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A B S T R A C T   

The last decade has seen a profound increase in the development of assessment frameworks for ecosystem ser-
vices, green infrastructure and nature-based solutions (NBS). This has improved understanding of NBS impact 
assessment, including processual aspects related to participatory planning and governance. We argue that, 
although representing a move in the right direction, NBS assessment frameworks would benefit from a broader 
framing of governance, including the role of government-led laws, policies and regulations along with 
community-led and collaborative multi-stakeholder initiatives. The consideration of marginalised communities 
and environmental justice should also be strengthened. To ensure a feasible and comprehensive approach to NBS 
governance assessment, we carried out a systematic literature review on the topic of urban NBS governance. 
Using thematic analysis, we developed a framework of five themes encompassing nine governance dimensions, of 
which some are further broken down into sub-dimensions. To assess the different NBS governance dimensions, 
we developed a tool in the format of a survey for urban decision-makers and other stakeholders, encompassing 
nine urban NBS governance indicators corresponding with the identified dimensions. Further to complementing 
NBS governance assessment approaches in important ways, we were able to highlight knowledge gaps around 
integrating features of the planning process and community-based or traditional knowledge. Our tool for 
monitoring urban NBS governance is simple to use and provides cities with a low-cost and comprehensive 
approach for monitoring and evaluating their readiness for mainstreaming NBS.   

1. Introduction 

Urban governance in the Anthropocene is recognised as being inex-
tricably linked to addressing global sustainability challenges. Both in-
dividual leadership and collective action – aspects central to governance 
– are required to re-establish socio-ecological connections and advance 
planetary stewardship, reducing our environmental footprint in this 
human-influenced epoch (Tengö et al., 2022). Cities increasingly act as 
arenas for a multiplicity of experiments connecting climate action with 

challenges around food, energy, biodiversity and social justice, collec-
tively seeking to build momentum for transforming economic systems 
and urban development practices (Bulkeley, 2021; Xie & Bulkeley, 
2020). Nature-based solutions (NBS) are innovative examples of 
“ecological commons” that could help to “radically transform” cities, 
contributing to more sustainable and resilient societies (McPhearson 
et al., 2021). The planning and implementation of NBS is part of a global 
effort to address interlinked climate change and biodiversity crises, 
support healthy urban living, and achieve environmental justice 
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(Bayulken et al., 2021; Cousins, 2021), featuring prominently in global 
policy arenas and championed by transnational coalitions and initiatives 
(Xie et al., 2022). 

As a result of this global policy interest, the development of urban 
NBS assessment frameworks has mushroomed in recent years (van der 
Jagt, Buijs, et al., 2023). Prominent examples include the EKLIPSE 
Impact Evaluation Framework (Raymond et al., 2017), the IUCNs 
(2020) Global Standard and the European Commission’s Handbook for 
Evaluating the Impact of Nature-Based Solutions (hereafter: EC Hand-
book) (Dumitru & Wendling, 2021). The latter was published most 
recently and “serves as a comprehensive reference handbook, based 
upon current best available knowledge and state-of-the-art technologies 
and practices” (Dumitru & Wendling, 2021, p.25). It provides indicators 
to assess performance of (urban) NBS against variables pertaining to a 
range of societal challenge areas, such as climate resilience, biodiversity 
enhancement and public health and wellbeing and most indicators are 
also relevant to urban contexts. Unlike the IUCN Global Standard for 
NBS it also includes an appendix with detailed descriptions of assess-
ment procedures for each indicator, including relevant assessment scales 
and scope for participatory assessment. Hence, we consider it as the 
most suitable baseline against which to compare the indicators devel-
oped in this study. 

The EC Handbook developers also included participatory planning 
and governance indicators for monitoring processual aspects important 
to the development and mainstreaming of NBS. Processual aspects, 
including governance, are understood to underpin the realisation of 
benefits from nature (Raymond et al., 2017). This is also reflected in 
Criterion 5 of the IUCN Global Standard for NBS assessment framework: 
“NbS are based on inclusive, transparent and empowering governance 
processes” (IUCN, 2020, p.14). Governance issues around e.g., limited 
knowledge availability and lack of collaborative arrangements represent 
well-known barriers to NBS implementation and mainstreaming (Dorst 
et al., 2022; Wild et al., 2020). In sum, by monitoring the effectiveness 
and inclusiveness of NBS governance and planning, urban 
decision-makers can identify and respond to pinch points in renaturing 
their city, which supports the equitable mainstreaming of NBS. 

We argue that the EC Handbook, a recently published compendium 
drawing from over 20 research projects and representing the state-of- 
the-art in NBS assessment, remains insufficiently capable to provide 
comprehensive governance assessments. Aspects such as institutional 
frameworks, actors and their related discourses, resources and power 
dynamics, key to environmental governance (Arnouts et al., 2012; 
Lawrence et al., 2013), are inadequately captured. Although a bespoke 
tool for monitoring urban NBS “delivery capabilities” was recently 
developed (Croeser et al., 2021), this is exclusively focuses on institu-
tional processes and therefore not at the interactions between govern-
mental and non-governmental actors influencing urban NBS 
development. Adopting a broad conceptualisation of urban NBS gover-
nance, we advocate to include new indicators that address these 
governance factors and qualities. We address the following objectives: 1) 
Develop an understanding of the different dimensions important to 
effective and equitable urban NBS governance based on a systematic 
review; 2) Define governance indicators mapping on each of these di-
mensions, providing a feasible approach for urban decision-makers to 
comprehensively assess NBS governance; and 3) Compare the elabo-
rated indicators with those in the state-of-the-art EC Handbook to 
demonstrate how our elaborated indicators could complement the cur-
rent practice in urban NBS governance assessment. 

2. Critiquing the state-of-the-art in NBS governance assessment 

The term ‘governance’ came into vogue within political science in 
the late 20th century following the rise of neoliberalism, resulting in a 
push for decentralisation, deregulation and privatisation (Arts, 2021; 
Skelcher, 2000). Governments increasingly partnered with entrepre-
neurs, civil society and community organisations to deliver upon public 

objectives, whilst they were also encouraged to experiment with new 
ideas or solutions to societal problems (Bulkeley et al., 2016; Hajer et al., 
2015; Swyngedouw, 2005; Wolfram, 2018). Some scholars therefore 
understand governance in a narrow way as non-hierarchical modes of 
steering (Héritier, 2002), or limit their analysis of governance to NBS 
practices with no active government involvement (Mattijssen et al., 
2018; Rigolon & Gibson, 2021). Governance is, however, more 
commonly understood as “the coordination of collective action by public 
and private actors to address societal problems and opportunities” (Arts, 
2021, p.14), often with a specific focus on (environmental) 
problem-solving (Driessen et al., 2012; Kooiman, 2003). 

Different modes of governance can be distinguished to describe the 
various multi-actor networks and steering configurations involving 
governments, businesses and civil society (Lange et al., 2013; Treib 
et al., 2007). For example, hierarchical governance for top-down deci-
sion-making by public actors, interactive governance where government 
and non-governmental actors share decision-making power, or self--
governance where decision-making is delegated from public to private 
actors. Recent studies demonstrate the importance of co-governance and 
self-governance in the development and mainstreaming of urban NBS 
(Ambrose-Oji et al., 2017; Egusquiza et al., 2019; Frantzeskaki et al., 
2019; Martin et al., 2021), and urban sustainability transformations 
more broadly (Frantzeskaki et al., 2016; Frantzeskaki & Tilie, 2014). 
This is reflected in the EC Handbook and other NBS assessment frame-
works amalgamated into this, which are largely tailored to monitoring 
interactive and beyond-the-state modes of governance. We contend that 
governance factors enabling a government-led mode of governance are 
insufficiently integrated into the EC Handbook. The frameworks focus 
too little on the role of, inter alia, policy instruments and planning 
frameworks in steering collective action, i.e. they use a narrow con-
ceptualisation of governance largely overlooking the hierarchical mode 
of governance. 

The role of governments in urban NBS governance should not be 
underplayed. For example, a recent study on a database with nearly 
1000 innovative urban NBS across Europe showed that whilst interac-
tive modes of governance involving governmental and non- 
governmental actors were most prevalent (44%), just under one third 
of NBS initiatives were government-led, whilst just over a quarter of 
initiatives were led by non-governmental actors (Almassy et al., 2018). 
Governments thus play a central role in the development and imple-
mentation of innovative urban NBS. Corroborating this, research dem-
onstrates that local, regional, national and supra-national governments 
contribute to the development and mainstreaming of urban NBS by 
employing policy instruments leveraging change across multiple scales 
and sectors (Kirsop-Taylor et al., 2021; van der Jagt, Tozer, et al., 2023; 
Xie et al., 2022). Added to this, government support and regulatory 
frameworks (e.g., tax regulations) can exert a powerful influence on 
initiatives led by non-governmental actors (Arts, 2021; Nederhand et al., 
2019). For example, by a) providing leadership in areas, such as urban 
greening and climate action (e.g., Li et al., 2020); b) ensuring demo-
cratic control in decisions over public space (Toxopeus et al., 2020); and 
c) providing tailored support to NBS initiatives within marginalised 
communities (Buijs et al., 2016; Fors et al., 2021; Randrup et al., 2020). 

Another issue with existing NBS assessment frameworks is that 
included governance indicators themselves tend to be narrowly focused 
too. For example, the EC Handbook includes some rather specific mea-
sures amongst the set of six recommended indicators, such as the 
number of public-private partnerships supporting NBS or the proportion 
of urban citizens involved in public participation activities. Other EC 
Handbook indicators require considerable effort or expertise in partic-
ular analytical methods to implement. For example, the indicator 
‘openness to participatory methods’, recommended in the EC Handbook, 
requires not only the regular delivery of participatory processes, but also 
expertise in evaluating the quality and outcomes of such processes on 
measures such as transparency and equity. 

Finally, we see scope for improving NBS assessment frameworks to 
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better understand how NBS governance interacts with environmental 
justice and indeed justice in ecosystem services (Langemeyer & Con-
nolly, 2020). Increasingly, justice aspects of NBS are being discussed to 
consider the needs of, and give voice to, marginalised groups. Partici-
patory forms of governance are only more inclusive if these engage and 
empower marginalised groups, and if governments’ NBS investments are 
maintained over time (Pineda-Pinto et al., 2022; Toxopeus et al., 2020; 
van der Jagt, Buijs, et al., 2023). Whilst environmental justice may be 
monitored by mapping NBS impacts at the neighbourhood-city levels 
(distributional justice) and extensive stakeholder engagement (procedural 
justice), assessment frameworks afford limited city-scale insights into the 
intersections of governance and environmental justice, e.g., the degree 
to which diverse voices from local communities are recognised in 
decision-making (recognition justice), important in achieving just urban 
futures. We believe that rethinking how urban NBS interacts with in-
clusive decision-making and other aspects of environmental justice is 
especially pertinent in the Global South, given comparatively lower 
income, education levels, quality of water supply, sanitation infra-
structure, environmental sustainability, and quality of life (Nagendra 
et al., 2018). 

3. Methods 

3.1. Review of governance dimensions 

We seek to develop a comprehensive set of governance indicators 
based on a systematic review of governance dimensions important to 
successful uptake of urban NBS and green infrastructure and achieving 
environmental justice. The protocol for selecting relevant studies is 
shown in Fig. 1, which draws on the PRISMA approach for reporting 
systematic reviews (Liberati et al., 2009; Moher et al., 2009). The search 
terms ‘nature-based solutions’ and ‘green infrastructure’ were selected 
as each of these represent umbrella terms encompassing a broad range of 
(urban) greening interventions including e.g., green roofs, constructed 
wetlands and wildflower meadows (Pauleit et al., 2017). A total of 88 

records were included in this review (Appendix A). 
Following the selection of relevant records from Scopus, the main 

investigator analysed the full manuscripts to code relevant content. The 
coded incidents encompassed concrete actions and opportunities avail-
able to support urban NBS implementation. This excluded generic 
statements, such as the need for more funding or knowledge, without 
detailing the delivery mechanisms. An initial coding book was devel-
oped to thematically organise the relevant contents. This was based on 
the dimensions of the Nature-Based Innovation System framework (van 
der Jagt et al., 2020), synthesising factors enabling nature-based inno-
vation in cities, many of which relate to governance. This is a related 
review but with different search terms given its focus on factors enabling 
innovation. 

Next, the main investigator engaged in an iterative process of 
reviewing and comparing the coded contents for each dimension 
following the constant comparison method, involving a process of 
simultaneous coding and analysis (Glaser, 1965). This resulted in the 
renaming, combining or splitting of the original dimensions (i.e. codes) 
in the coding book, or creating new ones, to better reflect similarities 
and differences in the coded materials of this particular review. To 
improve validity, a second investigator then reviewed the dimensions 
and coded contents, resulting in further refinement of dimensions and 
subdimensions. 

3.2. Development of the indicators 

The systematic review resulted in nine dimensions and, for some, 
subdimensions. Next, we developed an indicator for each of the di-
mensions and combined these into a survey (Appendix B). To develop 
the indicators, the main investigator proposed a one-sentence summary 
for each dimension based on the descriptions in Section 4.1. Five co- 
investigators, two of which are based in Latin America, provided feed-
back upon which the questionnaire items were revised iteratively until 
all agreed with the formulated indicators. Following this, the survey was 
piloted by a board member of a UK-based Local Nature Partnership and 

Fig. 1. Flow diagram of record selection. 
Adapted from Liberati et al. (2009). 
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an expert from the Chilean Ministry of the Environment, using a trans-
lated version. They were sent the full survey, asked to complete it, and 
provide feedback on the following: a) Are all questions unambiguous 
and clear? b) Is the scoring rubric clear? c) Are any aspects important to 
urban NBS governance missing from the survey? d) Would the results of 
this survey be of relevance to your city? The feedback received was 
positive and no suggestions for improvement were made. 

4. Results 

4.1. The urban NBS governance review 

The review of the literature on NBS governance resulted in nine 
governance dimensions, some of which are split into sub-dimensions, 
across five themes (Table 1). The findings were used to support the 
development of each of the (sub-)dimensions, as discussed below. 

4.2. Agency 

4.2.1. Institutional commitment to NBS 
Institutional commitment to NBS, needs to persist regardless of shifts 

in the political or policy landscape (Ibrahim et al., 2020; Mell, 2020b; 
Shih et al., 2020). Therefore, NBS leadership and long-term commitment 
by politicians, municipalities and executive leadership is critical in 
generating support and guiding the planning, implementation and 
long-term management of NBS and related approaches (Dushkova & 
Haase, 2020; Li et al., 2020; Suleiman, 2021; Wamsler et al., 2016; 
Workalemahu Habtemariam et al., 2019; Zuniga-Teran et al., 2020). 
Such institutions are also centrally important in making NBS part of the 
dominant, or ‘sanctioned’, urban regime discourse (Mguni et al., 2015). 
Commitment can be expressed directly by developing visions, policies 
and regulations together with stakeholders, but also indirectly by sup-
porting others to do more, for example, by providing resources and 
policy incentives to stimulate innovation, to involve the private sector or 
to strengthen bottom-up initiatives. By creating more awareness, 
openness and publicity, such engagements maintain pressure on politi-
cians to support NBS over time. In addition, decision-makers should 
consider internal investment in professional development and adapta-
tion of structures, formal norms and role descriptions supporting NBS 
development (Wamsler, 2015; Workalemahu Habtemariam et al., 

2019). 

4.2.2. NBS advocacy by non-governmental actors 
Engaging non-profits, community groups and research centres is 

widely recognised as a success factor to raise the profile and improve 
delivery of NBS. Such stakeholders can raise prospects for success by 
raising funds for projects, knowledge development and innovation, 
rethinking policy, outreach to the general public, coordinating social 
learning processes and lobbying powerful actors (e.g. politicians or 
influential adaptation networks) (Ibrahim et al., 2020; Kabisch et al., 
2016; Larsson et al., 2018; O’Donnell et al., 2021; Suleiman, 2021; 
Wamsler, 2015; Wamsler et al., 2014, 2020; Workalemahu Habtemar-
iam et al., 2019). The ability to bring a broad set of disciplines and 
stakeholders together, by means of creating a shared language, being 
open to new ideas and relating to their realities and priorities is essential 
for success (Campbell et al., 2016; Frantzeskaki, 2019; Kvamsås, 2021; 
Sarabi et al., 2020; Wamsler et al., 2014). 

4.3. Integrated working 

To generate broad policy support for NBS and related objectives (e. 
g., biodiversity enhancement and climate action), there is often a need to 
reconfigure or realign institutional (e.g., municipal) structures (Dorst 
et al., 2019; Pauleit et al., 2019; Randrup et al., 2020; Wamsler, 2015). 
For example, departments and sections can be reorganised to create new 
coalitions, or a boundary spanning organisation, group or individual can 
be appointed tasked with bridging different municipal departments (e. 
g., on spatial planning, environmental conservation or operational 
management). This supports knowledge sharing and renegotiating roles 
and responsibilities relevant to NBS development (Suleiman, 2021; 
Wamsler et al., 2014, 2016, 2020; Zuniga-Teran et al., 2020). External 
organisations such as universities and NGOs might be particularly suited 
to take up the role of boundary spanner (E. Andersson, 2018; Campbell 
et al., 2016; Workalemahu Habtemariam et al., 2019). 

Relevant activities conducive to integrated working, and evidencing 
boundary spanning, include shared meetings, joint field trips, intersec-
toral project collaborations and consultation of a range of departments 
on new policies and plans (Wamsler et al., 2020). Success can also be 
measured through support for NBS development in environmental and 
cognate policy frameworks and operations, e.g., around sustainability, 
mobility, health and infrastructure upgrading (Aubrechtová et al., 2020; 
Dushkova & Haase, 2020; Mguni et al., 2015; Pasimeni et al., 2019; 
Wamsler, 2015; Wamsler et al., 2016; Wang et al., 2021). 

4.4. Legislation, regulations and policies 

An effective way to mainstream urban NBS is to mandate their in-
clusion as compulsory measures in land use policy and comprehensive 
planning (Clark et al., 2020; Kordana & Daniel, 2020; Sarabi et al., 2019; 
Wamsler et al., 2016). Mainstreaming can be further strengthened by 
protecting NBS on public and private land through municipal ordi-
nances, byelaws or permit systems and the use of planning guidance or 
standards (e.g., on green space provision and quality or on environ-
mental quality; Clark et al., 2020; Fan et al., 2017; Kordana & Daniel, 
2020; O’Donnell et al., 2021; Zuniga-Teran et al., 2020). 
International-level laws and regulations may have similar effects at the 
municipal level (e.g., proposals for an EU Nature Restoration Law 
accompanied by urban greening targets; European Commission, 2022). 
Other relevant policy instruments include no net loss regulation, 
participatory planning approaches, sectoral strategies or management 
plans, setting goals and guidelines around nature-inclusive practices and 
ecosystem services assessment (BenDor et al., 2018; Dobbs et al., 2019; 
Duinker et al., 2015; Kowarik, 2019; Kvamsås, 2021; Ordóñez et al., 
2019; Wamsler et al., 2020). National-level policies are important in 
setting a benchmark for nature-based innovation by municipalities 
(Shkaruba et al., 2021). The public procurement system also provides an 

Table 1 
The thematically grouped governance indicators categorised into themes with 
underlying dimensions.  

Theme (#) Dimension Sub-dimension 

Agency  (1) Agency Institutional commitment 
to NBS 
NBS advocacy by non- 
governmental actors 

Institutional structure  (2) Integrated working   
(3) Legislation, regulations 

and policies  
Collaboration and 

partnerships  
(4) Collaborative 

arrangements   
(5) Active community 

engagement  
Resources and data  (6) Monitoring and 

assessment   
(7) Knowledge development 

and sharing 
Access to relevant expertise 
Social learning based on 
reflexivity 
Environmental education  

(8) Financing mechanisms  
Environmental justice  (9) Valuing diversity, equity 

and inclusion 
Recognising diverse 
perspectives 
Fair representation of 
stakeholders 
Ensuring equitable access 
to NBS outcomes  
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avenue to mandate urban NBS, for example by including a requirement 
for pro-environmental measures in the application process (Kordana & 
Daniel, 2020). 

4.5. Collaborative arrangements 

Partnerships between different institutions and organisations are 
vital for sharing and coordinating funds, skills and knowledge on NBS 
development (Ahmed et al., 2019; Draus et al., 2019; Duinker et al., 
2015; Frantzeskaki, 2019; Kowarik, 2019; Larson et al., 2013; Li et al., 
2020; O’Donnell et al., 2021; Sarabi et al., 2019; Schifman et al., 2017; 
Wamsler, 2015; Wamsler et al., 2020; Zuniga-Teran et al., 2020). This is 
crucial for social learning, shared visioning, stakeholder empowerment 
and innovation (Dushkova & Haase, 2020; Kabisch et al., 2016; 
O’Donnell et al., 2018; Schifman et al., 2017). 

To build effective partnerships, one first needs to understand the 
broader urban system, e.g. relevant sectors, coalitions and policies, in 
which NBS need to be integrated, along with the associated stakeholders 
(professionals, local communities and private companies) (Larson et al., 
2013). Actors with local socio-ecological knowledge (e.g., regarding 
traditional land-based traditions and customs) should also be included 
(Cousins, 2021; Gulsrud, Hertzog, et al., 2018). These partnerships 
should not result in the loss of government control over key urban public 
assets (Mell, 2020a; Toxopeus et al., 2020). 

Cross-scale partnerships are also important in raising the profile of 
NBS, e.g., around spatial data integration from urban and regional scales 
(K. Andersson et al., 2013; Aubrechtová et al., 2020), between local and 
regional planning authorities, and in translating high-level policy 
frameworks (e.g., UN Sustainable Development Goals) to lower scales 
(Mell, 2020b; Rogers et al., 2020; Workalemahu Habtemariam et al., 
2019). 

4.6. Active community engagement 

Community engagement beyond passive consultation improves cul-
tural expression and sense of belonging, social cohesion, the identifi-
cation of innovative solutions, user experience, public awareness, 
support for urban NBS, environmental stewardship and environmental 
justice (E. Andersson, 2018; BenDor et al., 2018; Buijs et al., 2016, 2019; 
Campbell et al., 2016; Campbell-Arvai & Lindquist, 2021; Clark et al., 
2020; Cousins, 2021; Dushkova & Haase, 2020; Ferreira et al., 2020; 
Finewood et al., 2019; Gulsrud, Hertzog, et al., 2018; Larson et al., 2013; 
Mguni et al., 2015, 2016; Nastran & Regina, 2016; O’Donnell et al., 
2021; Randrup et al., 2020; Shih et al., 2020; Wamsler et al., 2016, 
2020). There are many ways to approach this, e.g., through community 
management or ownership of NBS, temporary management of aban-
doned areas, incentivising grassroots NBS projects, crowdsourcing, 
scenario building, storytelling, focus groups and other platforms and 
methods for dialogue and exchange (e.g., Buijs et al., 2019; Frantze-
skaki, 2019; Gulsrud, Raymond, et al., 2018; Toxopeus et al., 2020; 
Trentanovi et al., 2021). 

Citizen management or co-ownership of NBS, provided it is not a 
cover up for government divestment, can be an empowering form of 
participation (Donaldson & João, 2020). It requires supporting local 
initiatives with fundraising, financial incentives, donations, project 
management and legal affairs (Buijs et al., 2019; Clark et al., 2020; 
Dushkova & Haase, 2020; Mell, 2020a; Schäffler & Swilling, 2013), 
particularly if serving a marginalised community (Buijs et al., 2019; van 
der Jagt et al., 2021). Municipalities should facilitate social learning 
opportunities for local initiatives (Buijs et al., 2016). Where possible, 
tailored support should be provided to marginalised communities, e.g., 
ethnic minorities, children, low-income groups, elderly people and 
diverse abilities, to ensure equal opportunities around influencing 
environmental decision-making (Kabisch et al., 2016; Steen Møller et al., 
2019; Toxopeus et al., 2020). Local initiatives benefit from a clear set of 
rules or guidelines, spelling out the rights and responsibilities (e.g., 

around permitted stewardship activities or internal management struc-
ture) (E. Andersson, 2018; Buijs et al., 2016, 2019; Langemeyer et al., 
2018). Local communities also need practical support, with a contact 
person answering practical questions or by sharing tools and equipment 
(Buijs et al., 2019; Wamsler et al., 2020). 

Participation in citizen science or crowdsourcing can be supported 
with a range of applications and technologies, including volunteered 
geographic information (VGI), e-tools and the Internet of Things (i.e. the 
networking of portable devices using the internet) (Campbell et al., 
2016; Gulsrud, Raymond, et al., 2018; Steen Møller et al., 2019; Wild 
et al., 2019; Zevenbergen et al., 2018). Such tools can support under-
standing of NBS preferences and perceived areas for improvement by 
different social groups (Gulsrud, Raymond, et al., 2018; Sarabi et al., 
2019), and are most effective if co-developed with a varied group of 
stakeholders (Gulsrud, Raymond, et al., 2018; Steen Møller et al., 2019). 

4.7. Monitoring and assessment 

Impact assessment is crucial to tailor NBS to place-specific problems 
such as local climate and biodiversity conditions, challenges and user 
preferences (E. Andersson, 2018; Gulsrud, Hertzog, et al., 2018; Larson 
et al., 2013; Shih et al., 2020), to fully meet their potential as multi-
functional sustainability innovations (E. Andersson, 2018; BenDor et al., 
2018; Fink, 2019; Pauleit et al., 2019). Learning from success and failure 
requires monitoring, which can help to make the case for, inter alia, 
more investments in the development and management of NBS (Li et al., 
2020; Lin et al., 2019; O’Donnell et al., 2021). Monitoring should also 
account for the negative externalities of NBS including vector-borne 
diseases, allergy responses and tree-related nuisance (Dobbs et al., 
2019). NBS could be integrated in compulsory impact assessments of 
projects and policies (e.g. Strategic Environmental Assessment in Scot-
land) to ensure more data on their impact is provided and improve 
uptake (Donaldson & João, 2020). Long-term monitoring should be 
established to build a comprehensive picture of natural resources, their 
characteristics and management history (K. Andersson et al., 2013; 
Trentanovi et al., 2021). 

Place-specific environmental understanding should be com-
plemented by efforts to map social, economic and cultural diversity in 
cities, neighbourhoods and communities (Mell, 2020a; Mguni et al., 
2016). Decision-makers should therefore build a picture of how green- 
and blue spaces could help to redress socioeconomic inequalities or 
reinforce green gentrification (Cousins, 2021; Gulsrud, Hertzog, et al., 
2018; Zuniga-Teran et al., 2020). Relevant metrics include data on tree 
cover and blue/greenspace availability and proximity, whilst 
survey-based measures on use and access to NBS in the city are also an 
option (Benton-Short et al., 2019; de Vries et al., 2020; Dobbs et al., 
2019; Haase et al., 2017; Nielsen et al., 2017). Other relevant measures 
explore urban nature preferences, attitudes and values, which can be 
monitored using e.g., surveys or more qualitative modes of enquiry such 
as on-site interviews (Buijs et al., 2019; Li et al., 2020; Lin et al., 2019). 

4.8. Knowledge development and sharing 

4.8.1. Access to relevant expertise 
NBS design, planning, implementation, management and monitoring 

hinges on a broad knowledge base spanning multiple sectors (see Section 
4.2.2 & Kvamsås, 2021). Landscape architecture, and more broadly 
ecological knowledge, for example, contributes to selecting appropriate 
plant species with the potential to thrive in harsh urban conditions, now 
and in more extreme future climates, whilst also supporting biodiversity 
(Benton-Short et al., 2019). Furthermore, expertise in design, engi-
neering and performance monitoring of NBS such as sustainable urban 
drainage systems is required to integrate and maintain NBS in the built 
fabric (Kordana and Daniel, 2020; Mguni et al., 2016; Sarabi et al., 2019; 
Wang et al., 2021; Workalemahu Habtemariam et al., 2019). 

Importantly, urban decision-makers need to have good awareness of 
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available policy instruments and funding options for NBS development 
(Shih et al., 2020; Tiwary et al., 2020; Wang et al., 2021). Understanding 
the broader institutional framework and socio-ecological system context 
is also key. For example, the informal planning systems in some contexts 
in the Global South enable and constrain particular measures and stra-
tegies when compared to more formal planning systems in the Global 
North (Herslund and Mguni, 2019; Mguni et al., 2016). Expert guide-
lines should therefore be made available in different languages and with 
the contents adapted to specific geographic and socio-political settings 
(Dobbs et al., 2019). Cities benefit from inspiring examples from places 
with a similar level of sustainability ambition and comparable political 
landscapes (Fink, 2019). Available expertise, where possible, should be 
captured and shared on global knowledge platforms, such as Oppla and 
ThinkNature (Kabisch et al., 2016; Sarabi et al., 2019). 

4.8.2. Social learning based on reflexivity 
Mainstreaming NBS requires experimentation with different ap-

proaches for supporting the uptake of NBS, monitoring the effects of 
these, and using new insights to fine-tune strategies and instruments 
(Wamsler, 2015; Wamsler et al., 2014; Zevenbergen et al., 2018). 
Practitioners, policymakers and researchers should engage in social 
learning based on a non-linear approach to steering and management (E. 
Andersson et al., 2014; Kabisch et al., 2016; Mguni et al., 2016) – a 
process informed by different cycles or iterations of dialogue and 
deliberation (Randrup et al., 2020). Such partnerships have also been 
defined as holistic Learning and Action Alliances, Living Labs or Life 
Labs (O’Donnell et al., 2018), supporting a shared understanding of 
challenges, and the co-development of visions, objectives and NBS 
assessment approaches (Kuller et al., 2019; Lin et al., 2019). Their 
reflexivity can encourage responsiveness to new insights in 
decision-making on urban NBS (Campbell et al., 2016; Suleiman, 2021) 
– each NBS, supportive policy or tool is an opportunity for knowledge 
and skills development (Frantzeskaki, 2019; Frantzeskaki et al., 2021; 
Sarabi et al., 2019; Wamsler et al., 2014). Soft skills (i.e. tacit knowl-
edge) in group facilitation, community outreach and teamworking are 
essential in communicating effectively with a range of different audi-
ences internal and external to the municipality (K. Andersson et al., 
2013; Buijs et al., 2019; Shih et al., 2020). 

To provide space for the expression of nature-based spirituality, 
culture and political activism, conducive to the development of envi-
ronmental stewardship – local initiatives need to be granted the freedom 
to adopt a variety of NBS management styles (Langemeyer et al., 2018). 
Hence, there should be scope for urban communities managing urban 
NBS to inform institutional policy and practice following a mosaic 
governance approach (Buijs et al., 2016, 2019; Dorst et al., 2019; 
Gulsrud, Hertzog, et al., 2018). This provides a place-based approach to 
urban NBS governance tailored to community identities and practices, 
which takes into account the presence of actor-networks, availability of 
resources, power imbalances and the local geography (Buijs et al., 2016; 
Pauleit et al., 2019; Zuniga-Teran et al., 2020). 

4.8.3. Environmental education 
There is a need for NBS that enable the public to connect with nature 

in multiple ways beyond the cognitive or rational component, including 
on physical, emotional and spiritual levels. To improve public awareness 
and build support for urban NBS, insights gained from training, exper-
imentation and social learning should be made broadly available – in 
accessible formats – to stakeholders and the general public (Mguni et al., 
2015; Ordóñez et al., 2019). Therefore, municipalities should consider 
investing in demonstration projects and environmental education (e.g., 
food growing festivals and fairs) (Dushkova and Haase, 2020). Direct 
participation of citizens in stewardship activities such as ecosystem 
monitoring or networked bottom-up greenspace initiatives can also 
support the development of new knowledge and connectedness with 
nature (Ahmed et al., 2019; E. Andersson et al., 2014; Buijs et al., 2019; 
Frantzeskaki, 2019; Mguni et al., 2015; Wamsler et al., 2020; 

Zuniga-Teran et al., 2020). 

4.9. Financing mechanisms 

In addition to direct investment in NBS, municipalities and other key 
actors can use fiscal instruments, grants, subsidies or other incentives to 
mobilise other actors (Duinker et al., 2015; Sarabi et al., 2019; Suleiman, 
2021). Some have argued that NBS might be funded under land value 
capture instruments such as tax increment financing, whilst developer 
exactions or impact fees should be charged to pay for the creation and 
protection of valuable public spaces (Dyca et al., 2020). The integration 
of ecosystem services into asset management needs improvement to 
unveil the large opportunity cost of investing in grey rather than green 
infrastructure – especially if taking into account its capacity for asset 
appreciation rather than depreciation over time (Schäffler and Swilling, 
2013). To further accelerate urban NBS uptake, municipalities should 
explore co-funding mechanisms for NBS, such as park trusts, in-kind 
contributions by civil society, public-private partnerships and compen-
satory measures by the real estate sector (Kordana & Daniel, 2020; Li 
et al., 2020; Mell, 2020a; Mguni et al., 2015; O’Donnell et al., 2021; 
Zuniga-Teran et al., 2020). Alternative funding streams such as charging 
for firewood, food products, parking spaces near reserves or park ac-
tivities and events could also be explored. Finally, co-funding could also 
be unlocked by integrating NBS into certification systems for sustainable 
housing (e.g., BREEAM) (Zuniga-Teran et al., 2020). 

4.10. Valuing diversity, equity and inclusion 

4.10.1. Recognising diverse perspectives 
The use, knowledge and valuation of urban nature and biodiversity 

varies across cultural, age and socio-economic groups (Botzat et al., 
2016; Elands et al., 2019; Gabriel, 2016; Kloek et al., 2013; Nesbitt et al., 
2018). To achieve recognition justice, NBS should therefore build on 
local or traditional knowledge and be aligned with the needs, values and 
preferences of relevant sociocultural groups and place-specific com-
munities, particularly marginalised groups such as immigrants, indige-
nous peoples and young people (Donaldson & João, 2020; Langemeyer 
& Connolly, 2020; Randrup et al., 2020; Toxopeus et al., 2020). This 
calls for participatory design, implementation, management and moni-
toring of NBS with local people and other stakeholders (Rutt and Guls-
rud, 2016), informing a tailored approach acknowledging group-specific 
obstacles to NBS accessibility, such as safety concerns for women, chil-
dren and elderly people (Assmuth et al., 2017; Langemeyer & Connolly, 
2020). 

A first step in recognising plurality is seeking or organising spaces for 
deliberation, and exchanges of views and preferences (de Oliveira 
Fontes, 2020). Recognition justice thus starts with acknowledging that 
varied experiences, interests, aspirations, knowledges, capabilities, 
intersectionalities and socioecological challenges should all be part of 
the NBS discourse (Frantzeskaki, 2019). To deliver socio-ecologically 
just cities, decision-making needs to heed to how different groups are 
interconnected with nonhuman species and ecosystems at different 
scales, as well as consider nature’s own agency (Pineda-Pinto et al., 
2022). 

4.10.2. Fair representation of stakeholders 
To better understand and respond to intersectionality and achieve 

procedural justice, decision-makers should provide equal opportunities 
for diverse stakeholders in policy-making, planning, analysis, manage-
ment and decision-making relevant to urban nature (Hobbie and Grimm, 
2020). This includes decisions on potential locations, user amenities and 
safety measures, as well as neighbourhood-level analysis and 
policy-making (Benton-Short et al., 2019). Procedural justice is closely 
aligned with recognition justice because its achievement depends on a 
good understanding of diverse perspectives and needs between e.g., age, 
ethnic, income and gender groups. 
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When organised in an inclusive, equitable, transparent and respon-
sive manner, interdisciplinary stakeholder participation contributes to 
aligning top-down strategies and decisions with diverse and potentially 
contrasting place-based needs and preferences (Coenen, 2009; Hansen 
et al., 2017; Hobbie and Grimm, 2020; Langemeyer & Connolly, 2020; 
Meerow and Newell, 2019; Reed et al., 2018; Schifman et al., 2017), 
legitimising and empowering diverse urban communities (Pineda-Pinto 
et al., 2022). Achieving procedural justice require an iterative process of 
asking questions around who benefits and who loses, and doing so for 
groups across different spatial and temporal scales (Langemeyer and 
Connolly, 2020; Meerow and Newell, 2019). 

4.10.3. Ensuring equitable access to NBS outcomes 
Recognising diverse perspectives and achieving a fair representation 

of stakeholders in NBS development represent key stepping stones to-
wards the fair distribution of environmental benefits and burdens 
(Benton-Short et al., 2019; Langemeyer and Connolly, 2020; Nesbitt 
et al., 2018; Rutt & Gulsrud, 2016). Marginalised communities have 
relatively low public green space accessibility (Benton-Short et al., 2019; 
de Vries et al., 2020; Ferguson et al., 2018; Haase et al., 2017), in some 
places also of lower quality (de Vries et al., 2020; Haase et al., 2017), 
whilst access to private greenspaces, such as green backyards and golf 
courses, is also limited (Haase et al., 2017; Nesbitt et al., 2018). More-
over, marginalised communities have higher vulnerability to climate 
hazards such as urban heat islands, erosion or flooding, and limited 
access to mitigating measures such as stormwater infrastructure, air 
quality amelioration and heat island mitigation important to climate 
resilience (Hobbie and Grimm, 2020). Therefore, some scholars argue 
for restorative justice (Hazrati and Heffron, 2021), which would imply 
investing more in NBS in historically disadvantaged communities than 
elsewhere in the city. However, several studies have pointed out a po-
tential risk of environmental gentrification, resulting in the displace-
ment of people with fewer financial resources from such revitalised 
areas (Gould and Lewis, 2017; Haase et al., 2017). This calls for the 
deliberation of long-term socio-spatial effects of NBS in the design and 
planning stages (Haase et al., 2017). 

4.11. From dimensions to indicators: a survey-based instrument to 
monitor urban NBS governance 

Based on the governance dimensions described in Section 4.1, we 
developed a nine-item survey-based instrument to monitor progress 
towards urban NBS governance for sustainable and just cities (Appendix 
B). The survey was designed to provide a feasible and comprehensive 
approach to NBS governance assessment, allowing for it to be applied 
across a range of geographical contexts without the need for expert 
knowledge in data collection and analysis, or significant expenditure. 

The survey is primarily targeted at senior decision-makers in public 
institutions with an overview of urban nature governance for a partic-
ular city. To gain a more comprehensive picture, and depending on 
available budget, the survey could be used to seek complementary 
stakeholder views from academia, private sector (built environment & 
other) and civil society, including local experts. 

Each indicator summarises the essence of the corresponding 
dimension in one sentence (Table 2). A five-point Likert scale is used to 
measure the extent to which each indicator is perceived to apply to a 
specific city, followed by an open-ended question to understand how 
this has been achieved. After completing all questions related to the 
individual governance indicators, respondents are asked to order the 
indicators in relation to perceived importance for NBS governance in 
their city. The survey can be repeated over time to create an under-
standing of long-term trends, for example by monitoring the impact of 
an NBS intervention over time. (Fig. 2). 

5. Discussion 

The aim of this systematic review was to develop an in-depth un-
derstanding of the different dimensions of urban NBS governance and 
how these can be feasibly and comprehensively monitored. First, we 
built a picture of governance dimensions influencing the successful 
uptake of urban NBS and the achievement of environmental justice 
based on a review of the literature (Research question 1). Next, we used 
this as the basis for developing a new urban NBS governance indicator 
framework using a survey-based approach (Research question 2). 

We believe that the governance assessment framework elaborated 
here complements existing NBS assessment frameworks such as the EC 
Handbook (Dumitru and Wendling, 2021), which are largely geared 
towards measuring participatory governance based on detailed and/or 
complex indicators requiring in-depth knowledge of participatory pro-
cesses. Our research does not refute the assumption that 
non-hierarchical governance – characterised by high network connec-
tivity, reflexivity and a distribution of decision-making power and re-
sources (Campbell et al., 2016; Schifman et al., 2017) – is associated 
with successful NBS uptake (Fink et al., 2019; Ibrahim et al., 2020; 
Workalemahu Habtemariam et al., 2019). However, we contend that 
there remains a need for top-down coordination to maintain a sufficient 
level of democratic control over e.g., NBS design and distribution (Mell, 
2020a; Toxopeus et al., 2020). Policy frameworks can also help to ensure 
long-term sustainability of citizen initiatives with delegated 

Table 2 
Governance indicators with corresponding item descriptions and measurement 
scale as used in the survey-based instrument.  

# Governance 
indicator 

Item descriptions Measurement scale 

1 Agency People in powerful positions 
advocate for more or better 
NBS in the city 

Not at all (1) – To a 
great extent (5) 

2 Integrated working Decision-makers representing 
different policy domains work 
in an integrated way to support 
the planning, design and 
management of NBS in the city 

Not at all (1) – To a 
great extent (5) 

3 Legislation, 
regulations and 
policies 

Public institutions have laws, 
policies and regulations 
mandating the planning, 
design and management of 
urban NBS 

Not at all (1) – To a 
great extent (5) 

4 Collaborative 
arrangements 

Multi-stakeholder partnerships 
supporting NBS in the city 

Not at all (1) – To a 
great extent (5) 

5 Active community 
engagement 

Community engagement 
contributes to the planning, 
design and management of 
NBS in the city 

Not at all (1) – To a 
great extent (5) 

6 Monitoring and 
assessment 

Public institutions and other 
relevant decision-makers 
support, or engage in, the 
monitoring and assessment of 
NBS in the city 

Not at all (1) – To a 
great extent (5) 

7 Knowledge 
development and 
sharing 

Public institutions and other 
relevant decision-makers aim 
to develop and share a broad 
knowledge and skills base on 
urban NBS 

Not at all (1) – To a 
great extent (5) 

8 Financing 
mechanisms 

Public institutions and other 
relevant decision-makers have 
access to, and make use of, 
effective and diverse financing 
mechanisms for NBS in the city 

Not at all (1) – To a 
great extent (5) 

9 Valuing diversity, 
equity and 
inclusion 

Public institutions and other 
relevant decision-makers 
recognise and engage people 
from diverse backgrounds and 
with different identities in 
decision-making on NBS in the 
city 

Not at all (1) – To a 
great extent (5)  
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decision-making powers (Puskás et al., 2021), demonstrating a need for 
strategically combining hierarchical steering and participatory pro-
cesses. A final step is therefore to compare our elaborated indicators to 
the existing state-of-the-art in assessing urban NBS governance (Section 
5.2; Research question 3). 

In Section 5.1, we will first provide an overview of the dimensions 
emerging from this review, how these relate to typologies of urban NBS 
governance enablers described elsewhere, and their interrelationships. 
In Section 5.2, we then compare our elaborated indicators against 
related EC handbook indicators and any other governance indicators 
included in this compendium. This serves to demonstrate the ways in 
which the elaborated indicators complement the current practice in 
urban NBS governance assessment. This is followed by a reflection on 
study limitations and directions for future research in Section 5.3. 

5.1. Getting urban NBS to bloom 

Fig. 3 depicts the nine dimensions emerging from this review, along 
with overarching themes (Table 1), as parts of a flower. This metaphor is 
used to convey how the dimension of Environmental justice relates to 
the governance themes (encompassing the governance dimensions) and 
its contribution to the ‘blooming’ of urban NBS. Environmental justice is 
positioned in the stalk of the flower as diverse needs and perspectives 
should be recognised and incorporated in governance practices to create 
good alignment between NBS and the needs and preferences of various 
social groups (Langemeyer and Connolly, 2020). The inclusion of 
environmental justice is unlike most related governance typologies, 
although Lawrence et al. (2013) call for a power analysis of involved 
stakeholders as part of their urban forest governance framework. 

Agency refers to efforts aimed at the formation of alternative col-
lective storylines, or counter-discourses, that influence the construction 
and/or deconstruction of formal and informal institutions guiding real- 
world practices (Arts, 2021; Buijs et al., 2014). Corresponding with 
neo-institutional theory, agency is predicted by an actor’s social position 
along with their specific qualities and abilities, which influences the 
propensity for their standards of practice to be transferred and repro-
duced across different scales (Fuenfschilling, 2019; T. B. Lawrence, 
1999). Agents in less powerful positions can, however, also exert 

significant leverage as they are less strongly embedded in prevailing 
discourses or institutional logics (Fuenfschilling, 2019). We therefore 
consider Agency to be at the core of urban NBS governance, involving a 
supportive institutional structure, partnership working, resources and 
data as well as environmental justice (Fig. 3). Martin et al. (2021) pre-
viously also referred to the need for local champions in their overview of 
NBS enablers, while executive leadership is part of the framework by 
Croeser et al. (2021). 

The remaining dimensions – Legislation, regulations and policies; 
Collaborative arrangements; Active community engagement; Monitoring and 

Fig. 2. A snippet from the survey-based instrument to assess urban NBS governance (see Appendix B for the full survey).  

Fig. 3. Visualisation of the governance themes, governance dimensions (with 
abbreviated descriptions for graphic design purposes) and their interrelation-
ships. Image credit: Gabriela Carrasco Puga. 
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assessment; Knowledge development and sharing; and. 
Financing mechanisms are visualised in the flower petals as aspects 

central to common understandings of urban NBS and urban forests (A. 
Lawrence et al., 2013; Martin et al., 2021; Sarabi et al., 2019). For 
example, Sarabi et al. (2019) found that: “Developing partnerships be-
tween stakeholders appears to be the most frequently observed enabler 
[of NBS], followed by effective monitoring, knowledge sharing, finan-
cial instruments, plans and legislations, education and training, 
combining with gray infrastructures, open innovation and experimen-
tation, and appropriate planning and design” (p.15). In agreement with 
Lawrence et al. (2013), who described Participation and Partnerships as 
two separate dimensions, the role of citizen engagement is singled out in 
our framework, which is unlike the governance enablers uncovered by 
Martin et al. (2021) and Sarabi et al. (2019). Our framework also dis-
tinguishes sub-dimensions such as reflexive social learning processes 
and environmental education aimed at the public, which receive little to 
no comment in previous urban NBS governance reviews. 

5.2. A feasible and comprehensive approach to governance assessment 

We contend that the governance assessment framework presented in 
Section 4.2 complements the EC Handbook indicators, considering both 
its recommended and additional indicators, representing the state-of- 
the-art in NBS assessment (Dumitru & Wendling, 2021). To evidence 
this, the main investigator compared all EC Handbook indicators related 
to governance (name, description, measurement procedure, required 
data) with the elaborated governance indicators and recorded any dis-
crepancies in scope and measurement procedure for seemingly similar 
or overlapping indicators (Appendix C). We found that the elaborated 
indicators varied in important respects from the EC Handbook in-
dicators. Notably, the Agency and Monitoring and assessment indicators 
elaborated in this review do not have obvious counterparts in the EC 
Handbook, thus providing an extension to its approach of assessing NBS 
governance. Moreover, three of our indicators have a broader scope than 
related indicators in the EC Handbook. First, the Integrated working in-
dicator is related to the ‘strategic alignment’ indicator in the EC Hand-
book, but the latter arguably has a narrow focus on strategic alignment 
of NBS within the urban municipality’s agenda and investment portfolio 
whilst our indicator considers attempts to integrate and streamline 
decision-making on the planning, design and management of NBS. 
Likewise, our Legislation, regulations and policies indicator has a wider 
remit than the two EC Handbook indicators based around the imple-
mentation of a very specific type of strategy (climate resilience strategy). 
Similarly, the scope of the Financing mechanisms indicator goes beyond 
its EC Handbook counterpart, which only measures new forms of 
financing, not the role of core funding and its effectiveness in supporting 
NBS. 

In other areas, related to our indicators for Active community 
engagement, Collaborative arrangements, and Knowledge development and 
sharing, the EC Handbook provides relatively more coverage than for its 
other indicators. Although the EC Handbook includes multiple in-
dicators for each of these dimensions, they can be framed rather 
narrowly. For example, the seven EC Handbook indicators for Active 
community engagement vary from measuring percentages of citizens 
actively engaged in NBS projects to their involvement in planning or 
implementation rated on a fixed-point scale. The number of indicators in 
our framework is lower and therefore likely less resource-demanding to 
work with, but at the same time this also offers less flexibility for 
selecting individual indicators suited to the researchers’ needs. For 
example, the EC Handbook’s ‘green intelligence awareness’ indicator is 
a useful measure of different types of environmental education. The EC 
Handbook also offers comprehensive social learning indicators – 
capturing the influence of NBS projects on policies, instruments or 
regulations introduced, along with effects on working practices and 
discourses. Unlike our city-scale framework, the EC Handbook also 
provides some indicators that can be used at the level of individual NBS 

projects or communities, e.g., related to the degree of participation and 
stakeholder groups involved NBS initiatives. 

The ten EC Handbook indicators overlapping with our Valuing di-
versity, equity and inclusion dimension include various measures of pro-
cedural justice, mainly scrutinising the involvement of various groups, 
including underrepresented actors, in NBS projects. Also included are 
indicators on fairness and transparency of the process and various 
quantitative indicators related to distributional justice, albeit not 
necessarily categorised as such: accessibility on foot, access for disad-
vantaged groups and property value effects of NBS. Whilst this affords a 
more detailed, in-depth, flexible and systematic analysis of environ-
mental justice compared to our single indicator on this domain, there are 
no EC Handbook dimensions for recognition justice, crucial to appreci-
ating the relationship between governance and environmental justice 
outcomes (Fig. 3; Langemeyer and Connolly, 2020). 

A balanced and, overall, comprehensive set of indicators for urban 
NBS governance is a key contribution of this review. However, our 
survey-based instrument for measuring NBS governance has the poten-
tial to advance urban NBS governance assessment in other ways too. 
First, our indicator set does not require specialist expertise in assessment 
or analysis or the expense of considerable time or monetary resources to 
complete, enabling a broad range of decision-makers to use these in-
dicators. This is a key achievement given the multi-scale and multi- 
domain character of urban NBS governance (Dorst et al., 2022; Tozer 
et al., 2022; van der Jagt, Tozer, et al., 2023), meaning that actors from a 
range of disciplines and sectors – governments, urban developers, in-
vestors, community groups, knowledge workers, etc. – should ideally be 
consulted. Second, we consider environmental justice as a dimension 
underpinning the other governance dimensions and thus included it in 
our governance assessment framework. For example, knowledge 
development and sharing are unlikely to lead to NBS mainstreaming if 
the knowledge of some groups and communities is excluded. This is 
unlike many previous assessment frameworks where the engagement of 
people from different backgrounds and identities is not considered as 
part of governance assessment. 

5.3. Limitations and directions for future research 

One of the goals of this review was to provide a feasible and 
comprehensive approach to urban NBS governance assessment. To 
achieve this, we aimed to keep the number of indicators to a minimum, 
whilst still covering the full spectrum of identified governance di-
mensions. As a result, our framework is less flexible and suited for in- 
depth analysis of some governance dimensions than the EC Handbook 
and other assessment frameworks. To address this, complementary in-
dicators could be selected from existing assessment frameworks for 
monitoring e.g., individual sites or more specific governance aspects. 
Another potential research avenue is to develop additional indicators for 
each of the sub-dimensions in our framework (Table 2), adding five 
more indicators. Impacts on the time burden for survey participants 
should, however, be carefully considered. A third option could be to 
develop new indicators for aspects currently underrepresented in urban 
NBS governance research. We identified at least two knowledge gaps 
related to strategic planning and the integration of traditional and/or 
indigenous knowledge, as discussed below. 

Green space planning and management have been acknowledged in 
many assessment frameworks as a challenge and opportunity, yet most 
indicators related to planning focus on the outcomes and impacts of 
planning on the physical environment and less on the planning process 
(e.g., Dumitru and Wendling, 2021). An example of such a distinctive 
planning feature supporting the implementation of NBS, particularly 
green infrastructure, is strategic planning (Hansen et al., 2019; Pauleit 
et al., 2019; Vaňo et al., 2021). To steer future development of NBS, 
long-term goals or future visions are developed, which address broad 
overarching themes spanning disciplinary boundaries. Despite their 
broadness, these goals and vision would help to prioritise actions 
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(Wiechmann, 2008). Strategic planning is frequently combined with an 
incremental process of defining the short-term and intermediate steps 
towards achieving the long-term shared goals or vision, which could 
bring the formal practices, policies and unplanned informal bottom-up 
initiatives together (Buijs et al., 2019; Wiechmann, 2008). 

Related to the global ambitions around urban NBS and its assess-
ment, we identify a second knowledge gap in the governance literature 
on traditional and/or indigenous knowledge. Whilst our indicators, as 
well as those from the EC Handbook, aim to recognise the need to 
incorporate local values and knowledges from a global perspective, 
traditional ecological knowledge (TEK) seems somewhat overlooked. 
The IUCN describes a “good governance process” as one that requires all 
stakeholder groups, including traditionally excluded groups (e.g., 
indigenous peoples and local communities) to take part into an “inclu-
sive, transparent and empowering governance process” (IUCN, 2020, 
p.14). Several studies report on practices supporting this premise by 
incorporating traditional knowledge into policies and measures for the 
effective management of biodiversity (Dearden et al., 2017; Folke, 
2004). However, indicators on use of TEK are not part of the EC 
Handbook, likely resulting a lack of knowledge by decision-makers on 
pathways to include it. In their systematic review on the conservation 
outcomes of different modes of governance, Dawson et al. (2021, “Dis-
cussion,” para. 4) conclude that “research approaches applied to con-
servation must, at a minimum, be appropriately designed to explore 
IPLCs’ [Indigenous peoples and local communities’] knowledge, in-
stitutions, and the viability of local stewardship of the environment as a 
pathway to sustainability”. Although the indicator on Valuing diversity, 
equity and inclusion goes some way towards doing so, we recommend the 
development of a specific indicator on the use of capturing and using 
TEK. 

Finally, it should be noted that our indicators, relying on self-reports, 
might not be understood in the same way by practitioners across various 
sectors and geographical contexts. To ease interpretation, it is important 
to present the survey rubric along with the questions. Further testing of 
the survey and its reliability in measuring the various governance di-
mensions is needed to refine the questions and rubrics. 

6. Conclusions 

Nature-based solutions (NBS) are now widely considered as impor-
tant in addressing major urbanisation challenges. Many urban NBS have 
been documented and insights are readily available, e.g., via the EU 
Oppla platform (https://oppla.eu/). Yet, mainstreaming urban NBS re-
mains an important challenge. Wider implementation and main-
streaming of NBS not only depends on assessing its impact, but also on 
understanding the critical governance drivers and barriers. As gover-
nance is often complex and multi-layered, governance indicators need to 
include different modes of governance, from top-down planning ap-
proaches to civil society initiatives. These considerations are not 
convincingly addressed in existing frameworks, such as the EC Hand-
book for Evaluating the Impact of Nature-Based Solutions (Dumitru and 
Wendling, 2021). This study has made an important step to closing this 
knowledge gap. Grounded in a systematic review, a framework of five 
themes was developed, encompassing nine dimensions, some with 
sub-dimensions, that can be assessed with a survey-based instrument 
introduced in this paper. The novelty of our governance assessment 
framework is in encapsulating different modes of governance and 

affording a low-cost, feasible format for assessment, not requiring 
high-level expertise in data collection and analysis. Moreover, the 
framework recognises the important role of governance arrangements 
between government and civil society actors in NBS, whilst also 
considering the need for leadership commitment and agency on urban 
NBS. Furthermore, we integrate a measure of environmental justice to 
highlight the need for considering interactions with diverse perspectives 
and practices when evaluating the governance components of urban 
NBS. 

The identified knowledge gaps on strategic planning and 
community-based knowledge in the urban NBS governance literature 
suggest that the comprehensiveness of this governance assessment 
framework likely can be further improved. However, researchers should 
endeavour to maintain assessment feasibility by restricting the number 
of indicators in the survey. This will likely boost response rates and 
quality of responses – important to accessing the views of a range of 
stakeholders on the governance indicators. These issues will be explored 
further by applying the framework in four Latin American and three 
European cities, representing socio-economically and culturally diverse 
settings. 
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6 Aubrechtová, T., Semančíková, E., & Raška, P. (2020). Formulation matters! The failure of integrating landscape fragmentation policy. Sustainability, 12, 3962. https://doi.org 
/10.3390/SU12103962  

7 BenDor, T. K., Shandas, V., Miles, B., Belt, K., & Olander, L. (2018). Ecosystem services and U.S. stormwater planning: An approach for improving urban stormwater decisions. 
Environmental Science and Policy, 88, 92–103. https://doi.org/10.1016/j.envsci.2018.06.006  

8 Benton-Short, L., Keeley, M., & Rowland, J. (2019). Green infrastructure, green space, and sustainable urbanism: Geography’s important role. Urban Geography, 40(3), 
330–351. https://doi.org/10.1080/02723638.2017.1360105  

9 Buijs, A. E., Mattijssen, T. J., Van der Jagt, A. P. N., Ambrose-Oji, B., Andersson, E., Elands, B. H., & Steen M?ller, M. (2016). Active citizenship for urban green infrastructure: 
Fostering the diversity and dynamics of citizen contributions through mosaic governance. Current Opinion in Environmental Sustainability, 22, 1–6.  

10 Buijs, A., Hansen, R., van der Jagt, A. P. N., Ambrose-Oji, B., Elands, B., Lorance Rall, E., Mattijssen, T., Pauleit, S., Runhaar, H., Stahl Olafsson, A., & Steen Møller, M. (2019). 
Mosaic governance for urban green infrastructure: Upscaling active citizenship from a local government perspective. Urban Forestry & Urban Greening, 40, 53–62. https://doi. 
org/10.1016/j.ufug.2018.06.011  

11 Campbell, L. K., Svendsen, E. S., & Roman, L. A. (2016). Knowledge Co-production at the Research–Practice Interface: Embedded Case Studies from Urban Forestry. 
Environmental Management, 57, 1262–1280. https://doi.org/10.1007/s00267–016–0680–8  

12 Campbell-Arvai, V., & Lindquist, M. (2021). From the ground up: Using structured community engagement to identify objectives for urban green infrastructure planning. 
Urban Forestry & Urban Greening, 59, 127013. https://doi.org/10.1016/j.ufug.2021.127013  
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Appendix B. Survey-based instrument for measuring urban NBS governance

. 
A survey on the governance of urban nature-based solutions. 
This survey was developed by researchers at Wageningen University in the Netherlands, in collaboration with partner institutions in the CONEXUS 

research project, to assess aspects of urban nature-based solutions governance. Nature-based solutions (NBS) is a relatively new concept referring to 
interventions based on nature that improve urban sustainability. They do so by addressing multiple challenges, such as flood and heat risk, biodi-
versity loss and social injustice, simultaneously. For example, the creation of a wetland park might contribute to reducing flood risk, provide habitat 
for wildlife and benefit the health and well-being of visitors and local residents. Other examples of urban NBS include multifunctional urban green 
infrastructure, urban agriculture, urban forests, urban parks, sustainable urban drainage systems, green roofs and facades and river restoration. 

Whereas most cities have at least some metrics in place to assess urban NBS outcomes, we know much less about the process of planning, designing 
and managing urban NBS in which aspects of governance come into play. This survey was developed to address this knowledge gap. The results will be 
used by researchers and practitioners participating in the CONEXUS project to build a better picture of possible bottlenecks preventing NBS uptake in 
cities across Europe and Latin America. The goal of this survey is to better understand and potentially improve decision-making processes on urban 
NBS, not to compare or rank the performance of cities. 

We will ask you about your perception of different aspects of urban NBS governance in your city, together building a comprehensive picture of 
opportunities and challenges. We will ask you about the following governance dimensions related to the planning, design and management of nature- 
based solutions:  

1. Advocacy  
2. Integrated working  
3. Legislation, regulations & policies  
4. Stakeholder networks and partnerships  
5. Active community engagement  
6. Monitoring and assessment  
7. Knowledge development and sharing 
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8. Financing mechanisms  
9. Valuing diversity, equity and inclusion 

We aimed to create a simple survey with response scales that can be completed in a short period of time. However, for each dimension there is an 
option to provide more detailed background information if relevant and if time allows. A scoring rubric is provided below the survey, providing 
additional guidance on each of the governance dimensions. 

If the concept of nature-based solutions (NBS) is not yet commonly used in your city, please consider other types of multifunctional 
urban nature, such as green infrastructure, community gardens or wetlands, when completing the survey. 

Thank you very much for your participation and support. 
Survey .   

Background information 
1) City/urban region: 

… 

2) Contact name and email: 
… 

3) Job title: 
… 

4) Organization and department (if relevant): 
…    

Governance dimensions 

1. Advocacy 

1.  
a) Are people in powerful cities advocating for more or better nature-based solutions in your city? 

Not at 
all 

1 2 3 4 5 
□ □ □ □ 
□ 

To a great 
extent  

a) If answered 3 or higher, please describe how this has been achieved by referring to particular actions taken: 
. 

2. Integrated working 

2. 
a) Are decision-makers representing different policy domains working in an integrated way to support the planning, design and man-

agement of nature-based solutions in your city? 

Not at 
all 

1 2 3 4 5 
□ □ □ □ 
□ 

To a great 
extent  

a) If answered 3 or higher, please describe how this has been achieved by referring to particular actions taken: 
.  

3. Legislation, regulations and policies 

3.  
a) Do public institutions have policies and regulations mandating the planning, design and management of nature-based solutions in your 

city? 

Not at 
all 

1 2 3 4 5 
□ □ □ □ 
□ 

To a great 
extent  

a) If answered 3 or higher, please describe how this has been achieved by referring to particular actions taken: 
. 

4. Collaborative arrangements 

4.  
a) Are you aware of multi-stakeholder partnerships supporting nature-based solutions in your city? 

Not at 
all 

1 2 3 4 5 
□ □ □ □ 
□ 

To a great 
extent  

a) If answered 3 or higher, please describe how this has been achieved by referring to particular actions taken: 
. 

5. Active community engagement 

5.  
a) Does community engagement play a role in the planning, design and management of nature-based solutions in your city? 

Not at 
all 

1 2 3 4 5 
□ □ □ □ 
□ 

To a great 
extent  

a) If answered 3 or higher, please describe how this has been achieved by referring to particular actions taken: 
. 

6. Monitoring and assessment 

6. 
a) Do public institutions and other relevant decision-makers support, or engage in, the monitoring and assessment of nature-based solu-

tions in your city? 

Not at 
all 

1 2 3 4 5 
□ □ □ □ 
□ 

To a great 
extent  

a) If answered 3 or higher, please describe how this has been achieved by referring to particular actions taken: 
. 

7. Knowledge development and sharing 

(continued on next page) 
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(continued ) 

7.  
a) Do public institutions and other relevant decision-makers aim to develop and share a broad knowledge and skills base on nature-based 

solutions in your city? 

Not at 
all 

1 2 3 4 5 
□ □ □ □ 
□ 

To a great 
extent  

a) If answered 3 or higher, please describe how this has been achieved by referring to particular actions taken: 
. 

8. Financing mechanisms 

8.  
a) Do public institutions and other relevant decision-makers have access to, and make use of, effective and diverse financing mechanisms 

for nature-based solutions in your city? 

Not at 
all 

1 2 3 4 5 
□ □ □ □ 
□ 

To a great 
extent  

a) If answered 3 or higher, please describe how this has been achieved by referring to particular actions taken: 
. 

9. Valuing diversity, equity and inclusion 

9.  
a) Do public institutions and other relevant decision-makers recognize and engage people from diverse backgrounds and with different 

identities in decision-making on NBS in your city? 

Not at 
all 

1 2 3 4 5 
□ □ □ □ 
□ 

To a great 
extent  

a) If answered 3 or higher, please describe how this has been achieved by referring to particular actions taken: 
. 

11. Could you rank the XX dimensions covered in questions 1–10 in order of importance regarding the governance of NBS in your city (1 ¼ most important; 9 ¼ least 
important)?    

Governance dimension Rank (1–9) 
Advocacy  
Integrated working  
Legislation, regulations and policies  
Networks and partnerships  
Active community engagement  
Monitoring and assessment  
Knowledge development and sharing  
Financing mechanisms  
Valuing diversity, equity and inclusion   

Scoring rubric. 
Below, we provide short descriptions for each of the governance dimensions. These can be used as background information to improve the 

interpretation of questions. 
Advocacy (Question 1 A): 
Not at all (score¼1): There are no people in leadership roles acting as advocates for urban NBS. There is no supportive environment for staff and 

non-governmental actors aiming to get NBS higher on the agendas of decision-makers. 
Moderately (score¼3): There is a small number of people in powerful positions influencing urban development that endorse urban NBS, but many 

others do not, or support for NBS is not persistent over time. Several non-governmental actors and support staff also show a commitment to urban NBS 
development, and their efforts are acknowledged and incentivized by senior staff or political leaders. 

To a great extent (score¼5): NBS are persistently championed by a range of actors in leadership positions at different institutions relevant to the 
city, such as by co-developing a vision on NBS with stakeholders, implementing demonstration projects and supporting others to develop NBS. There 
are examples of high-impact activities supporting urban NBS by other organizations and individuals too, including lobbying and public outreach. NBS 
advocates can relate to, and bring together, a broad set of disciplines and stakeholders to strengthen support for NBS. 

Integrated working (question 2 A): 
Not at all (score¼1): NBS are only considered viable measures by a small number of staff operating within a single department of the public 

institution(s) responsible for this. Other departments and networks are not clearly contributing to NBS planning, design and management. Key plans 
and policies relevant to urban NBS, e.g., climate action, health promotion, green economy, social justice and biodiversity, are not aligned with each 
other. 

Moderately (score¼3): Public institutions have clearly more power to develop NBS in the city than (networks of) practitioners and citizens, or the 
other way around. Multiple departments support the NBS planning, design and management, but they do not tend to collaborate in strategic ways. 
Therefore, plans and policies relevant to NBS, e.g., on climate action, health promotion, green economy, social justice and biodiversity, remain poorly 
aligned. 

To a great extent (score¼5): NBS in the city are developed by public institutions as well as (networks of) practitioners and citizens. Decision- 
makers representing different policy domains work together in strategic ways to support NBS planning, design and management, for example in a 
multidisciplinary hub. NBS are being promoted by multiple well-aligned plans and policies, and associated resources, for their contributions to e.g., 
climate action, health promotion, the green economy, social justice and biodiversity enhancement. 

Legislation, regulations and policies (question 3 A): 
Not at all (score¼1): There are no or limited regulations ensuring multifunctional NBS are integrated in urban development whilst existing NBS 

are inadequately protected against infringement by urban development. Existing regulations are inadequately enforced. There are no requirements for 
NBS with regard to new urban development projects and no ambitions by local or higher levels of government to invest in NBS or to improve NBS 
investment condition, nature-inclusive working practices and management systems. 

Moderately (score¼3): There are some regulations prompting housing, infrastructure and/or utilities to co-invest in NBS within the city, but 
these tend to be monofunctional or not managed well. Existing NBS are not always adequately protected through planning frameworks or 
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enforcement. There are some plans or policies directly supportive of urban NBS planning, design and/or management or improved NBS investment 
conditions, nature-inclusive working practices and natural resource management systems, but there is clear scope for improvement. 

To a great extent (score¼5): Regulations mandate housing, infrastructure and/or utilities to co-invest in NBS within the city. Existing NBS are 
adequately protected through planning frameworks and regulations are actively enforced. There is an adequate number of government plans or 
policies directly supportive of urban NBS planning, design and management, whilst also contributing to improved NBS investment conditions, nature- 
inclusive working practices and natural resource management systems. 

Networks and partnerships (question 4 A): 
Not at all (score¼1): The city lacks networks supporting NBS development or these do not manage to influence practices in a meaningful way, e. 

g., because of poor coordination. There is no cross-scale collaboration on e.g., aligning green infrastructure planning with the city region. 
Moderately (score¼3): The city is home to networks supporting NBS development, but these do not manage to engage a broad range of 

stakeholders from (local) government, the private sector, academia and civil society. There have been efforts to collaborate with actors from higher 
scales and different jurisdictions, e.g., around green infrastructure planning, but with limited success rates. Partnerships usually lack professional 
coordination, limiting openness to various perspectives, social learning and member satisfaction. 

To a great extent (score¼5): The city is home to cross-disciplinary networks supporting NBS development, together mobilising a broad range of 
stakeholders from (local) government, the private sector, academia and civil society in sharing and coordinating resources. Some of these partnerships 
include actors from higher scales and different jurisdictions, e.g., around green infrastructure planning. Partnerships are coordinated professionally to 
ensure openness to various perspectives, social learning and member satisfaction. 

Active community engagement (question 5 A): 
Not at all (score¼1): There is no citizen engagement in the planning, design and implementation of NBS in the city, beyond passive consultation 

on NBS plans and projects with relatively poor participation. Local NBS initiatives are not supported with funding, expertise or guidance. There are no 
attempts to use citizen science for the crowdsourcing of socio-ecological data. 

Moderately (score¼3): A few groups of citizens are actively contributing to the planning, design and implementation of NBS in the city, including 
their monitoring and maintenance. There is a small number of local initiatives with permission to use public land for NBS development. Local NBS 
initiatives receive some support regarding funding, expertise and guidance, but not on a structural basis. The use of citizen science or the crowd-
sourcing of socio-ecological data is still relatively uncommon. 

To a great extent (score¼5): Citizens are actively contributing to the planning, design and implementation of NBS in the city, including their 
monitoring and maintenance. There are also examples of community lease or ownership of land to develop urban NBS. Public institution(s), together 
with experts, actively support local NBS initiatives with funding, expertise and guidance, whilst also facilitating social learning across initiatives. 
Citizen science is used for the crowdsourcing of socio-ecological data and actively supported with smart technologies. 

Monitoring and assessment (question 6 A): 
Not at all (score¼1): There is no monitoring and assessment of relevant environmental, sociodemographic and socioeconomic conditions to 

inform decisions about which NBS to implement where in the city. Public institutions and other relevant decision-makers do not actively support, or 
engage in, the monitoring the impacts of urban NBS on various urban challenges, including environmental justice. Because of a lack of data, there is no 
central data repository supporting decision-making on NBS. 

Moderately (score¼3): There is a desire for more data-informed decisions about which NBS to implement where, but there are gaps in the 
available data on relevant environmental, sociodemographic and socioeconomic conditions in the city. Public institutions and other relevant decision- 
makers to some extent support, or engage in, the monitoring the impacts of urban NBS on various urban challenges, including environmental justice. 
The pooling of available data across locations and institutions could be improved, but some progress has been made in creating a central data re-
pository supporting decision-making on NBS. 

To a great extent (score¼5): Decision-making about which NBS to implement where are informed by relevant data on environmental, socio-
demographic and socioeconomic conditions in the city. Public institutions and other relevant decision-makers support and engage in monitoring the 
impacts of NBS on various urban challenges, including environmental justice. Available data is pooled across locations and institutions to create a 
central repository supporting decision-making on NBS. 

Knowledge development and sharing (question 7 A): 
Not at all (score¼1): There is no or limited access to the level of expertise required for the development of various types of urban NBS in the city. 

There are few opportunities to acquire or share new knowledge relevant to NBS and no attempts are made to engage in social learning by inclusive 
dialogue and deliberation. There are no or very few environmental education activities aimed at the general public in the city. 

Moderately (score¼3): There is access to the relevant knowledge supporting the development of some types of urban NBS in the city, but not 
others. Decision-makers occasionally make use of training opportunities and knowledge platforms to develop and share their expertise. Urban NBS 
planning and design approaches evolve over time, but this is not necessarily informed by inclusive dialogue and deliberation or NBS monitoring. Some 
environmental education activities have been organized in the city to improve environmental awareness and public support for NBS, but these remain 
few and far between. 

To a great extent (score¼5): There is a broad knowledge base supporting the development of various types of urban NBS in the city. Decision- 
makers regularly make use of training opportunities and knowledge platforms to develop and share their expertise. Urban NBS planning and design 
approaches evolve over time, informed by inclusive dialogue and deliberation as well as emerging insights from NBS monitoring. Environmental 
education activities are regularly organized in the city to improve environmental awareness and public support for NBS. 

Financing mechanisms (question 8 A): 
Not at all (score¼1): Finance for urban NBS is inadequate, resulting in poor maintenance and the loss of natural assets. Public institutions and 

other relevant decision-makers do not actively explore alternative revenue streams for NBS provided by international cooperation agencies, NGOs, 
public-private partnerships, charging for nature products and services or other options. 

Moderately (score¼3): Some financing mechanisms for urban NBS are used, but there is scope for using a broader diversity of instruments. Public 
institutions and other relevant decision-makers tentatively explore alternative revenue streams for NBS provided by international cooperation 
agencies, NGOs, public-private partnerships, charging for nature products and services or other options. 

To a great extent (score¼5): A variety of financing mechanisms for urban NBS are used, varying from direct funding to subsidies and impact fees 
charged to urban developers. Public institutions and other relevant decision-makers actively explore, or make use of, alternative revenue streams for 
NBS provided by international cooperation agencies, NGOs, public-private partnerships, charging for nature products and services or other options. 
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Valuing diversity, equity and inclusion (question 9 A): 
Not at all (score¼1): There is no recognition of diversity of interests, knowledges, values, etc. by diverse groups (age, gender, income, ethnicity), 

resulting in homogenous NBS design, planning and management approaches in the city. Different social groups are uninvolved in decision-making 
processes relevant to NBS development. There have been no attempts to understand how NBS are distributed across the city and how these might 
contribute to gentrification. Consequently, there is inequitable access to safe and high-quality urban nature and providing protection against climate- 
related risk (e.g., urban heat islands). 

Moderately (score¼3): There is an emerging understanding of the need to consider interests, knowledges, values, etc. by diverse groups (age, 
gender, income, ethnicity) in NBS design, planning and management in the city. Whilst some social groups are represented in decision-making 
processes relevant to NBS development, others are not. There is an incomplete understanding of how NBS are distributed across the city and how 
these might contribute to gentrification. Consequently, no concerted effort is made to redress inequitable access to safe and high-quality urban nature 
providing protection against climate-related risk (e.g., urban heat islands). 

To a great extent (score¼5): A plurality of interests, knowledges, values, etc. by diverse groups (age, gender, income, ethnicity) are recognized as 
being important to NBS design, planning and management in the city. Various social groups are provided with equal opportunities to contribute to 
decision-making relevant to urban nature. Efforts are made to distribute NBS more equitably across the city. Consequently, an increasing number of 
communities have good access to safe and high-quality urban nature protecting them against climate-related risk (e.g., urban heat islands), whilst 
environmental gentrification is mostly avoided. 

Appendix C. Associated indicators from the European Commission’s Handbook for Evaluating the Impact of Nature-Based Solutions  

Governance indicator Associated Handbook indicator (s) Indicator code 

Agency    
Governance structure  1. Strategic alignment  18.18 
Legislation, regulations & policies  1. Development of a climate resilience strategy  

2. Alignment of climate resilience strategy with UNISDR defined elements  
18.8 
18.9 

Collaborative arrangements  1. Openness of participatory processes  
2. Public-private partnerships activated  
3. Stakeholder involvement in co-creation/co-design of NBS  
4. Activation of public-private collaboration  
5. Linking social capital  

17.1 
17.3 
18.1.2 
18.14 
20.1 

Active community engagement  1. Openness of participatory processes: proportion of citizens involved  
2. Sense of empowerment: perceived control and influence over decision-making  
3. Trust in decision-making procedures and decision makers  
4. Community involvement in planning  
5. Community involvement in implementation  
6. Active engagement of citizens in decision-making  
7. Number of governance innovations adopted  
8. Proportion of community who volunteer  

17.1.1 
17.2 
17.5 
18.1 
18.2 
18.4 
18.6 
20.7 

Monitoring and assessment    
Knowledge development and sharing  1. Green intelligence awareness  

2. Policy learning for mainstreaming NBS  
3. Consciousness of citizenship  
4. Facilitation skills for co-production  
5. Adaptation of local plans and regulations to include NBS  
6. Perceived ease of governance of NBS  
7. Reflexivity: identified learning outcomes  
8. Reflexivity: time for reflection  

16.6 
17.4 
18.5 
18.16 
18.10 
18.11 
18.15 
18.19 

Financing mechanisms  1. Adoption of new forms of NBS (co-)financing  18.7 
Valuing diversity, equity and inclusion  1. Green space accessibility  

2. Betweenness centrality  
3. Diversity of stakeholders involved  
4. Transparency of co-production  
5. Procedural fairness  
6. Inclusion of different social groups in NBS projects  
7. Availability and equitable distribution of blue-green space  
8. Proportion of target group reached by an NBS project  
9. Area easily accessible for people with disabilities  

10. Change in properties incomes  

7.1 
8.34 
18.12 
18.13 
18.17 
19.2 
19.6 
20.8 
20.13 
20.14  
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Aubrechtová, T., Semančíková, E., Raška, P., 2020. Formulation matters! The failure of 
integrating landscape fragmentation policy.  Sustainability 12, 3962. https://doi. 
org/10.3390/SU12103962. 

Bayulken, B., Huisingh, D., Fisher, P.M.J., 2021. How are nature based solutions helping 
in the greening of cities in the context of crises such as climate change and 
pandemics? A comprehensive review. J. Clean. Prod. 288, 125569 https://doi.org/ 
10.1016/j.jclepro.2020.125569. 

BenDor, T.K., Shandas, V., Miles, B., Belt, K., Olander, L., 2018. Ecosystem services and 
U.S. stormwater planning: an approach for improving urban stormwater decisions. 
Environ. Sci. Policy 88, 92–103. https://doi.org/10.1016/j.envsci.2018.06.006. 

Benton-Short, L., Keeley, M., Rowland, J., 2019. Green infrastructure, green space, and 
sustainable urbanism: geography’s important role. Urban Geogr. 40 (3), 330–351. 
https://doi.org/10.1080/02723638.2017.1360105. 

Botzat, A., Fischer, L.K., Kowarik, I., 2016. Unexploited opportunities in understanding 
liveable and biodiverse cities. A review on urban biodiversity perception and 
valuation. Glob. Environ. Change 39, 220–233. https://doi.org/10.1016/j. 
gloenvcha.2016.04.008. 

Buijs, A., Hansen, R., van der Jagt, A.P.N., Ambrose-Oji, B., Elands, B., Lorance Rall, E., 
Mattijssen, T., Pauleit, S., Runhaar, H., Stahl Olafsson, A., Steen Møller, M., 2019. 
Mosaic governance for urban green infrastructure: upscaling active citizenship from 
a local government perspective. Urban For. Urban Green. 40, 53–62. https://doi. 
org/10.1016/j.ufug.2018.06.011. 

Buijs, A., Mattijssen, T., Arts, B., 2014. “The man, the administration and the counter- 
discourse”: an analysis of the sudden turn in Dutch nature conservation policy. Land 
Use Policy 38, 676–684. https://doi.org/10.1016/j.landusepol.2014.01.010. 

Buijs, A., Mattijssen, T.J., van der Jagt, A.P.N., Ambrose-Oji, B., Andersson, E., Elands, B. 
H., Steen Møller, M., 2016. Active citizenship for urban green infrastructure: 
fostering the diversity and dynamics of citizen contributions through mosaic 
governance. Curr. Opin. Environ. Sustain. 22, 1–6. https://doi.org/10.1016/j. 
cosust.2017.01.002. 

Bulkeley, H., 2021. Climate changed urban futures: environmental politics in the 
anthropocene city. Environ. Polit. 30 (1–2), 266–284. https://doi.org/10.1080/ 
09644016.2021.1880713. 

Bulkeley, H., Coenen, L., Frantzeskaki, N., Hartmann, C., Kronsell, A., Mai, L., Marvin, S., 
McCormick, K., van Steenbergen, F., Voytenko Palgan, Y., 2016. Urban living labs: 
governing urban sustainability transitions. Curr. Opin. Environ. Sustain. 22, 13–17. 
https://doi.org/10.1016/j.cosust.2017.02.003. 

Campbell, L.K., Svendsen, E.S., Roman, L.A., 2016. Knowledge co-production at the 
research–practice interface: embedded case studies from urban forestry. Environ. 
Manag. 57, 1262–1280. https://doi.org/10.1007/s00267-016-0680-8. 

Campbell-Arvai, V., Lindquist, M., 2021. From the ground up: Using structured 
community engagement to identify objectives for urban green infrastructure 
planning. Urban For. Urban Green. 59, 127013 https://doi.org/10.1016/j. 
ufug.2021.127013. 
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