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Abstract: Urban Living Labs (ULLs) are widely believed to provide a safe environment for experi-
mentation, co-creation and evaluation of innovations in real-life settings. A growing number of cities
have been adopting ULLs to co-create and test Nature-Based Solutions (NBS). However, many of
these cities have been facing major barriers in trying to adopt the ULL approach for implementing
NBS. In this study, we seek to identify these barriers and provide a systemic understanding. Barriers
are identified by means of workshops and interviews. Subsequently, interpretive structural modelling
serves to identify the interdependencies among the barriers, resulting in a structural model of barriers
in adopting ULLs for NBS. Our results show that political and institutional barriers are significantly
limiting the adoption of ULLs. Moreover, knowledge brokers and other intermediaries, as well as
cross-sectoral collaboration, play a key role in getting ULLs adopted. The findings from this study
can help cities to develop strategies that overcome the main barriers for ULL adoption in the context
of nature-based solutions.

Keywords: urban living lab; nature-based solutions; NBS; barriers; interpretive structural modelling;
urban experiments

1. Introduction

Nature-based solutions (NBS) are being increasingly adopted by cities in response to
climate change as well as to improve urban resilience [1,2]. NBS are inspired by, copied
from, and/or supported by nature [3] and are implemented to solve or mitigate multiple
societal problems [4–6]. As such, NBS are inter- and transdisciplinary innovations that
deal with different social, ecological and technological aspects of urban environments.
Cities therefore need to adopt novel approaches for facilitating the interaction between
different stakeholders and supporting the development of innovative solutions. Here,
Urban Living Labs (ULLs) are being increasingly adopted as a promising approach for
developing NBS, especially in many cities across Europe [7,8]. ULLs appear to provide
a flexible governance approach that enables experimentation, learning, reflexivity and
reversibility in developing and implementing NBS [9]. In other words, ULLs are often
introduced to orchestrate the collaboration between multiple stakeholders—including
companies, research communities, public sector representatives and citizens—by providing
a suitable context for co-creation [10].

Despite these benefits of adopting ULLs, there is also initial evidence about the
multiple barriers that various cities have faced while adopting the ULL approach [11,12].
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However, these barriers have not yet been systematically mapped, despite the need for a
deeper understanding in this area. In this paper, we aim to identify, explore and analyse the
barriers to the adoption of ULLs for NBS implementation by studying three front-runner
cities participating in the UNaLab project (a European Horizon 2020 project): Tampere,
Eindhoven and Genoa. These three European cities have been developing ULLs for NBS
within this collaborative project, and their collective experience can be insightful for other
cities exploring this path.

Notably, barriers to the adoption of urban innovations can be highly interdependent,
and recognizing these relationships may be critical for developing effective urban strate-
gies [13]. We therefore employ Interpretive Structural Modelling (ISM) and MICMAC
analysis to provide a systemic understanding of the barriers.

This paper is structured as follows. In Section 2, the three city contexts are introduced.
Section 3 then serves to identify the common barriers in these cities. In Section 4, the ISM
approach is described and applied to the barriers previously identified. Our main findings
are discussed in Section 5, and a conclusion is provided in the last section.

2. UNaLab Urban Living Labs

Three front-runner cities in the UNaLab project have been developing NBS using the
ULL approach. In this section, the local context of each of these cities is shortly presented.

2.1. Tampere

The city of Tampere in Finland primarily aims to develop NBS to address stormwater
management issues. Vuores and Hiedanranta are the two main living labs for NBS in
Tampere. Vuores is a neighbourhood located in a natural area that was zoned for housing
in 2007. Ambitious sustainability goals were set for this neighbourhood to compensate
for the human impact on this natural area. Hiedanranta is an old pulp mill area without
any population currently residing there. The municipality of Tampere plans to construct
housing for 25,000 people in this neighbourhood in the next 30 years.

The following NBS were implemented in the context of the UNaLab project in Vuores:
retention basins, alluvial meadows, urban gardens with small-scale NBS and wooden
boardwalks (duckboards) to improve the citizens’ access to natural areas. In Hiedanranta,
a green wall, biofilters and microalgae-based wastewater treatment system were selected
as the NBS measures. In both the Vuores and Hiedanranta ULLs, the co-creation process
started by developing a shared understanding of NBS and their benefits. This co-creative
approach gave rise to valuable lessons for all stakeholders. For example, the complications
occurring after the implementation of biofilters in Hiedanranta enhanced the stakeholders’
awareness and knowledge regarding the technical, institutional and social aspects of
adopting NBS [14]. More generally speaking, this type of mutual learning appeared to be
one of the main benefits of the co-creation process in Tampere [14].

2.2. Eindhoven

The city of Eindhoven (Netherlands) planned to implement several NBS including a
green roof on the City Hall and the re-vegetation of Clausplein using the ULL approach.
These two ULLs and their NBS actions have been fully implemented. The staff of the
municipality was already familiar with both the notion of NBS and co-creation processes
before starting these NBS implementations. Likewise, many citizens were also experienced
in co-creation processes. However, the co-creation sessions in the context of the UNaLab
project mainly involved relevant professionals (from the municipality and industry) in
order to generate a local community of practice around NBS.

Co-creation has long been a critical factor in the city of Eindhoven, not only because it
is mandated by Dutch law, but also because it suits the local culture and is demanded by
many stakeholders [15,16]. The NBS co-creation activities were organized with the aim to
develop a practical plan which would serve to implement NBS in a relatively short period.
In these co-creation processes, various challenges were identified, suitable solutions were
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selected, and a shared understanding of how different municipal departments should
collaborate was established.

2.3. Genoa

Genoa has approved a refurbishment plan for the former Gavoglio Barracks located in
the Lagaccio district. The city is introducing a range of different NBS in this area, mainly to
enhance the resilience to flooding and urban heat risk. The NBS and supporting measures
include infiltration basins, rain gardens, trees, vegetated gabions, permeable pavements
and others.

According to previous surveys conducted in Genoa, the familiarity with NBS and co-
creation practices was lower in comparison to Tampere and Eindhoven [16]. The regulations
that support and encourage stakeholder consultation in Genoa are largely limited to in-
forming citizens about planned and on-going projects. Thus, the city was less experienced
in active co-creation with citizens and involving various other stakeholders in planning
and decision-making. The ULL co-creation process in Genoa therefore aimed to develop a
shared vision, elaborate project ideas about creating an urban park and share knowledge
about NBS among the stakeholders.

3. Barriers to the Adoption of Urban Living Labs for NBS Projects
3.1. Barrier Identification Workshops and Interviews

All three cities have experienced various barriers in adopting ULLs for developing
and implementing NBS. This section presents the barriers found throughout a series of
interviews and workshops with experts and stakeholders involved in the co-creation
processes in these cities. Two types of workshops were arranged to identify and analyse the
barriers: a series of city-specific workshops and interviews and one collective workshop
involving experts from all cities participating in the UNaLab project.

The workshop in Eindhoven was conducted on 29 October 2019 including 11 experts
from different organisations and institutional levels. The actors involved were from var-
ious municipal departments, the local water board, the province of Noord-Brabant and
several citizens with sustainability interests. The workshop in Tampere was conducted on
9 June 2020 with six experts from the municipality. This workshop was in an online format
in view of the COVID-19 situation in Europe at the time. Due to the severe restrictions
caused by the pandemic situation, we conducted one-to-one online interviews with three
experts coordinating the co-creation activities in Genoa.

The collective workshop was conducted on 28 November 2019 in Castellón de la Plana,
Spain. This workshop involved 28 experts from different cities and institutions. In this
workshop, the most common barriers were identified, and the relationships among these
barriers were analysed.

3.2. Identified Barriers

Several barriers were identified during the workshops and interviews, and an initial
list of barriers was generated. To validate the barriers identified and compare them with
previous studies, a literature review was conducted. The literature about ULLs is still
relatively new, and few studies in this area have addressed challenges specific to ULL
adoption. Therefore, we also studied the literature discussing the barriers to the adoption of
related concepts and approaches such as Living Labs, open innovation practices and social
innovation arrangements. A total of 45 papers and reports were selected and reviewed.

Different types of barriers were identified during this process, ranging from institu-
tional barriers that municipalities deal with on a daily basis to social and cultural issues
arising from the ways that different groups of people think and behave. In line with
other studies [17–19], the barriers were categorized into four groups: organisational and
structural barriers; cognitive and behavioural barriers; knowledge and process barriers;
and ethical barriers. The following subsections outline the resulting barriers and how they
affect ULL adoption for NBS.
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3.2.1. Organisational and Structural Barriers

• Lack of Political Will and Long-Term Commitment

The ULL collaborative approach with a wide range of different stakeholders engaging
in the early stages of the planning process often is not well-supported by politicians and
decision-makers. This matter of “political acceptance” becomes even more prominent
when NBS is the innovation being implemented, as both NBS and ULL are novel solutions
and approaches with associated uncertainties. Politicians usually prioritise issues that are
highly visible, such as the job market and housing, and tend to focus on actions that have
short-term, rather certain outcomes [20]. Adopting, developing and realising the multiple
benefits provided by NBS ULLs is a medium- to long-term process that is usually not well
aligned with short-term political cycles. The municipalities of Eindhoven, Tampere and
Genoa each developed long-term goals for the transition towards sustainability, aiming at
active involvement of various local stakeholders.

• Lack of supportive legal and policy frameworks

An important barrier spotted in the three cities is the inability of legal frameworks to
provide incentives for various stakeholders to remain committed to co-creation activities in
the long term. Other studies have also observed this barrier [21]. A stable and supportive
legal structure is required to provide a safe context for urban stakeholders to share their
innovative ideas. The experimental status of ULLs should therefore be safeguarded in
legal frameworks that would provide the flexibility required for experimenting with and
learning about NBS.

• Disconnection from the mainstream development process

The analysis of cases in Eindhoven, Tampere and Genoa together with a review of
the literature also suggests that ULLs are generally not believed to be a key step in the
mainstream processes of policy development [9,11]. Rather, ULL projects are mainly driven
by the availability of external financial sources, with the resulting ULL then being bound to
the period and scope of the individual project’s budget. ULLs thus have, to date, not been
adopted as an integral element of the municipal policymaking and planning processes
within the three cities; this clearly limits the ability of (different groups within) the city to
adopt them.

• Sectoral silos

As witnessed in Eindhoven, Tampere and Genoa, each department and institution
tends to have its own agenda, policy framework, strategy and responsibility. In this
respect, many workshop participants and interviewees emphasised the phenomenon of
“sectoral silos” as a significant barrier to effectively communicating between stakeholders
and bringing them together at a single table. Adopting ULLs requires different municipal
departments and other stakeholders to be actively engaged in the co-creation process.
This is even more critical in the case of NBS. As a transdisciplinary solution concept,
NBS requires the active participation of representatives from various groups and multiple
disciplines in the ULL activities [22]. However, the data from the three cities suggest that
especially the collaborative ties between municipal departments are often not sufficiently
developed to enable successful collaboration in ULLs for NBS.

• Inflexible hierarchical organisational structure

Another organisational/structural barrier found in the three cities is the lack of man-
agerial discretion in the municipal departments to delineate and adjust their actions and
strategies. The established governance approach in civil service organisations of mu-
nicipalities is characterised by a hierarchical structure. As a result, relatively slow and
inflexible bureaucratic processes can limit the adoption of ULLs [11]. ULLs involve citizens,
companies, research institutions and universities which can be discouraged from actively
engaging as a result of the rigidity of municipal procedures. It therefore often takes a rather
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long time to make decisions and modify plans, which does not resonate well with the
experimental agenda of ULLs.

• Lack of sufficient human resources

Municipalities tend to allocate limited staff resources to co-creation activities [23].
Examples of this barrier were witnessed in the co-creation workshops conducted in Tam-
pere and Eindhoven. Many experts employed in municipal departments complained about
the limited amount of time they could commit to their ULLs. The main reason for this
problem was that municipal employees were not allowed to spend a lot of time on activities
which are not considered as their direct responsibility within the department and are
mandated to do.

• Lack of sustainable financial resources

The lack of financial resources for ULLs and similar long-term experimental activities
is another common barrier observed in the three cities [11]. For example, UNaLab’s ULLs
are mostly financed by means of external resources, which are only available as long as the
UNaLab project runs. In general, many cities have been excessively focussing on capital
investments; they thus lack the business models and financial mechanisms for supporting
co-creation activities and underestimate the budget needed for managing and maintaining
new infrastructure after the capital investment phase [24].

3.2.2. Cognitive, Cultural and Behavioural Barriers

• Negative past experiences

The negative experiences that stakeholders, particularly municipal authorities, have had
with co-creation processes are identified as a cognitive barrier. This barrier was especially
evident in the city of Genoa. This city previously had unsuccessful experiences with several
participatory approaches, such as participatory budgeting [20]. Such negative experiences
can give rise to a substantial fear of failure, which limits the adoption of ULLs despite
municipal staff being highly motivated to get citizens involved. These past experiences can
significantly contribute to a problematic perception of the co-creation approach in ULLs.

• Perceived complexity of the ULL approach

Another cognitive barrier involves the perception of those responsible for administering
municipal processes regarding living lab and co-creation activities. In some instances, experts
conceive of NBS as being rather complex and generating several uncertainties and thus
perceive ULLs to be an extra complication in developing NBS. As discussed in the collective
workshop with representatives from all three cities, some administrators and experts are averse
to including people with diverse expectations and thereby could be drawn into a potentially
time-consuming or contentious process, whereas others have a negative attitude towards the
use of external knowledge (i.e., the not-invented-here syndrome) [25].

• Risk aversion and reluctance to change

Reluctance to change and risk aversion [26] also constitute a relevant barrier. Aversion
to risk and change was observed among several municipal employees, especially those
dealing with more technical issues. The latter experts tend to have a significant amount
of (informal) power in the civil service organisations of municipalities. These experts
usually have a strong preference for actions and solutions with clear and predictable
outcomes—which tends to be problematic in ULLs.

• Conflicting expectations

Diverging expectations among stakeholders involved in ULL activities can lead
to conflict [27]. Several of such conflicts have been observed in all three case studies.
Diverging expectations can arise between different municipal departments, but also be-
tween different civil stakeholders. In some cases, citizens participating in co-creation
sessions expected swift decisions on concrete projects, which is not compatible with the
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nature of the NBS co-creation process. Diverging expectations among different (groups of)
citizens can also create major challenges in ULL processes. For example, in one particular
case, prolonged discussions among citizens expressing conflicting opinions about how to
design a playground in a local park created a substantial delay.

• Lack of public awareness and engagement

Lack of awareness among citizens is commonly reported as one of the barriers in
developing NBS [28,29]. During the interviews and workshops, it was mentioned that
NBS are often assumed to be (part of) public infrastructure, and many citizens therefore
consider the municipality to be solely responsible for developing them. The importance of
civic engagement in ULLs for NBS is not always sufficiently clear. The pivotal role of civic
engagement was frequently emphasised during the interviews and workshops, particularly
with regard to how it enhances the willingness and commitment of local politicians.

• Lack of engagement to take responsibility

Only a few experts from each municipality were responsible for the adoption and
implementation of the ULLs. Our data suggest that municipal staff members were often
not motivated and committed to take on any leadership roles in the ULLs created. This lack
of engagement to take responsibility appears to limit the adoption of ULLs as an innovative
approach [30]. Successfully adopting a ULL requires different municipal departments and
groups to collaborate in order to work towards a common goal and coordinate different
aspects of the process. However, our data point at the somewhat limited ability and
willingness of people to play a leading role in ULL development processes. Similarly,
the motivation from stakeholders from the private sector to jointly take responsibility with
municipal staff was largely lacking in the three cities.

3.2.3. Knowledge and Process Barriers

• Uncertainties regarding the added value and benefits of ULLs

The added value that ULLs provide for NBS projects was not clear to many mu-
nicipal representatives and citizens involved. Especially in case of a small-scale NBS,
these participants do not engage on a daily basis with the solution and thus, the benefits of
exploiting local knowledge were often not recognised. However, the value of using the
local knowledge of stakeholders in ULLs became more evident to many stakeholders in the
three cities along the UNaLab project as a result of the deliberate attempts made to uncover
and define this value.

• Lack of available guidelines and tools for engagement

In all three cities, there was an explicit demand for guidelines and tools that can help
cities to better engage with various local stakeholders. One of the main problems in each
city was the inability to find committed (representatives of various) stakeholders. In the
ULL co-creation activities, it was not clear for the organisers who had enough motivation to
engage and what their motivations might be. The participants were mainly people who had
been involved in earlier local planning processes or, as one interviewee called them: “the
usual suspects.” Finding other stakeholders with different ideas and priorities, who could
actively engage in the co-creation process, was challenging. A set of guidelines and tools
that can facilitate the identification of the potential benefits provided by various NBS,
along with the possible beneficiaries, appears to be required for increasing the engagement
of relevant stakeholders.

• NBS monitoring and assessment challenges

Some perceived characteristics of NBS, as the type of innovation developed in ULLs,
also constitute a barrier to ULL adoption. For one, the assessment of the performance
or impact of NBS is often perceived to be rather difficult [13]. In this respect, there are
differences between NBS and other innovations that cities have been exploring and imple-
menting (possibly in other ULLs). Some benefits of NBS (e.g., social cohesion) are not easily
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measurable or may take a long time to become visible, which makes it rather challenging
to get citizens and other stakeholders on board [31]. There are two reports published
recently which are dedicated to monitoring and evaluation of NBS: NBS performance
impact monitoring protocols [32] and an NBS implementation handbook [33]. In addition,
recently a comprehensive handbook to guide monitoring and evaluation planning was
released by the NBS Impact Evaluation Framework Task Force [5,34]. These outputs reflect
significant growth in the body of knowledge on NBS monitoring and evaluation. However,
our data imply that more work needs to be done to get local practitioners to adopt this
knowledge and associated practices.

• Lack of skilled knowledge brokers

ULLs for NBS are multifunctional and, as such, their planning and implementation is
inherently interdisciplinary [35]. Knowledge brokers and intermediaries provide a support-
ive institutional space, facilitate networking between different departments and connect
stakeholders across scales; knowledge brokers and intermediaries are therefore essential
for adopting ULLs and developing and monitoring NBS [5]. They have especially been
observed to facilitate mutual learning and conflict management among stakeholders [36].

• Inability to upscale and replicate projects

The outcomes obtained from NBS living labs tend to be highly context-specific,
and replicating any learnings can therefore be very challenging [11]. Although it is too
early to evaluate the replicability of the ULLs in the UNaLab project, our data about the
three cities (also drawing on previous experiences with ULLs) suggests that clear opportu-
nities for replicating the findings are needed to motivate adoption of the ULL approach.
The potential for upscaling specific NBS innovations partially depends upon the ability to
capture and learn from their outcomes. Barriers related to upscaling and/or replication
can also pertain to the local organisational culture and the prevailing perceptions of the
urban authorities involved [37]. Successful replication of ULLs needs a strong community
of stakeholders from various sectors, departments and institutions, which facilitates the
dissemination of key learnings and experiences.

• Lack of learning from other experiences

Inadequate opportunities to share the lessons learned and experiences in similar
projects is another barrier limiting the adoption of ULLs for NBS. A number of knowledge
repositories such as Oppla (https://oppla.eu/, accessed on 1 October 2021) and the Urban
Nature Atlas (https://una.city/, accessed on 1 October 2021) were recently developed
to collect information about experiences of different cities across the world with NBS
co-creation. However, our workshop and interview data imply these platforms are not yet
widely known and used by urban stakeholders. In addition, several interviewees pointed at
the need for more interactive opportunities for knowledge exchange across different cities.

3.2.4. Ethical Barriers

• Intellectual property (IP)

One of the ethical barriers is the engagement of the private sector in the co-creation
process [38]. Participants from the private companies contributing to the ULLs were
frequently not willing to share specific ideas on possible solutions and actions. Companies
were often reluctant to share their intellectual property (IP). Moreover, there was no explicit
protocol regarding IP in the ULLs, which tends to inhibit the co-creation process.

• Privacy issues

The protection of citizens’ privacy has been a critical challenge for the cities involved
in the UNaLab project [27]. For example, the municipality of Eindhoven had a plan to
observe and monitor the movements and activities of citizens in and around the Clausplein
(i.e., the site of a newly developed NBS), using Lidar cameras, to assess the social function-
ality of the NBS implemented. However, the cameras could not be installed because they
did not comply with the privacy regulations in place in the Netherlands.

https://oppla.eu/
https://una.city/
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• Inclusiveness

Finally, inclusiveness was identified as a key ethical issue, as not all relevant stakehold-
ers were represented in the ULL co-creation processes in the three cities [27]. The typical
participant was an individual that would frequently attend municipal meetings, and the
desired diversity of participants with respect to ethnicity, age and level of income was
not accomplished.

4. Analysis and Modelling of Barriers

The barriers identified in the previous section are highly interconnected, and understanding
these interdependencies is necessary for enabling cities to develop effective roadmaps.
For this purpose, Interpretive Structural Modelling (ISM) is used to identify the relation-
ships among the barriers and develop a structural model. This method was used previously
to analyse the barriers for the implementation of NBS [13]. In the following subsections,
the results of a survey regarding the impact of barriers are presented, the various steps
taken with regard to ISM are outlined, and the final results are presented.

In order to analyse the barriers more deeply, 16 barriers were selected from the list in
Section 3.2 for further analysis (see Table 1). These barriers were identified in the collective
workshop as the most frequent problems limiting the adoption of ULLs. For example,
various (e.g., privacy-related) ethical barriers were eliminated from the list because they
were only experienced in a single project in one of three cities, whereas all other barriers
selected were present in at least two cities. We also needed to somewhat reduce the list
generated in Section 3.2 because the ISM method can only handle a moderate number of
variables (see Section 4.2).

Table 1. Barriers for ULL adoption for NBS: survey results (N = 25).

# Barriers Average Rate (from 1 to 10) Rank

B1 Lack of sustainable financial resources 7.6 1
B2 Uncertainties regarding the added value and benefits of ULLs 7.3 2
B3 Lack of political will and long-term commitment 7.2 3
B4 Disconnection from the mainstream development process 7.1 4
B5 NBS monitoring and assessment challenges 6.9 5
B6 Sectoral silos 6.6 6
B7 Lack of engagement to take responsibility 6.4 7
B8 Inflexible hierarchical organisational structure 6.1 8
B9 Lack of public awareness and engagement 6 9
B10 Lack of skilled knowledge brokers 5.9 10
B11 Risk aversion and reluctance to change 5.9 10
B12 Lack of supportive legal and policy frameworks 5.8 12
B13 Lack of available guidelines and tools for engagement 5.8 12
B14 Conflicting expectations among urban stakeholders 5.6 14
B15 Lack of learning from other experiences 5.6 14
B16 Perceived complexity of the ULL approach 3.8 16

4.1. Survey

In an online workshop on 24 November 2020, including all partners involved in the
UNaLab project, a survey was used to determine how the participants rate the importance
of the 16 main barriers and how these barriers influenced their living labs. The result of the
survey is presented in Table 1. In this table, barriers are ranked based on the average rating
by participants.

Except for “perceived complexity of the ULL approach”, the average rating given
by the expert group was greater than 5 for all barriers, which underpins the relevance of
the barriers selected. The most critical barrier appears to be the lack of financial resources
sustained over a long time period, followed by uncertainties regarding the added values
and benefits provided by ULLs and the lack of political commitment. In the next subsection,
we will analyse how these barriers affect one another.
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4.2. Interpretive Structural Modelling

Interpretive Structural Modelling (ISM) is a method that serves to identify the interde-
pendencies among different elements of a complex system and provide a systemic model
by decomposing this system into several segments [39]. ISM draws on the knowledge
and experience of experts to develop a collective understanding of the interdependen-
cies. It primarily operates as a group learning process, which fits the collaborative and
co-creative nature of this study [40].

ISM has some limitations. Only a limited number of variables can be considered,
as a large number of variables can over-complicate the model and make it difficult to
understand the outcomes [41]. Therefore, some of the identified barriers were eliminated
from the list, as described earlier. The ISM method includes eight steps:

1. Identifying the variables affecting the system studied;
2. Establishing a relationship between each pair of variables identified in step 1;
3. Developing the Structural Self-Interaction Matrix (SSIM);
4. Developing the reachability matrix from the SSIM and checking this matrix for transitivity;
5. Partitioning the reachability matrix obtained in step 4 into different levels;
6. Drawing a directed graph (or digraph) based on the identified relationships and

removing the transitivity links;
7. Converting the digraph into an ISM model by replacing nodes of the variables

with statements;
8. Using MICMAC analysis to classify barriers based on their driving and dependence power.

Step 1, which involves identifying the barriers, has already been reported. Step 2
involves identifying the relationships between the barriers. These relationships were
identified in the collective workshop conducted on 28 November 2019. Experts were asked
to discuss and identify the interdependencies among the barriers. These participants were
also invited to define the direction of cause–effect relationships among various barriers.
The identified relationships are presented in Table S1 in the Supplementary Materials.
Steps 3 to 6 are also discussed in greater detail in the Supplementary Materials. The results
of steps 7 and 8 are presented in the remainder of this section.

4.2.1. ISM-Based Model

After analysing the interdependencies among identified barriers, the ISM model
was generated. This model has six levels, shown in Figure 1. Level I includes the lack of
engagement to take responsibility (B7). The lack of political will and long-term commitment
(B3) is located on Level VI, at the bottom of the model. A detailed explanation of the process
of classifying the barriers into different levels can be found in the Supplementary Materials.
The arrows reflect the direction of the relationships among barriers. The arrow between
barriers i and j means that j is affected by i. Each barrier, at a higher level, is directly
affected by at least one barrier at the next lower level and indirectly affected by many other
lower-level barriers. For example, B3 is directly or indirectly affecting all other barriers,
while B7 is affected by all other barriers in the model; another example is the lack of skilled
knowledge brokers (B10) and sectoral silos (B6), which are directly or indirectly affected by
B3, B4, B8 and B12 and (in)directly affect all other barriers.
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Figure 1. The barriers model based on ISM.

4.2.2. MICMAC Analysis

Cross-impact matrix multiplication applied to classification (Matrice d’Impacts Croises-
Multiplication Appliqúe an Classment) is also known as MICMAC analysis [41]. MICMAC
analysis serves to differentiate barriers considering their driving and dependence pow-
ers, which were identified in the final reachability matrix (see Supplementary Materials).
The driving power of each barrier is the total number of barriers (including itself) which it
may affect, while dependence power is the total number of barriers which may affect it.
Accordingly, the 16 barriers are classified among four categories in Figure 2:

1. Quadrant I: Autonomous barriers are barriers with both weak dependence and
driving power. This type of barrier is rather disconnected from the rest. None of the
barriers in this study appear to be in this category.

2. Quadrant II: Dependent barriers have strong dependence power but low driving power.
3. Quadrant III: Linkage barriers have strong driving power and strong dependence

power. Linkage barriers tend to be unstable, meaning any action on any of them is
likely to affect several other barriers and cause a feedback mechanism.

4. Quadrant IV: Driving (or independent) barriers have strong driving power, but weak
dependence power.
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Figure 2. MICMAC analysis of the barriers.

Generally, the barriers located in Quadrant IV in Figure 2 are at the bottom of the ISM
model in Figure 1, whereas barriers located in Quadrant III are at the middle parts of the
model in Figure 1, and barriers located in Quadrant II are placed at the upper parts of the
ISM model. However, there are a few exceptions to this general observation. The results
are discussed in more detail in the next section.

5. Discussion
5.1. Analysis of the Results

There are five barriers located in Quadrant IV of Figure 2:

• Disconnection from the mainstream development process (B4);
• Sectoral silos (B6);
• Inflexible hierarchical organisational structure (B8);
• Lack of skilled knowledge brokers (B10);
• Lack of supportive legal and policy frameworks (B12).

The barriers B4, B8 and B12 are relatively independent but do have a significant impact
on other barriers. This high impact can also be inferred from the ISM model in Figure 1.
These three barriers mainly arise from the institutional characteristics of municipalities.
Moreover, the presence of B6 and B10 in this quadrant also points at the pivotal role of
developing and sustaining good connections among different departments and/or brokers
that make such connections. In Figure 1, B6 and B10 directly affect the knowledge-related
barriers at level III. Effective collaboration among stakeholders across disciplines and scales
is therefore instrumental in growing the level of knowledge of stakeholders as well as
developing integral co-creation and monitoring plans.

Six barriers are located in Quadrant III of Figure 2:

• Uncertainties regarding the added values and benefits of ULLs (B2);
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• Lack of political will and long-term commitment (B3);
• NBS monitoring and assessment challenges (B5);
• Lack of public awareness and engagement (B9);
• Lack of available guidelines and tools for engagement (B13);
• Lack of learning from other experiences (B15).

B3 is located at the bottom of the ISM model, while it is in Quadrant III of Figure 2.
This implies that B3 is a significant barrier, affected by other barriers, especially those
also in Quadrant III. As observed earlier, the barriers in this quadrant play a central role.
It is therefore very important to pay attention to the feedback loops among the barriers
when making plans to address them. Moreover, the presence of the knowledge-related
barriers B2, B5, B13 and B15 in this quadrant suggests that improving the awareness of
urban stakeholders and providing opportunities to enhance the stakeholders’ knowledge
about ULLs for NBS is essential to address and overcome all other barriers.

Specific attention should be paid to the lack of public awareness and engagement
(B9). Citizens play a central role in ULLs, and our analysis shows that the lack of public
awareness and engagement significantly undermines the adoption of ULLs. Improving
public awareness and engagement can thus help to improve the city’s political and institu-
tional environment and enhance the motivation of citizens and other urban stakeholders to
support ULLs and commit to them.

Finally, five barriers are located in the Quadrant II of Figure 2:

• Lack of sustainable financial support (B1);
• Lack of engagement to take responsibility (B7);
• Risk aversion and reluctance to change (B11);
• Conflicting expectations (B14);
• Perceived complexity of the ULL approach (B16).

These barriers, which are mostly cognitive and behavioural in nature, are located at
levels I and II in Figure 1. To address these barriers strategically, one needs to consider
the other barriers affecting them. One notable point here is the presence of B1 as an
organisational and structural barrier in this quadrant. B1 was identified as the most
important barrier in Table 1 and is highly affected by several other barriers. However,
it does not imply that the lack of financial support is a less important barrier, but rather that
effectively addressing this barrier requires one to overcome several other barriers which
are affecting it [42].

Whereas a previous study [13] served to explore and model barriers to NBS imple-
mentation, this study analyses the barriers to adopting ULLs for NBS. There are several
similarities between the results of the two studies, mainly because both the ULL and NBS
concepts are innovative approaches that deal with the social, ecological and technological
aspects of urban life. For example, both studies find the political and institutional barriers
to be driving other barriers, and knowledge barriers are found to be pivotal linkages,
that is, addressing them can generate positive feedback loops which help address various
other barriers. Moreover, both studies conclude that cognitive and behavioural barriers are
dependent in nature.

However, there are also key differences between the results of this study and the
previous one [13]. The most important difference concerns the key role of effective collab-
oration across policy domains and scales as well as the role that knowledge brokers and
intermediaries can play in adopting and developing ULLs. We will further discuss these
findings in the next subsection.

5.2. Addressing the Barriers

Adopting the ULL approach can provide a suitable institutional environment to
successfully develop and realise the multifunctionality of NBS. However, several organisa-
tional, structural, knowledge, cognitive and ethical barriers tend to undermine the ability
of cities to adopt ULLs for NBS implementation. Using the ISM method, we provide a
systemic understanding in this article to help cities develop more effective strategic plans
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for addressing the various barriers. The resulting model shows that the barriers are not iso-
lated; addressing one of them can have a major impact on several other barriers. However,
addressing multiple barriers requires more effort and time and calls for more involvement
of actors from different institutional levels.

For example, addressing the political and institutional barriers in cities is critical [43,44]
but also requires many more resources to overcome them. These barriers are mostly a
legacy from the past, which makes them rather difficult to tackle for municipal staff and
local politicians. To overcome this type of barrier, legislative and other political changes at
a higher institutional level are necessary [45,46].

A critical point in the model is where knowledge and organisational barriers meet.
Here, sectoral silos and the lack of knowledge brokers are two central barriers. The pivotal
role of knowledge brokers and other intermediary actors in sustainability transitions has
been widely studied and acknowledged [47–49]. As shown in the ISM model presented
in the previous section, knowledge brokers play an important role in generating effective
networks, advocating innovations and translating the (knowledge about) NBS across scales
and disciplines [35]. Intermediaries can also play an essential role in connecting financiers
with other actors and stakeholders. They can facilitate collaborations by fostering the
knowledge flow to reduce uncertainties [42]. Providing favourable conditions for inter-
mediary actors and knowledge brokers should be prioritised in municipalities seeking to
adopt ULLs for NBS implementation. However, as shown in our model, a supportive insti-
tutional environment is necessary for enabling intermediaries to engage and progress [35].
In the ULLs in the three cities studied in this paper, several intermediary actors were
present; in terms of the typology proposed by Kivimaa et al. [49], these actors can be
primarily categorised as regime-based intermediaries that are bounded to existing insti-
tutional arrangements but are inclined or mandated to build partnerships and promote
transition. In the course of the UNaLab project, these intermediaries played a central role
in providing opportunities for collaboration and collective exploration of ideas.

Other actions addressing the knowledge-related barriers can also be important. In order
to facilitate knowledge exchange, several tools and approaches were introduced in the
UNaLab project, including an online platform (with a co-creation toolkit) which was
designed to share knowledge and support stakeholders in finding suitable approaches for
living lab co-creation of NBS. As such, future work in this area will need to evaluate the
effectiveness of such tools. Most importantly, our findings suggest that any improvements
in knowledge and awareness can spark a virtuous feedback cycle that helps to address
many other barriers.

6. Conclusions

ULLs appear to provide a safe and supportive environment for collaboration and
experimentation with NBS. However, the adoption of ULLs often suffers from several
barriers. In this paper, we identified the main barriers in this area and explored the
interdependencies among them using ISM modelling and MICMAC analysis. We generated
a hierarchical model that shows the interdependencies among the barriers. Our findings
suggest that a systemic understanding of these barriers is critical for a supportive political
and institutional setting for the adoption of ULLs. Moreover, knowledge brokers and
intermediaries appear to play a pivotal role also in reducing the influence of sectoral silos
on the adoption of ULLs. Notably, the general model of barriers arising from this study
enables the development of city-specific models that are more context-sensitive in terms of
the local institutional, political and other conditions.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/su132313276/s1, Table S1: Structural self-interaction matrix (SSIM); Table S2: Initial Reacha-
bility Matrix; Table S3: Final reachability matrix; Table S4: First iteration; Table S5: Second iteration;
Table S6: Third iteration; Table S7: Fourth iteration; Table S8: Fifth iteration; Table S9: Sixth iteration.

https://www.mdpi.com/article/10.3390/su132313276/s1
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