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Abstract: Urban landscapes are under great pressure and particularly vulnerable, due to climate
change, population growth and economic development. Despite the growing understanding that
Nature-Based Solutions (NBS) represent efficient solutions to facilitate adaptation to climate change
and increase cities’ resilience, their wide-scale adoption is still limited. There is a need to include NBS
in urban governance and planning agendas through policy instruments, such as plan/legislative,
economic and information instruments. However, there is a lack of studies that assess such policy
instruments and, through the use of specific examples, how they can foster NBS adoption. The
objective of this study is to address this gap by conducting a systematic literature review, using a
bibliometric and a content analysis, collating and reviewing papers that consider policy instruments
and NBS in order to: (i) assess the existence of policy instruments that influence the adoption of
NBS; and (ii) evaluate the existence of specific examples of policy instruments. Results show that
plan/legislative instruments are most mentioned, followed by economic and information instruments.
However, examples of specific policy instruments being used in practice are still scarce in literature,
as most studies remain theoretical.

Keywords: Nature-Based Solutions; economic instruments; information instruments; planning
instruments; urban policy

1. Introduction

Urban landscapes are under great pressure and particularly vulnerable, due to climate
change, population growth, economic development and infrastructure characteristics [1].
Urban areas and consumption patterns are increasing worldwide. It is forecasted that, by
2050, 70% of the world’s population will be living in cities and gross domestic production
is expected to suffer an annual decline of up to almost 80% due to the climate risk [2–5].
It is becoming increasingly clear that modern urbanization patterns are entwined with
socio-ecological trends. These growing pressures in urban centers highlight the need for
more sustainable planning and governance, namely in relation to heat waves, water and
air pollution, flooding and erosion, droughts, human health degradation and biodiversity
loss [6–8]. Hence, cities need to become more resilient in order to adapt to and mitigate
climate change impacts. For this reason, new solutions and approaches are needed.

Nature-based solutions (NBS) are considered to represent possible solutions to increase
cities’ resilience, attracting a growing interest from researchers, policy makers and environ-
mental organizations [3,4,9,10]. The European Commission defines NBS as ‘solutions that
are inspired and supported by nature, which are cost-effective, simultaneously provide
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environmental, social and economic benefits and help build resilience’ [11]. Alternatively,
the International Union for Conservation of Nature (IUCN) defines NBS as ‘actions to
protect, sustainably manage, and restore natural or modified ecosystems, that address
societal challenges, effectively and adaptively, simultaneously providing human well-being
and biodiversity benefits’ [12]. The NBS concept is relatively recent, aiming to address
climate change impacts and societal problems while increasing urban resilience [8,13].

The NBS concept is related to and integrates other concepts, such as Ecosystem
Services, Green and Blue Infrastructure Ecological Engineering, and Ecosystem-based
adaptation [9,12,14–16]. Despite being somewhat complementary, there are differences
between these concepts, as NBS covers parts of the other concepts but not necessarily
everything they represent [9,17]. The differentiation of NBS is grounded in the integration
of societal challenges, human well-being and biodiversity benefits that are less evident in
the other concepts, as NBS have a broader scope while integrating several issues simultane-
ously [8]. In fact, NBS are not supposed to replace other concepts, but are intended instead
to support and build upon them [18].

In general, NBS are increasingly seen as a more promising approach to increase cities’
resilience and sustainability than traditional grey solutions and, hence, able to effectively
address urbanization pressures. NBS are regarded as more cost-efficient, sustainable, multi-
purpose and flexible, creating more aesthetic and social settings and, thus, promoting
citizens engagement [8,19–21]. Hence, the European Union proposes a shift from grey to
green (NBS) solutions and to better integrate both types of solutions in urban concepts in
order to take advantage of NBS benefits and co-benefits [22,23]. NBS provide, simultane-
ously, benefits and co-benefits through the provision of ecosystem services [23], such as cost
savings, water and air quality improvement, flood and temperature control, biodiversity,
improved quality of life, health, a sense of belonging, food security, decreasing energy
consumption, the promotion of the green economy, environmental awareness, urban re-
generation and decreasing vulnerability to disasters [2,12,13,15,22,24,25]. In addition, NBS
need to be planned and managed across urban and peri-urban landscapes, as they are
interconnected and impact urban development patterns [8,26] ([17] see this report for a
detailed description of NBS types and characteristics).

NBS were mostly absent from political agendas until very recently [27]. However,
NBS are increasingly being applied in cities to reach economic, environmental and societal
goals and are starting to be acknowledged in policies agendas—promoting the recovery of
natural settings through adapted governance mechanisms and progressively overtaking
other concepts, such as ecosystem-based approaches [4,27,28]. Urban planning and gover-
nance policies play a key role in promoting NBS integration and implementation [27,29].
Notwithstanding, NBS have only recently been integrated in environmental policy [29].
Consequently, and as envisioned by the European Union, NBS need to be integrated in
existing policy mixes, namely in spatial planning at different levels [30,31].

Policies can reflect the current reality at a certain time and place, and interactions
between different policies affect the resulting policy implementation outcome [32]. Policies
range from global (macroscale) to local (microscale), including initiatives such as EU
directives, national and regional adaptation plans and strategies, and local governance
arrangements [13,33]. The policy cycle should entail the agenda setting, impact analysis,
policy formulation, policy implementation and policy evaluation. This is in order to
ensure that the problem and objective is identified, alternatives are considered, potential
negative and positive impacts are considered, and the policy is designed, implemented and
evaluated [34]. For NBS, specifically, it is recommended that the policy cycle also entails
stakeholder engagement and benefits communication [35].

There are different barriers and enablers to NBS implementation. Governance and lo-
cal policies steer their adoption and can either hinder or potentiate them. Bureaucracy, lack
of financing models, private land ownership, lack of social acceptance, lack of knowledge,
awareness of technical levels and benefits, lack of cooperation between sectors, perceived
costs, social inequalities, institutional fragmentation and inadequate regulations are re-
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garded as the main barriers to NBS implementation [18,25,36,37]. Contrarily, recognized
enablers include easy access to policies, good communication, stakeholder engagement,
supportive regulations, inclusion of NBS in plans, guidelines and strategies, pilot projects,
awareness marketing, involvement of different institutions, financial incentives, and mon-
itoring and evaluation [18,27,36]. In fact, policy drivers, such as financial incentives,
collaboration and communication are acknowledged as major NBS enablers [25,27].

Regulations supporting NBS adoption are diffuse and, generally, more technical than
policy-oriented [38,39]. To put NBS on governance agendas, policy instruments related
to specific frameworks and goals are acknowledged as key-catalyzers. In fact, the suc-
cess of NBS adoption relies, to a large extent, on their integration in urban planning and
policies [25,38–40] (see Figure 1). Hence, policy instruments are governance tools that have
the potential to influence NBS adoption [36]. Such policy instruments can be divided into
the following categories: command-and-control/planning/legislative (plan/legislative),
economic or market-based (economic), and citizen engagement and information (infor-
mation) [13,36]. Plan/legislative instruments can be formal (e.g., laws, regulations and
prohibitions) or informal (e.g., plans, strategies and other visioning and management docu-
ments). Economic instruments provide price signals that aim to integrate positive impacts
and negative externalities, encouraging behavior shifts (e.g., subsidies, charges, levies,
taxes, tradable permits and other payment systems). Information instruments include train-
ing and education, as well as communication processes (e.g., workshops, surveys, websites,
articles, labels and certifications). Other tools referred to are modelling approaches, risk
assessments and land mapping [13,15,19,21,33,41,42]. In fact, the literature acknowledges
plan and legislation (plan/legislative), economic instruments (economic), and education
and stakeholder engagement (information) as NBS implementation enablers [25].
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Figure 1. Conceptual framework for the articulation between urban planning, policy instruments
and NBS (adapted from [4]).

Most of the NBS literature focuses not on policy instruments, but on NBS impacts
and potentialities [25,38]. Despite being essential in demonstrating their benefits and
co-benefits in order to get or keep NBS on political agendas and in decision-making
processes, there is also a need to assess the role of policy instruments in encouraging the
adoption of NBS [43,44]. Furthermore, local planning practices, real-world applications,
concrete planning, implementation barriers and challenges are pinpointed as gaps in the
literature [5,31,44,45]. In fact, most authors focus on barriers to the implementation of NBS,
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revealing the importance of policy instruments to increase their success [20,45,46], and
provide implementation strategies and suggestions [2,13,20,22,47].

Despite the fact that several studies exist regarding NBS policy instruments, most of
this literature either focusses on general governance or superficially studies the existence
of policy instruments that support NBS implementation, barriers and enablers—thereby
not assessing their effectiveness or providing specific examples [25,38]. Hence, studies
that integrate policy instruments and NBS are still scarce, which is in line with Albert
et al. [29] findings which show that the NBS concept only recently began to be integrated
in environmental policy. Similarly, Ingold et al. [37] findings pinpoint that most policy
studies focus only on the political perspective. According to Mendonça et al. [48], policy
instruments have the potential to steer urbanization patterns, however this study does not
assess NBS. Similarly, Kärkkäinen et al. [7] studies different policy instruments in relation to
greenhouse gas mitigation in agricultural settings but not NBS. Falcone and Sica and Ingold
et al. [34,37] evaluate instrument mix acceptance in relation to energy transition, rather
than NBS. Regarding the NBS related literature, there is still limited knowledge around
NBS integration in planning and governance. Albert et al. [29] performed a review on NBS
implementation and landscape planning and governance research. Martin et al. [27] studied
NBS and governance enablers in disaster risk reduction. Frantzeskaki et al. [35] assessed
policy needs and barriers for NBS implementation. Sarabi et al., 2019 assessed enablers
and barriers of NBS, Davies et al. [38] developed a roadmap for NBS implementation and
Mendes et al. [33] performed NBS discourse analysis. However, none of these studies
review integrated policy instruments for NBS adoption.

Therefore, although NBS are increasingly being contemplated and integrated into
policy-making and planning guidelines, integration of policy instruments is needed for the
success of NBS [15,38,44]. Hence, further research on NBS and associated planning policies
and instruments is needed, in order to ensure their implementation and upscaling [13,38].
However, governments and the scientific community struggle with the challenge of shifting
from general announcements to practical applications, which might be facilitated by policy
instruments [28,31].

As a consequence, the objective of this study is to assess the policy instruments that
might encourage the adoption of NBS in urban contexts. To this end, a systematic literature
review was performed, followed by a bibliometric and content analysis in order to assess
policy instruments that have the potential to influence the adoption of NBS as well as to
formulate policy recommendations and pinpoint gaps in the literature. Hence, the study
includes a general overview of the aforementioned policy instruments in the reviewed
papers, as well as a second analysis in order to identify specific policy instruments examples
for NBS adoption. Bearing this in mind, the following research questions were considered:

Which policy instruments are mentioned with the potential to encourage the adoption
of NBS in urban contexts?

Does the literature provide specific policy instruments for NBS adoption in urban
contexts?

The next section presents the methodology used (Section 2), followed by the results
(Section 3), which includes the bibliometric analysis (Section 3.1.) and the content analysis
(Section 3.2.). Following this, Section 4 includes the discussion and, finally, conclusions and
recommendations are presented in Section 5.

2. Materials and Methods

A systematic literature review was performed in order to gather all the relevant
literature to fulfil the objectives of this study, following Faivre et al. [9]. This review
was based on peer-reviewed papers published in international scientific journals. Grey
literature and conference papers were not included in order to ensure the credibility
and quality of the information used and to assure that only primary data was assessed
(following, e.g., Scarano and Pita et al. [31,49]). English-written papers from 2010 until
2018 were considered, as NBS represents a recent concept [14]. To capture most relevant
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papers, the search (performed November 2019) included the key words “Nature-based
solution*” and words containing “econom*” or “polic*” or “plan*” was performed to
include singular/plural and related words, in the categories “title, abstract and keywords”
in the Scopus database (www.scopus.pt, accessed on 19 November 2019), as a relevant
and complete scientific database (as used by Escobedo et al. [14]). This review follows the
methodology of Sarabi et al. and Mendes et al. [25,33], by focusing only on the NBS and
not associated concepts, considering that these are not interchangeable (as discussed in
the Section 1).

The query was chosen with a view to including all papers that include public policy
instruments together with NBS, in order to assess the existence of policy instruments that
influence NBS. Hence, words related to “econom*” or “polic*” or “plan*” were selected as
they include the content information that is considered to be relevant to the objective of
this study.

Figure 2 shows that a total of 141 papers were found, of which 15 were excluded
for being grey literature, books or conference papers. The remaining 126 abstracts were
carefully read, which resulted in the exclusion of an additional 71 papers due to their being
considered out of the scope. The majority of papers considered to be out of the scope
focused on the bio-physical or socio-economic impacts of NBS or were from other subject
areas (such as medical-focused papers). The remaining 55 papers were fully read, and 4
more papers were excluded after reading due to their being considered out of the scope for
the same reasons.

Resources 2021, 10, x FOR PEER REVIEW 5 of 17 
 

 

2. Materials and Methods 

A systematic literature review was performed in order to gather all the relevant lit-

erature to fulfil the objectives of this study, following Faivre et al. [9]. This review was 

based on peer-reviewed papers published in international scientific journals. Grey litera-

ture and conference papers were not included in order to ensure the credibility and qual-

ity of the information used and to assure that only primary data was assessed (following, 

e.g., Scarano and Pita et al. [31,49]). English-written papers from 2010 until 2018 were con-

sidered, as NBS represents a recent concept [14]. To capture most relevant papers, the 

search (performed November 2019) included the key words “Nature-based solution*” and 

words containing “econom*” or “polic*” or “plan*” was performed to include singu-

lar/plural and related words, in the categories “title, abstract and keywords” in the Scopus 

database (www.scopus.pt, accessed on 19 November 2019), as a relevant and complete 

scientific database (as used by Escobedo et al. [14]). This review follows the methodology 

of Sarabi et al. and Mendes et al. [25,33], by focusing only on the NBS and not associated 

concepts, considering that these are not interchangeable (as discussed in the Section 1). 

The query was chosen with a view to including all papers that include public policy 

instruments together with NBS, in order to assess the existence of policy instruments that 

influence NBS. Hence, words related to “econom*” or “polic*” or “plan*” were selected as 

they include the content information that is considered to be relevant to the objective of 

this study. 

Figure 2 shows that a total of 141 papers were found, of which 15 were excluded for 

being grey literature, books or conference papers. The remaining 126 abstracts were care-

fully read, which resulted in the exclusion of an additional 71 papers due to their being 

considered out of the scope. The majority of papers considered to be out of the scope fo-

cused on the bio-physical or socio-economic impacts of NBS or were from other subject 

areas (such as medical-focused papers). The remaining 55 papers were fully read, and 4 

more papers were excluded after reading due to their being considered out of the scope 

for the same reasons. 

 

Figure 2. Systematic review process. 
Figure 2. Systematic review process.

Consequently, this study assessed the remaining 51 papers. To keep a coherent
analysis, a data sheet was developed with the author, paper and content information, such
as the instrument type, case study location and methodology used. This information was
used to perform both a bibliometric and a content analysis. For the bibliometric study,
descriptive statistics were derived for the year of publication, the methodology used, and
the case studies assessed. A time series analysis was performed in order to evaluate the
temporal distribution and novelty of the subject. The methodology analysis provided
information regarding the theoretical or practical application. The case study analysis
provided insight into the geographical focus of the study as well as the scale of analysis
(city, regional or country level).

www.scopus.pt
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The content analysis was carried out in order to make a list of the policy instruments
that were included and proposed by the authors. In the first assessment, all pinpointed
policy instruments (plan/legislative, economic or information) were listed, even if they
were only mentioned in a general way. In the second assessment, examples of specific NBS
policy instruments were listed (policy instruments within the plan/legislative, economic
or information categories).

3. Results

The results section includes a bibliometric analysis, evaluating the studies’ time series,
methods used and case study metrics (Section 3.1), as well as a content analysis, focusing
on the instruments mentioned in each study (Section 3.2).

3.1. Bibliometric Analysis

For the bibliometric analysis, Figure 3 shows the time series trend of the reviewed
publications. It can be observed that the older publications are from 2015 and the number
of published papers has been continuously and linearly increasing ever since. The number
of publications ranges from 1 in 2015 to 25 in 2018.
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Figure 3. Number of publications per year reviewed.

After the time series analysis, the methodologies used by the authors (Figure 4) were
convened. The following categories of methodologies were found: conceptual, statistical,
simulation and stakeholder engagement. Conceptual methodologies include reviews,
systematic literature reviews, document analysis and conceptual frameworks. Statistical
methodologies use statistical models, based on observed data. Simulation methodologies
represent ex-ante models that are able to simulate scenarios. The stakeholder engagement
category includes workshops, interviews and surveys. Combinations of the above cate-
gories were also assessed. The methodology most frequently used was conceptual (27),
followed by stakeholder engagement (9), conceptual+stakeholder engagement (8) and sim-
ulation (4). Stakeholder engagement+statistical (2) and conceptual+simulation (1) method-
ologies were almost never used. No paper used the stakeholder engagement+simulation
methodology. Considering all the individual categories mentioned, ~71% of the papers
included a conceptual methodology, followed by ~22% that used stakeholder engagement
methodologies; statistical and simulation methodologies together only accounted for ~8%.
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The number of case studies in the papers (Figure 5) was also evaluated. The majority
of the papers (15; ~30%) do not include any case study. Following this, 13 (~26%) papers
include one case study (city or region level) and 9 (~18%) papers study an entire country.
The comparative studies (papers that include more than one case study; labelled “Cities”)
represented 12 (~24%) of the papers reviewed. It is noteworthy that 2 (~4%) of the papers
study more than one country (labelled “Countries”).
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3.2. Content Analysis

Concerning the content analysis, the mentioned NBS policy instruments were divided
in plan/legislative, economic and information categories, as well as association categories
when more than one instrument was mentioned. For this first analysis (Figure 6), all
references were considered (even if the policy instrument was just mentioned in a general
way). Most of the papers mention, at least one time, all the instrument types (20; 40%),
followed by plan/legislative (13; 25%), and information + plan/legislative and economic +
plan/legislative (both 6 times; 12%). Information (1; ~2%), information+economic (2; ~4%)
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and economic (3; ~6%) were the least mentioned instruments. Considering each instrument
in total, plan/legislative instruments appear in ~89% of the papers, economic in ~61% and
information in ~57% of the reviewed papers.
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In a more detailed analysis, a division was made between the papers that mentioned,
in a general way, a type of instrument or provided a specific policy instrument. Table 1
summarizes which studies mention each instrument type: plan/legislative, economic
and information.

Table 1. Studies that mention plan/legislative, economic or information instruments.

Plan/Legislative instruments
(45)

[1–5]; [9]; [10]; [13–15]; [19]; [20]; [22–24]; [28]; [30]; [32];
[33]; [40]; [42–47]; [50–68].

Economic instruments
(31)

[2–4]; [13]; [15]; [16]; [19]; [21]; [30]; [32]; [33]; [40]; [41]; [45];
[47]; [49]; [51]; [52]; [55–57]; [59]; [61–63]; [65]; [67–71].

Information instruments
(29)

[1]; [3–5]; [10]; [13]; [15]; [16]; [19]; [30]; [33]; [40]; [42]; [45];
[47]; [51–56]; [59]; [61]; [63–65]; [68]; [70]; [72].

The majority of the reviewed papers generally mention plan/legislative instruments.
In a broad way, the papers draw attention to the need for supportive institutional frame-
works, with legislation, regulations, norms, guidelines and designs to promote NBS adop-
tion. Moreover, the time of intervention is considered. Adaptation to other countries’ plans,
strategy plans, inclusion of risk analysis, ex-ante assessments, environmental impact assess-
ments, bottom-up approaches, science-policy integration, indicators, evidence databases,
practical experimentation and promotion of technological innovation are also referred to
by the authors.

Concerning references to economic instruments, the translation of ecosystem services
to monetary values and inclusion of externalities and ideal win-win situations, as well as
inclusion of cost-benefit analysis, promotion of green jobs, low-interest loans, grants, fees,
taxes, incentives for green behaviors and environmental compensation, and innovative
funding approaches are often mentioned. Furthermore, unit costs, willingness to pay, total
economic value or cost-benefit analysis are proposed by the authors.
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Regarding the information instruments, stakeholder involvement, analysis and knowl-
edge use as well as different engagement techniques (such as interviews, participatory
workshops, people’s perception, dialogue platforms, communication of benefits and co-
benefits, participative governance, voluntaries and advices) are mentioned several times.
Furthermore, partnerships with other institutions, scientists, citizens and other countries
with and provisioning of expertise and training, as well as certifications or labels, are also
referred by the authors.

For the most specific NBS policy instruments within the plan/legislation category, the
following were provided by the authors:

• Municipalities to allow access to land and legal permissions [13];
• Benchmarks with desired characteristics, operational aspects and monitoring [46];
• Prohibition of new developments in risk areas and permission of new developments

if developers assure mitigation measures or incentivize creative urban design with
green engineering [4,19,54];

• Gardens regulated by the municipality, divided into parcels for citizens [52];
• Plan greener bicycle lanes [63];
• Municipalities green spaces and rivers’ restauration [4,23]; and
• Creation of an area in a city center closed to motorized traffic [23].

For the most specific policy instruments within the economic category, the following
were provided by the authors:

• Insurance companies to consider NBS, including externalities to increase value [2];
• Subsidized start-up costs for gardeners and tax breaks for rooftop farmers [13];
• Water companies to offer economic incentives to consumers that divert water into

their lawns to help in flood control [45];
• Lease agreements for spaces for maintaining gardens and payment of small fees to

enter [42];
• Private companies to internalize services provided by the landscape [68];
• Subsidize farmers to adopt more sustainable practices [67];
• Congestion tax and transit subsidies to reduce the number of automobiles [4];
• Land acquisition and taxes to promote land conservation [4]; and
• Encourage the creation of small businesses for the maintenance of green spaces [4].

For the most specific policy instruments within the information category, the following
were provided by the authors:

• Creation of city concepts (for example, Sponge Cities in China) [54,64,66];
• Ask citizens to indicate vacant land and citizen engagement [56];
• Certification of products to encourage farmers to produce in a more sustainable

way [69];
• Environmental education at all academic levels [4]; and
• Green marketing to promote sustainable consumerism [4].

This section may be divided by subheadings. It should provide a concise and precise
description of the experimental results, their interpretation, as well as the experimental
conclusions that can be drawn.

4. Discussion

The use of policy instruments to promote the adoption of NBS is pinpointed by all
reviewed papers. Nevertheless, many of these papers also add that several constraints
need to be addressed when promoting the adoption of NBS in cities. In fact, the lack of
knowledge on how to integrate environmental matters into urban policy is a major con-
cern [29,37]. Furthermore, there are several government-related barriers, such as external
pressures, unsupportive governance, national and local regulations, lack of political will
and the existence of conflicts of interest [1,25,45,46]. The general lack of knowledge, lack
of cooperation, poor communication, stakeholder engagement and scientific uncertainty
together with the fact that scientists, decision-makers and citizens usually speak different
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“languages”, is hampering NBS implementation [2,37,62]. In addition, funding and cost
problems, land useownership issues and lack of space are also highlighted as significant
issues [46,62,72]. According to Connop et al. [55], real applicability and scaling-up are
hindered by all these barriers. To overcome them, it is important to synthetize case-specific
drivers and constraints before implementation [13]. In fact, the acknowledgement of barri-
ers feeds the need for effective instruments to achieve a policy-mix to adopt NBS, especially
as the advantages are considered to outweigh the constraints [13]. There are few, albeit
a growing number of, studies regarding NBS (mostly focused on biophysical impacts or
general governance, barriers and enablers) as well as NBS policies (mostly focused on the
political perspective). Hence, the integration of these two concepts still represents a gap in
literature.

Regarding the bibliometric analysis performed in this study, the first considered paper
is from 2015. This is in line with Escobedo et al. [14] findings, stating that the NBS concept
is relatively recent. However, papers growth in recent years shows the increasing attention
devoted to the subject, a finding that is supported by Martin et al. [27]. The methodology
used in this study was a systematic literature review. Despite the fact that several authors
used conceptual methodologies, a systematic literature review was only used by Artmann
and Sartison [13] within the assessed studies. Nevertheless, the aim of their paper was to
integrate urban agriculture in the NBS context. The methodology follows Sarabi et al. and
Mendes et al. [25,33] by focusing on the NBS concept (and not related concepts), as well as
excluding non-peer reviewed papers. However, [33] combined NBS with the governance
concept and [25] with enablers and barriers.

The vast majority of reviewed papers presented conceptual approaches (almost 71%),
followed by stakeholder engagement (almost 22%) and model-based methodologies (sta-
tistical and simulation, comprising 8% of the studies). This highlights the fact that this
concept is seldomly applied and mostly conceptual, evidencing the lack of real applicability
assessments [55]. As for the case studies used, most of them are, once again, theoretical in
the sense that they do not provide an empirical study (almost 30%). However, there is still
a considerable number of papers that include case studies, namely at the city level (26%) or
as a comparison between cities (24%), indicating that the policy instrument and NBS sphere
is mainly being dealt with at city level and not at the country or higher level. Furthermore,
a lot of cooperation is clear, with authors from different countries co-authoring several
papers. The majority of the studies are European, which was expected because this concept
was introduced by the European Commission, despite also currently gaining traction in
non-European countries [14].

As for the content analysis, the majority of papers only generally mention policy
instruments to encourage NBS adoption. In fact, only 17 papers discussed specific NBS
policy instruments and only in very specific cases. Within these, 9 economic instruments, 7
plan/legislative and 5 information examples of policy instruments were found. Despite
being the most generally mentioned instruments, plan/legislative policy instruments entail
a more theoretical approach which might explain why these papers included less specific
examples than those papers that discussed economic policy instruments. The same can
be argued for information policy instruments, which, besides being the least generally
mentioned, still encompass a more theoretical perspective [7,25,56].

The plan/legislative instruments were mentioned the most frequently (in almost
90% of the papers), which was expected as these comprise the first step in integrating a
concept in the decision-making processes while noting the novelty of the NBS concept [8].
A complete understanding of the concept is thus necessary, as well as concrete planning
and discourse integration [13,31]. Moreover, guidelines and norms reflect the national
view and perspective on the matter, meaning that this step needs to be completed in an
integrated fashion [42,43]. Specific plan/legislative instruments include legal permissions,
benchmarks, no-construction areas, green planning and no-traffic areas. These findings
are in line with Hawxwell et al. [36], as these instruments are fundamental in supporting
NBS implementation, despite the author considering that governance adaptation is not
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always straightforward and governments can, in fact, act as barriers or enablers to NBS
adoption [25]. Comprehensively, these might represent a first (but not sufficient) step,
as stated by Slovic and Ribeiro [73], implying that complementary approaches may be
needed. Overall, there is still an opportunity for improvement as regulations to support
NBS implementation are still scattered [25].

Economic instruments were the second most mentioned type of instrument in the lit-
erature (almost 61%). In fact, research on cost-effectiveness of NBS is acknowledged to help
promote long term funding and implementation [20]. Furthermore, the valuation of natural
settings (such as NBS) might serve as a justification for different investments, especially if
all benefits are considered. The environment represents a market failure by not including
tradable market-values, thus generating externalities that are not considered [16,52,71].
Indeed, Derkzen et al. [3] found that most people were willing to pay a tax per year for
the adoption of NBS. Notwithstanding, discussion regarding economic instruments still
represent a gap in literature, as more effective methods need to be found [9,67,72]. Specific
economic instruments in the assessed studies include taxes, subsidies, economic incentives
and cost internalization. The potential of economic instruments is in line with Mendonça
et al. [48] findingsregarding their effectiveness in steering urban development patterns,
although this study did not consider NBS. Sarabi et al. [25] also consider the potential
of economic policy instruments in NBS adoption. However, it is important to note that,
according to Haxwell et al. [36], economic instruments may represent either a barrier or
act as enabler to NBS implementation, depending on how they are formulated. More-
over, economic instruments application represent a greater challenge compared to the
other two categories, which may explain why they are less prevalent in the literature than
plan/legislative instruments [7].

Information instruments were the least mentioned (appearing in almost 57% of the
reviewed papers), despite occurring in almost the same percentage as the economic in-
struments. This might indicate that there is a need to identify opportunities and increase
citizen engagement within policy-making, which may justify the shortage of this type of
instrument and could also be the reason as to why there are so few real-world adoption
cases [41,56]. In fact, all authors that mention stakeholder engagement state that this
is a crucial step in NBS adoption and demonstrate positive outcomes when it is under-
taken, with different approaches available [19,41]. According to the same authors, citizens
welcome better adaptation measures and NBS adoption when citizen engagement is ful-
filled. In general, discussion regarding information instruments can be considered a gap
in literature [56]. Specific information instruments include green city concepts, citizen
engagement, education, green marketing and certification. These were the least mentioned
instruments, despite their recognized importance as stated by Ríos-White et al. [41]. This is
also reinforced by Falcone and De Rosa’s [6] findings, in which they argue that information
policy instruments are the most effective instruments, despite their study being focused on
municipal waste optimization. According to Kärkkäinen et al. [7], information instruments
entail less challenges than economic instruments, although their study only assessed green-
house gas emissions. In addition, Sarabi et al. and Ingold et al. [25,37] claim that citizen’s
engagement and behavior are key for the success of sustainability policies.

The lack of specific examples of NBS policy instruments may be due to the fact that,
despite NBS being considered more effective and less expensive than grey solutions, their
benefits and co-benefits are still diffuse, green valuation is hard to assess, returns are hard to
predict, and several barriers still exist [25]. Policy instruments can act as enablers or barriers
to NBS adoption, depending on how they are formulated and embedded in governance,
which increases the pressure on their design and implementation [36]. Policy instruments
to encourage NBS adoption can target land, building, water, air, environmental protection
and conservation and social aspects [36], which is in line with this study’s findings. Despite
most of these categories being present in the list of specific policy instruments, they are
scattered and not organized, entailing the need for their effective integration in literature.
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Although several papers mention, at least once, all the policy instrument types (40%),
only 12% mention plan/legislative and information or plan/legislative and economic
instruments. In addition, only 4% of the studies mention information and economic
instruments, highlighting the need for attention to these policy instruments. As for specific
policy instrument, only Fink [4] provides examples for all the categories, indicating a gap
in the literature regarding policy mix. This might constitute a following step for the NBS
policy literature studies, which would comprise of combining plan/legislative instruments
with other incentives and citizen engagement [36]. In fact, Falcone and Sica and Ingold
et al. [34,37] argue that when seeking to attain multiple objectives, a policy mix is key, as
goals are rarely reached with a single intervention. Hence, more attention needs to be paid
to the design of policy instruments in order to increase the probability of their success [7].

As the European Commission introduced the NBS concept alongside substantial
investments in NBS projects [8], some information is only present in project and European
Commission reports that were not considered in this study. This means that there still is the
potential for this knowledge base to be transferred to peer-reviewed papers in the future
and to be used as a foundation for more technical studies. Despite the recent mainstream
uptake of NBS in policy, the majority of NBS integration is still voluntary, which leads to
fragmented adoption. Thus, there is still opportunity to improve [27].

Overall, there is a need to better integrate policy instruments in NBS adoption, in
order to achieve a policy mix that promotes transparency, citizen engagement and envi-
ronmental justice, as well considering the existent constraints [15]. While NBS standards
and guidelines are scarce and municipalities are struggling to introduce them in real-
world contexts, demonstration projects and scientific contributions should encourage their
integration [1,5,9].

5. Conclusions and Recommendations

Besides the integration of instruments to encourage NBS adoption, general sugges-
tions are also recognized by many authors. Firstly, urban planners need a strong evidence-
base regarding NBS for adoption and up-scaling processes. For that, a NBS portfolio is
beneficial, including monitoring through indicators and ex-ante assessments as well as post-
construction evaluations [2,17,22,70]. Furthermore, NBS should be integrated gradually in
urban policy and planning, and solutions should be prioritized according to the specifica-
tions of the context together with an identification of the expected constraints [15,47,59,60].
All stakeholders (citizens, municipalities, environmental organizations, researchers, and
other relevant stakeholders in each case) must be integrated in the process in order to better
communicate the benefits and to promote acceptance and awareness [41,47]. Institutional
changes and adaptations should also be carried out towards integrated, bottom-up and
co-governance approaches [20,28,38]. In addition, cost-efficiency analysis should also be
included, allowing comparison with previously identified alternatives (including hybrid
solutions), avoided costs and potential benefits to justify investments as well as financing
models [2,4,36]. The intervention area should be fully characterized, spatial and time limits
defined as well as expected services and benefits analyzed [13]. A one-size-fits-all approach
might not be ideal in all cases, so an implementation strategy should be attained, and
demonstration projects should be considered [20,46]. All of these aspects are important
in order to maximize the associated benefits and to avoid repeating mistakes or missed
opportunities [70].

Overall, a holistic approach should be conducted, and the instruments should be
transparent and not be too bureaucratized, in order to enable the communication and
implementation of the selected solutions while at the same time assuring that the proposed
technical aspects are effective and that natural settings are promoted [15]. The choice of
policy instruments should consider their effectiveness, efficiency, democracy, legality and
legitimacy, while bearing in mind their objectives [7].

The objective of this study was to assess the existence of policy instruments that
might encourage the adoption of NBS in urban contexts. Hence, a systematic literature
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review was performed (2010–2018), followed by a bibliometric and content analysis to
collect the policy instruments that have the potential to influence the adoption of NBS, as
well as to formulate policy recommendations and pinpoint gaps in the literature. Given
that NBS is a relatively recent concept, it can be expected that the number of relevant
peer-reviewed papers will increase quickly over the coming years and, hence, performing a
similar systematic literature review in some years’ time might provide interesting insights
into the development of the NBS concept and associated policy instruments.

Regarding the research questions, it can be argued that plan/legislative, economic
and information instruments to encourage NBS adoption exist and are acknowledged in
the literature, despite this occurring mostly in a superficial fashion. Moreover, papers
on specific instruments are scarce, indicating the novelty of the concept and highlighting
that the concept is mostly considered from a conceptual perspective. Policy mix in NBS
adoption also constitutes a literature gap. This paves the way for new studies that focus
on the development of new instruments, as well as assessment of the effectiveness of
different instruments. Plan/legislative are the most frequently mentioned policy instru-
ments in literature, which is in line with the attempt to integrate NBS in urban planning,
as well as a shift from top-down to bottom-up governance and can be considered as a
first step in their integration [36]. More attention should hence be paid to economic and
information instruments, as they represent the least frequently mentioned instruments
in the reviewed literature and are considered to be a promising tool in steering urban
phenomena [7,17,41,48].

This study answers the proposed questions by (i) reviewing the mentioning of policy
instruments that could encourage the adoption of NBS and by (ii) identifying specific
examples of policy instruments that are used to encourage NBS adoption. Overall, few
studies integrated specific examples of policy instruments to encourage NBS and only
one study was found regarding NBS and a policy mix approach. It can be concluded that
policy instruments are rather diffuse concerning NBS adoption and that NBS supported by
policies should be more significant, a finding which may constitute the next step in this
field [38].

In conclusion, NBS policy instruments are addressed in the literature mostly from
a general perspective, hence the evidence base on the efficiency of specific NBS policy
instruments is rather thin. Indeed, there is a need for different policy instrument that
encourage the adoption of NBS in order to increase cities’ resilience to climate change—one
of the biggest challenges in current urban policy and planning. Besides efficacy evidences,
it is important to have an integrated and informed approach to policy instruments that
would encourage NBS adoption.
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