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A B S T R A C T   

In policy and practice, urban Nature-Based Solutions (NBS) are considered promising innovations for sustainable 
urban transformation. NBS are interventions that use nature to address multiple sustainability challenges 
simultaneously. As such, they present a novel perspective on urban land use and development. Yet their current 
uptake into urban development lags behind EU ambitions. Drawing from transitions studies, this paper suggests 
that the limited uptake of NBS innovation stems from structural conditions that keep urban development systems 
locked in their current state, thereby favouring traditional ‘grey’ development. With a systematic literature re-
view, we identify preliminary structural conditions that likely affect the uptake of urban NBS, culminating in a 
framework of ‘urban infrastructure regimes’, which we then illustrate with two European examples of urban 
NBS. Our findings indicate the relevance of using a transitions studies perspective for generating insights into the 
structural conditions – knowledge base, policy paradigms, etc. – that underlie barriers and opportunities for NBS 
uptake. We particularly argue that identifying the state and obduracy of these conditions provides a deeper 
understanding of how NBS uptake takes place. Findings also suggest that nature-based innovations require a 
customised transitions framework that accounts for the role of physical geographies.   

1. Introduction 

The sustainable development of cities is one of the key challenges of 
our society (Kabisch et al., 2017; McCormick et al., 2013; Monstadt, 
2009). Nature-Based Solutions (NBS) – an emerging concept that de-
notes the use, conservation, and restoration of nature to address 
ecological, social and economic sustainability challenges – can 
contribute to urban sustainability (Davies & Lafortezza, 2019; Kabisch 
et al., 2017; Lafortezza et al., 2018). NBS is an umbrella concept that 
incorporates different forms of nature-based interventions, such as green 
roofs and façades or sustainable drainage systems (Dorst et al., 2019). 
NBS are envisaged to address multiple sustainability challenges simul-
taneously, such as flood and heat risks, ecosystem degradation or urban 
regeneration. Discourses on NBS hold the promise of urban trans-
formation, envisioning a systemic change in how cities are designed and 
built (European Commission, 2015; Faivre et al., 2017; Kabisch et al., 
2017). Therefore, different stakeholders call for enabling the wider 
integration of NBS into urban development practice and policy (Cohen- 
Shacham et al., 2016; Faivre et al., 2017; Lafortezza & Sanesi, 2019). 

Yet such wider integration is limited by several barriers, highlighted 
in NBS literature. For instance, current decision-making frameworks 
insufficiently take into account the value of natural resources and the 
range of co-benefits they can provide, hindering the wider market and 
policy uptake of NBS (Ossa-Moreno et al., 2017; Raymond et al., 2017). 
Other barriers are fragmented governance or limited funding (Sarabi 
et al., 2019; Seddon et al., 2020), or limited leadership or social net-
works (Kabisch et al., 2016). Such barriers tend to be introduced as 
factors working in isolation, which overlooks the fact that they are 
embedded in broader structures. A more integral, systemic perspective 
on such impeding mechanisms and their interactions is therefore 
necessary (van der Jagt et al., 2020). An improved understanding of how 
structural conditions in urban development create barriers to NBS up-
take is also essential to identify actions that can be undertaken to 
overcome these barriers and enable further NBS implementation in cities 
(García Soler et al., 2018; Kabisch et al., 2016). 

Our study therefore seeks to analyse how structural conditions shape 
barriers and also possible opportunities for NBS. Rather than empirically 
exploring such structural conditions, this paper aims to construct a 
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conceptual framework to guide such empirical research. By building on 
the transitions studies concept of socio-technical regimes we direct 
attention towards urban structural conditions and path dependencies in 
explaining NBS development trajectories. The notion of socio-technical 
regimes conceptualises how structural conditions reinforce the status 
quo of socio-technical development, such as the development of urban 
infrastructures and the built environment, which is the socio-technical 
environment NBS are to be integrated into or transform. Thereby, 
these structural conditions influence the uptake of alternative ap-
proaches by creating particular barriers and opportunities for innova-
tion. This study combines a literature review with case illustrations to 
answer the research question ‘Which structural regime conditions affect the 
uptake of urban NBS?’, resulting in a conceptual framework of ‘urban 
infrastructure regimes’. This framework outlines the structural condi-
tions relevant to urban development, which thereby likely explain op-
portunities for and barriers to NBS mainstreaming. 

Theoretically, we apply and advance concepts novel to the analysis 
of NBS development, inspired by transitions theory. Socio-technical 
regime theories do not only offer a systems perspective, providing a 
more integral outlook on how barriers and opportunities come about 
through broader societal structures and processes, but explicitly address 
processes of change and transformation in socio-technical systems with 
a focus on innovation dynamics (Bulkeley et al., 2014; Geels, 2019; 
Patterson et al., 2017). This makes socio-technical regimes a suitable 
concept to explore the uptake of NBS. In practical terms, our study seeks 
to inform the design and wider implementation of urban NBS. In 
particular, we argue that the impact of the NBS concept can be improved 
if projects are not only locally successful, but also have transformative 
effects, such as changed regulations, norms, or mind-sets of actors in 
urban development. Constructing a framework of urban infrastructure 
regimes, we demonstrate which structural conditions may generate 
project-level barriers and opportunities for NBS and how these structural 
conditions interrelate. Thereby this study contributes to understanding 
if and how the transformative potential of NBS can be harnessed. Using 
two examples of NBS development, we subsequently explore the use-
fulness of this framework for analysing how barriers to, and opportu-
nities for, the development of NBS come about. 

The following section provides the theoretical background of this 
paper. Section 3 introduces our methodology. Section 4 presents and 
illustrates the resulting framework of urban infrastructure regimes. 
Section 5 discusses the implications of using this framework for under-
standing barriers and opportunities in NBS development and Section 6 
provides a conclusion. 

2. Theoretical background: socio-technical regimes to explain 
stability and transformation 

Sustainability transitions studies offer theoretical insights into the 
societal transformations that occur in relation to the introduction of 
product or process innovations (Markard et al., 2012). It is suggested 
that the limited uptake of innovative approaches to providing societal 
functions may be caused by structural conditions, such as dominant 
policy or funding arrangements, prevailing knowledge paradigms or 
incumbent actor networks with vested interests (Fuenfschilling & 
Truffer, 2014; Geels, 2011). Notions of the structures that shape and 
reproduce socio-technical systems go back to insights from evolutionary 
economics, science and technology studies and sociology (Fuenfschilling 
& Truffer, 2014; Holtz et al., 2008). Notably, Hughes' (1987) founda-
tional text on large technical systems proposes how such systems are 
both socially constructed as well as shape society. The concept of socio- 
technical regimes forms a central component of conceptualising the 
origins of stability and change in socio-technical systems (Fuenfschil-
ling, 2019; Loorbach et al., 2017; Markard et al., 2012). A socio- 
technical regime forms the material and institutional environment that 
guides actors' behaviour and cognition, is produced and reproduced in 
their actions and thereby stabilises a socio-technical system 

(Fuenfschilling & Binz, 2018; Geels, 2011; Holtz et al., 2008). Estab-
lished regime structures form a selection environment for innovation. 
Their inertia may prove a source of barriers to the uptake of innovative 
approaches that deviate from regime norms and routines. Conversely, 
when socio-technical regimes are unstable, windows of opportunity 
emerge for innovation and transformation (‘regime shifts’) (Fuenf-
schilling & Truffer, 2014;Smith, 2007 ; Smith & Raven, 2012). 

Differentiating between different heuristic dimensions of a socio- 
technical regime may enhance an understanding of how barriers and 
opportunities for sustainable innovation come about. Such dimensions 
represent the mutually reinforcing structures which together form a 
selection environment for socio-technical innovation (Smith, 2007; 
Smith & Raven, 2012). A definitive – or agreed-upon – list of regime 
dimensions is lacking in the literature, but several overlapping di-
mensions have been proposed as part of regime conceptualisations (most 
prominently by Geels, 2002; Smith, 2007; Geels, 2011; Smith & Raven, 
2012; Fuenfschilling & Truffer, 2014) and are listed in Table 1. 

Relevant to the integration of urban NBS innovation in urban 
development are ‘urban infrastructure regimes’, i.e. the socio-technical 
regimes that shape urban development: the “stable urban configurations 
of institutions, techniques, and artifacts which determine ‘normal’ socio- 
technical developments in a city and thus shape general urban processes 
and the urban metabolism” (Monstadt, 2009, p. 1937). Networks of urban 
infrastructures and the built environment (roads, railways, waterways, 
buildings etc.) and associated routines and practices can be thought of as 
socio-technical systems, socially and technically constituted and held in 
place by socio-technical regimes (Bulkeley et al., 2010, 2014; Carroli, 
2018). Although an urban infrastructure regime is, similar to many other 
types of socio-technical regimes (Holtz et al., 2008), challenging to 
delineate, we take it to represent the institutional and material selection 
environment for urban innovation – with a particular focus on urban 
NBS – in development processes of urban infrastructures and the built 
environment. 

The regime dimensions in Table 1 have not been explicated in much 
detail, if at all (Ghosh & Schot, 2019); perhaps because their interpre-
tation is specific to particular socio-technical systems. Indeed, NBS are 
different from the technological innovations usually analysed in the 
context of socio-technical transitions studies. The NBS concept is 
considered innovative as it presents an approach to rethinking urban 
development (Kabisch et al., 2017; Lafortezza et al., 2018; Matthews 
et al., 2015). Several characteristics set NBS apart from more ‘common’ 
urban planning, implementation and maintenance practices. The NBS 
approach uses living nature as urban sustainability interventions, offers 
multifunctionality, and has an explicit solution-orientation, and there-
fore requires integrated governance approaches and adaptation to local 
socio-ecological conditions (Davies & Lafortezza, 2019; Dorst et al., 
2019; Keeler et al., 2019). As such, this tentative list of analytical di-
mensions needs further exploration of the literature honing in on 
structural conditions in urban development, and their influence on NBS 
innovation in particular. This exploration serves to provide more detail 
on these dimensions as well as to enhance the relevance of current 
conceptions of socio-technical regimes for urban development in rela-
tion to nature-based innovation. Hence, the tentative list above provides 
us with a point of departure to construct a framework of ‘urban infra-
structure regimes’ in Section 4. But first, we will elaborate on our 
methods. 

3. Methodology 

We constructed a framework of urban infrastructure regimes to un-
cover which structural conditions influence NBS integration using a 
systematic review of literature on urban socio-technical development. 
Subsequently, we used two examples of urban NBS development to 
illustrate the relevance of this framework for understanding barriers and 
opportunities for urban NBS mainstreaming. These two steps are 
visualised in Fig. 1 and further detailed below. 
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3.1. Step 1: literature review 

By way of a systematic review of literature that discusses transitions 
in the context of urban infrastructures and the built environment, we 
sought to expand our understanding of which structural conditions 
constitute an urban infrastructure regime. A Scopus search1 of urban 
development and transitions literature yielded 64 articles; 33 articles 
remained after an assessment of their relevance based on titles and ab-
stracts as the main corpus for this review. Five more articles, identified 
by following up on relevant references in the articles already included, 
were added during the review based on their apparent relevance. The 
outcomes of this review, combined with the socio-technical regimes 
dimensions in Table 1, resulted in a framework of urban infrastructure 
regimes, presented in Section 4.1. 

A coding scheme comprising the structural dimensions listed in 
Table 1 (first column) was used to review this corpus using the quali-
tative data analysis software NVivo. To keep an open visor as to whether 
other structural conditions were also perceived important for transition 
dynamics in urban development we added an open coding category 
(‘other’). We define ‘structural’ conditions as the distinct system of so-
cial and physical processes and factors involved in the reproduction and 

Table 1 
Conceptualisations of socio-technical regime dimensions in transition studies literature ordered – to the extent possible – based on similarity.  

Synthesised 
analytical 
dimensions 

Geels (2002) Smith (2007) Geels (2011) Smith and Raven (2012) Fuenfschilling and Truffer 
(2014) 

Technologies and 
infrastructures 

Technology; 
infrastructure (p. 
1262) 

Technologies and 
infrastructures (p. 429) 

Technological regime 
(p. 27) 

‘Dominant technologies and infrastructures 
form a (material) selection environment, for 
example, through articulated technical 
standards and infrastructural arrangements’ 
(p. 1026) 

Dominant technology (p. 
778) 

Industrial 
structure and 
relations 

Industry structure (p. 
1262) 

Industrial structure (p. 
429) 

(Industry mentioned, 
but not as explicit sub- 
regime, p. 28) 

‘Established industry structures form a 
selection environment through, for example, 
established network relations, industry 
platforms, strong user-producer interactions, 
shared routines and heuristics, existing 
capabilities and resource allocation 
procedures’ (p. 1026) 

Organisational form; 
main actor types (p. 778) 

Cultural values 
and significance 

Symbolic meaning of 
technology (p. 1262) 

Cultural, symbolic 
meanings underpinning 
practices; guiding 
principles (p. 429) 

Socio-cultural regime 
(p. 27) 

‘The cultural significance attached to a 
specific regime forms a selection 
environment through, for example, its 
widespread symbolic representation and 
appreciation; cultural values and widespread 
stabilised representations’ (p. 1026) 

Influential values; 
mission; sector logic (e.g. 
market, engineers, state) 
(p. 778) 

Policy and 
regulations 

Policy (p. 1262) Policy and regulations (p. 
429) 

Policy regime (p. 27) ‘Public policies and political power form a 
selection environment through, for example, 
prevailing regulations, policy networks and 
relations with incumbent industries’ (p. 
1026) 

(Regulation mentioned 
but not as explicit regime 
element, p. 780) 

Knowledge and 
expertise 

Techno-scientific 
knowledge (p. 1262) 

The knowledge base for 
the regime (p. 429) 

Science regime (p. 27) ‘Guiding principles and socio-cognitive 
processes in the established knowledge base 
are geared towards incremental knowledge 
development rather than paradigmatic shifts. 
Path-breaking innovations are rejected 
because insufficient resources are attributed 
to new knowledge development, RD&D and 
so on, and academic and private research 
institutes perceive disincentives because of a 
lack of dedicated journals, conferences and 
research groups’ (p. 1026) 

Type of expertise (p. 778) 

User practices and 
market 
mechanisms 

User practices and 
application domains 
(markets) (p. 1262) 

User relations and markets 
(p. 429) 

User and market 
regime (p. 27) 

‘Markets and dominant user practices form a 
selection environment through stabilised 
market institutions, supply and demand, 
price mechanisms, user preferences and 
routines’ (p. 1026)  

Funding structures     Funding source (p. 778)  

Fig. 1. Research approach.  1 TITLE-ABS-KEY ((“urban development” OR “urban planning” OR “urban 
infrastructure” OR “built environment”) AND ((socio-technical OR socio-
technical) AND transition*)) AND (LIMIT-TO (DOCTYPE, “ar”)) date 25–11-19. 

H. Dorst et al.                                                                                                                                                                                                                                   



Cities 116 (2021) 103283

4

reinforcement of actors' behaviour and decision making (Fuenfschilling 
& Binz, 2018; Holtz et al., 2008). Furthermore, we are primarily inter-
ested in how urban infrastructure regime structures shape innovation 
with NBS. As such, our review emphasised those conditions that are 
suggested or expected to be relevant to NBS innovation. 

3.2. Step 2: illustrative examples of NBS project development 

We illustrated the framework with two examples of NBS develop-
ment: Little France Park in Edinburgh, the United Kingdom, and the 
Leidsche Rijn water system in Utrecht, the Netherlands, the results of 
which are presented in Section 4.2. These illustrations are based on case 
study work as part of the NATURVATION research project on innovating 
with and governing urban NBS (Kiss et al., 2019). 

Data collection focused on the circumstances under which the NBS 
emerged and structural conditions that shaped their development tra-
jectories (Kiss et al., 2019). Semi-structured interviews were conducted 
with 6 key informants for the Little France Park case and 7 for the 
Leidsche Rijn water system case – e.g. public authorities, NGOs, com-
munity members, development companies (see Table 3 in the Appendix 
for interview data). Additionally, relevant policy documents, such as 
municipal greening strategies and planning visions, were identified to 
provide background information and context for the case studies. Our 
analysis of the interview transcripts in NVivo was guided by the 
framework dimensions that followed from the literature review in step 1 
(Table 2). Table 4 (in the Appendix) provides more detail on the research 
questions we used to analyse the data. 

Several motivations guided our selection of these examples:  

– Although the projects are not representative for all potential NBS 
manifestations, they represent good examples of multifunctional 
urban NBS development, as in both cases natural assets were central 
to delivering multiple project objectives.  

– Urban NBS are noted to be difficult to scale up (Kabisch et al., 2016; 
Kronenberg et al., 2017; Wamsler et al., 2017), yet these two projects 
are relatively large-scale spatial development projects that inte-
grated NBS principles. They thereby present counterintuitive case 

profiles (somewhat akin to the notion of ‘extreme cases’, which 
represent unusual values on a variable of interest (Gerring, 2006)). 
We hope that a focus on such ‘extreme’ examples provides a thor-
ough test of the usefulness of the framework.  

– The two projects contrast in the relative ‘ease’ of their development 
trajectories. Little France Park represents an ongoing development 
fraught with conflict and uncertainty. The Leidsche Rijn water sys-
tem has experienced relatively minor barriers and is perceived by its 
stakeholders as successful regarding both its development process 
and delivery against sustainability targets. Analysing such contrast-
ing trajectories also provides an opportunity to test how well a 
transitions lens ‘works’ in understanding barriers as well as oppor-
tunities for NBS development. 

In sum, these case examples are not exhaustive, but illustrative; their 
function is to reflect on the use and usefulness of an urban infrastructure 
regime lens for NBS. The illustrations of regime mechanisms were 
extracted from the original case study material. 

4. Results: exploring the influences of the urban infrastructure 
regime on NBS development 

4.1. A conceptual framework of urban infrastructure regimes 

Table 2 outlines our results: a synthesis of the dimensions that sta-
bilise urban development as presented in the literature on transitions in 
urban development. It is important to reiterate here that our review 
focusses on those urban development dimensions that are expected to 
influence NBS in particular, and therefore do not necessarily represent 
structural conditions for all types of innovation in urban development. A 
significant difference to the tentative list of synthesised dimensions we 
explored this literature with (Table 1), is that we added physical geog-
raphies as a separate dimension. This dimension emerged from our re-
view as an influential category of structural conditions for NBS 
innovation in urban development. In addition, the other regime di-
mensions have been rephrased, if relevant, to better capture the aggre-
gated contents emerging from the review. We discuss each dimension in 
more detail below. 

4.1.1. Physical infrastructures and technologies 
Physical urban infrastructures and the built environment form the 

material core of what it is that needs adaptation and transformation to 
achieve more sustainable cities. Urban infrastructures consist of physical 
components such as water pipes, sewers, electricity and transport 
technologies, or waterworks (Monstadt, 2009). An obdurate built envi-
ronment – representing ‘sunk investments’ and long life spans; whether 
obsolete or still functioning urban infrastructures – affects the agency 
and behaviour of urban dwellers and determines the path dependency of 
future developments (Eames et al., 2013; Haarstad, 2016; Næss & Vogel, 
2012). Even though these physical forms are constituted through social 
processes, “the fixed form these things then assume have a powerful influence 
upon the way that social processes can operate” (Harvey, 1997, 21). In the 
European context, the optimisation or modernisation of these in-
frastructures is therefore often favoured over their complete alteration, 
and new technologies tend to exist alongside remnants of ‘older’ urban 
infrastructure regimes (Carroli, 2018; Eames et al., 2013). The condition 
of physical infrastructures in cities steers political choices. For instance, 
housing shortages may crowd out other urban sustainability issues on 
the agenda (Wihlborg et al., 2019). In this way, physical infrastructures 
and technologies may give rise to structural barriers to NBS, in particular 
if an NBS has a poor physical fit with the design of prevailing urban 
infrastructures. 

4.1.2. Industry structure, actor networks, and organisational forms 
Urban development involves a variety of actors, among which 

property developers, local authorities, investors, engineers, etc. (Eames 

Table 2 
Key dimensions of urban infrastructure regimes.  

Regime dimensions General description 

Physical infrastructures and 
technologies 

The physical infrastructures and technologies 
that shape decision-making on urban 
development 

Industry structure, actor 
networks, and organisational 
forms 

Institutionalised actor roles and 
responsibilities, and the organisational forms 
(networks, platforms) and rules (formal and 
informal) that shape interaction 

Cultural values and guiding 
principles 

Main targets, objectives and priorities 
articulated in the regime, as well as underlying 
values, rationales and principles that shape 
actor strategies in urban development 

Policy and regulations Influential policies and regulations and their 
role in shaping urban development 

Knowledge and expertise (Expert) knowledge that underpins the regime's 
functioning and decision-making processes, 
and the technologies (e.g., tools, procedures 
and models) to use and enhance that 
knowledge and support knowledge exchange 

Economic mechanisms and user 
behaviour 

Perceived supply and demand for types of 
urban development (e.g. innovative and/or 
sustainable) and the ways in which these 
perceptions shape decision-making processes 

Funding structures Availability and types of funding necessary to 
continue regime practices, as well as 
instruments to raise funding 

Physical geographies The broader physical geography of urban areas, 
including natural resources and environmental 
conditions  

H. Dorst et al.                                                                                                                                                                                                                                   



Cities 116 (2021) 103283

5

et al., 2013; Monstadt & Wolff, 2015). The collective determination and 
execution of goals through interactions between these actors is a key 
component of urban infrastructure regimes (Monstadt, 2009). The 
organisation of urban development processes, such as the alignment of 
time-frames of key activities (Moss & Hüesker, 2019), is integral to such 
interactions. Sectoral organisational structures form a selection envi-
ronment through, for instance, established network relations, industry 
platforms and shared routines (Smith & Raven, 2012). The social and 
power relations between urban development stakeholders and the ways 
in which they organise themselves (such as through the C40 cities 
network around urban climate adaptation transitions (Bulkeley et al., 
2014; Eames et al., 2013)) enable mutual understanding and trust and 
determine roles and identities within the stakeholder landscape. Such 
relations, and the political and economic exchanges and contestations 
involved in them, thereby shape and maintain common practices within 
the socio-technical system or provide opportunities for innovation 
(Foong et al., 2017; Huang et al., 2018; van Welie et al., 2018). One 
example of how organisational structures form a condition that shapes 
barriers to innovations such as NBS is when tasks and responsibilities 
(and budgets) are ‘siloed’, leading to fragmented urban planning and 
development efforts (Eames et al., 2013; Wihlborg et al., 2019). 

4.1.3. Cultural values and guiding principles 
The adoption of innovation in urban development is enabled or 

constrained by the objectives and priorities embedded in the urban 
infrastructure regime, as well as the underlying values, rationales and 
principles that shape actors' strategies (Eames et al., 2013). As the urban 
environment is shaped by a variety of actors, their way of perceiving 
buildings and cities, as well as wider cultural and lifestyle shifts, shape 
their subsequent objectives and actions (Guy & Henneberry, 2000). 
Visions around potential urban futures tend to shape present-day deci-
sion-making on urban development (Dijk et al., 2018). Such visions can 
“provide a reference point through which networks can be built, gaining 
commitments to ‘participate’, orienting the actions of potential participants 
and constituencies, and persuading potential participants of the desirability of 
transition” (Hodson et al., 2012, 795). For instance, sustainability prin-
ciples and values around climate adaptation or energy have been gain-
ing traction in urban development discourses (Bulkeley et al., 2014). 
Such principles and values can translate into norms for action and 
thereby create momentum for the adoption of particular technologies 
(van der Jagt et al., 2020), such as NBS, or alternatively, constitute 
critical barriers if more narrow value frames around, for instance, eco-
nomic efficiency of urban development prevail over or exclude the 
ecological and social values of NBS. 

4.1.4. Policy and regulations 
Such visions and expectations for urban futures, as well as political 

priorities, are reflected in urban policy (McPhearson et al., 2016; 
Papasozomenou et al., 2019). Urban planning, which encompasses both 
strategising and regulating (e.g. through administrative and legislative 
regulations, subsidy programs, procurement programs, policy goals, or 
problem agendas (cf. Ghosh & Schot, 2019)) guides decision-making 
across levels of government and stakeholder interests and determines 
the direction of urban development in the medium and long term 
(Carroli, 2018; Healey & Barrett, 1990; Ince & Marvin, 2019; Quitzau 
et al., 2012). Spatial planning can protect space for innovation and 
experimentation but also constrain change by reinforcing the status quo 
(Carroli, 2018; Foong et al., 2017; van Duuren et al., 2019; Wihlborg 
et al., 2019). Furthermore, policy and regulation is typically drafted for 
existing problems and current technologies and approaches; innovative 
approaches therefore often experience a mismatch or require novel 
policy paradigms to mitigate the risks involved in their development. 

4.1.5. Knowledge and expertise 
The established, dominant knowledge bases and expertise that in-

forms decision-making processes, plus the methods (e.g. R&D, research) 

and instruments (e.g. tools, models and procedures, such as technical 
reports) used to sustain and advance that expertise, as well as the pro-
fessions that maintain such expertise, also determine urban develop-
ment processes (Bulkeley et al., 2014; Newton, 2012). Expert knowledge 
can stabilise or challenge political discourses and shape conceptualisa-
tions of the issues at stake as well as of their potential solutions (Dijk 
et al., 2018). The knowledge bases and expertise that are dominant in a 
regime typically have to evolve to better integrate novel solutions to 
contemporary societal challenges (Eames et al., 2013; Wihlborg et al., 
2019). Indeed, planning for urban sustainability increasingly recognises 
the necessity of a diversity of knowledges to be included rather than 
having dominant knowledge frames perpetuated (Wijsman & Feagan, 
2019). Knowledge and particularly its wider dissemination can also raise 
awareness and understanding of why change is necessary (van der Jagt 
et al., 2020; van Duuren et al., 2019; Wihlborg et al., 2019). 

4.1.6. Economic mechanisms and user behaviour 
Economic mechanisms – i.e. relations between supply and demand 

(commercial as well as around public goods), competition, market 
composition and size – affect how the urban environment is developed, 
with a significant role for local and supralocal governments to shape 
such mechanisms and correcting ‘market failures’ (Bolton & Foxon, 
2013; Ghosh & Schot, 2019). The perceived demand – or lack thereof – 
for sustainable innovations in urban development, as well as citizen 
behaviour, preferences and routines regarding urban infrastructures and 
buildings shape decision-making processes in the urban infrastructure 
regime (cf. Ghosh & Schot, 2019; Smith & Raven, 2012). For instance, 
the enhanced public interest in sustainability increases opportunities for 
sustainable urban infrastructures like NBS (cf. van Duuren et al., 2019). 
Furthermore, urban sustainability discourses frequently reflect eco-
nomic growth ideologies, and by extension the commodification of 
urban nature as a sustainability ‘solution’ is sometimes also criticised 
(Kotsila et al., 2020). 

4.1.7. Funding structures 
Funding arrangements and financial resources (including land 

ownership) are an essential regime component. The flows of capital 
through resources tie actors in urban development into structural re-
lations (Healey & Barrett, 1990). Urban development involves signifi-
cant financial investment (Hodson et al., 2012; Huang et al., 2018). 
Considerations regarding costs and profit, and the structures that pro-
duce those (e.g. austerity, subsidies or the lack of a viable business case), 
determine actors' behaviours in urban development and thereby the 
likeliness of regime change; NBS tend to be ‘undervalued’ as a result of 
existing value assessment tools, as not all benefits are measurable 
(Raymond et al., 2017). 

4.1.8. Physical geographies 
One category of structural conditions emerged from the review 

which did not entirely fit the tentative list of structural conditions 
identified in transition studies (Table 1): physical geography conditions 
(i.e. the natural environment, ecological characteristics and relation-
ships). The innovation paths of urban infrastructure and built environ-
ment systems are likely not only shaped by the existing physical 
infrastructures, but also by the broader physical geography of urban 
areas and socio-ecological relations (Haarstad, 2016; Monstadt, 2009; 
van der Leer et al., 2018). Geographic characteristics, varying from 
climatic conditions to natural resources, have been suggested to affect 
socio-technical developments in the urban environment (Foong et al., 
2017; Huang et al., 2018). Indeed, the urban is sometimes also con-
ceptualised as an ecology (Endlicher et al., 2007). This dimension seems 
particularly relevant for analysing NBS barriers: for instance, the growth 
of vegetation and flow of water is influenced by factors such as soil 
conditions and rainfall (van der Jagt et al., 2020). 

H. Dorst et al.                                                                                                                                                                                                                                   



Cities 116 (2021) 103283

6

4.2. Illustrating the framework 

We illustrate the framework by exploring how structural conditions 
have shaped certain project-level barriers or opportunities in two cases 
of NBS development. As the goal of this exploration is to assess the 
relevance and usefulness of an urban infrastructure regime perspective 
on NBS uptake, we only present some of the most salient structural 
conditions here; Appendix A shows a more extensive overview of 
structural conditions influencing the two cases. 

4.2.1. Little France Park 
Little France Park is a parkland including bioswales and an active 

travel route in Edinburgh. Even though it has been part of urban plan-
ning for over two decades and is only halfway developed at the time of 
writing, it is now re-envisioned as a pilot project of delivering multiple 
benefits through nature, such as health and wellbeing, water storage and 
biodiversity (Int. #4). Its redevelopment is also hoped to contribute to 
social cohesion between the different user groups present in the area: 
citizens of the socio-economically disadvantaged Craigmillar area, em-
ployees and clients of the hospital, and staff at the Science Park adjacent 
to the parkland (Int. #6). An important barrier to Little France Park's 
development was the persistence of conflicting visions over land use; 
should it be used for housing development or to increase biodiversity, 
climate change adaptation and public health? Not only did opinions 
differ among stakeholders, but disagreement between municipal de-
partments around plans for the site were arguably the biggest obstacle 
(Int. #6). 

Little France Park, Edinburgh. Photo by author. 
This barrier partly originated from conflicting regime values and 

guiding principles. Initial developments at Little France Park were solely 
aimed at river restoration to prevent flooding. One interviewee notes 
how a certain ‘engineering mindset’ prevailed that did not necessarily 
take into account broader benefits to society (Int. #3) and thus formed a 
barrier to the implementation of this NBS, prioritising river restoration 
over other potential benefits of the parkland. Consequently, local com-
munity perceptions of the area as being ‘not usable’ and ‘unattractive’ 
(Int. #5) fuelled the municipal concerns about further park 
developments. 

Economic mechanisms and user behaviour also contributed to this 
conflict. Edinburgh is growing and so are pressures on the housing 
market, making Little France Park an attractive site for housing devel-
opment (Int. #6). The adjacent neighbourhood of Craigmillar has been 
characterised by social deprivation for years; some local residents 
believe that neighbourhood expansion would provide opportunities for 
more public facilities in the neighbourhood (e.g. schools, libraries) (Int. 
#5). Further adding to the public demand for housing, project de-
velopers have made promises around the creation of new amenities to 
local residents – a clear example of how regime actors are actively 
exerting selection pressures on development (Int. #1). 

Finally, lack of funding was indicated to be another major barrier to 
the development of Little France Park. Underlying funding structures, 
such as municipal budget cuts and austerity, were indicated as the main 
cause (Int. #3; Int. #4; Int. #10). Relatedly, issues around securing land 
ownership contributed to uncertainty about the project's future, leading 
to a diminished trust with external funding stakeholders, who eventually 
pulled out of the project (Int. #3; Int. #6). 

In sum, Little France Park provides an example of how several socio- 
technical regime conditions, such as the manifestation of established 
funding structures, supply and demand mechanisms, and dominant 
values and guiding principles, have conjointly created a less favourable 
environment for its development. 

4.2.2. Leidsche Rijn water system 
The Leidsche Rijn water system in Utrecht, the Netherlands, is a 

sustainable, nature-based and closed-loop surface water system to pro-
vide clean and clear surface water, support biodiversity and climate 
adaptation. It is part of the ongoing expansion of Utrecht with a new 
urban district providing around 30,000 new homes between 1997 and 
2025. The system includes components such as bioswales, ecological 
water banks, a network of canals, buffer lakes, dams with water gates, 
water pump stations, and permeable paving. Although the development 
process was relatively uncomplicated due to its greenfield status, there 
was some contestation over the fact that a new neighbourhood was 
developed on what was formerly a rural landscape and part of the na-
tional ecological network. Moreover, by adding a new neighbourhood 
on the city's edge, the project has also not been able to align with current 
sustainability ambitions to increase urban densities to accommodate 
growth, i.e. to grow inward rather than outward. 

Bioswale in Leidsche Rijn. Source: Yvonne van Megen, Utrecht 
municipality. 

However, overall the development process has been reflected upon 
by the municipality as relatively successful. An important feature to the 
projects development trajectory was the strong municipal negotiating 
position vis-à-vis developers to enforce the implementation of the 
experimental water system (Int. #11). 

A structural condition that enabled such a strong negotiating posi-
tion in the first place was the site's greenfield status, with few obdurate 
man-made physical infrastructures standing in the way of development 
(Int. #15). 

Another regime dimension of importance here were physical geog-
raphy conditions. The relatively large scale of Leidsche Rijn project 
facilitated a particular governance approach: a semi-independent 
municipal project team was established which included a water sys-
tem task force. This task force could function relatively independently 
from prevailing perceptions on how to manage an urban water system 
(Int. #10). It is important to note that different stakeholders attested 
that this strategy of a relatively independent governing structure could 
only be held up by strong project-internal leadership (Int. #8; Int. #10), 
which highlights that regime conditions do not affect project develop-
ment trajectories in isolation but conjointly with project-internal 
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characteristics and processes. This leadership was then wielded to in-
fluence regime actors to facilitate project development, further indi-
cating the two-sided interaction between regime conditions and NBS 
project-level dynamics. 

Additionally, local soil conditions and the presence of waterways 
influenced how the nature-based water system was constructed. More-
over, the poor water quality in the area indirectly also motivated policy- 
making on water quality, creating opportunities for alternative solutions 
and hence NBS development (Int. #11; Projectbureau Leidsche Rijn, 
1997). 

Furthermore, this case shows the influences of favourable policy 
conditions, which in turn have informed regulations favourable to this 
project. In the early 1990s, a national-level policy (known as VINEX) 
prioritised large-scale greenfield housing developments. Although such 
policies were not at all aimed at NBS development, in combination with 
policy discourses on sustainable building and clean water, this policy 
paved the way for the relatively large-scale implementation of nature- 
based innovation in the Leidsche Rijn development (Int. #10). Trick-
ling down from more high-level political ideas, local policy then stim-
ulated project developers to integrate sustainability elements into their 
designs (Int. #10). 

In sum, the relative ease with which the project consortium could 
deliver upon its ambitions can partly be explained by the configuration 
of a set of socio-technical regime conditions that have, in contrast to 
Little France Park, created a relatively favourable environment for their 
activities. 

4.3. Using the urban infrastructure regime framework: what does it 
reveal? 

Constructing and applying a framework of urban infrastructure re-
gimes has enhanced our understanding of how barriers and opportu-
nities for NBS are shaped by structural conditions. At a conceptual level, 
the framework articulates the relevant dimensions of urban infrastruc-
ture regimes and provides a new, comprehensive lens through which we 
can interpret opportunities and barriers for the uptake of NBS. Empiri-
cally it provides deeper explanations of particular barriers and oppor-
tunities for NBS development derive from structural conditions that 
characterise the urban development systems in place. It highlights the 
necessity of being aware of factors that lie beyond the internal organi-
sation of an NBS project but are generated by broader social, political, 
economic and institutional structures, which coordinate but are also 
produced and reproduced by actors concerned with urban development. 
For instance, in the Leidsche Rijn case it appears from the surface that 
the project bureau took a powerful position in negotiating with de-
velopers, who as a result took on an experimental project. Their position 
benefitted greatly from having a large greenfield site at their disposal 
and a prevailing national clean water discourse to which they aligned 
their plans. Arguably, would these structural conditions have been ab-
sent, the choices of these actors may have been otherwise and the 
integration of NBS may have been more challenging or different in 
nature. 

Furthermore, the systemic perspective shows that conditions co- 
produce particular barriers or opportunities. For example, a combina-
tion of conflicts over development plans (industry structure, guiding 
principles) and difficulties with securing land ownership (financial 
structures) resulted in funders withdrawing from the Little France Park 
project. Indeed, although for analytical purposes we have distinguished 
different regime dimensions, they are interconnected through shared 
rules and norms, infrastructures and actors. Thereby they also coevolve; 
‘through their interaction the interacting elements themselves also 
change’ (Loorbach et al., 2017, 608); if it were not for critical water 
quality conditions or the availability of a large greenfield site to develop 
(physical geographies), there would arguably have been no policies and 
political actions (policy and regulations) towards developing the land 
sustainably or at such a large scale. In sum, the structural conditions that 

shaped the development trajectories of Little France Park and the 
Leidsche Rijn water system do not work in isolation. 

The literature review and case illustrations confirm that the regime 
dimensions proposed by transitions scholars (Table 1) are relevant, but 
our findings indicate that physical geographies also matter. Indeed, NBS 
literature shows the importance of considering local socio-ecological 
conditions for NBS implementation because of their influence and de-
pendency on such conditions (Andersson et al., 2017; Keeler et al., 2019; 
Nesshöver et al., 2017; van der Jagt et al., 2020). Our distinguishing 
physical geographies as another type of structural conditions for inno-
vation primarily underlines our understanding of social, technological, 
and natural systems being interwoven, as is also put forth in socio- 
ecological systems thinking (Ahlborg et al., 2019; Folke, 2006). 

5. Discussion 

This study explored if and how a socio-technical regime perspective 
could support a better understanding of how barriers and opportunities 
for NBS uptake come about. Below, we reflect on the need to enhance 
socio-technical regime perspectives to better comprehend the peculiar-
ities around the uptake of nature-based innovations. 

5.1. The urban infrastructure regime: semi-coherent and heterogeneous 

In our study, we assumed the urban infrastructure regime to be the 
dominant structure to affect the uptake of urban NBS. As such (and also 
for analytical purposes) we assumed it to exist as a coherent whole; a 
major condition for delineating the regime as a heuristic is for the 
assemblage of materials and institutions to form a logically coherent 
structure, even though indeed regimes are difficult to delineate in 
practice (Holtz et al., 2008). Yet we encountered instances where this 
regime did not seem to represent an entirely coherent rule-system. For 
instance, both cases showed interactions between the municipality and 
project developers where these parties acted upon opposing guiding 
principles. Municipalities could be considered a ‘regime’ actor in urban 
development because of their generally central role in visioning urban 
development plans and stipulating regulations (Boyer, 2014; Gustafsson 
& Mignon, 2019). In the case studies, the development companies were 
also representing urban infrastructure regime rules and reproducing 
these in their actions. As such, it appears different regime logics were at 
play in both cases (cf. Fuenfschilling & Truffer, 2014): one revolving 
around - simply put - delivering economic value in the form of housing 
(represented by the development companies), and another more focused 
on also taking into account ecological and social benefits (to which the 
municipalities were more inclined). So rather than speaking of ‘the’ 
urban infrastructure regime, we suggest it may be more appropriate to 
speak of a semi-coherent urban infrastructure regime that includes 
different actors acting based on partly different logics (cf. Fuenfschilling 
& Truffer, 2014). The apparent lack of regime coherence mirrors notions 
of regime multiplicity in urban contexts which indicate that regimes in 
urban areas are indeed incoherent, heterogeneous entities (Eames et al., 
2013; Ghosh & Schot, 2019; Næss & Vogel, 2012; van Welie et al., 2018; 
Wolfram & Frantzeskaki, 2016), yet with identifiable and path- 
dependent properties that explain observable patterns of directionality 
in urban development. We recommend future research into the effects of 
regime-(in)coherence on the uptake of NBS, for instance regarding how 
it may produce or is the product of skewed power relations between the 
actors involved in urban development. 

Furthermore, our research focused on structural conditions, but did 
briefly touch upon the active roles played by certain actors aiming to 
implement and possibly mainstream NBS projects in face of these regime 
structures (e.g. the local government agency that was responsible for the 
implementation of the Leidsche Rijn water system and the organisation 
that coordinated the partnership for the Little France Park de-
velopments). Future research could identify if and how actors in NBS 
development and mainstreaming processes act strategically in face of 
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structural conditions to shape them, providing a more dynamic view 
towards structural change of urban infrastructure regimes through, e.g., 
institutional entrepreneurship (Fuenfschilling, 2019; Geels, 2020). 

Lastly, in view of the fact that we only presented two cases to illus-
trate our framework, we recommend follow-up, larger-N studies to 
further refine the set of structural conditions in urban infrastructure 
regimes that provide barriers to and opportunities for NBS uptake, and 
to shed light on which of these dimensions offer opportunities and 
pathways for NBS mainstreaming. 

5.2. Policy implications 

The findings send an important signal to policy-makers and other 
professionals in urban planning and development. To accelerate the 
integration of NBS into mainstream urban development, this study first 
and foremost demonstrates the relevance of taking a systems perspec-
tive, by taking into account the structural conditions in urban devel-
opment that underpin barriers and opportunities for NBS innovation and 
the interrelations between these conditions. Emphasising in-
terdependencies between these conditions, using a systems perspective 
of urban infrastructure regimes enables a more integrative outlook onto 
the conditions that are most pressing when it comes to NBS imple-
mentation. Furthermore, the systemic interlinkages between structural 
conditions in urban development call for a holistic governance approach 
that takes these interdependencies into account. For actors aiming to 
increase NBS uptake, this implies that to solely address the reconfigu-
ration of the most pressing structural condition (e.g. restructuring 
funding arrangements) may not be sufficient, as it needs to be consid-
ered in relation to other structural conditions (e.g. stakeholder config-
urations and their value orientations). In sum, policy interventions for 
NBS mainstreaming must be based on a context-specific analysis of the 
structural conditions that explain the existing barriers. 

6. Conclusion 

This paper has set out to illustrate how structural conditions hinder 
or enable the wider uptake of NBS into processes of urban development 
by giving rise to specific barriers or opportunities. We drew upon tran-
sitions studies to describe structural conditions and the way these, in 
interplay, influence the wider implementation and uptake of NBS. 
Investigating the role of system variables indicates the relevance of 
looking beyond the project-level to identify potential NBS development 
pathways. In doing so, the regime dimensions identified as important 
must be viewed and examined in conjunction: structural conditions do 
not ‘work’ in isolation. Furthermore, our findings indicate that NBS 
require a different understanding of socio-technical regimes than other 
types of innovation. To better understand the barriers to NBS develop-
ment and opportunities for enabling its wider implementation, we 
suggest to also take physical geographies into account in addition to the 
traditional components of socio-technical regime frameworks. Finally, 
urban infrastructure regimes appear to be semi-coherent, so rather than 
speaking of a singular, clear-cut urban infrastructure regime it may be 
more appropriate to consider its heterogeneity, which likely also affects 
the identification of potential trajectories for the uptake of urban NBS. 
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