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Abstract

Widespread engagement in regenerative actions with improved social coordination is urgently
required to reverse the degradation of the planet’s life support systems that is accelerated by climate
change. This article develops seven design attributes for scenario approaches that are designed to
contribute to decentralized governance and nurturing regenerative practices. The design attributes
were iteratively refined during a four-year transdisciplinary research project set in Luxembourg from
2017-2021, that engaged over 100 actors in the co-production of a set of three scenarios for how we
engage with water and land in 2045. In the resulting scenario set on future engagements with water
and land, each scenario corresponds to a narrative rooted in a different ontology: objectivism,
subjectivism, and relational experientialism, respectively. Each ontology shapes relations in the
human and to the more than human world in fundamentally different ways. The use of this scenario
set is then critically discussed in two different multi-stakeholder situations. In the discussion section
we explore how different ontological understandings between different stakeholder groups can be
roots of polarization and lack of concerted action or sources of creativity and ideas for transformative
actions.

Keywords: social-ecological systems; regenerative governance; scenario approach; ontological
pluralism; transdisciplinary research

1. Introduction

The major contours of human induced changes in the earths” atmosphere and biosphere are well
established, including the interdependent acceleration in climate change, the loss of species and
genetic diversity, land and soil degradation, and decline of water quality (Steffen et al., 2015; Diaz et
al.,, 2019; Richardson et al., 2023). To enhance the resilience of life support systems to shocks in the
face of climate change we need a widespread engagement in place-based regenerative action and
improved approaches to governance that empower local actors. Most recent expert reports suggest
we have a ten-year window to effect such fundamental changes (IPCC, 2023). The need for novel
approaches to social coordination in governance systems with multiple levels is demonstrated by the
limitation of existing mechanisms including government regulation and market competition to
maintain vital ecological systems in cases where humans depend on their services (Dietz et al. 2003;
Ostrom 2009). One reason that these mechanisms have not delivered better outcomes is their
exclusive adherence to a scientific approach which valorises abstract knowledge and sectoral
perspectives over other knowledge traditions (Hulme 2010; Turnhout et al. 2016). Within scientific
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disciplines, technical, social and ecological systems are often considered apart, and universal
applicability of knowledge is considered a quality criterion. This often blinds to cross-sectoral
influences, for example, a wide range of current sectoral approaches for mitigation of climate change
with technological innovation in energy and transport systems to reduce carbon emissions often
increasing pressure on land and biodiversity. Instead, the challenges of clean energy, a resilient
biosphere, and sustainable food and social welfare systems should be considered as inseparable and
embedded in a dynamic and tightly coupled social-ecological-technological system (Benett and
Reyers, 2024; Folke et al., 2016). Greater reflexivity of how we know associated blindspots is
paramount. Moreover, improved coordination across different levels of social organisation is also
required, also in view of the need to consider telecoupling of local and global changes (Munroe et al.,
2019; Oberlack et al., 2018), and the value of different approaches to understanding environmental
change across levels (Tengo et al., 2014).

To address these challenges, this paper advances the concept of regenerative governance and a
purposefully designed scenario approach to improve social coordination for regenerative action
across adequate spatial scales. Regenerative governance is conceived as a novel form of social
coordination for pluralist societies, that is decentralized to better cope with place-based complexities,
whilst also being well-connected across governance levels to allow for mutual learning across diverse
landscapes, social groups, and levels of social organisation. Building on the concept of transformative
governance (Chaffin et al. 2016), regenerative governance is designed to contribute to intentional
shifts to alternative systems (or regimes) with different structures and processes, and new actor-
constellations that change prevailing social norms and values that are ordering principles in societies.
Regenerative governance is however unique in that it has a clear ethical axiology to provide a shared
sense of direction through its tie to the ethical premises of ‘multi-species sustainability’ (Rupprecht
et al. 2022) that details human responsibilities towards the web of all living species. Such
responsibilities may be understood and met in adaptive and self-regulating governance systems that
are polycentric (Ostroem, 2010) and emphasise place-based action by diverse interest groups. In such
multi-stakeholder participatory processes for regenerative sustainability with net positive outcomes
(in this case for multiple species), we should however also make explicit different assumptions and
‘“understandings of what matters in shaping behavioural patterns’ that need to be changed or
reinforced (Robinson and Cole, 2015). Such different understandings, or ‘ontologies’, deeply affect
how we view our own human agency, and therefore what actions we can conceive of and prefer to
prioritise. This paper therefore posits that engagement in regenerative governance and action
requires building societies’ capabilities, structures and processes that help us to reflect, deliberate on
and transcend our own ontologies, and paradigms that arise from them, when circumstances in our
rapidly changing world make this necessary. This according to Donella Meadows is the highest order
leverage point for societal transformations (Meadows 1999).

More specifically, this paper proposes design attributes for scenario-based governance
processes, that leverage scenario approaches to foster the capability of transcending prevailing
paradigms and engaging in such an ontological shift. The role of scenario approaches in
transformative governance has been discussed (Chaffin et al. 2016; Garmestani et al. 2020, Walker et
al. 2004). Different approaches to futures beyond simulation modelling, including participatory
visioning and narrative scenario approaches are increasingly drawn upon in policy and practice
(Wiebe et al. 2018; Andersson 2018). Scholars however also point out the lack of reflexivity in scenario
approaches on how decisions on boundaries of processes and contents can influence the outcomes
and impacts (Lazurko et al., 2023; Rutting et al., 2024), and highlight recurrent patterns and a lack of
diversity in resulting scenarios. Lazurko et al., 2023 developed a framework for more reflexive
scenario practice based on a literature review.

Building on this work this paper presents improved guidance based on a set of design criteria
for reflexive scenario-based governance approaches that are suitable for multi-level governance
processes, embrace complexity, ambiguity and ontological plurality, and highlight different
understandings of human agency associated with different ontologies. This guidance was iteratively
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refined in a four-year transdisciplinary approach (Konig 2018; Vienni-Baptista, 2024;
Deurderwaerdere, 2024) involving a participatory scenario approach to develop possible diverse
futures in how we engage with water and land in Luxembourg in 2045. This process engaged over
100 opinion leaders and decision-makers from public authorities, NGOs, farmers, and scientific
experts. The resulting set of three ontologically differentiated scenarios is designed for scaffolding
dialogues across a plurality of viewpoints to enable a more reflexive governance process (Popa et al.
2015). Each of the narrative scenarios shows how a disparate set of values tied to a different ontology
and associated understandings of human agency plays a significant role in the distribution of
attention and resources. This distribution shapes the unfolding future in tandem with coupled cross-
scale phenomena such as accelerating global environmental change, social instabilities, and
disruptive technologies. The trajectories of these futures emerge from dynamics and disruptive
events in tightly coupled complex social ecological systems. The results section then also describes
two situations of application of this scenario set. Implications and outcomes of working with an
ontologically differentiated scenario set, and their potential to counter effects of polarization and
inaction from unstructured plurality in diverse groups, are critically discussed. The conclusions draw
more generalized recommendations on the design of scenario approaches for regenerative
governance and discuss needs capability building to engage in relational ontologies, transcend
prevailing paradigms, and work with scenarios that enable this in practice.

2. Seven Design Attributes for Cross-Scale Scenario-Based Regenerative
Governance

In the field of sustainability science, scenario approaches are increasingly used in
transdisciplinary and participatory research processes, to equip participants with shared reference
points in the future that go above and beyond extrapolations based on individual past lived
experiences and current knowledge. Scenarios are often defined as coherent, internally consistent and
plausible descriptions of potential futures of a system that are developed for a specific purpose
(Drenth et al, 2018, Ramirez and Wilkinson, 2016). Scenarios can be used exploratively or
normatively (Wiek et al.,, 2014). Choices in process design, methodology and characteristics of
scenarios all matter in determining the outcomes and impacts of the scenario process (Lazurko et al.,
2023). Beyond the question of whose perspectives are represented in the process, like any conception
of a complex system, scenarios include choices of focal spheres, elements, and influences across these.
Such judgments determine what aspects of realities the scenarios reveal, suggest, distort or conceal,
and thus also affect their transformative or regenerative potential. Scenario processes in sustainability
science and multi-level governance contexts have however been criticised in that they often lack the
reflexivity required to make explicit the basis on which such choices and judgments are made
(Lazurko et al., 2023). Similarly, Rutting et al.’s (2024) critical review pointed to a lack of reflexivity
and alternative view points and a domination of scenarios with neoliberal tendencies. Lazurko’s
literature analysis of seventy-two cases of social ecological scenarios demonstrates clear biases that
prohibit open exploration of how suites of framing and methodological judgments delimit the
boundaries of the future in particular ways. Explorations across multiple systemic scales were often
developed in a more positivist epistemology, whereas pluralism was often associated with more
normative and localised aspirational visioning processes that did not embrace complexity. The study
proposed a reflexive framework guiding researchers through ten boundary judgements that allows
amongst other things to design scenario approaches with enhanced transformative potential. The
frameworks’ focus on linear trajectories however leads to a neglect of understandings of different
forms of human agency in systems. Secondly, the focus on how system boundaries are defined in
abstract terms does not consider boundaries that naturally arise from and interplay between
participant perspectives and real-world situations or places. Thirdly, this framework does not
accommodate more dynamic understandings of change, such as in process-relational ontologies that
describe phenomena as emergent properties at specific points in time from diverse intersecting
processes that have different time scales.
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This paper develops improved guidance based on a set of design criteria for a scenario approach
that was trialled and refined in practice. The resulting scenario set breaks with prior described
patterns in scenario development in significant ways. In this approach, scenarios are differentiated at
the ontological level to enable participants to reflect on and make explicit their ontological
assumptions and different views on human agency. The resulting simple framework for making
reflexive judgments and choices in scenario-based regenerative governance processes distinguishes
three phases with key design attributes (see Figure 1): Phase I involves the mapping and engagement
of key stakeholders, understanding the diversity of viewpoints, and conveying a shared purpose for
their engagement in the process, in a way that is sensitive to power asymmetries. Phase II provides
guidance on the co-creation of ontologically differentiated scenarios in a way that attends to the
intricate intertwining of power and knowledge and puts emphasis on different understandings of
human agency in societal transformations. The main scenario scaffolds are defined (some call this
scenario skeletons), including the drivers and their interactions across different spheres (social.
ecological, technological), which are considered across different scales. Phase III highlights the type
of boundary work that can be mediated through the consideration of place and place-based (human
and more than human) communities. The resulting scenarios can then be used in multi-stakeholder
processes considering diverse action situations with different biophysical constraints or limitations
from local capabilities or interests, whilst avoiding unnecessary abstract conceptual boundaries or
constraints. Each phase is considered in more detail in turn.

. . - )
Phase . Engaging stakeholders across levels: Level of social organisation Spatial scale

1. Map disparate ontologies and contradictions in
view of possible and open futures ) )
2. Attend to power asymmetries Multi-level perspectivés of engaged groups

3. Develop a shared regenerative purpose (ethical
axiology) @

Phase Il. Co-creating ontologically differentiated (@)
scenario narratives as lense for ‘what matters’: ® P
4. Make explicit disparate ontologies to reveal
associated disparate societal goals and normative ®
commitments
5. Enrich with relational ontologies directing ) 0)

attention to interdependencies between diverse
forms of life @ 0 Possible place-based

q .. @) \ action situations
Phase Ill. Rooting scenarios in places: @ Q

Scenarios as lense

6. Negotiate a common understanding of future-
oriented and situated regenerative actions.
7. Boundaries to the future emerge from
biophysical and social attributes of place. \ Y J Time scale
Scenario process directing attention to
future-oriented place-based regenerative actions

Figure 1. Seven design attributes for three phases in scenario approaches to direct attention of diverse

stakeholders to possibilities for concerted regenerative action.

The seven design attributes of each phase of the prototype scenario approach are detailed in the
boxes on the left. The scenario process starts by engaging stakeholders active across different levels
in multi-level governance systems (e.g., local farmers, representatives of municipalities, national
public authorities, or ministries, NGOs, scientific experts, and others). The development of the shared
purpose of empowering place-based ‘regenerative actions’ presents the first normative boundary —
or better - an ethical axiology — to direct gazes towards shared overarching goals. The co-creation of
ontologically disparate scenarios reveals different objectives and normative commiemtnst within that
overarching goals highlighting different understandings of human agency. Last, rooting scenarios in
place-based understadings reveals boundaries to futures emerging from human interactions
embedded in biophysical and social attributes of place.
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2.1. Phase 1. Engagement of Stakeholders Across Multiple Governance Levels

Building on the concept of transformative governance (Chaffin et al. 2016), regenerative
governance is designed to contribute to intentional shifts to alternative systems (or regimes) with
different structures and processes, and new actor-constellations that change prevailing social norms
and values that are ordering principles in societies. If successful, such processes can change relations
between people and how people relate to their environments (Moore and Milkoreit 2020). Central to
transformative governance processes (Chaffin et al. 2016) is therefore that they seek to engage and
connect different groups across governance levels, including actors with place-based knowledge. Key
is also the inclusion of salient local ‘seeds of change’ and social innovations capable of disrupting
current prevailing structures, practices, and norms (Raudsepp-Hearne et al. 2020; Pereira et al. 2021).

Mapping ontological pluralism: Regenerative governance requires including different types of
knowledge in deliberative processes. Relying solely on scientific experts’ ‘objective’ science and
knowledge can lead to the neglect of more fundamental questions at the centre of just agricultural
transformation because they bracket out prevailing norms and other conditions that stabilise existing
paradigms and social-cultural dynamics (Turnhout et al., 2016; Hulme et al., 2009). This neglect can
make regenerative practices prone to discursive hijacking and undermine the transformative
potential of regenerative practice in general (Sanford, 2023; Gorissen et al., 2024). Regenerative
governance, like regenerative sustainability therefore requires making explicit the disparate
assumptions and understandings of the world that underpin different forms of knowledge and
practice (Robinson and Cole, 2015). It is therefore a governance process that needs to accommodate
ontological pluralism (Stengers, 2010; Escobar, 2018).

Therefore, we argue in this paper, that it is useful to have some notion of how different
ontological assumptions held by different (groups of) stakeholders may help or hinder their mutual
understanding and agreement on possible pathways for concerted action. We therefore develop a
scenario approach that helps making such ontological assumptions and associated implications for
how issues are understood and acted upon in different ways, explicit and subject to discussion.
Careful conduct, documentation and analysis of interviews and multi-stakeholder workshops can
help to discern different belief systems and underlying ontological assumptions. Approaches to
analysis can involve discerning the use of certain ‘constitutive’ metaphors in narratives, which can
be indicative of fundamental ontological assumptions about a problem settings or ‘framing’ (Lakoff
and Johnson 1980; Schmitt 2005). The use of key framing metaphors can suggest patterns of
relationships associated with actions along a certain direction (Dorst 2015; Newell 2012).

In this project Lakoff and Johnsons (1980) distinction of three fundamental understandings and
assumptions of ‘what matters in the world” proved very helpful in identifying a set of three clearly
differentiated narratives that emerged from the analysis from different interviews and workshops.
Their simplified distinction of the three (archaetypal) ontologies of positivism (objective truth mirrors
reality, science can represent reality), constructivism (truth is social convention), and experiential
realism (truth is what works for embodied beings in interaction and cognitive connection with their
environments) has been widely criticised. Critiques include that it is an oversimplification that does
not reflect the complexity of individual ontologies (Schmitt 2005), and that it is biased towards
distinct Western scientific modes of understanding the world. However, in the Luxembourg setting,
with stakeholders with educations in different disciplines and belonging to different professions,
narratives by stakeholders proved relatively well-aligned and grouped accordingly. Different
patterns in problem-description and preferences for courses of action could be discerned for different
groups of stakeholders.

Attend to power asymmetries by highlighting links between power and knowledge: The more
differentiated view of different actor groups that are engaged and active at different governance
levels however also requires attending to power asymmetries (Dinesh et al. 2021). For example, whilst
traditional Ecological Knowledge (TEK) has now gained a foothold within international assessments
such as IPBES reports, the mainstream of environmental, agricultural, and ecological decision-
making and governance does not (as yet) develop a space for such ways of understanding (Teng0 et

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1048.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 September 2025 d0i:10.20944/preprints202509.1048.v1

6 of 35

al., 2017). Potential contradictions between experts, and mismatches in power are rarely adequately
discussed. The need to avoid the production of representations that reinforce problematic existing
ontological commitments which sustain and enforce the instrumental use of land and agricultural
resources are generally ignored. Therefore, it is key that scenarios highlight and make explicit links
between power and knowledge. How knowledge is produced and legitimised and whose knowledge
is considered relevant in such cases are inseparably intertwined (Jasanoff 2004). Using heuristics such
as ‘Socio-technical imaginaries’ (Jasanoff and Kim 2015) in scenario approaches for structuring
differentiated scenario meta-narratives can help to craft compelling narratives on how science and
technologies can enable or restrict thinking about different possible worlds, affect distribution of
rights, responsibilities, and voice, and how they can mediate between different interests and
viewpoints, or how values can be enacted through certain technologies but not through others. STIs
are collectively held, institutionally stabilised, and publicly performed visions of desirable futures,
with a shared understanding of social life and social order attained by and for advancing science and
technology (Jasanoff and Kim 2015). This heuristic is particularly helpful for the differentiation of
scenarios with respect to the role of science in governance. In a similar vein, this heuristic can also be
adapted to highlight how changing imaginaries of human-ecology relations to an understanding of
multi-species sustainability and interdependence can also present a “deep leverage point” (Vervoort
et al., 2024; Chhetri et al., 2023). (Ideally, stakeholders can ideally engage in a plurality of knowledge
generating processes, for example with citizen or community science, that produce evidence that is
legitimised, credible and actionable across interest groups (including other species above and below
soil who are represented by proxy) and human actors engaged at different levels of social
coordination and spatial scales. But this consideration is beyond the scope of the present paper).

Developing a shared purpose: Regenerative governance is a unique conception of governance
in that whilst it supports ontological pluralism, it has a clear ethical axiology to provide a shared
sense of direction. For this purpose, it is tied to the ethical premises of ‘multi-species sustainability’
(Rupprecht et al. 2022) that details human responsibilities towards the web of all living species. Such
responsibilities may be understood and met in adaptive and self-regulating governance systems that
are polycentric (Ostroem) and emphasise place-based action by diverse interest groups. Regenerative
design and practice promote engagement with land and other species to create whole systems of
mutually beneficial relationships across different species, with self-reinforcing cycles of wellbeing
(Hawkins, 1991; Reed, 2007; Mang and Haggard, 2016; Wahl, 2016). Rooted in living systems theory
and radical ecologism, regenerative design has evolved over 40 years mainly as practice-based
approach in community work. A recent surge of theoretic re-interpretations seeks to give it more
traction in academia (Buckton et al., 2023; Fischer et al., 2023 and Tabara, 2023). Practices of adopting
nature-based solutions with attention to equity in environmental governance and spatial planning,
such as to establish riparian buffer strips along water courses to prevent flooding and capture
nutrient run off, as well as establishing Greenbelts around cities to enhance food sovereignty and
resilience to climate change are common examples. Similarly, regenerative agriculture comprises
design and practice aim to improve the health of ecosystems and people by attending to biodiversity,
healthy soil, and working with nature’s cycles (Siegfried 2020; Seymour and Connelly 2023). Such
regenerative farming initiatives that are in general well aligned with principles of agroecology,
including agroforestry, that seek to harness ecological interactions and social innovations to replace
chemical inputs and enhance social justice in food production.

The resulting purposeful inherent tension in the proposed governance approach - between the
goal to be supportive of and make explicit ontological pluralism and a strong normative axiology of
a multi-species sustainability ethics provides a creative dialogic space that invites reframing current
thinking and doing by all who engage in it.

2.2. Phase I1. Co-Creating Ontologically Differentiated Scenario-Narratives

The proposed scenario approach is designed to ensure that governance can support multiple
narratives (Wyborn, 2015). Narrative scenarios offer a promising way to enhance the transformative
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potential of governance processes by highlighting a diversity of understandings of what matters in
increasingly culturally diverse societies and thereby enhance the sensitivity to ontological and
epistemological pluralism in policymaking and in society at large (Hulme, 2009; Turnhout et al., 2016;
Lehtonen et al., 2016; Escobar, 2018; Diaz et al., 2019). If purposefully designed, such scenarios can
help us challenge perceptions, assumptions and worldviews and open a dialogic space between
‘what is and what if’ and between the known and the unknown (Ramirez and Wilkinson 2016;
Kahane 2012; Ogilvy 2002; Muiderman et al. 2020; Mangnus et al. 2021). Narratives, that are coherent
sets of stories, serve as fundamental communication mechanisms to construct individual and
collective meanings (Bruner 1991). They can communicate reflections on community or identity or
ways we make meaning of certain experiences. Whilst narratives as such are perhaps the most
common medium of cultural expression, organisation and learning, dominant narratives in turn
create and can strengthen existing cultural contexts. This presents strong systemic feedback loops
that can be used to reinforce or break prevailing patterns of behaviour (Chabay 2019). Moreover,
overarching narratives can frame the way we understand our cognitive process and our relation to
knowledge and particular ways of knowing such as Western science (Lakoff 2010; Schon and Rein
1994). On the other hand, irreconcilable underlying assumptions and structures that shape beliefs,
perceptions and appreciation that are usually not made explicit may prevent different groups with
different interests and stakes to share a common understanding of and arrive at concerted action on
the situation (Schon and Rein, 1994). Systemic transformations will benefit from open spaces for
reflection and a higher order dialogue about our language, concepts, how we make meaning and
how we associate values with such meanings. Such higher order dialogues are a prerequisite for
attributing new meaning, new realities and new coordinated behavior.

In this project we argued that revealing of different ontologies is helpful for reflexive
engagements: Just focusing on producing ‘objective knowledge” we all too easily forget that
everything we see is filtered through our individual and collective cognitive apparatus and
conceptual systems (Maggs and Robinson, 2016). Such assumptions deeply affect how we understand
the world and view our own human agency. Therefore, the challenge we face in the 21st century is
about developing an enhanced reflexivity about why we know, how we know, what we wish to
know, what we know, and how we act (Mangnus et al. 2021; Popa et al. 2015; van Mierlo 2010). This
may be best illustrated by the map-making metaphor: The maps we draw shape our interaction with
the mapped territories and evoke in turn that we change these territories once they are mapped. In
other words, the systems we seek to understand are created by the questions we raise (Allenby and
Sarewitz 2011; Maggs and Robinson 2020; Robinson 1991). We therefore decided to differentiate our
set of three scenario meta-narratives according to the patterns we had mapped across interviews and
workshops, loosely corresponding to Lakoff and Johnsons triad of Western archetypal ontologies.

Enriching with relational ontologies: Scenarios can be designed to relate profound changes in
understandings of human-ecology relations towards seeing humans as part of a web of diverse life
forms who co-constitute each other as in regenerative design and resilience thinking (Reed, 2007;
Folke et al., 2016; Raymond, 2017; Benett and Reyers, 2023). This shift in understanding directs human
attention back to the most fundamental conditions of existence. In the context of better understanding
human-multispecies relations across scales, recent literatures on social ecological systems research
and sustainability science have witnessed an ontological turn: Scholars advocate a switch from
studying interacting entities to thinking and analysing in terms of continually unfolding processes
and embodied experiences that inform our ethics (West et al. 2020, Benett and Reyers, 2022). This
ontological shift calls for a fundamental reconstruction of language, concepts and representations.
An individual scenario meta-narrative can be designed in support of a relational understanding of
the world highlighting mutual influences between disparate elements and entities over time. As part
of a set of ontologically differentiated scenarios implications of how disparate ontologies suggest
different courses of action will become clear. Neither Whitehead’s (1929) process relational ontology
that is now often cited in sustainability science, or Varela et al. (1992) enactivism that sees reality as
emergent from structurally coupled embodied cognitive processes and biophysical environments,
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neatly fit into the Lakoff and Johnson’s triad of archetypal ontologies. The triad represents loose
guidance only and can of course be modified according to patterns observed in stakeholder
discourses in different settings.

2.3. Phase 11I. Rooting Scenarios in Places- Negotiate Possibilities and Scenario/ System Boundaries with
Reference to Diverse Understandings,

Negotiate a common understanding of possible place-based actions: It is necessary to
overcome barriers to mutual understanding due to the lack of shared experiences between diverse
actor groups. Stimulating metaphorical imagination and making references to places that all
participants know and can relate to experientially can help. In designing participatory scenario
approaches it can therefore be helpful to consider social interactions as situated in different settings
or ‘stagings’ (Oomen et al. 2022) and to reflect on the situatedness of the process and how settings —
or environments — can influence the quality of social interactions. The selection of places for staging
a scenario process can also be done in view of creating spaces for experimentation and local
diversification and strategically selecting places where smaller scale changes can potentially feed into
innovation in larger scale systems.

Staging negotiations on the meaning of different scenarios in the content of specific places we
can gain a new understanding of territories and places as ‘hybrid realities’ that we shape as we
perceive them, and that in turn shape us. Latour warns of the societal inertia from polarization
between conflicting world views of those pursuing modern ideals in terms of globalization with the
help of abstract science and technology and those who aim at regional autarchy and building local
communities and identities. He asserts that we will only survive as a species if we all learn to fashion
our territories as dwelling places for webs of different life forms that we are part of and dependent
on (Latour 2018). Using scenarios as overarching conceptual frames that make explicit such disparate
underlying assumptions allows such differences to become subject to deliberation.

Understanding place-based boundaries to future possibilities: Understanding place and
specific biophysical and social-cultural attributes will allow to negotiate boundaries with respect to
realities that can be experienced and hence can make sense to all engaged.

3. Research Approach and Methods

Transformative sustainability research develops concepts, methods, processes and spaces for
knowledge co-creation and action across different interests and expertise, to improve the self-
organisation of systems that are not sustainable (Konig & Ravetz, 2018). The participatory multi-
stakeholder scenario approach was a first example of transformative sustainability research in
Luxembourg. The aim was promoting systemic thinking about our future engagements with water
and land in diverse stakeholder groups that reveals different and sometimes conflicting problem
framings with their possible ontological roots, to foster reframing and identification of promising
courses of action that resonate across different stakeholder groups. This transdisciplinary research
approach (Vienni-Baptista, 2023; Deurderwaedere, 2023) was situated in already established sites of
two river-partnerships with promising seed projects. The design of the scenario process drew on
insights from the body of literature on transformative sustainability science and future studies
(Schneidewind and Singer-Brodowski 2013; Miller 2013; Wiek and Lang 2016; Konig 2018) and
scenarios (Normann 2001; Ramirez and Wilkinson 2016; Ogilvy 2002; Kahane 2012; Elahi 2011; Van
der Heijden 1996; Vervoort et al. 2015).

Similar to the participatory inquiry paradigm described in Heron and Reason (1997), the
ontology that is the basis for this research design is close to Varela’s (1992) enactivism and is founded
on beliefs in an emergent and participative reality that is co-created by structurally coupled embodied
cognitive processes and biophysical environments. Accordingly, primacy is given to the practical:
Participants are involved in goal setting and co-creating locally salient systems knowledge, as well
as in the iterative development of methods based on feedback. The role of researchers in
transformative science is to design spaces and processes for participatory inquiry, for example in the
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form of a series of interviews and workshops with stakeholders, assuming responsibility for the

moderation of the exchanges, documentation and presentations to encourage reflection drawing in

insights from diverse disciplines and practice (Konig et al., 2021; Vienni-Battista and Klein 2023). Both

problem-oriented dialogue and reflection on mutual causality in complex social-ecological-

technological systems are considered intrinsically valuable and a suitable basis for planning and

implementing concerted action on sustainability challenges in diverse groups. All interactions with

participants were conducted according to current codes of conduct for ethical and responsible

research. The project’s participatory process to co-create the scenarios distinguished three main
phases (See Table 1).

Table 1. Three phases of the NEXUS FUTURES Scenario Approach.

Phase L. Multi-level | II. Co-creating an | III. Synthesis, testing
engagement ontologically and rooting the
differentiated  scenario | scenarios
(Jan.2017-June 2018) set
(June 2018- Dec. 2018) (Feb. 2019-Jul 2021):
Situation: University- led University- led University- led
Institutional Setting up the reference | Reference group Five experts
context and | group and scientific Scenario author teams
governance advisory board Reference group
Scientific advisory
board
Assumptions Exploration Exploration of drivers of | Ontological
about the change, Cross scale | differentiation
future interactions, uncertainties

Process design, | 50+Interviews & Three workshops: Concept proofing and
participation Workshop 1. 17-18. | Workshop 2. November | detailing  with  five
and methods June 2018 2018: experts
Mapping situations& | Understanding Three  independently
systems, drivers of | assumptions, spatial | working scenario
change and | scales, and | author teams
uncertainties micronarratives
Workshop 3. January 2019:
Testing and evaluating the
metanarratives/story lines
Research Interdisciplinary Transdisciplinary Transformative
approach &
role of
researcher
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Document analysis World Café exploring | Workshop to challenge
Literature review what  matters  across | draft scenario scaffolds
Methods & | Contradiction mapping | different governance | System scales
tools Collaborative levels exploration
conceptual systems | Eliciting uncertainties and | Time scales/Timelines
Mapping (Newell and | toxic assumptions (Pereira et al, 2018,
Proust 2018) Micronarratives (as | 2021)
Identification of drivers | described in Van der | Seed project
of change Merwe et al. 2019) identification
Chorus of  Voices Two quantitative
(Ramirez and modelling studies on
Wilkinson 2016) climate and  water
demand and supply.
Three qualitative expert
contributions on spatial
planning, different
models of the circular
economy, and different
legal and regulatory
contexts.

3.1. Phase I: Multi-Level Engagement

The first action by the research team was to set up a ‘Project Reference Group’ charged with
defining the main project objectives, identifying salient research questions and stakeholders, and
contributing to the interviews. In subsequent stages the group was consulted on workshops, strategic
decisions, and draft texts. The fifteen members of the project reference group were chosen
strategically both to represent different professions with different framings of the situation of water
quality management in Luxembourg and to represent different levels of governance. Members
included a ministerial official, the co-director of a national public authority, as well as municipal
actors and non-governmental organisations and farmers, and representatives of three of the five river
partnerships. The local actors included people who had instituted pioneering projects such as river
restoration projects and the introduction of new fertilizer application approaches in Luxembourg. A
Scientific Advisory Board with four international experts was set up and met twice to provide advice
on salient cutting-edge theory and methods, and to develop quality criteria and a quality control
process for these transdisciplinary projects that value place-based knowledge as well as academic
concepts and methods.

Over 50 stakeholders were interviewed between February 2017 and May 2018, including
regulators, administrators national and local governments, informal organizational actors such as the
river partnerships, consultants, teachers, forestry, nature protection as well as users in the private
sector and in private households and organized civil society. Focal questions in the analysis
concerned uncertainties, contradictions, value conflicts and tensions. A semi-open interview
questionnaire was developed in consultation with the Reference Group and refined through pilot
interviews. Thirteen overarching themes to start the collaborative orientation process were identified.
For the interpretation of interviews, the ‘chorus of voices’ (Ramirez and Wilkinson 2016) method was
used. This approach refers to capturing quotes from interview material and collating them in such a
way that it foregrounds differences of view. For each theme, a range of quotes was selected to
highlight tensions and contradictions as well as common points of agreement.
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Throughout the project a total of three dedicated scenario development workshops with 40 to
50 participants from diverse organisations were organized. Participants attended from public
agencies involved in water and forest management and agricultural advice, actors from river
partnerships, municipalities, and the farming communities, as well as environmental NGOs and
intergovernmental actors. We collected participant feedback after each workshop. The broader
participatory phase of the scenario development started with a two-day workshop in June 2018, at
which over 53 stakeholders created the basis for three different worlds, each highlighting future
challenges and opportunities. We discussed diverse viewpoints from the interviews and amongst
workshop attendees with respect to water and land and identified drivers of change and used the
method of collaborative conceptual systems mapping adapted from Newell and Proust (2018) to
identify main interactions and interdependencies between drivers of change (see Figure 2. in section
4 below).

LhewIN MAorEn

Figure 2. Collaborative conceptual systems mapping to select factors that matter, understand influences between
them, and identify action fields for system change.

A significant share of the interviews and three additional workshops that informed the scenario
approach was conducted as part of a narrative research approach to better understand factors helping
or hindering the adoption of participatory governance approaches in two river catchment areas). The
study found that conflicting framings of problem situations with respect to water quality and
promising measures to improve it were associated with different organisations and professions
(farmers, public authorities, municipalities, drinking water providers or environmental NGOs) who
were engaged in the governance processes.

3.2. Phase 11: Co-Creating Ontologically Differentiated Scenarios

A second workshop in November 2018 started with discussions on toxic assumptions and
uncertainties in relation to our engagement with water and land in the face of potential impacts of
climate change, population and economic growth. A world café approach was used to explore how
different uncertain factors may play out differently at different governance levels (local/municipal;
national/regional and EU). In the workshop we staged an art exhibition that featured caricatures and
other works depicting human-environment interactions highlighting tensions and challenging
prevailing assumptions (works of this exhibition were published as a book). Furthermore, the artist
captured salient dialogues in a second painting.
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On this basis we proceeded to drawing up micro-narratives with methods for an ‘inductive’
creation of short story logics, each short story bringing together a small subset of key elements and
their interactions (Kurtz et al. 2014; Mosier and Fischer 2010). Six groups with four to five participants
were asked to select and relate four to five uncertain factor cards to each other, and then to give their
story a title. Each group was asked to create at least three micro-narratives, each time with a different
leader to ensure a more level playing field. Within two hours, a total of eighteen diagrams were
created by six groups, of which eight diagrams were presented in plenary, presentations were
recorded transcribed.

The research team compared, grouped and analysed the results based on the three different
forms of presentation of the micro-narratives: Diagrams, Templates, and Transcripts. Seventeen of
these ‘micro-narratives were then grouped into three main clusters, which were the basic scaffolds
for the three narrative frameworks and the differentiation of the scenario’s narratives according to
the archetypal ontological assumptions (see Table 2). The eighteenth micronarrative presented a
dystopia of an accident at the nuclear power station Cattenom on the border to Luxembourg, which
wiped out a large part of the population and the rest left the contaminated territory and founded a
Luxembourg diaspora in Iceland. Whilst an important opening to “possible futures’, disagreements
on the significance of this micronarrative led to it being cast aside.

Table 2. Grouping of micro-narratives into three scenario meta-narratives.

Smart sustainability

The common good

The web of life

Titles of the micro-
narratives from the
2nd workshop that

were assigned to a

group.

Growth: origins and
effects

Technology as a tool
Flood prevention for
dummies

Sick of the climate

Climate flight
Influence of
development on the

water cycle

Luxembourg’s path to
the knowledge society
Health committed
Luxembourg is on fire!
Cycle of improvement
On the brink:

opinion counts

every

Attitudes help animals
ever more

Eco services gain entry
Task for generations
Influence of politics on

biodiversity

Social goals in this

world?

Based on central
factor maps,
diagrams, and
excerpts from the

presentations.

Access to resources and
capital.

Creating wealth
through growth of a
smart and regenerative

circular economy.

Common good through
good relationships and
community

learning processes on

the ground.

Creating quality of life
and health.

Protect biodiversity as
a foundation for
resilience and honor
life force in its many

forms.

Create environmental
quality to regenerate
the

reverse destruction of

biosphere and

nature through

industrialization.
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that shape the use
of water and soil

the most.

(Labeled arrows on

instead of waste and

remediation/clean-up.

Interdependecies / | Growth, land, climate | Awareness, thinking | Luxembourg as a
feedbacks change, state of nature, | and behavior, eco- | nature reserve.
water quality, health, | services, education, | Appreciation of
Based on the | innovations, laws. health, state of the | nature, nature parks,
diagrams biosphere, monitoring, | biodiversity,
transparency, and trust. | education. State of
nature, rainwater
management.
Activities/processes | Cycles of recycling | Good social integration | The state buys land

in a community and
fulfilling leisure
activities with a healthy
relationship to nature

are recognized as the

that is leased with

nature  conservation
requirements to
protect the existential

regeneration potential

precarious in  2045.

Water pollution also
affects human health
(pesticides, antibiotics).
However, uneven
wealth creation
enhanced disparities.

Climate refugees can

diagrams) basis for well-being. | of nature and
Participative processes | biodiversity. Citizens
with  e.g,  Citizen | feel more connected to
Science offer | nature and support the
opportunities for social | state.
learning, with joint
creation of goals and
indicators at the local
level.
Changes in | Investment in circular Luxembourg is for the
economy and | economy and | The economy depends | most part a nature
society compared | regeneration of nature | above all on local | reserve and tourist
to today. increases efficiency of | initiatives, markets, and | destination.
water and soil use and | production Biodiversity and
(Excerpt from the | slows biodiversity loss. | cooperatives. Many | natural resources have
transcripts However, due to | communities have | increased. There are
presentations rebound effects, | joined together to create | no longer as many
diagrams) degradation continues | local currencies. | commuters (down to
and becomes | Regional and local | 80k). Luxembourg no

energy, water and food

supply is common.

Communities and
cooperatives of local
producers ensure
locally equitable
distribution.

longer attracts banks
but
researchers. In the
Eiffel and Ardennes,

Germans and Belgians

and  bankers,

have taken an example
from Luxembourg in
cross-border

cooperation and
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hardly be kept out of
the

Knowledge even more

country.

split between experts
and non-experts and in
consequence  citizens
feel

and skeptical of the idea

disenfranchised

of the common good.

Massive digitalisation
with weakened central
structures and youth
brought up on the idea
that  ‘hacking  the
system’ is cool’ has as a
consequence rampant

cybercrime.

therefore the area is of
a size to be considered
as an  exemplary
project in the rest of
Europe. Net positive -
the

Central Europe that is

only area in
both carbon balance

and water balance

Cybercrime

Disparities make positive and does not
everyone jaded and contribute negatively
result in withdrawal to the nitrogen or
from society across all phosphorus cycle.
income groups.

Democracy is

endangered.

Possible crises Black-out Local unrest due to | Food supply
Little  resilience in | inadequate  resource | Luxembourg relies on
interconnected  smart | distribution trade. Mass tourism
energy, water and land | mechanisms, causing | even if designed for
use systems. instability and | nature experiences can
land use systems inadequate support | contribute to a

from national and EU
networks for electricity,

water, and information.

deteriorated state of

nature reserves.

Water and

quality

Soil

++

+++

3.3. Phase I1I: Situating and Bounding the Scenarios

A workshop in January 2019 served to challenge and further elaborate the proposed scenario

meta-narratives. Subsequently the research team commissioned five experts to contribute

quantitative and qualitative studies, exploring different aspects and implications of the three

scenarios in more detail. A quantitative study by XXXX provided plausible modelled ranges for

frequency of occurrence of extreme weather events and seasonal distributions of temperatures and

rainfall that served as basis to differentiate the climatic conditions in the three scenarios. A second

quantitative study by XXXX concerned water demand and supply. This study suggests that water

will become a primary constraining factor for population growth and economic development at the

latest in 2030 in spite a large new installation for water treatment of the lake water in the North of

Luxembourg. Based on this modelling approach, three different scenarios for water use and sourcing

systems have been developed. XXXX addressed possible implications of the three meta-narratives

concerning land use and the overall spatial organisation of Luxembourg. Contradictions in terms of

multiple competing land uses on certain areas of the country were resolved into three scenarios with

different underlying logics for spatial organisation. XXXX developed three differentiated scenarios
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for implementing the circular economy. XXXX provided studies on the legal and historical context of
water governance with a focus on governance and public participation.

In parallel, three co-author teams worked on detailing the scenario narratives. This involved
identifying relevant seed projects and plausible stories set in the future to which readers can relate.
In addition to desktop research, they drew on all materials from the co-design process. Specific
barriers to transformations for sustainability and trade-offs that are associated with each of the three
archetypal narratives were also effectively revealed in the expert contributions and by the scenario
author teams. This was only one part of the situating of the scenarios. In each application described
below the ontologically differentiated scenario set and the way they were used were further adapted
to specific situations and places.

All detailed expert reports and scenario working papers and further resources and materials
produced throughout the scenario process can be downloaded from the following website: XXXXX.
Whilst the project had two working languages, German and English, most reports are in English.

4. Results—The NEXUS FUTURES Scenarios- an Ontologically Differentiated
Scenario Set

Apart from viewing the path as the goal like Mahatma Ghandi, this three-phase scenario process
resulted in a set of possible and very different scenarios. This set makes explicit ontological plurality
amongst the participants, foregrounds associated assumptions about human agency in societal
transformation processes and reflects the high level of complexity of and key feedback loops within
the social-ecological water-land systems from which problematic patterns of behaviour emerge
(Figure 2). Whilst the three scenario narratives that are differentiated across five main drivers portray
differences across multiple scales and are oriented as reference points across a longer temporal scale
of several decades, they can also serve as scaffolds for the exploration of relevant cross-scale
interactions and their short-term implications in more situated negotiations about what matters in
respect to place-based regenerative actions. Two of the scenarios include selective aspirational
elements for discussion, and the set builds on two quantitative studies. Surveys completed by
participants after all workshops and the repeated return of many of the participants suggest that the
scenario practice achieved triggering ‘AHA moments’ required for transformative learning and
changes in perspectives.

Break out groups with 4-6 participants developed influence diagrams in dialogues about which
factors affect how we engage with water and land, looking at factors from the social, ecological,
technological and personal spheres. Factors are entities that can increase or decrease. Influences
between arrows are processes or activities (biophysical or social) through which the influences that
are easily intuitively grasped are manifested. The method is adapted from Newell and Proust (2018).

Furthermore, during the workshop an artist illustrated main points in the dialogues, challenging
prevailing social norms and highlighting contradictions in the workshops deliberations with
caricatures (Figure 3) in support of stimulating questioning of our systems of meaning-making and
subverting prevailing ways of directing attention and resources (Vervoort et al., 2024).

The artist Ingo Schandler captured tensions, contradictions and critical perspectives regarding
prevailing social norms throughout the workshop. Participants in breaks gathered around the
3mx1.50m painting and reflected his work. © Ingo Schandler

In this section we first present the scenario set with its ontologically differentiated story lines.
Secondly, we discuss the expert contribution on spatial planning as example how this differentiation
helped the experts to develop a set of territorial master plans that clearly illustrate trade-offs between
giving primacy to specific logics and principles in spatial planning. Thereafter we discuss the use the
scenario set in two situations: in a virtual workshop with municipalities during the first lock-down
of the pandemic in 2020, and in the context of a multi-stakeholder workshop with a strong contingent
of scientific researchers on the co-design of a Greenbelt around the city of Luxembourg.
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LETZ MAKE (T CLEAR !

Figure 3. Artistic rendering of tensions and contradictions in workshop dialogues.

4.1. The Ontological Differentiation

From the interviews and workshops, but also in particular from the inductive micronarrative
activity emerged three metanarratives that could be associated with a prevailing ontology and a
suitable constitutive metaphor set (see Table 3).

Table 3. Ontological scenario differentiation: Icons, storylines, constitutive metaphors.

Smart Sustainability Common Good Web of Life
Icon
Story line Technological progress | Regional resources are | Active personal
driven by competition | valued, local cohesion | engagement in the
marches  forth, many | grows. Rivalries | regeneration of a
people and nature fall | between regions are on | diverse web of life
behind. the rise. National public | facilitates to forego
infrastructures are | formerly cherished
neglected and | freedoms and a high
increasingly fail. level of individuality.
Growth and individual | Common good, human | Regeneration of
Goals (inequitable) wealth from | dignity and ecosystems
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efficient use of natural

resources

political participation

to foster their resilience

Predictions and forecasts
Big data

Decisions in politics and
every-day life

are delegated to systems
Machine-
Learning (ML)
Artificial Intelligence (AI)

relying  on

and

Education gives primacy to

scientific disciplines,
mathematics, ICT and
programming
circular economy and
entrepreneurship

Symbols for predictability, | Symbols for ideals, the | Symbols relating to
Metaphors command and control such | mind, and human | emergence, natural
as references to machines | health. processes and human
and the military. environment
interactions, such as
burrowing, navigating,
budding, and rooting.
Ontology Objects have properties | Subjectivism assumes | An experientialist
independent from people | that meaning is always | understanding of the
or other sentient beings | to a person and | world assumes truth is
who experience them. depends on rational | relative to our
knowledges as well as | conceptual system,
experiences, feelings, | which is grounded in
values and intuitive | and constantly tested by
insights our experiences in our
interactions with other
people and our physical
and cultural
environment.
Knowledge Focus on science, | Local place-based | Awareness that humans
system  and | technology, engineering | knowledge needs to | are part of nature and
educational and maths (STEM) be integrated it with | part of a complex
priorities Computer modelling other = forms  of | system. Our perception,

knowledge to inform
action.
Awareness that
human wellbeing and
quality of life depend
on the quality of the
natural environment.
Collaboration &
social cohesion,
important goals
Local economics,
wellbeing economics,
the

economy for

common good

judgments and actions
are interdependent with
nature.  Local place-
based knowledge and
experience needs to be
integrated it with other
forms of knowledge to
inform action.

Learning by doing and
observation of nature
Mindfulness and care in
all interactions
Technology is designed
to foster and scale up co-
creation of empirical

data on regenerative
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Entrepreneurship
that benefits the local

region

initiatives and social
learning in living labs.
ML and Al services are
designed to inform and
support but do not
replace human decision-

making.

Prevailing

narrative

about human-

Relatively resilient and
stable- an extractive

relation: The earth system

Unpredictable- a
relation of careful

stewardship: We do

Vulnerable- a relation
of embeddedness and

recognition of need for

environment | and theliving conditionsin | not know to what | regenerative activities:;
relations the biosphere are seen as | extent human activity | We are embedded in a
able to withstand more | over the past 200 years | web of diverse and
pressure’, even if it has | has caused biodiversity | interdependent living
become warmer due to |loss and pollution of | organisms. Our role as
climate change. Extreme | the environment has | humans is to serve as
unforeseen events and | accelerated to a critical | caretakers that other
potential damage and loss | situation. ~The pre- | species can thrive again
therefrom are not subject to | cautionary principle is | wherever we settle and
explicit deliberation. used for most decision- | work. We can not
making at regional and | survive without other
national level. species on land and in
the water, including
microbes, insects, birds,

fish and mammals.

Understandin

g of planetary

boundaries

Earth system tipping
points. Richardson et al.,
2023.

Ecological ceilings and

social foundations.

Raworth et al., 2016.

Social-ecological

ceiling and foundation
for a human-wildlife
co-existence space.

Rupprecht et al., 2020

In the scenario ‘Smart Sustainability’, an objectivist understanding of our world prevails.

Objectivism starts from the premise that objects have properties independent from people or other

sentient beings who experience them. We understand the world in categories and concepts that

correspond to properties that objects inherently have. In such a world view, words have fixed

meanings, independent from the context they are used in that allow us to describe a reality correctly
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(Lakoff and Johnson 1980, p. 186). In this scenario, knowledge is power, and science provides control
over nature. Planetary boundaries to human actions are recognised as potential biophysical tipping
points of the earth system (Rockstrom et al., 2009). Governments and corporate actors are called upon
to act in unison to keep to these limits. Progress, including to combat climate change is strongly
associated with technological developments and economic growth is an important societal goal, as
depicted in a coherent set of six micronarratives with titles such as ‘Growth: Origins and
consequences’; ‘Flood prevention for dummies’; “Technology as instrument’.

In the scenario ‘Common Good and Knowledge’, a subjectivist understanding of the world
prevails. Subjectivism assumes that meaning is always to a person and depends on rational
knowledges as well as experiences, feelings, values and intuitive insights (Lakoff and Johnson, 1980,
p-187). It seeks to overcome alienation from viewing man as separate from his environment from
objectivism by embracing individual feelings and using ones senses to appreciate nature. Planetary
boundaries are conceived in terms of both biophysical limits and a social foundation that is required
to leave no one behind in the strife for sustainable lifestyles (Raworth, 2016). Humans are no longer
considered just rational utilitarian actors, but capable of organising for reciprocity in social
communities. Progress in this world is associated with improvements in human well-being and good
governance, as suggested by five micronarratives with titles such as ‘Responsibilities associated with
health’, and ‘On the edge: each opinion counts’.

Grounded in an experientialist understanding of the world, in the scenario ‘A Web of Life’, truth
is relative to our conceptual system which is grounded in and constantly tested by our experiences
in our interactions with other people and our physical and cultural environment. We understand the
world through our interactions with it. Humans are seen as an integral part of the environments they
live in and constantly interact with — we shape our environments according to our concepts and
intentions, and our environment shapes us (Lakoff and Johnson 1980, p. 229). Planetary boundaries
are described in terms of optimising mutually beneficial influences across different life forms who
share agency in co-constituting the biosphere (Rupprecht et al., 2022).

The resulting set of three scenarios offers a new systemic framework for future-oriented
deliberations that helps to reveal ontological plurality in diverse interest groups and professions. It
is derived from and thus most relevant to the cultural setting of Luxembourg. The scenario set shows
how sets of different values relating to efficiency, the common good, or our relationship to nature can
orient us to alternative futures. These values can provide a direction for innovation and the allocation
of resources and attention, because they shape collective and individual ideas about ‘progress” and
‘the good life’ that in turn shape the intentions and actions of individual citizens, organisations and
professions. The ontological differentiation and set of metaphors used to describe the human-
environment relations and different notions of the role of humans within these are similar
surprisingly similar to those described by Raymond et al. (2013). The archetypal character of this
scenario set can be however easily contested, as of course such ontological differentiation comes with
gross oversimplification. Moreover, the participants in the Luxembourg scenario process — decision-
makers, opinion leaders and environmental activists and farmers whilst professionally and
educationally diverse are culturally a somewhat homogenous group — for example there were no
non-Western viewpoints represented. Still — of relevance for highly Westernised setting, there are
interesting similarities to Nature Futures Framework (NFF), a set of three scenarios developed in
parallel without our knowledge at the fringes of meetings of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services (IPBES) (Pereira et al., 2020). The NFF was also
developed as transformative multi-scale set of scenarios. The quality of attending to indigenous
voices in this process was however debated. This set of scenarios is developed to capture diverse
positive relationships of human with nature, the scenarios are therefore more akin to different
visions, intended as action framework. The process and underlying narratives of the scenarios have
not made explicit possible divergent ontologies of different participants, and the process was not
designed in view of the need for reflexivity on disparate assumptions of ‘what matters most’ in
changing human-ecological relations.
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4.2. Three Different Understandings of Space and Their Consequences for Planning

In the process of detailing the scenarios with inputs from different experts, on the circular
economy, water systems, spatial planning, and on climate change, working within three different
ontologies helped each of the experts to develop three differentiated contributions on what the future
might hold for their sector. Each contribution suggested different understandings of human agency,
prevailing values and social norms, and practices, associated with different sets of design criteria for
technologies and infrastructures and social structures (such as welfare or pricing systems). Moreover,
each scenario offered different potential seeds of change in terms of promising innovations (social or
technological), and different ways in which these would play out in the respective scenario.

This summary of content and representations of the three scenarios focuses on the contribution
on spatial planning (see Table 4). Development of the three scenarios built on insights in the evolving
field of territorial foresight applying territorial impact assessment techniques to future trends (e.g.,
Bohme et al. 2020).

Table 4. Spatial differentiation of the scenarios: Territorial Development master plan and principles.

Smart Sustainability Common Good Web of Life

Territorial

developm

ent master

plan

Resident Total: 1.2 million Total: 930.000 Total: 850.000

populatio

n e Smart Centres’: ¢ Northern Region: e (Central Band:

432.000 (36%) 140.000 (ca.15%) 750.000 (90%)
e LEastern Region:
e Ten further 140.000 (ca.15%)
centres: ¢  Western Region:
360.000 (30%) 140.000 (ca.15%)
e Luxembourg City:
140.000 (ca.15%)
e Southern Region:
370.000 (40%)

Principles | - Growth and - Common good, - Regeneration of
inequitable wealth human dignity and ecosystems to foster
from efficient use of political participation their resilience
natural resources - Regionalisation of the | -  Species diversity is

economy, local attributed intrinsic
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- Alignment of currencies, welfare value, investors
political and and infrastructure require the
economic interests - Luxembourgsisa reconciliation of
- Large firms manage global leader in the regeneration with
well all development of new productivity
environmental data protection - Nature inspired
requirements technologies innovations
- Machine learning is - Environmental
effective in and for health is given
government, the priority over
economy and society decision rights over
private property
- A universal basic
income in return for
regenerative work

The scenarios illustrate different spatial developments in terms of an emphasis on globalization,
regionalization, or national organisation, highlighting differences in social coordination and
distribution of power and voice. Moreover, the spatial planning dimension and differentiated
planning principles illustrates that there are fundamental differences in scope for action by disparate
actor groups at different levels of governance. The territorial master plans also highlight trade-offs
and different areas of tension between developments in society, technology and the environment that
play out in very different ways: For example, pressures on ecosystems and land in general,
regional/municipal autonomy, distributive justice. For a more comprehensive summary of each

scenario see Appendix A. For detailed reports on each scenario and all workshops, please follow this
link XXXX.

4.3. Municipal Climate Adaptation Plans

An early version of the resulting scenario set was used in a virtual workshop with municipalities
in Luxembourg during the COVID pandemics’ second lockdown phase on adaptation and mitigation
of climate change on 9.12.2020.

Framing of process and situation: The objective of the workshop was to provide a platform to
discuss possibilities for municipal climate change adaptation plans. The fifteen participants included
staff from ministries, administrations, and municipalities.

Scenario contents and characterisation: The NEXUS FUTURES scenarios were presented at the
start of the workshop to present shared reference points in the future as basis for dialogues between
technical staff, implementation oriented, and strategy-oriented participants. Additional handouts
with emphasis on the differentiated spatial planning approaches were provided and participants
were grouped in break-out groups discussing one of the scenarios as reference frame.

Rooting the scenarios in place-based considerations: Reference to the scenarios as a safe space
in the future, usual patterns of thought seemed to be extended, if not disrupted. Some individuals
were prepared to stick their necks out on what may be thinkable and doable further than was
observed in more conventional settings to discuss climate change adaptation: for example talking
about larger investments in river renaturation projects for flood control, or in urban gardening for
enhanced food security, or larger municipal PV installations and car sharing facilities was
‘normalised” with reference to the narratives of future impacts of climate change. It was notable that
discussions in all groups centred around ‘low hanging fruit’ as opposed to more complex or strategic
measures. Whilst the different ontologies / belief systems of the scenarios were to some extent
reflected in different logics to propose actions in the different break out groups, taken together, the
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different actions by the three groups also helped to illustrate trade-offs between prioritisation of
different courses of action. These complementarities were not discussed in detail. There was a lack of
time and the virtual format was not conducive to asking more personal follow-up questions to
participants about their assumptions.

Evaluation: Four completed evaluation questionnaires after the workshop suggested that the
urgency and need for transformative action is clarified through the scenarios. The workshop received
good ratings in a survey of participants and positive informal feedback after the event, also in
comparison to other Workshops.

One lesson of the workshop was the need for improved ways to convey the scenario set with
time for reflection before a multi-stakeholder workshop. For ease of communication and work with
the scenario set an animated video was developed with a team of German journalists with expertise
in science and environmental communication. YouTube link: XXXX (provides indications on
authors).

4.4. The Greenbelt Luxembourg Project

Process and its situation: The scenarios were deployed as part of a project on designing a
Greenbelt around the capital to improve climate resilience in terms of fostering water security and
quality, food sovereignty and optimized microclimates. The four-hour workshop was situated in one
of the focal areas on an industrial site, a former steel production centre, next to the river Alzette that
flows through the capital. Twenty-seven participants included architects and planners, experts on
aquatic pollution management, climate and air flow modelling, remediation of industrial sites,
architects, planners, ministerial officials from the ministerial and departments of the environment
and spatial planning, experts on complex social-ecological systems and transformation,
representatives of NGOs, and private consultants active in relevant areas. To provide an experiential
anchor and reference point for subsequent groupwork, participants then took a reflective walk on the
site along the river Alzette, being invited to first focus on sensory experience and then reflect on
impressions.

What matters/ framing: Design goals of the Greenbelt project include the development of place-
based regenerative initiatives to secure clean, cool air flows into denser settlements and the city, as
well as enhancing the functions of terrestrial and aquatic ecosystems in view of flood prevention,
water retention, and water quality and pollution management. Biodiversity corridors to enhance
health and resilience of these ecosystems are central to both these design goals. The main objective of
the workshop was to gather expert and local place-based knowledge to identify concrete needs and
potential seed projects for the Greenbelt at large and in three focal areas.

Content and scaffolding: Participants received a link with the scenario video ten days in
advance of the workshop. About 40% of participants claimed to have watched all or most of it (this
was relatively low; in other workshops this proportion was closer to 90%). In a plenary activity to
consider open futures we briefly introduced selected aspects of the scenarios with a focus on their
spatial dimension. On this basis we brainstormed on drivers of change that will impact the
development of Luxembourg city and its surroundings. It was noteworthy how far reaching many of
the drivers listed were, including war, social instabilities, artificial intelligence, and extreme weather
events; two participants referred to the scenarios for legitimacy of including less immediate concerns.
Uncertainties about what the area around the capital might look like in 2045 were discussed. Three
break-out groups then worked with templates to brainstorm on needs for regeneration and
developed one or two ideas in more detail using a collaborative conceptual system mapping
approach (Newell and Proust 2018). Relevant maps from the Greenbelt project were available to all
groups (insert website before publication — XXXX).

Outcomes - Break-outgroup presentations: In two out of three groups the scientific experts in
modelling asserted their authority and focused the proposals on the need for funding integrated
modelling for evidence-based priority setting for the selection of places for regenerative initiatives.
A range of specific place-based projects had been considered, but had been dismissed, as they were
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perceived as too contested and fraught with barriers. Therefore, experts in modelling proposed that
associated decision-aid tools should be developed that can compute and make visible complex
information relating to the likely effectiveness of investments in river restoration, constructed
wetlands and planting trees for cool air flows and pollution management. It was also interesting how
quickly the consideration of developing more specific place-based project proposals was closed down
in all three break-out groups. The situation of this workshop in an ‘extreme site” in terms of a polluted
former steel production area site might have pronounced barriers to place-based action rather than
make such projects seem ‘low hanging fruit’.

The biodiversity group emphasised the need for a national plan for a strategic ecological
meshwork with corridors that can connect diverse species populations for genetic diversity. This
would include woody lines, buzz lines for insects, and fishlines across urban and rural areas, as
outlined in the proposed EU Nature Restoration Law. This plan would provide a reference for spatial
planning at the national and municipal level. More detailed planning and implementation should
rely on participatory processes to make calls to private owners of relevant land parcels to collaborate
on making keystone species relevant connections. Social coordination across the national, municipal
levels and private owners was also considered challenging.

Outcomes - Plenary Discussion: During the plenary in response to presentations by two the
first two working groups who emphasized computer model-based decision-making, representatives
from the NGOs and the social-ecological research groups voiced concerns about purely scientific
expert-driven decision-making. They highlighted the democratic deficit in this approach, which often
leads to challenges in or lack of implementation through local actors.

The facilitator could refer to the three scenarios and highlight that greater “social robustness’ can
be achieved with measures that perform well across all three scenarios: the Smart Sustainability
world in which Al has authority, the Common Good scenario in which participative decision-making
is required at the local level for legitimation of decisions, and the Web of Life scenario in which such
decisions rely on co-created data pools including with citizen science that include actors across
different governance levels. Furthermore, examples of challenges in the reception and
implementation of new water protection zones, largely relying on recommendations from a team of
engineers and hydrologists from Germany (Hondrila 2021) could be pointed to, to highlight the lack
of local acceptance and limitations to implementation from purely modelling-based proposals for
regenerative initiatives. Accordingly, with reference to the scenarios, the facilitator could invite some
of the experts to switch from a first focus on ‘data-driven’ decision making based on a positivist world
view to open up to other requirements of more complex realities of complex situated decision-
processes with diverse stakeholder groups who might view and evaluate data sets and their
representations differently. An integrated approach could then be proposed by the facilitator that
relies on some modelling but also addresses the democratic deficit by engaging actors to collaborate
across governance levels and draw in scientific and place-based knowledge. This led to the proposal
by an NGO member that such modelling and decision tools should be publicly accessible and provide
windows of accountability on land-use change. The workshop concluded with reflections on how
regenerative action for climate resilient development for the public good will increasingly have
implications for municipal and private decision making on land use and land cover change. Further
analysis and a resulting summary with recommendations were circulated to participants for
comments before submission to the ministry who had commissioned the study.

4.5. Merits and Limitations of Applying the Scenarios

These outcomes also echo other researchers experiences in which it was noted that dominant
narratives and purely ‘science-based’ narratives focusing on quantification as opposed to opening
different participatory approaches to the issues were difficult to question. In short workshops there
was insufficient time to discuss the inherently restrictive nature of underlying assumptions (Galafassi
et al. 2018). The scenario set allowed the facilitator to more easily leverage and make explicit different
narrative logics and different types of knowledge production systems to propose an integrated and
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arguably more socially robust solution. This situation proved similar to urban planning workshops
described by Quick (2021), in which prior narrative analysis also helped the facilitator in proposing
acceptable new frames for concerted action across groups defending different interests.

The main challenges and limitations in both workshops were linked a lack of time for
consideration of deeper implications of different ontologies and opening spaces for exploring
underlying assumptions of prevailing paradigms and the potential role of stories in revealing
axiology of paradigms and in generating shared meanings from which new paradigms may emerge.
One way to stimulate interest in dedicating the required time and resources for more profound
engagement in such participatory workshops could include capacity building efforts that engage
actors across different governance levels in courses on future-oriented systems thinking. Such courses
could for example be made part of obligatory training for civil servants or any staff employed in
publicly funded projects and ventures (see also Ferrone et al. 2023). Specifically, capacity building
approaches with diverse actor groups have been highlighted as having potential to create a more
level playing field across diverse actor groups active at different governance levels and with different
types of knowledge at the science-policy practice interface (Turnhout et al. 2016; Perrings et al. 2011),
promising conditions to engage in critical reflection on prevailing paradigms, potential
incongruencies across them, and offering opportunities for transcending these and developing new
ones. It will be helpful to distinguish between capacity building for transcending paradigms and for
developing proposals for concerted action with more practiced participants.

To achieve wider transformations across space and time, transformative governance processes
would require means for connecting multiple place-based regenerative interventions over time and
space, such that they can be evaluated in terms of their ontological agency and social performativity.
Linking engagement activities and ‘projects’ across spatial and time scales such that they can be
considered part of a social learning process promises to create a mutually reinforcing dynamic for
regeneration. Such a multi-level approach would bear some similarity to work and proposals by
Raudsepp-Hearne 2020) in terms of approaching the need to link processes and actors across different
governance levels and spatial scales. The literature of living labs and transformation labs is relevant
for further development of such more comprehensive procedural approaches over time and space
(McRory et al. 2020).

5. Conclusion and Outlook

Transformations to regenerative societies have been recognized as deeply ontological in nature
(Maggs and Robinson 2020; Escobar, 2018; Latour, 2018; Stengers, 2010). Polarization between those
who seek to modernize, place primacy on technological innovation and science-based reasoning in a
way that is often associated with neo liberalism and globalization, and those who are reactionary and
pursue autarchy at regional or local scales cause detrimental inertia (Latour 2018). Many of these
dominant assumptions reflect past realities, that no longer apply to the present or future
circumstances. The shift from both these viewpoints to a new appreciation for place that considers
ecological and human health as inseparable requires a shift to a new understanding of our world as
a web of interdependence mutual causality between what we wish to know, and the effects of our
actions demands a level of ontological reflexivity that has hitherto never been asked of humanity.

In a time of increasing social and ecological instabilities and ever more disruptive technologies the
design of future-oriented and systemic approaches to social coordination that provide a foundation
for new paradigms and invite widespread engagement in regenerative action is becoming ever more
urgent. Political measures developed in compartmentalised policy settings or silos, often lack
sufficiently structured knowledge to inform future-oriented regenerative actions that must be
meaningful when considered in a place-based or situated manner. Approaches and practices that
enable collaboration across differences resulting in recommendations that transcend prevailing
framings and ontologies, with respect to the role of science in informing policies and place-based

actions are needed. Accordingly, we need to become more proficient in diverse groups to take free

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1048.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 September 2025 d0i:10.20944/preprints202509.1048.v1

25 of 35

flowing information on complex situations and developments and transform this into coherent
systemic concepts and frameworks which then can serve to deliberate on shared stakes and focalize
concerted place-based action. And, in the face of such complexity and ontological plurality it is
needful to embed action in a territory, otherwise meaning is easily lost. We also need inspirational
goals (not some abstract and potentially misleading promise that net zero emissions will lead to
climate stabilisation), if we wish to effectively engage such diverse actor groups in an ontological
shift and a new purpose (Robinson and Cole, 2015).

To address these challenges, this paper advances the concept of regenerative governance and a
purposefully designed scenario approach with an axiology aligned with a multi-species
sustainability ethics (Rupprecht et al. 2022) highlighting human responsibilities towards the web of
all living species. Regenerative governance is conceived as a novel form of social coordination for
pluralist societies, that is decentralized to better cope with place-based complexities, whilst also being
well-connected across governance levels to allow for mutual learning across diverse landscapes,
social groups, and levels of social organisation. The resulting purposeful inherent tension in the
proposed governance approach - between the goal to be explicitly supportive of ontological pluralism
and a strong normative axiology of a multi-species sustainability ethics provides a creative space that
invites reframing current thinking and doing by all who engage in it.

The seven design attributes for scenario approaches in support of regenerative governance aim
to improve social coordination for regenerative action across adequate spatial scales (see Figure 1).
Intended outcomes include transformative learning experiences of participants as well as
transformative and regenerative scenarios that complement prevailing patterns in current scenario
practice. Such scenario sets can make explicit ontological plurality amongst the participants and
foreground associated assumptions about human agency in societal transformation processes (Figure
2). Scenarios can also be designed as scaffolds to facilitate the exploration of relevant cross-scale
interactions and their short-term implications in more situated negotiations about what matters in
respect to place-based regenerative actions. Moreover, scenarios can include both selective
aspirational elements for discussion, as well as quantitative studies and empirical observations that
seek to bridge human sensory awareness with aspirations in relation to better living in alignment
with nature’s processes. The procedural design attributes were proven and refined in a multi-level
scenario approach implemented in Luxembourg.

A first set of ontologically differentiated outlines of scenarios helped experts engage with
different but coherent sets of understandings and prevailing values when proposing accordingly
differentiated plausible futures for their expert domain. In using the scenario set in different
workshop situations to date, time was usually short and prevented using the scenario set to their full
potential to foster ontological switching amongst workshop participants. A full day workshop would
be required. Accordingly, there was no in-depth dialogue on different world views and underlying
assumptions in the scenarios. However, reference to the scenario set helped to reconcile alternative
understandings of the roles of science and local actors in spatial planning by proposing an integrated
and transparent participatory planning process with open data and publicly accessible modelling
results.

Further research should explore the possibility for using such scenario approaches for the
purpose of capacity building in systems and future-oriented deliberations for regenerative actions
and at the same time better connecting actors from across different governance levels, and to foster
ontological reflexivity more broadly across different groups in society. One other challenge to
associated transformative and transdisciplinary research that seeks to stimulate social learning will
be to develop compelling frameworks to assess and evaluate the capacity for ontological reflexivity
in engaged individuals and organisations, as well as the social performativity of the scenario
approaches and impacts from engagement in such scenario practice over time.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1048.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 12 September 2025 d0i:10.20944/preprints202509.1048.v1

26 of 35

Author Contributions: Conceptualization: Ariane Konig (scenario approach and its ontological
differentiation), Kai Bohme (differentiation of the three scenarios for the purpose of spatial planning),
Kristina Hondrila (engage perspectives from river basin organisations). Formal analysis, Ariane
Konig, Kristina Hondrila and Isabel Sebastian; Funding acquisition, Ariane Konig; Investigation,
Kristina Hondrila, Maria Toptsidou; Methodology, Kai Bohme, Kristina Hondrila and Isabel
Sebastian, Ariane Konig; Supervision, Ariane Konig and Kai Bohme; Visualization, Ariane Konig,
Kai Bohme and Sebastian Hans; Writing — original draft, Ariane Konig; Writing — review & editing,
Ariane Konig, Kai Bohme, Sebastian Hans, Kristina Hondrila, Maximilian Klein, Isabel Sebastian and
Maria Toptsidou. Project Administration: Andrea Klein. Funding Acquisition: Ariane Kénig.

Funding sources and other acknowledgements: The NEXUS FUTURES project was co-funded by
the Ministry for Environment, Climate and Sustainable Development and the University of
Luxembourg. The AGGLO CENTRE Project was funded by the Ministry of Energy and Spatial
Planning of Luxembourg. We are grateful to all stakeholders across Luxembourg, who gave their
time and expertise in interviews and workshops. We could not have completed the project without
this engagement. We would also like to highlight the invaluable contributions made by Mr Ciaran
McGinley, who sadly passed away shortly after the project ended. There is no conflict of interest
with respect to the research goals, approach, or funding sources.

Data availability statement: Most data described in Table 1 with an overview on the three phases of
the scenario approach are available at a public website: https://transformation-lab.lu/projekte/nexus-
futures-szenarien/. This data includes one report with a detailed description of procedures and results
of the main three dedicated scenario workshops, as well as all five expert contributions, and the
detailed scenario documents developed by the scenario author teams. Data from the interviews and
workshops in the form of recordings and transcripts are in German and are not made publicly
available to protect the privacy of all who agreed to be recorded for the purpose of this research.
Investigations were conducted in accordance with the principles outlined in the Declaration of
Helsinki (1975, revised in 2013) and General Data Protection Regulation (GDPR)-Regulation (EU)
2016/679 on the protection of natural persons with regard to the processing of personal data and on
the free movement of such data, as well as guidelines on research integrity. A conditional approval
was obtained from the ‘Ethics Review Panel of the University of Luxembourg’ then chaired by Prof.
Dr Klaus Vogele on 6 November 2017. All requested modifications to the research approach were
introduced and approved by the panel prior to conducting the research, ensuring that the study
adheres to both national and international guidelines. Informed consent forms were completed by
participants for all our interviews and workshops part of the NEXUS FUTURES research project. We
also ensured participants gain returns of interest to them for their time investments by providing
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Appendix A. Summaries of the Three NEXUS FUTURES Narrative Scenarios

Smart Sustainability

The Smart Sustainability scenario is characterised by globally coordinated and rapidly
advancing technological innovation. Prosperity is driven by economic growth and consumption.
Online transaction taxes constitute the main source of public revenue. Around the world, economic
and political interests function together like clockwork. They are the motor of a global economy that
aims to reduce material flows and waste through technological innovation. Large multinational
companies largely shape the fight against climate change themselves as a result of environmental
rules and regulations such as emissions trading. Artificial intelligence and learning machines control
a wide range of economic and social domains, subjecting them uncompromisingly to the dictates of
efficiency. Amongst the 1.2 million inhabitants of Luxembourg, experts in energy, material flows and
industrial design enjoy considerable influence. Amongst the rest of the population, convenience and
dullness dominate. Inequality in incomes and opportunities are also growing rapidly, whilst the costs
of water and food rise steadily. Resource-saving technologies are thus not available to everyone.
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Smart spatial planning; Increasing population and economic activities are inexorably driving
the construction of ever more homes, offices and industrial plants. The sealed land area is growing
by 0.5 hectares per day; areas of housing and roads continue to expand, increasingly displacing
forests and arable and undeveloped areas. Five ‘smart” highly digitalised development centres, which
are particularly important for economic development, have emerged. 432,000 people live there, that
is 37% of the population. Access to high-speed internet varies greatly across geographical locations
and is mainly concentrated in these centres. There are also ten other development centres, in which
a further 30% of the population is concentrated. Most jobs and shops are also located in the cities,
particularly in Luxembourg City. They are all close to the city, meaning that urban sprawl has
increased greatly.

Engagement with water; Lxembourg’s ecosystems are more fragmented than anywhere else in
Europe.

The increasing water consumption and other ecosystem services such as the breaking down of
pollutants, water retention and the maintenance of healthy populations of pollinating insects, are
becoming a challenge. Although with the help of new technologies water is being used more
efficiently in both households and industry, the average water consumption per day in Luxembourg
with 1.2 million inhabitants is 180.000 m3/d, corresponding to 145 1 per person per day. In summer,
consumption can reach 200 litres per person per day (savings thanks to technology amount to less
than < 10% per person).Taking care of water in everyday life is not a priority. As a result, all sewage
treatment plants need to be better equipped, for the treatment and elimination of micro-pollutants.
Much of the water in Luxembourg comes from the Upper Stire (Siir) reservoir. Some springs have
also been made usable; however, these only cover 10% of consumption.

Common Good and Knowledge Scenario

In the “Common Good and Knowledge” scenario, regional initiatives largely replace the world
trading system. As a result of budget deficits, governments are less and less able to provide
infrastructure and welfare services for the population. This also applies to water and energy supplies.
In addition, national pension, health, and education services are augmented by regional initiatives -
often supported by volunteers. Most hospitals and schools are also regionally organised.
Luxembourg is split into five regions, which have grown from fusions of existing groupings, in areas
like water supply and waste disposal. The contributions of committed citizens, compensating for
failures of supply at a time of crisis, are also essential for their well-being. The widespread
introduction of local currencies (like the Beki in Beckerich in 2013) have stimulated the development
of healthy regional economies. For most of Luxembourg’s 930,000 residents, personal well-being
resulting from dignity and security - data protection for example - are a priority. Local political
participation is also an important aspect. The motto is ‘Greed is bad for you'.

Spatial planning: It has been realised that ensuring good nutrition requires healthy soils,
biodiversity and local water sources. Regional resources are highly valued, and their use is optimised.
Local cohesion is growing. However, differences and rivalries between regions are on the increase.
National, centralised infrastructures are neglected; they fail ever more regularly. The inhabitants of
Luxembourg are spread across five semi-independent regions, which are based, amongst other
things, on historically developed groupings of water suppliers and on the natural borders of river
basins. Some of these regions also extend beyond the national borders. Some regions cooperate in the
supply of ecosystem services such as drinking water and food production. As an example,
Luxembourg City depends on the surrounding areas for water and energy supplies. For the most
part, however, the rivalries between the regions are growing and urbanisation is primarily
concentrated in five centres. Around 15% of the population live in each of the north, east and west of
Luxembourg, and in Luxembourg City, respectively. The south is by far the most densely populated
with 40% of the population. The sealing of soil related to urban development has however not
increased in years. Companies that recycle and reuse products and waste, as well as repair centres
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and local value-adding production facilities, form the economic basis of a regional circular economy.
This is mostly based on cooperatives in which every locally active citizen has a voice.

Engagement with water; Water treatment and use are organised at the river basin level.
Luxembourg consumes an average of 160.000 m3 of drinking water per day, corresponding to 170
litres per person. Domestic water circuits are regionally adapted and diverse. Many larger towns
recover nutrients from sewage treatment plants and use them to produce energy for example. River
water obtained from riparian zones is used for agricultural irrigation - especially during the hot
summers. The Upper Siire reservoir is slowly becoming less important for the domestic water supply.
Rainwater usage takes place on an informal basis - privately and communally - and is regulated either
badly or not at all. In addition, many sources have been restored to use. These cover 25 percent of the
demand.

Web of Life

In the “Web of Life” scenario, regeneration of the environment is the priority, such that any right
to free decisions about private property and personal development is increasingly undermined,
despite the tensions that this creates within society.

Agriculture, environment, water, and spatial planning policies are closely interwoven and aim
to ensure that every citizen can guarantee their own self-sufficiency, alone and in exchange with
others. Everyone is thus prepared to face even the worst supply crises. 850.000 people live in
Luxembourg, the green oasis at the heart of Europe.With the ResilienceLux mobile app, every citizen
contributes to the flow of data on the current condition of water, soil and biodiversity locally. So,
everyone has a basis for making decisions about their own behaviour. This data also feeds into
political decisions at the national level. Most people are employed in the green finance and tourism
sector, in the production of natural materials - for example for the construction sector - and in the
manufacture of technologies for the reduction of pollutants. The design criteria for most products,
manufacturing processes and services include contributions to biodiversity regeneration and carbon
storage. Meanwhile the construction sector in Luxembourg specialises in the recycling of old building
materials, using ‘Lego logic’ amongst other things. Rubble is considered a folly of the past. The high
levels of taxation of goods and services, which are mainly handled by artificial intelligence and
robots, fund an optional basic income in several EU countries, including Luxembourg.

The awareness of the importance of biodiversity for securing human livelihoods defines the
forms of innovation and progress. The maintenance of complex urban and rural ecosystems with
high levels of biodiversity is however the most time-consuming activity of all. In order to receive the
basic income, individuals have to work at least 20 hours a week in regenerative activities. Examples
of this include composting, the growing and processing of fruit and vegetables - including via
agroforestry practices - shepherding and knitting clothes. A record of which of these activities are
currently in demand is kept in a seasonally updated list.

A feeling of connection with animals and plants, light, air, and earth brings meaning to people’s
lives. Active participation in the rebuilding of a dense network of life makes it easier to forego highly
valued former freedoms and a high degree of individuality.

Spatial planning: Nordstadt and Siidstadt with the capital. It is home to almost 90% of the
population, around 750.000 people. Communities and business locations are crowded into this band.
Investments in an integrated energy, information and water supply network have been concentrated
there for decades.As a result of a large number of wildlife bridges and renatured river sections and
roads, this area appears less densely populated than it actually is. A transport system including a
monorail and well-equipped public transport limit the environmental impact of mobility. Traffic
options for cyclists and pedestrians between Luxembourg City and the surrounding country areas
have been greatly improved. Apart from a few exceptions, cars are not used in the central
band.Garden areas interwoven with agricultural areas, flank the inhabited band. Soils have been
revitalised through agroforestry practices, permaculture, and intensive enrichment with compost.
There are also allotments available to citizens on the basic income, for their own production. In the
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rural zone beyond this area, only limited transport and supply systems are maintained. Water and
energy are thus much more expensive there.A “wild area” extends beyond the garden area in the east
and west of the country. It is mainly used by itinerant shepherds and their sheep and goats. There
are only a few cattle left, as people’s meat consumption has been greatly reduced. There are a few
scattered areas allowing for simple forms of nature tourism.

Engagement with water: Waterbodies have been regenerated and are protected. The use of
surface water from rivers and springs is kept to a minimum. The average daily per capita water
consumption is 125 litres.Flows of water and nutrients are organised in biological cycles. Water for
technological and industrial purposes is expensive and its supply is combined with district heating
or cooling in closed cycles. The use of rainwater — both private and municipal - is strictly regulated.
In addition, some natural water sources have been returned to serviceability.Water prices are
seasonal and vary according to volume with thresholds above which price increases are steep.
Drinking water is more expensive than industrial water. There are different circuits for different
levels of purity and whether it is an industrial or natural water cycle.
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