
can we have a socio-ecological impact that is consistent with
the ambitions of JUSTRA?’ (as a constraint for CDP 1). In
terms of (i) the initiative’s own operational resources and
members’ costs and benefits from participating, the assess-
ment question, ‘To what extent do DPTI members agree that
the costs and benefits of this initiative are distributed fairly
and resources are used sustainably?’ could guide ongoing
reflection. In terms of (ii) the envisioned socio-ecological
impact, CDP 2 calls for consideration of aspects such as:
‘Who is affected by the current state of affairs and in what
ways?’, “‘Who might bear additional burdens from proposed
changes in the regional agri-food system?’, “‘Who might reap
the benefits?’, and “Who makes decisions that affect the dis-
tribution of costs, benefits, and resources?’ (see CDP 3).
Periodic reviews could be conducted to assess the extent to
which participating members, but also other stakeholders
which are likely to be affected by the initiative, agree that
the costs and benefits of DPTI’s socio-ecological impacts are
fairly distributed and that resources are now (or expected to
be) used more sustainably.®

Significant tensions are likely to arise in both contexts
(i and ii). Considering (i) the organization of the initia-
tive, resource constraints on participating members might
require difficult choices about the intensity and duration of
participation. In particular, unequal starting points (Avelino
2017) could become a major issue: established meat and
dairy industries have considerable resources and political
influence compared to emerging plant-based enterprises,
potentially skewing how costs, benefits, and risks are per-
ceived and allocated. In terms of (ii) the socio-ecological
impact of the initiative, a primary source of tension could

8 We acknowledge that all assessments have blind spots and can only
offer an incomplete picture of how a TRI’s socio-ecological impact
aligns with JUSTRA ambitions. Therefore, transparency and open-
ness to critique are essential to ensuring the emancipatory function of
TRIs (see Ulrich 1994).

be its directionality: efforts focused on ecological sustain-
ability could conflict with a just distribution of resources
if they disproportionately harm small-scale farmers (Ciplet
and Harrison 2020), or if transition benefits accrue mainly
to large corporations. In addition, an anthropocentric bias
might lead to overlooking the “more-than-human” aspects,
such as the welfare of farm animals or the intrinsic value
of ecosystems, in cost—benefit calculations (Avelino et al.
2024).

To navigate the tensions associated with (i) the organiza-
tion of the initiative, its members could decide to use partici-
patory budgeting processes (Shah 2007) for the allocation of
project funds to enable a more equitable management of the
initiative’s own resources. For example, resources might be
used to co-design interventions for creating regional transi-
tion pathways that create new, equitable opportunities for
all participants (see also Busse et al. 2023). Participatory
approaches also seem promising for navigating tensions
associated with the (ii) the socio-ecological impact of the
initiative. For example, participatory impact assessments
(Morris et al. 2011) or participatory mapping (Basupi et al.
2017) of proposed intervention effects that explicitly inte-
grate concepts of multispecies justice (e.g., Celermajer et al.
2021) could be useful.

CDP 3: Inclusive decision-making

The framework advocates that TRIs should strive for inclu-
sive decision-making processes since this can contribute to
enhancing the legitimacy, ownership, and quality of deci-
sions. For the DPTI, this might mean taking seriously the
question: ‘How do we as a group make decisions in a way
that includes those who need and want to be involved?’. This
calls for moving beyond tokenistic participation to enabling
genuine influence for relevant stakeholders (Arnstein 1969),
including those who may not be able to express, represent,
and defend their own needs and concerns in ways that are
easily understood by us (see Gonzalez-Ricoy and Rey 2019;
Thomsen et al. 2023). The current level of inclusiveness in
decision-making could be assessed by monitoring the extent
to which all DPTI members agree that they are meaningfully
involved in decisions that affect them.

Several tensions challenge inclusive decision-making.
For example, time pressure often conflicts with broad con-
sultation (e.g., Ciplet and Harrison 2020). Resource con-
straints, such as limited financial resources or facilitation
expertise, can also be a challenge. The heterogeneous stand-
points within the protein transition debate (see CDPs 0-1)
can complicate inclusive decision-making and call its value
into question. Marginalization is also an ongoing concern in
decision-making processes (e.g., Midgley and Rajagopalan
2020). In multi-stakeholder groups, particularly agri-food
systems, differences in perceived (change) agency can lead
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to a diffusion of responsibility (e.g., Hector et al. 2025). This
can result in the avoidance of potentially contentious deci-
sions or the persistence of misconceptions about who can
and should be involved in decision-making processes.

To address such issues, it is critical to engage with
questions such as: ‘How can we ensure that our JUSTRA
ambitions are and remain meaningfully integrated into our
decision-making practices and processes?’. One approach
could be to acknowledge that full consensus is not always
achievable or necessarily desirable (Patterson et al. 2024)
and adopt consent-based decision-making. This approach
focuses on making decisions that are “good enough for now
and safe enough to try” (e.g., the Sociocracy principles; Rau
and Koch-Gonzalez 2023). To confront marginalization, the
initiative could draw on critical systems thinking methods
and techniques (e.g., Midgley and Rajagopalan 2020; Ulrich
and Reynolds 2010), or conduct yellow teaming exercises to
anticipate stakeholders affected by the initiative (Consilience
Papers 2024, pp. 93-94). Depending on the initiative’s size,
a polycentric governance structure (Ostrom 2010) with a
steering committee and empowered working groups could
help to manage complexity. To manage power dynamics,
frameworks such as Avelino’s (2017) POwer-IN-Transition
can be employed to analyze and consciously work to rebal-
ance power dynamics in meetings and decision-making
forums. If win—win arrangements remain elusive, the focus
could shift to transparently negotiating trade-offs and seek-
ing procedurally fair outcomes that are “good enough” for
now (partial political settlements; Patterson et al. 2024).

CDP 4: Monitoring of behaviors and goal attainment

The framework emphasizes the importance of creating trans-
parency through the monitoring of agreed-upon behaviors
and progress toward shared goals. Taking CDP 4 seriously
can foster accountability, enable adaptive management, and
help to demonstrate a TRI’s socio-ecological impacts. For
the DPTI, this could be done by establishing a dedicated
monitoring and evaluation (M&E) team. The monitoring
efforts could be evaluated by investigating the extent to
which initiative members and other relevant stakeholders,
such as funding agencies, agree that there is appropriate
transparency regarding behaviors, decisions, and progress
toward shared goals.

In practice, implementing effective monitoring faces sev-
eral obstacles. First, monitoring behaviors depends on and
influences social dynamics (e.g., Funder et al. 2013). For
example, what constitutes “agreed-upon behavior” in the
DPTI would be shaped by conflicting institutional logics
(Thornton et al. 2015) and expectations. This can result in
behaviors that are not consistently enacted or are enacted
in unexpected ways, even when they are formally agreed
upon. These deviations may not be openly addressed, as
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doing so can be uncomfortable or politically sensitive. At
the extremes, monitoring may remain merely symbolic or
too oppressive to avoid tension and conflict.

Monitoring goal attainment presents additional chal-
lenges. Goals in the DPTI will likely be established amid
uncertainty in the initial stages of the initiative and may sub-
sequently be deemed unrealistic, misaligned, or conflicting
with evolving priorities. Although the need for flexibility and
learning suggests revisiting and potentially revising goals
and mission statements, standardization pressures from
external stakeholders, such as universities or funding agen-
cies, could prevent adaptation in practice (Kump et al. 2023).
Furthermore, the long-term effects of the DPTI, whether
intended or unintended, will take time to materialize. Pre-
mature conclusions or selective reporting could result from
the short-term pressures of the five-year project.

Other overarching challenges include epistemological
concerns, such as the tendency to favor easily quantifiable
indicators when selecting what to monitor, and issues of
legitimacy and trust when one group (e.g., academics) moni-
tors the behavior and goal attainment of another group (e.g.,
farmers) (Wittmayer et al. 2024). Furthermore, privacy con-
cerns may arise when personally identifiable information is
collected (Schwartz and Solove 2011). Finally, technological
dependencies for data collection may create vulnerabilities
and exclude those with limited digital literacy (Zscheischler
et al. 2022).

To navigate such obstacles, the M&E team could adopt a
Farticipatory M&E framework (e.g., Rietbergen-McCracken
and Narayan-Parker 1998) to collaboratively establish indi-
cators for the initiative’s economic, social, and environmen-
tal goals and co-design processes for collecting legitimate
and trustworthy information. Reflexive Monitoring in Action
(RMA; van Mierlo et al. 2010) is an additional framework
that fosters ongoing learning and adaptation at a strategic
level. Addressing technological dependencies could entail
strengthening data literacy (Wollff et al. 2016) or explor-
ing low-tech approaches. Transparency could be promoted
through dashboards or reports that make the results of M&E
activities available as shared learning resources.

CDP 5: Appropriate feedback mechanisms

Building on the previous CDP, the framework highlights
that TRIs should implement appropriate feedback mecha-
nisms that promote cooperation and social learning. These
mechanisms are challenging to design because of the com-
plexity and multi-level nature of JUSTRAs. However, they
are essential for realizing productive TRIs that can act as
coherent adaptive systems and achieve desired outcomes
(see Wilson et al. 2023). For the DPTI, a transdisciplinary
integration team with the relevant expertise and mandate
to facilitate and support social learning throughout the
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initiative could perform this task (see Hoffmann et al. 2022).
The effectiveness of the resulting feedback system could be
assessed by examining the extent to which DPTI members or
independent expert evaluators agree that effective feedback
mechanisms are in place.

There are several inherent tensions in establishing ade-
quate feedback mechanisms. For example, the heterogeneous
contexts of DPTI members may result in differences in how
feedback can be effectively provided and received. Balanc-
ing incentives and sanctions is always delicate (Segerson
2022). Although positive reinforcement is often preferred
(Porteous et al. 2015), sanctions addressing uncooperative
behavior may be necessary. However, sanctions can backfire
(Ostrom 2015). The timing of feedback is also critical, espe-
cially when aligning short-term individual interests with the
long-term collective interests or mission of the DPTI as a
whole (Pifieiro et al. 2020).

In practice, the design of multi-level, timely feedback
systems could draw on established concepts and frame-
works, such as Adaptive Co-Management (e.g., Armitage
et al. 2010), Social Learning (e.g., Blackmore 2010; Keen
et al. 2010), and Developmental Evaluation (Patton 2011).
According to Ostrom’s (2015) work on graduated sanctions,
any sanctions should be context-appropriate, mild initially,
and applied fairly. To ensure constructive feedback, the ini-
tiative could decide to sponsor communication training as
part of their inclusive decision-making process (see CDP 3),
while considering budget constraints and resulting trade-offs
(see CDP 2).

CDP 6: Constructive conflict management

The framework emphasizes that TRIs should establish
procedures and mechanisms for constructively addressing
conflicts and differences that will inevitably arise. Doing so
creates an opportunity to transform conflict into an oppor-
tunity for greater understanding and innovation (see Cuppen
2018). For the DPTI, this could mean prioritizing the culti-
vation of a culture of constructive conflict. Progress could
be assessed by asking DPTI members and relevant external
partners to rate the extent to which conflicts and differences
are addressed constructively and respectfully.

However, constructive conflict management would face
several key challenges. For example, there is a fundamen-
tal tension between inviting vs. avoiding conflict (see Cup-
pen 2018; Patterson et al. 2024). Some stakeholders may
naturally view conflict as necessary for progress, while oth-
ers prefer to avoid confrontation. Cultivating a culture of
constructive conflict that is comfortable for those with an
avoiding orientation may be difficult and time-consuming.
In addition, establishing processes and mechanisms that can
appropriately handle the diversity of conflicts expected in
JUSTRA contexts would be difficult. For the DPTI, conflicts

could range from techno-economic disagreements about
land use for protein crops to deep value-based clashes about
animal and/or environmental ethics. Constructively manag-
ing such conflicts requires different strategies (Stepanova
et al. 2020). Furthermore, the complex interdependencies
within and across societal sectors, as well as over time, mean
that conflicts in one area (e.g., between feed producers and
livestock farmers) can have far-reaching ripple effects else-
where (Consilience Papers 2024; Majer et al. 2021). Finally,
integrating formal and informal processes in a productive
way will be key to successfully cultivating a culture of con-
structive conflict (Malgorzata Ali 2016).

Developing a culture that acknowledges and allows for
discord and discomfort may involve establishing clear pro-
cedures for addressing grievances and transition pain (see
Bogner et al. 2024). This could entail incorporating struc-
tured processes for negotiation (e.g., Fisher et al. 2011) and
mediation (e.g., Moore 2014). The DPTI could nurture such
a culture by investing in conflict transformation and capac-
ity-building approaches to address underlying structural
issues (e.g., Lederach 2015); building participants’ skills in
nonviolent communication (e.g., Rosenberg 2015); and help-
ing them develop a sustainability mindset (e.g., Rimanoczy
2020) as well as awareness of and sensitivity to different
worldviews (e.g., Schlaile et al. 2022).

CDP 7: Autonomy and authority to implement CDP 1-CDP 6

The framework explicitly recognizes the multi-level and
polycentric nature of TRIs. It argues that groups of people
tend to be able to work and collaborate very productively
when they have sufficient autonomy and authority to manage
their own affairs (see Laloux 2014; Rau and Koch-Gonzalez
2023). This means they can manage agenda-setting, make
decisions, allocate resources, and adapt strategies without
undue external interference. For the DPTI, this means that
the initiative as a whole must secure sufficient resources to
establish operational autonomy. In addition, the govern-
ance arrangements should allow for polycentricity (Ostrom
2010) and provide each group and team with an appropri-
ate amount of freedom to govern itself. The appropriate-
ness of the governance arrangements could be assessed by
measuring the extent to which DPTI members agree that the
initiative and its respective groups or teams have sufficient
autonomy and authority to govern themselves productively.

The DPTI and its constituent groups and teams would
face several tensions when seeking to secure their auton-
omy, especially given the temporary nature of such projects.
Regime structures, such as incumbent industries, established
policies, and institutional logics (e.g., those of funding bod-
ies), may impede the initiative’s efforts (see Kump et al.
2023). Cross-border jurisdiction may also restrict the ini-
tiative’s range of action, as agri-food systems and their value
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chains often transcend borders. Furthermore, the initiative
will likely encounter resource constraints, as funding bodies
tend to only provide limited and short-term funding com-
mitments. On the internal side, the DPTI faces a nested,
multi-level principal-agent dilemma (Huffman and Just
2000) of balancing autonomy demands and the legitimacy
and accountability of resource use.

Strategies that could increase the initiative’s autonomy in
the face of regime structures include building broad coali-
tions, engaging proactively in policy, and diversifying fund-
ing (see Kump et al. 2023; Scherer et al. 2013). Ideas from
polycentric governance (Ostrom 2010) and self-organizing
principles (Laloux 2014) can inform the initiative’s inter-
nal governance. To ensure the initiative’s legitimacy and
accountability, it generally needs transparent processes, for-
mal reporting, and an advisory board.

CDP 8: Appropriate relations with external parties (consist-
ent with the CDPs)

Finally, the framework emphasizes that TRIs should develop
and maintain appropriate relationships with external parties
that are consistent with the CDPs. For the DPTI, the protein
transition is evident as a complex, system-wide transforma-
tion that cannot be addressed by individual actors or pro-
jects. It requires a TRI that unites diverse stakeholders to co-
create transformative action. A transition toward sustainable
proteins, in particular, involves farmers, food companies,
policymakers, scientists, and consumers. These groups oper-
ate at different levels, but they require coordination. In such
complex transition contexts, fostering productive relation-
ships among these actors is key to achieving societal impact
(see Collini and Hausemer 2023). The success of relation-
ship building can be assessed by examining the extent to
which participating partners agree that their relationships
with the initiative align with the CDPs.

Implementing nested, multi-level governance arrange-
ments in the DPTI presents various interrelated challenges.
First, the TRI itself is complex, with ecological, economic,
cultural, and political dimensions, making it difficult to
define (see CDPs 0-1). In addition, blurry boundaries
between “internal” and “external” actors may complicate
coordination and role clarity (see CDPs 0-1). Power and
resource asymmetries can further distort interactions, ena-
bling dominant actors to shape agendas while sidelining
others (see CDPs 2-3 and 6). Vested interests may cause
some stakeholders to resist transformative change, espe-
cially when existing systems serve their goals (see CDPs
0-6). Additional friction is likely to arise from incompatible
institutional logics, such as differences in timelines, account-
ability structures, or legal mandates (see CDP 7). Even when
actors share broad goals, they may face conflicting opera-
tional constraints that hinder cooperation. Finally, ongoing
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tension between cooperation and competition—whether for
funding, visibility, or influence—can undermine trust and
limit genuine collaboration (see CDP 2).

Developing appropriate relationships with other par-
ties may require clear engagement protocols and tailored
communication. Effective boundary work with designated
processes for communication and coordination is critical
(Andrews et al. 2024; Langley et al. 2019). Participating in
multi-stakeholder networks (e.g., ITD-Alliance 2025; STRN,
2025) supports learning and alliance building. Principled
and competent communication strategies (e.g., Cooke et al.
2017; Hoffmann et al. 2019; Stirling 2010) are essential
to maintaining effective partnerships that align with JUS-
TRA values. Vigilance against co-optation and openness to
constructive collaboration call for a reflexive approach that
continually evaluates how relationships can be leveraged to
support a TRI’s mission (de Geus 2025).

Adapting and extending the framework

The CDPs for JUSTRAs framework are designed as an
adaptable guide. Its utility lies in its initial principles, related
resources, and capacity to evolve with a TRI’s specific con-
text. We encourage TRI members to consider the key sources
of tension and the guiding questions, as well as the tools and
resources we have identified as starting points for critical
reflection and adaptation. For example, in the DPTI case,
general tensions such as “resource constraints” under CDP 2
could manifest as a reliance on short-term funding or limited
access to land for experiments. This would require a more
nuanced investigation of the tensions, the development of
more tailored guiding questions, and the identification of
additional tools and resources that could help navigate these
tensions.

Furthermore, the framework can be extended to include
context-specific ADPs that emerge as salient due to unique
challenges (Wilson et al. 2013). In the DPTI case, for exam-
ple, deeply rooted cultural attachments to dairy farming
and traditional meat consumption may become significant.
This could imply an ADP such as ‘ADP A: Foster cultur-
ally sensitive transition pathways’. Then TRI members could
develop planning and assessment questions, such as ‘How
to acknowledge cultural heritage while co-creating positive
future food identities?’. They could also identify tensions,
such as ‘Tradition vs. innovation in food culture’, formu-
late guiding questions, such as ‘What participatory methods
bridge cultural food values?’, and compile useful tools and
resources, such as cultural anthropology methods and arts-
based approaches.

Similarly, if exceptional advocacy skills are required to
navigate the politicized landscape of Dutch agricultural
policy, an ADP such as ‘ADP B: Cultivate strategic policy
engagement and advocacy capabilities’ might be developed.
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This iterative adaptation and extension allows the framework
to become a living document that responds to the emerging
realities of transformative research, enhancing its practical
relevance. This adaptability underscores its role as a vehicle
for scaffolding learning and reflexive action rather than as a
prescriptive blueprint.

Discussion

This paper introduces a new framework for organizing TRIs,
adapting Elinor Ostrom’s CDPs to the context of JUSTRAs.
The framework makes theoretical contributions to sustain-
ability science and provides practical guidance for research-
ers and their partners involved in TRIs.

Theoretical contributions

The primary theoretical contribution of this work lies in
its innovative application of Ostrom’s CDPs to the realm
of transformative research for JUSTRAs. We enriched the
CDPs by adding planning and assessment questions, poten-
tial sources of tension, guiding questions for reflexive prac-
tice, and examples of additional tools and resources. The
resulting framework provides a robust set of reference points
for navigating the challenges associated with organizing
TRIs. It also strengthens the connection between collective
action theory and sustainability science and offers a new
perspective on how to manage the complexities of JUSTRAs
in practice.

Our work contributes to the ongoing debate about how
to navigate TRIs. These debates have centered on various
approaches, such as guidance in the form of principles (e.g.,
Fazey et al. 2018; Wittmayer et al. 2021), reflexive questions
based on philosophical considerations (e.g., Wijsman and
Berbés-Blazquez 2022; Wittmayer et al. 2024), practices
informed by virtue ethics and practical wisdom (e.g., Can-
iglia et al. 2023), and reflexive frameworks (e.g., Kaljonen
et al. 2024). With our work, we follow in the footsteps of
these colleagues by demonstrating a novel way to operation-
alize Ostrom’s well-grounded CDPs to organize practical
knowledge and foster critical reflexivity in TRIs. In doing
so, we respond to calls for approaches that support cultivat-
ing more reflexive, transformative research practices (see
Kaljonen et al. 2024; Von Seggern et al. 2023; Wittmayer
et al. 2024).

Our framework serves as a common reference point for
integrating self-reflexive practices into TRIs. These prac-
tices include, but are not limited to, critical systems thinking
(e.g., Midgley and Rajagopalan 2020; Ulrich and Reynolds
2010), collective sensemaking (e.g., Guijt et al. 2022), and
the human-scale development approach (e.g., Spiering and
Barrera 2021). Moreover, it opens the door to approaches

that focus on structuring productive debates and negotiations
(e.g., Blok 2014; Fisher et al. 2011), makes connections to
various governance approaches (e.g., Sociocracy; Rau and
Koch-Gonzalez 2023), provides a point of connection for
adaptive and reflexive M&E practices such as RMA (e.g.,
van Mierlo et al. 2010) or developmental evaluation (e.g.,
Patton 2011), and links to insights from established learning
traditions (e.g., Blackmore 2010). It also suggests itself as
a natural connection point for work on the role of conflict
(e.g., Cuppen 2018) and discord (e.g., Patterson et al. 2024)
in sustainability transitions. Furthermore, the framework
draws on and contributes to work concerning the obstacles
faced by TRIs, such as force conflicts in the academic system
(e.g., Kump et al. 2023) and the politics of capture (e.g., de
Geus 2025). Last but not least, the framework can serve as a
bridge to evolutionary theory on multi-level selection, pro-
viding a useful foundation for an extended (cultural evolu-
tionary) multi-level perspective on JUSTRAs (e.g., Schlaile
et al. 2022, 2023).

Practical implications

The framework presented in this paper has several practical
implications for transformative researchers, stakeholders,
science funders, and policymakers. For those participating
in TRIs, it provides a structured starting point for organiz-
ing and reflecting on purpose-driven collective action. The
guiding questions associated with each CDP offer a work-
able starting point for orientation, planning, and reflexivity
during various stages of the TRI. In addition, the modular
nature of the framework lends itself to the integration of a
broad variety of existing insights, approaches, frameworks,
and toolkits relevant to TRIs, as illustrated above and in the
appendix.

For science funders and policymakers, our framework
can offer a basis for developing guidelines for context-sen-
sitive M&E in and of TRIs. This aspect of the framework
addresses a critical need in the field for more nuanced
and appropriate evaluation methods for transformative
research (e.g., Holscher et al. 2021; Kump et al. 2023).
At the same time, both the framework and the context of
JUSTRAS raise additional questions about the adequacy
of contemporary (planning-based) funding programs in
light of the complexity, essentially contested nature, and
resulting uncertainty associated with both the envisioned
“dance floor” (to take up Meadows’ metaphor again) as
well as the changing music, dance moves, and dancing
partners (on a related note, see Stanley and Lehman 2015).
Simply put, even our ideal-typical case example of the
DPTI suggests that a fundamental tension can arise from
the incompatibility between rigid, planning-based fund-
ing logics, which are still prevalent, and the emergent and
uncertain nature of many TRIs (see Kump et al. 2023).

@ Springer
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Here, the framework could also be helpful in informing
innovative initiatives such as the 'New ways of fund-
ing' initiatives (Utrecht University 2025), helping them
reflect on the design of Tmpossible projects'. Nevertheless,
our example also illustrates the potential value of using the
framework in the context of a hypothetical 5-year project.

Limitations and future research

Although our framework provides valuable insights and
practical guidance, it is important to recognize its limita-
tions. First, the framework does not provide unambiguous
guidelines or ready-made answers. Instead, it highlights
key sources of tension and provides relevant questions and
examples of tools and resources across various transforma-
tive research contexts. This approach allows for flexibility
and adaptability but may require significant effort from
users to tailor the framework to their specific needs.

Second, we have illustrated the applicability and useful-
ness of the framework through a hypothetical case based
on our previous experiences rather than new empirical
evidence. This approach makes the framework accessible
and available for further development and scrutiny. How-
ever, claims to real-world effectiveness currently rely on
the significant, albeit pre-existing, body of evidence indi-
cating the usefulness of the CDPs in other contexts (see
the section “Elinor Ostrom’s Core Design Principles”).
Nevertheless, the adapted CDPs for JUSTRAs framework
presented here should be rigorously evaluated in the con-
text of actual TRIs.

These limitations point to several promising avenues for
future research. First, there is an opportunity for empirical
studies to apply and evaluate the framework in TRIs or in
the context of accompanying or concomitant research. These
studies could offer valuable insights into the framework’s
practical applications and areas that could be improved.

Second, future work could focus on developing more con-
text-sensitive M&E and learning measures for TRIs based on
our framework. This could involve devising specific indica-
tors or metrics for each CDP to systematically assess how
productive TRIs are.

Third, the framework’s modular structure allows for the
identification and integration of context-specific ADPs, as
well as additional tools and resources, in future research.

@ Springer

This could enhance the framework’s adaptability to diverse
cultural and institutional contexts, further increasing its rel-
evance and applicability. For example, while we have only
tangentially addressed the role of emotions in TRIs, given
their centrality to collaboration and cooperation, the frame-
work could be extended with an ADP calling for practices,
tools, and resources to foster the emotional competencies
of relevant stakeholders. This would draw attention to key
questions for JUSTRAs, such as how to better manage the
“transition pain” associated with (often necessary and inevi-
table) phase-out and exnovation processes in transitions (see
Bogner et al. 2024).

Conclusion

In conclusion, our CDPs for JUSTRAs framework support
the organization of productive TRIs. We adapted Ostrom’s
CDPs for the JUSTRASs context by enriching them with
key sources of tension, guiding questions, and examples
of useful tools and resources. This provides a modular
framework for navigating the complexities of TRIs and
can serve as a robust reference point for orientation, plan-
ning, and reflexivity during various stages of a TRI. It
represents a step forward in our understanding of how to
organize and evaluate productive TRIs and offers promis-
ing potential for increasing the productivity and impact of
TRIs, which should be rigorously evaluated in practice.
Future research applying and refining this framework in
diverse TRI contexts is crucial to realizing its full potential
and supporting the urgent task of advancing JUSTRAs. We
call upon our fellow researchers and practitioners to join
us in this important endeavor. We are convinced that the
CDPs can help us address the complexity of organizing
TRIs, allowing us to more productively address today’s
persistent challenges. Together, we can move step by step
toward more just and sustainable futures.

Appendix

See Table 1.



1847

Sustainability Science (2025) 20:1833-1862

JoIARYoq
SHS JO S[opow pue SALI0AY) JATBUId)[E FUI)S9) Pue SUNONISUOD J0J ATB[NQEOOA UOWWOD B SAPIA0Id yorym Yromawelj (SHS) WISAS [80130[009-Te100S Y] sjuasald o[onte siyJ, :ajpuouvy O
0856979¢
/21qe1s/310°10)s[Mmmy/7:sdny “JOLST (2)61 “€121908 puv £807097 *s23ua[[eyd JUIMUNUOD pue saFUeYD [ENIU] :YIOMIWEI] WASAS [BIIS0[099-[B100S “(1]107) “H ‘WonsQ pue “d ‘I ‘SIUUIDIN @
Surpuejsiopun [enjnui I0j [eron1d  ‘suonisuen isnl,, o1 sure) xojdwoos punore agen3ue] pareys e Surdo[assp ur pre ues jey) sjoo) [enidoouod sapraoid j1odar siyy, :appuouvy O
uono3paI-Lo1]0d-10J-5[00)-[enidoouod-suont
suen-snfysuonesrqnd/ud/u[qd mmam//:sdny AoudSy JUSWISSISSY [BIUSWUOIIAUT SPURIISYIN Tdd “UonIalfa. £o1j0d 10f sjoo1 jpnidasuoy)y :suonisuvay isnf ($207) 1 ‘PIOAISA Pue “T ‘sojeO @
Surpuejsiopun pareys Suroueyue £qaroy) ‘sspomawretj pue sopdourid dojeasp-0o 03 Indur Jopjoyaye)s pue 11adxe oImonms ued spoyjew rydeq PoyIpPOWw MOy SAIBNSNI[T S[ONIE SIY], 2JPUOUDY O
812€060269076091/LL1 1 01/310°10p//:sdNY "T1—1 ‘61 ‘SPOYI2 2A1DIIDNQ) JO [DUINOL [DUOIDUL2JU] "UOTIISURT) ATIQUQ 2AIsn[oul pue jsnf e 10f sojdrourid Surdojoaap
ur yoIeasar uonoe Aroyedronied uodn pring o3 poylewr rydje peyipowr € Sursp) :Sunseoa1oy puokaq (0z0g) "D ‘Aujjen pue g ‘uouua <0 ‘A[R[MA D ‘StIeH “N ‘Aydun(q “v ‘zoroy @
swa)sAs xa[dwoo Jo Surpue)siopun pareys SUIp[Iing ul sIopjoyaels a3e3ua jeyy sjoo) Surepouwr A1ojedronted ojeridordde Sunos[as uo douepIng SI9JJO A[ONIR SIY], :2JPUOUDY O
870°80"8 10T WOSAU (/91010 1/310°10p//:5dNY "SCT-TET ‘601 ‘a4pMifog pup Sui]
-1opo (piudwuoLiaus “qol ay) 10J (003 Y311 oY) Sunogfes :Jurjepowr K10jedronted ur spoylewt pue s[oo], ((8107) 'V ‘[Sfews *** <3 g ‘udsine| “y Yooeqny Y ‘L ‘Ioquog 'S ‘yemes[q <D
‘a3ed o1 7 ‘ung “[ g ‘N[ouLqqer < ‘ISIQe[Q NIWYOS “H ‘SUIILIS “Y ‘UBPIOf “A ‘OSST0R] “IN “IOU[[9Z “D) ‘T[o1d “d ‘[ourwog [ d ‘WUA[) “N ‘TueSe[oy] “§ ‘K1 “3 ‘Tuusf “y ‘AOUIOA @
uooTX9[ uowwod & 3urdojaaap pue ‘sad£) a3pajmouy| as1aAIp Suner3aur ‘urwery wajqoid 9ANI9[[09 10§ sanbruyo9) :AJirepd [en)daduod pue UoHEIII-0d ISPI[MOUY IANBIOYR[[0d Suneje]
Surpuejsiopun pareys Suld)soj 0 A SI yorym ‘9onoeld uoneI[oe] 9ANI9JO 2I0W J0J JIoMIWEeI) € St SunSOH JO 3y Y} SISSNISIP S[ONIE SIY ], -2jpuony O
6562167107 TLT09%61/0801°01/310°10p//:5dny "gze—00€ ‘(€)§ ‘Sa1pnig €o1j04 [po1y1L) "SuNsoy jo e oy Surondeld :UOHEIAqI[Op AeN[Ioef 0} SUIUIET *($107) ‘[ Mojpues pue 3 mnd @
91doad jo sdnoi3 ur punoi3 uowwod Suipying 1oy 29noe1d 9A1N9Y9 Inqg o(dwils e se  J[o11D) ay) Sul[[e)),, 1doouod Justour 9y} SIINPOLUL J0Oq SIY ], -2[puonuny O
dnoin) Surysiqng 9SNOH WOPURY "241iJN) 24MiN,] puv 18414 Y] 1212410 ay1 Su1v) “(6007) D ‘Uimpreqd @
UOIIRIOQR[[09 QATIORYR JOJ [RIONID ST YOIy ‘ISnJ) SUIp[Ing Ul SJUSWS[Q [eNUISSI JOJ $90USLIadxe AJTunmiod uo paseq JIomawej e sopraoid o[one siyJ, -ajpuouvy O
2-098S [-£20-688C18/9811°01/310°10p//:5dNY TSTT “(1)€T “WP2H 21qNd DG "eAIeDIUT ueqin o5re|
' ur Juowage3us pue juowromodurs Ayrunwod uo suonoagar diysiopea sny Surpying ‘(£207) "L ‘TOWID pue “*(J ‘[oISe)) I ‘T “A ‘BATIS “H ‘ZIURIS [ "N ‘OIoWOY “q 'V ‘Sursue] @
syuedronred 9SIOATP SuOWR UOISIA UOWIWOD B PUR ‘SAN[BA PAIRYS ISNI) [RUOSIAAIaIUI 9JBATI[ND O} SPOYIdW :FUIPUR)SIIPUN PAIBYS PUE JSNI) SULIIISO]
:§204n0S52.4 pun $]00}1 Jo sajduxsg

({S10Y 1o 21nded 0] UJLAIY] JBY) SIOIOR YIIM [BIP 9M Op MOH @

(9soddnsaxd om ued sordiourid pue s3urpue)sIopun UOWIWOD YA @

{,91q1ssa00e pue Juaredsuen ‘oanonpoid JIom Ino aeW M UBD MOH @

({,91BOTUNWWOD 0} 9sh dm Op (swId) pue s1doouod <3-9) oFen3ue] jeyp\ @

(suonisuen AJjiqeuresns jsnf premo) 9A0W 03 YIIM JI0M 0) PISU dM Op Oy @

{UOI1OB 9ATIRWLIOJSURI) 9AT}ONPOId 10J PaduU oM Op Punoid uowod yonw moHq @

(suonisuen; Kijiqeurelsns Jsnl Jo armonns d1seq ) 9ziienydoouod am op moH @

{PATIRNIUI AU} UI SONIANIOR PAR[AI-JJD Y AIeII[IO8] puR 9ZI1ue3I0 P[NOYs OYA @

:201100.4d 201x3fa.4 40f suonsanb Suipins Jo sapduvxg

JUSIUT QATIBAID-0D J1AY) QUIULIDPUN PUB 1I9AQNS U Jetf) uoneido-0d pue amnided 0) S[qRISUINA U)X WIS 0} ‘I $3559001d 9AIIRAID-00 a4nidpd 0) A11]1qVL2UINA @
uonor dANEWLIOJSURI) 9A1ONPoId I0J MO[[e 0) ATBSSI09U ST PUNOIT UOWWOD YONW MOY JEI[OUn JUEB-X SI 1 PUnols uowuod Jo juajxg @
Areanonpoid way) 9[1ou0da1 03 9[qIssodwT WIS ABW JI 1By} SUBIW YITYM ‘SUNIIJUOD A[JUSISYUI QI8 SON[BA QUWIOS :S20UU2[Jip 2]qD]10U0ILL] @
9[qe) Ay} 0 SAIORIAI[ JO S[IAJ] JUAIJIP SuLlq sanIed JUSIIYIP -$210DL211] Ul SAYIIDUWSIN @

SIXQJUOD JUQIDYIP UT JUBAD[AI QW003q UBD pue ISIXd suonisuen Ajrjiqeuresns isnf uo saanoadsiod juaroyip Auew :saanoads.tad fo 11512417 @
JUO0ISUI] fO $20410S £IY]

{ATIEDIUI SIY) UT UOT)OB DATJBULIOJSURI) JO UOTIBIN-00 AnonpoId ({ UOT)OB QATJBULIOJSURT)
JOJ pUnNoI3 UOWWOD JUIALDYINS ST 2I3Y) e} 2213k santed JUBAS[I Op JUAXD Jeym O], @ Jo uoneard-0o aanonpoid j1oddns 03 punors uowwos jo ,Junowe JYSLI Y3, ABAIO IM Op MOH @
suonysanb juauissassp £y suoysanb uruuvyd £ay)

UOI)OE AN BULIOJSURI) JO UOI)BIII-0D 3ANdNpoad 10§ punos uowrwo)) :0 JAD

YIomowresy suonisuer Ayiqeureisns jsnf 10y sodrourid uSisop 210D

SHOMOWEI} SYYLSA( 10§ SIAD ) JO UOISIA [[ng | 3|qe]

pringer

As


https://doi.org/10.1186/s12889-023-15860-z
https://doi.org/10.1080/19460171.2014.912959
https://doi.org/10.1016/j.envsoft.2018.08.028
https://doi.org/10.1177/1609406920903218
https://www.pbl.nl/en/publications/just-transitions-conceptual-tools-for-policy-reflection
https://www.pbl.nl/en/publications/just-transitions-conceptual-tools-for-policy-reflection
https://www.jstor.org/stable/26269580
https://www.jstor.org/stable/26269580

Sustainability Science (2025) 20:1833-1862

1848

juowrdo[oAap [IIs
pue ‘vonen[eAd ‘Surpuny oyI[ s[eos snoLreA YInoIy) s1osn SuIpIng ‘SoouLIds [BI00S PUE ‘SonIueWNY ‘s)re SUIAJOAUI YdIeasal (L JOJ S[00) pue saonoeld 1s9q SaUnUapI I[00) SIY L, -2]puouny O
/e mjooiprodeys mmmy/:sdny wox ‘Gz0g ‘1T Af PoAsLny paAdLney 114]00f qI-AdVHS "(120¢) s1oured (I-AdVHS @
sonoead Jo Arunwwod [eqor3
e SuL19)50J ‘Sswo[qold [BJUSWUOIIAUD PUR [8)A100S XI[dWw0d SUIP[o.) J0J SP[OY SIAIP WOIJ $9IIN0SAI Jo uone[idwod paxapur ‘arsuayardwod e sapraoid K1oysodar pue Soiq Siy [, -ajpuouny O
S1o°syystsurgly//:sdny woiy ‘g7z
‘11 A paasinoy] “Kuonsodas pup 8ojq (siySisujzt) spySisuj uonyviuawajdut] pup uoyn.8ayuy “(Sg(g) “KIISIOATU() [eUONEN UBI[ENSNY 9], ‘Wes) (SgT) seoudrog uonejuswoduy 29 uonerSou] @
soouaLadxa pareys pue sampasord doys-£q-days ypim yoreasar (1] ur suonens SuiSusyreyo Jurssarppe ‘93pajmouy| Juronpoid-05 Joj SPOYIoW JO Iseqe)ep S[qRYOTeas B SIOJO X0q[00) SIY ], -2Jpuouny O
A DHI/PY/YO souRTOSTeINIRY//:sdNY WOIJ ‘GZOT ‘1T [N PAASINY "X0q[00) 19U-PT, "(6T07) "YoTeasay Areurdiosipsuel], 0] SHOMION @
$9559201d (L] 9A19939 Judwd[dwil pue uFISOp 0) SIOINOSAI PUB SPOYIdW JO SUONIA[0D PajeInd Iwizijnn :s3[00} (LI Areurjdsipsuer) pue A1eurdidsIpIdjul SUIYIIBIIA0 SUISEIIAI ]
$9ss9001d uonenodau ur saxopered [enusjod pue SIJ10A 9SIOAIP Jurediaeu 10§ s)y3Isul SULIYO ‘uoneaouur a[qrsuodsar ur 3o[eip Jo sanixa[dwod ay) sa1o[dxa a[onIe S, 2/puoyny O
6£TYC6'PT0T 097662£T/0801 01/810°10p//:sdny "06T—TLT “(2)I ‘uonva
-ouuf 2]q1suodsay] fo pu.noy *s9ss9001d uoIeNOIoU PUB UOHEIIUNWIWIOD UT IAYI0 A} JO I10A Y} pue an3ofeip jo xopered ay) ‘uoneaouur 9[qisuodsay :3unye) s,oym JooT ($107) ‘A “oid @
93ueyd 2ANBULIOJSURI) 19)S0J PuE sansst xa[dwod desiaeu 0) yoroidde swaisAs [2oNLd € SULIDYO 9oualds AjIqeure)sns 10§ Ayoeded A9y € se AJATXS[AI SOONPONUL A[ONIR SIY ], -2]pUouvy O
6% #20T'SNS/LT0T°01/310° 10p//:5d0y “To °§ ‘Cujrqpuivisng (pqoo “yoeordde
SWISAS [BONLID B SUIONPOIIU] :90UIDS A)I[IqeureIsns 10j Ayroeded aanjewnojsuer) e se APATXOPAY "(S702) 'd "A "d ‘AYIIeDOIA PUB S “ISOA [ T ‘TopIeH “T-'JA ‘@I00N 'V ‘OjyInze] @
SVILSA[ utjuoe
-IoquI SOuS[[eYo PoUU0dIAUI ‘XI[dwod Yim a3eTus pue puelsiopun 19)1q 03 stouonnoeld Juriqeus ‘eonoeld ur Junjury) swlsAs 0) opIng daIsudya1duwod e sopraoid Jooq Sy, :2jpuouvy O
6-1SSL-1L¥-1-8L6/L001 01/310°10p//:5dny 108unidg *(‘pe pug) ‘priom aduvyo-arpwn)d v u1 £1x2)dwiod puv Kuiviioun Jo suonpniis ul o0 o} Mogy :2o11ov.4d swais€g “(£107) Y ‘UOS] @
A1eAnonnsuod saansadsiod SurioyIp 2JeSIABU PUB ‘SUONIAUUOIINUI OIWIASAS PUBISIIPUN ‘UOTIOIPAI-J[S [BINLIO 23eIN0dUD 0) soydeoldde :AJAIXIPAI pue SunjuIy) swd)sAs Surueyuy

YIomowrey suonisuer Ayiqeureisns jsnf 10y sodrourid uSisap 2100

(ponunuoo) | sjqey

pringer

AQs


https://doi.org/10.1007/978-1-4471-7351-9
https://doi.org/10.1017/sus.2024.49
https://doi.org/10.1080/23299460.2014.924239
https://naturalsciences.ch/id/fFCVe
https://i2insights.org
https://www.shapeidtoolkit.eu/

1849

Sustainability Science (2025) 20:1833-1862

Surpue)siopun pareys uipre ‘suonisuen Ajjiqeureisns ur Aejd ued s109[qo K1epunoq ey sa[ol JuaIoyIp Sunsad3ans yromawelj [en)doouod e sapiaoid S[onIe Sy, 2jpuouny O
010+0°020T 181" [/9101°01/310°10p//:8dNY "8H—¢ ‘9¢ ‘Suon
-ISUDA ] [DI21D0S PUD UODAOUU] [DIUWUOIAUT "suOnISuRT) AJI[IqeuTIe)sSns Ul s309[qo Arepunoq jo o[o1 oY) urejdxe o3 yromowelj v *(0z07) ‘TN ¥ ‘I[eIe3) pue D g ‘s1930y “N ‘Se110]-0ouel] @
109[qo A1epunoq osrwreuAp e se Suia1as ‘sanifiqissod uerdoin pajeaId ajenyead pue ajenodau syuedonred aroym poyow yoreasal ueidoin paseq-awes B SOONPONUL Y2IBISAI SIY L, -2]puouny O
An810°Ajodony/:sdny [uopuor s1ry 9y Jo ANSISATUN ‘SISaY) (qUJ] poyrout youvasas uvidomny :Kjodoyny (1707) ‘N ‘Ueure] @
[OIBas21 QATJBULIOJSUERT UI 199[q0 A18punoq pue WSIUeyoW UONBISAIUI UB SB PIsN g UBD S[OPOW (Paseq-1uade) xo[dwod Moy SAqLIOSIP YIom SIY], :2jpuouvy O
78599-sndo-dnm:zsq:op:uqu:uin/op-3urAjosar-uquy/:dny “woxeQ sSuipjing ur uonsunLy £8.1oua ayy ui spuduiLadxa pup sjapowt Supyul] uQ K84aua aaypuLiofsunty s a8papmouy “(£107)
] ‘SUNPUOA pue “( ‘UYEGRIA “S IOSIMUDS S “UIOqUQUDS (] ‘PUIMAPIUYDS “]] ‘JRINES 'V “NOIQIOA-[INZ[ed D “OParT “[ “Aysjo[ases] I, ‘uasuof “0) ‘ZIOH “f ‘93l “f ‘[yng “[ ‘Umeq S “meg “I ‘Ullsuesny “y ‘yumiorg @
asodind pue 2doos s,aanentur oy Surpresar soanoadsiod JUAISYIP SSOIOR UONEIOR[[0d PUE UONBIIUNWITIOD ARI[Ie) 0 $)doouod pareys Io sioejnie 9[qidue) Surkojdwo :Surpue)siapun pareys 10 s303(qo Arepunoq Suwizimn
asodand jo asuos pareys e SurLIa)soj ‘s[eo 1opeoiq o) sanfea [euosiad 10ouuod sjuedionted 11, djoy 18y s9s1010x0 SUI[AIAI0)S PUB SATELIRU 0] JONRIAASUSS Y] S[00) SIYSIYSIY opIng SIY ], 2ppuouny O
Surystgng uondy [eanoeld ayppasuas Suisn 1of 2ouppms [poyovid :Sutuaisiy Jo 1omod Sunipa) 2y ] *(zg0g) ¥ ‘UIUaNONIA pue S ‘zaido “y TeyoueH “A ‘N 10mon “T Uino @
uoneOYLIR[O [0S U SUIPTE ‘SOATIENIUT JOP[OYSYRIS-NNT UT uonejuaLio Joedwr aandegal e Surieysoy 1o yewrio) doysspom Teonoeld e syuasaid o[onIe siy, :2jpuonny O
q
G6LT01 H20TXurl/9101°01/310° 10p//:8dNY €7 X Spoyapy “yewrioj doysyiom poyjow-ninu y—yoreasal Areurjdiosipsuer ur uonejusLio joedur 9Anodpa1 SuLaiso “($70g) [ Aus] pue “g ‘A3eN “IA ‘105eUos @
SBueyp 1oy skemyyed pue s[eos Jo Surpueisiopun pareys e p[ing pue sarmnj JudieyIp a1o[dxa o) pasn aq ued Suruuerd orreuads K1ojedronred moy sojensuowap J[ONe S, -2Jpuouny O
L66E0T"STOT 1SAU (/91010 1/310'10p//:8dNY *L66°C0T “#9T “COH0d pup 20ua1dg [DJUUUOIAUT “9dUe
-UIOAOS [EJUSWUOIAUD 9[(RUTIBISNS JOJ JSNN) pue SunyuIy) swasAs pymg o3 yoeordde Surures| [eroos v :Sutuued orreudds A1oredonred (Gz0g) " ‘ULIYS pue “g ‘AoareH “f ‘paed “IN 'O AOIH “IN " ‘Douuag “q 'N T H ‘Sueren @
QATIETIIUT YOTRASAI ATIRULIOJsURT A Jof Sururerj wia[qoid pue ‘saAnoa[qo ‘uorsia uodn-paaiSe pue 1ead & Sunearo-oo :speod pue asodand pareys Surysiqe)sy
SaLIEPUNOQ FuIuyap 10 JueAd[al Krxadwos ur 9ouruIA0S Jurjqeus pue sagudfreyo xo[dwod pue JnusisAs Suruely 1oy doueping [eonoeld s1oyjo 1oda siy ], -appuoyny O
1CIL6S/008T°01
/310°10p//:8dny10p/naedomaeepy/:sdny “uorup ueadong oy Jo 9OYJO SUOHLINqNJ “SUOHIPUOD X3)duiod pup u1ioun KJySiy 4apun 2oupu2408 KpIquuIpIsng :A1xa]duiod ul 22upi12409 “(1707) "Kouedy Juswuonug ueadoinyg @
QATIEIIUT 9} JO SNOOJ PUB SILIEPUNOQ WIAISAS A} dUYSP AJ9ANRIOGR[[0D pue sSuIpue)siopun as1oAIp AJureld djoy ued yorym ‘spppow fejust Surddeu 1o SJO0T-JAl S9qLIOSap S[oNIe S, -ajpuouny O
8001 +20T IS I9TOT 01/310'T0p//:sANY "GSR°O0T I ‘SUOHISUDL (0121208 PUb UOUDAOUU] [DIUUILOAAN *SUONTSUED AV[IqeureIsNS uT s[ppou [ejuaw Suiddeiy *(707) ‘d ‘TN ‘HOPPH PUe “Q °S “0ISoN “T 3 “YeoIq uop ueA @
uonuyap 2doss ur Surpre ‘enbnio Arepunoq Jo [00) [ETUAD Ay UO PIsEq JSAIAUI JO SWA)SAS SUruyop I0§ JIOMIWEIJ € st (HSD) SONSLINY SWaSAS [ednLd saonponur 1)deyd siy, -appuony O
9 7608
-78818-1-8L6/L001°01/310°10p//:5dNy 108unids “(g6z—ct¢ “dd) apms ponovud v :a8upyo SurSvuvw oy sayovosddp suiais(§ (‘SpH) [PM[OH S Pue SPIOUANY “JAl U] “SONSLINAY SWaSAS [eont) "(0T107) ‘TA ‘SPIOUASY pue “A\ ‘Yo @
QAenIUT 9y} JO SaLrepunoq rerodwa) pue ‘oryderosd oneway) oY) Suruyap A[9ANRIOGR[[0d PUE SIOJOE JueAd[aI SUIAJNUSPT A[[eonewa)sAs :sIapjoyaye)s SurAypuapt pue adods Surugaq
:§204m082.4 pup $1003 fo sa]dunx
(218130 0] 9[q. puE SUI[[IM M 2B IDIJUOD Yonul MOH @
(dno13 mo Aq pue ur pazieurSrew oq Aew $)SOISIUT PUE ‘SIOTOA ‘SAN[EA ISOYA @
(A1eanonpoid woy) oFe3uos pue 9[qe) oY) 01 sented JueAa[al [[e SuLlq om op MOH @
(oziseydwa(-op) A[[eo13oiens om pInoys suozrioy pue ‘soandadsiad ‘swasAs yoryp @
{Ino aseyd pue umop YeaIq 03 Juem dMm op YoIym pue ‘moI13 pue dofoadp 03 Juem am op saonoeld pue suonMNSUT YITYA, @
(01 A[[nJSurueaw 9)nqLIUOD 0) J[QE PUB UI PI)SIIAIUI JSOW ‘SIQYIILISAI SE ‘OM I8 suonisuer) Ajiqeureisns isnf Jo s10adse yorys @
:2011904d 241X2Yf2.4 10f suonsanb Suipns Jo sajduwxsg
saned oruowaday Aq uoneurwop isnfun patedrad :uonvpuISivy @
syuedionaed Aq uoneanow pue ‘sanijiqeded ‘sa0IN0SAI JO S[IAR] JUAIAYIP JUUISVUS [PUOSII] @
oSueyd 9[qRIISOP SAIMIISUOD JeYM INOQE SJOI[Aq JURIIYIP SaNPA pup ‘Sjsalajul ‘Saai1oads.iod aanpuriou Jo (11542417 @
Suruuerd wie)-Suof 10§ SoAUAOUT pue senIoRded JUSISYIP U0ZLI0Y Juil] @
suorSar o1yde1S0aS JuaroyIp pue ‘K19100S JO $10J09S JUSISPIP ‘UONLZIUBSIO JO S[OAQ] JUIAYIp ‘didwexa 10} ‘Usam)dq seroudpuadopiaur :sarouapuadapiaju] @
JUOISUD]Y JO $20410S £2Y]
(rendordde pue paugop Afrearo
QIe 9ATIENIUL SIY) JO saLrepunoq pue asodind ay) jeyy 9215e sanaed JULAS[AI Op JUAXI JBYM O], @ ({MOY PUE ‘WOYM JOJ/IIM ‘Aym ‘9ueyd 0} SUIAN oM oIe UIIOUOD JO SUOHEMIS JBYA @
suosanb juouissassp £y :uoysanb Sununyd L))

asod.and jo asuds paieys pue saLrepunoq 1ed) 1 JAD

YIomowrey suonisuer Ayrqeureisns jsnf 10y sodrourid uSisop 210

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.1007/978-1-84882-809-4_6
https://doi.org/10.1007/978-1-84882-809-4_6
https://doi.org/10.1016/j.eist.2024.100855
https://data.europa.eu/doi/
https://doi.org/10.2800/597121
https://doi.org/10.2800/597121
https://doi.org/10.1016/j.envsci.2025.103997
https://utopoly.org.uk/
https://doi.org/10.1016/j.eist.2020.04.010

Sustainability Science (2025) 20:1833-1862

1850

S[Y.L 03 pardde 9q ues jey) uone uwWIIddXa [OpPOW SSAUISNG A[qRUIRISNS JO ULIOJ OIWA)SAS © IO SJomawrel) e sjuasald o[onie sy, :ajpuouny O
6S1°01°810z 01dopal [/9101°01/310°10p
J1:8ANY "ZIST-8611 ‘907 ‘UOuIMPOLF 42un2]) JO [PUIMOf *S[SPOW SSAUISNQ JO SAIT0[009 Surpueysiopun Aq uoneuswradxe [apow ssaursng s[qeurelsng (610g) “g ‘QLIessepeg pue - ‘suooq N ‘Uayooq @
SONIUNWWOD [BJ0] JIY) PUE SUOTBZIULSIO [J0q JYaud(q SIAT
-BI)IUT UOTIONPAI-ISEM JBY[) QINSUS 0] SUTWTE UL WOIJ ASOY) YIIM [dIeasal [euonerado A)unuwod wWoly spoyjow pue A109y) saeISaur jey) ASo[opoyiotl UOTJUAAIIUT U sjuasald o[onie siy], :ajpuonny O
#00°80°L10T 100 (/9101°01/810° 10p//:5dNY "84 T T—HET T
{(£)99Z Ya1pasay (puonpviad( fo pumop uvadosns “Yoreasdy reuonerddo Arunuwiuo)) Yim ued| SUIOUBYUH (UOHIUSAIU] UBYT OIWASAS (8107) 'O ‘A[3pIA pue [, ‘sojnodopeded “H ' ‘enj) @
sordrourd
2onsn{ yrm JuOWUSIE Ul S90IN0SAI [euone1ddo UMo JIay) JO 9Sn A[qeureIsns oY) JOPISUOD S[Y], MOY WIOJUT Ued Jey) s[oo) [endeouod sepraoid ‘SUONISURT) JOPEOIQ UO PAsnd0] o[Iym iodal Sy, -ajpuouny O
uonodapaI-Lorjod-10§-sjool-remd
Qouod-suonisuen-isnlsuoneosrqnd/ua/muiqd-mmm//:sdny “Kouady JUSWISSISSY [BIUSWUOIIAUY SPUe[ISYION Tdd "U0MId}a4 £o170d 10f sjoo1 jpnidasuoy) :suonisupai 1snf “($707) 1 ‘PIOAIOA PUER T ‘SoreO @
J19SH Y.L 9 Jo uondwnsuod 99IN0Sal pue Juaudseuew Aep-03-Aep ay) ojul AJI[IqRUIRISNS [BIO0S PUE [RIUSWUOIIAUD Jo sa[diourid Sunei3ayur :saondead reuonesado jqeure)sns unoworg
sonted pajodye pue syuedionred [ Suowe s)yauaq pue S)S0J JO UOTINQLISIP I8 PUNoIe suoIssnosip o) parjdde aq ueds jey) aanosadsiod uoneno3au e s19Jjo A[oNIE S, :2JPUONDY O
¥20S6071ns
106£€°01/310° 10p//:5dNY *6 ANV (6)F “Cijrgruipisng -oandadsiad uonenoSaN oy ySnoiy) Surmonns—(Sz1,) AN[Iqeureisng 0} UOHRUWLIOJSURILL, 3Y) JO [SPOIA SISt UL (2207) ‘N 'V ‘Zopuruioy @
uornedo[e 2a1nosai ey Sunowoid ‘Sunadpnq Arojedronaed jo sonoeid pue sordiourid 9y 01 9pImS daneILIOYINE UL S SAAIs uonedrqnd SIy [, -appuouny O
suonedtqng Yueq pHop “Sunaspng Lioidinand “(L00T) 'V ‘UeuS @
Surreys Jjousq pue SUONNGLIUOD UO SJUSWARISE Je3[d SUIYSTqRISa PUB 2SN 30IN0SAI UO SUOISIIAP J0J $9553001d Juaredsuen pue onerdoowap Suro[due :uonnqrIjued pue uonedof[e 3In0esal Jrej Suneyqoey
SPa3U puUB $aN[BA [8I3100S Yim Juswdo[oAap J1ay) uSIfe 1919q pue saISo[ouyd9) SuISISWwS pue mau
Jo 9ouruIaA0S o) opmS 0) sseudArsuodsal pue ‘uorsnpour ‘A)rarxeper ‘uonedronue se yons suolsuawIp Aoy Suriojdxe ‘uonesouur o[qrsuodsar 10y seonoeid pue sspomawely syuesaxd Yooq SIy Y, -2puouvy O
Ko[IA “€121908 U1 uoypaoUUl pup 20u13S o oUW 2]qIsuodsat ayy SuSPUPpy uoyvaouul 2jqisuodsay ((g107) "(SPHA) A ‘ZIUISH PUe [ Juessag Y ‘UomQO @
sowo)no 9[qe)nba urnsud ‘sanifenbaul [eIMONNS AFUL[TRYD 0} SANIUNWIWOI pazifeurdew Aq pa[ yoroidde ue donsnl uSisap jo sonoerd pue K100y) 2y sa10[dxa Jooq SIy ], -2ppuouvy O
$SaId LIIN UL "P2au am Spliom ay1 pjing o1 saonovad paj-Kpunuwiuoyy aousnl usisaq “(0707) 'S “SPoyD-ezueiso) @
syoeduwin [euonnqrusip SurzAeue 1oy [nyesn ‘suonisuen) Aqeuresns o) yoeoxdde sonsnl sweysAs ojoym [eneds e 10J yromawely e sjuesaid o[one Sy, :2jpuouvy O
0€0°01° 10T IS (/9101°01/310°10p//:8dNY "TT[-011 ‘[ £ ‘SUONISUDLL, [DI2IDOS PUD UODAOUU]
[pauawuo.auz “suonisuen Apqeure)sns o) yoeoidde aonsnl sweysAs ajoym reneds v (1207) T ‘@[oeuteg-£aoe] pue “0 ‘fomeq “( ‘surydo 'S ‘mysaoreznog “H g "M ‘SUDU[ “TA ‘USUILYSIIEN @
J[qeraunA
oy Aprenonred ‘sdnoid [e100s snorrea Jooye AJ[eruaIolIp JYSIW saWoNo pue sassa001d [y ], moy Surssaippe pue JurzAeue A[[eonewa)sAs :syoedur Jo uonngqrysip d[qelmba Surmsud pue Suissassy
1820410524 pup $1001 Jo sajduivxy
(Kem o[qeureisns pue isnf e ur s110je mo ur uonedronted Jo s)yoUSq pue SISO A JANQLISIP M Op MOH @
(A1eanonpoid pue K[qeure)sns pasn a1e £9y) Jey) SINSUS oM OP MOY PUE ‘AINIIS M UBD PUB PIJU 94 OP SIDINOSAT 2018IS Yonwl MOH @
({$110JJ0 IO 0) JuBAd[aI A1k Jey) saned o) Jo sjutod Sunieys JUSISIP oY) A1 JeYA\ @
uewiny-ueyj-orow ay) Surpnpourt senred JuBAI[RI [[8 Aq S[qeureisnS pue Isnf 9q 0} PAISPISUOD q ULD JEy) SOUIOINO )LD M Op MOH @
:20119v4d 201224 40f suonsanb Suipns Jo sajdumxy
SJU2QUINOUT PIYSI[QRISA JO IOAR] UT payn} 2q Aew _ p[ay Surkeld,, sy, -syutod Sun.avis jpnbau) @
90IBOS U9)JO oI (S90INOSAI [eINJBU ‘AQUOW Qi) “3'9) SOOINOSAI (SJUIDAISUOD 22UN0SY @
. uBWINY-UBYI-2IOW,, 9} JO SIOUILIAAXS puE SPIaU ) AZI[RUISIBW PUEB JUNOISIP SAWNAWOS sUBWNY :s11q I1juadodosyiuy @
(sertnunod Surdoreasp
Jo Juowdo[oAap ) SUTUTENSUOD JO SJUAQUINIUT UO SOINOSAI FUISNO0j £q “*3'9) $90IN0SaI Jo uonnqrnsip isnl e yIrm JOIFuod ued AJjiqeure)sns [eo130[009 U0 PAsNIO] SIIOR :K11jpuo1dali(] @
1U0ISUI] fO $20410S £2)]
(AT1qeureisns (a1owr) pasn (2q 03 p3oadxa / MOU) I8 SIOINOSAI
pue A[ITe] paInqrusIp 9Ie sjgauaq pue si1sod 2y Jey) sjoedwr [eor30[009-0100s ST (T ¢ s10edwr e01807009-0100S ST (I PUB ATIRIIIUT SIY) JO UOTIBZIUBIIO O}
pue QAIIRT)IUT STY} JO uonjeziuedio ay) (1 10j 9o13e sonaed JUBAS[OI OP U)X JeYm O], @ (1 I0J S90INOSAI JO SN J[qEUIR]ISNS B PUB SJPAUAQ PUE SISOD JO UOINQINSIp i1snl € 2Insus om op Moy @
wwosanb juauissassy £y :uonsanb Suruuvyd £a)]

$321N0S3I JO ISN I[qeUle)SNS pue S)Poud(q pue $3sod Jo uonnqLysip ysnf 1z 4D

YIomowrey suonisuer Ayrqeureisns jsnf 10y sodrourid uSisop 210

(ponunuoo) | sjqey

pringer

AQs


https://doi.org/10.1016/j.eist.2021.10.030
https://doi.org/10.3390/su14095024
https://doi.org/10.3390/su14095024
https://www.pbl.nl/en/publications/just-transitions-conceptual-tools-for-policy-reflection
https://www.pbl.nl/en/publications/just-transitions-conceptual-tools-for-policy-reflection
https://doi.org/10.1016/j.ejor.2017.08.004
https://doi.org/10.1016/j.jclepro.2018.10.159
https://doi.org/10.1016/j.jclepro.2018.10.159

1851

Sustainability Science (2025) 20:1833-1862

Ssooue[RqUI

1omod SuIssaIppe J10j [RIONID Q3UBYD [BIO0S dANRWLIOJSURH Ul Juduwromodwa(sip) pue romod SurzAeue 10 (LNIQd) JIomdwelj uonisuel]-NJ-1omQd Y sjuasaid o[onte siy ], -appuonuny O
LLLT¥99/7001 01/310°10p//:8dNY *076—60S (9)£Z

‘2ounui12000) puv £1]0g [pjuduioauz] “K)IIqRUIRISNS SPIBMO] 93UBYD dAT)BULIOJSURT) UT Juouridomodwa(sip) pue romod FurzATeuy :suonisuel], A)[Iqeure)sns ul 1omod “(£L10g) d ‘OUIl[oAY @
SI.L ut Sur

-ouereq Jomod IO} JUBAQ[QI ‘SUONIISURT) POIUSLIO-20NSN( UT pIeay oIe SIOI0A PIZI[BUISIEW AINSUD 0) SJURI[[E pue saoeds aAIsSn[oul Suneard Jo aouelrodwr Ay SASSNISIP S[ONIR SIY ], -2Jpuouny O
T0LEOT +20T s8I [/9101°01/310 10p//:5dNY

TOLE0T ‘9 [ ‘@ou2108 [P120S pup yo4vasay K342us “suonisuen jsnl 10 sadueI[[e pue sadeds ‘sad10A U0 Sunoagay :2onsnl(ur) Jo sadesspueT "($207) I ‘Ared Pue Y @dtd “d ‘ToMoN @
suors

-109p oouanyul pue djedronied A[9A1IO9JO UBD SIOTIO0A PIZI[RUISIBEW AINSUI pUR s[enuaIayIp Jomod 91e3niur 0y sar3ajens Junuawedwr :uoisnour 3[qe)mba 1oj saouerequr 1omod SuISSAIppY

uoneIdqI[ap AISN[OUI SuLIsu? ‘sassad01d Suruuerd K1oredronred Ajowrn pue [eonoeid 9yeli[ioey ued saonoeld 2ANRIAQI[AP [NY[IS MOY SISSNISIP J0Oq ST, -2[pUoUDY O

$sa1d LIIN QUL ‘sassa00.4d Supuunjd L10ipdidonavd Suisvanoousy aouoyyovid aayniaqiap 2y (6661) ‘[ ‘191sa10] @

spoyjouwr aarsn[our Sunowolid 99fo1d Yyd © Jo uIisap Y} 10} SUONLIIPISUOI A3y INO $13S (YVd) YoIeasar uonoe K1ojedronred uo 9[onIe maradl iy, -2jpuouny O

I-1200-€20-985£#5/8€01°01/310°10py/:sdny

BI-1 (1)€ ‘Suauirig SpoyIapy Smainay ainipy “ydo1easal uonoe Aioyedonied “(€z0g) "d ‘SHOSPOH PUe Y ‘SUDTY 1JeID-op “JA ‘eny [ ‘Ope3[e( ‘N ‘ZoIeqe]-OUaIo “'N ‘uojarg “ ‘Ysmio) @

uonedronted aArsn[our SULINSUS YIIM PIUIdIUOD yorordde yoreasal & ‘Yoreasal paseq-Ajiunwwod 10y saonoeld pue sojdourid 1no syes 1aideyd siyJ, -appuonvy O
900°€T0"SSLTT866T08L6/AUPIOFX0/E601 01/310° 10p//:sdny "ssaid ANsIoAtun) pIoyxQ “(L1S-861

“dd) youvasat aayvipnb Jo yoogpuvy piofx ayJ ‘(‘pa) AAaeaT ‘d Ul ‘o[euonel pue ‘sagud[eyd ‘seonoeid ‘sojdrourid oy Jurpue)siopup) :yoreasal paseq-Arunwwio)) ‘(4107) A ‘N ‘PAod @
s9ssao01d Fur

S[eW-UOISIOP PUB SUOISSNISIP 0} AJNGLIUOD A[[NJTUIULIUW ULD SIIP[OYINe]S ISIOAIP 2Insud 0} sonbruyod) oyroads Jurzinn :uonerdqipEp pue uonedonaed daisnur J0j spoyjour Jurdojduryy

SoImoNI)s SUIYeW-UOISIOOP SAISN[OUT SUTUSISIP JOJ [NJOsn ‘QOUBUISA0T JATIEIOQR[[0D UO J00q)x9) Paseq-oonoerd aarsueyardwod e s1 jooq SIy], -2jpuouny O

290CL1€0018L6/4CEY 01/310° 10p//:5dNY “03pa[Inoy “s7001 (po11904d pup sassaooad sajd1durig :20upu12408 2a11040g]110) “(1707) "M ‘SHUIIAA PUe T ‘103UIS “°S ‘POOMUIIIL) @

PoYeISaJUI pUB PIBAY QI SOOI0A [[B QINSUD 0) PAUTISOP ‘SUR[EW-UOISIOIP JUISUOD UO PIsEq WISAS J0UBUIIA0ST © ‘Aor100100s Jo soonoeld pue sojdiourid 9y s[rejop SIom SIyJ, Japuonuny O

[V 10 £oB100100§ *£01n.4201008 Ynm 1amod paivyg :8uos auo §22104 Kuvpy (€70¢) [ ‘Z[BZUODH-YO0d] pue ‘[ '], ‘ney @

S[Y.L Ul SUR{RW-UOISIOP JOP[OYANeIS-N[N SULINJONNS J0J S[OPOU SULIDYO ‘SOUIFAI OUBUIIA0T JATIRIOQR[[0 JO SuIpue)sIopun JAIsudyaIdwod e sapiaoid yooq s, apuouny O

$591q AJISIOATUN) UMOIOSI0D) “SUNTAL 2OUDULA0S 2411DL0gD]10D) “(ST0T) "L ‘TYoIeqeN pue '3[ ‘uosiowy @

L 9y urgim A[oAISN[OUl paSeuewl pue pareys SI SURBW-UOISIOIP MOY ULYIP JBY) SI[OI PUB SYIOMIWEIJ TBI[O SUIYSI[qRIS? :SAINJINI)S dueuIdA0g L10jedpnied urudisoq

:§204n0S52.4 pup §]00}1 Jo sajduwxsg

{PapIoAE uRY) Ioyjel paseIquuad St Ayifiqisuodsar [euostad aroym Ajiqisuodsar SUR{oo[-pIemiof ‘pareys JO 2IN[Nd B I9)SOJ oM UBD MOH @
{SOATasSWAY) 10 Yeads jouurd Aoy} JI USAS SUDYLW-UOISIOAP UI PIAJOAUL A[ojenbape are ($110JJo InO JO APISINO pue dpIsul) sarred pjodye [[e Jey) 2Ins e M Ued MOH @
(Siutodpue)s snoauaso10ay AI9A U9aMIAQ UIAD UONBI[IOU0IAT dANINPoId 91e)I[ioe) om ued MOH @
{SIUTRIISUOD 9IINOSAI SNOLIBA JOPUN UAAD ‘s90110v1d SUDYRW-UOISIOAP 0Jul PAjeISAul A[nJSUIUeawl U] PUR dI8 SUONIqUIR UONISURI) AJI[Iqeure)sns Jsnf Ino Jey) 2Insud am ued moH @
:2013004d 241X3Y2.4 40f suoysanb Suipms Jo sajduvxg
paajoaur are aydoad axow oy ‘Ayrpiqrsuodsar [euosiad oY) SSI[ [99) O} pud} S[eNPIAIPUT :A11j1q1suodsal Jo uoisnfii(] @
preay st pue yeads (0] pamoy[e st 10) ued A1red JueAd[I AIOAD JOU :UOND2PUISIDY @
syurodpue)s Sunorguod Afrenuajod Jo ANSIOAIP :sjurodpunis snoauadol21or] @
J[qe[TeAe AJIpeal 2q jou AW S[[IS pUB S1IdX0 JUBAQJ[QI SIUIDLISUOD 2IINOSIY @
1I0US UQ)JO pue pajruw| s1 SUD[EW-UOISIOAP 10J J[QR[IBAR dWIN} AY) -24nssaid aul] @
1U01ISUD] JO $20410S K2
(WY} 109JJ Jey) SUOISIOAP UI PIA[OAUL AN}
-Surueow 91e SIOP[OYLIS JUBAS[I [[& Jey) 9213e sonted Juead[ar op JUI)X Jeym O], @ {PIAJOAUT 9 0 JUBM PUE PIU OYM ISOY) SIA[OAUT JBY) ABM B UI SUOISIO9P BW 9M Op MOH @
wwonsanb juauissassy £y suonsanb Suruuvyd £

Sunjewr-uoIsIp aAISnpPU] :€ JAD

YIomowrey suonisuer Ayiqeureisns jsnf 10y sodrourid uSisop 2100

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.4324/9781003172062
https://doi.org/10.1093/oxfordhb/9780199811755.013.006
https://doi.org/10.1038/s43586-023-00214-1
https://doi.org/10.1016/j.erss.2024.103701
https://doi.org/10.1002/eet.1777

Sustainability Science (2025) 20:1833-1862

1852

S[¥.L ul SuLiojiuow YSLI SUIULIOJUI ‘UONRZI[eISIP JO saduanbasuoo papusjuiun Sururoaos Apandepe 1oy A3ojopoyrewr Areurdiosipsuen e syuasald o[onte sy, :2jpuouvy O
$€0TE1°220T 01daral (/9101 01/310° 10p//:5ANY "HE0TET ‘9SE UONINPOLg 42up2]) fo Puinor *ss9001d Areurdiosipsuen e woij suor
-BJUSLIO 1SNQOI A[[BI00S — 2IMI[NOLISE UT BIEp [RIISIP pue uonezI[eysip Jurko[dwo Jo SoNI[IqRIdU[NA PUR SYSLI PAAIAII] (7Z0T) ‘M " ‘Z[OUydS pue S @330y ‘¥ ‘yosunig ‘[ ‘I9[YoSIayYoSZ @
Surioytuow [y 1, 01 9[qedrjdde ‘9ouruIoA0S pUR JUSWASRURI ‘JUIWSSISSE YSLI 0] PINSG ISIOUOD PUB ‘D[qISSaIOR ‘dAIsuayaIdwod e sapraold yooq Siy ], -apuonvy O
108undg “suoyvonddp puv saunapmns s3daduo)) :20upui2408 pup judwaSvuvus ¥y “(0107) "0 ‘UUDY pue ‘I, ‘UOAY @
SYsLI
L renuajod SuLIojiuow J0j JUBAI[I ‘WAY) SUISSAIPPER 10 SUOHBPUSUIWIOIAI [BINorId SOyeW PUBR SUONISURI) UOGIRI-MO] SUNUOIJUOD SYSLI OTWA)SAS Q) SISSNOSIP J[ONMIR SIY ], -2[puonuny O
L7520TSns/LI0T°01
/310°10p//:5dNY 99 ‘9 An1j1qouivisng pqorn ‘sistdAjod [eqo[3 JO BIS UR UI SUOT)ISURT) ASIOUD UOQIBI-MO] UI SYSLI OTWRISAS SunesiaeN (6707) Y ‘Yleuqa( pue “y “Iyquies) 3 'y ‘LIpeyses @
QOUBUIDAOS PUR JUSWASRURW YSLI [NJAILD SAINbaI JeY) JUSWUOIIAUS Xo[dWIOD B Ul POPPIqUId 918 SIANRNIIUL JOIBISAI JATJBULIOJSURT) :IDUBUIIAOS PUR JUIUDFBURW ST
a3ueyp [eroos
PUE [BIUSWIUOIIAUD SUDORL) 10 BIEP 9[qen[eA djetouasd ued uonedronted pue a3pajmouy| [eoo] moy Sunysiysy ‘Suriojiuow paseq-Aunwiwod 0y saydeoidde SMAIAI [ONIR SIY ], -2[puonuny O
GTETT0-0TTTI0-UOIIAUR-AINUUR/Q | [ (/310 10p//:SANY "0L9—LEQ ‘(1)L# ‘SPO4NOSIY PUD JUIUUOIIAUT] JO MIIADY [PNUUY
‘JUSWIUOITAUD ) PUB SWIISAS 90INOSAI [RINJBU JO JurIojiuow Ayrunwwo)) (zZ0z) "d "N ‘sseding pue “( ‘NOLIA3Iy “T ‘Ope[Ioy ], “Q ‘99T “N ‘Uosuyo[ “JA ‘Iopun “H ‘UdoIyg ¢ ‘Uss[orueq @
SIOPOYaYLIS YIIM S9WO0IIN0 pue saniAnde 199[o1d uo uornoagar snonunuod y3noay) uoneidepe pue Jurures| Surziseyduwd ‘SULIOIUOW JAIXIPAI UO UONINIISUL SIQYO IPINS SIY], :2]puouvy O
1Ly6¥1/1ummr0dapay/:dny 0 ueSutuaSepy “swalosd uonvaouur waisks Surionuout 1of apms
V suonov up Sutiopiuout 241Xy ((0107) "D ‘SIMNIT pue “D-"Vy ‘SO0H ‘g ‘uaz[g I, ‘Surung Y00 9p [ ‘s1opung “A ‘Ueun{odq “JA ‘Ullo)sodIy A ‘[QISWY UBA ‘g ‘T0930Y ' ‘O[IIA UeA @
ssa1Soxd
pue sjoeduwr 300(oxd Surpueisiopun ur JUSWSAJOAUT JOPIOYaYEL)S SuLINsus ‘Furiojiuow pue judwssasse A1ojedronied 10y sonbruyoe) pue sjoo) jo a3uer e sopraoxd uoneorqnd siyJ, :appuouvy O
suonedIqng Yueq PO ‘Sanbiuyda pup Sjoof :Juauissassy [p120§ pup uoyndionging ((8661) "d Toed-UeAeIeN pue [ ‘UINORIDOA-USIOqIr @
A)1[1qeIunodoe AInsud pue ssar3ord
yoen o} s3utpuy Sunaididur pue ‘eep JurzA[eue pue Surd[0d ‘SI0JLIIPUT SUTUYIP UL SIOP[OYAN LIS SUIAJOAUT A[9ATIOR (YR TA) Uonen[esd pue suriojiuowr L1ojedonred Sunuswdiduy
18204108524 pup §]001 Jo sa]duxy

{ Kem 91qIsuodsar e ur SweIsAs Juriojruow Jo sarouapuadop [eo130[0Uyd9) AY) dFeULW oM URD MOH @

({SIX21UOD PUB ‘SI[BIS ‘QuI) SSOIOR suonisuer) Ajiqeurelsns isnl Juriojiuow Jo Ajurelrooun pue Arxa[dwods ay) d3eurul om ued MOH @

(S1sa1oyur Aoearid oyewnISo] UIULIOPUN JOU OP SANIATIOR FJULIOJIUOW JBY) INSUD IM URd MOH @

{S[e03 uowwod premo) ssa13o1d oyew 0} pau Ay} UOTJBULIOJUT AYIIOM)STI) pUB 9JeWIZI AY) 0) SS9008 dARY SanTed JUBAJ[AI [[B TRy} 9INSUD oM UBd MOH @
:2011914d 201x2}f2.4 40f suonysanb Suipm3 fo sajdumxy

SUOISN]OXA JO SANI[IQEISU[NA MAU 9)JBAID AeW SULIOJIUOW JOJ SIISO[OUYDI) PAOUBAPE UO OURI[AI :§210UspuUadap [p2150jouyd3] @

UOTJBULIOJUT 9[qE)S pue pazipIepuels os[e A[[eopl Inq pajsnipe A[qIXol PUe JAT)ISUIS-)XIU0D JOJ PUBWIOP USIMIAQ JOTJUOD [UOUDZIPIDPUDIS “SA £11]1q1X3].] @
9ZI[BLIdJRW 0) SUOZLIOY W) SUO[ 9YB) S109JJ0 QWIOS :§102ff2 Ul121-SUo] @

armingy 2y} Jo Aiqeotpaxd pajrwii] oy3 USAIS JNOYIP APUIAYUT ST w1} I9A0 ss1301d Sunyoen :Kjuiviiaou)) @

$901n0s snorreA woiy ejep Sunaidiojur pue Fune3or3Te ur Aprenonted ‘sausqreyd sjuasaxd sofeos o[dnnu je s[eo3 pue SIOTABYQQ SISAIP SuLIOjTUOW :A11x2]duio) @
Suriojtuow Ayliomisni pue ewni3o] puewop sonted pajoaye :isn.ay pun LOvuniss] @

PRIOJIUOW ST JeyM UL SBIq SB Yons s30adse :su.a0u0d [porsojowaisidy @

Su100u09 AoeALId YIIM JOTJUO0d ued spuewdp Aouaredsuen) :su2ouod Lovarid @

SI01ABRYQq [e100s sjoedwit pue uo spuadop Surioyiuow :sonuvudp p1oos @

JUO01SUD] JO $2041M0S £2Y]

(STe0S uowwod premo) ssa1301d pue ‘suoISIOp ‘siolaeyaq Jut ({STe03
-pae3a1 Kouaredsuen ojerrdordde st a1oy) ey 9013k sonted JuBA[QI Op JUAXD Jeym O], @ UOWIwIod pIemoy ssar3ord IOJIuoOW pue SIOIABYQQ JUBAJ[AI Jnoqe Aouaredsuen) 9Jea1d om op MOH @
wwosanb juauissassy £y :uonsanb Suruuvyd £a)]

judwIuIE)je [0S pue SI0IABYdq JO SULIOYUOA p JAD

YIomowrey suonisuer Ayiqeureisns jsnf 10y sodrourid uSisop 2100

(ponunuoo) | sjqey

pringer

AQs


http://edepot.wur.nl/149471
https://doi.org/10.1146/annurev-environ-012220-022325
https://doi.org/10.1017/sus.2025.7
https://doi.org/10.1017/sus.2025.7
https://doi.org/10.1016/j.jclepro.2022.132034

1853

Sustainability Science (2025) 20:1833-1862

Suniojiuow woly Jurured] Sunioddns ‘S[opouw UOTIEN[RAD PUE ‘SIOP[OYNRIS SUIAJOAUL 10] Sa13a)eNs ‘saydroidde uonen[eAs urew Jo MaIAIAO [eondeId B SI9QO J00q SIY], :2]puouvy O
LS88THSTET8L6/7TEY 01/510°10p//:5dNy "8papnoy *('pa pIg) umy i) uo uoyvnivasy &vpLiaas (9107) A ‘WHOMSPer, @
juow3pn( oAn
-euIwIns uey) 1oyIel Surued] aandepe pue Joeqpad) SWN-[BAI U0 SUISNI0J ‘SIANRIIUL JuagIows ‘xa[dwod 10J pajms yoroidde ue se uonen[eas [ejuawdo[oAsp saonponul J0oq S, 2jpuouvy O
SSa1q PIOJ[IND) "ISN puUpn UOPDAOUUL 2UDYUI 0} §3daouod K11xa)dwod Suikjddy :uoyvnpaa puawdojaaa “(1107) 'O ‘N ‘uoned @
soouarradxo
pue ejep SULIOJIUOW U0 PIseq sAI3aens [} Jo Juaunsnlpe pue ‘uonssyar ‘Surured] Suroguo J1oddns jeyy sayoroidde uonenyeas Suikojdwo :uopejdepe pue Jurured] 10j UOHEN[EAI SUIZI[II()
Suriojiuow ur 9sn ejep judredsuen) 10§ JUBAJ[AI ‘90UBUIIA0S A10jedIonue usALIp-eiep Surugisop jo suonedrdwi pue soSus[eyd dy) SISSNISIP A[oNIe SIY], -2]pUouvy O
968€9L1°0T0T T6TIFLST/O801°01/310
‘op//:sdny $€1-€21 ‘(Q)€ @o10v4g puv usisaq £21]04 *seonoead Korjod 10J eyep ul sorreuads Surdrowy -ouruIanod K1ojedronue usatip-eie( (0202) " ‘HR[[IA PUE “ ‘TUOYT S ‘IJJeIN @
ssa1301d Surzifensia 1oy sutiope[d aAneIOqR[[00 pUR SuLIeys BIEp Juaredsuern) aziseydwo yorym jo Auew ‘Suriojiuow K1ojedionred 1oy sJ00) smaraal 310dal SIY], :2jpuouvy O
MOAID Pau4naj suossa) pup s3daduod ‘sjooj Jo malaal y Juauadvuvul 1s2.40f [po1do.y ur Sutiojuous £101pdid114vg (8007) “d ‘TN ‘eIensLens) pue 3y ‘Suerd @
Sunoytuowr ur Aouaredsuern Sunowoid ‘eyep aaneienb Suisnal pue SuLreys Woij s}Youq Ay} AZI[eal pue elIoe) 0 skemyyed [eonoeld sasSNOSIp S[ONIE SIY, -2jpuouny O
8-7EF0-610-€681+5/8€01°01/810 T0p//:sdny
T IIONIY (7)€ “Cnpigpuipisng a.mppp *99UIS A[IqRUIRISNS 10 SISAYIUAS pue SuLeys Blep aanelen) '(0z0g) ‘N 199 PUR “V [UmS D ‘Iayorymens ) ‘10ssens “d 'd ‘A[lS Bp “V [
‘BATIS “"H ‘T[opUey [ ‘Uewnid “N “TOZIO S ‘Ioyorey “I, ‘[ ‘uosuyor “(q Y ‘ApIeH ‘[ ‘A1ean) “T, *g ‘Qwen “N ‘Seso1) “JN X0 'V ‘usppng ‘[ ‘N ‘Bouuag ‘Y ‘SoUOf “JA ‘S ‘Topuexo[y @
sonaed
JUBAQ[QI [[& Y)IM SSI301d pue ‘saoueuy ‘SUOISIOAP ‘SANIANIR [Y], Ioqe uonewIojur SuLreys Ioy swsiueyodw uado Surysijqe1s? :gurreys ejep pue suniodas ysnoay) Loussedsuer) surisuy

YIomowrey suonisuer Ayiqeureisns jsnf 10y sodrourid uSisop 2100

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.1038/s41893-019-0434-8
https://doi.org/10.1080/25741292.2020.1763896
https://doi.org/10.1080/25741292.2020.1763896
https://doi.org/10.4324/9781315428857

Sustainability Science (2025) 20:1833-1862

1854

SIUQUIIIWUIOD I13Y) [[Y[n)
syuedronred [¥.[, SULIMSUS 10J [BIONID ATE YOIYM ‘Sjudwarinbar Suniodol pue so[01 Ie9[d SB Yons ‘SWSIUBYIW AJI[IqRIUNOIOE [BULIOY JO JUWYSI[QRISA Q) SISSNOSIP IPING SIY ], -2jpuonuvy O

€16S0S62H08L6/1021°01/310°10p//:8d1Y *$S1J DD "2p1ns 10213904d Y :SYLOMIAUDLL 2DOUDULIAOS [DIUIUIUOLIAUD 2411D40GD]10)) “(6107) "L ‘“OOS9ID) @

S[¥.L Ul swSIueyoaw yoeqpad) aAnisod Surugisop 1oy s)ysIsur SULIDO ‘SIXIU0D [BIUAWUOIIAUD Ul uoneI2dood 93eIN0dUs 01 S9ANUAdUT dnoIS JO 9SN AY) SMITARI J[ONUIR SIY ], 2puonuny O
G€20T0-0T61 1 [-99IN0SAI-AINUUE

/9% 11°01/310°10p//:5ANY "619—L6S ‘(1) ‘SOMUOUOIT 224M0SIY JO M142Y [PNUUY “JUIWITRUBW 9IINOSI [BINJBU PUB U0NI)01d [BIUSWIUOIIAUS J0J SAANUDUT dnolD) *(7z07) "M ‘U0sIaZeS @
S[¥.L Ul SwSIueyoaut

NorqPa9d) 9A109YJQ pue Jrej SuruSisap J0J sojdiourid Suipiaoid ‘uonoe 9A1N99[[09 Jururesns ur SULIOIIUOW PUE SUOTJOUES pajenpelsd Jo doueyioduwil oY) S[TRIOP JIOM [BUIWDS SIY], -2]puUouvy O

ssa1g A)SIoAIUN) AZPLIqUIR)) U0V 241122]]0I A0 SUONIISUL JO UON]0AD Y[ :SUOWULIOD Y] SUluL12409) “(066]) “H ‘WonsO @
suLIou

uodn-padiSe WOoIj SUONBIAIP SSAIPPE PUE ‘JOWU I8 SJUSUNIWIOD AINSUI ‘SIOIALYQ dATEI2d00d 958IN0oUs 0 swsIueyddw Sunuaw[duwl :$9an3onas AJIGeIunodde pue SIANUUI SUruSIsaq
uoneidepe pue JuruIes| 9A1199[[0d

10J JoBqPad) AINJONIS UBD ST, MOY OJUI SIYSISUI SULISPO JUouIdSeurll [BJUSUIUOIIAUD UT $9s$9001d SUTUIRS[ [BIO0S JO MIIAIIAO dAISUIYRIdWOd B sop1Aoid awnjoA payIpa SIY], :2jpuouvy O

UBOSUIIRY "24MINf 2]qDUIDISNS D SPADMQ] JUIMISDUDUL [DIUIUUOAIAUD Ul SUIUAD2] 11208 “(0107) "('SPH) " ‘IBAAQ PUB “V A ‘Umorg “J\ ‘U] @

SuruIes] [B100S 10§ }oeqPad) Surwojul ‘sasodind paaide Ajfeninw 10y 1913930) UIR9] pue }Iom ued a[doad moy 10} suonsagsns pue s[0o0} [endaduod SI9JO SWN[OA PAIPI SIY, -2[puouny O

T-€€1-966¥8-1-8L6/L00T 01/310'10p//:5dNy 108uLId§ “20100.4d fo saypunumiod puv suzisks Suneva] (p120g |(0102) "('PH) D “2I0une[d @

SIIL
0) JUBAQ[AI ‘SWIA)SAS [80130]009-[e100s Xx9[dwod Surdeurw 10§ [eNUASS st sdoo[ Jorqpasy pue Surured] aAneloqe[[0d Jurziseydwo ‘quawadeurw-0o aandepe sato[dxa j00q S, :2jpuouvy O

SSAId DE() ‘2IUPULIAOS [2A2]-LINUL PUD ‘SUIUID] ‘UODIOGD]]0)) JUdWSDUDPUI-0D 241dppYy *(0T10T) "N ‘Aepa[qno( pue “J ‘soyieg “ ‘ofeiury @
TdL oY) urpim
uonejdepe o1397ens pue SUTUIEI[ SNONUTIUOD I[QRUS 0) UOTOIPI pue ‘Furioyruow ‘uonoe ‘Juruueld Jo SI[0Ad dATIRIN SUIYSI[RIS? Judwseuewt dAnpdepe pue Suruied] [e100s SuLId)SO ]
:$20410S52.4 pup §]00} Jo sa)duivxg
({suonenIIs JNOYJIP Ul USAQ ‘suonoerojur aanonpoid syzoddns jey) Aem 9AONIISUOD B UT PIATOIAI PUB USAIS ST JOBQPI] JBY) 2INSUD M URd MOH @
({SIX9JUOD [RINI[ND JUIIYIP SSOIOR PUB UONRZIULSIO JO S[AAJ] 9[d
-N[NW SSOIOoR suonisuen Afiqeureisns 1snl premol saAnuaour usie A[3snqol Jet) SWSIUBYISW JOeqpad) pawn pue pasue[eq Ajareridoidde aAjoAs pue ‘urejurewr ‘ysijqeisd ‘usIsop om ued moHq @
:2011004d 2a1x3Yfa.4 40f suonsanb Suipins Jo sapduvxsg
S9OUBISWNIII SuIueyd pue 1xAuod 0) idepe 01 AIqe oy} YIim padsue[eq 2q ISNUW SWSIUBYIIW YOrqPad) 9[qeIoipaid ‘9[qels 10 padu ) :A11j1gpis “sa Sutuina] aandopy @
SW09INO $I1 U0 Joedwll JUBOYIUSIS B 9ABY 0) SPU) POAIIIAI PUB UIAIS SI Yorqpad) Aem ) -yonqpaaf fo L12412(] @
syoedwl wWI2)-3U0[ 21BIISUOWAP 0] SIOIARYQQ 10J W) SUIMO[[ PUB JoRqPa) AJRIpawl SuIpIaold uaom)aq UOISUD) B SOIBJ Jorqpag) JO Sutwn Y :yonqpaaf Jo Suiul] @
$oouanbasuod popusjuIun PIOAR [[IM JBY) PUNOJ 9q O} SPadU JolAeyaq [njd[oyun 10j suonoues pue Joiaeyeq [njd[oy J0J JUSWIOIOJUIAI 9ANISOd JO XIW B (SUOLIUDS PUD S2AUIUI SUIIUDIDG @
SJX9JU09 [BIN)[ND JUAIYIP SSOIOR PUk UORZIUESIO Jo S[oA9 o[dnnu sso1oe pausife Afereridordde oq 0) poou SWISIURYIOW JORAPII] :SIX2IU0D SNOIUISOI2IIE] @
JUO01SUD] JO $2041M0S £2Y]

(s1o1ABY2q [njd[ayun ssaippe pue uoneradood a3emoous 0} ooejd (sioraeyeq [nydjeyun
Ul QIe SWSTUBYOIUW JOBQPIJ 9ATIOJJQ Je]) 9913k sonted JUBAS[I OP JUA)Xd Jeym O], @  95eIn0dsIp pue uoneradood 93eInoous jey) swsiueydduw yoeqpasj arerrdordde ysijqeise om op moHq @
Ju013sonb JuauLsSassp £y suonsanb Suruuvyd £2)]

swIsfueydIUW Yoeqpady erdoaddy :s JAD

YIomowrey suonisuer Ayiqeureisns jsnf 10y sodrourid uSisop 2100

(ponunuoo) | sjqey

pringer

AQs


https://doi.org/10.1007/978-1-84996-133-2
https://doi.org/10.1146/annurev-resource-111920-020235
https://doi.org/10.1146/annurev-resource-111920-020235
https://doi.org/10.1201/9780429505973

1855

Sustainability Science (2025) 20:1833-1862

UONRWLIOJSURI) IDIJUOD 0) INQLIUOD Ued yorysm Juatndoosap [euosiad pajuaLIo-AJIjiqeurelsns 10J SOMIWERI) B St Jaspurw A)ijiqeurelsns e 1oy saidoutid g ay) seonponur aping siyJ, -appuouny O
LEIS60E00T8LO/FTEY 01/510'10p//:8d1Y "08papnoy “pliom 1a112q v .10f jasputut v dojaadp o1 apms vy :sajdioutid yaspunu Qupiqouisns 2y [ *(0¢0g) T ‘Azoouewiry @

Jo1guod 3ut
-1e[B9$9-9p pue Sunuaadid 10J [eronid ‘sIoylo SuLreay pue spadu Suissaidxa ut s[[oys  syuedonred pring ues jey) (DOAN) uonedunwwod dnayredws 10j spomawely B sapiaoid Jooq sy, -appuouny O
$sa1q I00uB(RIPpPN "2f1] Jo 25vnSup] Y :uoupdunuuiod jujorauoN “(S107) "9 ‘N ‘S10quasoy @

SIXQIU09 SYYLSNI
J10J 9[qeIms ‘a3uryd aanisod uLe)-3uo] 10§ sarmonns pue sdiysuonerar Sursueyo pue sasned J0oI SUISSAIPPE U0 SUISNO0J ‘UONBULIOJSURI) IOIJU0D JO 1doouod ay) Ssaonponul Jooq SIy L, -2jpuonvy O
19)SNYOS pue uowls ppayf ayi ut 122uoid v £q sapdiourid Suipms ayj JO UOPDINIILID ADI])) SUONDULIOSUDA] JO11f10D Jo y00q 211317 *(ST0T) ‘[ ‘YoeIopo] @

K[9AT)OQ)2 101}
-uoo 3urdeuew Joj S[[OYs siuedonred pring pue sonsst [eI3onns SUIALIIpUN SSAIPPE 0} JUSWI[NRS AIndsIp puokaq Juraouwr :saydeordde Surpping Lypeded pue uoneuLIojsues) 3o1guod sundopy
uoneno3au pue Soferp ABI[IOR] Ued YoIym ‘s ], ur uonedronred orqnd sAnonnsuod 10y [opow-dals-oa1y) & syuasaid J[onIe siy ], -2jpuonuvy O

ST TRIeS/TISH T 01/310
‘10p//:8dNY 68 (7)1 K12100§ pup 20u2198 40f $241302d5.42g [P2180]027—V[VO) *SISLIO d)sem Prjos oy} Sureuew ur uonedronred orqng :s101guod Sunedonuy (ze61) ‘L IRIG9M PUE O ‘Uuy @
syuowdaIde Arejunjoa Suryoear ut santed Sunndsip isisse 0) sfennau Ayred-paryy Joj sar3arens reonoeld Surpraoid ‘sseooid uonerpaw ay) 03 9pIng dAIsuYAIdwWOod © SIOYO J00q SIY ], 2jpuonuvy O
SUOS pue AS[IA\ UYO[ Jo1fu00 Sulajosat 10f $a18210.41s [po11ov4g :ssao04d uonuvipaut 2y ($107) ‘M "D 100N @
sondsip [y L, 10y oqeorjdde AySIy ‘SowiooIno uIm—urm AN 0) suonisod uer]) IAYIel sJSAIAUI U0 Sasnooj uonenogou pajdoutid uo 1x9) [euonepunoy siyJ, :2jpuonvy O
syoog umSuad "("pa pIg) Ut Surars moynm juswaa18p SuypnodaN :saf 03 Suien ((1107) "d ‘uoned pue 1 m ‘Kin <Y Ioysi] @

suonnjos Jqe
-1doooe AJ[emnw puy pue sjudWIAISLSIP dA[0SAI A[oaneIoqe[[od sented djoy 0) Soferp payejijioe} pue ‘uonerpaw ‘uonenosou pajdiourid Surzinn :3o[eIp pue UCHEBNOFIU IAINIISU0D SUNB[IB]
SOTWRUAP JOIJUOD JO SISATeUE dy) Ul SuIpre ‘Uonnjosal JOIPU0d ul dA.Y sadA) 93pajmous] JUSIJJIP 1By} 9[01 Y} SASSNISIP [ONIE S, -2puouny O

2-06900-610-ST91 I5/L001°01/310°10p//:8d0Y "6L7—€9T “(1)ST ‘22108 &uijiquuipisng -eonoeld ut
uoneigojur 1oy pue sadAy agpajmouy Jo A3010dA1 AreurdiostpIojur Uy :UOTJBIOQR[[0D PUOAS] UOTINOSAI JOTFUOD JO SWSTUBydaW Surpueisiopup) “(0Z0z) "H HOPres pue “N od ©O ‘erouedals @
sorureuAp asoy) Jurpuejsiopun 1oy sayoeoidde uonuaarour sIYSIYSIY pue suonewrojsuen Ajiqeureisns Surmnp so1guod Juspuadopioyur ut so3U[[eYd SoZATeUR S[NIR SIU ], -2]pUoDY O

LSLETY 120T 34sdy/68¢¢°01/310 10p//:8dNY *LGL°€TY ‘T AB0joydksd ul st1a1u0.4] *$11JUOd Juspuadop
-IOJUI JO JIOMAWRI] / :AJN[IqEUreISns pIremo) UONBULIOJSueI) 9y} ur o Joao pue ojdood usamioeq s1o1guod SUIA[osoy "(1707) ¥ ‘[OUSSIQLL Pue “JA oI, ueA “H ‘Sueyz “]A ‘yueg “N [ ‘RN @
SOIRUAP JOIJU0D SUIPULISIOPUN JOJ [RIUISS ST YIIYM “IOIJUOD Ul SUONOWD JO I[0I [RIONID A} SIssndsIp Jaydeyd sy, -appuouny O

sseq-Aassof (¢67—89¢ "dd ¢pa pug) 20uon.ad puv £102y ] :uonnjosai onfuod fo yooqpunvy 2y J ‘(SpH)
SNOIeA D " PUB ‘UBWIA[0D) d ‘YosINS(J ‘JA U] "SUOLIOWD S)OQJJe JOTPJUOD MOY PUE JOIPUOD JO9JJe SUONIOWD MOY pueISIdpun o) jueltodwr st 31 AYAA 301Juod pue uonowyq (900g) "O "q ‘Ioupur] @
saanoadsiad oidnnuw woij sorweuAp 191U0d pue)siopun pue azATeur 03 Aoy jey) sYIOMIWEJ :SIMUBUAP JOIPUOd SUIpuL)sIdpun pue SuizA[euy
820410524 pup §100} Jo sajduipxg

(suor3ar omydei30a3 pue ‘A12100s Jo $10303s ‘UONEZIUBSIO JO S[AAQ] A[dn[nu Jo dduapuadopIojul Ay} WO ASLIB Jey) SIOIJUOD SSAIPPE A[AONNSUOD M UBD MOH @

{SWSTUBYOAW JUoIoSeuewt J0IJuod [eULIOJuUI pue [ewIof SuneiSejur £4q suonisuen Aiqe
-urejsns Isnf ur JOIPUOD JO AINJRU [RUONIOWD PUL [BNIXJUOD PUE ‘AJISISAID ‘KIISS0U ‘AITIGRIIAUL AU} )M S[BIP A[OAIIONIISUOD PUB SOSPI[MOUNI. JBY) 2IN[ND IIIJUOD B JA[OAD 9M U MOH @
:2011004d 2a1x2}f2.4 40f suoysanb Supnd fo sajduwxy
sayoroxdde ogroads-A[[eInno ‘TewIojur SunsSIXa SABMIe )M PajeISojul 9q 0) PISU SWSTUBYIIW JUSWASeURW JOTIJU0D [RWLIO] :S255200.4d [puLioful pup [pulio] @
uornenogou 10J saoeds ofes 10J pasu Ay} YIm AI[Iqeiunodde orqnd oouefeq jey) papasu are ssauuado jo speae] ayerrdoxdde :ryypuuapifuod sa Louaivdsuvi] @
JI9UI0 YOBD YIIM JORIIUI pue SUOIZAI o1yder3oa3 pue ‘A19100s JO SI0309s ‘UONBZIULSIO JO S[AQ] o[dnnuw ueds ued S)OIJUOD :sa1ouapuadapiaiu] @
SIOUJO 1939p 0) o[dWexd e Se PIsn IO S)LIOW UMO §)I U0 PAIIPISUOD 9q ABWI 9SBD [ENPIAIPUI O} ‘SJUSWAISE JO UONE[OIA B JOAO JOIJUOD B JO JUIAD Q) UL :JULIDIIP "SA [pNplaIpu] @
SIOTJUOD PAseq-AN[BA JO [BITUYDI) SB Yons ‘SIIIJU0d Jo sadA) Juarogip ssaippe A[eyenbope 0) papaou oq Aeur SOI391eN)S JUIIP :S1o1u0D fo £115.1241(] @
QAT)ONIISQO PUE J[GEPIOAE SB IO ‘O[qBN[BA PUB AIBSSI0U SB U 9q UBD JOIPJUOD SIIfU0D pADMO] UODIUILIO SUIPIOAD “SA Sujlau] @
JUO0ISUD] JO $20410S £2Y]

(A1mpoadsar pue A[oAT}ONISUOD PISSIIPPE 918 SATIBIIIUT

QU) UIYIIM SIOUSIQYIP PUE SIOTPUO0D Jey) 9215 sanaed JuBAS[OI OP JUSIXS JBUYM O, @ ({9S1Ie A[qeITAQUI [[IM JeU) SOOUQIQHIP PUe SIOIJUOD oy} YIIM A[9ATIONIISUOD B 9M Op MOH @
Ju013sonb JuauLsSassp £y suonsonb Suruuvyd £

JudUdISEUBU JIIJU0D IARINYSUO)) 19 JAD

YIomowrey suonisuer Ayrqeureisns jsnf 10y sodrourid uSisop 210

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.3389/fpsyg.2021.623757
https://doi.org/10.1007/s11625-019-00690-z
https://doi.org/10.14512/gaia.1.2.5
https://doi.org/10.14512/gaia.1.2.5
https://doi.org/10.4324/9781003095637

Sustainability Science (2025) 20:1833-1862

1856

uonIu309aI [BUINIX SULINOJS UI STY.[, SUIpIe ‘90ueuIoA03 A)I[Iqeure)sns Ul Jsny) pue Aoewni3a] Suisearour 10y yiomawesj [enydoouod e sdo[oaap [onte sy, apuouny O

X-08200-120-SOLETS/98T1°01/310 10p//:5dny
S (1IT ‘G2100§ pup 1j1qouivisng ‘K8.1au7 "90UBUIIA0S AJI[IqRUTRISNS JO ISnI) pue AorwnNI3o] Sulsearoul 1o spomawery fenydoouo)) (1) "L °D ‘WPIWS pue “A ‘J0osuefy T ‘“yedms @
AoewnIS9[ [BUIIX Sunenodau spy ], 10J [nyasn ‘swajqoid Aoewni3a] 0y sa13arens asuodsar juaroyip SurA[dde 10§ yIomawel) [eona10ay) & sasodord a[onre sy, appuouvy O

#I0TT SWOl/TT11°01/310'10p//:sdNy/S10°10p//:5dNY "$8T—6ST “(2)0S ‘Sarpnig 1uaut
-28punpy fo (puanop ‘prIom pazifeqol3 e ur juswdooaep 9[qeureISNS :SJUSWUOIIAUS SN0JUIF0I19)Y pue xo[dwod ur Aoewni3o] Suideury (¢107) "d ‘[PIS Pue “0 ‘0zze[ed 0 Y ‘1IYS @
KoewnIS9[ puB SI0INOSAI AINIAS O WAISAS OIUIAPLRIL I} UT SIOTJUOD II0J 9JLTIABU ULD SIAOILISAT JANRULIOJSURT MOY 10 sAI3a1ens [edrdA1—[eapr syuasard o[onte sy, :ajpuouvy O

YLELET €T0T 01dRPL [/9TOT 0 T/810° 10p//:8ANY HLE*LET ‘TT# ‘UOHINPOL] 42UDD]D)
Jo jpuinop w)sAs SIUAPEIL JUALIND AY) UI YOIBISAI QATJBULIOJSURT) JO SAIFIBI)S U0 APNIS 3sed Y :SIDIPJu0d 2010§ SunediaeN (£702) ‘TN ‘uewyoag pue <y ‘Joudog ‘[ ‘1okeumip g ‘duny] @
wopaa1y feuonerdo pue uonmuS0o21 ured 0} SANLIOYINE [BUINX YIM 23eTUJ PUB SIOINOSAI ATBSSIOAU AZI[IOW 0) SAIFIens Jurdo[aaap :Adewni3a] [BUI)Xd SUNBNOSIU PUE SIDINOSAT SULINIIS
Awouo)ne [y ], SUrouBYud ‘uonde paziuesio-jos 1oj Suiping Ayoedes pue Jurured] [e1oos Aowold A[9ANIYS 0} MOY JOJ SUOEPUWIOIAI SR [ONIR SIY], :2]pUouvy O

210°80° 107 sy [/9101°01/310°10p//:sdNY [ /—LG ‘69 ‘Saummn,] ;udwWdO[9AIP UBQIN [QRUIBISNS SPIEMO) UOIIOR
pastuedIo-J[as 10} Jurping Ayroededs pue JuruIed| [BIO0S 2)BI[IO) 0] MOH :sarpnis armny Areurjdrosipsuen ur sassaoo01d dnoisd SurSeue|y (S107) ‘N Ioued pue “q ‘IoqAory-1euyaruaddneyos @
SILL uryim souled Ayrunuwwod jo Awouoine oy sytoddns yorym ‘yoreasar 1oy Ayoedes Ayrunwod Surpping soziseydwa eyl JI0MIWERI B SIQLIISOP [oNIe SIY], :2]puouvy O

€EE ¥ TEPI/SI88T 01/310°10p//:5dNY “OFE—€EE “(F)T€ ‘asvasiq puv &1
-D1uYyJ] YOIeIsAI UOTOR AJIUNWWOD 9[qRUTRISNS I0J JIomawel) e Jurysijqeisq (gz0g) "D " ‘SIION pue “y ‘Nedli] “[ ‘Sunyiep “N ‘Swepy “q ‘uereie) ¥y ‘s33udg “q ‘onSeoy A ‘souof @
uonoe 9ANIAYS 10j A3oeded ping 0 11eay 03 e} pinoys syuedionred 11, 1ey) sejdrourid [e1UISSD UI) JO MIIAIAO UR sap1AoId d[onIe SIy], :2jpuouvy O

920 11°L107 SS9 [/9101°01/310°10p//:5dNY "0L—1S ‘OF @oU108 [P120S pup Yo4vasay £842u7 “Yoreasal agueyd

JJewII[O pue SUONBWLIOJSURI) ‘SUONISULRI) ASISUD JOPIO PUOIIS PUB PIJUSLIO-UONOR JOJ S[BIIUISS UL, "(8107) D ‘UIOGAA “** g ‘Urdispon “JA ‘[odon “JA ‘ezno§ ( D OIAOUBIIAD) [ ‘UIAJOD)
“d ‘uourre)) “H ‘Aimqpeig N ‘eAreyoeneq “H ‘I0BA [V “d ‘QOUNP[Y [ ‘TOABWNIA 'V YOI “J ‘“OMBS g ‘O[IIA UBA [ ‘Uewn)[nH [ ‘Uosioned <O ‘erdue) “N ‘oydeyos “T ‘Aoze] @
A[snowouoine 9ANRIIUL Y} d3eURW 0] WAL} d[qeud 03 sjuedionied [Y ], JO SIOINOSAI PUB AFPIA[MOUY ‘S[[INS SATIII[0J A} SUIOUBYUD :UOIB IANJIIYA 0] L)oeded eudjul Suiping
SOINJOIIYOIE JUSWIOTRUBW-J[OS [}, 10J JUBAJ[QI ‘SWIIER PAILYS 9AJIYOL 0) SyIomiau [eNSIp ‘uddo y3noy) ozueSIo-J[os SISIAIIOR POIOMIOU MOY SISSNISIP S[ONMR SIY ], -2jpuouny O

0888001 12Z6E8T000/LLTT°01/310'10p//:5dNY “€€0T-066
“(4)99 Apa11vng) 20u2108 2a1DAISIUIUPY ~IN)ONIYDIe uonjedionted e Suneard Aq 9zIueSIo-J[9s SISIATOR PAYIOMIOU MOH :SOBYD WOIJ JPIQ (1Z07) *S ‘AUOYRINO PUR D ‘] ‘BSSE]N @
soIoNIs [, snowouoine jo ugisap ay) Jurwiojur ‘skem [njosodind pue [njnos a1ow ut eredo ued suoneziuesio Moy [reyep [eonoeld ur saqLIdSIp Jooq SIY], Japuonuvy O
IONIeJ UOS[QN "SSUSNOIISUOD UDWNY Ul 23DIS 1X2U Y] £q pa1dsul SUOYDZIUDSLO SUlIDa.Ld 0] aPING Y :SUONDZIUDSIO Suluaau1ay “($107)  ‘Xnoe ] @

JuouwrdFeuRw
-J19S [¥.L 10 JUBAQ[QI ‘S[OAQ] JUIQPIP JB AWOoUOINE J0J MO[[E JBY) SOINIONIS 90ULUIdA0S pAlsau Surusisap 10§ so[diourid Surojjo ‘0oueuIaA03 JIuadA[od sISSNISIp A[onIe SIY], 2Jpuouvy O
2L9-1%9 (£)00] ‘M2142Y 21U40U0IT UDILIULY “SWIISAS JTWOU0ID XI[dW0D JO 9OUBUIIA0S JLNUIA[O] :$9)BIS pue syoxrew puokaq (0107) "d ‘wonsQO @

Sunew
-UOISIOAP 9ANIOYJQ pue Awouoine S, [, 2y 11oddns jey) so[ni pue s3IomdWelj [euonezIuesIo [euIojul Sunead A[[euonuaiul :JUdUIGBUBW-J[S 10§ SIINJINIIS IDUBUIIA0S Sul[qeud Surusisa(q
1§204n0S524 pup §]001 Jo sa]duxy

(sanaed JuBAQAI [[& 0] 9[qEIUNOIIL SIA[ISINO P[OY PUL SIAIIRNIUL INO JO AJBWINISI 9Y) 2INSUS 9M UBd MOH @
{,S90IN0SAI Py
KIoA u2Yj0 pue ‘suonisuen; Kjjiqeurelsns isnf Jo ornjeu AI1epuNOqsULI) Ay} ‘SOINJONI)S SWISAT PAYSI[QRISS JO 998 A} UI SOATJENIUT InO Jo AJLIOYINe pue AWOUOINe oY) 9INSUS oM Ued MOH @
:201100.4d 201x3fa.4 40f suonsanb Suipins Jo sapduvxg
QATIRIIIUL Q) JO AN[IqRIUNOIOE pue AoewnISI 9y 9INSUD Jey) SWSIUBYIAW AQ PIAUIRIISUOD 9q 0} SPAaU AWOUOINE :puia]1p juasv-jpdiouisd @
K[9ATIOR)) 1T 9STOI9X3 0] (*033 ‘asnradxe ‘Surpuny ¢ §-9) S90IN0saI A1BSSIU A} 0} $53008 JuTARY UO Spuadop AWOUOINE :SIUIDLISUOD 2D4N0SIY @
suonorpsun( opdnnuw ueds Aoy se oouspnidsun( oFua[reyd ued jey) euswousyd Arepunoqsuer aIe suonisuen Ajiqeureisns jsnl :uon2ipstinl 1apioq-ssor) @
soAnjenIUL suonisuer) Aijiqeureisns isnl ozruniSo[op Jo ‘armded Yo0[q 0) Y99S AeW SOINJONI)S SWITI PAYSI[RISS SAUNIONLIS JUi1EdY @
JUO01SUD] JO $2041M0S K2

(Areanonpoid Jasit ureao3 03 Ajoyine pue Awouoine [saeyye
JuaIdyns sey wea)/dnoi3eAneniur oy ey 9213k sonted JUBAI[QI Op JUAXD Jeym O], @ umo Ino a3euew A[eAnonpoid 0) AjLIoyine pue AWouone Y3Inoua dABY M Je) 9INSUd M Op MOH @
Ju01sonb JuauLssassp £ay] suonsonb Suruuvyd £

9 JAD-T 4D Yudunduy 0) KHrioyine pue Kwouomy :L JAD

YIomowrey suonisuer Ayrqeureisns jsnf 10y sodrourid uSisop 210

(ponunuoo) | sjqey

pringer

AQs


https://doi.org/10.1177/00018392211008880
https://doi.org/10.1016/j.erss.2017.11.026
https://doi.org/10.18865/ed.32.4.333
https://doi.org/10.1016/j.futures.2014.08.012
https://doi.org/10.1016/j.jclepro.2023.137374
https://doi.org/
https://doi.org/10.1111/joms.12014
https://doi.org/10.1186/s13705-021-00280-x

1857

Sustainability Science (2025) 20:1833-1862

juow
-03e3uo [eonyie Surping ‘uonezinn AFpMOoU| JO AINJBU [BUONE[AI PUR [RID0S ) J0J SJUNodde Jey ssao01d yoreasar Areurdiosipsuen aAndeIoul Ue Joj [opow [endaouod e sjuasaid a[onIe sy, -2jpuonuny O
110°80°610T 0SAU (/9110 1/810°10p//:8ANY "TH—9€ ‘TOT “o1j0d puv 22ud1dg [IuaUUoL
-14u7] "UOTIRZI[TIN 9FPI[mouy woly syy3Isur Juronponuy :o3re] je 20n0e1d pue 20ua1ds YPIm s3o9foid yoressar Areurjdiosipsuen Sumyury (6107) D ‘TUOd pue ‘[ ‘urory] uosdwoyy, ¢S ‘Uuewjjoy @
sonJed [BUI9IXS YIIM UONEIIUNWIIOD [BIIY} SUIULIOJUT ‘Q[(RIUNOIIL SIONBW-UOISIOOP SULISPUAIL JOJ S[[Bd pue 991Ape Surkjijduis jsurese suonned s[dnJe sy, -2jpuoyny O
B6TOT897/8€01°01/310° 10p//:5dNY “(LT€L)§9# 24mwN “xo[dwod 11 doay] (010T) 'V ‘Surins @
sonued [BuI0)Xd YIIM SurSe3us S[Y ], JOJ [BIIUISSD ‘UOTBIIUNUILIOD JUIDS DANIIJJA UO JUBPING SIQYO S[JNIR SIY [, -2jpuouny O
$S00-910T-$1998J/6€ [ 1°01/310°10p//:sdNY "84 7—~¢€T ‘(1) ‘SLADV "UONEOIUNWIIOD
QOUSTOS JATIORJJS JOJ SUOTIRIAPISUOD) (L107) [ 'V NUd[Aue( pue “N ‘Sunog “'S ‘uoog N ‘Se[yosiowrieq v Y ‘1oqnys “IN ‘A ‘UAn3N “N "N ‘eyurdos ‘1 v ‘Ioyse[en [ 'S ‘@jyoo) @
SOOURIPNE IPISINO 0 SAN[eA
pue oM ST AUl Sunesrunwwod A[oAnodpe 1oy sue[d pue sdrysiouired 1oy souropmns res[d Jurdo[oadp :sapaed [BUId)Xd Y)IM UONBIIUNUWIUIOD JISI)RI)S PUR JUIWISEIUD [BIIY)d SuLInsuz]
suonisuen isnf 0] paJe[aI UOHO. 9ANBIOQR[[0 pue JuLreys aFpajmour Joj 93e3ud p[nod ST, 21oysm urioped ropjoyaeis-ninu e jo sjdwexs ue si 9on0e1d Jo Ayrunwwod Sy, :2jpuouvy O
U9 UONISULI)-{-UOISAYOI/SHI
omlau-pue-sanrunwuwod/Aorod/Aorjod Teuor3a/na-edoma09/:sdny woiy ‘Gzog 11 AIN[ PIASINNY 2010044 Jo Kjtunuiuo)) ([F))) Suonisund] 10f uoisayoy) (¢g0g) "uorsstuwo)) ueddomny @
suonisuen AJNIqeUIRISNS UO 9)JBIOQR[[0D pue SIYSISUI dIeys 0) SIouonnoeld pue SISYOILISAT [RUIAIXD YIIM JO2UU0D Ued S[Y ], d1oym wiopeld e sjuasaxdar syromiou SIy], :2jpuouvy O
/310"y 10M)aUsUONISURT)//:sANY WO} PAAILNSY 28ndawiof] *("p'u) YIOMION YoIeasay suonisuel], AJjiqeurelsns @
Suone[al [BUIA)X Jof wofyeld Aoy & se Sura1ds ‘swojqoid xoidwos Jurssaippe 10y soonoeld (L UT SISQIAIUT PATeys (M S[ENPIAIPUI PUE SYIOM]OU YUI] O} SWIe dURI[[Y (L] QUL -2]puonuny O
/310"90ueI|[R-pI1//:SANY WOIJ PAAILNSY "A1Lpu1]d1dSIpsun pun -1a3uf 10f 2oup1]]y [pqo10 “(Sz07) OUBIY-J.Ll @
joedwr
Ajriduwre pue ‘sa01n0sal AzIjIqow “dFpafmouy] areys 0} 9010e1d JO SONIUNWIWOd PU. SIOUBI|[E J9peolq Yim SurSeSud :suaopeld pue syIom)su Japjoyaye)s-pnu ut Supedpnaed pue Suippng
SUIQ)SAS [BUIOIXD 9SIQAID YIIM SuroeIdiul STy ], 10§ Jueao[al ‘swajqold xoiduwod ssarppe 0) papaau ‘Suruueds A1epunoq Surpnjout ‘sonijiqeded 90UBUIIAOS $ISSNISIP S[ONIR SIY ], -2[puouny O
S6T1697TIL66E£S600/LLT T 01/310°10p//:sdNy
'01L-089 (9)/# ‘121008 pup uonpvsmnupy “swo[qoid payorm yiim A[9sim Jureap 1oy sanifiqeded 9ouruIoA0n “(G107) ‘[ °S IO[[NS PUR “O ‘URWAIY “V ‘JNMd “IN 'V [ *D ‘10w, @
SOOBJIAIUI [BUIAIXS SurSeurw Ul 9FPI[MOUY JBWNIII] PUB JUIIES Q[QIPIIO SIUBYUS JBY) SONIANOR YIom ATepunoq 7| Jo ylomaurej [eonieue pue [emdoouod e sdojoasp o[onie siyy, -appuonny O
TTLEOT H20T 1osAu (/9101 01/310°10p//:sdNY "ZTL €01 ‘SST ‘Ao1704 pup 20u2108 (pjuauiuo1auzy “syd3foid yoreosar Areurjdiosipsuen Ax
-[1qeure)sns ul 9Fpo[mouy WIS pue JUII[ES ‘Q[QIPAID OUBYUD 0} SANIATOR J1om Arepunoq Sursiienidoouo)) ($207) [ 'd ‘d ‘USSILI pue “d “T 'H ‘SN 'S ‘Onareuniy “JA T ‘SmaIpuy @
JUSWIUOIIAUD [BUIXD oY) (pim ANjiqesuiod JIoy) Suyop pue suondeur ofeuewu AJ[ed13)ens ued S[y., M0y SUILLIOJUT Iom ATepunoq Jo SUIpuBISIapUN [Bo1I0dY) B Sapiaoid 9[onIe SIy [, -2jpuouny O
6800°L 10T S[PUUR/S9HG 0 [/310°10p//:8dNY "9¢L~H0L “(Q)€] ‘Sipuuty iudwaSpunpy o Ko
-ppay 'ssa001d 03 Ayder3oyres woi :suoneziuedio pue ‘suonednooo ‘sdnoid Suowe yrom Arepunog (6107) T TIEA PUe “H “B[o1ARy (T ‘TUI[OJIN “H "g “HIIN I ‘S1oqpury vy ‘Ao[SueT @
T¥.L 2109 Y} APISINO SIOJOR YPIM JJBUIPIOOD PUE ‘OFPI[MOU] 9J[SULI) ‘UONBIIUNWIOD )BII[I08] 0) $9553001d J0 sfenpiaipul Surko[dwo :SILIEPUNO( pue SIDBJIdUI [BULII)XI Suiseueu A[[eo139)ens
2820410824 puv $]00}1 Jo sajduvxsy
(suonisuen Ayjiqeureisns isnl 9jero[eooe pue dn 9[eos 0) santed [eurdxa yim uonnadwos pue uoneradoods Yjoq 93eIoAd] om Ued MOH @
{,SN WOIJ JUIJIP AIA 9q $10adsar owos ur Aew Jey) sonted [BUIAIXS JO Jos SUIAJOAD Ue [iim suonear gjeridoidde urejurew pue dojoaop om ued moH @
:2011004d 201x3Yfa.4 40f suonsanb Suipins Jo sapduvxsg
suonisuen Ajjiqeureisns jsnf 9Jero[oooe pue dn o[eds paoue[eq 2q 0} padu pue Aressadou a1e uonnadwod pue uoneradood yloq uonnadiod sa uoyv.tadoo) @
suonorpsinf 19y30 woij santed yim suone[ar aanonpoid 9AIYSE 0) JNOYJIP I AeW Ued SyIomawel) A101e[nSa1 pue [e39] Ul SOOUAYIP :Aj1qupduiodur [pSa] @
AoAanooye o3e
-UewW pue 93pLIq 0} JNOLYIP T Jey) SOLIOWWASE 9JeaId Aew yorym ‘suozrioy Suruue[d 1o ‘sonijiqedes ‘soornosal ‘romod ‘sjsarojur Jo surio) ur A[opim Area [[im soned [BUIIXD :S21112uULSY @
) 19A0 95UBYO pue PINY 9q 0} A[YI] ST SANEHIUI AY) 0  [BUINXI,, "SA [RUIUL,, ST OUM JO UONRIYISSB[O oY) :A11j1qpautiad Livpunog @
JUO01SUD] JO $2041M0S K2

$SdAD 2y yia uSte sonaed feu +8ddd
-19)%0 im sdrysuorniefar s, 0AnenIUI 9y} Jey) 9913k sonaed JUBAS[OI OP JUI)X2 Jeym O, @ U} YIIm ul[ ul a1e Jey) sented [eura)xa yim suonjefar ajeridordde urejurew pue dojorsp om op moH @
Ju013sonb JuauLsSassp £y suonsanb Suruuvyd £

(SdAD Y} PIM Jud)sIsuod) sanaed [BuI)Xd Pim suoneaa derdoxddy :8 JAD

YIomowrey suonisuer Ayiqeureisns jsnf 10y sodrourid uSisop 2100

(ponunuoo) | sjqey

pringer

As


https://doi.org/10.5465/annals.2017.0089
https://doi.org/10.1016/j.envsci.2024.103722
https://doi.org/10.1177/0095399712469195
https://itd-alliance.org/
https://transitionsnetwork.org/
https://ec.europa.eu/regional_policy/policy/communities-and-networks/cohesion-4-transition_en
https://ec.europa.eu/regional_policy/policy/communities-and-networks/cohesion-4-transition_en
https://doi.org/10.1139/facets-2016-0055
https://doi.org/10.1038/4681029a
https://doi.org/10.1016/j.envsci.2019.08.011

1858

Sustainability Science (2025) 20:1833-1862

Acknowledgements We have benefited from presenting and discussing
our ideas and earlier drafts of the CDPs for JUSTRAs framework with
various colleagues on multiple occasions: We are grateful for helpful
comments and suggestions from participants of a research seminar at
the University of Gothenburg in November 2024, our two symposia at
the European Academy of Management (EURAM) annual conferences
in 2022 (in Winterthur) and 2023 (in Dublin) as well as the colleagues
at the International Sustainability Transitions Conference in 2023 (in
Utrecht). Moreover, we would like to express particular gratitude to
Flor Avelino, Dustin Eirdosh, Jonathan Friedrich, Susan Hanisch, Luise
Porst, Jana Zscheischler, and the two anonymous referees of this manu-
script. We also acknowledge using Al tools, including Claude 3.7 Son-
net and Google Gemini 2.5 Pro, to prepare this manuscript. These tools
were used solely to assist with brainstorming and refining the language
and style of the text. In accordance with this journal’s editorial policies,
the authors take full responsibility for the final version of the text. All
ideas, analyses, and text are the work of the authors.

Author contributions Conceptualization: Alexander Herwix, Kristina
Bogner, Michael P. Schlaile. Methodology: Alexander Herwix, Kristina
Bogner, Michael P. Schlaile. Investigation: Alexander Herwix, Kristina
Bogner, Michael P. Schlaile. Visualization: Alexander Herwix. Writ-
ing—original draft preparation: Alexander Herwix, Kristina Bogner,
Michael P. Schlaile. Writing—review and editing: Alexander Herwix,
Kristina Bogner, Michael P. Schlaile. Resources: Alexander Herwix,
Kristina Bogner, Michael P. Schlaile. Project administration: Alexander
Herwix.

Funding Open Access funding enabled and organized by Projekt
DEAL. Michael P. Schlaile is grateful for financial support through
the German Federal Ministry of Education and Research (BMBF),
junior research group “BioKum”, grant agreement number 031B0751.

Data availability This is not applicable as this is a conceptual article.

Declarations

Conflict of interest The authors have no competing interests or con-
flicts to declare that are relevant to the content of this article.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Agyeman J, Schlosberg D, Craven L, Matthews C (2016) Trends and
directions in environmental justice: from inequity to everyday
life, community, and just sustainabilities. Annu Rev Environ
Resour 41(1):321-340. https://doi.org/10.1146/annurev-envir
on-110615-090052

Andrews LM, Munaretto S, Mees HLP, Driessen PPJ (2024) Concep-
tualising boundary work activities to enhance credible, salient
and legitimate knowledge in sustainability transdisciplinary

@ Springer

research projects. Environ Sci Policy 155:103722. https://doi.
org/10.1016/j.envsci.2024.103722

Armitage D, Berkes F and Doubleday N (2010) Adaptive co-man-
agement: Collaboration, learning, and multi-level governance.
UBC Press

Arnstein SR (1969) A ladder of citizen participation. ] Am Inst Plann
35(4):216-224. https://doi.org/10.1080/01944366908977225

Atkins P (2018) Summary of the eight core design principles. Proso-
cial World. https://contextualscience.org/files/Prosocial %202 %
20day %20preconference %20workshop%20handout%20FINAL.
pdf

Avelino F (2017) Power in sustainability transitions: analysing power
and (dis)empowerment in transformative change towards sus-
tainability. Environ Policy Gov 27(6):505-520. https://doi.org/
10.1002/eet.1777

Avelino F, Wijsman K, van Steenbergen F, Jhagroe S, Wittmayer J,
Akerboom S, Bogner K, Jansen EF, Frantzeskaki N, Kalfagi-
anni A (2024) Just sustainability transitions: politics, power,
and prefiguration in transformative change toward justice and
sustainability. Annu Rev Environ Resour 49:519-547. https://
doi.org/10.1146/annurev-environ-112321-081722

Baggio JA, Barnett AJ, Perez-Ibarra I, Brady U, Ratajczyk E, Rollins
N, Rubifios C, Shin HC, Yu DJ, Aggarwal R, Anderies JM,
Janssen MA (2016) Explaining success and failure in the com-
mons: the configural nature of Ostrom’s institutional design
principles. Int ] Commons 10(2):417. https://doi.org/10.1835/
ijc.634

Baldwin C (2009) Calling the circle: the first and future culture. Ran-
dom House Publishing Group

Bammer G (2015) Toolkits for transdisciplinarity. GAIA - Ecol Per-
spect Sci Soc 24(3):149-149. https://doi.org/10.14512/gaia.
2432

Bammer G, Di Giulio A, Laursen B, Paulsen T, Robson-Williams M,
Studer S, and Vienni-Baptista B (2024) Toolkits. In: Darbellay F
(ed) Elgar Encyclopedia of Interdisciplinarity and Transdiscipli-
narity (pp 533-537). Edward Elgar Publishing. https://www.elgar
online.com/display/book/9781035317967/ch117.xml

Bastos Lima MG (2022) Just transition towards a bioeconomy: four
dimensions in Brazil, India and Indonesia. Forest Policy Econ
136:102684. https://doi.org/10.1016/j.forpol.2021.102684

Basupi LV, Quinn CH, Dougill AJ (2017) Using participatory mapping
and a participatory geographic information system in pastoral
land use investigation: impacts of rangeland policy in Botswana.
Land Use Policy 64:363-373. https://doi.org/10.1016/j.1andu
sepol.2017.03.007

Blackmore C (ed) (2010) Social learning systems and communities of
practice. Springer. https://doi.org/10.1007/978-1-84996-133-2

Blok V (2014) Look who’s talking: responsible innovation, the paradox
of dialogue and the voice of the other in communication and
negotiation processes. ] Responsible Innov 1(2):171-190. https://
doi.org/10.1080/23299460.2014.924239

Bogner K, Kump B, Beekman M, Wittmayer J (2024) Coping with
transition pain: an emotions perspective on phase-outs in sustain-
ability transitions. Environ Innov Soc Trans 50:100806. https://
doi.org/10.1016/j.eist.2023.100806

Bosch C, Scheiterle L, Birkenberg A, Birner R, Yameogo VG (2024)
Net-Map: analyzing social networks and power relations. Partici-
patory research methods for sustainability - toolkit #10. GAIA
Ecol Perspect Sci Soc 33(2):250-253. https://doi.org/10.14512/
gaia.33.2.20

Busse M, Zscheischler J, Zoll F, Rogga S, Siebert R (2023) Co-design
approaches in land use related sustainability science—a system-
atic review. Land Use Policy 129:106623. https://doi.org/10.
1016/j.1andusepol.2023.106623

Caniglia G, Freeth R, Luederitz C, Leventon J, West SP, John B, Peuk-
ert D, Lang DJ, von Wehrden H, Martin-Lépez B, Fazey I, Russo


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1146/annurev-environ-110615-090052
https://doi.org/10.1146/annurev-environ-110615-090052
https://doi.org/10.1016/j.envsci.2024.103722
https://doi.org/10.1016/j.envsci.2024.103722
https://doi.org/10.1080/01944366908977225
https://contextualscience.org/files/Prosocial%202%20day%20preconference%20workshop%20handout%20FINAL.pdf
https://contextualscience.org/files/Prosocial%202%20day%20preconference%20workshop%20handout%20FINAL.pdf
https://contextualscience.org/files/Prosocial%202%20day%20preconference%20workshop%20handout%20FINAL.pdf
https://doi.org/10.1002/eet.1777
https://doi.org/10.1002/eet.1777
https://doi.org/10.1146/annurev-environ-112321-081722
https://doi.org/10.1146/annurev-environ-112321-081722
https://doi.org/10.1835/ijc.634
https://doi.org/10.1835/ijc.634
https://doi.org/10.14512/gaia.24.3.2
https://doi.org/10.14512/gaia.24.3.2
https://www.elgaronline.com/display/book/9781035317967/ch117.xml
https://www.elgaronline.com/display/book/9781035317967/ch117.xml
https://doi.org/10.1016/j.forpol.2021.102684
https://doi.org/10.1016/j.landusepol.2017.03.007
https://doi.org/10.1016/j.landusepol.2017.03.007
https://doi.org/10.1007/978-1-84996-133-2
https://doi.org/10.1080/23299460.2014.924239
https://doi.org/10.1080/23299460.2014.924239
https://doi.org/10.1016/j.eist.2023.100806
https://doi.org/10.1016/j.eist.2023.100806
https://doi.org/10.14512/gaia.33.2.20
https://doi.org/10.14512/gaia.33.2.20
https://doi.org/10.1016/j.landusepol.2023.106623
https://doi.org/10.1016/j.landusepol.2023.106623

Sustainability Science (2025) 20:1833-1862

1859

F, von Wirth T, Schliiter M, Vogel C (2023) Practical wisdom
and virtue ethics for knowledge co-production in sustainabil-
ity science. Nat Sustain 6(5):Article 5. https://doi.org/10.1038/
s41893-022-01040-1

Celermajer D, Schlosberg D, Rickards L, Stewart-Harawira M, Thaler
M, Tschakert P, Verlie B, Winter C (2021) Multispecies justice:
theories, challenges, and a research agenda for environmental
politics. Environ Polit 30(1-2):119-140. https://doi.org/10.1080/
09644016.2020.1827608

Ciplet D, Harrison JL (2020) Transition tensions: Mapping conflicts
in movements for a just and sustainable transition. Environ Polit
29(3):435-456. https://doi.org/10.1080/09644016.2019.1595883

Collini L, Hausemer P (2023) Place-based pathways for the twin tran-
sition: the role of systemic change agents. Competitiveness Rev
34(5):64-878. https://doi.org/10.1108/CR-03-2023-0060

Consilience Papers (2024) Development in progress. The Consilience
Project. https://consilienceproject.org/development-in-progress/

Cooke SJ, Gallagher AJ, Sopinka NM, Nguyen VM, Skubel RA,
Hammerschlag N, Boon S, Young N, Danylchuk AJ (2017)
Considerations for effective science communication. FACETS
2(1):233-248. https://doi.org/10.1139/facets-2016-0055

Cornish F, Breton N, Moreno-Tabarez U, Delgado J, Rua M, de Graft
Aikins A, Hodgetts D (2023) Participatory action research.
Nat Rev Methods Primers 3(1):1-14. https://doi.org/10.1038/
$43586-023-00214-1

Cox M, Arnold G, Villamayor Toméas S (2010) A review of design
principles for community-based natural resource management.
Ecol Soc 15(4):38. https://doi.org/10.5751/ES-03704-150438

Cuppen E (2018) The value of social conflicts. Critiquing invited
participation in energy projects. Energy Res Soc Sci 38:28-32.
https://doi.org/10.1016/j.erss.2018.01.016

de Geus T (2025) Capturing change: understanding and leveraging
capture dialectics in energy for transition management tactics
[Doctoral Thesis]. Erasmus University Rotterdam.

Denrell J (2012) Mechanisms generating context-dependent choices.
In: Lomi A, Harrison JR (eds) Research in the sociology of
organizations, vol 36. Emerald Group Publishing Limited, pp
65-97. https://doi.org/10.1108/S0733-558X(2012)0000036007

Eirdosh D, Hanisch S (2020) Can the science of Prosocial be a part of
evolution education? Evolut Educ Outreach 13(1):5. https://doi.
org/10.1186/s12052-020-00119-7.

European Environment Agency (2024) Delivering justice in sustain-
ability transitions. Publications Office of the European Union.
https://doi.org/10.2800/228718

Fazey I, Schipke N, Caniglia G, Patterson J, Hultman J, van Mierlo B,
Sawe F, Wiek A, Wittmayer J, Aldunce P, Al Waer H, Battacha-
rya N, Bradbury H, Carmen E, Colvin J, Cvitanovic C, D’Souza
M, Gopel M, Goldstein B et al (2018) Ten essentials for action-
oriented and second order energy transitions, transformations and
climate change research. Energy Res Soc Sci 40:54-70. https://
doi.org/10.1016/j.erss.2017.11.026

Fisher R, Ury WL, Patton B (2011) Getting to yes: negotiating agree-
ment without giving in. Penguin

Franco-Torres M, Rogers BC, Ugarelli RM (2020) A framework to
explain the role of boundary objects in sustainability transitions.
Environ Innov Soc Trans 36:34—48. https://doi.org/10.1016/j.eist.
2020.04.010

Frantzeskaki N, McPhearson T, Kabisch N (2021) Urban sustain-
ability science: prospects for innovations through a system’s
perspective, relational and transformations’ approaches. Ambio
50(9):1650-1658. https://doi.org/10.1007/s13280-021-01521-1

Fritz L, Meinherz F (2020) Tracing power in transdisciplinary sustain-
ability research: an exploration. GAIA Ecol Perspect Sci Soc
29(1):41-51. https://doi.org/10.14512/gaia.29.1.9

Funder M, Danielsen F, Ngaga Y, Nielsen MR, Poulsen MK (2013)
Reshaping conservation: the social dynamics of participatory

monitoring in Tanzania’s community-managed forests. Conserv
Soc 11(3):218. https://doi.org/10.4103/0972-4923.121011

Galang EINE, Bennett EM, Hickey GM, Baird J, Harvey B, Sher-
ren K (2025) Participatory scenario planning: A social learning
approach to build systems thinking and trust for sustainable envi-
ronmental governance. Environ Sci Policy 164:103997. https://
doi.org/10.1016/j.envsci.2025.103997

Gallie WB (1956) Essentially contested concepts. Proc Aristot Soc
56:167-198

Geels FW (2011) The multi-level perspective on sustainability transi-
tions: responses to seven criticisms. Environ Innov Soc Trans
1(1):24-40. https://doi.org/10.1016/j.eist.2011.02.002

Gonzalez-Ricoy I, Rey F (2019) Enfranchising the future: climate
justice and the representation of future generations. Wires Clim
Change 10(5):e598. https://doi.org/10.1002/wcc.598

Grin J, Rotmans J, Schot J (2010) Transitions to sustainable develop-
ment: new directions in the study of long term transformative
change. Routledge

Grund J, Holst J (2023) Emotional competence: The missing piece in
school curricula? A systematic analysis in the German educa-
tion system. Int J Educ Res Open 4:100238. https://doi.org/10.
1016/j.ijedro.2023.100238

Grund J, Singer-Brodowski M, Biissing AG (2024) Emotions
and transformative learning for sustainability: a systematic
review. Sustain Sci 19(1):307-324. https://doi.org/10.1007/
s11625-023-01439-5

Gugerell K, Radinger-Peer V, Penker M (2023) Systemic knowledge
integration in transdisciplinary and sustainability transformation
research. Futures 150:103177. https://doi.org/10.1016/j.futures.
2023.103177

Guijt I, Gottret MV, Hanchar A, Deprez S, Muckenhirn R (2022) The
learning power of listening. Practical Action Publishing. https://
doi.org/10.3362/9781788532006

Haryanto T, van Zeben J, Purnhagen K (2022) Ostrom’s design prin-
ciples as steering principles for contractual governance in “hot-
beds.” Forest Soc 6(1):Article 1. https://doi.org/10.24259/fs.v6il.
17993

Hayes SC, Atkins P and Wilson DS (2021) Prosocial: using an evolu-
tionary approach to modify cooperation in small groups. In: Hou-
manfar RA, Fryling M and Alavosius MP (eds) Applied behavior
science in organizations. Routledge, pp 197-223. https://doi.org/
10.4324/9781003198949-9

Hector V, Friedrich J, Schlaile MP, Panagiotou A, Bieling C (2025)
From farm to table: uncovering narratives of agency and
responsibility for change among actors along agri-food value
chains in Germany. Agric Hum Values. https://doi.org/10.1007/
s10460-025-10732-1

Hegtvedt KA, Parris CL (2014) Emotions in justice processes. In:
Stets JE, Turner JH (eds) Handbook of the sociology of emo-
tions, Vol II. Springer, pp 103-125. https://doi.org/10.1007/
978-94-017-9130-4_6

Hirsch Hadorn G, Hoffmann-Riem H, Biber-Klemm S, Grossenbacher-
Mansuy W, Joye D, Pohl C, Wiesmann U, Zemp E (eds) (2008)
Handbook of transdisciplinary research. Springer

Hoffmann S, Thompson Klein J, Pohl C (2019) Linking transdiscipli-
nary research projects with science and practice at large: Intro-
ducing insights from knowledge utilization. Environ Sci Policy
102:36-42. https://doi.org/10.1016/j.envsci.2019.08.011

Hoffmann S, Deutsch L, Klein JT, O’Rourke M (2022) Integrate the
integrators! A call for establishing academic careers for integra-
tion experts. Human Soc Sci Commun 9(1):Article 1. https://doi.
org/10.1057/s41599-022-01138-z

Holscher K, Wittmayer JM, Hirschnitz-Garbers M, Olfert A, Walther J,
Schiller G, Brunnow B (2021) Transforming science and society?
Methodological lessons from and for transformation research.

@ Springer


https://doi.org/10.1038/s41893-022-01040-1
https://doi.org/10.1038/s41893-022-01040-1
https://doi.org/10.1080/09644016.2020.1827608
https://doi.org/10.1080/09644016.2020.1827608
https://doi.org/10.1080/09644016.2019.1595883
https://doi.org/10.1108/CR-03-2023-0060
https://consilienceproject.org/development-in-progress/
https://doi.org/10.1139/facets-2016-0055
https://doi.org/10.1038/s43586-023-00214-1
https://doi.org/10.1038/s43586-023-00214-1
https://doi.org/10.5751/ES-03704-150438
https://doi.org/10.1016/j.erss.2018.01.016
https://doi.org/10.1108/S0733-558X(2012)0000036007
https://doi.org/10.1186/s12052-020-00119-7
https://doi.org/10.1186/s12052-020-00119-7
https://doi.org/10.2800/228718
https://doi.org/10.1016/j.erss.2017.11.026
https://doi.org/10.1016/j.erss.2017.11.026
https://doi.org/10.1016/j.eist.2020.04.010
https://doi.org/10.1016/j.eist.2020.04.010
https://doi.org/10.1007/s13280-021-01521-1
https://doi.org/10.14512/gaia.29.1.9
https://doi.org/10.4103/0972-4923.121011
https://doi.org/10.1016/j.envsci.2025.103997
https://doi.org/10.1016/j.envsci.2025.103997
https://doi.org/10.1016/j.eist.2011.02.002
https://doi.org/10.1002/wcc.598
https://doi.org/10.1016/j.ijedro.2023.100238
https://doi.org/10.1016/j.ijedro.2023.100238
https://doi.org/10.1007/s11625-023-01439-5
https://doi.org/10.1007/s11625-023-01439-5
https://doi.org/10.1016/j.futures.2023.103177
https://doi.org/10.1016/j.futures.2023.103177
https://doi.org/10.3362/9781788532006
https://doi.org/10.3362/9781788532006
https://doi.org/10.24259/fs.v6i1.17993
https://doi.org/10.24259/fs.v6i1.17993
https://doi.org/10.4324/9781003198949-9
https://doi.org/10.4324/9781003198949-9
https://doi.org/10.1007/s10460-025-10732-1
https://doi.org/10.1007/s10460-025-10732-1
https://doi.org/10.1007/978-94-017-9130-4_6
https://doi.org/10.1007/978-94-017-9130-4_6
https://doi.org/10.1016/j.envsci.2019.08.011
https://doi.org/10.1057/s41599-022-01138-z
https://doi.org/10.1057/s41599-022-01138-z

1860

Sustainability Science (2025) 20:1833-1862

Research Evaluation 30(1):73-89. https://doi.org/10.1093/resev
al/rvaa034

Hopwood B, Mellor M, O’Brien G (2005) Sustainable development:
mapping different approaches. Sustain Dev 13(1):38-52. https://
doi.org/10.1002/sd.244

Horcea-Milcu A-I, Abson DJ, Apetrei CI, Duse IA, Freeth R, Riech-
ers M, Lam DPM, Dorninger C, Lang DJ (2019) Values in
transformational sustainability science: four perspectives for
change. Sustain Sci 14(5):1425-1437. https://doi.org/10.1007/
s11625-019-00656-1

Horcea-Milcu A-I, Dorresteijn I, Leventon J, Stojanovic M, Lam DPM,
Lang DJ, Moriggi A, Raymond CM, Stalhammar S, Weiser A,
Zimmermann S (2024) Transformative research for sustainabil-
ity: characteristics, tensions, and moving forward. Global Sustain
7:el4. https://doi.org/10.1017/sus.2024.12

Huffman WE, Just RE (2000) Setting efficient incentives for agricul-
tural research: lessons from principal-agent theory. Am J Agr
Econ 82(4):828-841. https://doi.org/10.1111/0002-9092.00084

Humberto M (2023) How to translate justice theory into urban trans-
port metrics? Synchronic assessment of Latin American cit-
ies based on equality, priority and sufficiency. J Transp Geogr
110:103630. https://doi.org/10.1016/j.jtrange0.2023.103630

Ison R (2017) Systems practice: how to act in situations of uncertainty
and complexity in a cimate-change world (2nd ed). Springer.
https://doi.org/10.1007/978-1-4471-7351-9

ITD-Alliance (2025) ITD-alliance—global alliance for inter- and trans-
disciplinarity. Retrieved May 7, 2025, from https://itd-alliance.
org/

Janssen MJ, Wesseling J, Torrens J, Weber KM, Penna C, Klerkx L
(2023) Missions as boundary objects for transformative change:
understanding coordination across policy, research, and stake-
holder communities. Sci Public Policy 50(3):398—415. https://
doi.org/10.1093/scipol/scac080

Kaljonen M, Jacobi J, Korhonen-Kurki K, Lukkarinen JP, Ott A, Pel-
tomaa J, Schneider F, Tribaldos T, Zaehringer JG (2024) Reflex-
ive use of methods: a framework for navigating different types
of knowledge and power in transformative research. Sustain Sci
19(2):507-521. https://doi.org/10.1007/s11625-023-01431-z

Kasemir B (2003) Public participation in sustainability science: a hand-
book. Cambridge University Press

Kates RW, Clark WC, Corell R, Hall IM, Jaeger CC, Lowe I, McCarthy
JJ, Schellnhuber HJ, Bolin B, Dickson NM et al (2001) Sustain-
ability science. Science 292(5517):641-642

Keen M, Brown VA and Dyball R (eds) (2010) Social learning in envi-
ronmental management: Towards a sustainable future. Earthscan

Kohler J, Geels FW, Kern F, Markard J, Onsongo E, Wieczorek A,
Alkemade F, Avelino F, Bergek A, Boons F, Fiinfschilling L,
Hess D, Holtz G, Hyysalo S, Jenkins K, Kivimaa P, Martiskainen
M, McMeekin A, Miithlemeier MS et al (2019) An agenda for
sustainability transitions research: state of the art and future
directions. Environ Innov Soc Trans 31:1-32. https://doi.org/
10.1016/j.eist.2019.01.004

Kump B, Wittmayer J, Bogner K, Beekman M (2023) Navigating force
conflicts: a case study on strategies of transformative research in
the current academic system. J Clean Prod 412:137374. https://
doi.org/10.1016/j.jclepro.2023.137374

Laloux F (2014) Reinventing organizations: a guide to creating organi-
zations inspired by the next stage in human consciousness. Nel-
son Parker

Langley A, Lindberg K, Mgrk BE, Nicolini D, Raviola E, Walter
L (2019) Boundary work among groups, occupations, and
organizations: from cartography to process. Acad Manag Ann
13(2):704-736. https://doi.org/10.5465/annals.2017.0089

Lazurko A, Moore M-L, Haider LJ, West S, McCarthy DDP (2025)
Reflexivity as a transformative capacity for sustainability

@ Springer

science: introducing a critical systems approach. Global Sustain
8:el. https://doi.org/10.1017/sus.2024.49

Lederach J (2015) Little book of conflict transformation: clear articu-
lation of the guiding principles by a pioneer in the field. Simon
and Schuster

Lindner EG (2006) Emotion and conflict: why it is important to
understand how emotions affect conflict and how conflict affects
emotions. In: Deutsch M, Coleman P and Marcus EC (eds) The
handbook of conflict resolution: theory and practice, 2nd edn.
pp 268-293

Loorbach D, Frantzeskaki N, Avelino F (2017) Sustainability tran-
sitions research: transforming science and practice for societal
change. Annu Rev Environ Resour 42(1):599-626. https://doi.
org/10.1146/annurev-environ-102014-021340

Loorbach D, Wittmayer J, Avelino F, von Wirth T, Frantzeskaki N
(2020) Transformative innovation and translocal diffusion. Envi-
ron Innov Soc Trans 35:251-260. https://doi.org/10.1016/j.eist.
2020.01.009

Majer JM, Barth M, Zhang H, Van Treek M, Trotschel R (2021)
Resolving conflicts between people and over time in the trans-
formation toward sustainability: a framework of interdependent
conflicts. Front Psychol 12:623757. https://doi.org/10.3389/
fpsyg.2021.623757

Malgorzata Ali I (2016) Doing the organizational tango: symbiotic
relationship between formal and informal organizational struc-
tures for an agile organization. Interdisciplin J Inf Knowl Manag
11:055-072. https://doi.org/10.28945/3439

Martiskainen M, Sovacool BK (2021) Mixed feelings: a review and
research agenda for emotions in sustainability transitions. Envi-
ron Innov Soc Trans 40:609-624. https://doi.org/10.1016/j.eist.
2021.10.023

McGinnis MD and Ostrom E (2014) Social-ecological system frame-
work: Initial changes and continuing challenges. Ecol Soci 19(2).
JSTOR. https://www.jstor.org/stable/26269580

Meadows DH (2002) Dancing with systems. Syst Thinker 13(2):2-6

Merriam-Webster (2025) Productive. In: Merriam-Webster.com Dic-
tionary. Retrieved July 10, 2024, from https://www.merriam-
webster.com/dictionary/productive

Midgley G, Rajagopalan R (2020) Critical systems thinking, systemic
intervention, and beyond. In: Metcalf GS, Kijima K, Deguchi H
(eds) Handbook of systems sciences. Springer, pp 1-51. https://
doi.org/10.1007/978-981-13-0370-8_7-1

Miller TR, Wiek A, Sarewitz D, Robinson J, Olsson L, Kriebel D,
Loorbach D (2014) The future of sustainability science: a solu-
tions-oriented research agenda. Sustain Sci 9(2):239-246. https://
doi.org/10.1007/s11625-013-0224-6

Moore CW (2014) The mediation process: practical strategies for
resolving conflict. Wiley

Morris JB, Tassone V, De Groot R, Camilleri M, Moncada S (2011)
A framework for participatory impact assessment: involving
stakeholders in European policy making, a case study of land
use change in Malta. Ecol Soc 16(1):12. https://doi.org/10.5751/
ES-03857-160112

Mudliar P, Koontz TM (2021) Locating power in Ostrom’s design prin-
ciples: watershed management in India and the United States.
Soc Nat Resour 34(5):639-658. https://doi.org/10.1080/08941
920.2020.1864535

Norstrom AV, Cvitanovic C, Lof MF, West S, Wyborn C, Balvanera P,
Bednarek AT, Bennett EM, Biggs R, de Bremond A, Campbell
BM, Canadell JG, Carpenter SR, Folke C, Fulton EA, Gaffney
O, Gelcich S, Jouffray J-B, Leach M et al (2020) Principles for
knowledge co-production in sustainability research. Nat Sustain
3(3):Article 3. https://doi.org/10.1038/s41893-019-0448-2

Ogunbode CA, Pallesen S, Bohm G, Doran R, Bhullar N, Aquino S,
Marot T, Schermer JA, Wlodarczyk A, Lu S, Jiang F, Salmela-
Aro K, Hanss D, Maran DA, Ardi R, Chegeni R, Tahir H,


https://doi.org/10.1093/reseval/rvaa034
https://doi.org/10.1093/reseval/rvaa034
https://doi.org/10.1002/sd.244
https://doi.org/10.1002/sd.244
https://doi.org/10.1007/s11625-019-00656-1
https://doi.org/10.1007/s11625-019-00656-1
https://doi.org/10.1017/sus.2024.12
https://doi.org/10.1111/0002-9092.00084
https://doi.org/10.1016/j.jtrangeo.2023.103630
https://doi.org/10.1007/978-1-4471-7351-9
https://itd-alliance.org/
https://itd-alliance.org/
https://doi.org/10.1093/scipol/scac080
https://doi.org/10.1093/scipol/scac080
https://doi.org/10.1007/s11625-023-01431-z
https://doi.org/10.1016/j.eist.2019.01.004
https://doi.org/10.1016/j.eist.2019.01.004
https://doi.org/10.1016/j.jclepro.2023.137374
https://doi.org/10.1016/j.jclepro.2023.137374
https://doi.org/10.5465/annals.2017.0089
https://doi.org/10.1017/sus.2024.49
https://doi.org/10.1146/annurev-environ-102014-021340
https://doi.org/10.1146/annurev-environ-102014-021340
https://doi.org/10.1016/j.eist.2020.01.009
https://doi.org/10.1016/j.eist.2020.01.009
https://doi.org/10.3389/fpsyg.2021.623757
https://doi.org/10.3389/fpsyg.2021.623757
https://doi.org/10.28945/3439
https://doi.org/10.1016/j.eist.2021.10.023
https://doi.org/10.1016/j.eist.2021.10.023
https://www.jstor.org/stable/26269580
https://www.merriam-webster.com/dictionary/productive
https://www.merriam-webster.com/dictionary/productive
https://doi.org/10.1007/978-981-13-0370-8_7-1
https://doi.org/10.1007/978-981-13-0370-8_7-1
https://doi.org/10.1007/s11625-013-0224-6
https://doi.org/10.1007/s11625-013-0224-6
https://doi.org/10.5751/ES-03857-160112
https://doi.org/10.5751/ES-03857-160112
https://doi.org/10.1080/08941920.2020.1864535
https://doi.org/10.1080/08941920.2020.1864535
https://doi.org/10.1038/s41893-019-0448-2

Sustainability Science (2025) 20:1833-1862

1861

Ghanbarian E, Park J et al (2023) Negative emotions about
climate change are related to insomnia symptoms and mental
health: cross-sectional evidence from 25 countries. Curr Psychol
42(2):845-854. https://doi.org/10.1007/s12144-021-01385-4

Ojala M (2023a) Climate-change education and critical emotional
awareness (CEA): implications for teacher education. Educ
Philos Theory 55(10):1109-1120. https://doi.org/10.1080/00131
857.2022.2081150

Ojala M (2023b) Hope and climate-change engagement from a psy-
chological perspective. Curr Opin Psychol 49:101514. https://
doi.org/10.1016/j.copsyc.2022.101514

Ostrom E (2010) Beyond markets and states: polycentric governance
of complex economic systems. Am Econ Rev 100(3):641-672.
https://doi.org/10.1257/aer.100.3.641

Ostrom E (2015) Governing the commons—the evolution of institu-
tions for collective action. Cambridge University Press

Patterson JJ, Feola G, Kim RE (2024) Negotiating discord in sustaina-
bility transformations. Proc Natl Acad Sci 121(21):¢2310186121.
https://doi.org/10.1073/pnas.2310186121

Patton MQ (2011) Developmental evaluation: applying complexity
concepts to enhance innovation and use. Guilford Press

Pereira L, Frantzeskaki N, Hebinck A, Charli-Joseph L, Drimie S,
Dyer M, Eakin H, Galafassi D, Karpouzoglou T, Marshall F,
Moore M-L, Olsson P, Siqueiros-Garcia JM, Van Zwanenberg
P, Vervoort JM (2020) Transformative spaces in the making:
key lessons from nine cases in the Global South. Sustain Sci
15(1):161-178. https://doi.org/10.1007/s11625-019-00749-x

Pifieiro V, Arias J, Diirr J, Elverdin P, Ibafiez AM, Kinengyere A,
Opazo CM, Owoo N, Page JR, Prager SD, Torero M (2020) A
scoping review on incentives for adoption of sustainable agricul-
tural practices and their outcomes. Nat Sustain 3(10):809-820.
https://doi.org/10.1038/s41893-020-00617-y

Pohl C, Wuelser G (2019) Methods for coproduction of knowledge
among diverse disciplines and stakeholders. In: Hall KL, Vogel
AL, Croyle RT (eds) Strategies for team science success: hand-
book of evidence-based principles for cross-disciplinary science
and practical lessons learned from health researchers. Springer
International Publishing, pp 115-121. https://doi.org/10.1007/
978-3-030-20992-6_8

Porteous AH, Rammohan SV, Lee HL (2015) Carrots or sticks?
Improving social and environmental compliance at suppliers
through incentives and penalties. Prod Oper Manag 24(9):1402—
1413. https://doi.org/10.1111/poms.12376

Quick K, Sandfort J (2014) Learning to facilitate deliberation: practic-
ing the art of hosting. Crit Policy Stud 8(3):300-322. https://doi.
0rg/10.1080/19460171.2014.912959

Ramcilovic-Suominen S (2023) Envisioning just transformations in
and beyond the EU bioeconomy: inspirations from decolonial
environmental justice and degrowth. Sustain Sci 18(2):707-722.
https://doi.org/10.1007/s11625-022-01091-5

Rau TJ and Koch-Gonzalez J (2023) Many voices one song: shared
power with Sociocracy. Sociocracy For All

Renn O, Jager A, Deuschle J, Weimer-Jehle W (2009) A normative-
functional concept of sustainability and its indicators. Int J
Global Environ Issues. https://doi.org/10.1504/IJGENVI.2009.
02726

Rietbergen-McCracken J, Narayan-Parker D (1998) Participation and
social assessment: tools and techniques. World Bank Publications

Rimanoczy I (2020) The sustainability mindset principles: a guide to
develop a mindset for a better world. Routledge. https://doi.org/
10.4324/9781003095637

Robert G, Williams O, Lindenfalk B, Mendel P, Davis LM, Turner S,
Farmer C, Branch C (2021) Applying Elinor Ostrom’s Design
principles to guide co-design in health(care) improvement: a case
study with citizens returning to the community from Jail in Los

Angeles County. Int J Integrated Care 21(1):Article 1. https://
doi.org/10.5334/ijic.5569

Rosenberg MB (2015) Nonviolent communication: a language of life.
PuddleDancer Press

Scherer AG, Palazzo G, Seidl D (2013) Managing legitimacy in com-
plex and heterogeneous environments: sustainable development
in a globalized world. ] Manage Stud 50(2):259-284. https://doi.
org/10.1111/joms.12014

Schlaile MP, Urmetzer S (2019) Transitions to sustainable develop-
ment. In: Leal Filho W, Azul AM, Brandli L, Salvia AL, Wall T
(eds) Encyclopedia of the UN Sustainable Development Goals:
Decent work and economic growth. Springer. https://doi.org/10.
1007/978-3-319-71058-7_52-1

Schlaile MP, Urmetzer S, Blok V, Andersen A, Timmermans J, Mueller
M, Fagerberg J, Pyka A (2017) Innovation systems for transfor-
mations towards sustainability? Taking the normative dimen-
sion seriously. Sustainability 9(12):2253. https://doi.org/10.3390/
su9122253

Schlaile MP, Kask J, Brewer J, Bogner K, Urmetzer S, De Witt A
(2022) Proposing a cultural evolutionary perspective for dedi-
cated innovation systems: bioeconomy transitions and beyond.
J Innov Econ Manag 38(2):93-118. https://doi.org/10.3917/jie.
pr1.0108

Schlaile MP, Herwix A, Bogner K, Atkins PWB (2023) An evolu-
tionary perspective on corporate sustainability transitions: a
prosocial approach. In: MacKie D (ed) The handbook of climate
change leadership in organisations: leadership development in
the age of sustainability. Routledge, pp 58-84. https://doi.org/
10.4324/9781003343011-5

Schlaile MP, Friedrich J, Zscheischler J (2024) Rethinking regional
embeddedness and innovation systems for transitions towards
just, responsible, and circular bioeconomies. J Circ Econ 2(1).
https://doi.org/10.55845/DTF19420

Schneidewind U, Singer-Brodowski M, Augenstein K (2016) Trans-
formative science for sustainability transitions. In: Brauch HG,
Oswald Spring U, Grin J, Scheffran J (eds) Handbook on sustain-
ability transition and sustainable peace. Springer, pp 123-136.
https://doi.org/10.1007/978-3-319-43884-9_5

Scholz RW, Zscheischler J, Kockler H, Czichos R, Hofmann K-M,
Sindermann C (2024) Transdisciplinary knowledge integration—
part I: theoretical foundations and an organizational structure.
Technol Forecast Soc Chang 202:123281. https://doi.org/10.
1016/j.techfore.2024.123281

Schwartz PM, Solove DJ (2011) The PII problem: privacy and a new
concept of personally identifiable information. NY Univ Law
Rev 86(6):1814-1894

Scoones I, Stirling A, Abrol D, Atela J, Charli-Joseph L, Eakin H,
Ely A, Olsson P, Pereira L, Priya R, van Zwanenberg P, Yang L
(2020) Transformations to sustainability: combining structural,
systemic and enabling approaches. Curr Opin Environ Sustain
42:65-75. https://doi.org/10.1016/j.cosust.2019.12.004

Segerson K (2022) Group incentives for environmental protection and
natural resource management. Ann Rev Resour Econ 14(1):597—
619. https://doi.org/10.1146/annurev-resource-111920-020235

Shah A (2007) Participatory budgeting. World Bank Publications

Sheller M (2018) Mobility justice: the politics of movement in an age
of extremes. Verso Books

Singleton BE (2017) What’s missing from Ostrom? Combining design
principles with the theory of sociocultural viability. Environ Poli-
tics 26(6):994-1014. https://doi.org/10.1080/09644016.2017.
1364150

Sovacool BK, Dworkin MH (2015) Energy justice: conceptual insights
and practical applications. Appl Energy 142:435-444. https://doi.
org/10.1016/j.apenergy.2015.01.002

@ Springer


https://doi.org/10.1007/s12144-021-01385-4
https://doi.org/10.1080/00131857.2022.2081150
https://doi.org/10.1080/00131857.2022.2081150
https://doi.org/10.1016/j.copsyc.2022.101514
https://doi.org/10.1016/j.copsyc.2022.101514
https://doi.org/10.1257/aer.100.3.641
https://doi.org/10.1073/pnas.2310186121
https://doi.org/10.1007/s11625-019-00749-x
https://doi.org/10.1038/s41893-020-00617-y
https://doi.org/10.1007/978-3-030-20992-6_8
https://doi.org/10.1007/978-3-030-20992-6_8
https://doi.org/10.1111/poms.12376
https://doi.org/10.1080/19460171.2014.912959
https://doi.org/10.1080/19460171.2014.912959
https://doi.org/10.1007/s11625-022-01091-5
https://doi.org/10.1504/IJGENVI.2009.02726
https://doi.org/10.1504/IJGENVI.2009.02726
https://doi.org/10.4324/9781003095637
https://doi.org/10.4324/9781003095637
https://doi.org/10.5334/ijic.5569
https://doi.org/10.5334/ijic.5569
https://doi.org/10.1111/joms.12014
https://doi.org/10.1111/joms.12014
https://doi.org/10.1007/978-3-319-71058-7_52-1
https://doi.org/10.1007/978-3-319-71058-7_52-1
https://doi.org/10.3390/su9122253
https://doi.org/10.3390/su9122253
https://doi.org/10.3917/jie.pr1.0108
https://doi.org/10.3917/jie.pr1.0108
https://doi.org/10.4324/9781003343011-5
https://doi.org/10.4324/9781003343011-5
https://doi.org/10.55845/DTFI9420
https://doi.org/10.1007/978-3-319-43884-9_5
https://doi.org/10.1016/j.techfore.2024.123281
https://doi.org/10.1016/j.techfore.2024.123281
https://doi.org/10.1016/j.cosust.2019.12.004
https://doi.org/10.1146/annurev-resource-111920-020235
https://doi.org/10.1080/09644016.2017.1364150
https://doi.org/10.1080/09644016.2017.1364150
https://doi.org/10.1016/j.apenergy.2015.01.002
https://doi.org/10.1016/j.apenergy.2015.01.002

1862

Sustainability Science (2025) 20:1833-1862

Sovacool BK, Heffron RJ, McCauley D, Goldthau A (2016) Energy
decisions reframed as justice and ethical concerns. Nat Energy
1(5):16024. https://doi.org/10.1038/nenergy.2016.24

Spiering S, Barrera MDV (2021) Testing the quality of transformative
science methods: the example of the Human Scale Development
approach. Sustain Sci 16(5):1439-1457. https://doi.org/10.1007/
s11625-021-00966-3

Stanley KO, Lehman J (2015) Why greatness cannot be planned:
the myth of the objective. Springer. https://doi.org/10.1007/
978-3-319-15524-1

Star SL (2010) This is not a boundary object: reflections on the origin
of a concept. Sci Technol Human Values 35(5):601-617. https://
doi.org/10.1177/0162243910377624

Star SL, Griesemer JR (1989) Institutional ecology, “translations’
and boundary objects: amateurs and professionals in berke-
ley’s museum of vertebrate zoology, 1907-39. Soc Stud Sci
19(3):387-420. https://doi.org/10.1177/030631289019003001

Steger C, Hirsch S, Evers C, Branoff B, Petrova M, Nielsen-Pincus
M, Wardropper C, van Riper CJ (2018) Ecosystem services as
boundary objects for transdisciplinary collaboration. Ecol Econ
143:153-160. https://doi.org/10.1016/j.ecolecon.2017.07.016

Stepanova O, Polk M, Saldert H (2020) Understanding mechanisms
of conflict resolution beyond collaboration: an interdiscipli-
nary typology of knowledge types and their integration in
practice. Sustain Sci 15(1):263-279. https://doi.org/10.1007/
$11625-019-00690-z

Stirling A (2010) Keep it complex. Nature 468(7327):Article 7327.
https://doi.org/10.1038/4681029a

STRN. (2025). Sustainability Transitions Research Network. Retrieved
May 12, 2025, from https://transitionsnetwork.org/

Talsma D (2022) Intensive livestock farming in North Brabant: “Such
a difficult issue, where is Tilburg University?” https://universonl
ine.nl/nieuws/2022/11/22/intensive-livestock-farming-in-north-
brabant-such-a-difficult-issue-where-is-tilburg-university/

Thomsen AM, Borrie WT, Miller KK, Cardilini APA (2023) Listen to
us: perceptions of animal voice and agency. Animals 13(20):Arti-
cle 20. https://doi.org/10.3390/ani13203271

Thornton PH, Ocasio W and Lounsbury M (2015) The institutional
logics perspective. In: Emerging trends in the social and behav-
ioral sciences, pp 22. https://doi.org/10.1002/9781118900772.
etrds0187

Tribaldos T, Kortetméki T (2022) Just transition principles and criteria
for food systems and beyond. Environ Innov Soc Trans 43:244—
256. https://doi.org/10.1016/j.eist.2022.04.005

Tschersich J, Kok KPW (2022) Deepening democracy for the govern-
ance toward just transitions in agri-food systems. Environ Innov
Soc Trans 43:358-374. https://doi.org/10.1016/j.eist.2022.04.012

Ulrich W (1994) Can we secure future-responsive management through
systems thinking and design? Interfaces 24(4):26-37. https://doi.
org/10.1287/inte.24.4.26

Ulrich W, Reynolds M (2010) Critical systems heuristics. In: Reynolds
M, Holwell S (eds) Systems approaches to managing change: a
practical guide. Springer, pp 243-292. https://doi.org/10.1007/
978-1-84882-809-4_6

Utrecht University (2025) New workgroup on ‘funding the unfundable’
for transformative research. Utrecht University. https://www.uu.
nl/en/news/new-workgroup-on-funding-the-unfundable-for-trans
formative-research

Van Kleef GA, Fischer AH (2016) Emotional collectives: how groups
shape emotions and emotions shape groups. Cogn Emot 30(1):3—
19. https://doi.org/10.1080/02699931.2015.1081349

van Mierlo B, Regeer B, van Amstel M, Arkesteijn M, Beekman V,
Bunders J, de Cock Buning T, Elzen B, Hoes A-C and Leeuwis
C (2010) Reflexive monitoring in action: a guide for monitoring

@ Springer

system innovation projects. Wageningen. http://edepot.wur.nl/
149471

van Oers LM (2024) Unlearning unsustainability: facilitating phase-out
in sustainability transitions in the Dutch food system [Doctoral
thesis, Utrecht University]. https://doi.org/10.33540/2379

Voinov A, Jenni K, Gray S, Kolagani N, Glynn PD, Bommel P, Prell
C, Zellner M, Paolisso M, Jordan R, Sterling E, Schmitt Ola-
bisi L, Giabbanelli PJ, Sun Z, Le Page C, Elsawah S, BenDor
TK, Hubacek K, Laursen BK et al (2018) Tools and methods
in participatory modeling: Selecting the right tool for the job.
Environ Modell Softw 109:232-255. https://doi.org/10.1016/j.
envsoft.2018.08.028

Von Seggern J, Holst J, Singer-Brodowski M (2023) The self in the
mirror: Fostering researchers’ reflexivity in transdisciplinary and
transformative studies at the science-policy interface. Ecol Soc
28(2):artl7. https://doi.org/10.5751/ES-14057-280217

Wang X, Lo K (2021) Just transition: a conceptual review. Energy Res
Soc Sci 82:102291. https://doi.org/10.1016/j.erss.2021.102291

WCED (1987) Report of the world commission on environment and
development: ‘our common future’. UN. https://digitallibrary.un.
org/record/139811

Wijsman K, Berbés-Blazquez M (2022) What do we mean by justice in
sustainability pathways? Commitments, dilemmas, and transla-
tions from theory to practice in nature-based solutions. Environ
Sci Policy 136:377-386. https://doi.org/10.1016/j.envsci.2022.
06.018

Wilson DS, Ostrom E, Cox ME (2013) Generalizing the core design
principles for the efficacy of groups. J Econ Behav Organ
90:521-S32. https://doi.org/10.1016/j.jebo.2012.12.010

Wilson DS, Philip MM, MacDonald IF, Atkins PWB, Kniffin KM
(2020) Core design principles for nurturing organization-level
selection. Sci Rep 10(1):Article 1. https://doi.org/10.1038/
$41598-020-70632-8

Wilson DS, Madhavan G, Gelfand MJ, Hayes SC, Atkins PWB, Col-
well RR (2023) Multilevel cultural evolution: from new theory to
practical applications. Proc Natl Acad Sci 120(16):¢2218222120.
https://doi.org/10.1073/pnas.2218222120

Wittmayer JM, Huang Y-S, Bogner K, Boyle E, Holscher K, Von Wirth
T, Boumans T, Garst J, Hendlin YH, Lavanga M, Loorbach D,
Mungekar N, Tshangela M, Vandekerckhove P, Vasques A (2024)
Neither right nor wrong? Ethics of collaboration in transforma-
tive research for sustainable futures. Human Soc Sci Commun
11(1):677. https://doi.org/10.1057/s41599-024-03178-z

Wittmayer JM, Loorbach D, Bogner K, Hendlin Y, Holscher K,
Lavanga M, Vasques A, Von Wirth T and De Wal M (2021)
Transformative research: knowledge and action for just sustain-
ability transitions. (DIT Working Paper No. 1). Erasmus Univer-
sity Rotterdam. https://doi.org/10.13140/RG.2.2.28485.99047

Wolff A, Gooch D, Cavero Montaner JJ, Rashid U, Kortuem G (2016)
Creating an understanding of data literacy for a data-driven soci-
ety. J Community Inform 12(3). https://doi.org/10.15353/joci.
v12i3.3275

Zscheischler J, Brunsch R, Rogga S, Scholz RW (2022) Perceived risks
and vulnerabilities of employing digitalization and digital data in
agriculture—socially robust orientations from a transdisciplinary
process. J Clean Prod 358:132034. https://doi.org/10.1016/j.jclep
r0.2022.132034

Publisher's Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.


https://doi.org/10.1038/nenergy.2016.24
https://doi.org/10.1007/s11625-021-00966-3
https://doi.org/10.1007/s11625-021-00966-3
https://doi.org/10.1007/978-3-319-15524-1
https://doi.org/10.1007/978-3-319-15524-1
https://doi.org/10.1177/0162243910377624
https://doi.org/10.1177/0162243910377624
https://doi.org/10.1177/030631289019003001
https://doi.org/10.1016/j.ecolecon.2017.07.016
https://doi.org/10.1007/s11625-019-00690-z
https://doi.org/10.1007/s11625-019-00690-z
https://doi.org/10.1038/4681029a
https://transitionsnetwork.org/
https://universonline.nl/nieuws/2022/11/22/intensive-livestock-farming-in-north-brabant-such-a-difficult-issue-where-is-tilburg-university/
https://universonline.nl/nieuws/2022/11/22/intensive-livestock-farming-in-north-brabant-such-a-difficult-issue-where-is-tilburg-university/
https://universonline.nl/nieuws/2022/11/22/intensive-livestock-farming-in-north-brabant-such-a-difficult-issue-where-is-tilburg-university/
https://doi.org/10.3390/ani13203271
https://doi.org/10.1002/9781118900772.etrds0187
https://doi.org/10.1002/9781118900772.etrds0187
https://doi.org/10.1016/j.eist.2022.04.005
https://doi.org/10.1016/j.eist.2022.04.012
https://doi.org/10.1287/inte.24.4.26
https://doi.org/10.1287/inte.24.4.26
https://doi.org/10.1007/978-1-84882-809-4_6
https://doi.org/10.1007/978-1-84882-809-4_6
https://www.uu.nl/en/news/new-workgroup-on-funding-the-unfundable-for-transformative-research
https://www.uu.nl/en/news/new-workgroup-on-funding-the-unfundable-for-transformative-research
https://www.uu.nl/en/news/new-workgroup-on-funding-the-unfundable-for-transformative-research
https://doi.org/10.1080/02699931.2015.1081349
http://edepot.wur.nl/149471
http://edepot.wur.nl/149471
https://doi.org/10.33540/2379
https://doi.org/10.1016/j.envsoft.2018.08.028
https://doi.org/10.1016/j.envsoft.2018.08.028
https://doi.org/10.5751/ES-14057-280217
https://doi.org/10.1016/j.erss.2021.102291
https://digitallibrary.un.org/record/139811
https://digitallibrary.un.org/record/139811
https://doi.org/10.1016/j.envsci.2022.06.018
https://doi.org/10.1016/j.envsci.2022.06.018
https://doi.org/10.1016/j.jebo.2012.12.010
https://doi.org/10.1038/s41598-020-70632-8
https://doi.org/10.1038/s41598-020-70632-8
https://doi.org/10.1073/pnas.2218222120
https://doi.org/10.1057/s41599-024-03178-z
https://doi.org/10.13140/RG.2.2.28485.99047
https://doi.org/10.15353/joci.v12i3.3275
https://doi.org/10.15353/joci.v12i3.3275
https://doi.org/10.1016/j.jclepro.2022.132034
https://doi.org/10.1016/j.jclepro.2022.132034

	Core design principles for just sustainability transitions: a framework for transformative research
	Abstract
	Introduction
	Theoretical background and related work
	Transformative research
	Just sustainability transitions
	Elinor Ostrom’s core design principles

	Core design principles for just sustainability transitions
	Illustration of the framework
	CDP 0: Common ground for productive co-creation of transformative action
	CDP 1: Clear boundaries and shared sense of purpose
	CDP 2: Just distribution of costs and benefits and sustainable use of resources
	CDP 3: Inclusive decision-making
	CDP 4: Monitoring of behaviors and goal attainment
	CDP 5: Appropriate feedback mechanisms
	CDP 6: Constructive conflict management
	CDP 7: Autonomy and authority to implement CDP 1–CDP 6
	CDP 8: Appropriate relations with external parties (consistent with the CDPs)
	Adapting and extending the framework


	Discussion
	Theoretical contributions
	Practical implications
	Limitations and future research

	Conclusion
	Appendix
	Acknowledgements 
	References




