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Abstract

Climate change impacts in Europe are accelerating, creating urgent adaptation needs across
diverse local contexts. This paper presents the implementation of a Systems Innovation
Approach (SIA) through living labs to co-design climate resilience strategies in nine European
case studies. SIA provides a structured, participatory framework for systemic change through
a stepwise approach enabling the development of tailor-made sustainability strategies by co-
designing a portfolio of short, mid, and long-term innovative solutions. Living labs can
successfully support open innovation ecosystems by enabling knowledge exchange, trust-
building, and co-creation of tailored innovation pathways for adaptation. Results
demonstrate that through the SIA, living lab can enhance stakeholder networks and capacity
building, co-create knowledge and mutual understanding across a diversity of stakeholders
while fostering actionable strategies. However, challenges remain regarding sustaining living
labs beyond project funding, maintaining engagement, and bridging planning-to-
implementation gaps. The paper concludes with recommendations for institutionalizing living
labs within governance frameworks to accelerate Europe’s transition toward climate
resilience.

1. Introduction

The Sixth Assessment Report (AR6) of the Intergovernmental Panel on Climate Change (IPCC,
2023) details the increased consequences of a 1.5°C rise in global temperature such as rising
sea levels, extreme weather events, and shrinking sea ice. These effects are projected to
intensify, with marked increases in the frequency and severity of heatwaves, heavy rainfall,



and droughts expected in the coming years. One of AR6’s most alarming conclusions is that
climate change impacts on people are more widespread and severe than previously thought,
with about half of the global population contending severe water scarcity for at least one
month per year, high temperatures enabling the spread of vector-bone diseases, and slowing
improvements in agricultural productivity. Even in the very positive scenarios, climate change
will continue to have manifold impacts because of the inertia of the climatic system.
Therefore, apart from climate change mitigation efforts, the global community and climate
policies are increasingly focusing on adaptation, meaning limiting the impacts of climate
change and safeguarding people and nature.

According to the European Environmental Agency, Europe is the fastest warming continent
in the world and faces tremendous climate risks (EEA, 2024). While climate changes impacts
will be felt throughout Europe, its effects will vary significantly locally. Some regions will
experience higher temperature rises, while some others will face more intense storms and
rainfall, or be affected by water scarcity. In addition, inequality makes some communities
more vulnerable to climate changes impacts than others. For example, areas with populations
whose livelihoods are primarily natural resource-based have disproportionate exposure to
changes in ecological systems (Alamanos et al., 2022). Likewise, urban areas and especially
lower socioeconomic groups within these areas, are more exposed to air pollution, noise, and
high temperatures (van Daalen et al., 2022). Therefore, climate change adaptation strategies
must be designed and implemented in terms of local environmental and socio-economic
conditions (McCann & Soete, 2020). To achieve this, different authors stress the urgency for
scientifically informed place-based approaches on designing climate change adaptation
polices (Adams, 2024; Tiller et al., 2023).

The aim of this paper is to contribute to the ongoing discussion about the ways in which the
science-society interface can contribute to climate change adaption in Europe using a Systems
Innovations Approach (SIA) implemented in living labs. SIA is a methodological framework to
orchestrate systemic and holistic change when facing complex problem such as climate
change (Alamanos et al., 2022; De Vicente Lopez & Matti, 2016; Koundouri, et al., 2022). SIA
has been effectively applied at the regional and local levels (Alamanos et al., 2022;
Guittard etal., 2024). It comprises a stepwise participatory process, taking place in living labs,
in which a sustainability challenge and the underlying complex systems are demarcated and
analysed, desired futures are defined and innovative solutions and levers for change are
identified.

SIA involves the long-term scientifically guided engagement of a broad set of stakeholders in
living blabs. First, working with grand sustainability challenges, such as climate change,
requires considering biophysical, technological and social elements, and identifying holistic
solutions. This can only be achieved by involving multi-actor groups with diverse knowledge
and capabilities (Folke et al., 2010; Koundouri et al., 2024). Second, engagement of a broad
set of stakeholders in research has been identified as a valuable governance tool, particularly
at the regional level (Guittard et al., 2024; Wittmayer et al., 2014). Lack of awareness, high
uncertainty, diverse perspectives, and conflicts are often innate in sustainability related
challenges (Alamanos, 2022). The engagement of a broad set of stakeholders allows to
address a broader societal agenda, negotiating over alternative pathways, and reflexivity.



Moreover, such a multi-actor approach has been beneficial in delivering placed-based policy
recommendations that are widely acceptable, and the translation of research results into
existing policy frameworks (Adams et al., 2024).

Effective and efficient long-term engagement of stakeholders to address place-based
sustainability challenges requires the creation of new arena of knowledge exchange that
enables the co-identification of tailor-made solutions within a specific context while fostering
trust and the development of new relationships. Living labs are more and more recognized as
a tool to support and sustain long-term stakeholder engagement. Living labs, as defined by
European Network of Living Labs, are “open innovation ecosystems in real-life environments
based on a systematic user co-creation approach that integrates research and innovation
activities in communities and/or multi-stakeholder environments, placing citizens and/or end-
users at the centre of the innovation process” are particularly well suited to anchor this process
in real word systems (ENoLL, 2024). Early living labs mainly involved users in technological
innovation processes to design and test new products and services i.e. (Eriksson et al., 2006).
In recent years, the value of living labs as a sustainability-oriented approach has gained
attention (Adams et al., 2024; Compagnucci et al., 2021; Luederitz et al., 2017). Living labs
can engage a diverse set of stakeholders to co-create knowledge related to a context-specific
sustainability challenges, and allow for the co-development of holistic solutions. Because the
participation in a living lab aims at sustaining a long-term involvement, stakeholders can be
engaged in an iterative process in which learning and experimenting is continuous. Indeed,
literature argues that living labs are a practical tool for improving sustainability by facilitating
both collaborative long-term learning within a diverse set of actors, as well as
experimentation with solutions that are directly relevant to stakeholders (Schapke et al.,
2018; Bulkeley et al., 2016; Compagnucci et al., 2021; Holscher et al., 2024).

Nevertheless, although the engagement of stakeholders in living labs are a popular
phenomenon in the science policy interface, there is an array of methodologies, structures,
and practices that are being performed. It is therefore crucial to analyse consistent
approaches across several case studies in different local geographical context to develop an
understanding on how systemic innovation, in the case of climate change adaptation, can be
fostered.

In this paper, we present how living labs were used, following a SIA, to engage stakeholders
in an iterative and participatory process aiming at better understanding and addressing local
climate change challenges, as well as provide lessons learned from the implementation of
living labs in nine different European case studies.

2. Innovation for climate resilient European communities
As mentioned already, the impacts of climate change are accelerating and increasingly

pressing with dramatic financial and societal cost. From flash flood in Germany and Spain to
extreme fires in Portugal and Greece, it becomes extremely urgent for European regions to



adapt to new climatic conditions. Adaptation options involve innovation in the
structural/physical, social, and institutional spheres (IPCC, 2023). Innovation can range from
the diffusion of new technologies to changes in governance structures and risk management
policies to develop adaptive capacity through i.e. the establishment of novel institutional
structures for knowledge diffusion (Falk et al., 2021; Ferreira et al., 2020; Domanski, et al,
2020; Duran-Romero et al.,, 2020). The adaptation options that will be selected across
geographical areas vary tremendously because the type and severity of the impacts of climate
change will also vary from place to place, depending on physical vulnerability, the degree of
socio-economic development, natural and human adaptive capacity (McCann & Soete, 2020).
Therefore, a portfolio of tailor-made solutions will need to be implemented capable of
addressing local needs and challenges which cannot be properly understood without a
stakeholder engagement approach including tools capable of harnessing the necessary
knowledge. Moreover, to effectively address climate change impacts locally will need to be
implemented across several sectors and their interlinked impact should result in systemic
change.

SIA aims to contribute to the development of such systemic change processes through the
long-term engagement of stakeholders in living labs. Conceptually, SIA has been based on
systems thinking and the transitions management approach (Rotmans et al., 2001; Loorbach,
2010; Meadows, 2008). The idea of a transition emerged to conceptualize processes of
systemic change as a response to complex environmental problems (Kohler et al., 2019). A
societal transition is understood as a shift from a dominant system, characterized by a specific
socio-technical regime, to another (Geels and Schot, 2007), through innovations
encompassing changes in technologies, as well as in corresponding social structures, such as
culture, norms, markets, policies and user practices (Markard et al., 2012). A considerable
number of studies analyse historical examples of transitions and employ the concept of an
“innovation pathway”, to analyse unfolding socio-technical innovation processes that lead to
systemic change (i.e. Kern & Markard, 2016; Kungl & Geels, 2018; Normann, 2017). The
transitions management perspective has particularly focused on governing transitions. It
pertains that actor activities can be deliberately influenced in such a way that they lead to
accelerated systemic change (Kohler et al., 2019). It is mainly aimed at policy makers who are
willing to enable change for sustainability in the European science-policy interface. The
approach uses living labs to organize multi-actor participatory activities required to
collaboratively shift to new ways of doing to achieve local climate change adaptation.

3. Materials and methods

3.1 Systems Innovation Approach in living labs

SIA comprises a stepwise process to engage stakeholders in living labs with the end goal of
co-designing “innovation pathways”, as roadmaps for a system change to address complex



sustainability challenge. A system can be described as an interconnected set of elements that
is coherently organized in such a way that it produces its own pattern of behaviour (Meadows,
2008). For SIA, a system is delineated according to a sustainability challenge to be addressed
in a particular geographic location. System elements are comprised by actors, institutions,
practices, policies, and innovations relevant to a sustainability challenge in a geographical or
administrative area (e.g. a municipality, a region, an island, a port, a sea basin). The holistic
understanding of the system and its behaviour will allow the further exploration of systemic
change, as well as serve as a tool for consensus building among stakeholders in the
participatory processes implemented in living labs (Papadaki et al., 2023). Today, various
living lab concepts coexist, depending on their methodological approach and background
theory, format, and purpose (McCrory et al., 2020). Within this research living labs are
understood as sustainability-oriented living labs or labs for sustainability transition
experiments (Luederitz et al., 2017), a cross-organizational collaborative initiative between
actors from academia and society (government, industry and civil society) where they
physically meet at regular interval (in participatory workshop, focus groups, world café, site
visit, public events) and virtually interact (online meeting and survey, virtual event, etc.). They
are used to foster mutual learning and knowledge exchange across various sectors and
stakeholder groups impacted by a specific sustainability change, in this case climate change,
agreed on long-term sustainability goals, identify innovative solutions and co-design
pathways to transition from the present toa future desired state.

3.1.1. Scope and stakeholder mapping

The SIA approach starts with the definition of the scope of the living lab by clearly defining
the systems boundaries (spatial, temporal or conceptual) and the set focus and objectives
(‘what is the aim of the living lab and the expected outcome(s)?’). A crucial part is identifying
the set of stakeholders who will be invited to join the living lab participatory processes. The
identification of stakeholders is conducted through a structured method informed by a
stakeholder mapping (André et al., 2012). First, relevant categories of stakeholders from the
guadruple helix (academia; industry; government; civil society) can be identified according
to their capacity to influence the system behaviour but also their knowledge regarding how
the system behave, for instance, entrepreneurs, citizens, policy makers operating in various
sectors impacting and impacted by the sustainability challenge the living lab aims to address.
Afterwards, specific stakeholders (organizations and/or individuals) for the identified
categories are inventoried into a “long list of stakeholders”. To narrow down the initial long
list of stakeholders an “influence/interest matrix” analysis is conducted (Newcombe R. 2003;
Wal Chiwala et al. 2025). ‘Influence’ refers to the degree of power and capacity the
stakeholder has to generate change. ‘Interest’ refers to the likelihood that the stakeholder
will participate in the living lab.
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Figure 1: Stakeholder mapping - Power/influence matrix

The stakeholders within the upper right quadrant (high influence/high interest) constitute the
core group of stakeholders to be engage in the living lab and will serve as the basis for
recruiting living labs participants. In addition, consideration is also given to the inclusion of
stakeholders at the upper limits of the top left and the bottom right quadrants. The analysis
of stakeholders based on this matrix allows for the identification of stakeholders to whom the
work is most relevant and who are most likely to be engaged in the research process. While
it is advantageous to utilize the living labs as an opportunity to engage influential decision-
makers, the examination of ‘Interest’ also allows for the identification of those stakeholders
who will invest time and effort into supporting the research process, while being able to freely
and actively participate. Finally, to validate the choice of key stakeholders, the results of the
analysis are evaluated by independent experts, and necessary revisions are implemented
accordingly.

Following the identification of stakeholders, the is implemented by convening the selected
group of stakeholders representing various sector and groups from the quadruple helix
(public and private sector, academia and civil society) that will form the core of the living lab.
They will interact on a regular basis using participatory workshops, focus groups, online
meetings, study visit, and other means of communication (newsletter, survey, etc.).

The living lab implementation process follows the SIA comprises four distinctive phases: 1.
system mapping 2. visioning 3. innovation pathways 4. system leverage points. These four
stages are co-developed with stakeholders in living labs over a period which allows learning
and experimentation.

3.1.2 System mapping
Sustainability challenges are societal problems that are highly complex. Divergent clams,
normative values, problem framings, and interests, are inherent in such challenges. In



addition, complexity in terms of multi-dimensional nature of problems and uncertainty due
to lack of knowledge also add the struggle in clearly defining such problems and reaching
consensus on the solution side. The first step of the SIA aims at ensuring that all stakeholders
engaged in the living lab share a common understanding of the sustainability challenge to
tackled, how it impacts the system the living lab is focusing on and how they affect (positively
or negatively) this system. The participatory processes start with the implementation of a
multi-stakeholder workshop focusing on an open discussion aiming at graphically
representing the stakeholder’s mental perceptions of their system through the identification
of the main issues, opportunities, obstacles, and solutions in the context of the sustainability
challenge in the region. Emphasis is given on the interconnections between the physical and
social elements of the systems, which include actors, institutions and innovations, to
understand systems behaviour over time. Results of this analysis are depicted in a mental
map, which allows the representation of the interconnected systems and illustrates the
multiple relationships between systems elements and systems behaviour. Through this
cognitive exercise, different representations of the system based on stakeholder background,
experiences, knowledge, and perceptions of the environment, are heard, discussed and
integrated to build a comprehensive graphical representation of the system that the living lab
will focus on. The result is reaching consensus on the different elements of the system and
key interactions across sectors and ecosystems, as well as a common understanding of main
challenges.

3.1.3 Envisioning

The next step is about envisioning a sustainable future. Visioning is a foresight method that
attempts to create a feasible and desirable future scenario in which current problems are
solved. To achieve this in a living lab context, stakeholders are asked to develop a common
vision describing a desirable sustainable future in which the key sustainability challenge, the
problem statement, has been resolved. The development of the vision can be prompted by
attempting to answer an open question i.e. “how would you like the region to look like in
2050?”. Following this open discussion, stakeholders further analyse their visions by
participating in visioning exercises (De Vicente Lopez & Matti, 2016). The purpose here is to
build a shared positive vision of the future across sectors and stakeholder groups (academia,
business, policy makers, civil society). Stakeholders are encouraged to consider long-term
systemic transitions, and not to be confined by the status quo or the way things are at present.
Visioning is not a predictive exercise but rather a mean to provide a sense of direction, a goal
to be achieved by the innovation pathways. To guide visioning exercises, helpful material can
be provided to the stakeholders. For example, guiding principles can be extracted from the
Sustainable Development Goals targets which are relevant to regions and the sustainability
challenges can be bought up.

3.1.4 Co-design of pathways



The co-development of innovation pathways is based on participatory back-casting. In a
participatory back-casting exercise, stakeholders analyse how the desirable future previously
envisaged can be achieved by looking back from this future and identifying steps to get there.
It has shown great value in exploring and evaluating possible system innovations towards
sustainability (Quist, 2007; Kishita et al., 2024). This is because participatory back casting,
unlike other scenario approaches which focus on possible scenarios, has an explicit normative
component which allows imagining normative goals and the “out of the box” pathways that
are not necessarily parts of dominant trends. Practically, stakeholders are encouraged to
identify changes and key milestones for the long, mid and short term which will contribute to
the development of innovation pathways. At this point the term innovation is not limited to
technological innovations but also includes social ones, such as new political or economic
frameworks, significant changes in actor configuration, and changes in cultural conventions.

In this step there are three important constituents to achieve designing innovation pathways.
First, necessary changes and milestones for the future need to be plotted along a realistic
timeline which depicts their temporal relationship. Second, the actors that can influence
those changes need to be identified. Third, these results should be coupled with potentially
enabling innovations. To facilitate this exercise, conceptual models can be helpful, for
example De Vicente Lopez & Matti (2016) propose the “futures radar”. The outcome of the
participatory back casting exercise will be coherent innovation pathways which include a
temporal sequence off changes and the actors that can enable those changes.

3..1.5 System leverage points

The final aims to produce policy relevant knowledge, by analysing barriers that could obstruct
and/or hinder the implementation of the innovation pathways, as well as enabling conditions
that would support it. To achieve a comprehensive analysis, heuristics that analyse types of
different barriers can be employed. For example, the PESTLE framework! initially developed
to analyse the external factors that can influence an organization by looking at the Political,
Economic, Social, Technological, Legal, and Environmental factors can be used to map barriers
and enablers for implementing innovation pathways.

3.2 Application to climate resilience and adaptation European regions

3.2.1 A diversified geographical context

The ARSINOE project brought together nine case studies in different European communities
to develop a framework for multi-stakeholder engagement in living labs aiming to address
climate change impacts and implement innovative adaptation solutions. The nine case studies
were selected according to two criteria. First, each case study should revolve around a climate
change adaptation challenge in the local scale. Second, the selection should comprise cases

! https://pestleanalysis.com/what-is-pestle-analysis/



that vary in the type of climate change adaptation challenge, the degree of socio-economic
development of the area, and natural and human adaptive capacity, to contribute to the
generalizability of the results and the robustness of the framework. The characteristics of the
nine cases selected for the ASINOE project are summarized in the table 1 below.

Table 1: Description of ARSINOE case studies

Case Location Geography Main Climate change
studies adaptation challenge
1 Athens, Greece City Extreme heat
2 Mediterranean ports | Ports Extreme weather damage on
(Piraeus, Greece port and coastal infrastructure
Limassol, Cyprus
Valencia, Spain)
3 Main river basin River basin Summer droughts, heat waves
and winter floods
4 Ohrid and the Prespa | Lakes Water scarcity
Lakes,
south-western
Europe
5 Canary Islands, Spain | Islands Vulnerability of aquifers in
volcanic islands water scarcity
6 Black sea (Roumania; | Delta and Sea Water scarcity, flooding, and
Bulgaria; Turkiye) basin pressure on marine and
freshwater ecosystems
7 Southern Denmark Coastal areas Flooding and storm surge
8 Torbay, Southwest Inland riverine Flooding
England area
9 Sardinia, Italy Island Water scarcity

In the ARSINOE project, every case study focused on co-designing innovation pathways for
climate change adaptation with local stakeholders. The SIA was operationalized through the
implementation of a living lab in each case study over a period of 40 months (table 2). Apart
from the participatory processes involving stakeholders, researchers involved in the project
were committed in an iterative approach. Therefore, it was important to reflect on results
and revise if necessary. For example, the mental map of the system was evaluated in terms
of clarity, hierarchy and focus. The main challenges discussed during living lab workshops had
to be reflected as per the key elements of the system, such as a specific sector, should have
appeared as dominant. Moreover, a critical evaluation of the participants in living lab sessions
was necessary. In case key stakeholders were missing, it was important to arrange bilateral
meetings to include those missing perspectives and potential knowledge gaps were rectified
by inviting the relevant actors to participate in next steps.



Table 2: ARSINOE living lab's details

Case Location Living Lab focus | Number of | Sector represented
studies stakeholders
engaged in a
living lab
1 Athens, Greece | Mitigating urban | 30 Water, Energy,
heat through Transportation, Health,
nature-based Urban planning,
solutions Biodiversity, = Tourism,
Construction
2 Mediterranean | Critical climate | 12-30 per port | Shipping, Energy,
ports (Piraeus, change impacts Transportation,
Greece on port Port  operations &
Limassgl, Cyp_rus operations and Infrastructure,
Valencia, Spain) | .
infrastructures Insurance,
3 Main river basin | Integrated water | 12 Water, Energy,
(Germany) resource Environment,
management and Agriculture, Fishing,
climate change Shipping, Mobility,
resilience Waste Management
4 Ohrid and the Improve climate | 38 (national | Social sector, Water
Prespa Lakes, resilience in | working group | management,  Health,
south-western | onyironmental, | and Environmental systems
Europe economic, and | transboundary | and biodiversity,
(Albania ~ | social sectors | living lab) Agriculture, Fishery,
Macedonia  —| yqjated to water Forestry, Hydropower
Greece) use generation, Tourism,
Cultural heritage
5 Canary Islands, | Impact of | 14 Agriculture, Water,
Spain (Tenerife) | temperature Tourism, Wastewater
raise on the
Water-Food
nexus
6 Black sea | Water resource | 49 (3 national | Water, Infrastructure,
(Romania; management working Aquaculture/Agriculture,
Bulgaria; from source to | groups and | Environment, Tourism,
Turkiye) sea in the | one Energy; Health; Waste
Western  Black | international management; Urban

Sea region in the

living lab)

development
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context of
climate change

7 Southern Security from | 14 Business and industry,
Denmark flooding in the Harbor, Investment

area along (business and urban
Esbjerg city and development), Housing.
harbor.

8 Torbay, Interconnections | 17 Water, Community,
Southwest amongst water, Health, Energy/power,
England health, Transport, Climate

community & planning
infrastructure
and ensuring
resilience of all
these

9 Sardinia, Italy Improving durum | 21 Agricultural sector, Food
wheat and agri-food,
sustainable food Handicraft, Water,
production and Policy, Social sector.
adaptation to
climate change

3.2.2. Operationalisation of the SIA
Table 3 summarizes the living lab activities, method and tools used, and the corresponding

SIA steps.

Table 3: Operationalization of SIA in ARSINOE project case studies.

SIA steps Scope

Method and tools

Main outcome

Step 1 - Problem

Co-development of
scoping mental map and
system boundaries

workshop

(special/temporal/con | approach

- Living lab participatory | - A mental map

- System thinking

representing
stakeholders’ diverse
perceptions of the
system

- A problem statement

ceptual) - Causal Loop Diagram
(CLD)
Fine tune and simplify | Desktop work

the CLD

One-and-one meeting
with key stakeholders

- Review and
validation of system
map

Living Lab participatory

workshop including

individual and group
envisioning activities.
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- Validate the problem
statement

- Co-development of a
future vision

Use of visuals to trigger
imagination based on
the concept of seeds for
Anthropocene?

- A future narrative
describing how the
case study successfully
adapted to climate
change agreed upon
across sector and
stakeholder

- Research team merges
the groups’ vision

- Stakeholders validate
the merged vision
through online
interactions

Step 3 - Co-design
of Innovation
pathways

Identification of key
sectors in needs of
innovation for climate
change adaptation

Vision analysis

Key sector which will
be the focus of the
innovation pathways

Strengthen stakeholder
engagement in the
living lab

Case study visit

Ensure living lab
activities and outputs
are anchored within
local context

Identification of
potential innovations
necessary to achieve
the vision

- Online interactions
with stakeholders to
develop an inventory of
key innovations adapted
to the case study
climate change
challenge

- Desktop research

- Climate Innovation
Window?

short-, mid- and long-
term milestones and
supporting
innovations

Co-design of
innovation pathways
working backwords
from the desired
future

- Living Lab participatory
workshop
- Back-casting approach

Innovation pathways
outline

Step 4 - System
leverage points

Consolidate the
Innovation pathways
and identification of
supporting actions

- One and one meeting
with key stakeholders
and experts

- Desktop research

- Policy analysis

A coherent set of
short-, mid- and long-
term milestones and
innovations

Identification of
barriers and enablers

- PESTLE framework

A set of political,
economic, social,
technological, legal,

2 https://goodanthropocenes.net/
3 https://climateinnovationwindow.eu/
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for implementing the - One and one meeting | and environmental
innovation pathways | with key stakeholders barriers and enablers
and experts

- Desktop research

During the first round of workshops, stakeholders were engaged in an open discussion, aimed
at identifying the main issues, opportunities, obstacles and solutions in the context of climate
change impacts (present and future) in their region by co-creating a mental map. The mental
mapping (Causal Loop Diagram) refers to the graphical representation of the issues brought
forward by the workshop participants, linking the elements mentioned. Causality between
key variables is an important aspect of the mental maps (sometimes referred to as ‘mind
maps’). Through this cognitive exercise, different representations of the system based on
stakeholder background, experiences, knowledge, and perceptions of the environment, were
heard, discussed and integrated to build a comprehensive graphical representation (a map)
of the system the living lab focuses on. The result is a common understanding of the different
elements of the system and key interactions across sectors and ecosystems where main issues
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Figure 2: Example of a mental map co-developed with stakeholders during the first round of ARSINOE living lab workshops

While the first step focuses on the climate change challenges and local consequences
described in the mental map (e.g. figure 2), the second step aims at moving away from a
problem driven discussion by first reviewing the mental map, to ensure everybody has a
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common understanding of the system and critical climate change issues to be solved. The
second round of living lab workshops seek to federate all stakeholders around a set of long-
term adaptation goals, looking at a positive, sustainable future, leaving no one behind. Those
goals are extracted from the 2050 voluntary ambitious vision describing how each case study
(e.g. the city, the port, the island) have successfully adapted to climate change impacts (e.g.
extreme heat, flooding; drought; etc.) on various sectors (e.g. tourism; agriculture; water
management; urban development; etc.) and communities (e.g. fishermen; farmers; urban
citizens; elderly; islanders; etc.).

During the third step the living lab is focusing on solutions to adapt to climate change by co-
identifying a portfolio of innovations across sectors necessary to achieve the case study vision.
Addressing climate change requires a combination of technological and social innovations.
Technological innovations involve the development of new tools, processes, and systems for
both mitigation and adaptation, whereas social innovations concentrate on modifying
behaviors, policies, and societal norms to promote sustainability. The ARSINOE innovation
pathways for climate adaptation focus on key areas of intervention, including water
management, community engagement and education, environment and biodiversity, soil
management and agriculture, energy, climate change risk management, fishery, tourism,
governance and planning, and urban greening. Utilizing the PESTLE framework, case study
leaders have collaboratively identified with local stakeholders’ key enablers and barriers
within their regions, as system leverage points, to effectively implementing the portfolio of
innovations co-created with local stakeholders (step four). Significant barriers to
implementing climate adaptation-related innovations include knowledge gaps, data issues
and deficiencies, cultural resistance to change, low awareness of climate change and its
impacts, insufficient funding, private sector reluctance to invest in climate technologies, high
upfront costs, inadequate climate policies, policy inconsistencies, political instability, legal
delays, and data privacy concerns. However, a favorable environment for adopting these
climate innovations is gradually emerging, supported by EU policies and funding, the
establishment of cooperation mechanisms between research and industry, economic
incentives for adopting green practices, increased pressure from civil society on policymakers,
long-term savings from reduced damage costs, the development of education and awareness
campaigns, growing environmental activism and community networks, and the proliferation
of local innovation hubs for climate adaptation.

To ensure methodological consistency and comparability of results across the nine ARSINOE
living labs, a dedicated coordination research team provided continuous support through
structured methodological guidelines, targeted training, and a standardized reporting
protocol. Prior to each participatory workshop, the coordination team organized preparatory
training sessions (conducted either in person or online) for the nine local facilitation teams.
These sessions included a mock workshop designed to enable an in-depth understanding of
the planned activities and tools. Furthermore, individualized pre-workshop consultations
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were held to review planning, while post-workshop debriefings facilitated critical reflection
on implementation outcomes, identifying effective practices and areas for improvement.

In addition, weekly online meetings were convened among the nine living lab leaders to
present progress updates, exchange feedback, and share lessons learned. This iterative
process allowed early implementers to provide practical insights and recommendations to
subsequent teams, fostering collective learning and adaptive management.

For each workshop, the coordination team proposed a general agenda while allowing
flexibility for local adaptation, including the integration of context-specific activities and
interactive sessions. A standardized reporting template was also introduced to ensure
consistency in documentation, enable cross-lab comparison, and support methodological
reflection aimed at enhancing replicability.

5. Discussion: ARSINOE living labs impacts

5.1 A flexible, iterative, and adaptive methodology

The Systems Innovation Approach implemented in the ARSINOE living labs provided a robust
framework for engaging stakeholders in a collaborative, problem-solving process. This
approach enabled the co-creation of actionable strategies in the form of tailored roadmaps
of innovations and supporting measures adapted to specific contexts. It is particularly
effective for addressing complex, multifaceted sustainability challenges (such as climate
change adaptation) that demand holistic, systemic solutions and multi-stakeholder
engagement.

SIA is highly adaptable, allowing customization to the needs and challenges within defined
system boundaries of varying scales (e.g., a port, city, island, or region) and scopes (e.g., urban
planning, agriculture, ecosystems, or risk management). The ARSINOE project demonstrated
this flexibility across diverse contexts with consistent success. Furthermore, the use of living
labs created an environment where SIA could integrate complementary sustainability
approaches, tools, and activities, provided they aligned with the overarching goal: offering a
safe space for knowledge exchange and the co-design of long-term innovative solutions.

The application of living labs across all ARSINOE case studies confirmed the effectiveness of
SIA as a participatory framework. Structured around three core workshops, the living labs
facilitated a coherent, iterative process that actively engaged stakeholders and promoted
systems thinking in diverse regional settings. Between workshops, stakeholders remained
involved through progress updates, co-development of inputs, and validation of outputs,
ensuring continuity and shared ownership throughout the process.

5.2. Networking and capacity building
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To measure the immediate impact of the ARSINOE living labs, a survey was conducted
targeting living lab participants over a 40 months period of time. With a response rate of 52%,
the survey conducted across the 9 case studies, in local language, collected 119 responses.
Overall, the ARSINOE living labs were rated with a high level of satisfaction among
participants. Most stakeholders expressed a high degree of satisfaction in participating in the
living lab workshops, highlighting the living lab role in building competencies, enhancing
knowledge, and generating concrete benefits for participants, while very few reported
negative experiences. More specifically, the immediate impacts of the living lab process can
be expressed in terms of i) Create new contacts and network, ii) improving knowledge in
climate change, resilience and adaptation, iii) Help linking local policy to action, iv) feeling of
being involve in concrete actions, v) increase awareness of the Sustainable Development
Goals, vi) Develop new skills.

The ARSINOE living labs were praised first and foremost for the opportunity they offered in
bringing together representatives across sectors at the same table, in a context where local
governance arrangements still work in silos. The living lab participatory process triggered
change in the participants network and dialogue, by allowing them to speak louder about the
sustainability priority challenges at local level, and also through the expansion of stakeholder
networks at the collective level and contributing to enlarge the individual networks of each
participant. Participants reported increased exposure to new collaborations, ideas, and cross-
sectoral interactions, demonstrating the added value of the ARSINOE approach in fostering
both systemic and personal-level connectivity across the climate innovation ecosystem.
Additionally, through the co-design process of innovation pathways, the living lab processes
increased the social acceptance of innovative approaches and solutions.

The second most noticeable impact of ARSINOE living labs can be expressed in terms of
capacity building regarding climate related issues by improving knowledge and
understanding in terms of local knowledge in climate change, resilience, and adaptation (e.g.
climate change risks and consequences), increasing awareness of the Sustainable
Development Goals (SDGs) and environmental issues (e.g. present and future climate change
vulnerability and impacts). To a lesser extent, participants reported having developed new
skills (e.g. in terms of system thinking) and feeling more equipped to communicate across
sector.

5.3 Remaining challenges

ARSINOE living labs, through the SIA approach and their challenge-driven focus, are explicitly
oriented toward sustainability (McCrory et al., 2020). They provide a space where
stakeholders meet regularly to co-create knowledge and co-design roadmaps for change
toward a sustainable future. However, these labs operated with dedicated funding and
human resources only for a limited period. Despite high participant satisfaction and
recognition of the positive impacts of multi-stakeholder engagement, particularly in
advancing local climate policy adaptation, the long-term sustainability of the living labs
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beyond the project remains uncertain. To date, only one lab has secured follow-up funding
through a new EU project. While local policymakers (e.g., municipalities, regions)
acknowledge the benefits for governance, they often lack the time and financial capacity to
maintain such initiatives. Ultimately, the survival of a living lab beyond the project cycle
largely depends on the commitment of local research teams to sustain stakeholder
engagement. Embedding long-term sustainability as a core objective from the start could
significantly improve the chances of these labs continuing beyond the project lifetime.

A second challenge for sustainability-oriented living labs, such as those in ARSINOE, is
maintaining stakeholder engagement over time. Instability, competing priorities, and
resource constraints often limit participation. Increased mobility of personnel across
organizations and sectors further complicates continuity. This calls for research into strategies
that sustain motivation, such as tailored communication plans, continuous feedback loops,
and the involvement of local “anchor stakeholders” who can provide stability.

Stakeholder feedback across case studies highlights both the difficulties and opportunities
inherent in multi-stakeholder processes addressing complex challenges like climate change.
A recurring observation is the persistence of deeply rooted differences in perspectives and
interests, often coupled with reluctance to move beyond entrenched positions. As one
participant noted: “As expected, there are very different points of view and, unfortunately, in
some cases, no apparent willingness to make adjustments or changes. It would be desirable
for all parties involved to recognize that a black-and-white view does not benefit anyone and
that solutions can only be found by leaving familiar and comfortable zones.” This underscores
the need to cultivate a culture of openness, encouraging stakeholders to step outside
traditional silos and explore common ground. While polarization, internal conflict, and short-
term thinking remain significant barriers, they also highlight the importance of ongoing, well-
designed engagement that prioritizes inclusivity, critical reflection, and shared long-term
goals. Addressing these issues head-on can enhance future initiatives and build the collective
capacity needed for sustainable transformation across European regions.

Finally, another key challenge lies in translating locally generated knowledge into actionable,
cross-scale planning and implementation. While living lab activities and outputs were
perceived as meaningful, some participants expressed uncertainty about how to
operationalize innovation pathways. As one stakeholder observed: “It will be nice if such
initiatives can continue with more implementation actions. It is not clear how to implement
the technologies discussed in our areas.” This feedback emphasizes the need to bridge the
gap between planning and execution within the SIA approach.

Conclusion
The ARSINOE living labs, through the Systems Innovation Approach (SIA), offered a dynamic

stakeholder engagement framework for addressing complex sustainability challenges such as
climate change adaptation. By enabling cross-sectoral knowledge sharing and mutual
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understanding, the development of a systems thinking mindset, and the co-design of
innovation pathways, SIA enables the development of tailored, actionable strategies that
reflect local contexts and priorities. The iterative and participatory nature of living labs proved
effective in building trust, enhancing knowledge, and strengthening networks across sectors,
thereby contributing to more inclusive and resilient governance structures.

However, the ARSINOE living labs also revealed critical challenges that must be addressed to
ensure long-term impact. These include the sustainability of living labs themselves beyond
project funding, the difficulty of maintaining stakeholder engagement over time, and the gap
between planning and implementation of innovation pathways. Overcoming these barriers
will require embedding long-term sustainability objectives from the very beginning of the
process, designing strategies to sustain motivation and participation, and creating
mechanisms to translate locally generated knowledge into solution Implemented within the
life cycle of the sustainability oriented living lab.

Future research and policy efforts should focus on institutionalizing living lab methodologies
within regional governance frameworks, securing stable funding streams, and strengthening
capacity for implementation. By doing so, living labs can evolve from project-based
experiments into enduring platforms for systemic innovation—accelerating Europe’s
transition toward climate resilience and sustainability.
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Case study Location Title
Case study #1 Athens, Greece | Mitigating urban heat through
nature-based solutions
Case study #2 Piraeus port, Mediterranean Ports Impact of
Greece climate change on ports
infrastructures and operations
Case study #3 Main river Water-Energy-Food nexus
Case study #4 Prespa lakes, Impact of water scarcity on
Greece water levels
Case study #5 Canary Islands Impact of temperature raise
on the Water-Food nexus
Case study #6 Black sea Integrated water resources
management from source to
sea
Case study #7 Southern Emergency preparedness plan
Denmark in flooding extremes
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Case study #8 Torbay & Devon | Cascading effects on
country infrastructures during flooding
Case study #9 Sardinia, Italy Transforming the food
production system based on
durum wheat
New part
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