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• Review of studies using stated preference
to assess non-market people benefits.

• Current literature relates to “non-NBS-
specific” assessment methods.

• Replicability and up-scaling of methods
are not prioritized.

• Integration of benefits for nature is often
not considered in the assessments.

• Future research should focus on holistic
and replicable NBS benefit quantification.
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Editor: Jay Gan
 Nature-Based Solutions (NBS) can be defined as solutions based on natural processes that meet societal challenges and
simultaneously provide human well-being and biodiversity benefits. These solutions are envisioned to contribute
to operationalizing sustainable development strategies, especially in the context of adaptation to climate change
(e.g. flood risk reduction). In order to quantify NBS performance, ease their uptake and advocate for them as alterna-
tives to “business-as-usual” infrastructures, a comprehensive, holistic valuation of their multiple benefits (multiple ad-
vantages and disadvantages) is needed. This entails quantifying non-market benefits for people and nature in addition
to determining the (direct) cost-benefit of the risk-reduction measure. Despite the importance given to the assessment
of non-tangible benefits for people and nature in the literature, systematic data collection on these dimensions seems to
be missing. This study reviews publications that used stated preference methods to assess non-market human benefits
of NBS and NBS-like strategies. Its aim is to highlight any biases or knowledge gaps in this kind of evaluation. Our re-
sults show that the valuation of non-tangible benefits of NBS (e.g. increased recreation and well-being, enhanced bio-
diversity) still suffers from a lack of common framing. Despite some steps being taken on enabling interconnected
benefit assessments, unexploited opportunities concerning the integrated assessment of non-market human and nature
benefits predominate. Moreover, the research to-date appears based on a case-to-case approach, and thus a shared ho-
listic method does not emerge from the present literature, potentially delaying the uptake of NBS.We argue that future
research could minimize missed opportunities by focusing on and systematically applying holistic benefits assess-
ments. Methods based on stated preference surveys may help to ensure holistic approaches are taken, as well as con-
tributing to their replicability and application when upscaling NBS.
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1. Introduction

In recent years, the concept of natural capital, defined as the world's
stocks of natural resources, including geology, air, soils, water and all living
organisms, has been emerging, reflecting the acknowledgement that envi-
ronmental systems play a fundamental role in determining a country's eco-
nomic state and social well-being (EEA, 2015). In Europe and worldwide,
the natural capital is under an ever-increasing pressure, and as we struggle
to solve environmental, social and economic challenges, the need for
transitioning to a sustainable use of natural resources is now more evident
than ever. One of the strategies believed to be key for the operationalization
of sustainable development is Nature-Based Solutions (NBS) (IUCN, 2020).

NBS are defined as strategies based on natural processes, whichmeet so-
cietal challenges and simultaneously provide human well-being and biodi-
versity benefits (European Commission, 2015; IUCN, 2012). The European
Commission and the IUCN describe NBS slightly differently, with the
European Commission defining them as “actions inspired or supported by
nature”, while the IUCN frames them as “actions to protect, sustainably
manage, and restore natural or modified ecosystems”. However, they
both agree that whatmakes NBS particularly attractive is their ability to de-
livermultiple benefits. In fact, NBSnot only provide direct solutions to pres-
ent challenges (like climate change adaptation), but also enhance the
spatial quality of the surrounding area in many direct and indirect ways
(e.g. increased green areas, cleaner air, more recreation possibilities).
Since their concept was coined, NBS have been prioritized in international
environmental policy agendas (Cohen-Shacham et al., 2016), disaster risk
management (World Bank, 2017) and research programs such as the
European Union's (EU) Horizon 2020 (European Commission, 2015).

Despite this, the widespread application of NBS still appears to be lack-
ing, due in part to the perceived high costs associated with their
operationalization and maintenance (Jia et al., 2017; Qiu et al., 2020).
Thus, a fundamental step for the successful uptake and implementation of
NBS as alternatives to gray infrastructure is the holistic valuation of their
multiple advantages and disadvantages, i.e. not only traditional valuation
of tangible assets, but also quantification of non-market, non-tangible ben-
efits, such as the ones affecting human well-being or biodiversity status.
Economic valuation of non-tangible benefits is a crucial tool to ensure
that stakeholders are aware of the total value of NBS and take this into con-
sideration during decision-making. Recent studies have shown that despite
the challenges ofmonetization, the inclusion of non-market benefits in cost-
benefit analyses improves the economic feasibility of NBS and increases
policy makers' awareness of these solutions (Bayulken et al., 2021;
Venkataramanan et al., 2020). A more comprehensive benefit valuation,
focusing on including also non-market benefits, could thus contribute to
speeding up NBS uptake (Alves et al., 2019; Hanson et al., 2020; Sharifi
et al., 2021; Teotónio et al., 2021). Given the strategic importance of NBS
uptake for the achievement of sustainable adaptation, the European
2

Commission has funded a series of projects for planning, evaluating and im-
plementing NBS, including their upscaling outside of cities, in which
holistic assessments occupy a key role (European Commission, 2015).

The economic quantification of non-tangible benefits can be challeng-
ing. When it comes to quantitatively assessing benefits that do not fit any
market, they are quantified indirectly using revealed preference (RP)
methods (e.g. travel cost/time and house prices) (Koetse et al., 2015). How-
ever, for non-tangible benefits that do not have any related markets, stated
preference (SP) methods are the most prominently used strategies in the
literature. Multiple variations of SP methods exist, but the most common
approaches are contingent valuation (CV), in which respondents are
asked whether they would choose a proposed option at a specified price,
and choice experiments (CE) methods, where respondents have to state
their preference among two or more multi-attribute options (Arrow et al.,
1993; Johnston et al., 2017).

While SP methods allow us to establish a monetary valuation of non-
tangible benefits, how they are presented within the assessment (questions
posed) is also fundamental for ensuring a successful and holistic benefit
quantification. There have been a number of studies focused on describing
the best approach for the assessment of non-tangible benefits of NBS (Díaz
et al., 2018; Hanson et al., 2020; IUCN, 2020; Norgaard, 2010; Raymond
et al., 2017). Ideally, the valuation of non-tangible benefits (e.g. increased
recreation and well-being, enhanced biodiversity) should extend across
the three impact domains of NBS: namely the economic, environmental
and social domains, as well as their interconnections. Ensuring these assess-
ments are truly integrated should contribute to a more favorable cost-
benefit analysis of NBS, and also ultimately reduce the potential need
(and related costs) for fixing lost opportunities in the long run, e.g. incorpo-
rating nature-enhancing aspects once the risk reduction strategy is already
in place.

Despite numerous recommendations – and associated tools developed
to aid such benefits quantification (e.g. Benefits of SuDS Tool, O’Donnell
et al., 2018; Blue-Green Cities toolbox, Mant et al., 2013) – recent studies
point out that biases and gaps still remain regarding the evaluation of
non-tangible NBS benefits (Choi et al., 2021; Hanson et al., 2020). Included
among the highlighted gaps, for example, is a lack of stakeholder participa-
tion in the assessment of multiple benefits of NBS, and the need for improv-
ing methods for assessing especially socio- and ecological benefits
(Ruangpan et al., 2019). Moreover, systematic data collection on the
human dimensions (e.g. increased physical and psychological well-being,
preferences and perceptions) of NBS and NBS-like strategies seems to be
missing, and SP methods have been suggested as useful tools to fill this
gap (Venkataramanan et al., 2020).

SP methods already have a predominant role in the estimation of
non-use values, and are increasingly used as a fundamental support
for the systematic assessment of NBS benefits. However, previous reviews
on this topic still lack a more comprehensive analysis focusing on the
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implementation of SPmethods beyond their theoretical consideration. Pre-
vious reviews on the assessment of NBS benefits havemainly focused either
on structured analyses of impacts (Castellanos et al., 2020; Choi et al., 2021;
Din Dar et al., 2021; Sharifi et al., 2021), or on studying the implementation
and monitoring of solutions in specific settings, such as large-scale NBS
against hydro-meteorological risks (Ruangpan et al., 2019), urban NBS in
policy-making (Dumitru et al., 2020) or in crisis contexts (Bayulken et al.,
2021). With regards to reviews specifically examining methodologies for
the quantification of non-tangible NBS benefits, studies were found on
the perception of NBS (Venkataramanan et al., 2020), on the obstacles
and progresses of NBS financing (Hagedoorn et al., 2021; Teotónio et al.,
2021; Toxopeus and Polzin, 2021), and on the inclusion of environmental
justice dimensions (Pineda-Pinto et al., 2021). However, no comprehensive
assessment on the usage of SP methods across NBS typologies emerged. A
comprehensive assessment may help establish how SP methods have been
previously used to assess non-tangible benefits of NBS (and NBS-like strat-
egies) and whether they align with recommendations in the literature.

A review of SP studies applied to NBS could be the starting point to in-
vestigate the state-of-the-art regarding the quantification of non-market
NBS benefits for people, as well as their interlinkage with nature benefits.
By using the term people benefits, we mean the collection of NBS impacts
that have people as final, direct beneficiaries, i.e. increased recreation, in-
creased psychological and physical well-being, greater economic opportu-
nities. The widely investigated benefits known as Ecosystem Services
(ESS) are here considered as a subgroup within people benefits, as they
are used to define how ecosystem structure and function contributes to
supporting human well-being (e.g. food provision, climate regulation),
without encompassing all of the possible impacts on people's lives
(Raymond et al., 2017). In addition to people benefits, there are nature ben-
efits, which are the NBS impacts that directly benefit nature, assessed inde-
pendently from whichever effect they may have on people, i.e. habitat
restoration (habitat quantity), improved habitat quality (e.g. increase in
number of species). Incorporation of nature enhancing elements (i.e. for na-
ture, and not primarily as ESS for human benefit) is critical to ensure that
the design of NBS will maximize its benefits for nature (Lemaire et al.,
2021), which could be costly to adapt if not considered initially.

This study aims to deliver an overview on how intangible benefits pro-
vided byNBS, or NBS-like strategies, are quantified, with the following spe-
cific objectives: (i) review publications that used SP methods for assessing
the non-market people benefits of NBS, in order to highlight any biases or
knowledge gaps in this type of evaluation, and (ii) based on these findings,
highlight improvements for future research. We include in our research
both studies that focus on NBS as concrete assessments of a particular solu-
tion at a specific site, and studies that are aimed more at quantifying the
benefits of implementing strategies that promote the concepts of NBS, de-
noted NBS-like strategies. We cover both these types of studies since both
offer an insight into the mindset behind the current assessment of these so-
lutions. Specifically, the research questions we are focusing on encompass:
How are SP methods currently used for assessing non-market people bene-
fits of NBS and NBS-like strategies? Can SP methods be used to also inte-
grate the assessment of nature benefits? Is there a systematic SP approach
that could form the basis of replicable benefit assessments? In answering
these questions, we aim to shed light on the current state-of-the-art with re-
spect to the assessment of non-tangible benefits for NBS, and indicate how
future research should advance to fill the identified gaps required to opti-
mize the holistic valuation of the multiple benefits of NBS.

2. Materials and methods

This study is based on a structured literature review on the assessment
of non-market benefits for NBS. Our aim was to include a wide range of
peer-reviewed scientific publications from all over the world, where it is
worth mentioning that the term NBS is fairly recent, and mostly used in a
European context; the same concept takes on different names in different
geographical regions or research areas, e.g. Water Sensitive Urban Design
(WSUD), Blue-Green Infrastructure (BGI) (Fletcher et al., 2015; Ruangpan
3

et al., 2019). Consequently, when setting out to screen the literature, the in-
clusion of studies on other NBS-like concepts, which are not defined using
the keyword NBS but are carrying out the same kind of strategy – namely
solving societal challengeswhile providing humanwell-being and biodiver-
sity benefits – was deemed reasonable. For this reason, the term “nature-
inspired strategies” will be used in this paper when referring to both NBS
and NBS-like strategies.

A paper search was conducted in November and December 2020
using the electronic journal database Web of Science. The search protocol
implemented was:

• TOPIC:

○ (“Nature-based solutions” OR “Nature based solutions” OR “nature-
based” OR “nature based” OR “Green Infrastructure” OR “Blue-
Green Infrastructure”)

○ AND (“benefits” OR “ecosystem services”)
○ AND (“valuation” OR “value” OR “stated preference” OR “contingent

valuation” OR “dichotomous choice” OR “choice experiment” OR
“stated choice”)

• OR TITLE:

○ (“Nature-based solutions” OR “Nature based solutions” OR “nature-
based” OR “nature based” OR “Green Infrastructure” OR “Blue-
Green Infrastructure” OR “blue amenities” OR “terrestrial water” OR
“watershed” OR “wetlands” OR “open space” OR “water assets” OR
“water bodies” OR “canals” OR “lakes” OR “green” OR “greenbelt”
OR “green roof” OR “garden” OR “park” OR “forest” OR “water” OR
“water quality” OR “wetland”)

o AND (“benefits” OR “ecosystem services”)
o AND (“valuation” OR “value” OR “stated preference” OR “contingent

valuation” OR “dichotomous choice” OR “choice experiment” OR
“stated choice”).

The search resulted in 585 articles published in scientific journals. In a
first step, duplicate and retracted articles were removed. In addition, stud-
ies performed before the year 2000 (n= 10) were excluded to ensure that
the selection was up-to date.

The remaining studies were filtered based on the following criteria:

• Must be a primary study, i.e. a study collecting data directly from the
respondents through questionnaires and/or interviews;

• The study had to be assessing an NBS or a nature-inspired adaptation
strategy. For example, a choice experiment for the implementation of pas-
sive forest restoration in a Natural Park was selected for further analysis.
On the other hand, a survey on the willingness-to-pay (WTP) for water
quality improvement not based on a nature-based/green infrastructure
approach was not included in the analysis.

• Use a SP method to assess the non-market people benefits for nature-
inspired strategies.
The outcome of the lastfilteringwas afinal sample of 50 papers. The full

text of these papers was read, and their content was analyzed through the
use of a standardized data extraction sheet (see Supplementary Material).
The extraction sheet was designed to answer the research questions; to
ensure that the review process was consistent, various meetings between
co-authors were held during the phase of data collection. The outcome of
this process was data classified into standardized definitions that can be
grouped into two main sections:

1) Descriptive characteristics (e.g. study year, number of study sites, SP
method used, type of nature-based strategy). These data were registered
to provide a context for the study and to examine the overall trends in
the literature. In particular, the number of case studies was also used
as a proxy to determine whether the SP method applied in the paper
was deployed in away that considered and/or allowed for its replication
in different study sites.

2) Quantified non-market benefits (e.g. how people benefits are assessed, if
and how nature benefits are assessed). As this study is based on
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literature assessing non-tangible benefits for humans, all the selected pa-
pers quantified people benefits in some way. Specifically, as the exam-
ined studies carried out their assessment through SP methods, we
focused on their valuation questions in order to find out which non-
market benefits they were targeting for quantification. Both CV and
CE studieswere reviewed; in the case of CEmethods, the valuation ques-
tion to the respondents may not be direct, but rather implicit within the
choice cards presented (e.g. select preference from option given). Note
that, in order to present more clearly the classification process as
applied in this study, choice card examples have been summarized as
questions.

The quantified people benefits were sorted in the following groups: reg-
ulating ESS, provisioning ESS, supporting ESS, cultural ESS, integrated ESS,
recreation, economic benefits, accessibility, humanwell-being, and nonspe-
cific benefits (Table 1, SupplementaryMaterial). For example, if the respon-
dents were asked to value the NBS based on a provided ESS (e.g. provision
of clean water, through the question “How much would you be willing to
pay for the proposed strategy to improve water quality?”), the study was
classified as assessing ESS benefits (e.g. regulating ESS) (Ramajo-
Hernández and del Saz-Salazar, 2012). If respondents were asked to value
the NBS based on the recreation potential they receive from the area
(e.g. through answering the question “How much would you be willing to
pay for a trip/ticket to the area?”), the study was classified as assessing rec-
reation benefits (e.g. Mejía and Brandt, 2017; Mishra, 2017). If the study
asked for the valuation of, as an example, both recreation and provisioning
ESS benefits of the nature-inspired strategy, both labels were then applied
to it during the classification. In the case of the examined study not directly
stating the human benefit(s) to be valued by the respondents, the study was
classified as assessing a “nonspecific benefit”. Table 1 presents a more de-
tailed overview for all people benefits quantified in the literature reviewed
here, including a brief description of which specific benefits are included
within each category.

Furthermore, we documented whether the selected studies assessed
only people benefits, or if they took into consideration nature benefits as
well. A study was classified as assessing also nature benefits if the respon-
dents were asked to value the NBS based on at least one nature benefit
generated by the strategy. In this case, the possible entries for benefit
quantification were: habitat quality, habitat quantity, biodiversity, species
abundance, extent of protected area, management of protected area and
landscape structure. For example, if respondents were asked to value the
strategy based on the increase in the number of species it will support
(e.g. through the question “How much would you value this proposed
Table 1
Scheme used for the classification of people benefits that were assessed in the
reviewed studies, and examples of assessed benefits grouped under each label.

Quantified People benefits Examples

Regulating ESS Flood prevention, climate regulation, clean air, etc.
Provisioning ESS Energy, food, transportation, etc.
Cultural ESS Aesthetic appreciation; inspiration; spiritual; sense of place
Supporting ESS Biological diversity maintenance, nutrient recycling, etc.
Nonspecific ESS Assessment scenario mentions ESS provided by the NBS, but

does not specify which one(s) in particular are being valued
Recreation Recreation facilities, tourist attractions, size of the area

that can be visited, increasing the recreational potential
of the area

Economic benefits Increase in property values;
Increase in business opportunities

Accessibility Distribution of green infrastructure/NBS in a certain area;
Presence of paths/gates

Human well-being Satisfaction with the experience in the NBS, enjoyment of
the area, stress and worry decrease

Nonspecific benefits The valuation scenario doesn't specify which human
benefits are being valued

4

strategy, if it increased the number of migratory bird species in the
area?”), the study was classified as assessing a “biodiversity benefit” (e.g.
Faccioli et al., 2015; Petcharat et al., 2020). If respondents were asked to
give a value to the increase in the extent of protected land (e.g. through
the question “Would you be willing to pay more taxes to allow for the pro-
tection of larger natural areas?”), the study was classified as assessing an
“extent of protected area benefit” (e.g. Hynes et al., 2021; Valasiuk et al.,
2018). Also in this case, if the study asked for the valuation of more than
one identified nature benefit, more labels were applied to it during classifi-
cation. An overview for the classification labels regarding nature benefits
can be found in Table 2.

Within this latter group of studies assessing both people and nature ben-
efits, we classified how the examined publications investigated nature ben-
efits, in terms of separation from people (“nature for nature” or “nature for
people”, i.e. ESS). This classification was once again based on the way the
valuation questions were posed. If the studies were using questions taking
an anthropocentric perspective on changes benefitting nature (e.g. “How
much will you be willing to pay for a swimmable water quality?” or
“Would you be willing to pay a ticket to visit a more diverse forest?”)
(Doherty et al., 2014; Liu et al., 2019), they were classified as quantifying
“nature for people” benefits. On the other hand, studies asking the respon-
dents for the value of a nature benefit independently from people's possible
experience of these same benefits were classified as quantifying “nature for
nature” benefits. Examples could be, “How much would you be willing to
pay for conservation efforts on this marine area?” or “Would you be willing
to donate for the enlargement of this no-entrance protected forest?” (De
Valck et al., 2014; Gelcich et al., 2013). For a complete overview of the clas-
sification scheme and the full list of references for the literature review, see
the Supplementary Material (Tables S1 to S4). Finally, for these studies
assessing both people and nature benefits, we ran a last analysis to deter-
mine which of these benefits were quantified together, and how often
these “pairings” were repeated.

3. Results and analyses

3.1. Existing approaches for valuation of nature-inspired strategies

The screening process resulted in the selection of 50 papers for themore
detailed review. Most of the studies (66%)were published after 2016, with
2017 being the year where most of the selected papers were published
(28 %). European nature-inspired projects were the most represented, con-
stituting almost half (48 %) of the analyzed papers. 22 % of the projects
were conducted in Asia, followed by North America, South America, then
Africa and Oceania.

All the selected papers aimed to quantify the non-tangible benefits of a
nature-inspired strategy, but only a few explicitly used the term “Nature-
Based Solutions” (Derkzen et al., 2017; Reynaud et al., 2017). This could
be a result of the difference in terms used across the world (Ruangpan
et al., 2019). Moreover, a share of these articles pre-date the appearance
of the term NBS, which was first described explicitly in 2008 (Hanson
et al., 2020) and then further promoted by the IUCN and the EU research
and innovation program Horizon 2020 later (European Commission,
2015; IUCN, 2012). Nevertheless, the overall literature on NBS has been re-
ported as continually growing (Hanson et al., 2020; Ruangpan et al., 2019),
but this growth does not seem to be related to growth in terms of research
on the holistic quantification of non-tangible benefits for NBS.

3.1.1. Study design
A variety of nature-inspired strategies were examined in the selected

studies, with the majority involving blue and/or green non-urban open
space (Table 3). The studies were conducted on a range of different scales,
with most of the strategies discussed appearing to be developed on a large
scale. For example, older nature-inspired strategies focused on larger areas
(e.g. natural parks, peri-urban open spaces). Smaller scale strategies de-
ployed within urban areas seem to come into the picture at a later point
of time, following the interest expressed by the EUResearch and Innovation



Table 2
Scheme used for the classification of nature benefits that were assessed in the reviewed studies, and examples of assessed benefits grouped under each label.

Quantified Nature
benefits

Examples

Habitat quality Assessment of habitat functions; assessment of habitat quality indicators
Habitat quantity Area and distribution of a certain habitat
Biodiversity Number of species (species richness); gene pool assessment (genetic diversity); species composition
Species abundance Number of species' individuals
Extent of protected area Amount of protected land (e.g. as part of a Natural Park)
Management of protected area Establishment of no-visit zones; launching of breeding programs
Landscape structure Broader overview of landscape patterns: degree of habitat fragmentation, presence of different habitats/ecosystems, habitat diversification
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agenda to deploy NBS to enhance sustainable urbanization (European
Commission, 2015). The diversity of scales and types of nature-inspired
strategies involved in the examined studies shows that the quantification
of non-tangible benefits can be and has been conducted in a variety of con-
texts. Moreover, the knowledge resulting from these variety of studies is
fundamental to be able to apply lessons learned to other NBS.

Notably, the SP method chosen is almost equally distributed between
CV (54 %) and CE (46 %). The SP method used was registered to check
for possible preferences regarding the approach to quantify NBS benefits.
Given the even distribution of the methods, we can assume that there is
not one clearly preferred approach in the examined literature. This reflects
the literature's claims that both SP methods are relevant for the quantifica-
tion of non-tangible use values of nature-inspired strategies (Johnston et al.,
2017; Ndebele and Forgie, 2017), and that the choice of one over the other
ismade based on site-specific situations (e.g. cognitive burden to place on re-
spondents, assessment of the totality of the benefits vs. individual attributes,
etc.). Notably, all 50 selected papers chose the general population as the tar-
get group for their studies. Some focused on visitors (e.g. Mäntymaa et al.,
2018; Pérez-Urrestarazu et al., 2017), others on residents (e.g. Reynaud
et al., 2017; Sabyrbekov et al., 2020), but no targeted distribution to specific
groups of, for example, experts or decision-makers was registered.

In regards to the characteristics of the studies, themajority of the papers
(84 %) focused on one single study site only (e.g. Balderas Torres et al.,
2015; López-Mosquera and Sánchez, 2011; Tyrväinen, 2001) (Fig. 1). The
number of study sites in each paper was documented in order to examine
whether the authors had an interest in or tried to apply the same quantifi-
cation methods in different areas, and explore the replicability of their val-
uation approach. In one case (Bateman et al., 2011), this was explicitly
listed as one of the goals of the paper. However, for the bulk of the reviewed
cases, the studies did not seem designed with this in mind, i.e. to addition-
ally explore the replicability of their methods, and instead focused on the
creation of site-specific assessments. Using meta-analyses in order
to transfer the findings of studies based on one study site can be a suitable
option to upscale results. However, meta-analyses are dependent on the
outcomes and assessed variables of primary studies, therefore their imple-
mentation can be impaired by primary studies basing their assessments
on site-specific and non-standardized methods. This can force meta-
analyses to rely on crude assumptions that in turn can lead to less precise
estimations (Bockarjova et al., 2020).
Table 3
Descriptive characteristics of the analyzed studies (n = 50) according to NBS strategy t

Categories Scale [study scale]

Strategy types
Building integrated greening Street/building
Small-scale urban green/blue areas Street/building; District/neig
Public green areas (parks/gardens) District/neighborhood; Metr
Peri-urban open spaces Metropolitan/city
Rural areas Regional landscape
Protected natural areas (parks/reserves) Regional landscape

Stated preference method used
Contingent valuation (CV) All
Choice experiment (CE) All
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Finally, it is important to point out that the choice related to number of
study site depends of course on many other factors than just the testing of
replicability, e.g. on budget or time restraints. Nevertheless, our findings
seem to highlight a tendency in the literature to date to approach benefit
quantification on a project-to-project basis in primary studies. Moreover,
there appears to be a gap in research that strives for the creation of tools
to quantitatively assess non-tangible benefits across different study sites.

3.1.2. Assessment of benefits

3.1.2.1. Types of benefits assessed. In a first step, the different types of bene-
fits assessed in the sampled studies were analyzed in more detail. While
some studies only assessed human benefits, 30 of the papers (60%) also in-
cluded nature benefits in their evaluation (Fig. 1). For example, in the study
by De Valck et al. (2014), nature benefits such as the increase in biodiver-
sity and diversification of habitat composition were recognized from the
start as fundamental characteristics of the solution that were expected to
influence the respondents' valuation. Therefore, they were assessed at the
same time as, and in connection with, the people benefit of recreation.
Notably, the studies including nature benefits are spread out rather evenly
across the timeline, and there doesn’t appear to have been a shift in the as-
sessments' focus after the spread of the NBS concept. Overall, research ap-
pears to be integrating human and nature benefits within benefits
assessments, which is a fundamental step in order to reach a properly inte-
grated benefit quantification of NBS. However, there still seems to be some
challenges related to pursuing an integrated approach, as indicated by the
fact that almost half of the studies focus only on people benefits. This
could be an issue, as inconsistent inclusion of nature benefits within SP as-
sessments of non-market benefits could impair the integration of these
benefits as a common practice in NBS evaluation.

3.1.2.2. Framing non-tangible benefits. Focusing first on the way nature ben-
efits are assessed in the examined studies, our results show that half were
quantified as “nature for people” benefits, while the other half as “nature
for nature” benefits (Fig. 1). It is encouraging that 30 % of the total sample
was not only quantifying nature benefits, but also doing so through a valu-
ation scenario that was actually including improvements for nature regard-
less of their impact on humans, as it is expected from the implementation of
nature-inspired strategies. However, the other half of the sample was only
ype, including scale, number of studies and publication range.

No. of studies
[% of total]

Publication
range [years]

3 [6 %] 2017–2020
hborhood 4 [8 %] 2015–2020
opolitan/city 9 [18 %] 2001–2020

7 [14 %] 2011–2020
15 [30 %] 2007–2021
12 [24 %] 2008–2020

27 [54 %] 2001–2020
23 [46 %] 2007–2021



Fig. 1.Type of benefits assessed in the examined papers, grouped by publication year, including “only people” benefits (gray), and “people and nature” benefits. The latter are
divided between “nature for people” (dotted) and “nature for nature” (striped) assessment of nature benefits. The pie charts additionally show howmany papers had either
one (darker gray and darker green) or more (lighter gray and lighter green) study sites.
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looking at benefits from nature from an anthropocentric perspective. To a
certain extent, this perspective can be useful for valuation, as benefits for
people and for nature tend to overlap. For example, enhancing forest diver-
sity can lead to an improvement of recreation activities and enjoyment of
the area, and a consequent increase in the value associated to the changes
by respondents. Yet, should the “nature for people” assessment become
the predominant approach, it could normalize the misconception that the
modifications created throughNBS should ultimately prioritize humanben-
efits. This could in turn lead to biased implementations, disproportionately
favoring human activities (e.g. recreation) over improvements for nature.
Therefore, assessment studies should attempt to include explicitly “nature
for nature” quantification as independently as possible from human experi-
ence, in order to obtain a truly holistic valuation.

Fig. 2 shows more in detail how the assessed nature benefits were
framed in the reviewed papers. The popularity of these two benefits well re-
flects the prominent position given to them in the guidelines for the robust
assessment of NBS, such as the recent one by the European Commission
(2021), given their centrality (specifically of biodiversity enhancement)
in the NBS concept. Moreover, the presence of these benefits is possible in
Fig. 2. Overview for the assessment of nature benefits across benefit types (n = 30), in
nature” (striped lighter green).
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a wide range of NBS (e.g. from urban to rural contexts), while for example
quantifying the benefits linked to the landscape structure requires a
more specific type of NBS implementation. Finally, the quantification of
benefits linked to a perceivable improvement of nature whichmay enhance
the respondents' experience of the NBS is easier to determine through SP
assessments.

Regarding the framing used for the assessment of people benefits, the
quantification of recreation benefits seems to be the most widely applied
throughout the sample. However, if considering all of the ESS sub-groups,
ESS quantification appears to be the dominant way for assessing people
benefits (Fig. 3). The ESS approach has various common points with the as-
sessment of NBS benefits, e.g. both use indicators, monetary and non-
monetary valuation techniques, and both link ecosystems to socio-
economic systems, and can be a useful tool for people benefits quantifica-
tion. Nevertheless, ESS-based quantifications are being criticized for relying
on a framework that is only one of the many ways we understand ecosys-
tems, being implemented on a project-by-project basis rather than at a
greater scale, and failing to engage perspectives from social sciences and
from stakeholders (Díaz et al., 2018; Norgaard, 2010; Raymond et al.,
cluding benefits quantified as “nature for people” (darker green) and as “nature for



Fig. 3. Overview for people benefits that were assessed singularly (light gray) or in combination with other people benefits (dark gray), across benefit types (n = 50).
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2017). Therefore, relying only on the assessment of ESSmay result in an in-
complete evaluation of the NBS benefits and a failure to identify potential
for adverse impacts as a result of taking a fragmented approach to the val-
uation. For example, some studies were found focusing mostly on the ben-
efits of enhanced ESS (mostly provisioning and regulating) of new green
areas, without further exploring the possibility of the examined strategies
benefitting nature as well. It is not surprising that regulating and provision-
ing ESS are extensively reported in the literature, as they include some of
the services that are most directly linked to risk reduction and human live-
lihoods (e.g. flood risk reduction, wood provisioning, pollutants removal,
food production, etc.). The quantification of these impacts is fundamental
to support the use of NBS as alternatives to business-as-usual strategies.
Nevertheless, downplaying the effects of NBS on nature may not only neg-
atively affect the cost-benefit assessment of the strategy, but also miss the
opportunity to consider different approaches to the solution. For example,
by integrating more biodiversity enhancing areas or ensuring that
the green area is planned in a way that is not only beneficial for people
(i.e. ESS, recreation, and well-being) but also for nature (e.g. preventing
degradation of nature at the expense of improving human benefits). Includ-
ing such benefits and showing their potential value is thus an essential step
to support holistic NBS implementation.

However, an ESS-valuation per se is not necessarily an option unsuited
for the quantification of NBS benefits. For example, Reynaud et al. (2017)
created a valuation scenario that included all of the aspects targeted by
their examinedNBS solution, i.e. risk reduction, and social and biodiversity
benefits. The targeted people benefits were classified as ESS, but they were
not treated as isolated impacts; on the contrary, the authors created a CV
scenario that highlighted how the three components of the project fed off
and interacted with each other to create integrated benefits. For example,
they underline how having a green park would offer the same flood risk re-
duction (regulating ESS) as a gray infrastructure solution, but emphasize
the additional benefits in terms of recreation and biodiversity benefits
with the green solution. Further positive examples encompass studies that
address various sub-groups of ESS and include other people benefits such
as accessibility or human well-being (López-Mosquera and Sánchez, 2011;
Sirina et al., 2017). Overall, if properly integrated with the evaluation of
benefits from other perspectives (e.g. not only anthropocentric, but also fo-
cusing on benefits for nature), ESS assessments can be a valuable tool for the
quantification of nature-inspired strategies' non-tangible benefits.

Aside from the valuation of ESS (with an emphasis on regulating ESS),
our review also showed a tendency of the SP assessment for non-market
benefits of NBS to rely heavily on the quantification of recreation benefits
(Fig. 3). The reliance on recreation assessments could be partially explained
by the fact SP assessments are particularly well suited for the quantification
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of these benefits (which are familiar, directly impacting the respondents
and easy to create a valuation scenario for), as extensive coverage in the lit-
erature shows (Faccioli et al., 2015; Nielsen et al., 2007; Tyrväinen et al.,
2014). Moreover, the assessment of these benefits is of great interest for
the management of NBS implemented in touristic destinations, as it was
the case in several of the reviewed publications, e.g. Ruka-Kuusamo winter
sports area (Tyrväinen et al., 2014) or the Athalassa National Forest Park
(Karanikola et al., 2017). Despite recreational benefits being a major com-
ponent for enhancing the humanwell-being benefits of NBS, the quantifica-
tion of nature-inspired strategies through valuation scenarios centering on
human experience alone (e.g. “How much would you pay for experiencing
this change/improvement?”) can be limiting. In some cases, benefits for vis-
itors and for biodiversity overlap, e.g. greater variety of ecosystems and spe-
cies, larger green areas, etc. However, in other cases, if the NBS is assessed
from a purely recreational perspective, some “nature for nature” improve-
ments could be seen as negative changes (e.g. greater amount of deadwood
or areas with limited access for people), contributing to lower valuations
and a less positive cost-benefit assessment in total. Therefore, it is important
for future valuations of NBS benefits to clearly articulate the aim and pur-
pose of these strategies, in order to ensure the quantification of benefits
integrates all of the impact areas of the solutions without any biases. A pos-
sible strategy to enable this is to supplement the evaluation method with
the results of scientific assessment tools (e.g. ecological models, risk assess-
ment analyses), which could show the respondents the most likely out-
comes of the proposed strategies (as done in e.g. Derkzen et al., 2017).
This procedure may be particularly effective in bringing to light the
long-term effects of NBS, which often include “nature for nature” benefits
(e.g. changes in the habitats, increase of a species' population numbers)
and may be more difficult for the respondents to envision.

However, it should be noted that even with an unbiased presentation of
NBS effects, trade-offs are inevitable among the different benefits of NBS
(Alves et al., 2020). Moreover, the quantification of said trade-offs is espe-
cially challenging due to the varied perspectives of stakeholders, the multi-
ple time scales of assessment and influence of other factors (European
Commission, 2021). At the same time, their detection and analysis are
key to achieve a holistic evaluation of NBS. Therefore, there is a need to
reach a balance between establishing priorities among the benefits to eval-
uate and ensuring a holistic assessment of all possible benefits is under-
taken (i.e. the risk reduction benefit should not be compromised, but the
under prioritization of nature and people benefits should be avoided)
(Alves et al., 2020). To achieve this complex balance, various studies
suggest different approaches, from a thorough analysis of the trade-offs be-
tween costs, risk reduction and benefit enhancement (European Commis-
sion, 2021), to strengthening the involvement of citizens and private



Fig. 4. Sankey diagram showing the relations between the assessed people (listed on
the left-hand axis) and nature benefits (right-hand axis) for all of the analyzed
benefit types. The higher the number of papers assessing two benefits together,
the thicker the line connecting them. Note that the maximum line thickness
symbolizes 6 papers.
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actors (Dushkova and Haase, 2020). Moreover, sufficient evidence to
clearly define NBS trade-offs is still needed (Alves et al., 2020; Dushkova
and Haase, 2020; European Commission, 2021), and SP assessments
could offer a relevant contribution to an evidence base gathered through di-
rect interaction with various stakeholders.

Overall, and in the words of Hanson et al. (2020), research on the quan-
tification of NBS and their benefits seems to be stuck on using an “older con-
cepts toolbox” (e.g. quantification of ESS), passed down from concepts
developed earlier such as green infrastructure or valuation of recreational
benefits. As much as these incremental steps (i.e. building upon already es-
tablished concepts) has previously worked to facilitate and promote the
NBS approach within the scientific sphere, this compartmentalized “tool-
box” is in danger of becoming more of a barrier when trying to holistically
assess the benefits of NBS and expand their uptake in other contexts. None-
theless, we have also seen how new assessment approaches are starting to
emerge by effectively combining the quantification of the three areas of im-
pact of NBS (i.e. within the economic, social and environmental domains).
On the one hand, several of the reviewed studies strived to integrate all of
these impact areas in their assessments by presenting all the expected im-
pacts to the respondents, as discussed previously for Reynaud et al.
(2017). On the other hand, some publications have utilized a more general
valuation question regarding the impacts of the strategy. The latter refers to
the approach that was labeled as “nonspecific benefits” within the context
of this study. The publications using it have presented the implemented so-
lutions and their impacts, and then let the respondents value them, i.e. ask-
ing valuation questions such as “How much will you be willing to pay for
the implementation of the presented solution?” (e.g. Collins et al., 2017;
Derkzen et al., 2017; Nielsen et al., 2007; Wilker and Gruehn, 2017). This
broader approach does not focus the respondent’s valuation on specific im-
pacts, thereby avoiding reducing the assessment of the entire nature-
inspired strategy to the valuation of a single aspect, or a small selected
group of its benefits (e.g. only water provisioning services). At the same
time, this approach is more susceptible to the knowledge limits of the
respondent, and therefore also in this case, the NBS’s overarching goals
and expected positive impacts need to be clearly stated and explained in
the valuation scenario.

3.1.2.3. Assessing interlinkages between people and nature benefits. Finally, for
those publications where both people and nature benefits were valued to-
gether, we further examined which of these benefits were typically quanti-
fied together. Based on our initial analyses, the people indicators assessed
most were recreation, followed by regulating, provisioning and cultural
ESS (see Fig. 3). And for the nature indicators, these were biodiversity, hab-
itat quality, and management of the protected area (Fig. 2). Fig. 4 schema-
tizes the number of publications inwhich the chosen benefits were assessed
together, where the thickness of the lines is proportional to the number of
articles that quantify the connected benefits. This last analysis is based on
a subset of the publications reviewed here (n = 30, i.e. the number of re-
viewed articles assessing both nature and people benefits); nevertheless,
the highlighted connections offer some insights into how previous SP stud-
ies have paired up the assessment of people and nature benefits, in the
absence of a predefined valuation framework.

Regulating and provisioning ESS appear to have a similarly strong con-
nection to the valuation of biodiversity, but differ in their relationship to
habitat quality assessment, which is for the most part quantified together
with regulating ESS (Fig. 4). This latter connection appears to be particu-
larly strong in nature-inspired solutions focusing on water-related risk re-
duction (e.g. solutions to contrast hydro-meteorological risks, such as
cloudbursts or floods). When quantifying regulating ESS such as flood risk
reduction and improvement of water quality, extending the valuation sce-
nario to include the benefit of improved habitat quality appeared to be a
sensible choice for various studies (e.g. Ando et al., 2020; Bateman et al.,
2011; Ramajo-Hernández and del Saz-Salazar, 2012). As for the recreation
benefits, they appear to be most often quantified together with biodiversity
benefits, followed by habitat quantity (Fig. 4). The strong relation between
cultural ESS and management of protected area benefits is most likely
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linked to the fact that cultural ESS were mainly assessed in study sites of
particular relevance for visitors, i.e. natural parks and/or touristic destina-
tions. In these contexts, the most common objective for the nature benefit
quantification was to ascertain the positive impacts of managing (including
actions such as maintaining, protecting and restoring) the NBS area and its
characteristics (Liu et al., 2019; Sato et al., 2017; Thapa et al., 2020).

Benefits that can be intuitively paired can act as a solid starting point
for the creation of a framework for the comprehensive assessment of
NBS benefits. However, we believe that an assessment framework is
needed that strives for a more objective and thus complete valuation,
which permits the connection of all possible benefits, even those that may
not be automatically linked. This way, even “unexpected” applications
and impacts of nature-inspired strategies would be assessed, if
qualitatively-based as a start (Pagano et al., 2019; Perrone et al., 2020),
and not excluded a priori.

3.2. Path to implementation for a holistic quantification of NBS benefits

The results of our review disclose a number of gaps within the research
on the assessment of non-market benefits of NBS and NBS-like strategies.
First, the literature on this subject has been, until now, only partially inte-
grating the spheres of human and nature benefits and has focused predom-
inantly on single-case studies (Fig. 1). Moreover, despite offering a good
insight into the use of the method, the past literature on the use of SP for
the assessment of non-tangible benefits of nature-inspired strategies does
not seem to offer a robust holistic framework that could be systematically
applied to new NBS projects. In fact, most of the analyzed studies
appeared to have different focuses and prioritization of benefits (compare
Figs. 2, 3, 4).
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These highlighted gaps in the current research can be particularly harm-
ful in a planning context, where being able to obtain a holistic overview of a
strategy's benefits is fundamental for designing and implementing a NBS
fulfilling the desired impacts. Studies on the barriers for the implementa-
tion of NBS in such contexts name economic factors, together with a lack
of knowledge and legal issues, as one of the main obstacles to NBS uptake
(Wihlborg et al., 2019). Initiatives such as the COST Action Circularity
City (Langergraber et al., 2021) aim at creating frameworks for the classifi-
cation of NBS interventions and to achieve a better understanding of their
concept in decision-making environments. However, as long as the benefits
of nature-inspired solutions will be classified and valued as “separated
silos”, application of NBS will be challenged to comprehensively meet the
various (and sometimes competing) goals within key international legisla-
tion and agendas (e.g. UN Sustainable Development Goals). Another key as-
pect of NBS valuation highlighted in the recent literature is the need for
distancing from purely anthropocentric perspectives and advancing to-
wards an approach that is as holistic as possible, from the planning to the
evaluation phase (Bayulken et al., 2021; Pineda-Pinto et al., 2021). As we
have also touched upon in our analyses, there seems to be an underlying
tendency for treating the “nature for nature” benefits of NBS as an
afterthought, i.e. after “solving” and implementing solutions beneficial
for controlling water-related risks and working to ensure benefits to people
are maximized (in terms of reducing water-related hazards). This trend
risks compromising the actual impact of the solution, and at the same
time can contribute to downplay the value of NBS, which would
then again reinforce the perception of these solutions as economically
infeasible or inconvenient. Here it is important to point out that our
research does not mean to hold up the examined literature, which in vari-
ous instances precedes the term “NBS” itself, against the newly emerged
ideals. Instead, it strives to highlight how future primary data collection
approaches, regarding the non-tangible benefits of nature-inspired strate-
gies, need a change of pace that matches our growing knowledge on the
said benefits.

We thus believe that research going forwards should focus on filling the
identified gaps when conducting valuation studies in order to transition
from a compartmentalized quantification to one that maximizes both the
recognition for and the valuation of the multiple impacts stemming from
nature-inspired strategies. If the array of NBS benefits is left unrecognized
for long enough, it will be difficult in the future to advocate for these solu-
tions in decision-making environments and justify their higher costs in re-
spect to “business-as-usual”, gray strategies (Jia et al., 2017; Qiu et al.,
2020). It also risks a negative economic backlash, if implemented solutions
must be adjusted once again, for example inwhat could become costly “res-
toration” activities, to undo unforeseen damage to local ecosystems.

Hence, we envision the path to implementation for a holistic quantifica-
tion of NBS benefits to rely on an “enhanced” SP approach. SP methods
have already been identified as a central tool for the assessment of non-
tangible benefits of NBS by the literature. Moreover, they are widespread,
supported by a large body of literature, and are the base on which broader
meta-analyses are built upon (Arrow et al., 1993; Bockarjova et al., 2020;
Johnston et al., 2017). All of these characteristics make a case for their con-
tinued use in the future. In particular, meta-studies would benefit from the
application of an assessment framework that would produce comparable
results from different locations.

Specifically, we envision any new methodological developments to
focus on better transferability in addition to being holistic, as our study
has highlighted a lack of studies carried out across different sites in the lit-
erature. A more transferable approach that can be applied across different
sites could possibly uncover broader, perhaps regionalized, trends such as
inclusion of e.g. aesthetic factors or cultural characteristics in the economic
appraisal. On the other hand, a too high reliance on site-specific assess-
ments could harm the idea of NBS as effective and competitive alternatives
for climate adaptation, as they could come to be seen as extremely specific
strategies creating very locally-bound (and complex to quantify) benefits. A
new balance between local characteristics and more regional trends would
allow us to reach, if not a seamlessly transferable quantification method, at
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least a common starting point for assessing NBS non-market benefits that
could contribute to the uptake and upscaling of NBS.

3.3. Appraising limitations of SP methods

Despite the advantages offered by the SP approach in creating a replica-
ble assessment of non-tangible benefits, limitations need to be addressed
when considering the further application of this method. In the literature,
a number of criticisms have been mentioned regarding SP methods. Proba-
bly one of the most cited is the possibility to run into hypothetical bias, due
to the fact that the respondents' bids on an imaginary scenario can lead to
unreliable estimates (e.g. due to free-riding, pressure to give the “correct
answer”, not fully understanding the scenario, etc.) (Schläpfer et al.,
2004). However, it has been shown that hypothetical bias can be addressed
through the comparison with results from other methods; for example, re-
vealed preference approaches such as hedonic pricing or travel costmethod
(Bateman et al., 2006).

Further limitations include in-sample selection bias, non-response bias
(Bateman et al., 2006), placing a heavy cognitive burden on the respon-
dents (Ndebele and Forgie, 2017), and the risk of WTP responses to quan-
tify the “moral satisfaction of contributing to public goods” rather than
the actual economic values for these goods (Kahneman and Knetsch,
1992). Nevertheless, suggestions have been made to overcome all of these
obstacles and can be applied to improve any adaptation or methodological
development. Overall, when their limitations are properly addressed, SP
approaches still remain the most reliable methods when endeavoring to
value the non-market benefits of a specific good (Carson et al., 2014;
Champ, 2017; Johnston et al., 2017).

4. Conclusions

This paper delivers an overview of how SP methods are currently used
to assess intangible people benefits provided by NBS and NBS-like strate-
gies, as well as how well they quantify the links between people and nature
benefits. The study analyzes relevant non-market valuation studies from
around the world and strives to highlight any biases or knowledge gaps of
the current evaluation, and identify further research needs.

We show that there are still many challenges and unexploited opportu-
nities in existing research concerning the integrated assessment of
non-market human and nature benefits for nature-inspired strategies. The
valuation of non-tangible benefits is still not so widespread, especially in
projects explicitly labeled as NBS. Furthermore, most of the research is
based on a case-to-case approach, and this study has struggled to find pa-
pers suggesting and opening paths for replication of their methodology.
Steps are being taken, however, towards a more interconnected assessment
of benefits (i.e. the majority of the studies include both people and
nature benefits, and nature benefits are assessed in a way that takes into
consideration “nature for nature” benefits). Nonetheless, for the most
part, the current assessment approaches have applied pre-existing methods
(e.g. valuation of ESS and recreation) and a predominantly anthropocentric
perspective to benefit quantification. Overall, a shared holistic approach
does not appear to emerge from the present literature.

Considering the emphasis placed on the need for a holistic assessment of
NBS impacts, and the particularly relevant position that non-market bene-
fits hold with regards to advocating for NBS during decision-making,
there seems to be a mismatch between the actions that are needed for
supporting NBS uptake and the methods available so far. Therefore, a
new understanding and framing of the benefits of NBS and NBS-like strate-
gies needs to come forward, advocating for more comprehensive and inter-
connected approaches. We argue that we need to actively ensure a
paradigm shift occurs, away from the application of older methods towards
a more holistic assessment, for the purpose of (i) not missing opportunities
for the creation of multiple benefits across NBS domains, and (ii) assuring a
thorough valuation of non-tangible benefits. Both these aspects will posi-
tively influence the cost-benefit analysis of both NBS and NBS-like
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strategies, and increase their chance to increasingly be considered as feasi-
ble alternatives to “business-as-usual” climate adaptation strategies.

Thus, we suggest that further research could include the creation of a
novel SP tool that should be: (i) easily tailorable to maximize its potential
application across a wide variety of NBS, (ii) focused on people and nature
non-market benefits, and their interconnections, and, where possible (iii)
designed to ensure its potential for replicability and upscaling.
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