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Summary

PHUSICOS is an Innovation Action project funded by the EU Horizon 2020 research
and innovation programme (Grant agreement No. 776681). The main objective of
PHUSICOS is to demonstrate that nature-based solutions (NBS) for reducing natural
hazard risk of extreme weather events in rural mountain landscapes are technically
viable, cost-effective, and implementable at regional scale. NBS have emerged as a
critical umbrella concept encompassing all actions and measures that use nature’s
properties to systemically address societal challenges, simultaneously providing a
variety of benefits for nature and people. Among their manifold co-benefits, there is
great potential for NBS to contribute to disaster risk reduction, climate change
adaptation and biodiversity conservation.

However, despite the significant political traction NBS have gained, their
implementation often remains too fragmented or context-specific for their wider
operationalisation. For NBS to meet their promise of addressing global societal
challenges, it is vital to advance our understanding of the governance drivers,
frameworks and instruments that can enable — or, on the contrary, hamper NBS
implementation.

While PHUSICOS Deliverable 5.1 (D5.1) distilled key in-depth insights on the
governance enablers of successful NBS cases at the local scale, here we take a broader
approach by identifying governance enablers and barriers across different socio-
ecological, geographical and institutional contexts. This deliverable therefore builds on
the comparative case studies of D5.1 by identifying institutional, legal, regulatory, social
and economic opportunities, as well as barriers to NBS implementation. Governance
opportunities and policy bottlenecks are scoped out at the EU, national and regional
levels (e.g., EU directives and frameworks, as well as policy and financial mechanisms)
that can help promote and enhance the adoption of NBS.

Part | of this deliverable summarises current research findings on governance enablers
and barriers of NBS implementation across different governance contexts and for
different purposes. In Part 11, we review how the identified barriers are addressed in
selected EU legal frameworks. The methodology builds on a systematic review of
workshop results (extracted from pre-workshop interviews and discussion groups), grey-
and peer-reviewed literature. Following a screening process, a total of 26 data sources
were included in the review and analysed in depth. Enablers and barriers were classified
according to different criteria and evaluated using quantitative content analysis methods.
The meta-analysis identifies a total of 252 NBS governance enablers and opportunities,
as well as 264 governance barriers and bottlenecks extracted from the selected records.

Results highlight critical governance factors that are currently facilitating or limiting
NBS implementation and mainstreaming during their design, planning, implementation,
monitoring and maintenance processes. The barriers to NBS implementation are
manifold. Results highlight the lack of equity (both in stakeholder engagement and in
NBS benefit distributions) as a key barrier to successful NBS implementation. Indeed,
stakeholder conflicts were among the most cited hurdles. Results also emphasise the
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importance of inclusive engagement of stakeholders in the NBS design, planning and
implementation process. One way to tackle this challenge is through true co-design and
co-creation processes.

The existence and further development of an evidence base on NBS performance and
their co-benefits also emerged as a critical NBS enabler. Poorly staffed municipalities
with little experience or expertise with NBS, combined with a dearth of evidence on
their effectiveness and co-benefits, still appear to be the norm. Indeed, further studies
are needed on the long-term benefits of NBS in comparison to grey solutions. In
particular, more quantitative cost-benefits analyses capturing the multiple values of
solutions are required.

A further common theme across enablers and barriers is the existence of or lack of
knowledge products and NBS-specific expertise. Here, possible solutions include the
creation of systematic NBS knowledge hubs accompanied by educational programs and
trainings specific to NBS design (mainly targeting landscape architects and designers)
and implementation (targeting contractors). Besides, the further development of
nationally (and ideally, internationally) agreed technical standards, guidelines and legal
norms for NBS implementation can help surmount this barrier. Lack of capacity and
knowledge is compounded by a lack of funds earmarked for NBS. There is a
fundamental problem in attracting private financing given the public-good nature of
NBS and thus the shortage of bankable projects and business models. Among others, the
establishment of the EU taxonomy for sustainable finance as well as other commitments
to eliminate nature-harming activities are crucial to overcome this challenge.

Enablers and barriers differed in several points. Most prominently, a major factor
limiting NBS implementation is path dependency, i.e., the difficulty in breaking away
from current legal and social norms which favour grey infrastructure. Shifting the burden
of proof to traditional grey infrastructure projects, for example by making the
consideration of nature-based alternatives obligatory for any infrastructure project,
would help reshaping NBS governance. Moreover, the focus on short-term goals that
bring voter support does not match the long-term impact and gestation periods of NBS.
Polycentric governance arrangements to overcome siloed administrations present an
important enabler that appears somewhat unique to NBS implementation due to the often
complex mosaic of actors, sectors and government levels involved in NBS projects.
Polycentric governance arrangements, which foster cross-sectoral and cross-scale
cooperation, offer an important opportunity to overcome these barriers.

In Part Il of the Deliverable, we examine three selected EU strategies: the Farm to Fork
Strategy, Biodiversity Strategy and Adaptation to Climate Change Strategy and how the
earlier identified enablers and barriers are addressed in these strategies. Here, we focus
the analysis on key enablers to NBS action in the agriculture, adaptation and biodiversity
spheres. We find that financial tools for NBS implementation are at the forefront in all
three strategies with focus on funding, innovation and research, as well as developing
business models to engage private financing. We do, however, observe gaps in the
strategies regarding the integration of practical knowledge and the inclusion of
stakeholders.
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1 Introduction

Biodiversity - the diversity of all life on earth - is declining globally at unprecented rates
(WWEF 2020). In Europe, 60 % of species and 77 % of habitats show a predominantly
unfavourable conservation status (EEA 2020). Nature-based solutions (NBS) have
emerged as a critical umbrella concept encompassing all actions and measures that use
nature’s properties to systemically address societal challenges, including biodiversity
loss (UNEA 2022). By representing actions to protect, sustainably manage, and restore
natural and modified ecosystems, NBS must simultaneously benefit people and nature
(IUCN, 2020).

Hence, NBS have been proposed as promising solutions to help tackle disaster risk
reduction (Ruangpang et al., 2020; Faivre et al., 2018; Debele et al., 2019), climate
change adaptation (Frantzeskaki et al., 2019; Chausson et al., 2020; Kabisch et al., 2016)
and biodiversity conservation (Maes & Sander, 2017; Seddon et al., 2019; Gémez
Martin et al., 2020), among others. NBS are emerging on an ever-expanding number of
political agendas, most recently and noteworthy on the Convention on Biological
Diversity’s Kunming-Montreal Global Biodiversity Framework (Conference of the
parties to the Convention on Biological Diversity, 2022; p.10) and the Conference of the
Parties (COP 27) decision text (UNFCCC 2022).

An increasing number of studies have emerged on the co-benefits and technical
performance of NBS (Raymond et al., 2017; Calliari et al., 2019; Epelde et al., 2019;
Kumar et al., 2021). However, governance issues relating to NBS have been less
systematically addressed. A simple Scopus search reveals that the search terms ‘nature-
based solution*’ and ‘*benefit*’ yields 615 results, whereas ‘nature-based solution*’
and ‘governance’ produces 180 results (search on 21 June 2022). In a recent review, Li
et al. (2021) found that most NBS literature focuses on one or more specific NBS
benefits, in particular water management, human wellbeing, urban development and
greening. Although the authors found that the impact of NBS on economic development
and its governance were least accounted for, they also recognised NBS governance as
an important emerging theme in NBS research, especially in the last few years.

Despite NBS’ increasing political traction and recognition in Europe (Davies et al.,
2021; European Environment Agency, 2021) and beyond (Seddon et al., 2020; Cohen-
Shacham et al., 2016), information on how NBS can successfully be implemented in
different governance settings, and what may hamper their realization, is still fragmented.
Yet, for NBS to meet their promise of addressing global societal challenges, it is vital to
advance our understanding of the governance drivers, frameworks, strategies and
instruments that have enabled NBS across different contexts. Likewise, further research
is needed on the barriers and policy bottlenecks currently hindering the uptake and
mainstreaming of NBS into governance regimes. In a communication on the EU
Biodiversity Strategy for 2030, the European Commission had highlighted that
“Particular attention will be paid to measures to incentivise and eliminate barriers for
the take-up of nature-based solutions, as these can lead to significant business and

Deliverable No.: 5.2
Date: 2023-02-01

Rev. No.: 0

H2020 Project PHUSICOS
Grant Agreement No. 776681

7/58



A

‘ Deliverable No.: 5.2

PHUSICOS it 20230201

employment opportunities in various sectors and are the key to innovation for economic
or societal needs that rely on nature.” (EC, 2020a; p.68).

So far, studies addressing the governance enablers of and/or barriers to NBS have mainly
focused on specific geographic settings, such as cities and urban areas (Sarabi et al.,
2019; Frantzeskaki, 2019; Dumitru et al., 2020), specific NBS actors, such as nature-
based enterprises (McQuaid et al., 2021), or a specific NBS purpose, such as climate
change adaptation (Kabisch et al., 2016; Calliari et al., 2019) or disaster risk reduction
(European Environment Agency, 2021; Anderson & Renaud, 2021).

PHUSICOS Work Package 5 (WP5) aims to fill this gap by addressing governance
innovation, where NBS governance goes beyond ‘government’ and the legal,
institutional and policy arrangements it encompasses. It also includes a network of state
and non-state actors (e.g., businesses, civil society, NGOs and expert communities) in
the process of deciding on and implementing NBS policy (Lemos & Agrawal, 2006;
Steurer, 2013). As such, governance also encompasses the social, ecological, political,
and financial conditions through which NBS are implemented (Bernardi et al., 2019;
Sekulova & Anguelovski, 2017). As part of Task 5.1 (T5.1) on ‘NBS in-depth case study
analysis of the characteristics of successful governance models’ (see Martin et al., 2021;
Martin et al., 2019), WP5 aimed to identify the pre-conditions, policy processes and
institutions that proved helpful or even essential for the initiation, planning, design and
implementation of NBS — in short, their governance enablers.

Results were derived from semi-structured interviews and a desk-based review of three
case studies in Nocera Inferiore (Italy), Munich (Germany) and Wolong (China).
Findings indicated that the most critical enablers involved governance innovation in
three areas: polycentric governance (novel arrangements in the public administration
that involved multiple institutional scales and/or sectors), NBS co-design (innovative
stakeholder participatory processes that influenced the final NBS) and financial
incentives (financial incentives for community-based implementation and monitoring of
NBS). Further enablers for realizing NBS, as demonstrated in the three cases, included
environmental advocacy coalition groups, along with their individual champions, and a
major triggering or modelled event, which opened a window of opportunity to advocate
for a nature-based or hybrid green-blue-grey solution. While T5.1 distilled key in-depth
insights on the governance enablers of successful NBS cases at the local scale, Task 5.2
(T5.2) seeks to take a broader approach by identifying governance enablers and barriers
across different socio-ecological, geographical and institutional contexts.

T5.2 therefore builds on the comparative case studies of T5.1 with the aim of identifying
institutional, legal, regulatory, social and economic opportunities, as well as barriers to
NBSs at the EU, national, regional and local scales. It scopes out governance
opportunities at the EU, national and regional levels (e.g., EU directives and
frameworks, as well as policy and financial mechanisms) that can help promote and
enhance the adoption of NBS. Likewise, T5.2 explores current policy bottlenecks and
barriers to wider NBS implementation and upscaling. This deliverable is therefore
broadly composed of two parts:

H2020 Project PHUSICOS
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1) A review of enablers of and barriers to NBS implementation.
2) A deep dive into selected policy documents and how they address the enablers
identified in 1).

By identifying the principal governance barriers to NBS implementation, T5.2 sets the
scene for two further WP5 tasks and their associated deliverables, namely D5.3
‘Governance innovations for the design, financing and implementation of NBS, and their
applications to the concept and demonstration projects’ and more importantly, D5.4
‘Learning from NBS implementation barriers’.

2 Part I: Review of enablers of and barriers to nature-
based solutions

2.1 Methods

In Part | of this deliverable, a scoping study of NBS enablers and barriers using a
systematic literature review and content analysis is performed. Governance enablers and
barriers of NBS implementation were extracted from three types of sources, namely i)
findings from workshop and discussion sessions (using interviews and focus group
discussions), ii) grey literature and iii) peer-reviewed literature. The data search was
performed in May 2021 — April 2022. Peer-reviewed literature was identified using a
Scopus search (Elsevier, 2022) due to its broad scientific literature coverage. In addition,
grey literature was identified through Google Scholar as well Overton. Only articles
published after 2010 were included in the study due to both the recent emergence of
NBS as a concept and the wish to represent the most recent research advances in this
study.

A total of 83 records were screened, from which a total of 26 data sources were selected
to be analysed in depth using the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) method (Moher et al., 2009). The data selection process is
detailed in figure 1. Particular emphasis was given to scientific reviews in order to
maximise data entries. Selection criteria included the focus on NBS or related concepts
as well as the specific mention of enablers and barriers (see table 1 for the keyword list).
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 N=357 -

=

Scientific reviews
(N=10)
Scientic articles
(N=5)

Total = 15

N=

53

Figure 1: Data source selection process for meta-analysis (Design: Juliette Martin)

Table 1: Scopus search terms for peer-reviewed literature search

Theme Scopus search terms
Nature-based ("nature-based solution*" ) OR ( "hybrid solution*") OR ( "NBS") OR ( "eco-DRR")
solutions OR ( "green infrastructure*" ) OR ( "ecosystem-based adaptation" ) OR ( "natural

infrastructure*" ) OR ("blue-green infrastructure*" ) OR ("blue green infrastructure*" )
OR ( “natural engineering” )
Barriers (barrier* ) OR (obstacle* ) OR ( challenge*) OR ( bottleneck*) OR ( limitation* )
Enablers (enabler*) OR (driver*) OR (catalyser*) OR (opportunit* )
Exclusion criterion PUBYEAR > 2010

A quantitative content analysis of the selected records was undertaken using NVivo
version 12.4.0. (Swain 2018). A total of 252 NBS enablers and opportunities, as well as
264 barriers and bottlenecks were extracted from the selected sources. It is important to
note that these are not all unique enablers or barriers, rather, they are the total number
of times any barrier or enabler was mentioned in the analysed sources — they can thus be
seen as enabler/barrier statements, which sometimes overlap.

Enablers and barriers were classified according to different criteria, presented in table 2,
and coded and evaluated using NVivo. Bearing in mind the diversity of interpretations
and definitions of governance (Rhodes 2007; Ruhanen et al. 2010; Fukuyama 2013),
governance barriers/enablers can be of many different types. Here, we define
governance in its broadest sense by encompassing all aspects related to collective and
networked decision-making, including the social, ecological, political, and financial
conditions through which NBS are implemented (Sekulova & Anguelovski, 2017).

A thematic content analysis approach (Vaismoradi et al. 2016; Swain 2018) was used to
classify enablers and barriers. This means that the presence of certain words, themes, or
concepts were coded in (qualitative) text, and subsequently counted in a quantitative
way to identify data trends. Broader categories were partially based on the governance

H2020 Project PHUSICOS
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categories identified in D5.1, which were in turn adapted from existing work on
governance and/or NBS indicators (Kabisch et al. 2016; Swain, 2018; Raymond et al.
2017; Huthoff et al. 2018; Schmalzbauer 2018; Somarakis et al. 2019). The framework
was expanded to include selected ‘ambits’ developed by PHUSICOS WP3 (Service
innovation: stakeholder participation through Living Labs), specifically to cover
technical and environmental aspects deemed important despite them straying from the
traditional governance definition. An explanation of each category can be found in
Martin et al., 2021. Enabler and barrier themes were identified using a grounded theory
approach (Walker and Myrick 2006), meaning that themes were derived from the data
rather than using a pre-existing theory to create them.

Table 2: Categories used for NVivo coding and analysis

Category Codes Source
Enabler/ Policy and institutional; Socio-cultural and cognitive; Economic Adapted from:
barrier type and financial; Technical; Regulatory and legal; Political; Martin et al.,
Educational; Environmental; Human resources and capacities; 2021
Other

Geographic Urban; Rural; Mix n/a

setting

Scale Local; Regional; National; Global; Mix n/a

Location Europe; Asia; Australia; North America; South America; Africa; n/a
Global

Data source Scientific article; Scientific review; Grey literature; Workshop n/a
findings

Care was taken to (where possible) include sources from a variety of scales (EU,
regional, local) and contexts (urban, rural, different NBS types). Particular attention was
also paid to include enablers and barriers coming from practice as well as theory, i.e.,
both revealed and hypothetical enablers and barriers. Where enablers and/or barriers
were mentioned more than once for the same case or study, double counting was
avoided.

2.2  Data distribution

This section describes how the extracted data were distributed. Out of the 26 reviewed
data sources, five were from grey literature (mainly project reports), four were from
workshop results, and seventeen were from peer-reviewed articles (figure 2). Most peer-
reviewed articles were reviews, which were purposefully targeted to include a wider
variety of data. In terms of extracted enablers and barriers, these were relatively evenly
distributed across sources (figure 3). A more detailed list of the extracted enablers and
barriers can be found in Appendix A.
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Figure 3: Enabler and barrier distribution by data source

Our data show a bias towards urban studies, which represented 49% of the included
sources, whereas rural studies only represented 13%. The remaining 39% represented
reviews that included a mix of urban and rural cases, yet here, as well, the focus was
often on urban areas. Most data from rural areas came from the PHUSICOS project’s
own sites. Likewise, most studies came from a European context (67%), which points
towards a bias towards NBS implementation in the Northern hemisphere.
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2.3 Barriers to nature-based solution implementation

As previously noted (Section 1), NBS are emerging in an increasing number of national
actions plans (e.g., in the US, the White House Council on Environmental Quality, White
House Office of Science and Technology Policy White House Domestic Climate Policy
Office, 2022), global targets (e.g., Diaz et al., 2019) and regional policies (e.g., Davies
etal., 2021). NBS’ potential to help tackling some of our global crises such as increasing
disaster risks, climate change or biodiversity loss are thus widely recognised. For
example, it was estimated that NBS could provide 37% of climate change mitigation
needed to limit climate warming to below 2°C until 2030 (Diaz et al. 2019). Likewise,
due to the diverse co-benefits of NBS, UNEP estimated that for every dollar invested in
NBS, almost seven more can be generated within five years (United Nations
Environment Programme (UNEP) 2022).

Yet, this urgent call for NBS action seems to be accompanied by the sobering realisation
that significant governance hurdles still exist for NBS to be upscaled to a level at which
they can fulfil their ambitious promises (Mendes et al. 2020; Nelson et al. 2020; Seddon
et al. 2020; Solheim et al. 2021). Here, we compile and compare NBS governance
barriers distilled from a variety of sources to enhance our understanding of the key
bottlenecks standing in the way of NBS mainstreaming. Barriers were first classified
according to broader governance categories, as defined in section 2.1 (figure 4).
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Figure 4: Distribution of barriers by broad categories

Results show that barriers related to socio-cultural factors were the most prominent
(N=66), closely followed by institutional factors (N=51) and human resources and
capacities (N=35). It is noteworthy that the most frequently encountered barriers are of
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a less tangible nature than, for example, economic or technical barriers, which were cited
less often. Interestingly, the smallest numbers of barriers were found for legal (N=13),
political (N=10) and environmental factors (N=7).

While the benefit of using broad categories is that they help abstract complex results
into digestible results (Collier et al. 2012), this also comes at a cost. Thus, these initial
results provide an overview of the type of barriers that often stand in the way of
successful NBS implementation. Yet, it is also apparent that depending on how
categories are defined, results may vary. For example, in many comparable frameworks
and typologies, institutional, political and legal factors are merged (e.g., McQuaid et al.,
2021; Schmalzbauer, 2018), which would result in the highest number of barriers.
Additionally, there can be a fine line between certain categories, such as human
resources and capacities and education and knowledge products. Thus, a lower level of
classification was necessary to fully understand governance barrier trends. To do this,
twelve barrier themes we identified (figure 5). Among the 264 barriers, 12 themes

emerged.
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Figure 5: Barrier themes identified in literature and workshop sessions

The most prevalent barrier theme is the lack of expertise and knowledge throughout
the NBS implementation stages, including NBS construction (Bernardi et al. 2019)
compounded by limited standards, technical guidelines and legal norms for the
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monitoring and maintenance of NBS (Sarabi et al. 2020). Chausson et al. (2020)
observed an acute lack of robust, site-specific investigations of the effectiveness of NBS
interventions compared to traditional alternatives. Similarly, Han and Kuhlicke 2019
found that there is still a lack of long-term data and knowledge on NBS. Solheim et al.
2021 also note a clear lack of skilled knowledge brokers and training programs on
specialised NBS skills. This particular barrier theme is addressed in more detail in
PHUSICOS D5.4 (Linnerooth-Bayer et al., forthcoming).

The lack of evidence on NBS delivery, performance and co-benefits is an almost
equally important barrier. This theme comprised both the lack of robust and consistent
approaches for measuring the monetary value and returns of co-benefits (Scolobig et al.
2021) as well as their performance (Nelson et al. 2020; Solheim et al. 2021). This is
particularly problematic for justifying the use of NBS over traditional infrastructure to
decision-makers (Welden et al. 2021). Indeed, multifunctionality is a critical and unique
NBS selling point, therefore not being able to fully account for co-benefits in cost-
benefit analyses remains a formidable challenge (Bernardi et al. 2019). Josephs and
Humphries (2018) noted that we still have a long road ahead to be able to move beyond
ecological definitions of NBS success, particularly when it comes to integrating
socioeconomic and non-monetary co-benefits in NBS assessments.

The third most important barrier theme was identified around equity issues,
stakeholder engagement and conflicts thereof. The importance of wide and just
stakeholder engagement was proven to be a key success factor of NBS implementation
by entailing stakeholder buy-in, ownership and dissipating potential scepticism towards
NBS (Raymond et al. 2017; McVittie et al. 2018; Martin et al. 2021). Yet, there are two
sides to every coin. Indeed, conflicting worldviews and interests of stakeholders can also
lead to policy stalemates (Linnerooth-Bayer et al. 2016; Best and Hochstrasser 2022).
For example, Solheim et al. 2021 found that in one of the cancelled PHUSICOS NBS
implementations in Gudbrandsdalen, considerable conflicts arose due to the economic
value of gravel extracted from the Gudbrandsdalslagen river following floods. An NBS
altering the river’s flow and thus gravel deposition therefore met the strong opposition
of local landowners. Additionally, NBS might generate inequities e.g., associated with
how the costs and benefits accruing from NBS initiatives are distributed among the local
population (Toxopeus et al. 2020).

A further major factor limiting NBS implementation appears to be (grey-measure) path
dependency (Barnes et al. 2004), which denotes a system in which pathways are
irreversibly ‘locked-in’ due to habituation (David 1985). Here, this theme mainly refers
to the difficulty in breaking away from current and deeply ingrained legal and social
norms that still favour grey infrastructure. For example, Bernardi et al. 2019 found that
landscape designers are more familiar with traditional infrastructure, both from a
technical point of view and with respect to legal compliance. Indeed, as remarked by
Davies and Lafortezza 2019, many institutions have evolved in a deeply set grey
infrastructure culture, which means that system reforms are rare and require substantial
agents of change and transformations. Unfortunately, NBS are not an exception and
remain a neologism within many institutions. This theme also included the notion of
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resistance to change (Sarabi et al. 2020) and resulting behavioural lock-ins, a general
clash between grey- and green paradigms (I11ASA 2020).

Lack of funding and high costs of NBS were also among the top five barriers
mentioned in the analysed data sources. This is in line with the recognition that most
NBS are currently financed by (often limited) public funds (Sekulova and Anguelovski
2017). This lack of public financing has in part been ascribed to limited municipal
spending autonomy on budgets (Toxopeus and Polzin 2021) and the incapacity to co-
finance NBS (Bernardi et al. 2019). Additionally, high costs (or perceived high costs)
compared to grey infrastructure and its maintenance represent a further challenge
(Martin et al. 2021). This theme barrier also included challenges with how funding is
allocated, e.g., sectoral silos leading to silo budgeting that therefore disregard NBS’ co-
benefits (Bernardi et al. 2019).

Further important barriers include sectoral and administrative silos. As was already
emphasized in PHUSICOS D5.1 case studies, institutional fragmentation and siloed
administrations present a difficult challenge that appears especially salient to NBS
implementation (Sarabi et al. 2019; Scolobig et al. 2020; Suleiman 2021). This is
undoubtedly related to the fact that NBS require the joint expertise of actors, including
ecologists, hydrologists, engineers and city or landscape planners. Suleiman 2021
highlight in particular a disconnect between water and landscape planners for blue green
infrastructure implementation in Stockholm, who were not treated as equals when it
came to NBS design and decision-making process.

While barrier themes related to the lack of political will and long-term commitment
as well as lack of supportive policies were slightly less represented in our results, this
might be due to the fact that they are often underlying and implicit obstacles, which then
translate into other challenges that are more prevalent in our results, such as the earlier
mentioned dependence on grey infrastructure or lack of funding. Possible explanations
are the novelty or immaturity of NBS, which are often not yet fully integrated in legal
systems (Davies and Lafortezza 2019), and the lack of legally binding mechanisms
(Davis et al. 2018). For example, many NBS policies at the EU scale are grounded in
‘soft” measures, meaning that they do not require member states to implement them at
local level and remain fully voluntary (Scolobig et al. 2020).

Associated to this type of barrier is the risk aversion and scepticism that NBS often
face. Indeed, many of the analysed sources observed that stakeholders attribute a higher
uncertainty to NBS than traditional infrastructure (Sarabi et al. 2020; Solheim et al.
2021; Toxopeus and Polzin 2021). Kuban et al. (2018) also note that private companies
have a greater incentive to provide standard solutions at reliable profits than to take the
uncertain risks involved in implementing or investing in innovative solutions, such as
NBS.
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2.4  Enablers of nature-based solution implementation

While it is essential to recognise governance barriers to NBS implementation in order to
identify causes of failed NBS projects (or impeded existing projects), it is equally critical
to learn from those practices that led to successful implementation. A total of 252
enablers were extracted from the included sources. These were first classified according
to the broad governance categories defined in section 2.1 (figure 6).

70
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20
10
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Figure 6: Distribution of enablers by broad categories

Results show that enablers related to human resources and capacities were the most
prominent (N=61). It is noteworthy that this enabler only ranked 3" as a type of barrier.
Human resources and capacities were closely followed by socio-cultural (N=58) and
institutional enablers (N=38). Interestingly, here again the smallest number of enablers
was found for environmental (N=4) and technical (N=3) factors. Thus, in terms of broad
types of enablers, results were similar to the broad types of barriers. This is not surprising
given that enablers are for the most part (but not always) the inverse of barriers.
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Figure 7: Enabler themes identified in literature and workshop sessions

The 252 enablers were subsequently split into 12 themes, of which stakeholder
engagement and equity ranked highest by far (N=58). This theme mostly included
factors relating to how and if stakeholders were involved in the NBS decision-making
process, such as the social inclusion of a variety of stakeholder and citizen groups
(Nesshover et al. 2017; Schmalzbauer 2018), a relationship of trust emerging among
stakeholders (Han and Kuhlicke 2019) as well as trust in the local government
(Frantzeskaki et al. 2019). Enablers also related to good practices regarding stakeholder
identification, for example, by identifying the social networks that affect NBS
governance (Albert et al. 2019). The concept of ‘true’ co-creation and co-design —
meaning the creative engagement of citizens and stakeholders to co-generate solutions
to complex problems (Blomkamp, 2018) - was also mentioned in the analysed sources.
Equity was an integral part of this theme, and primarily emerged as wide and just
stakeholder involvement, voices being heard and responded to, and fair NBS benefit
sharing. For example, in the PHUSICOS Serchio River Basin case, the involvement and
compensation of farmers lending their land to NBS was a key success factor (IIASA
2020).

Evidence on performance and co-benefits also emerged as a key enabler. However, it
should be noted that literature predominantly cited this enabler as a proposed (rather
than a proven) enabler. This highlights the need for further evidence on NBS’ multiple
co-benefits. Specifically, the need to enhance valuations of NBS versus grey alternatives
was cited (Scolobig et al. 2020) as well as clear quantitative and qualitative targets and
indicators to track NBS performance (Huthoff et al. 2018; Scolobig et al. 2021). In
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relation to this, the enhancement and harmonisation of the knowledge towards the
formulation of a global NBS standard was also mentioned (Somarakis et al. 2019).
However, things have since then evolved with the publication of the 2020 IUCN global
standard for NBS (IUCN 2020), which intends to help practitioners to design effective
and standardised NBS. Yet, due to its novelty, on-the-ground experience and evidence
on the application of the standard across different regions of the world are still scarce
(Chales et al. 2023).

As for the main barriers, expertise and knowledge ranked high in terms of enablers.
Similarly, the need for ‘traditional’ sectors involved in infrastructure construction to
expand their portfolios to include NBS emerged (Bernardi et al. 2019). In short, this
theme encompassed the general need to overcome knowledge gaps relating to NBS, be
it in terms of the functioning and dynamics of ecosystems (Fisher et al. 2019), socio-
economic systems and governance structure in which NBS are embedded (Albert et al.
2019) or the aforementioned specialised contractor skillsets (Bernardi et al. 2019).

Polycentric and cross-sectoral arrangements also emerged as a key enabler. This
maps directly onto the barrier of sectoral silos, discussed in section 2.3. Polycentricity
denotes a system in which decisions are taken at different jurisdictional levels and scales
(e.g., national, regional, global) and/or sectors through sometimes formally independent
decision-centres (Ostrom 1999). While the concept is far from new, it seems to have
gained a renewed importance in the context of NBS, which require the cooperation and
collaboration of actors across different scales and sectors (Martin et al. 2021). While
polycentric arrangements are increasingly (re)surfacing to mainstream and upscale NBS
implementation (European Environment Agency 2021), few examples of their practical
application for NBS exist. One exception is the Isar restoration or Isar Plan in Munich,
which brought forth the creation of a multi-scale and multidisciplinary working group
that dispersed the decision-making process across different scales (city and state level)
and sectors (flood control, environmental organisations, city planning and more)
(Zingraff-Hamed et al. 2019). Similarly, the adaptiveness of governance systems was
highlighted in our results, even if less frequently than other enablers. Adaptiveness is
seen as an essential part of polycentricity (Carlisle and Gruby 2019) and arose as the
need to retain a level of flexibility of NBS in light of a changing climate (Kabisch et al.
2016; Suleiman 2021) and rapidly evolving societal challenges (Nesshéver et al. 2017;
Bernardi et al. 2019).

Supportive policies and legal frameworks are evidently a further important enabler
for NBS implementation. Noteworthy here is the fact that legal frameworks were
predominantly mentioned as being important for potentially enhancing NBS uptake,
rather than as enablers that were proven to be effective. This can be attributed to the
current lack of NBS-specific policies in Europe and national NBS-specific action plans
(Calliari et al. 2022). Indeed, the reviewed literature and workshop findings hardly
mention specific policies and frameworks. This theme can therefore be seen as more of
a gap or a potential enabler than a current enabler. Current policies favouring NBS
uptake are summarised in section 3.1.
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Other themes, such as funding, financing tools and political will and long-term
commitment, are very much in line with corresponding barriers and therefore already
discussed in section 2.3. Yet, results show a number of unique enabler themes, such as
communication and awareness raising. This theme includes aspects relating to how
NBS results are communicated, such as avoiding the use of jargon (Bernardi et al. 2019),
adopting more clarity on NBS definitions (Scolobig et al. 2020) or similarly
communicating NBS benefits in simple terms easily understood by decision-makers
(ITASA, 2020). The need for further awareness raising on NBS was also highlighted,
both in terms of dissipating the ‘fear of the unknown’ NBS often face (Schmalzbauer,
2018) and their multiple socio-economic co-benefits (Chatzimentor et al. 2020).

Results also show that champions and advocates are a crucial enabler for NBS. While
this enabler goes hand in hand with political will and long-term commitment,
‘champions’ emerged as a theme of its own, which was not the case in the barrier
analysis. Here, the importance of forerunners and early adopters of NBS (Naumann et
al. 2014; Bernardi et al. 2019; Martin et al. 2021), who spearhead the NBS concept, was
stressed, as well as agents of change that can transform institutions from within (Davies
and Lafortezza 2019).

Finally, the aesthetics of NBS in contrast with grey solutions was seen as a relatively
minor enabler, followed by the occurrence of a disaster in triggering NBS actions.
Neither theme has a corresponding barrier, thus they are unique as enablers.

An obvious, yet important, observation is that many of the identified enabler themes
have direct counterparts as barrier themes (and vice versa) — the former often
representing the availability of a given factor, and the latter its absence. As an obvious
example, the lack of expertise and knowledge represents a significant barrier to NBS
implementation, yet its availability was found to be a key enabler. This finding is not
unexpected since for enablers that are deemed critical for NBS implementation, their
absence would naturally emerge as important barriers. Likewise, many of the identified
enablers represent advantages of NBS, such as their reduced environmental impact or
their multiple co-benefits.
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2.5 Limitations

While the analysis fills an important research gap by providing an overview of NBS
enablers and barriers across different governance and geographic contexts, it also
presents several limitations, which are discussed in this section.

First, it is important to note that as with any data classification exercise, the selection of
data bins and themes remains subjective and open to different interpretations (Collier et
al. 2012). While a grounded theory approach was used to define themes, many enablers
and barriers span across multiple themes and categories, which makes definitive
classification difficult. For example, there are strong overlaps between the lack of NBS-
specific knowledge and evidence on NBS co-benefits. Both in fact represent different
types of knowledge, yet the decision was made to separate them into two themes due to
the recurrence of challenges relating to quantitative NBS performance and co-benefit
appraisals. Similarly, many enablers/barriers relating to funding can be traced back to
institutional factors. Nevertheless, this caveat was addressed by involving multiple
authors in reviewing NVivo coding structures and identified themes.

Secondly, as with any systematic literature review, there is always the risk of data biases,
for example by excluding important literature, omitting relevant keywords or not
covering the entirety of terminologies used to describe NBS. Selection/sampling biases
as well as coding biases can of course be mentioned as general limitations of systematic
literature reviews (Moher et al., 2009). Additionally, NBS research is still expanding,
with new studies constantly entering the scene. Therefore, the analysis cannot be fully
comprehensive. While the question of ‘how much data is enough’ is a recurrent one in
social (and other) sciences (Goertz 2006), one can argue that by extracting over 500
enabler/barrier statements from literature and workshop sessions, the most important
factors will most likely be covered. Thus, adding more data sources to the analysis would
likely not lead to significantly different results. Our data present further biases, including
a higher proportion of European studies, as well as a focus on urban settings. Efforts
were made to circumvent these biases. Yet, they also reflect the current state of
knowledge on NBS research.

Related to this, while the scoping study focused on mentions of enablers and barriers in
literature and workshops, the absence of data might be just as telling. For example, if a
given barrier is not mentioned in the literature (presumably because it is not deemed to
be a salient hurdle), this would point towards successes in NBS governance. However,
the nature of the analysis entails that it can only capture what is explicitly mentioned.
Likewise, the analysis is limited by the way enablers and barriers are framed by authors
or workshop participants. For example, ‘high costs’ emerged as a critical challenge for
NBS implementation. Yet, many different aspects of costs exist, e.g., long-term and
short-term, indirect and direct costs, all of which would need to be differentiated to better
understand hurdles to financing NBS. Nevertheless, the analysed sources mainly
mentioned ‘high costs’ as a general statement, without going into detail about which
aspect of these costs is problematic.
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As highlighted earlier, a last important limitation is the fact that the analysed literature
and workshop findings listed enablers and barriers that were both hypothetical and
experienced, thus confounding theory and practice. For example, stakeholder conflicts
might have been cited as a barrier that was experienced in the implementation of a given
NBS, or they could have been mentioned as an anticipated and therefore hypothetical
hurdle. Most data sources did not make this distinction clear, which makes it difficult to
estimate the proportion of enablers and barriers cited in this analysis that emanate from
practice, and those that are theoretical. To address this limitation, data from a variety of
sources were included in the analysis (interviews, discussion groups) where possible to
complement theoretical studies.
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3 Part I1: Exploration of Enablers to NBS in selected EU
Policy

Policymakers and researchers increasingly recognise the necessity for a socio-ecological
transformation in parallel to climate change mitigation and adaptation efforts (Olsson et
al. 2014). In this regard NBS, proposers seek to reimagine infrastructures that have
previously been “grey” by default (Sowinska-Swierkosz & Gracia, 2022). As such, NBS
have gained increased recognition for their capacities to sustainably manage and restore
ecosystems (Davies et al., 2018). Furthermore, a significant body of scientific literature
has emerged addressing NBS. This literature was analysed in Part | of this study to
identify enablers and barriers to NBS implementation within NBS literature.

Given the EU’s emphasis on evidence-based policy making, we expect recent strategies
to reflect the status of knowledge and to include policies and actions that enable NBS.
Therefore, we further expand upon this study by examining recent EU strategy
documents and their capacity to enable the scaling of NBS in Europe. A significant body
of literature has analysed NBS in global, EU and national policy frameworks (Davis et
al. 2018; EEA, 2021; OECD, 2020). Thus, we focus our policy analysis exclusively on
three recent strategies, namely the EU Biodiversity Strategy, the EU Adaptation Strategy
and the Farm 2 Fork Strategy. Specifically, we direct our attention to three of the main
enabler themes identified in section 2: financing, knowledge, and stakeholder
engagement.

Doing so, we address the following questions:

e Which enablers are reflected in the strategies?
e Are enablers followed up by specific action points?

3.1 Methods

Three key EU strategies - the EU Adaptation to Climate Change Strategy, the EU
Biodiversity Strategy, and the Farm to Fork strategy - were systematically analysed in
two steps applying a thematic content analysis approach using the qualitative data
analysis software Nvivo (Swain 2018). We conducted an in-depth content analysis to
distil references to the three main enablers identified in Section 2 (table 3). Using a
Grounded Theory approach further sub-codes were added to the analysis such as
references to specific legal and policy frameworks and directives, policy instruments
that were specifically mentioned in context of NBS implementation, as well as general
mentions of NBS within these policy documents (Clarke, 2005).

The main objective is to create an in-depth understanding of the state of integration of
NBS considerations and actions towards enabling NBS on an EU level and the capacities
of these frameworks to constructively advise and enable the implementation of NBS
measures in the EU.
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Table 3: Codes by category for the thematic content analysis.

Category Codes Source
Enabler/ Financing™: Lack of funding®*; Financial tools and support *Adapted from:

barrier type schemes™** Martin et al.,
Stakeholder engagement*: Diverse stakeholder inclusion**;  forthcoming
Industry stakeholder engagement**; Polycentric and cross- ** emerged
sectoral arrangements*; Sectoral and administrative silos* through
Expertise and knowledge products*: Knowledge for Grounded Theory
implementation**; Research and development**; approach

Knowledge dissemination**; Lack of expertise and
knowledge*; Integration of practical knowledge**
Data source EU Frameworks: EU Strategy on Adaptation to Climate n/a
Change of 2021; EU Biodiversity Strategy for 2030; EU Farm
to Fork Strategy 2020

3.2 The NBS policy landscape

3.2.1 NBS measures at the international scale

To understand NBS policy gaps, a central first step is to review the current NBS policy
landscape. NBS are emerging on an increasing number of international commitments
and agendas. The most recent key milestones in the global recognition of NBS are
summarised in this section. A seminal milestone was the 2019 NBS for Climate
Manifesto, launched at the 2019 UN Climate Action Summit and signed by over 70
governments and many further actors (including NGOs, civil society and private sector
actors). By emphasizing NBS’ potential for combatting climate change, the Manifesto
attracted significant political attention. A year later, as previously mentioned, the 2020
IUCN global standard for NBS (IUCN 2020) was developed to help practitioners design
NBS in an effective and coherent way. The finalisation of the standard represents a
crucial step towards creating a shared language and understanding of NBS practices
globally. Nevertheless, the Standard remains a voluntary guidance tool for self-
assessment, which means that it is not legally binding or enforceable.

Similarly, 2022 marks the year where a definition of NBS was agreed by 193 Member
States at the United Nations Environment Assembly (UNEA 2022). The definition states
that NBS are ‘actions to protect, conserve, restore, sustainably use and manage natural
or modified terrestrial, freshwater, coastal and marine ecosystems, which address
social, economic and environmental challenges effectively and adaptively, while
simultaneously providing human well-being, ecosystem services and resilience and
biodiversity benefits’(UNEA 2022; p.2). An important aim of this internationally
consistent definition of NBS was to foster a common understanding of NBS goals and
benefits. It also places biodiversity at the heart of NBS.

Most recent and noteworthy, at the 2022 Convention on Biological Diversity, where the
Kunming-Montreal Global Biodiversity Framework (GBF) was accepted, NBS were
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featured in two targets: target 8 reads “Minimize the impact of climate change and ocean
acidification on biodiversity and increase its resilience through mitigation, adaptation,
and disaster risk reduction actions, including through nature-based solution and/or
ecosystem-based approaches, (...) ”, as well as target 11, which reads “Restore, maintain
and enhance nature’s contributions to people, including ecosystem functions and
services (...) as well as protection from natural hazards and disasters, through nature-
based solutions and/or ecosystem-based approaches for the benefit of all people and
nature” (COP to the CBD 2022; p.10). The inclusion of NBS in the GBF builds the case
for mainstreaming NBS globally, as they will accordingly play an increased role for
achieving the GBF ’30 by 30’ target of 30% of terrestrial, inland water, coastal and
marine areas being conserved by 2030.

These recent international commitments and standards represent critical milestones for
promoting the uptake and upscaling of NBS. Despite promising progress in giving NBS
international prominence, the international commitments are voluntary pledges and not
legally binding, thus their non-fulfilment bears no legal consequences or sanctions.
Moreover, the commitments only become partially or fully actionable through national
action or regional plans and policies, for instance at the EU and its member states. The
following sections, therefore, focus on a selection of EU policies for and actions towards
NBS uptake.

3.2.2 NBS measures in Europe

In the European Union (EU), NBS are increasingly promoted as a means for ecosystem
management, disaster risk reduction and nature restoration (Faivre et al. 2018). Indeed,
research on and implementation of NBS have provided significant insights into NBS
good practices (see Part 1). Accordingly, NBS are embedded in a variety of cross-cutting
European policy frameworks (EEA 2021). Strategies at the EU level are developed by
relevant departments within the Commission and lay the foundation for the development
of concrete action and policies which may include financing or legally binding
legislations such as directives or regulations to be voted upon in the EU Parliament.

A number of NBS policy analyses have examined if and how European Member States
(MS) and regional policy frameworks address the concept of NBS (e.g., Davis et al.
2018; Davies et al. 2021; EEA, 2021). Multiple European Framework Directives,
strategies, action plans and resolutions mention NBS explicitly or implicitly (Davis et
al. 2018). For example, NBS are included in the new EU Strategy on Adaptation to
Climate Change, in which they are considered essential for increasing climate resilience
and sustaining healthy water, oceans, and soils (EC, 2021). Additionally, the recently
released EU Biodiversity Strategy for 2030 and Forest Strategy (EC, 2020a)- all
representing key pillars of the ambitious European Green Deal (EGD) (EC, 2019) - rely
on NBS to both preserve and restore ecosystem integrity and increase resilience.

A further crucial milestone of the biodiversity strategy is the recent proposed Nature
Restoration Law, also referred to as the Regulation on Nature Restoration, which is
pioneering the inclusion of legally binding nature restoration targets across Europe
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(Directorate-General for Environment 2022). Legally binding targets were proposed
because evaluations of the EU’s biodiversity strategy up to 2020 identified voluntary
rather than legally binding targets as a reason for the EU’s failure to restore its
ecosystems (ibidem). This proposed law requires MS to develop National Restoration
Plans (earliest by 2026), to restore 20% of the entire EU’s land by 2030, and to restore
all ecosystems in need of restoration by 2050. Nevertheless, the Restoration Law is also
currently contested by several MS, and has been subject to critique in terms of its flexible
enforcement and compliance mechanisms (Hoek 2022). An analysis of EU-funded
projects also emphasised the direct relevance of the EU Flood Directive and Water
Framework Directive for NBS implementation (Vojinovic et al. 2017; Scolobig et al.
forthcoming). Although these actions have advanced the conceptualization and
operationalization of NBS in Europe, a much wider adoption is needed to reach the
ambitious goals of the EGD (Calliari et al. 2022).

In this section, we review recent EU strategies on biodiversity, disaster risk reduction
and agriculture to explore the stated capacities of these documents, and in a broader
sense of the EU, to scale and mainstream NBS in Europe. This analysis not only provides
insights on the role of these strategies for future implementation and scaling of NBS but
also highlights where NBS enablers, defined in Part | above and analysed below, are
highlighted.

e The 2021 EU Adaptation to Climate Change Strategy acknowledges that
greenhouse gas mitigation measures are insufficient towards mitigating the
effects of climate change on nature and society. Referring heavily to the
European Green Deal, the strategy lays the foundation for adaptation action
within the EU to maintain well-being and foster economic growth sustainability
till 2050. Special focus is placed on weather extremes related to heat and drought.
Further focus is placed on the importance of ecosystems in climate change
adaptation by acknowledging the knowledge gaps that still persist in this regard
(EC, 2021). The strategy identifies NBS as a cross-cutting priority and maintains
that the EC will: propose NBS for carbon removals, including accounting and
certification in upcoming carbon farming initiatives; develop the financial
aspects of NBS and foster the development of financial approaches and products
that also cover nature-based adaptation; continue to incentivize and assist MS
rollout of NBS through assessments, guidance, capacity building and EU
funding.

e The EU Biodiversity Strategy for 2030, published in 2020, highlights the
essential role of nature and biodiversity in maintaining well-being and resilience
(EC, 2020a). It places special importance on the economic and business cases
for biodiversity and makes a strong case for the integration of biodiversity
considerations across sectors and scales, while calling for specific action. As part
of the Biodiversity Strategy, a new Nature Restoration Law has been proposed
in June 2022. The Restoration Law is the first of its kind insofar as it will include
legally binding restoration targets across Europe and, if endorsed by the EU
Parliament and MS, comes into force within the next two years.
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e The EU Farm to Fork Strategy, as an appendix to the European Green Deal,
calls for action towards fair, sustainable and resilient food systems. It addresses
issues of agricultural production practices, as well as societal issues such as diets
and health. As such, it seeks to steer sustainable transitions across the value chain
while maintaining food security (EC, 2020b).

3.3 Analysis of NBS enablers at the EU level

The focus of this section is on three major themes of enablers and barriers and how they
are addressed in the three EU policy documents to assess their capacity to enhance NBS
consideration and implementation in the MS. The three selected enabler and barrier
themes are those most mentioned in the NBS enabler literature (section 2) and
complemented using Grounded Theory (see table 3): financing, expertise and knowledge
products, and stakeholder engagement.

An initial analysis of references to NBS enablers shows a large emphasis on financing
and support for NBS (Table 4). Knowledge dissemination, research and innovation are
also emphasised, albeit neither is the lack of knowledge acknowledged nor is the
integration of practical knowledge into policy making and planning included in the
strategies. We further observe that sectoral silos are not addressed, despite being a major
barrier to NBS. The following section reviews planned and existing policy actions
around three main enabler themes: financing; expertise and knowledge products; and
stakeholder engagement.

Table 4 Targeted actions by enabler theme mentioned in the strategy documents

Strategy Enabler theme Corresponding actions

EU Biodiversity Strategy Financing Fiscal recovery policies to restore carbon-rich habitats

EU Biodiversity Strategy Financing Afforestation, reforestation, tree planting, and ecosystem
restoration promoted by CAP Strategic Plans and Cohesion
Policy funds

EU Biodiversity Strategy Financing €20 billion should be unlocked for spending on nature by
mobilising private and public funding at national and EU level

EU Biodiversity Strategy Financing Establishment of dedicated natural-capital and circular-

economy initiative under Invest EU to unlock €10 billion over
next 10 years

EU Biodiversity Strategy Financing Commission to promote tax systems and pricing that reflect
environmental costs

EU Biodiversity Strategy Knowledge for Commission will develop guidelines on biodiversity-friendly
implementation afforestation

EU Biodiversity Strategy Knowledge for Commission will work with data providers to further develop
implementation Forest Information System for Europe

EU Biodiversity Strategy Knowledge for Commission will support MS through technical guidance, help
implementation mobilizing funding and capacity building

EU Biodiversity Strategy Knowledge for Commission to establish Knowledge Centre

implementation
EU Biodiversity Strategy Knowledge- capacity building  Skills Agenda for capacity building

EU Biodiversity Strategy Knowledge- research and Horizon Europe to fund research and innovation
development,
EU Biodiversity Strategy Stakeholder engagement Urban Greening Platform under Green City Accord’53 to be
established
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Strategy

Enabler theme

Corresponding actions

EU Biodiversity Strategy

Stakeholder engagement

Commission will help to build European Business for
Biodiversity movement through existing platforms

EU Adaptation Strategy Financing Non-financial disclosure obligation
EU Adaptation Strategy Financing EU taxonomy for sustainable activities
EU Adaptation Strategy Financing Renewed Sustainable Finance Strategy
EU Adaptation Strategy Financing Financial support available through European Structural and
Investment Funds, CAP, LIFE Programme, Recovery and
Resilience Facility
EU Adaptation Strategy Financing Carbon farming to be promoted as business model
EU Adaptation Strategy Financing New financing approaches and products under InvestEU?
EU Adaptation Strategy Polycentric & cross-sectoral Policy integration and support of policy planning and
arrangements development at all governance levels
EU Adaptation Strategy Polycentric & cross-sectoral Engagement of Common Implementation Strategy of Water
arrangements Framework and Floods Directive
EU Adaptation Strategy Knowledge Information services such as Copernicus and engage in other
global networks
Farm to Fork Strategy Financing EU carbon farming initiative under Climate act to promote

new business model for carbon sequestration

Farm to Fork Strategy Financing and Knowledge- Horizon Europe to be funded with €10 billion for R&l

research and development

3.3.1 Financing

Financing is widely recognised as a major challenge to NBS scaling and mainstreaming
(UNEP, 2022). NBS financing refers to securing funds for NBS planning,
implementation or/and maintaining and operating (McQuaid, 2020). This especially
relates to the question whether NBS can be publicly or privately financed, as nature has
traditionally been financed by public entities (Mayor et al., 2021). Yet, to rapidly upscale
NBS, it is often proposed that private investors are to an increasing extent engaged.
Lessons can be drawn from the scaling of low-carbon energy technologies, including
public-private partnerships and state investment banks (Toxopeus and Polzin, 2021).

Our analysis shows that a significant number of goals and actions at the EU scale are
supported by existing or planned financial mechanisms and support. The Biodiversity
Strategy for 2030 aims mainly at financing green infrastructure and restoration,
including developing a nature-positive taxonomy to steer green investment; the Farm to
Fork Strategy focuses on supporting ecosystem services as business models; and the
Adaptation to Climate Change Strategy includes schemes for financing disaster risk
response and risk management. Furthermore, the gap in research, development and
innovation is addressed in all three policy documents, each of which includes
recommendations for increased funding for knowledge production.

The EU Biodiversity Strategy for 2030 includes detailed plans for financing NBS to
conserve, enhance and restore biodiversity. It foresees nature restoration to make up

1 The InvestEU programme connects several EU investment funds and financial instruments and aims to mobilise and trigger sustainable
investment, innovation and job-creation throughout Europe. It will do so through a Fund which includes €26.2 billion EU budget as backing, the
Advisory Hub which offers technical support and capacity building, and the Portal which serves as a networking platform for investors and project
promoters (EU, 2021). This Programme, as part of the European Green Deal, may present an interesting case for both creating major enablers
through mobilising private and public financing to NBS as well as capacity building and knowledge dissemination and stakeholder engagement.
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25% of the EU climate action budget. As such, the strategy plans for at least €20 billion
per year to be unlocked by mobilising private financing and public funding as part of the
European Green Deal Investment Plan. This is to be further supported by a “Renewed,
Sustainable Finance Strategy” as well as a nature-capital and circular economy initiative
under Invest EU, which is expected to generate €10 billion over the next decade. In
several instances it also calls for a re-evaluation of criteria established under the EU
taxonomy to support biodiversity-friendly funding (EC, 2023).

Here, for example, the Strategy mentions that “The EU sustainable finance taxonomy
will help guide investment towards a green recovery and the deployment of nature-based
solutions.” And the Commission is to “strengthen its biodiversity proofing framework”
by including criteria established under the EU taxonomy (EC, 2020a, p.17). The
establishment of the EU taxonomy, which was part of the European Green Deal, seeks
to enable the scaling up of sustainable investments both private and public (EC, 2023).
It does so by providing a science-based classification system that can be used by private
and public actors to assess financial decisions in terms of their contribution to the EU
environmental objectives. Its overarching goal is to direct finance towards the “green
transition” (EC, 2022).

The Farm to Fork strategy specifically recommends carbon sequestration to be
rewarded through compensation schemes for farmers and foresters via the Common
Agricultural Policy (CAP), the Circular Economy Action Plan (CEAP), as well as other
public and private investments. The latter for example includes actors across the food
value-chain investing into environmentally sustainable inputs (EC, 2021). Additional
funding, namely €10 billion, for research and innovation (R&I) as key drivers to the
sustainability transition is to be provided under the Horizon Europe scheme.

Meanwhile, a key financial aid mechanism mentioned in the Adaptation to Climate
Change Strategy is the EU Solidarity Fund (EUSF), which rapidly releases funds to
governments in the event of a disaster for emergency and recovery operations. The aim
of the EUSF is to provide support to the most vulnerable EU countries, but it has been
shown that the fund has not fully achieved this aim (Hochrainer et al. 2010). The strategy
highlights that this and other funds must include “build back better” considerations
which, including NBS, increase resilience in the future.

The strategy urges increased investments in NBS through InvestEU’s provisions for
financing new approaches and products, support under the Cohesion Policy programmes
as well as the CAP. It also highlights the possibility for business models for carbon
removal that include financial incentives to increase the implementation of NBS.
Furthermore, the European Investment Bank (EIB) will publish a revised roadmap to
support the EU Adaptation Strategy in addition to its recent commitment to financing
NBS. Additional funding may be provided by the Regional Development Fund, the
Cohesion Fund, and the Just Transition Fund.

As the EU Biodiversity Strategy, the Adaptation to Climate Change strategy highlights
the value of private investments into NBS and as such seeks to ... support the private
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sector to identify risks and steer investment towards action on adaptation and resilience
(and avoid maladaptation). By offering solutions to help meet the rising awareness of
climate impacts (such as the non-financial disclosure obligations, the EU taxonomy for
sustainable activities and the Renewed Sustainable Finance Strategy), it will help large
companies, SMEs, local administrations, social partners, and the public.” (EC, 2021, p.

4).

3.3.2 Expertise and knowledge products

Expertise and knowledge play an important role in the uptake and upscaling of NBS,
including encouraging private investments (Mayor et al., 2021). They can initiate
transformative change through, for instance inclusion of practical knowledge in political
and practical decision-making processes (Palomo et al. 2021; Wickenberg et al. 2021).
Our analysis shows that both research and innovation are highly valued and encouraged
in the EU Biodiversity Strategy and the EU Adaptation for Climate Change Strategy.
The EU Biodiversity Strategy for 2030, for example, encourages the creation and
dissemination of implementation knowledge. The Biodiversity Strategy 2030 aims to
“promote and facilitate partnerships, including a dedicated Biodiversity Partnership, to
make the bridge between science, policy and practice and make nature-based solutions
a reality on the ground. The Commission will also establish in 2020 a new Knowledge
Centre for Biodiversity in close cooperation with the European Environment Agency.”
(EC 20204, p.18).

Both the EU Biodiversity Strategy for 2030 and the EU Adaptation Strategy call for
increased and improved dissemination of NBS-specific knowledge supported by funding
schemes such as Horizon Europe. We observe however, that knowledge, research, and
development are largely unmentioned in the Farm to Fork strategy. Yet, the integration
of practical and local knowledge and expertise remains unmentioned with regards to
NBS, pointing to a lack of understanding and acknowledgement of the importance of
practical and inter-disciplinary expertise into knowledge production exercises.

The EU Biodiversity Strategy for 2030 highlights the importance of data and
knowledge for successful implementation: “The fight against biodiversity loss must be
underpinned by sound science. Investing in research, innovation and knowledge
exchange will be key to gathering the best data and developing the best nature-based
solutions.” (EC, 2020a, p.18). In addition, emphasis is placed on the importance of
disseminating knowledge, skills and information on guidelines for biodiversity-friendly
practices, specifically forestry. This will be further supported by the Skills Agenda
which “...will play a key role in the transition to a green economy and the fight against
biodiversity loss, focusing on training and reskilling of the workforce across a wide
range of sectors.” (EC, 2020a, p.18).

In the context of expertise and knowledge the Biodiversity Strategy further links the EU
Forest Strategy, the Commission shall work with data providers to develop the Forest
Information system for Europe. The strategy calls for increased research, innovation,
and knowledge exchange in order to continuously generate data and develop improved
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NBS. Specifically in terms of forests, the Strategy states that “To gain a better picture
of the health of European forests, the Commission will work with other data providers
to further develop the Forest Information System for Europe. This will help produce up-
to-date assessments of the condition of European forests and link all EU forest-data web-
platforms. This will also be presented as part of the EU Forest Strategy” (EC, 2020a,
p.10).

The Adaptation to Climate Change Strategy highlights the importance of data and
improved knowledge as a key contributor to international action. The strategy calls for
knowledge and data to support policy development and climate risk management. This
is to include awareness raising, capacity building in MS and planning across governance
and societal levels. Specific attention is dedicated to make EU funding available for
these activities.

3.3.3 Stakeholder engagement

The inclusion of stakeholders into policy-making processes was highlighted in both the
EU Adaptation Strategy and the EU Biodiversity Strategy for 2030. The latter
specifically mention the inclusion of industry stakeholders as a means to create
economic synergies with NBS. Both strategies further encourage polycentric and cross-
sectoral governance across scales, and cooperation on the multi-national level. The
analysis, however, shows little acknowledgement of existing sectoral silos and,
subsequently, of the ways to overcome this barrier. One exception can be found in the
Climate Adaptation Strategy implementation report that promotes the reinforcement of
“links between public health and adaptation, notably to improve cross-sectoral
cooperation on risk assessment and surveillance and to increase the awareness and
capacity of the health sector, including at local level, to address climate-related health
risks” (EC, 2018, p.16).

Furthermore, we find that measures and actions for stakeholder engagement are not
included in the Farm to Fork Strategy. This represents a considerable shortcoming given
the substantive body of literature that argues for inclusive governance processes being
key for the equitable development and implementation of transformative measures in
socio-ecological systems (Andrews-Speed, 2016; Raymond et al., 2010).

Acknowledging the role of cities for biodiversity efforts, the Commission is to set up an
EU Urban Greening Platform connected to the European Covenant of Mayors.
Furthermore, the Biodiversity Strategy displays an appreciation for diverse stakeholder
networks, which can implement biodiversity solutions and NBS, and highlights the
importance of close cooperation with farmers for exploiting opportunities in sustainable
practices while also increasing the sector’s resilience. To this end the strategy mentions
the establishment of a European Business for Biodiversity movement as a part of the
European Climate Pact.

The Adaptation to Climate Change Strategy provides in-depth plans for stakeholder
inclusion specifically the inclusion of industry stakeholders. It specifies that “It is vital
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for the private and public sectors to work together more closely, in particular on
financing adaptation. The strategy, with the focus and the tools it provides, will support
the private sector to identify risks and steer investment towards action on adaptation and
resilience (and avoid maladaptation).” (EC, 2021, p.4). As such the review of the EU
taxonomy and the Renewed Sustainable Finance Strategy seeks to aid large companies,
SMEs, local administrations, social partners and the public by raising awareness of
climate impacts and providing tools to support these actor groups in taking action
towards adaption and resilience, including NBS, highlighting further the avoidance of
maladaptation.

3.3.4 Limitations

This analysis gives a brief but detailed overview of thematic foci and specific enabling
activities for NBS within the three strategies. Yet it does not provide a complete and
comprehensive overview of actions at the EU level. Furthermore, given the purpose of
strategies to plan and communicate the Commissions foci for the relevant legislation
period, the analysis highlights possible policy pathways rather than policies and policy
instruments themselves. This would require an in-depth review of all thematically
relevant policies, directives, and communications at the EU level and beyond. For
example, an in-depth policy analysis of the EU Biodiversity Strategy for 2030 would
require a study of connected legislations including the Restoration Law, CAP, or the
InvestEU Law, relevant strategies such as the EU Forest Strategy, and other programs
such as the European Urban Greening Platform and Horizon Europe.

Yet in a fast-changing policy landscape we believe this study to provide a useful
complement of existing literature focusing on the analysis of NBS in global, EU and
national policy frameworks (e.g., Davis et al. 2018; EEA 2021; OECD 2020). For
example, the previous H2020 research project NATURVATION conducted an analysis
of 23 EU directives and strategies (Davis et al., 2018). Furthermore, insights gained can
be expanded upon in future research projects, including NATURANCE which shall
focus on issues of financing NBS.

This study does not address aspects of efficiency and implementation of policy actions
referenced in the strategies. Given the socio-political, economic and ecological
complexity of the EU, assessing the efficiency of policy actions on the implementation
levels would provide valuable insights into policy-related challenges and enablers to
NBS.
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4 Governance innovation for NBS: overcoming barriers
and mainstreaming NBS into policy

The EU strategies that form the focus of this analysis will or have introduced far-
reaching reforms, particularly in unleashing significant EU funds, revising the EU
taxonomy to include nature-positive investing (and nature-negative divesting), and
(potentially) enacting legally binding nature-positive targets. Having come into force
since 2020, the strategies are all recent (and the Restoration Law is not yet passed).
Additionally, the European Commission (EC) itself recognises the need for a reform of
biodiversity governance by proposing a new European biodiversity governance
framework to map obligations and commitments regarding biodiversity (EC, 2020a).
Therefore, it may be too early to suggest reforms.

Still, we need to ask if these ambitious new strategies will comprehensively address the
current barriers and support the enablers to NBS implementation. In what follows, based
on our results we highlight governance innovations that can help strengthen NBS
implementation. We deliberately formulate these suggestions as potential focus areas
where efforts could be directed, rather than suggested reforms, as these would inevitably
have value judgements attached (reforms for whose benefit? for what purpose?)
(McMullin 1982), and need stakeholder legitimation.

Yet, based on a meta-analysis of grey- and peer-reviewed literature and a review of three
key EU strategies, a variety of innovative approaches to tackling NBS governance
barriers are highlighted. We also include potential innovations that emerged from
PHUSICOS partners at the PHUSICOS Consortium meeting in Orléans (6" of October
2022).

4.1  Innovative stakeholder engagement and co-design

As a start, the importance of equity (both in stakeholder engagement and in NBS benefit
and cost distributions) appeared repeatedly as a key enabler to successful NBS
implementation, and stakeholder conflicts were among the most cited hurdles. This
emphasises the importance of inclusive engagement of stakeholders and genuine co-
design and co-creation processes. Innovations for achieving this include developing
living labs and other stakeholder deliberative processes (Lupp et al. 2020). For example,
a state-of-the art approach to co-producing an NBS for landslide risk mitigation was
carried out in Nocera Inferiore and is documented in PHUSICOS Deliverable 5.1. A
three-year process, which involved stakeholders and experts who worked together in co-
designing grey and NBS risk mitigation options, resulted in the implementation of one
of the first landslide NBS in the region (Scolobig et al 2016; Linnerooth-Bayer et al.
2016). Yet, despite a growth of NBS co-design processes, these are often single and
isolated practices that are not strategically planned or integrated at larger scale. Indeed,
while networking and stakeholder-to-stakeholder communication platforms were
frequently mentioned in the three recent EU strategies, there is also a lack emphasis on
inclusive and transdisciplinary research processes. ldentifying powerful actions to
mainstream these practices can be crucial for driving innovation (Foxon 2011; Irshaid

H2020 Project PHUSICOS
Grant Agreement No. 776681 33/58



A

A

PHUSICOS

etal. 2021). The systematic implementation of NBS knowledge hubs where stakeholders
can exchange on NBS may be an effective model (Scolobig et al. forthcoming).

4.2  Innovative approaches to address equity and justice

Additionally, better ways to appraise and address potential equity and justice issues
associated with NBS outcomes are required. In the PHUSICOS Serchio River Basin
(Italy) site, innovation was noted in the form of benefit sharing and compensation of
landowners who give up their productive land for NBS. Currently, farmers are
implementing vegetation buffer strips on their fields, for which they are compensated
by the local authority. One suggested solution to maintain these strips in a more
sustainable way is to use their revenues, e.g., from hay production, to compensate
farmers.

Regarding distributive justice, Sekulova et al. (2021) recognise the socio-environmental
contradictions and contestations that can emerge from NBS. Trade-offs may, for
example, occur when seeking biodiversity conservation goals that conflict with urban
development goals (Davies et al. 2021). In their study, Anguelovski et al. 2018 compare
three urban greening cases across the world. They find that urban NBS have often led to
the creation of a ‘green gap’ in property markets, effectively excluding socially
vulnerable and racially marginalized groups from green spaces for which they
sometimes fought for generations. This green paradox is documented in numerous
further studies (e.g., (Czembrowski and Kronenberg 2016; Toxopeus et al. 2020; Tozer
et al. 2020; Davies et al. 2021)). Yet, there is also potential for NBS implementation
processes — when inclusive of diverse visions, understandings, knowledge, livelihoods
and experiences - to help tackle social justice and integrate indigenous knowledge into
NBS projects. For example, two green spaces in Melbourne (a community garden and a
waterway restoration project) were shown to contribute to social inclusion and
community participation (Bush and Doyon 2017). Authors highlight the importance for
these NBS to invite locals to use and contribute to (e.g., by growing food or help
maintaining the waterways) in an inclusive and non-discriminatory way. This success
was also largely driven by local champions (partnerships of local residents and
community groups).

4.3  Innovative evidence provision

The existence and further development of an evidence base on NBS performance and
co-benefits also emerged as a critical NBS enabler. This was reflected in findings on
NBS barriers, where lack of knowledge on NBS and their effectiveness was seen as a
formidable challenge. Indeed, further studies are needed on the long-term benefits of
NBS in comparison to grey solutions. In particular, more quantitative cost-benefit
analyses as well as quantitative indicators capturing the multiple values of solutions are
considered a priority. This also emerged in the PHUSICOS Pyrenees (Spain/France)
case, where improved cost-benefit analyses were highlighted as an important innovation
for convincing local decision-makers of the value of NBS. In the PHUSICOS Kaunertal
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case (Austria), enhanced frameworks for assessing, communicating and understanding
NBS co-benefits were highlighted for NBS to be further upscaled.

However, while there is a great deal of current emphasis given to quantifying NBS
effectiveness and co-benefits, this ambition is limited by difficulties in valuing non-
monetary impacts and also by the ‘deep’ uncertainties in how these co-benefits manifest.
This limits the application of quantitative decision tools, such as cost-benefit analysis,
in providing evidence for NBS decisions. NBS is not alone in this limitation. Indeed,
Fischer and Forrester 1993, in their early book, "The argumentative turn in policy
analysis and planning", present alternative approaches to policy analysis that emphasise
rhetoric and values in different forms of policy argumentation, persuasion and
justification. This does not mean that quantification is not desired, but that in its absence,
even qualitative evidence on NBS co-benefits has an important role. Thus, arguments in
favour of NBS that are grounded in normative evidence, rather than being solely based
on empirical evidence, may legitimately play a role in policy deliberations. Indeed,
qualitative data and narratives emerging from stakeholder deliberations are increasingly
recognised as invaluable for developing policy options or scenarios. For example,
narratives on flood risk perception were shown to play a vital role for promoting NBS
as flood risk protection strategies in the Glins¢ica catchment (Slovenia), and led to the
development of a compromise vision for flood risk management (Santoro et al. 2019).
A further example is given in the above-mentioned stakeholder deliberation for landslide
risk mitigation in Nocera Inferiore. As data were limited in estimating the risks of
landslides to the town, experts worked with stakeholders to develop policy options with
qualitative justification. These later served as basis for the negotiation of eventual
compromise on a NBS.

4.4  Innovative knowledge generation

A further common theme across enablers and barriers is the existence of or lack of
knowledge products and NBS-specific expertise. Here, possible innovations include the
creation of educational programs and trainings that are specific to NBS design (mainly
targeting landscape architects and designers) and implementation (targeting
contractors). Due to the multifaceted nature of NBS, which need to be part of a
functioning landscape and ecosystem, the multidisciplinarity of these programs is of
particular importance.

In line with this, the PHUSICOS Gudbrandsdalen (Norway) demonstration site leaders
noted that training courses for NBS contractors would be an important way forward.
Likewise, in their review, Vera-Puerto et al. (2020) identify the competencies that would
need to be added to engineering education curricula to include NBS concepts (Vera-
Puerto et al. 2020). Amongst others, results revealed a need for multidisciplinary
competencies, such as knowledge on stakeholder engagement and NBS legislation. Yet,
their study also showed that engineers’ views on which skills are most important for
NBS projects differed, highlighting the complexity of this endeavour. Still, innovative
capacity building options emerged in the PHUSICOS Policy-Business Forum (Scolobig
et al. D5.3, forthcoming), include developing project preparation facilities for the private
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sector, creating and facilitating capacity building for NBS contractors, and creating
communities of practice for NBS contractors with the public, academia and civil society.
As a complementary approach, accelerator programs, could offer the private sector
learning and development opportunities through intensive but brief funding and
mentoring (ibidem).

Tools for stakeholder engagement, inter- and transdisciplinary knowledge production to
address complex societal challenges such as the abovementioned have been researched
and compiled into a toolbox by the EU-funded SHAPE-ID project. The project further
highlighted the need for revised funding structures to enable inclusive and
transdisciplinary knowledge production (Baptista et al., 2020). Yet reviewed strategies
set few goals for transdisciplinary research for innovative NBS.

4.5  Innovative legislation and policy support

Enablers and barriers differed in several aspects. Most prominently, a major factor
limiting NBS implementation is path dependency, i.e., the difficulty in breaking away
from current legal and social norms which favour grey infrastructure. This challenge is
addressed in more detail in PHUSICOS D5.4, where we explore whether NBS failure
can be explained by the same factors as grey infrastructure failure. A far-reaching
innovation to emerge from D5.4 (Linnerooth-Bayer et al, forthcoming) is to change the
burden of proof on proposed public and private ‘grey’ infrastructure projects. Currently
the default option for infrastructure is a grey solution with the burden of proving or
demonstrating (quantitatively) the effectiveness and co-benefits of NBS residing on
NBS infrastructure proposers. Consistent with the EU Precautionary Principle, the
burden of proof might be switched to the proposer of ‘grey’ infrastructure to show
(quantitatively) that there are no or limited nature-negative impacts. In other words, the
default option would switch from ‘grey’ to NBS. This could be implemented by further
revisions of the EU Environmental Impact Assessment Directive (EC, 2014) that would
require all ‘grey’ infrastructure project proposals to undergo an assessment that accounts
for their long-term impact on the environment.

The Norwegian Environment Agency is a pioneer in enabling a change in the burden of
proof by publishing guidelines that recommend that an NBS be considered as an
alternative to any planned grey solution, and the grey solution must then justify its
supremacy (see Scolobig et al., forthcoming). Nevertheless, these guidelines - as their
name suggests - are to date voluntary.

The development of nationally (and ideally, internationally) agreed technical standards,
guidelines and legal norms for NBS implementation can also help surmount this
challenge. Indeed, when available, NBS policies in Europe are based largely on
voluntary action and often lack quantitative and measurable targets for NBS deployment
and quality evaluation (Davis et al. 2018). Furthermore, there is poor application of NBS
policies at the regional and local scales (Davis et al., 2018; EEA, 2021). Risk reduction
standards, insurance standards, implementation guidelines and risk management tools
(including liability related guidelines) are innovations that could be established or
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updated to pave the way for NBS (Scolobig et al., forthcoming). Moreover, to close the
‘implementation gap’, further work is needed to identify all relevant policy mechanisms,
along with levers for institutional reform, that can help bridge the gap between policy
uptake and on-the-ground implementation (Fedele et al. 2019). Still, as documented in
this study, the Restoration Law (Directorate-General for Environment 2022) promises
an important innovation in the form of legally binding targets for biodiversity. Indeed,
if endorsed by EU MS, the Restoration Law could have a significant impact in
accelerating NBS uptake in Europe by enforcing large-scale restoration across EU
habitats. In the PHUSICOS Gudbrandsdalen case (Norway), the idea of compensation
for any type of land use change by setting ratios of land requiring restoration was
suggested as a potential innovation.

4.6  Innovative governance arrangements

Polycentric governance arrangements to overcome siloed administrative bodies present
an important enabler, which is not unique to NBS, but is perhaps more salient for NBS
due to the need for cooperation among all sectors and governance scales co-benefiting
from the intervention (Martin et al. 2021). Nevertheless, such arrangements still lack
practical applications in the NBS sphere. An important innovation in this direction
emerged from PHUSICOS D5.1 (Zingraff-Hamed et al. 2019; Martin et al. 2021).
Indeed, the restoration of a stretch of the Isar river in Munich (also known as the Isar-
Plan) gave rise to an unprecedented and polycentric governance arrangement: the Isar-
Plan Working Group (Zingraff-Hamed et al. 2019). This interdisciplinary group brought
together actors from different sectors and scales. It marked a critical milestone in the
Isar story, as it dispersed decision authority across multiple organizations and authorities
that went beyond just flood protection. The Isar-Plan Working Group proved key to
enabling the successful implementation of the Isar-Plan.

Somarakis et al. (2019) note the lack of coherence in EU policies relating to NBS.
Further alignment of sectoral policy instruments is thus needed to facilitate cross-
sectoral (and by extension polycentric) governance arrangements for NBS (EEA, 2021).
Likewise, the EEA (2021) calls for the better exploitation of synergies and for addressing
trade-offs between NBS and other policy domains. Indeed, there is potential to build
policy synergies, e.g., by linking NBS policies to well-being and preventative health
care policies as well as to green infrastructure, transport and mobility policies (Scolobig
et al., forthcoming). More precisely, the complex mosaic of policy instruments
addressing NBS in Europe can lead to fragmented applications and eventually, policy
stalemates. There are several options to reduce policy fragmentation, including the
development of a dominant steering instrument that can establish a clear pathway for
NBS policies at the MS level (e.g., as advocated for forest policies, see Aggestam and
Giurca 2021).

4.7  Innovative financing of NBS

Financial support and tools (and the lack of) emerged strongly as critical enablers (as
well as critical barriers) to NBS implementation, both in the reviewed literature and the
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three EU strategies. Currently, NBS financing relies heavily on public financing
(representing 83% of global NBS investment efforts), with limited participation from
the private sector (UNEP, 2022). It should however be noted that an increasing number
of funding opportunities have been put into place for supporting NBS in Europe, as
documented by Trinomics & IUCN (2019) in their inventory of financing tools for NBS.
Likewise, the Global Biodiversity Framework aims to eliminate $500 billion of nature-
harming subsidies (Target 18) (COP to the CBD 2022). The Framework further commits
parties to voluntarily mobilise a minimum of $200 billion USD per year to finance nature
(ibid). Yet, the nature funding gap, estimated to be $700 billion per year, is still nowhere
near filled by this commitment even if it is met (United Nations Environment
Programme (UNEP) 2022). The inception of the EU Taxonomy for sustainable finance
also provides a novel classification system for sustainability assessments of public and
private investments, which may be a first step towards a re-thinking of environmental
costs and benefits of investments.

We cannot hope to close the financing gap with public funding alone (UNEP, 2022).
Interestingly, research shows that increasing private investment into NBS faces similar
hurdles to the barriers identified in this deliverable. They include sectoral silos, path
dependency, lack of expertise (Mayor et al. 2021), challenges in valuing and accounting
for multiple benefits and co-benefits and lack of predictable long-term revenue streams
(Toxopeus and Polzin 2021). Uncertainty in the effectiveness of NBS represents a
formidable barrier for private investment in NBS infrastructure, which might be
overcome by deploying innovative financial instruments to de-risk projects (e.g., private
or public insurance and provision of public guarantees). The lack of ‘bankable’ projects
may however be the most difficult barrier to overcome. Investments in ‘green’ funds
have increased dramatically, but with portfolios dominated by profitable renewable
energy investments. The public-good nature of NBS precludes companies from seeking
financing and raises the question of how the public sector might assist by sharing costs
and responsibility.

Much can be learned in this respect by examining innovative experience with regard to
public-private partnerships, blended financing, subsidies, and other public financing
schemes (see, e.g., McQuaid and Fletcher 2020). Indeed, co-financing options and other
blended financing models can also provide incentives for private investors, such as
subsidies and tax rebates (Scolobig et al., forthcoming). For example, the Labiomista
park in Belgium was funded through an innovative public- private partnership (PPP): an
artist whose studio is located on site invested approximately €8 million in the project,
which was matched with €12.6 million public sector funding (Rhodes et al. 2021). To
finance ongoing costs, pay-per-use income from tourists visiting open-air art exhibitions
in the park is used. The three reviewed strategies also include significant efforts in
increasing PPPs to encourage sustainable business model development.

The OECD has called for formal mechanisms or bodies for the coordination of public
investment across sectors and government scales (OECD 2020). Likewise, Scolobig et
al. (forthcoming) call for semi-permanent institutional frameworks that are adaptive,
multi-scale, cross-sectoral, and well enough established to guarantee the delivery of
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NBS. For instance, this could entail the creation of new institutions devoted to NBS
promotion with their own budgets and a clear political mandate (Runhaar et al., 2018).
A further innovation could be the establishment of cross-sectoral offices or secretariats
(e.g., on biodiversity and climate change adaptation) to assist agencies in the
implementation of NBS strategies. Successful examples are provided, for example, in
Braunschweiger and Ptz (2020). This institutional innovation would simultaneously
address the barrier of sectoral and administrative silos by engaging a centralized and
professional agency for integrated and long-term NBS infrastructure planning and
implementation (Wegrich et al. 2017).
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5 Conclusions

To summarize our results, table 4 provides an overview of the principal barriers
identified in this review, as well as suggested innovations that can help overcome them.

Table 5: Summary of principle enablers/barrier themes and corresponding potential innovations

Barrier theme

Potential governance innovation

Lack of expertise and
knowledge

Evidence on NBS
performance and co-
benefits

Stakeholder conflicts
and equity

Path dependency

Lack and complexity of
financing

Development of educational and training programs specific to NBS design and
implementation
Integration of multidisciplinary competencies in NBS curricula, including on e.g.
NBS legislation
Developing NBS project preparation facilities for the private sector
Creating and facilitating capacity building for NBS contractors
Creating accelerator programs that offer the private sector NBS learning and
development opportunities through funding and mentoring
Creating communities of practice for NBS contractors with the public, academia
and civil society

Development of long-term studies on the co-benefits of NBS in comparison to
grey solutions

Development of quantitative decision-making tools, such as cost-benefit analyses
and indicators

Integration of qualitative evidence on NBS, such as stakeholder narratives, in NBS
policy options

Development of living labs and other stakeholder deliberative processes

Genuine co-design and co-creation processes
Systematic implementation of NBS knowledge hubs where stakeholders can
exchange on NBS
Innovative benefit sharing and compensation mechanisms for landowners giving
up land for NBS
Development of stakeholder engagement processes that are inclusive of diverse
visions, understandings, knowledge, livelihoods and experiences
Integration social justice and equity considerations in NBS development and
appraisals
Integration of indigenous knowledge in NBS decision-making processes

Shift in the burden of proof to traditional grey infrastructure projects, for example
by amending the EIA Directive 2011/92/EU

Establishment of the EU Taxonomy for sustainable finance

Pledges and commitments to eliminate nature-harming subsidies through the
Global Biodiversity Framework
Deployment of financial instruments to de-risk projects (e.g., private or public
insurance and provision of public guarantees)
Deployment of public-private partnerships, blended financing, subsidies, and
other public financing schemes for financing NBS

Establishment of formal mechanisms and bodies coordinating NBS public
investment across sectors and government scales
Creation of new institutions with independent budgets and clear political
mandates, devoted to NBS promotion
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Barrier theme Potential governance innovation
Lack of supportive Development of risk reduction standards, insurance standards, liability guidelines
policy and/or legal and risk management tools

frameworks

Development of nationally (and ideally, internationally) agreed technical
standards, guidelines and legal norms for NBS implementation
Enforcement of legally binding biodiversity targets through the proposed New EU
Restoration Law

Sectoral and/or Polycentric governance arrangements
administrative silos
Alignment of sectoral policy instruments to exploit synergies and address trade-
offs between NBS and other policy domains
Creation of a dominant steering instrument that can establish pathways for NBS
policies at the MS level
Establishment of semi-permanent institutional frameworks that are adaptive,
multi-scale and cross-sectoral to guarantee the delivery of NBS
Establishment of cross-sectoral secretariats to assist agencies in the
implementation of NBS strategies

Thus, if the European Union is to meet its ambitious biodiversity and climate goals, it
will need to considerably accelerate the implementation and upscaling of NBS.
Nevertheless, our analysis shows that NBS implementation faces numerous challenges
requiring transformations in the way we design, assess, value, finance, and implement
NBS. This deliverable provides an in-depth overview of NBS implementation barriers,
as well as important enablers, across a rich and extended literature. It also documents
the extent to which three recent EU policy strategies addressing biodiversity, climate
adaptation and agriculture intend to help enable NBS, especially by explicitly supporting
NBS funding and financing, knowledge and expertise, as well as stakeholder
engagement.

Based on a meta-analysis of grey- and peer-reviewed literature as well as workshop
results, our study reveals the most important institutional, legal, regulatory, social and
economic opportunities, as well as the key barriers to NBS implementation.
Interestingly, results on barriers and enablers were very similar, which can be attributed
to the fact that many enablers represent the counterpart of barriers, and vice-versa. By
far, the most cited barrier in the NBS literature is the lack of specialized expertise and
knowledge regarding the design, on-the-ground implementation, performance, benefits
and co-benefits of NBS. This ‘knowledge’ barrier has been identified as a major concern
across the whole NBS policy cycle. It is compounded by the still limited standards,
technical guidelines and legal norms on NBS performance. The newness and novelty of
NBS interventions are a major factor for the dearth of NBS standards and liability
measures. This also translates into a limited willingness to invest in NBS, particularly
for otherwise promising public-private partnerships.

A further major factor limiting NBS implementation appears to be path dependency, i.e.,
the difficulty in breaking away from current and deeply ingrained legal and social norms
that still favour ‘grey’ infrastructure as well as general resistance to change in the choice
of infrastructure delivery and responsible persons or entities. The continuing lack and
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complexity of financing was also among the top five NBS barriers. Indeed, complexity
iIs manifest in the assorted portfolio of public and private instruments, made more
complex by ‘silo budgeting’ and the consequent disregard of NBS’ co-benefits. This
also stresses the importance for NBS projects to be embedded in cross-sectoral policy
agendas, bringing together different environmental issues through novel governance
arrangements, such as polycentric arrangements.

Finally, stakeholder conflict, often associated with perceived inequities in sharing NBS
costs, burdens and benefits, is a major factor inhibiting or delaying NBS implementation.
Many of these barriers have led to an ‘implementation gap’ regarding NBS, where policy
ambition seems to outweigh on-the-ground implementation. As such, there is still
limited integration of NBS in legal systems, especially at regional and local scales.
Indeed, NBS policies in Europe are based largely on voluntary action and often lack
quantitative and measurable targets for NBS deployment and quality evaluation. Yet,
many of the EU’s recent strategies, in particular the proposed EU Restoration Law, as
well as the recent Sustainable Finance and EU Taxonomy, are seen as potentially
powerful and innovative turning points.

Based on the analysis of three recently published strategies (The EU Biodiversity
Strategy, the Farm to Fork Strategy and the Adaptation to Climate Change Strategy), we
have explored three major themes for enabling NBS implementation: financing,
expertise and knowledge products and stakeholder engagement. Indeed, our analysis
shows an emphasis on financial tools for scaling NBS in three recent EU strategies.
Planned actions to incentivize more private financing include a revision of the EU
taxonomy to enable and support biodiversity-friendly investments (and divest out of
nature-negative projects) and the exploration and establishment of sustainable business
models. Emphasis is further placed on the need for research and development,
dissemination and capacity building as a key driver of NBS and the scaling thereof.
Perhaps due to the nature of these strategies, integration of and guidance on practical
knowledge and action-oriented transdisciplinary knowledge was given little attention. A
third area of emphasis emerged on stakeholder engagement. While specific action for
stakeholder engagement is lacking in the Farm to Fork strategy, the Biodiversity
Strategy addresses stakeholder engagement through cooperation with farmers and the
establishment of business plans, and the Adaptation to Climate Change Strategy
provides plans and suggestions for the inclusion of industry stakeholders as well as
polycentric stakeholder inclusion.

To conclude, our results highlight enablers that are crucial for NBS as well as the most
formidable barriers that they currently face to contribute to transformative agendas. NBS
have emerged as one of the most paramount topics to achieve the ambitious goals of
global and European policy agendas, including the recent EU strategies, EGD and the
CBD’s Global Biodiversity Framework. Yet, the success in achieving these goals will
depend on a multi-faceted understanding of the governance enablers and barriers to NBS
implementation that can help policies tackle the existential risks that biodiversity loss
and a warming climate pose.

Deliverable No.: 5.2

Date: 2023
Rev. No.: 0

-02-01

H2020 Project PHUSICOS
Grant Agreement No. 776681

42 /58



A

A

PHUSICOS

6 Acknowledgements

The work described in this deliverable was supported by the European Community’s
Seventh Framework Programme through the grant to the budget of the PHUSICOS
Project (https://phusicos.eu/) (EU H2020 research and innovation programme grant
agreement No. 776681). The deliverable reflects the authors’ views and not those of the
European Community. Neither the European Community nor any member of the
PHUSICOS Consortium is liable for any use of the information in this report. We wish
to thank all the colleagues, including all PHUSICOS partners, and persons who provided
us with professional advice and collaboration. We would like to express our gratitude to
Annelies De Nijs (Agence TER) for her quality control and support in improving this
report. Last but not least, we thank the PHUSICOS case site leads and representatives,
as well as the PHUSICOS Policy Business Fora participants, who devoted their precious
time to our meetings and discussions.

Deliverable No.: 5.2
Date: 2023-02-01

Rev. No.: 0

H2020 Project PHUSICOS
Grant Agreement No. 776681

43 /58



A

‘ Deliverable No.: 5.2

PHUSICOS it 20230201

7 References

Aggestam, F., & Giurca, A. (2021). The art of the “green” deal: Policy pathways for the EU Forest
Strategy. Forest Policy and Economics, 128, 102456.

Albert, C., Schroéter, B., Haase, D., Brillinger, M., Henze, J., Herrmann, S., ... Matzdorf, B. (2019).
Addressing societal challenges through nature-based solutions: How can landscape planning and
governance research contribute? Landscape and Urban Planning, 182, 12-21.

Anderson, C. C., & Renaud, F. G. (2021). A review of public acceptance of nature-based solutions: The
‘why’,‘when’, and ‘how’of success for disaster risk reduction measures. Ambio, 1-22.

Andrews-Speed, P. (2016). Applying institutional theory to the low-carbon energy transition. Energy
Research & Social Science, 13, 216-225. https://doi.org/10.1016/j.erss.2015.12.011

Anguelovski, 1., Connolly, J., & Brand, A. L. (2018). From landscapes of utopia to the margins of the
green urban life: For whom is the new green city? City, 22(3), 417-436.

Baptista, B. V., Fletcher, 1., Maryl, M., Wcislik, P., Buchner, A., Lyall, C., Spaapen, J., Contributors, C.
P., Klein, J. T., Schriber, L., Wesselink, K. T., Ohlmeyer, J., Wallace, D., Vienni Baptista, B.,
Pohl, C. (2020). SHAPE-ID: Shaping Interdisciplinary Practices in Europe Deliverable 2.3: Final
Report on Understandings of Interdisciplinary and Transdisciplinary Research and Factors of
Success and Failure Project Information.

Bark, R. H., Martin-Ortega, J., & Waylen, K. A. (2021). Stakeholders’ views on natural flood
management: Implications for the nature-based solutions paradigm shift? Environmental Science
& Policy, 115, 91-98.

Barnes, W., Gartland, M., & Stack, M. (2004). Old habits die hard: path dependency and behavioral
lock-in. Journal of Economic Issues, 38(2), 371-377.

Bernardi, A., Enzi, S., Mesiméki, M., Lehvavirta, S., Jurik, J., Kolokotsa, D., ... Elgar, H. (2019).
Barriers landscape and decision making hierarchy for the sustainable urbanisation in cities via
NBS (Deliverable 5.1) ThinkNature project funded by the EU Horizon 2020 research and
innovation programme under grant agreement No. 730338.

Best, M., & Hochstrasser, T. (2022). Detecting and avoiding impasse mechanisms for nature-based
approaches to climate change adaptation in Ireland.

Blomkamp, E. (2018). The Promise of Co-Design for Public Policy 1. In Routledge handbook of policy
design (pp. 59-73). Routledge.

Braunschweiger, D., & Pitz, M. (2021). Climate adaptation in practice: How mainstreaming strategies
matter for policy integration. Environmental Policy and Governance, 31(4), 361-373.

Bush, J., & Doyon, A. (2017). Urban green spaces in Australian cities: Social inclusion and community
participation. In State of Australian cities conference. City of Gold Coast.

Calliari, E., Castellari, S., Davis, M., Linnerooth-Bayer, J., Martin, J., Mysiak, J., ... Sterk, M. (2022).
Building climate resilience through nature-based solutions in Europe: A review of enabling
knowledge, finance and governance frameworks. Climate Risk Management, 100450.

H2020 Project PHUSICOS
Grant Agreement No. 776681 44 / 58



A

‘ Deliverable No.: 5.2

PHUSICOS it 20230201

Calliari, E., Staccione, A., & Mysiak, J. (2019). An assessment framework for climate-proof nature-
based solutions. Science of The Total Environment, 656, 691-700.
https://doi.org/10.1016/J.SCITOTENV.2018.11.341

Carlisle, K., & Gruby, R. L. (2019). Polycentric systems of governance: A theoretical model for the
commons. Policy Studies Journal, 47(4), 927-952.

Casal-Campos, A., Fu, G., Butler, D., & Moore, A. (2015). An Integrated Environmental Assessment of
Green and Gray Infrastructure Strategies for Robust Decision Making. Environmental Science and
Technology, 49(14), 8307-8314. https://doi.org/10.1021/es506144f

Chales, F., Bellanger, M., Bailly, D., Dutra, L. X. C., & Pendleton, L. (2023). Using standards for
coastal nature-based solutions in climate commitments: Applying the IUCN Global Standard to
the case of Pacific Small Island Developing States. Nature-Based Solutions, 3, 100034.

Chatzimentor, A., Apostolopoulou, E., & Mazaris, A. D. (2020). A review of green infrastructure
research in Europe: Challenges and opportunities. Landscape and Urban Planning, 198, 103775.

Chausson, A., Turner, B., Seddon, D., Chabaneix, N., Girardin, C. A. J., Kapos, V., ... Seddon, N.
(2020). Mapping the effectiveness of nature-based solutions for climate change adaptation. Global
Change Biology, 26(11), 6134-6155. https://doi.org/10.1111/GCB.15310

Chen, S., Fu, Z., & Mi, Z. (2022). Technical Challenges and Design Features of the 247-m DaShiXia
Concrete-Faced Sand-Gravel Dam. Practice Periodical on Structural Design and Construction,
27(1). https://doi.org/10.1061/(ASCE)SC.1943-5576.0000659

Chen, W., Wang, W., Huang, G., Wang, Z., Lai, C., & Yang, Z. (2021). The capacity of grey
infrastructure in urban flood management: A comprehensive analysis of grey infrastructure and
the green-grey approach. International Journal of Disaster Risk Reduction, 54.
https://doi.org/10.1016/j.ijdrr.2021.102045

Clarke, A. E. (2005). Situational Analysis. Grounded Theory after the Postmodern Turn. California:
Sage Publications.

Cohen-Shacham, E., Andrade, A., Dalton, J., Dudley, N., Jones, M., Kumar, C., ... Renaud, F. G.
(2019). Core principles for successfully implementing and upscaling Nature-based Solutions.
Environmental Science & Policy, 98, 20-29.

Cohen-Shacham, E., Walters, G., Janzen, C., & Maginnis, S. (2016). Nature-based solutions to address
global societal challenges. IUCN: Gland, Switzerland, 97.

Collier, D., LaPorte, J., & Seawright, J. (2012). Putting typologies to work: Concept formation,
measurement, and analytic rigor. Political Research Quarterly, 65(1), 217-232.

COP to the CBD. (2022). Kunming-Montreal Global biodiversity framework, Draft decision submitted
by the President. Montreal, Canada. Retrieved from
https://www.chd.int/doc/c/e6d3/cd1d/daf663719a03902a9b116c34/cop-15-1-25-en.pdf

Czembrowski, P., & Kronenberg, J. (2016). Hedonic pricing and different urban green space types and
sizes: Insights into the discussion on valuing ecosystem services. Landscape and Urban Planning,
146, 11-19.

H2020 Project PHUSICOS
Grant Agreement No. 776681 45 /58



A

A

PHUSICOS

David, P. A. (1985). Clio and the Economics of QWERTY. The American Economic Review, 75(2),
332-337.

Davies, C., Chen, W. Y., Sanesi, G., & Lafortezza, R. (2021). The European Union roadmap for
implementing nature-based solutions: A review. Environmental Science & Policy, 121, 49-67.
https://doi.org/10.1016/J.ENVSCI.2021.03.018

Davies, C., Chen, W. Y., Sanesi, G., & Lafortezza, R. (2021). The European Union roadmap for
implementing nature-based solutions: A review. Environmental Science & Policy, 121, 49-67.

Davies, C., & Lafortezza, R. (2019). Transitional path to the adoption of nature-based solutions. Land
Use Policy, 80, 406-409.

Davis, M., Abhold, K., Mederake, L., & Knoblauch, D. (2018). Nature-based Solutions in European and
National Policy Frameworks. NATURVATION Project, 52.

Debele, S. E., Kumar, P., Sahani, J., Marti-Cardona, B., Mickovski, S. B., Leo, L. S., ... Di Sabatino, S.
(2019). Nature-based solutions for hydro-meteorological hazards: Revised concepts, classification
schemes and databases. Environmental Research, 179.
https://doi.org/10.1016/J.ENVRES.2019.108799

Denjean, B., Denjean, B., Altamirano, M. A., Graveline, N., Giordano, R., Van der Keur, P., ...
Denjean, B. (2017). Natural Assurance Scheme: A level playing field framework for Green-Grey
infrastructure development. Environmental Research, 159, 24-38.
https://doi.org/10.1016/j.envres.2017.07.006

Diaz, S. M., Settele, J., Brondizio, E., Ngo, H., Guéze, M., Agard, J., ... Butchart, S. (2019). The global
assessment report on biodiversity and ecosystem services: Summary for policy makers.

Directorate-General for Environment. (2022). Proposal for a Nature Restoration Law. Retrieved from
https://environment.ec.europa.eu/publications/nature-restoration-law_en

Dong, X., Guo, H., & Zeng, S. (2017). Enhancing future resilience in urban drainage system: Green
versus grey infrastructure. Water Research, 124, 280-289.
https://doi.org/10.1016/j.watres.2017.07.038

Dumitru, A., Frantzeskaki, N., & Collier, M. (2020). Identifying principles for the design of robust
impact evaluation frameworks for nature-based solutions in cities. Environmental Science &
Policy, 112, 107-116.

Epelde, L., Mendizabal, M., Gutiérrez, L., Artetxe, A., Garbisu, C., & Feliu, E. (2022). Quantification of
the environmental effectiveness of nature-based solutions for increasing the resilience of cities
under climate change. Urban Forestry & Urban Greening, 67, 127433.

European Commission (EC) (2014). Directive 2014/52/EU of the European Parliament and of the
Council of 16 April 2014 amending Directive 2011/92/EU on the assessment of the effects of
certain public and private projects on the environment Text with EEA relevance. Official Journal
of the European Union. Retrieved from https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=celex%3A32014L0052

European Comission (EC) (2019). The European Green Deal, Communication from the Commission to
the European Parliament, the Council, the European Economic and Social Committee and the
Committee of the Regions. Brussels, Belgium.

Deliverable No.: 5.2
Date: 2023-02-01

Rev. No.: 0

H2020 Project PHUSICOS
Grant Agreement No. 776681

46 /58



A

A

PHUSICOS

European Comission (EC) (2020a). EU Biodiversity Strategy for 2030 -Bringing nature back into our
lives. Communication from the Commission to the European Parliament, the Council, the

European Economic and Social Committee and the Committee of the Regions: Brussels, Belgium.

Retrieved from https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=celex%3A52020DC0380

European Commission (EC) (2020b). A Farm to Fork Strategy, Brussels, Belgium. Retrieved from
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52020DC0381

European Commission (EC) (2021). Forging a climate-resilient Europe - the new EU Strategy on
Adaptation to Climate Change. Brussels, Belgium. Retrieved from
https://ec.europa.eu/jrc/en/peseta-iv/economic-impacts

European Comission (EC) (2023). EU taxonomy for sustainable activities - What the EU is doing to
create an EU-wide classification system for sustainable activities.

European Environment Agency (EEA). (2021). Nature-based solutions in Europe: Policy, knowledge
and practice for climate change adaptation and disaster risk reduction. EEA Report No 1/2021.
https://doi.org/10.2800/919315

European Union. (2021) REGULATION (EU) 2021/523 OF THE EUROPEAN PARLIAMENT AND
OF THE COUNCIL of 24 March 2021 establishing the InvestEU Programme and amending
Regulation (EU) 2015/1017, Pub. L. No. 2021/523 (2021). European Union: Official Journal of
the European Union.

Faivre, N., Sgobbi, A., Happaerts, S., Raynal, J., & Schmidt, L. (2018). Translating the Sendai
Framework into action: The EU approach to ecosystem-based disaster risk reduction.
International Journal of Disaster Risk Reduction, 32, 4-10.
https://doi.org/10.1016/J.1JDRR.2017.12.015

Fedele, G., Donatti, C., Corwin, E., & Pangilinan, M. (2019). Nature-based transformative adaptation:
a practical handbook. Conservation Union, Arlington, VA.

Fischer, F., & Forrester, J. (1993). The Argumentative Turn in Policy Analysis and Planning. Durham,
NC: Duke University Press.

Fischer, F., & Gottweis, H. (2013). The argumentative turn in public policy revisited: twenty years later.

Critical Policy Studies, 7(4), 425-433.

Fisher, J., Cortina-Segarra, J., Grace, M., Moreno-Mateos, D., Gonzalez, P. R., Baker, S, ...
Kyriazopoulos, A. (2019). What is hampering current restoration effectiveness?

Foxon, T. J. (2011). A coevolutionary framework for analysing a transition to a sustainable low carbon
economy. Ecological Economics, 70(12), 2258-2267.
https://doi.org/10.1016/J.ECOLECON.2011.07.014

Frantzeskaki, N. (2019). Seven lessons for planning nature-based solutions in cities. Environmental
Science & Policy, 93, 101-111.

Frantzeskaki, N., McPhearson, T., Collier, M. J., Kendal, D., Bulkeley, H., Dumitru, A., ... Pintér, L.
(2019). Nature-based solutions for urban climate change adaptation: Linking science, policy, and
practice communities for evidence-based decision-making. BioScience, 69(6), 455-466.
https://doi.org/10.1093/BIOSCI/BI1Z042

Deliverable No.: 5.2
Date: 2023-02-01

H2020 Project PHUSICOS
Grant Agreement No. 776681

47 /58


https://ec.europa.eu/jrc/en/peseta-iv/economic-impacts

A

‘ Deliverable No.: 5.2

PHUSICOS it 20230201

Fukuyama, F. (2013). What is governance? Governance, 26(3), 347-368.
Goertz, G. (2006). Social science concepts: A user’s guide. Princeton University Press.

GoOmez Martin, E., Giordano, R., Pagano, A., van der Keur, P., & Méfiez Costa, M. (2020). Using a
system thinking approach to assess the contribution of nature based solutions to sustainable
development goals. Science of the Total Environment, 738.
https://doi.org/10.1016/J.SCITOTENV.2020.139693

Grinwald, R., Wang, W., & Feng, Y. (2022). Politicization of the Hydropower Dams in the Lancang-
Mekong Basin: A Review of Contemporary Environmental Challenges. Energies, 15(5).
https://doi.org/10.3390/en15051682

Gupta, R. K., Tripathi, V., & Kanupreiya. (2021). Challenges in design and construction of
punatsangchhu-i dam with deep foundation and adverse geology. Water and Energy International,
64(5), 16-20.

Hajer, M. A., Hoppe, R., & Jennings, B. (1993). The argumentative turn in policy analysis and
planning. Duke University Press.

Han, S., & Kuhlicke, C. (2019). Reducing hydro-meteorological risk by nature-based solutions: What do
we know about people’s perceptions? Water, 11(12), 2599.

Henderson, F., Steiner, A., Farmer, J., & Whittam, G. (2020). Challenges of community engagement in
arural area: The impact of flood protection and policy. Journal of Rural Studies, 73, 225-233.
https://doi.org/10.1016/j.jrurstud.2019.11.004

Hochrainer, S., Linnerooth-Bayer, J., & Mechler, R. (2010). The European Union Solidarity Fund: its
legitimacy, viability and efficiency. Mitigation and Adaptation Strategies for Global Change, 15,
797-810.

Hoek, N. (2022). A Critical Analysis of the Proposed EU Regulation on Nature Restoration: Have the
Problems Been Resolved? European Energy and Environmental Law Review, 31(5).

Houqun, C. (2020). Seismic safety analysis of tall concrete dams, investigation and insights on critical
challenges. Earthquake Engineering and Engineering Vibration, 19(3), 533-539.
https://doi.org/10.1007/s11803-020-0578-6

Hunt, J. D., & Byers, E. (2019). Reducing sea level rise with submerged barriers and dams in
Greenland. Mitigation and Adaptation Strategies for Global Change, 24(5), 779-794.
https://doi.org/10.1007/s11027-018-9831-y

Huthoff, F., ten Brinke, W., Schielen, R., Daggenvoorde, R., & Wegman, C. (2018). Evaluating Nature-
based Solutions - Best practices, frameworks and guidelines. Retrieved from
https://northsearegion.eu/media/6959/report_pr3812_evaluatingnbs_final_29112018.pdf

Hynes, S., Burger, R., Tudella, J., Norton, D., & Chen, W. (2022). Estimating the costs and benefits of
protecting a coastal amenity from climate change-related hazards: Nature based solutions via
oyster reef restoration versus grey infrastructure. Ecological Economics, 194.
https://doi.org/10.1016/j.ecolecon.2022.107349

H2020 Project PHUSICOS
Grant Agreement No. 776681 48 / 58



A

A

PHUSICOS

IIASA. (2020). PHUSICOS Consortium meeting Lucca. In Meeting minutes of the PHUSICOS
Consortium meeting in Lucca, 15.10.2020-17.10.2020. Lucca, Italy.

Irshaid, J., Mochizuki, J., & Schinko, T. (2021). Challenges to local innovation and implementation of
low-carbon energy-transition measures: A tale of two Austrian regions. Energy Policy, 156,
112432. https://doi.org/10.1016/J.ENPOL.2021.112432

IUCN. (2020). Guidance for Using the IUCN Global Standard For Nature-based Solutions. A user-
Friendly Framework For the verification, Design and Scaling Up of Nature-based Solutions.
Gland, Switzerland.

Jones, 1. L., & Bull, J. W. (2020). Major dams and the challenge of achieving “No Net Loss” of
biodiversity in the tropics. Sustainable Development, 28(2), 435-443.
https://doi.org/10.1002/sd.1997

Kabisch, N., Frantzeskaki, N., Pauleit, S., Naumann, S., Davis, M., Artmann, M., ... Bonn, A. (2016).
Nature-based solutions to climate change mitigation and adaptation in urban areas: Perspectives
on indicators, knowledge gaps, barriers, and opportunities for action. Ecology and Society, 21(2).
https://doi.org/10.5751/ES-08373-210239

Kapetas, L., & Fenner, R. (2020). Integrating blue-green and grey infrastructure through an adaptation
pathways approach to surface water flooding. Philosophical Transactions of the Royal Society A:
Mathematical, Physical and Engineering Sciences, 378(2168).
https://doi.org/10.1098/rsta.2019.0204

Kooijman, E. D., McQuaid, S., Rhodes, M.-L., Collier, M. J., & Pilla, F. (2021). Innovating with nature:

From nature-based solutions to nature-based enterprises. Sustainability, 13(3), 1263.

Kuban, B., Demir, E., Emir, K., & Tabanoglu, O. (2018). Urban GreenUp D1.5: Barriers and
Boundaries Identification. Brussels, Belgium.

Kumar, P., Debele, S. E., Sahani, J., Rawat, N., Marti-Cardona, B., Alfieri, S. M., ... Charizopoulos, N.
(2021). An overview of monitoring methods for assessing the performance of nature-based
solutions against natural hazards. Earth-Science Reviews, 217, 103603.

Kuwae, T., & Crooks, S. (2021). Linking climate change mitigation and adaptation through coastal
green—gray infrastructure: a perspective. Coastal Engineering Journal.
https://doi.org/10.1080/21664250.2021.1935581

Lemos, M. C., & Agrawal, A. (2006). Environmental governance. Annual Review of Environment and
Resources, 31(1), 297-325.

Leng, L., Jia, H., Chen, A. S., Zhu, D. Z., Xu, T., & Yu, S. (2021). Multi-objective optimization for
green-grey infrastructures in response to external uncertainties. Science of the Total Environment,
775. https://doi.org/10.1016/j.scitotenv.2021.145831

Li, J., Tao, T., Kreidler, M., Burian, S., & Yan, H. (2019). Construction cost-based effectiveness
analysis of green and grey infrastructure in controlling flood inundation: A case study. Journal of
Water Management Modeling, 2019. https://doi.org/10.14796/JWMM.C466

Li, L., Cheshmehzangi, A., Chan, F. K. S., & lves, C. D. (2021). Mapping the research landscape of
nature-based solutions in urbanism. Sustainability, 13(7), 3876.

Deliverable No.: 5.2
Date: 2023-02-01

Rev. No.: 0

H2020 Project PHUSICOS
Grant Agreement No. 776681

49 /58



A

‘ Deliverable No.: 5.2

PHUSICOS it 20230201

Li, L., Collins, A. M., Cheshmehzangi, A., & Chan, F. K. S. (2020). Identifying enablers and barriers to
the implementation of the Green Infrastructure for urban flood management: A comparative
analysis of the UK and China. Urban Forestry & Urban Greening, 54, 126770.

Linnerooth-Bayer, J., Scolobig, A., Ferlisi, S., Cascini, L., & Thompson, M. (2016). Expert engagement
in participatory processes: translating stakeholder discourses into policy options. Natural Hazards,
81(1), 69-88.

Linnerooth-Bayer, J., Scolobig, A., Aguilera Rodriguez, J.J., Fresolone-Caparro6s, A., Olsen, S.G.,
Hoffstad Reutz, E., ... Solheim, A. (forthcoming). Learning from NBS implementation barriers,
Deliverable 5.4 of the PHUSICOS project, According to Nature. Nature based solutions to reduce
risks in mountain landscapes, EC H2020 Programme. https://phusicos.eu/

Loschner, L., Nordbeck, R., Schindelegger, A., & Seher, W. (2019). Compensating flood retention on
private land in Austria: towards polycentric governance in flood risk management? Landscape
Architecture Frontiers, 7(3), 32-46.

Lupp, G., Zingraff-Hamed, A., Huang, J. J., Oen, A., & Pauleit, S. (2020). Living labs—a concept for
co-designing nature-based solutions. Sustainability, 13(1), 188.

Maes, J., & Jacobs, S. (2017). Nature-Based Solutions for Europe’s Sustainable Development.
Conservation Letters, 10(1), 121-124. https://doi.org/10.1111/CONL.12216

Martin, J. G. C., Scolobig, A., Linnerooth-Bayer, J., Liu, W., & Balsiger, J. (2021). Catalyzing
Innovation: Governance Enablers of Nature-Based Solutions. Sustainability, 13(4), 1971.

Martinez, C., Vojinovic, Z., & Sanchez, A. (2021). Multi-objective model-based assessment of green-
grey infrastructures for urban flood mitigation. Hydrology, 8(3).
https://doi.org/10.3390/hydrology8030110

Mayor, B., Toxopeus, H., McQuaid, S., Croci, E., Lucchitta, B., Reddy, S. E., ... Lopez Gunn, E.
(2021). State of the art and latest advances in exploring business models for nature-based
solutions. Sustainability (Switzerland), 13(13). https://doi.org/10.3390/su13137413

MccCarthy, S., Viavattene, C., Sheehan, J., & Green, C. (2018). Compensatory approaches and
engagement techniques to gain flood storage in England and Wales. Journal of Flood Risk
Management, 11(1), 85-94.

McMullin, E. (1982). Values in science. In PSA: Proceedings of the biennial meeting of the philosophy
of science association (Vol. 1982, pp. 2-28). Cambridge University Press.

McQuaid, S., & Fletcher, I. (2020). Financing and Business Models Guidebook. Retrieved from
https://connectingnature.eu/sites/default/files/images/inline/Finance.pdf

McQuaid, S., Kooijman, E. D., Rhodes, M.-L., & Cannon, S. M. (2021). Innovating with Nature:
Factors Influencing the Success of Nature-Based Enterprises. Sustainability, 13(22), 12488.

McVittie, A., Cole, L., Wreford, A., Sgobbi, A., & Yordi, B. (2018). Ecosystem-based solutions for
disaster risk reduction: Lessons from European applications of ecosystem-based adaptation
measures. International Journal of Disaster Risk Reduction, 32(September 2017), 42-54.
https://doi.org/10.1016/j.ijdrr.2017.12.014

H2020 Project PHUSICOS
Grant Agreement No. 776681 50 /58



A

A

PHUSICOS

Mendes, R., Fidélis, T., Roebeling, P., & Teles, F. (2020). The Institutionalization of Nature-Based
Solutions—A Discourse Analysis of Emergent Literature. Resources, 9(1), 6.

Milanovi¢, P. (2021). Dams and reservoirs in karst? Keep away or accept the challenges . Hydrogeology
Journal, 29(1), 89-100. https://doi.org/10.1007/s10040-020-02273-0

Moher, D., Liberati, A., Tetzlaff, J., Altman, D. G., & Group*, P. (2009). Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. Annals of Internal Medicine,
151(4), 264-269.

Mulligan, J., Bukachi, V., Clause, J. C., Jewell, R., Kirimi, F., & Odbert, C. (2020). Hybrid
infrastructures, hybrid governance: New evidence from Nairobi (Kenya) on green-blue-grey
infrastructure in informal settlements: “Urban hydroclimatic risks in the 21st century: Integrating
engineering, natural, physical and social sciences to build. Anthropocene, 29.
https://doi.org/10.1016/j.ancene.2019.100227

Naumann, S., Kaphengst, T., McFarland, K., & Stadler, J. (2014). Nature-based approaches to climate
change mitigation and adaptation. Bonn, Germany.

Ncube, S., & Arthur, S. (2021). Influence of blue-green and grey infrastructure combinations on natural
and human-derived capital in urban drainage planning. Sustainability (Switzerland), 13(5), 1-18.
https://doi.org/10.3390/su13052571

Nelson, D. R., Bledsoe, B. P., Ferreira, S., & Nibbelink, N. P. (2020). Challenges to realizing the
potential of nature-based solutions. Current Opinion in Environmental Sustainability, 45, 49-55.

Nesshover, C., Assmuth, T., Irvine, K. N., Rusch, G. M., Waylen, K. A., Delbaere, B., ... Kovacs, E.
(2017). The science, policy and practice of nature-based solutions: An interdisciplinary
perspective. Science of the Total Environment, 579, 1215-1227.

OECD. (2020). Nature-based solutions for adapting to water-related climate risks. Retrieved from
https://www.oecd.org/environment/nature-based-solutions-for-adapting-to-water-related-climate-
risks-2257873d-en.htm

Olsson, P., Galaz, V., & Boonstra, W. J. (2014). Sustainability transformations: a resilience perspective.
Ecology and Society, Published Online: Oct 14, 2014 | D0i:10.5751/ES-06799-190401, 19(4), 1.
https://doi.org/10.5751/ES-06799-190401

Onuma, A., & Tsuge, T. (2018). Comparing green infrastructure as ecosystem-based disaster risk
reduction with gray infrastructure in terms of costs and benefits under uncertainty: A theoretical
approach. International Journal of Disaster Risk Reduction, 32, 22-28.
https://doi.org/10.1016/j.ijdrr.2018.01.025

Ostrom, E. (1999). Coping with tragedies of the commons. Annual Review of Political Science, 2(1),
493-535.

Palomo, 1., Locatelli, B., Otero, I., Colloff, M., Crouzat, E., Cuni-Sanchez, A., ... Lavorel, S. (2021).
Assessing nature-based solutions for transformative change. One Earth, 4(5), 730-741.
https://doi.org/10.1016/j.oneear.2021.04.013

Raymond, C. M., Frantzeskaki, N., Kabisch, N., Berry, P., Breil, M., Nita, M. R., ... Calfapietra, C.
(2017). A framework for assessing and implementing the co-benefits of nature-based solutions in

Deliverable No.: 5.2
Date: 2023-02-01

Rev. No.: 0

H2020 Project PHUSICOS
Grant Agreement No. 776681

51/58



A

‘ Deliverable No.: 5.2

PHUSICOS it 20230201

urban areas. Environmental Science and Policy, 77, 15-24.
https://doi.org/10.1016/J.ENVSCI.2017.07.008

Raymond, C. M., Fazey, I., Reed, M. S,, Stringer, L. C., Robinson, G. M., & Evely, A. C. (2010).
Integrating local and scientific knowledge for environmental management. Journal of
Environmental Management, 91(8), 1766-1777. https://doi.org/10.1016/j.jenvman.2010.03.023

Rhodes, M. L., McQuaid, S., & Donnelly-Cox, G. (2021). Social innovation and temporary innovations
systems (TIS): Insights from nature-based solutions in Europe. Social Enterprise Journal, 18(2),
252-270.

Rhodes, R. A. W. (2007). Understanding governance: Ten years on. Organization Studies, 28(8), 1243—
1264.

Rosenbloom, J. (2018). Fifty shades of gray infrastructure: Land use and the failure to create resilient
cities. Washington Law Review, 93(1), 317-384.

Ruangpan, L., Vojinovic, Z., Di Sabatino, S., Leo, L. S., Capobianco, V., Oen, A. M. P., ... Lopez-
Gunn, E. (2020). Nature-based solutions for hydro-meteorological risk reduction: a state-of-the-art
review of the research area. Natural Hazards and Earth System Sciences, 20(1), 243-270.
https://doi.org/10.5194/NHESS-20-243-2020

Ruhanen, L., Scott, N., Ritchie, B., & Tkaczynski, A. (2010). Governance: a review and synthesis of the
literature. Tourism Review.

Runhaar, H., Wilk, B., Persson, A., Uittenbroek, C., & Wamsler, C. (2018). Mainstreaming climate
adaptation: taking stock about “what works” from empirical research worldwide. Regional
Environmental Change, 18, 1201-1210.

Salehi, D., & Heidari, A. (2022). Embankment Dam Design with Dispersive Soil: Solutions and
Challenges. Geotechnical and Geological Engineering, 40(8), 4289-4299.
https://doi.org/10.1007/s10706-022-02153-2

Santoro, S., Pluchinotta, I., Pagano, A., Pengal, P., Cokan, B., & Giordano, R. (2019). Assessing
stakeholders’ risk perception to promote Nature Based Solutions as flood protection strategies:
The case of the Glins¢ica river (Slovenia). Science of the Total Environment, 655, 188-201.

Sarabi, S., Han, Q., Romme, A. G. L., de Vries, B., Valkenburg, R., & den Ouden, E. (2020). Uptake
and implementation of Nature-Based Solutions: An analysis of barriers using Interpretive
Structural Modeling. Journal of Environmental Management, 270, 110749.

Sarabi, S., Han, Q., L Romme, A. G., de Vries, B., & Wendling, L. (2019). Key enablers of and barriers
to the uptake and implementation of nature-based solutions in urban settings: A review.
Resources, 8(3), 121.

Schebesta, H., & Candel, J. J. L. (2020). Game-changing potential of the EU’s Farm to Fork Strategy.
Nature Food, 1(10), 586-588.

Schmalzbauer, A. (2018). Barriers and success factors for effectively co-creating nature-based solutions
for urban regeneration. Deliverable 1.1.1, CLEVER Cities, H2020 grant no. 776604.

H2020 Project PHUSICOS
Grant Agreement No. 776681 52 /58



A

‘ Deliverable No.: 5.2

PHUSICOS it 20230201

Scolobig, A., Linnerooth-Bayer, J., Martin, J. G. C., Altamirano, M., Duff, S., Del Seppia, N, ...
Garcia, E. (2021). The role of public and private sectors in mainstreaming Nature-based
Solutions, Synthesis of the second Nature-based Solutions Policy Business Forum workshop.
Retrieved from https://phusicos.eu/wp-content/uploads/2019/01/PBF2_Synthesis.pdf

Scolobig, A., Martin, J. G. C., Linnerooth-Bayer, J., Balsiger, J., Baruffa, C., Andrea, A., ... Staccione,
A. (2020). Policy innovation for Nature-based Solutions in the Disaster Risk Reduction sector,
Synthesis of the first Nature-based Solutions Policy Business Forum workshop. IHASA/Universite
de Geneve. Retrieved from https://phusicos.eu/wp-content/uploads/2020/06/PBF1_Synthesis.pdf

Scolobig, A., Martin, J.C.G., Linnerooth-Bayer, J., Aguilera Rodriguez J.J., Balsiger J., Del Seppia N.,
... Zingraff-Hamed A. (forthcoming). Governance innovation for the design, financing and
implementation of NBS, and their application to the concept and demonstration projects,
Deliverable 5.3 of the PHUSICOS project, According to Nature. Nature based solutions to reduce
risks in mountain landscapes, EC H2020 Programme. https://phusicos.eu/

Seddon, N., Chausson, A., Berry, P., Girardin, C. A. J., Smith, A., & Turner, B. (2020). Understanding
the value and limits of nature-based solutions to climate change and other global challenges.
Philosophical Transactions of the Royal Society B, 375(1794), 20190120.

Seddon, N., Turner, B., Berry, P., Chausson, A., & Girardin, C. A. J. (2019). Grounding nature-based
climate solutions in sound biodiversity science. Nature Climate Change, 9(2), 84-87.
https://doi.org/10.1038/S41558-019-0405-0

Sekulova, F., & Anguelovski, 1. (2017). The Governance and Politics of Nature-Based Solutions.
Retrieved from https://naturvation.eu/sites/default/files/news/files/naturvation_the governance_a
nd_politics_of nature-based_solutions.pdf

Sekulova, F., Anguelovski, 1., Kiss, B., Kotsila, P., Bard, F., Palgan, Y. V., & Connolly, J. (2021). The
governance of nature-based solutions in the city at the intersection of justice and equity. Cities.
Elsevier.

Sinthumule, N. 1. (2021). Window of economic opportunity or door of exclusion? Nandoni dam and its
local communities. Sustainability (Switzerland), 13(5), 1-15. https://doi.org/10.3390/su13052502

Solheim, A., Capobianco, V., Oen, A., Kalsnes, B., Wullf-Knutsen, T., Olsen, M., ... Strout, J. M.
(2021). Implementing Nature-Based Solutions in Rural Landscapes: Barriers Experienced in the
PHUSICOS Project. Sustainability, 13(3), 1461.

Somarakis, G., Stagakis, S., & Chrysoulakis, N. (2019). ThinkNature nature-based solutions handbook.

Sowinska-Swierkosz, B., & Garcia, JI. (2022). What are Nature-based solutions (NBS)? Setting core
ideas for concept clarification. Nature-Based Solutions, 2, 100009.
https://doi.org/10.1016/J.NBSJ.2022.100009

Steurer, R. (2013). Disentangling governance: a synoptic view of regulation by government, business
and civil society. Policy Sciences, 46(4), 387-410.

Suleiman, L. (2021). Blue green infrastructure, from niche to mainstream: Challenges and opportunities
for planning in Stockholm. Technological Forecasting and Social Change, 166, 120528.

Swain, J. (2018). A hybrid approach to thematic analysis in qualitative research: Using a practical
example. Sage Research Methods.

H2020 Project PHUSICOS
Grant Agreement No. 776681 53 /58



A

‘ Deliverable No.: 5.2

PHUSICOS it 20230201

Thaler, T., Doorn, N., & Hartmann, T. (2020). Justice of compensation for spatial flood risk
management—comparing the flexible Austrian and the structured Dutch approach. DIE ERDE—-
Journal of the Geographical Society of Berlin, 151(2-3), 104-115.

Toxopeus, H., Koatsila, P., Conde, M., Katona, A., van der Jagt, A. P. N., & Polzin, F. (2020). How
‘just’is hybrid governance of urban nature-based solutions? Cities, 105, 102839.

Toxopeus, H., & Polzin, F. (2021). Reviewing financing barriers and strategies for urban nature-based
solutions. Journal of Environmental Management, 289, 112371.

Tozer, L., Horschelmann, K., Anguelovski, 1., Bulkeley, H., & Lazova, Y. (2020). Whose city? whose
nature? towards inclusive nature-based solution governance. Cities, 107, 102892.

Trémolet, S., Kampa, E., Lago, M., Anzaldua, G., Vidurre, R., Tarpey, J., ... Makropoulos, C. (2019).
Investing in nature for Europe water security. London.

Trinomics & IUCN. (2019). Approaches to financing nature-based solutions in cities. Working
document prepared in the framework of the Horizon. Retrieved from
https://oppla.eu/sites/default/files/uploads/working-documentfinancing-nbs-citiesv5.pdf

UNEA. (2022). Resolution UNEP/EA.5/Res.5 adopted by the United Nations Environment Assembly on
2 March 2022. Nairobi, Kenya. Retrieved from
https://wedocs.unep.org/bitstream/handle/20.500.11822/39864/NATURE-BASED SOLUTIONS
FOR SUPPORTING SUSTAINABLE DEVELOPMENT. English.pdf?sequence=1&isAllowed=y

UNFCCC. (2022). Decision -/CP.27 Sharm el-Sheikh Implementation Plan. Sharm el-Sheikh. Retrieved
from https://unfccc.int/sites/default/files/resource/cop27_auv_2_cover decision.pdf

United Nations Environment Programme (UNEP). (2022). Adaptation Gap Report 2022. Nairobi,
Kenya. Retrieved from https://www.unep.org/resources/adaptation-gap-report-
2022?gclid=CjwKCAIiAl9efBhAKEiwA4Torir-
rP_xYyvAYMweE1zQrGysVOVIbU_66dVE62EqBgvkyBcrLKWofgxoC7MsQAvD_BwE

United Nations Environment Programme (UNEP). (2022). State of Finance for Nature. Time to act:
Doubling investment by 2025 and eliminating nature-negative finance flows. Nairobi, Kenya.

Vaismoradi, M., Jones, J., Turunen, H., & Snelgrove, S. (2016). Theme development in qualitative
content analysis and thematic analysis.

van den Hoven, K., Kroeze, C., & van Loon-Steensma, J. M. (2022). Characteristics of realigned dikes
in coastal Europe: Overview and opportunities for nature-based flood protection. Ocean and
Coastal Management, 222. https://doi.org/10.1016/j.ocecoaman.2022.106116

Vera-Puerto, 1., Valdes, H., Correa, C., Agredano, R., Vidal, G., Belmonte, M., ... Arias, C. (2020).
Proposal of competencies for engineering education to develop water infrastructure based on
“Nature-Based Solutions” in the urban context. Journal of Cleaner Production, 265, 121717.

Viti, M., Lowe, R., Sgrup, H. J. D., Rasmussen, M., Arnbjerg-Nielsen, K., & McKnight, U. S. (2022,
October 1). Knowledge gaps and future research needs for assessing the non-market benefits of
Nature-Based Solutions and Nature-Based Solution-like strategies. Science of the Total
Environment. Elsevier B.V. https://doi.org/10.1016/j.scitotenv.2022.156636

H2020 Project PHUSICOS
Grant Agreement No. 776681 54 /58



A

‘ Deliverable No.: 5.2

PHUSICOS it 20230201

Vojinovic, Z. (2020). Nature-based solutions for flood mitigation and coastal resilience. Analysis of EU-
Funded Projects. European Commission.

Vojinovic, Z., Keerakamolchai, W., Weesakul, S., Pudar, R. S., Medina, N., & Alves, A. (2017).
Combining ecosystem services with cost-benefit analysis for selection of green and grey
infrastructure for flood protection in a cultural setting. Environments - MDPI, 4(1), 1-16.
https://doi.org/10.3390/environments4010003

Walker, D., & Myrick, F. (2006). Grounded theory: An exploration of process and procedure.
Qualitative Health Research, 16(4), 547-559.

Wamsler, C., Wickenberg, B., Hanson, H., Olsson, J. A., Stdlhammar, S., Bjorn, H., ... Simonsson, E.
(2020). Environmental and climate policy integration: Targeted strategies for overcoming barriers
to nature-based solutions and climate change adaptation. Journal of Cleaner Production, 247,
119154,

Wang, M., Zhang, Y., Zhang, D., Zheng, Y., Li, S., & Tan, S. K. (2021). Life-cycle cost analysis and
resilience consideration for coupled grey infrastructure and low-impact development practices.
Sustainable Cities and Society, 75. https://doi.org/10.1016/j.s¢s.2021.103358

Wegrich, K., Kostka, G., & Hammerschmid, G. (2017). The Challenges of Infrastructure - Complexity,
(Ir)Rationalities, and the Search for Better Governance. In K. Wegrich, G. Kostka, & G.
Hammerschmid (Eds.), The Governance of Infrastructure (First Edition, pp. 1-18). Oxford
University Press.

Welden, E. A., Chausson, A., & Melanidis, M. S. (2021). Leveraging Nature-based Solutions for
transformation: Reconnecting people and nature. People and Nature, 3(5), 966-977.

White House Council on Environmental Quality White House Office of Science and Technology Policy
White House Domestic Climate Policy Office. (2022). Opportunities for Accelerating Nature-
Based Solutions: A Roadmap for Climate Progress, Thriving Nature, Equity, and Prosperity.
Report to the National Climate Task Force. Washington, D.C. Washin. Retrieved from
https://www.whitehouse.gov/wp-content/uploads/2022/11/Nature-Based-Solutions-Roadmap.pdf

Wickenberg, B., McCormick, K., & Olsson, J. A. (2021, November 1). Advancing the implementation
of nature-based solutions in cities: A review of frameworks. Environmental Science and Policy.
Elsevier Ltd. https://doi.org/10.1016/j.envsci.2021.08.016

Yeheys, N. H., & Chen, X. (2020). From Nile Basin Initiatives (NBI) to external mediator: Challenges
of the ethiopia’s renaissance dam negotiations. Journal of African Union Studies, 9(3), 29-46.
https://doi.org/10.31920/2050-4306/2020/\VVON3A4

Zhang, H., Hewitt, P., Taylor, N., Kingsland, R., & Evans, G. (2020). Green square - Enabling urban
renewal through smart retaining wall design and trenchless construction. Australian
Geomechanics Journal, 55(3), 93-101.

Zingraff-Hamed, A., Martin, J. G. C., Lupp, G., Linnerooth-Bayer, J., & Pauleit, S. (2019). Designing a
resilient waterscape using a living lab and catalyzing polycentric governance. Landscape
Architecture Frontiers, 7(3), 12-31.

H2020 Project PHUSICOS
Grant Agreement No. 776681 55/58



A

Deliverable No.: 5.2

PHUSICOS it 20230201

H2020 Project PHUSICOS
Grant Agreement No. 776681 56 /58



A

Deliverable No.: 5.2

PHUSICOS Dot 20230201

Appendix A: Detailed enabler and barrier themes
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