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Preface

The work presented in this PhD thesis was conducted at the Technical
University of Denmark, at the Department of Environmental and Resource
Engineering. The PhD project was supervised by Professor Karsten Arnbjerg-
Nielsen and former Associate Professor Ursula S. McKnight (now Scientific
research lead in the area of nature-based solutions at the Swedish
Meteorological and Hydrological Institute), along with two co-supervisors:
Associate Professors Roland Léwe and Hjalte J.D. Sgrup. The work was
carried out from November 2019 to April 2023.

This PhD project was financially supported by the European Union’s Horizon
2020 Research and Innovation program under grant agreement No. 776866 for
the RECONECT (Regenerating ECOsystems with Nature-based solutions for
hydro-meteorological risk rEduCTion) project.

This thesis is organized in two parts: the first part puts the results of the
research objectives into context in an introductive review; the second part
consists of the papers listed below. These will be referred to in the text by their
paper number indicated by the Roman numerals I-111.

I Viti, M., Léwe, R., Sgrup, H. J. D., Rasmussen, M., Arnbjerg-Nielsen,
K., & McKnight, U. S. (2022). Knowledge gaps and future research
needs for assessing the non-market benefits of Nature-Based Solutions
and Nature-Based Solution-like strategies. Science of the Total
Environment, 841(February), 156636.
https://doi.org/10.1016/j.scitotenv.2022.156636

Il Viti, M., Léwe, R., Sgrup, H. J. D., Iversen, S., Gebhardt, O., Ladenburg,
J., McKnight, U. S., & Arnbjerg-Nielsen, K. (2023). Holistic valuation
of Nature-Based Solutions accounting for human perceptions and nature
benefits. Journal of Environmental Management, 334, 12 p., 117498
https://doi.org/10.1016/j.jenvman.2023.117498

Il Viti, M., Ladenburg, J., Loéwe, R., Sgrup, H. J. D., McKnight, U. S., &
Arnbjerg-Nielsen, K. (2023). Beyond meta-studies: learnings from a
large multi-site primary dataset on non-tangible benefits of Nature-Based
Solutions. Manuscript.



Additionally, the following contributions to conference proceedings, not in-
cluded in this thesis, were also carried out during this PhD study:

Viti, M., Lowe, R., Sgrup, H. J. D., Arnbjerg-Nielsen, K., & McKbnight, U.
S. (2020). Assessment of People Indicators. 4" RECONECT General As-
sembly, Virtual Meeting, 19-20, 26-27 November 2020. Oral presentation.

Viti, M., Loéwe, R., Sgrup, H. J. D., Arnbjerg-Nielsen, K., & McKnight, U.
S. (2021). Co-creation and co-adaptation of a survey to assess People ben-
efits and their links to Nature benefits. 5'" RECONECT General Assembly,
Virtual Meeting, 10-11, 17-18 June 2021. Oral presentation.

Viti, M., Lowe, R., Sgrup, H. J. D., Rasmussen, M., Arnbjerg-Nielsen, K.,
& McKnight, U. S. (2021). Inclusion of non-market benefits of nature-in-
spired strategies in urban water management: how far are we? Abstract from
15th International Conference on Urban Drainage, Virtual Meeting, 25-28
October 2021. Oral presentation.

Viti, M., Lowe, R., Sgrup, H. J. D., McKnight, U. S., and Arnbjerg-Nielsen,
K. (2022). Results from the application of the survey in the Aarhus case
study. 7'" RECONECT General Assembly, Zurich, Switzerland, 23-25 May
2022. Oral presentation.

Viti, M., Lowe, R., Sgrup, H. J. D., McKnight, U. S., and Arnbjerg-Nielsen,
K. (2022). Assessing the interconnections between the characteristics, per-
ception, and valuation of Nature-Based Solutions: A case study from Aar-
hus, Denmark, EGU General Assembly 2022, Vienna, Austria, 23-27 May
2022, EGU22-3784, https://doi.org/10.5194/egusphere-egu22-3784, 2022.
Oral presentation.

Viti, M., Léwe, R., Sgrup, H. J. D., McKnight, U. S., and Arnbjerg-Nielsen,
K. (2022). Outcomes of the assessment of the indicator “enhancing attrac-
tiveness of places for living and working, and to visit”. 8" RECONECT
General Assembly, Nijmegen, The Netherlands, 21-23 November 2022,
Oral presentation.

Viti, M., Serup, H. J. D., Lowe, R., Ladenburg J., McKnight, U. S., and
Arnbjerg-Nielsen, K. (2023) Non-tangible benefits of Nature-based Solu-
tions for hydro-meteorological risk reduction: an assessment focusing on
interconnectivity and replicability, Danish Water Forum 2023, Bjerringbro,
Denmark, 8 February 2023. Oral presentation.
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Summary

In order to contrast the negative impacts of climate change, the concept of Na-
ture-Based Solutions (NBS) has emerged as one of the favored available op-
tions. NBS are defined as “the use of natural or modified ecosystems to address
societal challenges while at the same time providing a range of long-term ben-
efits to human well-being and biodiversity”. NBS’s central concept of provid-
ing many different benefits makes them very interesting tools for adaptation,
which lead them to be recommended in international environmental policy
agendas, disaster risk and research programs. However, despite their potential,
their implementation is lagging behind. This may be due to various reasons,
but uncertainties regarding the economic feasibility of NBS are deemed to be
a substantial barrier to their uptake. Therefore, the monetary quantification of
NBS benefits that are not directly connected to a market (e.g., increased recre-
ation and enhanced biodiversity — also called non-tangible benefits) is seen as
a possible strategy to get closer to a complete assessment of NBS and support
their prioritization. However, the complexity of setting a monetary value to
non-tangible benefits often leads this kind of assessment to be left out, causing
NBS to be perceived not only as less economically feasible, but also as less
multi-functional.

This PhD research is part of the EU Horizon 2020 project RECONECT, and it
focuses on developing and applying a new method for assessing the non-tan-
gible benefits of NBS. The main aim is to ease the economic assessment of
these solutions to support their implementation. This was achieved through a
series of processes, starting with a literature review of the state-of-the-art of
non-tangible benefits assessment, proceeding with the creation and application
of a new methodology, and concluding with the analyses of its outcomes.

In the review of the current literature on NBS, it was found that the valuation
of non-tangible benefits is not that widespread, and that the connection be-
tween the different benefits of NBS is mostly overlooked. Moreover, most of
the examined studies assessed just one site at a time, thus producing very site-
specific evaluations, which in turn hinder benefit transfer and upscaling of
these strategies.

In order to make a step towards closing these gaps, we developed a survey
directly eliciting a monetary value, in the form of willingness-to-pay (WTP),
from the general public living close to and/or using an NBS site. The novelty
of this method resides in the holistic approach to the information collected (i.e.



spacing from socio-demographic characteristics to personal preferences on the
various benefits of NBS) and in its modularity, allowing it to be tailored to
different NBS while at the same time collecting the same data.

We co-designed and distributed the survey in 6 different NBS projects (both
completed and under construction): two in Denmark, one in Germany, one in
Italy, one in Austria, and one in the Netherlands.

The outcome of such a distribution campaign was a unique dataset, allowing
for the full comparison of factors that influence the value of NBS across dif-
ferent European case studies. In our analyses, it was found that income, per-
sonal preferences (specifically regarding nature, e.g., the importance attributed
to the increase in biodiversity), and uses of the area were the biggest influences
over the value attributed to NBS across sites. Based on these results, we devel-
oped joint models to summarize and ease the upscaling of our findings.

Our survey can be further replicated and used to collect the same data in other
sites, which then will be directly comparable to the information gathered in
this study. Ideally, the survey could be applied in very different settings (i.e.,
also outside of Europe), to compare results across much diverse contexts. Thus,
it could contribute to the creation of a more holistic knowledge base for sec-
ondary data analyses (e.g. meta-analyses) to develop on.

Overall, the outcomes of this project are believed to be useful, complementarily to
market benefit assessments, to maximize the potential and support the implemen-
tation of NBS.



Dansk sammenfatning

For at modvirke de negative konsekvenser af klimagndringer er naturbaserede
lgsninger (Eng: Nature-Based Solutions, NBS) opstaet som en af de foretrukne
tilgengelige muligheder. NBS defineres som "brugen af naturlige eller modi-
ficerede gkosystemer til at lgse samfundsmassige udfordringer og samtidig
skabe en rekke langsigtede fordele for menneskers velvare og biodiversitet".
NBS’s indlejrede fokus pa at levere mange forskellige fordele gar disse lgsnin-
ger meget interessante i forbindelse med klimatilpasning, hvorfor de anbefales
I internationale miljgpolitiske programmer, katastroferisiko- og forskningspro-
grammer. Pa trods af deres potentiale halter implementeringen. Dette kan skyl-
des forskellige arsager, men usikkerheder vedrgrende gkonomisk gennemfar-
lighed af NBS anses for at veere en vaesentlig barriere for deres udbredelse.
Derfor ses den monetare kvantificering af NBS-fordele, der ikke er direkte
forbundet med et marked (f.eks. gget rekreation og gget biodiversitet — ogsa
kaldet ikke-markedsomsatte fordele) som en mulig strategi til at komme teettere
pa en komplet vurdering af NBS og understgtte deres prioritering. Kompleksi-
teten i at seette en moneter veardi pa ikke-handgribelige fordele fgrer imidlertid
ofte til, at denne form for vurdering udelades, hvilket medfarer, at NBS ikke
kun opfattes som mindre gkonomisk gennemfgrligt, men ogsa som mindre mul-
tifunktionelt.

Dette ph.d.-projekt er en del af EU Horizon 2020-projektet RECONECT, og
fokuserer pa at udvikle og anvende en ny metode til at vurdere de ikke- mar-
kedsomsatte fordele ved NBS. Hovedformalet er at lette den gkonomiske vur-
dering af disse lgsninger for at understgtte deres implementering. Dette blev
opnaet gennem en reekke processer: for det farste en litteraturgennemgang af
state-of-the-art inden for vurdering af ikke- markedsomsatte fordele, dernast
udviklingen og anvendelsen af en ny metodologi og afslutnignsvis analyserne
af dens resultater.

| gennemgangen af den aktuelle litteratur om NBS viste det sig, at veerdianseet-
telsen af ikke- markedsomsatte fordele ikke er sa udbredt, og at sammenhan-
gen mellem de forskellige fordele ved NBS for det meste overses. Desuden
evaluerede de fleste af de undersggte undersggelser kun én NBS af gangen,
hvilket resulterede i meget kontekstuelt specifikke evalueringer. Dette hindrer
overfarsel af fordele og opskalering af disse strategier.

For at tage et skridt i retning af at lukke disse videnshuller udviklede vi en
metode til verdiansattelse i form af willingness-to-pay-undersggelse for de
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mennesker, der bor taet pa og/eller bruger et NBS-omrade. Det nye ved denne
metode ligger i den holistiske tilgang til den indsamlede information (herunder
socio-demografiske karakteristika og personlige praferencer vedrgrende de
forskellige fordele ved NBS) samt i dens individuelle bestanddele, som gar det
muligt at tilpasse den til forskellige NBS-omrader men samtidigt indsamle
sammenlignelige data.

Vi co-designede og distribuerede undersggelsen i 6 forskellige NBS-projekter
(bade afsluttede og under opfarelse): to i Danmark samt et i hvert af landene
Tyskland, Italien, @strig og Holland.

Resultatet er et unikt dataset, der giver mulighed for fuld sammenligning af
faktorer, der pavirker vardien af NBS pa tveers af forskellige europaiske case-
studier. Analysen viser, at indkomst, personlige praeferencer med hensyn til
naturen (f.eks. betydningen tillagt stigningen i biodiversiteten) og anvendelsen
af omradet var de starste pavirkninger af den veerdi, der tillegges NBS pa tveers
af lokaliteter. Baseret pa disse resultater udviklede vi en felles model til at
opsummere og lette opskaleringen af vores resultater.

Vores undersggelse kan repliceres yderligere og benyttes til at indsamle samme
type data pa andre NBS-omrader, som derefter vil vare direkte sammenligne-
lige med oplysningerne indsamlet i denne undersggelse. ldeelt set kunne un-
dersggelsen anvendes i meget anderledes omgivelser (dvs. ogsa uden for Eu-
ropa) til at sammenligne resultater pa tvaers af meget forskellige sammen-
haenge. Desuden kunne det bidrage til at skabe et mere holistisk vidensgrundlag
som sekundare dataanalyser (f.eks. metaanalyser) kan bygge ovenpa.

Samlet set skannes resultaterne af dette projekt at veere umiddelbart brugbare
og giver mulighed for i hgjere grad at maksimere potentialet og dermed under-
stgtte implementeringen af NBS.

Vii
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Abbreviations

CE Choice Experiment

CVv Contingent Valuation

EC European Commission

EEA European Environment Agency
ESS  Ecosystem Services

GHG Greenhouse Gases

NBS Nature-based Solutions

RP Revealed Preference

SP Stated Preference

WTP  Willingness to pay



1 Introduction

The warming of our planet is, in the words of the IPCC, unequivocal, and is
bound to carry with itself a number of serious impacts for ecosystems and hu-
mans (IPCC, 2021b). Despite the current efforts to reduce the global GHG
emissions and invert this trend, we have already committed to a certain degree
of climate change that we will not be able to avoid. Warmer climate, sea level
rise, and changes in the precipitation patterns are some of the changes that we
will see concretizing in the coming decades. For these impacts, adaptation has
to be a part of the human society’s response (European Commission, 2021b).

Adaptation is a structured effort to reduce the negative and increase the posi-
tive impacts of climate change, striving to find solutions that could benefit so-
ciety against more than just one negative impact (Ayers & Dodman, 2010).
Adaptation efforts tend to focus on impacts that have materialized, but waiting
to implement measures until the impacts are unavoidable is more expensive
than adapting in advance, and adaptation cannot be considered a wholly local
response, as a climate impact in a specific region could very well have global
repercussions (e.g. on the global economy) (Dessler, 2021). Therefore, tackling
these impacts is a global challenge, which will need a variety of actions to be
taken across the world. For the research summarized in this thesis, however,
we will be focusing on the European region: on the risks that are going to in-
crease there and the strategies that have been selected to counteract them.

1.1 Nature-Based Solutions: an integral part of

Europe’s climate change adaptation strategy

Like the rest of the world, Europe will suffer from the impacts of climate
change (IPCC, 2021a). Figure 1.1 below sums up the observed and projected
climate trends for the European region.
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Figure 1.1 Regional key risks in Europe for increasing levels of global warming. Source:
(IPCC, 2022).

Warming is “virtually certain” to continue in Europe, as extreme heat will ex-
ceed critical thresholds in sectors such as agriculture and health. Other foreseen
Impacts across European regions are the increase of heavy precipitation and
pluvial flooding, severe windstorms, as well as coastal and oceanic impacts,
e.g. coastal floods and relative sea level. On the other hand, cold spells and ice
and snow cover are projected to decrease across the whole region (IPCC,
2021b; Ranasinghe et al., 2021).

These phenomena translate into very concrete damages, which will seriously
harm the economy and the livelihoods of people. The European Union has
therefore had to select strategies to counteract and mitigate these risks. In the
latest report on the adaptation strategy of the EU, Nature-Based Solutions
(NBS) are being indicated as a fundamental tool for responding to these im-
pacts (European Commission, 2021a; Faivre et al., 2017).

The term NBS has first been used by the World Bank in 2008, and various
other organizations, such as the IUCN, have been active in integrating this con-
cept into policy debates (IUCN, 2012). The EC has defined NBS as a way to



address the current social challenges with “solutions that are inspired and sup-
ported by nature, which are cost-effective, simultaneously provide environ-
mental, social and economic benefits and help build resilience. Such solutions
bring more, and more diverse, nature and natural features and processes into
cities, landscapes and seascapes, through locally adapted, resource-efficient
and systemic interventions” (European Commission, 2015). This concept
builds upon earlier ecosystem-based initiatives such as Green Infrastructure,
Ecosystem-Based Adaptation and Natural Water Retention Measures, but it
takes a step forward by using an integrated perspective, and promoting a tran-
sition towards a more resource-efficient, inclusive, and sustainable growth
model (Faivre et al., 2017; Hanson et al., 2020).

Inherent in this definition is the idea that NBS include conservation and reha-
bilitation of natural ecosystems, as well as the enhancement or creation of nat-
ural processes in modified or artificial ecosystems. NBS span a range of scales
and work with conventional infrastructure. Some examples are: construction
and/or restoration of reefs that protect coastal settlements, vegetation manage-
ment to reduce flooding and purify water for downstream communities, and
urban green roofs to increase building isolation, contrast heat island effect and
increase biodiversity in cities (European Commission, 2021b; Nelson et al.,
2020).

Briefly, NBS provide integrated, multifunctional solutions to many of our cur-
rent urban and rural challenges through the use of nature and natural processes,
as represented in Figure 1.2. This concept aligns very well to European stand-
ards and future sustainability goals. Therefore the EU is well placed to take
decisive actions towards the implementation of these solutions (Faivre et al.,
2017). In fact, the EC has included NBS in the Research and Innovation pro-
gram which has led to the funding of important projects, tackling different as-
pects of NBS research, such as OPPLA, Naturvation, EKLIPSE, OPERAN-
DUM, PHUSICOS, and RECONECT (European Commission, 2021b;
Ruangpan et al., 2019).

The latter is of particular interest, as the research discussed in this thesis was
conducted as part of the RECONECT (“Regenerating ECOsystems with Na-
ture-based solutions for hydro-meteorological risk rEduCTion) project. The
following section describes in more detail this project’s characteristics.
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Figure 1.2 Schematization of the relationships among elements of biophysical and social
systems, climate resilience challenges within which NBS actions, impacts, indicators and
methods are placed. Source: EKLIPSE project (Raymond et al., 2017).

1.2 The context of RECONECT

Between 1980 and 2020, damages from hydro-meteorological events amounted
to ca. 78% of the total economic loss caused by weather and climate-related
extreme events in EEA member countries (EEA, 2022). Given that the occur-
rence of these events is bound to increase in the future (IPCC, 2021b), there
appears to be an urgent need to implement new, effective strategies to cope
with hydro-meteorological risk, since “grey infrastructures” alone are not al-
ways effective, adaptive and sized against climate changes (RECONECT,
2021). As mentioned in section 1.1, NBS are now in focus in the EU as the
most feasible strategy to tackle the challenges linked to climate change im-
pacts, thanks to their multidimensional and integrative approach. Nevertheless,
to support a complete and effective uptake of these solutions, our current un-
derstanding of NBS implementation and benefits is still far from exhaustive.
Identified knowledge gaps include, for example: the integration of stakehold-
ers’ perspectives, how to bring scientific evidence of NBS benefits into policy-



making and the assessment of specific benefits of large-scale NBS (Hanson et
al., 2020; Nelson et al., 2020; Ruangpan et al., 2019).

The RECONECT project aims at reducing these knowledge gaps. Its final goal
is to link the reduction of hydro-meteorological risk with local and regional
development objectives in a sustainable and financially viable way; as well as
to upscale and exploit large-scale NBS in rural and natural areas, based on
demonstrations and knowledge sharing from its Network of Cases
(RECONECT, 2021). The RECONECT project aims to (1) demonstrate, mon-
itor and evaluate large-scale NBS and their effectiveness for reducing hydro-
meteorological risks; (2) develop a platform that provides information about
the performance of the NBS, providing the evidence to facilitate their planning,
replication, and upscaling; (3) define a roadmap for NBS implementation and
operation; and (4) apply this roadmap to several cases across and beyond Eu-
rope (RECONECT, 2021; Turconi et al., 2020).

In demonstrating, monitoring and evaluating large-scale NBS, the
RECONECT project focuses on the benefits related to three challenge areas
tackled by NBS, referred to as: water, nature and people. Water benefits refer
to the reduction of negative impacts of hydro-meteorological events (e.g.
flood/landslide risk reduction). Nature benefits refer to the benefits for nature
(e.g. biodiversity enhancements, habitat provision and distribution improve-
ments). Lastly, people benefits are defined as benefits for humans (e.g. increase
In recreational opportunities, economic benefits, psychological and physical
well-being). It is also noted that these benefits overlap to a certain extent, as
shown in Figure 1.3. The definitions “water”, “nature” and “people” benefits
will also be used throughout this thesis in the same way as they have been
defined for the RECONECT project.

As indicated in Figure 1.3, the water and people benefits groups fit well to the
framework of Ecosystem Services (ESS), which are defined as the direct and
indirect contributions of ecosystems (with their outputs, conditions and pro-
cesses) to human well-being and/or social welfare (Boyd & Banzhaf, 2007).
However, a part of the nature benefits cannot be categorized as services to
benefit society directly (i.e. improvement of habitat for certain species, con-
nectivity/fragmentation of habitat structure), as they relate, and are assessed
as, improvements for nature regardless of their impact on people well-being or
economy. These benefits are therefore referred to as “nature for nature (’s
sake)”.
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Figure 1.3 Overlapping of the three RECONECT challenge areas.

1.3 Relevance of the assessment of non-tangible
NBS benefits

RECONECT, and most of the above-mentioned European projects, have as a
fundamental aim that of prioritizing the use of NBS for risk reduction, at least
in a European context. This requires an influence on the decision-making pro-
cesses, which are inevitably limited by cost-benefit tests due to resource con-
straints (Bateman et al., 2011). Therefore, it is fundamental to create good busi-
ness cases for NBS. As shown in a simplified manner in Figure 1.4, in most
cases, NBS implementation requires significant investments for construction
and maintenance (since they are responding to multiple challenges), resulting
in higher costs than for their “grey” counterparts (Alves et al., 2019; Li & Gao,
2016). Despite the decrease in the residual risks (e.g. damages to public and
private property), if the increasing costs are not offset by the quantification of
the extra benefits generated, NBS may appear to be hardly economically viable
for the level of risk reduction offered.
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Figure 1.4 Schematization of a simplified Cost-Benefit Analysis for a NBS.

An assessment of all benefits of NBS is thus fundamental to support advocacy
of these solutions, influence policies, calculate damages for liability compen-
sation and identify extractable revenues (Chenoweth et al., 2018; van
Beukering et al., 2015). However, while the monetary quantification of bene-
fits that are connected to a market (e.g. reduction of costs of damages, in-
crease/decrease of property values) is quite straightforward, the valuation of
non-market benefits (i.e. benefits that do not have a reference market — also
called non-tangible or intangible benefits) is more complex, due to the uncer-
tainty of the results and its high resource intensity (Dehnhardt, 2014; Feuillette
et al., 2016). A large part of NBS benefits belongs to the second group (e.g.
human physical and psychological well-being, biodiversity improvement, hab-
itat restoration, etc.) (Raymond et al., 2017), and this makes carrying out a
complete quantitative assessment quite challenging. Nevertheless, failure to
determine economic values to communicate the non-market benefits of NBS is
seen as a barrier for the maximization of NBS’s multiple benefits and the im-
plementation of these strategies in general (Hansen et al., 2019; Nesshover et
al., 2017; Van Oijstaeijen et al., 2020).

Accordingly, this PhD project did not aim at assessing the entirety of NBS
benefits, but rather focused on developing solutions to account for the non-
tangible benefits of these strategies (Fig. 1.5). The majority of the examined
benefits belong to either the people or the nature challenge areas, since these



groups include the highest number of non-tangible benefits. Importantly, the
overlap between benefit groups is central in this study, as many of the key non-
tangible NBS benefits were found to exist in the interconnections between the
different areas (e.g. decrease in stress over hydro-meteorological risks, in-
crease in recreational/educational opportunities due to the reestablishment of
habitats/species).

Ecosystem services

People
benefits Water

penefits

“Nature for nature’s sake” benefits

Figure 1.5 Representation of the focus of this project in relation to the challenge areas as-
sessed by the RECONECT project.

1.4 Research questions and thesis structure

The main objective of this PhD project was to outline a comprehensive strategy
to quantify the interconnected non-tangible benefits generated by NBS used
for hydro-meteorological risk reduction, supported by application in various
case studies across Europe.

The research questions (RQ) of this PhD project were:



RQ1: Are there any gaps and/or biases in the current literature on the assess-
ment of non-tangible benefits of NBS?

RQ2: Is it possible to create and apply a holistic and replicable assessment
methodology for the non-tangible benefits of NBS?

RQ3: Focusing on non-tangible benefits, and especially on the connection be-
tween people and nature benefits, what variables influence the valuation and
preference heterogeneity for NBS across different sites and contexts?

RQ4: Is it possible to determine a common value function for the upscaling of
the valuation of NBS non-tangible benefits, starting from our results?

The main body of this thesis consists of four chapters (2, 3, 4 and 5) each
exploring the findings related to each research question with reference to Pa-
pers I-111. Specifically, chapter 2 focuses on the literature review and its find-
ings connected to RQ1 and Paper |. Chapter 3 presents the new methodology
that was developed in this project, based on observations and lessons learned

from Paper Il and I11. In chapter 4, RQ3 is addressed through the discussion
and contextualization of the results of the methodology application, as reported
in Paper Il and I11. In chapter 5, the upscaling possibilities of our method are

explored, based on the findings shown in Paper I1l. Lastly, section 6 summa-
rizes the main findings and section 7 offers recommendations and suggestions
for further research on the topic.

The connection between research questions and papers reported in this thesis
have been summarized in Figure 1.6.
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Figure 1.6 Overview of the steps undergone during this research and their connection with
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2 State-of-the-art of non-tangible benefits
assessment for NBS

The first step of this project was to determine the state-of-the-art for the quan-
titative valuation of non-tangible benefits of NBS (Paper I). Various studies
describing the methods to be used for this kind of evaluation have been pro-
duced (Bateman et al., 2011; Hérivaux & Le Coent, 2021; Venkataramanan et
al., 2020). Nevertheless, there appears to be a lack of reviews of their applica-
tion. The missing assessments of the current approaches risks perpetuating
gaps and biases in NBS evaluation that we may not be aware of. We therefore
researched these possible knowledge gaps before defining a new approach.

This chapter offers an overview of the existing approaches for the assessment
of non-tangible benefits of NBS, before presenting our findings and discussing
their plausible causes and impacts.

2.1 Existing approaches

For the estimation of non-market benefits of NBS, two main approaches are
presented in the literature: on the one hand collecting primary data, on the
other, applying secondary data analysis in value transfer or meta-analyses.

Examples of primary data collection are surveys and interviews conducted on
site, or the gathering of statistical data from the area (e.g. property values, pop-
ulation density). The gathering of primary data offers a complete value esti-
mate and reflects closely the specific context it is used in. However, it is a time
and resource intensive approach (Johnston et al., 2015; Pearce et al., 2006),
that also may not be applicable or available everywhere (e.g. in remote rural
contexts).

Secondary data approaches require less resources and their outcomes can be
more easily transferred to other case studies; however, they cannot be devel-
oped without the input of primary collected data. Benefit transfers refer to the
projection of benefits from one original study to the same location at another
time or to a new location (i.e. policy site) with similar characteristics
(Richardson et al., 2015). Lastly, meta-analyses are statistical methods which
rely on a selection of primary valuation studies to investigate the contribution
and significance of different variables on derived values (Brander et al., 2013).

In the context of this research, we focused on primary data collection methods,
as the gathering of primary data is the first step in the development of a new
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approach. Among these, two main approaches are used for the assessment of
non-tangible benefits: Revealed Preference (RP) and Stated Preference (SP).
RP approaches are used to indirectly derive market prices through the use of
proxy markets. An example of an RP method is hedonic house pricing, where
the value of a house is used as a proxy of the value attributed to the features
of, e.g., an urban park. Another example is the travel time method, which dis-
closes the willingness of the respondent to spend time and money to reach/visit
an area with determined characteristics (Koetse et al., 2015). Because RP meth-
ods can only assess values connected to benefits created by the actual use of
an area, they are quantifying use values only. Moreover, these values can be
estimated ex-post, i.e. after the completion of a project (Pearce et al., 2006).

The other major type of non-market valuations, SP, focuses on quantifying
goods that have no related markets by creating an hypothetical market where
the respondents themselves state a value (i.e. willingness-to-pay) for the good
in question (Johnston et al., 2017). With their flexible survey-based approach,
SP methods can assess both use and non-use values ex-post and ex-ante to the
completion of a project (Pearce et al., 2006). Many different SP approaches
exist, but the most commonly used in practice are: contingent valuation (CV)
and choice experiments (CE) (Arrow et al., 1993).

CE models are based on random utility theory (Ben-Akiva & Lerman, 1985),
and the quantification of the benefit is obtained by asking respondents to
choose between different attributes of a good. The value is then inferred from
the resulting series of observed choices. On the other hand, the aim of CV
models is to obtain a total value of the good in question by directly eliciting a
monetary estimate for the change in the environmental good from the respond-
ents (del Saz Salazar & Garcia Menéndez, 2007; Koetse et al., 2017).

Figure 2.1 presents a summary of the different methods discussed in this sec-
tion. This study focuses on the relevance of assessing both use and non-use
values of NBS to support a complete evaluation of these strategies. Therefore,
to assess the state-of-the-art of the quantification of non-tangible NBS benefits,
it was chosen to review only primary studies using SP methods to assess the
benefits of NBS and NBS-like strategies, as described in Paper |I.
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Figure 2.1 Overview of the different methods used for the economic quantification of ben-
efits. The focus of this research is on the squares in pink. Source: adapted from (Koetse et
al., 2015).

2.2 Gaps and biases in the current approaches

A structured literature review of the last 20 years of peer-reviewed publications
on SP methods applied to assess non-market benefits was the first step in this
research. This approach was chosen in order to find out which variables are
collected in primary studies assessing NBS (or equivalent strategies not using
the same term) (Paper I).

The literature was first searched for studies conducted specifically on NBS.
This first search returned too few studies to conduct any kind of meaningful
analysis. Therefore, we opted to expand our search by integrating other kinds
of multidisciplinary/multi-benefits strategies (defined as NBS-like strategies).
There are various factors that could be influencing this lack of studies focusing
on NBS (e.g., NBS is a term used mainly in a European context (Hanson et al.,
2020)), however, they alone cannot explain such a clear gap in a rapidly ex-
panding research area as that of NBS. Therefore, this outcome seems to point
out that within the research focusing on NBS, the quantification of non-market
benefits via primary data collection (specifically SP methods) is lagging be-
hind.
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With the intention of taking a snapshot of the current way of assessing NBS,
we classified the retrieved studies based on their approach to the quantification
of non-market benefits. We created three categories:

- Studies assessing only benefits for people (e.g. recreation, psycho-
logical well-being);

- Studies assessing benefits for people and for nature, where the latter
are framed as benefits for people (e.g. the increase in biodiversity as
an encouragement for recreation; the improvement of water quality
to a swimmable quality);

- Studies assessing benefits for people and for nature, where the latter
are framed as benefits regardless of their direct impact on people
(e.g. the willingness to contribute for the creation of a protected
area).

The outcomes of such a classification are shown in Figure 2.2.

Earlier than 2010 2011-2013 2014-2016 2017 2018-2019 2020-2021

B People and Nature Benefits (Nature for Nature)
B People and Nature benefits (Nature for People)
B Only People benefits

Figure 2.2 Summary of types of studies divided by publication year. Source: adapted from
Paper I.

As expected, non-tangible benefits assessments start to get used more fre-
quently after the popularization of the NBS concept (or rather that of multidis-
ciplinary strategies counteracting the impacts of climate change), with the year
2017 being a particularly prolific one. There doesn’t appear to be a linear trend
over the years regarding the way non-market benefits are assessed. However,
some other patterns can still be discerned, e.g. the assessment of “people for
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nature” benefits seems to decrease until 2019, and it comes back in 2020-2021.
The cause of this recent increase could not be explained through our review.
Potentially, it could be due to a renewed interest in proving the economic fea-
sibility of NBS, and doing so through the assessment of people benefits (e.g.
recreation possibilities) has been the preferred approach. Moreover, despite the
pervasive quantification of nature benefits (i.e. in 30 of the 50 examined stud-
ies), most of the assessments stop at the quantification of benefits directly in-
fluencing people well-being, leaving out the “nature for nature” assessment.
This lack of valuation of benefits for nature “decoupled” from human benefits
could be problematic, as it risks creating a bias in the perception of NBS im-
pacts. More specifically, it subordinates “nature for nature” benefits as extra,
rather than central aspects of NBS. Additionally, a more detailed examination
of the quantified benefits in the collected studies showed a tendency to use a
“silos” approach that compartmentalizes the benefits of NBS, rather than work-
ing on the overlaps of these strategies’ benefits (Paper I).

Overall, the review of the current literature on the subject of non-tangible ben-
efits’ quantification showed how the application of these methods is not as
widespread as one might expect, or as holistic. There is a clear gap in the as-
sessment of specifically NBS cases, and consequently in the development of
an approach that could be “NBS-specific” and replicable across study sites
(more on the latter point is presented in section 2.4). As for the current evalu-
ations on NBS and NBS-like strategies, they appear to be biased towards a
more anthropocentric valuation of NBS, while the nature aspects are left be-
hind. In the long run, these shortcomings risk to slow down implementation
and upscaling of these strategies, and it is therefore imperative for a successful
uptake of NBS to improve the methods used for the assessment of non-tangible
benefits of NBS.

As a last remark, despite the limitations of its current use, our review high-
lighted the flexibility and potential of SP assessments as quantification tools.
These methods can be easily tailored to accommodate a vast range of hypo-
thetical valuation scenarios (i.e. including the quantification of both people,
nature for people and nature for nature benefits), and we therefore decided to
build upon this (for the most part) unexploited potential to create a more holis-
tic methodology for future non-market benefits assessments.
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2.3 Challenges to a holistic non-tangible benefits

assessment

In this chapter, we analyse some of the plausible underlying reasons for the
detected biases presented in the previous section.

2.3.1 The NBS definition(s)

The conceptual foundation of NBS is rooted in a transdisciplinary collection
of ideas, which results in a broad range of different objectives, definitions and
applications. However, the very transdisciplinary nature of NBS makes this
concept prone to ambiguity, and its definition is seen as somewhat blurry by
different studies (Sowinska-Swierkosz & Garcia, 2022). For example, as
Hanson et al. (2020) point out, the EU and ITUCN (among the first to take up
the NBS concept) present two quite different definitions of the same strategy.
The EU appears to prioritize innovations and economical concerns (e.g. “NBS
involve innovative governance, institutional, business, and finance models and
frameworks, leveraging both public and private funding”, (European
Commission, 2015)), while the IJUCN highlights the use of existing ecosystems
as well as the protection of biodiversity (Cohen-Shacham et al., 2016). More-
over, experts with different backgrounds tend to see NBS through their exper-
tise-specific lenses, with some focusing e.g. on their socio-cultural aspects,
while others look mainly at their risk reduction potential or impacts on ecosys-
tems. Nevertheless, quite a lot of work has been put into trying to standardize
and organize the benefits of NBS with the creation of guidelines (European
Commission, 2021b; IUCN, 2020) for the implementation and assessment of
NBS, which will hopefully succeed in the creation of a more universally ac-
cepted NBS definition.

2.3.2 Are there limits to what we can monetarily quantify?

Moving on to the non-tangible benefits assessed in the reviewed studies, it is
fair to ask whether the labels (e.g., ESS) applied to these benefits are influenc-
ing the way they are quantified, and if there are alternative ways to do so. ESS
are the framework through which the vast majority of the analysed studies
looks when it comes to assessing and quantifying benefits (Paper I). However,
critics of this approach point out that classifying NBS benefits only through
ESS risks excluding a range of overlapping impacts (e.g. co-produced bene-
fits), as well as benefits for nature independent from benefits for humans, econ-
omy or society (Diaz et al., 2018; Raymond et al., 2017) (see also Fig. 1.3).
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It is therefore suggested to integrate other approaches (e.g. qualitative, non-
monetary evaluations; dialogues with local knowledge-holders) for the assess-
ment of non-ESS benefits, especially nature for nature benefits (Raymond et
al., 2017). In fact, whether the quantification of “pure” nature for nature bene-
fits is possible through a SP approach is debatable, as when asking respondents
to value a specific (nature) benefit, we are reverting to an anthropocentric (or
utilitarian) view of NBS benefits (e.g., supporting the creation of a new for-
ested area close to my residence makes me happy, even if it is off-limits for
visitors; making a donation for a natural reserve in another Municipality makes
me feel like | contribute to something positive and increases my satisfaction,
etc.). Nevertheless, it is still possible to continue striving for a more holistic
and “NBS-specific” SP assessment method while at the same time recognizing
that it is not always feasible to identify a clear distinction between the valuation
of nature for nature benefits and nature for people benefits.

2.3.3 Are there limits to what we should monetarily quantify?

So far our discussion has focused on ways of improving the assessment of non-
tangible benefits of NBS, in order to make it as holistic as possible. However,
the necessity to monetarily quantify benefits for or originating from nature is
opposed by some experts, often due to the perceived risks of commodification
of nature, and social equity concerns (Lele et al., 2013; Pascual et al., 2014).
Critics argue that putting a price on nature is too anthropocentric, as it implies
nature only harbours value if it generates a service for humans, and that mon-
etary valuation is unethical. More nuanced critiques point out a growing dis-
tance between the initial concept of ESS (i.e. interconnected, holistic), and
their application in practice (i.e. increasingly narrow, focusing on ecology and
economics, and leaving out perspectives from social sciences and local
knowledge) (Diaz et al., 2018).

On the other hand, defenders of the monetary valuation of benefits (mostly in
the form of ESS assessment) argue that the critics focus on monetary valuation
as the most important component of ESS, while it is mostly meant to raise
awareness about the relative importance of nature and ESS compared to man-
made services and to highlight the common undervaluation of externalities
(Schroter et al., 2014). Explicit valuation of NBS benefits is not seen as much
different from what all of us already do in our daily decision-making. When
having to make a choice, we identify the costs and benefits of each option, we
value and weigh them, and finally choose the option that yields the highest
(perceived) well-being for ourselves and/or others. As Costanza et al. (2017)
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summarizes: ‘“as long as we are forced to make choices, we are going through
the process of valuation.”

Furthermore, in the current economic and societal context, the most direct way
to obtain the needed focus on the importance of functional ecosystems (or more
generally, of “nature”) is to attach a monetary value to it, so that it can be more
easily integrated in policy making processes (Hoff et al., 2021). In order for
this approach to be discarded in favour of less “economic-centric” methods,
there would need to be a global paradigm shift, which is still not foreseeable
in the near future. Therefore, for the time being, integrated monetary quantifi-
cation is the best available medium to reach the equilibrium in sustainable de-
velopment that is advocated in frameworks such as the Planetary Boundaries
and Doughnut Economics, where social improvements are counterbalanced by
a respect of the environmental boundaries (Raworth, 2017; Rockstrom et al.,
2009).

2.4 Potential repercussions on secondary data

analyses

The biases and gaps highlighted in our review are not only relevant for the
quality of primary assessments. As mentioned in section 2.1, primary data is
the basis on which secondary data analyses (i.e. benefit transfers and meta-
analyses) are built upon. Therefore, limitations in primary collection ap-
proaches will likely cascade into these assessments, potentially further hinder-
ing the prioritization of NBS. For example, meta-analyses allow for a greater
generalization of values/results and provide smaller confidence intervals than
primary collection methods (Brander et al., 2013), which makes them useful
tools for the transferability and upscaling of NBS values, especially in contexts
where the resources necessary for a primary data collection are scarce. Thus,
if primary studies do not complete a holistic assessment of NBS benefits, there
is a concrete risk of secondary data analysis not picking up on some of the NBS
positive impacts or features, not “upscaling” them for application in other sites
and so forth, thus entering into a negative feedback loop, which in the long run
could inflict lasting damages on the valuation (and also perception) of these
solutions.

Another trend observed in the current literature that could likely limit the de-
velopment and precision of meta-studies is the lack of easily comparable data.
In fact, the majority of the analysed papers only assessed a single study site
(Fig. 2.3) and did not seem to contemplate a replicable application of their
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methods. While this is not unusual and often taken as a necessity for the site-
specificity of SP methods, it leads to the production of a series of “stand-alone”
studies that may be assessing widely different features of NBS.

Only People benefits (n=20) People and Nature benefits (n=30)

@1 study site @>1 study site @1 study site 0O>1 study site

Figure 2.3 Representation of the number of primary studies on the assessment of non-tangi-
ble benefits of NBS targeting only one or more study sites. The majority of the studies as-
sessing more than 1 study investigated 2 study sites. Source: adapted from Paper 1.
Meta-analyses in particular rely on the comparison between different primary
studies, but if the studies analysed do not include the same variables, the crea-
tion of new value functions is greatly limited, and the exclusion of relevant
(especially non-tangible) variables more likely. Studies using meta-analyses
point out this gap as a hindrance to creating truly holistic assessments
(Bockarjova et al., 2020; Skrydstrup et al., 2022). The risk is then to prevent
the upscaling potential of these analyses to be developed at its fullest.

The take-away message is not that all the primary collection analyses should
always be replicable, but rather that we should at least try to reach a balance
between site-specificity and a holistic assessment “standardized” to a point
where a comparison between the data from different studies is possible.
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3 Creation and application of a novel
guantification method

Having highlighted the current issues and the overall challenges in regards to
the assessment of non-tangible benefits of NBS, we moved onto creating a
novel methodology aiming at closing the identified gaps and biases. The main
goals were for the novel methodology to be: (i) easily tailorable to maximize
its potential application across a wide variety of NBS, and (ii) focused on peo-
ple and nature non-market benefits, and their interconnections (Paper 1).

In order to test the replicability of our method, we applied it to different case
studies. Being that this research is part of RECONECT, we relied on the NBS
sites developed as part of the project. This chapter offers a short description of
these case studies, and an overview of the process and challenges connected to
the creation of a replicable CV survey for the assessment of non-tangible ben-
efits of NBS (Papers 11 & I111).

3.1 Case studies

The RECONECT project relies on several case study sites, called Demonstra-
tors within the project and referred to as such in this thesis. All Demonstrators
are large-scale European NBS implementations built to reduce various kinds
of hydro-meteorological risks (e.g. pluvial floods, coastal floods, landslides).
They are divided into two groups:

e Demonstrators A. They are NBS that are fully created and validated during
the RECONECT project lifetime (2018-2024).

e Demonstrators B. They are existing NBS projects to be further monitored,
evaluated and validated during the RECONECT project.

A third type of cases are the Collaborators, which are a network of European
and international cases (5 EU and 13 International) where prefeasibility studies
and knowledge sharing activities are performed within RECONECT. They will
not be discussed in depth in this thesis. A map of all the RECONECT NBS
projects that have been directly involved in the research reported in this thesis
are shown in Figure 3.1 and listed below together with a brief description.
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Figure 3.1 Map of the RECONECT Demonstrators A and B involved in this project. The
green lines indicate Demonstrators A, the blue lines indicate Demonstrators B. The full lines
indicate residential sites, while dashed lines indicate touristic sites. Source: Paper I11.

Greater Aarhus (Demonstrator B)

This case study is comprised by two different sites: a peri-urban lake (Lake
Ega), and an urban park (Hovmarksparken). They are both found in the river
catchment area of River Ega in the northern part of the city of Aarhus, and both
are contributing to the reduction of flood risk from cloudburst events. Lake
Ega is an artificial waterbody first established in 2006 as a large water reservoir
(155 ha). The area adjacent to the lake has been reconverted into wetlands and
meadows and is now a protected natural area. Hovmarksparken, is the largest
(6 ha) of 11 local climate adaptation sites in the suburb of Lystrup, and is part
of a larger urban cloudburst adaptation strategy. Hovmarksparken includes a
rainwater pond and rainwater dikes, as well as fields and green areas with bio-
diversity-enhancing elements (Aarhus Kommune, 2014; Knudsen et al., 2019).
Within RECONECT, these two strategies are monitored and evaluated.

Seden Strand (Demonstrator A)

The project area in Seden Strand is located on the coast 8 km from the Danish
city of Odense, and is threatened by flooding due to the rising sea level. 142
private homes are at the direct risk of flooding, as well as up to 66 ha of agri-
cultural areas and 10 ha of salt meadows habitats. The NBS project completed
during RECONECT implemented the following measures: relocation of low
coastal dikes on higher inland ground, promoting a rehabilitation process of
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the new marine foreland (27 ha) to create more salt meadows (fulfilling Natura
2000 habitat re-creation), removing the dikes and re-creation of meanders in
the stream draining the catchment, and construction of a new observation tower
and a trail to access the site.

IJssel River Basin (Demonstrator B)

The NBS projects implemented along the [Jssel River Basin (“Stroomlijn™) are
part of the “Room for the River” program. This is a government design plan
started in 2007 addressing flood protection, master landscaping and the im-
provement of environmental conditions in the areas surrounding Dutch rivers.
A variety of different methods have been used in over 30 projects, the majority
of which have been completed, mostly focusing on giving the river a space to
flood safely (Rijkwaterstaat, 2022). Within the RECONECT project, 9 of the
interventions on the river ljssel, distributed over 6 sites, are assessed. Some of
the specific measures implemented in these sites are: relocation of dikes to
create wider floodplains (Zuphten and Zwolle), lowering of floodplains
(Deventer and Kampen), creation of deeper side channels and gullies (\Veessen-
Wapenveld), removing obstacles, inclusion of nature areas, addition of hiking
and cycling paths.

Elbe Estuary (Demonstrator A)

The river system of Dove and Gose Elbe, located in the south-eastern part of
the City of Hamburg, Germany, is part of the complex drainage system of the
area Vier- und Marschlande, including also the river Bille and the surface wa-
ters of Schleusengraben, as well as the Old and New Brookwetterung. The reg-
ulation of the water levels in this area is fundamental in order to avoid both
floods and droughts in the catchment. Therefore, the main goal of the NBS
project is to reactivate the storage capacity of the rivers Bille, Dove and Gose
Elbe, their tributaries, trenches and floodplains in an area of 11000 ha, to create
more retention volume for water. To obtain this, the complex monitoring and
control system of the area will be improved through the conversion of grey
infrastructure into hybrid solutions and the adaptation to a more holistic ap-
proach, at the same time as creating (natural) floodplains and storages.

Inn River Basin (Demonstrator B)

The NBS is located in the Geroldsbach-Gotzens sub-catchments, near Inns-
bruck (Austria). The area includes the torrential catchments Geroldsbach (12
km?2) and Marbach (1.2 km?) with two urban catchment parts (G6tzens and Neu-
Gotzens). In the past, major catastrophic events have taken place in the
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Geroldsbach catchment, which is particularly subject to flash floods and land-
slides. Therefore, since the early 1950s flood protection activities have been
taking place in the area. NBS projects such as reforestation and creation of
grasslands have been implemented in combination with large-scale technical
solutions, such as retention basins. Within RECONECT, the benefits of these
long-term NBS are demonstrated and evaluated.

Portofino Natural Park (Demonstrator A)

The Portofino Natural Regional Park is a protected coastal area, the most north-
ern in the western Mediterranean Sea, located in the Ligurian Appennines in
Italy. It is a unique natural landscape with high social, ecologic and economic
(touristic) value, and it is severely endangered by flash floods and landslides.
The NBS actions in this case study are being implemented within the
RECONECT project, and they are carried out in 4 different catchments. They
are: construction of dry stone walls and restoration of abandoned terraces, hy-
draulic-forestry arrangements on water courses, riverbed and tributary arrange-
ments, natural engineering interventions along hiking paths, reforestation, and
hydrogeologic and meteo-climatic monitoring.

3.2 Building a replicable, holistic questionnaire

The first step to create a novel methodology for the assessment of non-tangible
benefits to be applied across study sites was to determine the data collection
approach to adopt. The aim of our research was to assess both use and non-use
values of NBS, as well as projects ex-ante and ex-post implementation. More-
over, we had to take into consideration the necessity of replicating the same
valuation question in different contexts, so the adaptability of the approach was
also very relevant. Considering these needs and given the different SP methods
discussed in section 2.1, a Contingent Valuation (CV) approach was deemed
the most fitting.

However, we went beyond applying a well-established methodology, and pro-
duced a new method that would be able to address the gaps described in the
literature (Paper I, see chapter 2). Below we list the major novelties of our
approach.

3.2.1 The modularity

A big challenge for our survey was to find a way to assess the same variables
in all case studies, in order to obtain easily comparable results. The capacity of
CV methods to assess the value attributed by respondents to non-tangible ben-
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efits is based on the creation of an ad-hoc, credible hypothetical scenario, plau-
sibly describing the good or the change to be assessed (Johnston et al., 2017).
Therefore, we needed to find a balance between creating a replicable question-
naire that collected the same data across sites and a site-specific questionnaire
supplying the right amount of information to allow respondents to make an
informed evaluation. We found a solution in creating a modular survey includ-
ing sections that were highly site-specific, which had to be (almost) completely
re-written for each case study, and sections that could be re-used across sites
with minimal adjustments (e.g. substituting the name of the site in the question,
adjusting the hydro-meteorological risk counteracted in the project) (Table
3.1).

Table 3.1 Overview of the different modular blocks of the survey, their description and their
“site-specificity” level.

Sections of the survey | Brief description and/or examples of contents Level of
site-speci-
ficity

Description of the site Short paragraph and map to describe the NBS High

project(s) in the site

Relationship to and use | Questions such as: distance from the NBS, fre- Low

of the NBS area guency of visit, reason of visit, level of concern

and previous experience regarding hydro-meteoro-
logical risks

Personal preferences of | Preference regarding recreation facilities, green Low

the respondent areas and benefits for nature, etc.

Hypothetical WTP sce- Setting of the valuation scenario specifying the High

nario changes brought by the NBS

WTP questions Contingent valuation and a protest vote question Moderate

Socio-demographic in- Age, income, household size, etc. Low

formation of the re-
spondent

3.2.2 The co-design

An enhanced participation of stakeholders at the local level has been high-
lighted as a desirable practice for reaching the desired implementation goals
and efficient local solutions, but is rarely carried out in practice (Nielsen et al.,
2013; Voulvoulis et al., 2017). Thus, there needed to be a focus on co-design
in shaping a new approach, in order to best integrate the assessment of the
socio-cultural context, and avoid missing out on the incorporation of local
knowledge.
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Therefore, once the basic structure of the survey was determined, we reached
out to the project partners responsible for each Demonstrator site listed in sec-
tion 3.1, in order to adapt the general structure of the survey to the specific site
characteristics of each case. The entire process is schematized in Figure 3.2.

/ Researchers' inpu\

Initial development of
the modular scheme

ﬁkeholders' input ) \

Discussing the
generic scheme of
the survey

Site-specific
characteristics

A 4

Discussing the .
£ adjusted survey

No

Implementing the
Suggestions for changes
better tailoring

Are they final?

J Yes
Reaching a final |

"site-specific" version

y

Test runs

Preferred distribution
method

A 4

Distribution and data

K collection /

Data analysis

\= J

Figure 3.2 Schematization of the process of co-design of the novel survey.

The main inputs from the Demonstrators’ side consisted in supporting the def-
inition of the highly site-specific “blocks” of the survey (e.g. the introductory
text describing the characteristics of the NBS, see Table 3.1) and providing the
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distribution method (e.g. if they had access to online distribution methods, so-
cial media, traditional mail distribution, etc.). Moreover, they provided inputs
regarding the overall wording of the questions and options for the answers, and
they supported the test-runs of the survey. However, in order to maintain the
replicability and comparability of the study as much as possible, it was not
allowed to remove questions or to modify their overall objective in the general
scheme. Nevertheless, the Demonstrators could add other site-specific ques-
tions that would not be replicated in the other sites, as long as they stayed
within certain survey length limits.

3.2.3 Assessing variables across challenge areas

According to the suggestions expressed in various studies and guidelines
(Hanson et al., 2020; IUCN, 2020; Raymond et al., 2017), the valuation of non-
tangible benefits should endeavour to determine what people’s perceptions are
with regards to the risk the NBS is designed to counteract, the value allocated
to improved human well-being, and last but not least, the significance the re-
spondents attribute to changes made that will benefit nature itself.

Despite these guidelines, our literature review had pointed out quite a “silos”
approach to the assessment of the non-market benefits of NBS (Paper I). We
therefore made sure to include in our survey the assessment of variables
throughout the NBS challenge areas (i.e. water, nature and people) and their
overlaps. For example, we included both assessments of the relationship be-
tween the respondents and the NBS area and quantifications of the personal
preferences of the respondents across water, nature and people challenge areas
(e.g. in terms of previous experience of the respondent with the hydro-meteor-
ological risks in the area, importance attributed to increased recreation oppor-
tunities and to the presence of no-access areas set aside for nature) (Paper I1).
These assessments completed a survey scheme containing more “traditional”
questions such as those collecting the socio-demographic characteristics and
the relationship of the respondents with the site. All of these data are required
to get a full overview of the factors influencing the evaluation of a NBS (Fig.
3.3) (Venkataramanan et al., 2020).

Inspiration for the creation of the questions was drawn from the literature on
the topic (e.g. Bateman et al., 2011; Bernath & Roschewitz, 2008; del Saz
Salazar & Garcia Menéndez, 2007; Derkzen et al., 2017; Reynaud et al., 2017).
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lived in area

Figure 3.3 Overview of the factors influencing the valuation of NBS, also corresponding to
the data collected through our survey. Source: Paper 1.

3.3 Overview of the resulting dataset

Table 3.2 shows the list of collected variables though our survey across study
sites. To our knowledge, this is a unique dataset of fully comparable data on
the non-tangible benefits of NBS collected across various peri-urban case stud-
ies.

However, it is important to note that we are reporting here only the variables
that were registered the same way across all study sites. Some surveys included
additional questions that are not reported here, since they were added during
the co-design process to address some very specific features of the NBS area
that were of interest for the Demonstrator partners, but not necessarily for the
assessment of non-tangible benefits (e.g. asking about the use of a specific item
in the site; qualitative questions to elaborate on why respondents were not vis-
iting the site). Therefore, Table 3.2 is not an exhaustive report of all the regis-
tered variables, but it is the “cleared” dataset on which the analyses described
in the following sections (4 & 5) are built upon.
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Table 3.2 Summary of all the collected variables through the surveys and the methods used

to quantify them. Source: adapted from Paper I1.

rect experience with the hydro-
meteorological risk

Section Variable Description Answer method
name
Relationship be-
tween people and
the study site
Distance Distance from the study site cho- Multiple options
sen
Frequency Frequency of visit to the study site | Multiple options
Travel time Length of travel time to the study Multiple options
site
Visit time Time spent visiting the study site Multiple options
Visit nature Visiting the area to enjoy nature Dichotomous
Visit social Visiting the area to spend time Dichotomous
with family/friends
Visit sport Visiting the area to practice sport Dichotomous
Visit pass Visiting the area just passing by Dichotomous
(e.g. on the way to work)
Risk worry Respondent’s concern regarding Likert scale (1-7)*
the hydro-meteorological risk
Risk direct Direct experience with the hydro- Dichotomous
meteorological risk
Risk indirect | Knowing someone who had a di- Dichotomous

People’s prefer-
ences

Green areas

How important it is for the re-
spondent to access green areas

Likert scale (1-7)

Recreation

How important it is for the re-
spondent to have access to recre-
ation facilities

Likert scale (1-7)

Biodiversity

How important it is for the re-
spondent that biodiversity en-
hancement features are in place

Likert scale (1-7)

Nature only

How important it is for the re-
spondent that areas set aside for
nature (i.e. without access for
people) are present

Likert scale (1-7)

Valuation ques-
tions

WTP base

Respondent’s WTP for the mainte-
nance of the area

Multiple options

WTP nature

Respondent’s WTP for the en-
hancement of nature benefitting
features (additive)

Multiple options
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Protest Respondent’s reason for express- | Multiple options
ing 0 WTP in both valuations

Socio-demo-

graphic infor-

mation
Post Postal code Open ended
Age Age Multiple options
Sex Sex Dichotomous
Residence Time living in the area Open ended
time
People Number of people in the house- Open ended
household hold
Children Presence of people younger than Dichotomous

18 in the household

Income Household income Multiple options

*1 being the lowest score and 7 being the highest

The complete text of the survey, as it was distributed in the Aarhus case study,
can be found in the Supplementary Information for Paper II.

3.4 Challenges and limitations setting up a
replicable survey

3.4.1 Regarding the creation of the survey

Various challenges emerged through the entire process of tailoring the survey
to the different case studies. First, establishing a contact with the Demonstra-
tors and convincing them to join the co-design and distribution of a survey
addressed to the general public was quite complex. Reaching out to the public
was seen as a delicate task by various Demonstrators. This was due to a number
of reasons, not least related to previous negative interactions with the public in
some cases. A widespread concern was that involving the general population
would uncover scepticism and opposition, potentially harming the progress of
the NBS implementation. Specifically, this was relevant for some Demonstra-
tors A, where the projects are still ongoing. However, despite some initial re-
sistances, the assessment was completed in all the sites where a collaboration
was initiated. During this process, the use of a co-design approach was funda-
mental to gain the trust and the final agreement of the partners, who were inte-
gral contributors to the definition of the survey, rather than having something
imposed from the top-down. This was in fact the most likely reason why we
could successfully implement the survey in all sites where the collaboration
was initiated.
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As for the survey’s co-design process, the most challenging questions to pose
in a replicable way were the ones connected to the evaluation of the respond-
ent’s WTP. Some of the Demonstrator partners (e.g. Municipalities) were very
wary regarding the hypothetical use of taxes as the medium for the assessment
of WTP, although it is quite conventional within CV methods (Arrow et al.,
1993). Their concern was that this approach would cause the respondents to
think that the Municipality was “testing the waters” through the survey in order
to actually increase taxation. Eventually, we settled for a more generic phrasing
focusing on a monthly “fee”, and avoiding the definition of “tax”. Regarding
the other questions, most of the different approaches to them could be linked
to cultural contexts. For example, some Demonstrators opposed the idea of
asking respondents to directly state their household income, in fear of refusals
to complete the questionnaire.

Finally, when assessing the overall replicability of our survey scheme, it is
necessary to address some observable limitations. Because of time restrictions
but especially due to the emergence of the COVID-19 pandemic, the in-person
meeting schedule of the RECONECT project was disrupted and the partners
were forced to meet only online for a year and a half. We were therefore pre-
vented from organizing collective co-design sessions, and we had to touch base
with each site one by one. Once the first co-design process was completed and
the survey was distributed, we could not change the question scheme anymore,
in order to keep the comparability across sites. Our first co-design partner was
the Aarhus site, a mainly residential area with access to online survey distribu-
tion. Therefore, some bias towards residential sites can be observed, especially
in the answer options (e.g. the intervals to select the distance to the NBS site,
the activities done in the NBS area, etc.). A more truly transversal co-design
and a more structured agreement on the questions and answer options across
sites could have strengthened our survey design and the analyses that followed.

3.4.2 Regarding the distribution of the survey

The initial goal of this study was to collect the responses of both users (i.e.
people with a direct relationship with the area, and living close to it), non-users
(i.e. people living close to the site but not interacting with it) and visitors (i.e.
people not living close to the area but travelling there with the specific aim of
visiting it) of the investigated NBS areas. This was expected to be achieved by
distributing the survey both online (through the means provided by the Demon-
strator) and in person (through the PhD student and/or other collaborators’
presence on the field), to capture the potential and the actual users of the site
respectively. However, this plan was disrupted by the COVID-19 pandemic
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during the early planning phases of the study. Therefore, we had to resort to
relying only on the online distribution.

The different Demonstrators had access to very different means of distribution
for the survey. In the case of the two Danish sites (both managed by Munici-
palities), there was the possibility of using official online distribution methods,
while for other partners (e.g. the ones where the Universities were the respon-
sible partners) the choice was much more limited. The overview of the out-
comes of the distribution campaigns is shown in Table 3.3.

Table 3.3 Overview of the outcomes of the distribution campaigns across sites. Source:
adapted from Paper I11.

Study sites Number of Type of re- | Distribution Collection period
respondents | spondents | method
Greater Aarhus — 576 Users and Digital mailbox June/July 2021
Lake Ega non-users
Greater Aarhus - 258 Users and Digital mailbox June/July 2021
Hovmarksparken non-users
Seden Strand 360 Users and Digital mailbox November/Decem-
non-users ber 2021
Elbe River Delta 433 Users In person and July/August/Sep-
physical letters tember 2022
IJssel River Basin 180 Users In person, flyers July 2021
and through so-
cial media
Portofino Natural 99 Visitors Digital newsletter | June/July/August
Park and social media 2022
Inn River Basin 48 Users Digital newsletter | May/June 2022

Clearly, the type of assessment used closely reflected the type of respondents
that were registered, as it was proven through the analysis of the responses.
This difference within our sampled populations was a limitation to the compa-
rability of our results, and it was a complex issue to work with in the following
analyses (as described in sections 4 & 5). As the type of distribution is crucial
to ensure a replicable assessment, it would be recommendable for future stud-
ies to carefully consider the distribution options, preferably using only one ap-
proach across all sites. This is one of the most challenging aspects of replicat-
ing a survey across different sites.
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4 NBS valuation: the influence of socio-
cultural and physical contexts

Despite the discussed shortcomings, our survey allowed us to collect a remark-
able dataset. Specifically, we gathered a lot of information on users’ prefer-
ences and behaviours (i.e. socio-cultural context of NBS) across sites and types
of NBS, which is data that are increasingly recognized as crucial for the prior-
itization and support of NBS (Derkzen et al., 2017; Hérivaux & Le Coent,
2021). However, large, multi-site studies on this topic have been lagging be-
hind because this information is very complex to collect if not in the form of
primary data. Thus, our study offers a unique insight into a rarely analysed set
of variables and a chance to determine their influence on the valuation of non-
tangible benefits of NBS.

This chapter presents the methods and some of the main outcomes of our anal-
yses (Papers Il & I11).

4.1 Statistical methods employed in this project

During this study, the outcomes of the survey were analysed in two main
stages. The first focusing on the results from the Aarhus case study, which
defined the methods for the data analysis (Paper I1); and the second one fo-
cusing on the replication of (the majority of) the analyses across all case stud-
ies, and on testing whether their outcomes could be summarized in joint value
functions for the valuation of non-tangible benefits of NBS (Paper 111).

Table 4.1 summarizes all the methods used, which were inspired by various
sources (Bateman et al., 2011; Bernath & Roschewitz, 2008; Crawley, 2005;
Saz-Salazar & Rausell-Koster, 2008).

Table 4.1 Summary of the methods used as part of the statistical analyses. The analyses have
been carried out in R using the car and ggplot2 packages. Table adapted from Paper I1I.

Aim Methods

Step 1 — Description of the samples

Summarize the characteris- | Descriptive statistics of the results of the surveys.
tics of our dataset.

Step 1bis — Analysis of the protest votes — Applied only to the Aarhus case study

Is the sample biased com- Descriptive statistics of the respondents’ socio-demographic
pared to the general popu- characteristics relative to the general population.
lation in Aarhus?
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Are protest votes (i.e. re-
spondents who do not ac-
cept the hypothetical valua-
tion scenario and therefore
refuse to state a WTP) as-
sociated with particular
characteristics and would
their exclusion thus bias
the results in any direction?

Logistic regression model, with the binary protest variable as
response variable. The entire Aarhus dataset was used, and
the final model was obtained through backwards selection.

log(£)=a+bX+cY+dZ+s (1)

p= stating a protest vote; X, Y, Z = vectors of explanatory vari-
ables regarding preferences, uses and socio-demographic
characteristics of the respondents, respectively; a, b, c,
d=vectors of parameters to be estimated in the logistic regres-
sion model; e=error term.

Step 2 — Analyse willingness to pay values

Do respondents increase
their original WTP bid
(WTP,,s.) if further actions
to improve the quality of the
nature in the NBS are in-
cluded in the valuation sce-
nario (WTP.pra1 = WTPpase +
WTPnature)?

Compare sample means using t-tests and bootstrapping.
WTP bids were corrected for differences in purchasing power
parity (PPP) between countries using indices from the Euro-
pean Statistical Office (Eurostat, 2022b) and converted into
2021 Euros.

HO: WTPbase = WTPtatal (2)

Given its small sample (i.e. 48 respondents) the Inn River Basin case study was not included

in the following analyses, and

used for qualitative comparisons only (Paper lll).

Which explanatory varia-
bles influence the WTP bid
levels across sites?

Multiple linear regression models, two for each site, each pair
separately using one of the two WTP bids (WTPbase and
WTPwota) expressed for each site as dependent variables. Pro-
test votes were excluded from the dataset. WTP values were
log-transformed due to the skewed data distribution. The final
models were obtained through backwards selection.

log(WTPyyse + Vo) =a+BX +yY +6Z + ¢
log(WTPiptn + Vo) = a+BX +yY +6Z + ¢

(3
4)

where yo =1 is introduced to allow WTP bids of zero value, X,
Y, Z = vectors of explanatory variables regarding preferences,
uses and socio-demographic characteristics of the respond-
ents; a, B, y, 6=vectors of parameters to be estimated in the
linear regression models; e=error term.

Is the quality of our models
satisfactory?

Sensitivity analyses including model diagnostics and F-tests
were conducted for all the models.

Step 3 — Create a joint model for all sites

The Portofino site was excluded from the last steps, as its respondents’ sample presented
characteristics too different from those of the other sites for it to be meaningfully aggregated

to any of them (Paper IlI).

To what extent can the sin-
gle-site models overlap? Is
it possible to summarize
their results in a common
value function?

Two multiple linear regression models, one for each WTP bid,
using the aggregated datasets of the sites (excluding Por-
tofino). The case studies were aggregated in two groups
based on the type of responses collected (i.e. users and non-
users, and users only). A dummy variable for the “users only”
group was added to the model. All the variables (including
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WTP) were standardized and the explanatory variables were
interacted with the dummy variables in the model.

log(sWTPyqse + Vo) = @ + USER + B(sX) +y(sY) + 6(sZ) +
N(USER * (sX,sY,sZ)) +¢ (5)

log(sWTPeotqr + ¥o) = @ + USER + B(sX) + y(sY) + 6(sZ) +
N(USER * (sX,sY,sZ)) +¢ (6)

where USER indicates the dummy variable for the group of
Demonstrators “users only”; SWTP = standardized WTP; sX,
sY, sZ = vectors of standardized explanatory variables regard-
ing preferences, uses and socio-demographic characteristics
of the respondents; a, B, vy, 6, n = vectors of parameters to be
estimated in the linear regression models; N*n denotes inter-
action terms between two explanatory variables; e=error term.

Can the previous model be
defined in another way,
more specific to the users
of the site?

Two multiple linear regression models, using the same dataset
and applying the same variable transformations. The only dif-
ference was the use of two dummy variables instead of one,
namely a dummy for the “users only” of Danish sites (A) and a
dummy for the “users only” of the other sites (B).

log(sWTPygse + Vo) =a+ A+ B+ B(sX) +y(sY) +8(sZ) +
n((4,B) = (sX,sY,sZ)) + ¢ @)

log(sSWTPyorqs + Vo) = a + A+ B+ B(sX) +y(sY) +6(sZ) +
1n((4,B) = (sX,sY,sZ)) + ¢ (8)

where A indicates the dummy variable for the group of “users
only” from Danish sites, and B is for the group of “users only”
for the other sites; SWTP = standardized WTP; sX, sY, sZ =
vectors of standardized explanatory variables regarding pref-
erences, uses and socio-demographic characteristics of the
respondents; a, 8, y, 0, n = vectors of parameters to be esti-
mated in the linear regression models; N*n denotes interaction
terms between two explanatory variables; e=error term.

Can a “predictive” model be
created for the upscaling of
valuation, using easily re-
trievable parameters only?

Two multiple linear regression models, one for each WTP bid,
using the same datasets and dummy as for equations 5 and 6.

log(sWTPyqse + Vo) = @ + USER + B(sW) + n(USER * (sW)) +¢

(9)
log(sWTPsotar + o) = @ + USER + B(sW) +n(USER * (sW)) +¢
(10)

where USER indicated the dummy variable for the group of
Demonstrators “users only”; sWTP = standardized WTP; sW
= vectors of standardized explanatory variables regarding eas-
ily “up-scalable” characteristics of the respondents; a, 8, n
=vectors of parameters to be estimated in the linear regres-
sion models; N*n denotes interaction terms between two ex-
planatory variables; e=error term.
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4.2 Respondents’ preferences and uses of NBS

As presented in Chapter 3, a distinctive characteristic of our dataset is the in-
clusion of the preferences of the respondents, which are very complex to meas-
ure in the same way across different sites, and therefore are often left out from
multi-site assessments (Bockarjova et al., 2020; Skrydstrup et al., 2022). We
thus focus here on a descriptive overview of these data specifically, before
proceeding into the analyses of NBS evaluation.

Figure 4.1 shows the feelings and preferences of the respondents across the
three challenge areas of NBS (i.e. water, people and nature). The concern over
the specific hydro-meteorological risk for each area (i.e. fluvial or coastal
flooding, landslides, etc.) was found to be quite low across sites, with the ex-
ception of Elbe and Portofino, which, interestingly, are Demonstrators A
(meaning that the NBS in those areas are still being constructed). In the other
sites the risk of being flooded is not that present, and especially in the Danish
sites the concern over the risk appears to be lower than elsewhere.

As for the other variables, the respondents’ preferences appear more homoge-
neous across sites. The importance of having access to green areas and of the
presence of biodiversity-enhancing features obtained a more unmistakably
positive score in comparison to the importance of recreation facilities and of
no-access nature for nature areas, which divided the opinions slightly more.
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Figure 4.1 Representation of the respondents’ personal preferences registered across sites. 1 means that the respondent associated a low con-
cern/importance to the object of the question, 7 means that the respondent associated a high concern/importance to the object of the question.
LE=Lake Ega; HP= Hovmarksparken; SS=Seden Strand; EE=Elbe Estuary; 1J=IJssel River Basin; PP=Portofino Park; IN=Inn River Basin.



Another interesting insight was given from the information regarding the use
of the NBS by the respondents. This is another example of data that is chal-
lenging to collect across sites, except through the use of primary data collec-
tion. The results are shown in Figure 4.2.
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Figure 4.2 Percentages of respondents undergoing each of the specified activities in the
various sites (multiple answers were allowed).

Visiting the NBS to enjoy nature was the most frequently chosen option, while
using the area for sport or social activities followed. A high number of people
just passing by the area (e.g. on their way to work or to walk the dog) can be
noticed in the most “urban” of our sites, i.e. Lake Ega and particularly
Hovmarksparken, which are also the sites where the appeal of nature is felt the
least. In brief, the registered uses well paired up with the sites’ different fea-
tures.

When taking into consideration also the results from the socio-economic, de-
mographic data and the relationship between the respondents and the NBS (e.qg.
distance to the site, frequency of visit, etc.), the collected responses did not
provide much heterogeneity (Paper I11). Rather, our survey appeared to have
gathered a quite homogeneous set of responses from individuals slightly older
than the median age (Eurostat, 2022a), living with a partner but not necessarily
with children, with a majority (excluding Portofino Park) of male respondents.
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Similarly, in respect to the relationship to the site, the survey mainly collected
responses from respondents that live within 10 km from the NBS, take less
than 30 minutes to reach the site, and have frequent visit times. An exception
to this pattern is the site of Portofino Park, where the survey captured people
living further away from the NBS, traveling and staying longer at the site. The
latter characteristics were at the base of the differentiation between non-users,
users and visitors made in Table 3.3.

4.3 Major influences on NBS valuation across sites

Various studies point out the relevance of the socio-cultural context in the eval-
uation of NBS and the importance of gathering knowledge on variables such
as people preferences, and attitudes towards NBS and their non-tangible bene-
fits (Anderson et al., 2022; Derkzen et al., 2017; Hérivaux & Le Coent, 2021;
Venkataramanan et al., 2020; Vollmer et al., 2015). A novelty of our study was
the possibility to look specifically into these variables through a quantitative
lens, thanks to the elicited WTP bids, and across many different sites at the
same time. To our knowledge, usually assessments of NBS are either qualita-
tive (e.g. Anderson et al., 2022), or they are assessing one single site (e.g.
Vollmer et al., 2015), but very rarely combine these two aspects.

In this section we will first look at our dependent variable (the value associated
to the NBS by the respondents) and then we will present the results of the
models used to determine what are the factors influencing these evaluations.

4.3.1 The valuation

As we have described previously, we assessed two separate WTP bids, one
regarding the WTP for the NBS as it is, and the other for an additive bid if the
NBS were to include further improvements for nature. We chose to report
WTPbase (i.e. the bid to maintain the NBS or its project as it is) and WTPtotal
(i.e. the sum of WTPbase and the additive bid for an increase in the natural
features of NBS — WTPnature in Table 3.2). Table 4.2 shows the outcomes
across all sites.
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Table 4.2 Overview of the WTP means registered in all case studies, including the difference
between means with respective 95% confidence interval. These values were obtained ex-
cluding the protest votes (i.e. the respondents who do not accept the hypothetical valuation
scenario and therefore refuse to state a WTP) from the dataset.

Type of WTP Mean Median Difference
(EUR/month/house- (EUR/month/house- of WTP 2.5%  97.5%
hold) hold) means

WTP base 3.74 2.83

Eos 2.49 1.98 2.99

WTP total Ega 6.23 2.84

WTP base 3.27 1.42

Hpark

2.19 1.47 2.92

WTP total 5.46 2.84

Hpark

WTP base 3.95 1.42

Seden Strand

2.7 2.05 3.36

WTP total 6.65 2.83

Seden Strand

WTP base IJs- 4.15 3.36

sel

7.63 5.51 9.75

WTP total IJs-  11.78 5.04

sel

WTP base 11.32 7.37

Elbe Estuary

7.13 5.71 8.54

WTP total 18.45 10.14

Elbe Estuary

WTP base 4.44 1.96

Portofino

4.36 2.19 6.46

WTP total 8.8 3.91

Portofino

WTP base Inn 5.8 6.7

River

4.8 3.16 6.24

WTP total Inn 10.6 10.04

River

As expected, in those areas where the sampling was randomized (i.e. Lake Ega,
Seden Strand), the WTP was lower than in the areas where only the users of
the site were interviewed (i.e. Elbe Estuary, 1Jssel River). The latter sites reg-
istered a higher WTP than even the touristic sites (e.g. Portofino Park and Inn
River Basin). This outcome is likely due to the fact that in the “users” sites,
many of the respondents live on site (particularly in the Elbe Estuary case), and
therefore have an extra incentive to express higher bids. Throughout all the
sites WTPtotal results significantly higher than WTPbase. This shows an over-
all interest of the respondents in the “greener” and multifunctional aspects of
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NBS, which match very well to those of other studies (Derkzen et al., 2017;
Hérivaux & Le Coent, 2021) and makes a case for encouraging a multidisci-
plinary and multi-benefits approach to NBS projects during a planning and
other decision-making processes.

4.3.2 Results of the models

What is driving the different valuations across sites shown in the previous sec-
tion? In order to find out, we analysed the results as specified in Table 4.1, and
the outcomes are presented in Table 4.3.

Table 4.3 Results of all the models for the influence of variables on WTP. Only the signifi-
cant variables are reported. Source: Paper 111.

A = p<0.01 gé ;ég -
A\ -por 58 &f D%
i | LakeEqa A A /\ A
‘ o Howmarksparien A
‘ g Seden Strand A A A
; 1 EbeEstiay A A A
| " lUssel River v /\
l‘ Portofino Park A v A
Lake Ega A A A A A
_ Hovmarksparken A A A
g Seden Strand A A A /\
E Elbe Estuary A Y A A
ssel River /\ A

Portofino Park A A

We can distinguish three main drivers of the valuation that are influential in
different sites, in order from more to less influent:

- Income
- Personal preference/sensitivity towards nature
- Relationship with/usage of the area

These results fit quite well with the current understanding of the drivers of
valuation of NBS. Income is usually highly correlated with a higher WTP
since, unsurprisingly, those who have more resources are also most likely to
be willing to use them (Andrews et al., 2017; Pepper et al., 2005; Saz-Salazar
& Rausell-Koster, 2008). However, contrary to other studies, not many other
socio-economic or spatial characteristics such as age or distance from the NBS
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appeared to significantly affect the WTP (Andrews et al., 2017; Tibesigwa et
al., 2020). Instead, various variables connected to personal preferences and
uses of the area are shown to be quite influential on the expressed bids, in
particular the importance attributed to no-access nature areas, biodiversity en-
hancements and visiting the NBS to see/experience nature. Despite its limited
presence in the literature, the impact of preferences is accounted for as a posi-
tive influence on the WTP (e.g. Bernath & Roschewitz, 2008).

Also, as expected, preferences and relationship to the area appear to play a
larger role in the definition of WTPtotal rather than for WTPbase.

Preferences and attitudes of the public regarding NBS and their non-tangible
benefits are complex to assess, but our results add to the evidence suggesting
that they are a necessary step for a complete evaluation of these strategies.
Knowing the drivers of the value associated by the respondents to the NBS is
a great asset, as the public is taking on a bigger and bigger role in terms of co-
design, implementation, and long-term monitoring and protection of NBS
(Anderson et al., 2022).
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5 Upscaling potential

In order to upscale the knowledge gathered through our surveys and the single-
site valuation models, we looked into the development of value functions, i.e.
functions that can be used to define the value of a good or service of interest
(in this case a NBS area) starting from the available knowledge about it
(Bockarjova et al., 2020) (Paper I11). This way, we tried to determine whether
the outcomes of our survey could also provide transferable value functions for
sites where the distribution of questionnaires is challenging, if not impossible.

In this chapter our proposal of value functions for a possible upscaling ap-
proach is presented and compared to the results of existing meta-studies on
similar strategies (i.e. NBS or NBS-like strategies). We conclude by discussing
the feasibility of such an approach.

5.1 Determination of joint value functions

As a first step, we created an aggregated dataset by joining those of the single
sites. However, during this joining process, it became clear that the respond-
ents for Portofino Park were standing out from the rest by being mainly tour-
istic visitors of the site. Given the respondents’ different relationship with the
site, it is likely that their WTP expressed the value of different aspects of the
NBS in respect to the other sites, and therefore it was difficult to argue that
their data could be meaningfully summarized into the model (Paper I11). The
Portofino dataset was therefore excluded from the following analyses. This left
us with a dataset across 5 sites with very similar characteristics: implemented
in peri-urban, residential areas, counteracting flooding risks (pluvial, riverine
and coastal), and with the respondents living either close to or on the NBS area.

Once the dataset was determined, we proceeded with the definition of different
models (see Table 4.1). First, we focused on creating a joint descriptive model
that would effectively summarize the significant variables shown to influence
the WTP in the single-site models (Table 4.3), and later we looked into the
possibility of using our dataset for the determination of a predictive value func-
tion. Specifically for the latter, we tried to create an easily up-scalable (i.e.
replicable to other sites) function, that would include only information easy to
retrieve, e.g. through open-access data, like distance from the site, income, etc.
The results of the two models are shown in Table 5.1.
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Table 5.1 Outcomes of the descriptive and predictive joint regression models for WTPbase and WTPtotal. Standard errors are reported in the square
brackets. Transformed variables were used here. USER is a dummy for the sites where the collected responses came from “users only” NBS sites.

’p<0.1 *p<0.05 **p<0.01 ***p<0.001 Source: adapted from Paper IlI.

Intercept

People in the house-
hold

Age

Sex (male)
Household income
Direct risk experience
Distance

Travel time
Frequency of visit

Concern over the risk

Importance of “nature
for nature” areas

Importance of biodi-
versity

Visiting to enjoy na-
ture

Visiting to do sport

Visiting just passing
by

WTP base WTP total
Predictive model Descriptive model Predictive model Descriptive model
USER=1 USER=1 USER=1 USER=1

-0.23 -0.28 [0.06]*** -0.25 [0.05]*** -0.45 [0.07]***

[0.05]**=*

-0.05 [0.03] -0.11 [0.06] * | -0.05 [0.04] -0.09 [0.06] -0.05 [0.04] -0.10 [0.06] -0.05 [0.03] -0.08 [0.06]

0.003 [0.03] 0.09 [0.07] - - 0.006 [0.03] 0.06 [0.07] - -

0.04 [0.07] -0.04 [0.13] - - 0.04 [0.06] 0.16 [0.12] 0.09 [0.06] 0.16 [0.12]

0.10 [0.03]** | 0.35[0.08]*** | 0.13 [0.04]*** | 0.30 [0.08]*** | 0.12 [0.03]*** | 0.23 [0.08]** 0.014 [0.03]*** | 0.17 [0.08]*

0.10 [0.07] -0.05 [0.13] 0.01 [0.08) -0.01 [0.13] 0.09 [0.07] -0.12 [0.13] - -

-0.09 [0.02]** | 0.02 [0.07] - - -0.08 [0.03]** | 0.04 [0.07] - -

0.05 [0.03] 0.02 [0.07] - - 0.08 [0.03]* -0.006 [0.07] - -
-0.01 [0.04] 0.15 [0.07]* -0.06 [0.05] 0.22 [0.07]**
0.12 [0.04]** 0.02 [0.07] 0.11 [0.03]** -0.08 [0.06]
0.15 [0.03]*** | -0.001 [0.07] 0.18 [0.03]*** -0.03 [0.07]
0.11 [0.04]** -0.05 [0.06] 0.11 [0.04]** 0.005 [0.06]
0.20 [0.06]** -0.36 [0.12]** 0.20 [0.07]** -0.28 [0.13]*
- - 0.15 [0.07]* -0.25[0.13]
- - 0.15 [0.08]* 0.03 [0.16]
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To reflect in the models the two approaches used to collect responses (either
randomized including both users and non-users of the site or on site including
only users), we created a dummy variable (USER) for the “users-only” sites
(Elbe Estuary and IJssel River). This allowed us to identify possible differences
in outcomes based on the respondent sample.

The descriptive model appears to follow quite closely the results of the single-
site models (Table 4.3): household income, concern over the hydro-meteoro-
logical risk, and personal preferences over nature benefits and reasons to visit
the area have the strongest influence over WTPbase. Similarly to the site-spe-
cific outcomes of the Elbe Estuary and IJssel River (identified by the USER
dummy), the income and the frequency of visit for the USER group appear to
have a stronger influence than in the rest of the sites. On the other hand, visit
preferences become insignificant for the USER group. Similar significances
can be observed in the model for WTPtotal. In this case though, the significance
of preferences and visit habits have a stronger influence in the reference group
(i.e. the Danish sites) than in the model using WTPbase. The differences with
the USER group however, stay comparable to the ones observed for the other
model.

When observing the predictive model, only the income and the distance to the
NBS appear to be influencing the WTPbase across NBS sites. Particularly in
the USER group the income seems to have much more influence on the WTP.
As for the WTPtotal model, the same variables are highlighted, with also the
travel time to the area becoming significant. This latter development appears
to be connected to a higher regard of the NBS from the respondent. In fact, if
more time is used to reach the area, it is likely that the respondents will have a
higher interest in the (natural) features of the site, and therefore be more willing
to spend money on their improvement. Furthermore, in this second model on
WTPtotal, the USER sites do not show significant differences from the refer-
ence group, except for the consolidated higher influence of income.

In comparison with similar functions determined by other studies using meta-
analysis, our outcomes appear to confirm the effect of income on the WTP for
NBS (Bockarjova et al., 2020; Czajkowski et al., 2017). Moreover, Bockarjova
et al. (2020) also found a positive relation between the perceived provision of
aesthetics and existence values of nature and a higher WTP. Other studies high-
light that the specific type of nature employed in the NBS (e.g. park or nature
area) is not a significant predictor for its value (Bockarjova et al., 2020;
Skrydstrup et al., 2022). Theoretically, in our study we have assessed the same
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kind of strategies, as all of our case studies are NBS, but their characteristics
vary widely. Therefore we could argue that this finding is reflected in our re-
sults as well. For example, the three Danish sites have quite different features,
nevertheless, they have very similar values attributed to them (statistically the
same, in the case of Lake Ega and Hovmarksparken (Paper I1)). This seems to
suggest that the valuation of a NBS is mostly connected to its, and the respond-
ents’, context. We cannot exclude however, that if we had examined sites with
more different features we could have captured other nuances. Lastly, further
investigation, or a potential integration, of other variables that are commonly
included in meta-analyses (e.g. size of the NBS, population density, etc.) in
our models could be an interesting development to further test the comparabil-
ity of our dataset to those used in secondary analysis studies. Overall, the pos-
sibility of comparing our results with those of meta-analyses strengthens the
argument of replicable SP methods being very versatile tools. On top of provid-
ing easily comparable datasets that can strengthen the knowledge base on NBS,
secondary data analyses can be directly based on their outcomes.

However, in respect to the transferability of our produced value functions, spe-
cifically the predictive model, we have to address some limitations. First, we
analysed a very specific type of NBS, namely peri-urban NBS mostly visited
(or directly inhabited) by residents in the area. Thus, it is not clear whether
they would reflect the valuation of sites with different characteristics. Moreo-
ver, excluding the preferences variables, even if necessary to allow for upscal-
ing in sites where their collection is challenged, eliminates a large part of the
drivers of valuation. Given the proven impact of the public’s preferences on
WTP, it is likely that in the future more primary assessments of NBS will in-
clude these values (or other proxies) for a more thorough evaluation. This will
hopefully increase the chances to being able to create up-scalable valuation
functions including these variables as well. Lastly, a sturdier model could have
been obtained if the collection of our data had been randomized for all the
involved sites. Because of these shortcomings, we do not claim to have deter-
mined a “ready to use” value transfer function, but rather we frame our out-
comes as a proof of concept. In fact, the comparability with similar meta-anal-
ysis studies seems to suggest that some overarching patterns in NBS quantita-
tive evaluation have indeed been captured by our approach.
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6 Conclusions

The main goal of this project was to improve the economic assessment of NBS
used for hydro-meteorological risk reduction to support their implementation.
The approach chosen to do this was to develop and apply a new methodology
to assess the non-tangible benefits of NBS in a holistic and easily replicable
way. To reach our aim, we went through a sequence of steps: the assessment
of the current state-of-the-art through a literature review, the creation and ap-
plication of a new method, and finally the analysis of the obtained dataset with
the creation of both single-site and joint value functions. Based on the findings
from these steps, we list here the main outcomes of this PhD project.

This thesis identified critical biases and limitations in existing methods cur-
rently used for assessing non-market benefits of NBS, which were found to
be lagging behind and missing a holistic perspective. There does not appear
to be a structured approach to the assessment of the multiple benefits of
NBS, with the benefits for nature in particular risking to be relegated to a
background position. These shortcomings not only negatively impact the
valuation of the specifically assessed NBS, but they also bias the entire
“reference toolbox” for future assessments of non-tangible benefits of NBS.
As it is, the current approach risks slowing down the uptake and creation of
truly multi-benefit strategies.

In order to (at least partly) close the individuated knowledge gaps, we
looked into the creation and application of a holistic and replicable assess-
ment methodology for the non-tangible benefits of NBS. Our review had
highlighted the unexploited potential of SP methods for the assessment of
non-tangible benefits. We thus expanded these methods to create a replica-
ble and holistic questionnaire, shaped through a co-design process with
seven NBS study sites. The bottom-up approach and the sparring of this
process greatly helped with the involvement and participation of the case
study partners, which resulted in the distribution of seven surveys compa-
rable across sites. The produced survey scheme can be applied to other sites,
or used as a blueprint to develop new, more replicable assessments.

The novel methodology developed was put in use to determine which vari-
ables influence the valuation and preference heterogeneity for NBS across
different sites and contexts. A unique dataset gathered from almost 1900
respondents allowed us to connect the characteristics of the respondents,
their relationship with the NBS area, and their preferences regarding non-
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tangible benefits to a monetary value across different contexts. Through our
analyses it was possible to determine that, across all the examined sites, the
respondents had a generally positive attitude towards the NBS and that they
especially associated more value to increased “multi-functionality” in the
area, specifically to changes directed at benefitting nature. Moreover, per-
sonal preferences and attitudes were shown to greatly influence the value
attributed to NBS. The similarity of outcomes suggest that understanding
the multiple dimensions which influence these strategies' valuation can ben-
efit the planning of more purposefully designed and efficient solutions
across different contexts.

e Various joint value functions were defined starting from our collected da-
taset. Some of them were used to effectively summarize the results from
our single-site models. They highlighted how the WTP from responses col-
lected on-site is more strongly influenced by income and frequency of visit,
and less by personal preferences, than that of responses collected randomly
(i.e. both off- and on-site). Furthermore, upscaling-friendly valuation func-
tions restricted to easily retrievable variables showed that income, distance
from, and travel time to the site appear to be the significant variables to
determine the WTP of the respondents. Despite room for improvement, our
models still captured the most important variables influencing the valuation
of the assessed NBS, in a way that can be compared to other studies in the
literature. Overall, our results can be of use for decision-makers as well as
for communication purposes.

This thesis summarized the outcomes of our effort to create a more balanced
and replicable assessment of non-tangible benefits of NBS, which will hope-
fully allow for a more thorough evaluation of these strategies. However, it is
important to highlight that the scope of our research is limited: we examined
only the non-tangible benefits of NBS, which do not encompass the full array
of NBS benefits, as much as they were proven to be a fundamental part of them
(see Fig. 1.5). Other assessments, such as risk reduction assessments, are fun-
damental for the proper quantification of NBS benefits. Thus, our outcomes
and methods have to be seen as complementary to these other, tangible quan-
tifications. Only this way we can ensure the development and implementation
of more holistic, well-balanced, multifunctional NBS across different sites.
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7 Recommendations and suggestions for
future research

7.1 On the future applications of the developed
methodology

As highlighted in chapter 3, there were some challenges in the creation and
implementation of our methodology, and therefore, we offer here some sug-
gestions on how it could be better applied in future studies. First, co-design has
been proven to be a powerful tool, both for the engagement of partners and to
optimize the data collection process, but we recognize that its application could
be improved from what we have done in our study. Larger co-design sessions
involving more case study partners simultaneously could have contributed to a
more truly transferable survey, by defining a general survey scheme with ques-
tions and answer options that were more fitting to all the sites, rather than al-
lowing for limited adaptations on a scheme that had already been distributed
in some sites. However, the most important step to get to a fully comparable
set of data is an agreement on the distribution method across sites. Ideally,
random samples should be collected in all examined sites, i.e. gathering re-
sponses from both users and non-users of the NBS (i.e. as in the Danish sites
in our study). Such a dataset would have likely simplified our analyses, partic-
ularly when it came to determining a joint value function for the majority of
the sites. Nevertheless, we recognize that a randomized collection such as the
one allowed by the official email addresses in Denmark is not feasible every-
where (e.g. because of time or resource constraints). In that case, we suggest
to choose the collection method which is the most replicable across locations
(e.g. in-person surveying, etc.).

An interesting development for this method, once its design and distribution
approach were to be perfected, would be to apply it to widely different case
studies, i.e. outside of Western Europe, to provide a larger pool of contexts to
analyse. The lack of representation of different contexts is one of the reasons
why transferring values of NBS is so challenging (European Commission,
2021Db), especially when taking into consideration the non-tangible benefits of
NBS, which are heavily influenced by context and preferences that are likely
to widely change across different backgrounds. Therefore, expanding our sur-
vey to a more varied selection of case studies could help shape a larger and
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more inclusive knowledge base of contexts and approaches to NBS, easing the
up-scaling of these strategies.

Finally, it would be interesting to complement the quantification of NBS ben-
efits with an assessment of their “disservices”, i.e. negative effects for people
(e.g. allergens, mobility issues, unsafety) (Lyytiméki et al., 2008; Shackleton
et al., 2016). Although scarcely investigated in the literature, studies suggest
that these negative effects may play a large role on people’s perception and
evaluation of NBS (Blanco et al., 2019; Hérivaux & Le Coent, 2021). There-
fore, their inclusion in NBS assessments such as the one we defined could be
valuable to more objectively frame NBS’ contribution to human well-being
and eventually adjust NBS development policies.

7.2 On the overall assessment of non-tangible
benefits of NBS

We believe that our methodology is a step in the right direction towards a more
holistic approach to the assessment of NBS, however, this goal can also be
reached through the improvement and application of other methods. Ideally,
the collection of any kind of quantitative primary data on the non-tangible ben-
efits of NBS should increase (e.g. through the use of CE studies or structured
interviews). Therefore, regardless of the use of our chosen approach, we sup-
port the call for more (and preferably standardized) data collections that has
already been advocated by many studies (e.g. Faivre et al., 2017; Ruangpan et
al., 2019; Venkataramanan et al., 2020). However, it would still be imperative
for these methods to follow the general direction of being holistic and assessing
the overlap between different benefits. Moreover, a more standardized ap-
proach to primary data collection would be fundamental for the development
of more meta-analyses, which in turn would allow for a broader evaluation of
benefits, also in sites where the collection of primary data is challenged.

Lastly, in this thesis we have discussed the limits and the critiqgues moved to
quantitative approaches based on ESS and SP methods, and mentioned some
frameworks suggested as alternatives, where the focus is shifted further away
from an anthropocentric view (e.g. Diaz et al., 2018). Given their recent emer-
gence, it is difficult to assess the results of the latter, but there is surely a push
for a paradigm shift towards a different way to assess NBS benefits. Therefore,
future research could benefit from examining the interconnections and the
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complementarities of these different approaches, as well as the differences be-
tween their outcomes. This process could help determine the best way to assess
and promote sustainable solutions.
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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, which meet 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 what makes NBS particularly attractive is their ability to de-
liver multiple benefits. In fact, NBS not 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 of monetization, 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; Teoténio et al., 2021). Given the strategic importance of NBS
uptake for the achievement of sustainable adaptation, the European

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 (Diaz
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 SP methods beyond their theoretical consideration. Pre-
vious reviews on the assessment of NBS benefits have mainly 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; Teoténio 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 by NBS, 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
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etal., 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 challenges while providing human well-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:

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

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”)

OR TITLE:

O (“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 last filtering was a final 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 a way 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 studies were reviewed; in the case of CE methods, 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, human well-being, and nonspe-
cific benefits (Table 1, Supplementary Material). 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-
Hernandez 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. Mejia 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

Increase in property values;

Increase in business opportunities

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

Satisfaction with the experience in the NBS, enjoyment of
the area, stress and worry decrease

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

Economic benefits
Accessibility
Human well-being

Nonspecific benefits
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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 the more
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 EU Research and Innovation
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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 Examples

benefits

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
Management of protected area

Landscape structure

Amount of protected land (e.g. as part of a Natural Park)
Establishment of no-visit zones; launching of breeding programs
Broader overview of landscape patterns: degree of habitat fragmentation, presence of different habitats/ecosystems, habitat diversification

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
is made 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. Méntymaa 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, the majority of the papers
(84 %) focused on one single study site only (e.g. Balderas Torres et al.,
2015; Lopez-Mosquera and Sanchez, 2011; Tyrvéinen, 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).

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

Table 3
Descriptive characteristics of the analyzed studies (n = 50) according to NBS strategy type, including scale, number of studies and publication range.
Categories Scale [study scale] No. of studies Publication
[% of total] range [years]
Strategy types

Building integrated greening
Small-scale urban green/blue areas
Public green areas (parks/gardens)
Peri-urban open spaces

Rural areas

Protected natural areas (parks/reserves)

Street/building

Metropolitan/city
Regional landscape
Regional landscape

Stated preference method used
Contingent valuation (CV) All
Choice experiment (CE) All

Street/building; District/neighborhood
District/neighborhood; Metropolitan/city

3 [6 %] 2017-2020
4 [8 %] 2015-2020
9 [18 %] 2001-2020
7 [14 %] 2011-2020
15 [30 %] 2007-2021
12 [24 %] 2008-2020
27 [54 %] 2001-2020
23 [46 %] 2007-2021
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Only People benefits (n=20)
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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 how many papers had either

one (darker gray and darker green) or more (lighter gray and lighter green) study sites.

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 through NBS should ultimately prioritize human ben-
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

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 which may 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 (Diaz et al., 2018; Norgaard, 2010; Raymond et al.,

Management of protected area NN ]
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Extent of protected area NN~ |
Species abundance [ ]
Biodiversity |
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m Nature for people

O Nature for nature

Fig. 2. Overview for the assessment of nature benefits across benefit types (n = 30), including benefits quantified as “nature for people” (darker green) and as “nature for

nature” (striped lighter green).
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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).

2017). Therefore, relying only on the assessment of ESS may 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 examined NBS 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 (Lépez-Mosquera and Sénchez, 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

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; Tyrvdinen 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 (Tyrvainen et al., 2014) or the Athalassa National Forest Park
(Karanikola et al., 2017). Despite recreational benefits being a major com-
ponent for enhancing the human well-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
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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 in which 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-Hernandez 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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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.

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 in what 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,
anumber 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.) (Schlépfer 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 cost method
(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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When assessing strategies for implementing Nature-Based Solutions (NBS), it is paramount to identify and
quantify all benefits for securing better, informed decisionmaking. Nevertheless, there appears to be a lack of
primary data for linking the valuation of NBS sites with the preferences and attitudes of people interacting with
them and their connection to supporting efforts to reduce biodiversity loss. This is a critical gap, as the socio-
cultural context of NBS has been proven to play a big role in NBS valuation, especially for their non-tangible
benefits (e.g. physical and psychological well-being, habitat enhancements, etc.). Consequently, through coc-
reation with the local government, we co-designed a contingent valuation (CV) survey to explore how the
valuation of NBS sites may be shaped by their relationship with the users and the specific respondent and site
characteristics. We applied this method to a case study of two distinct areas located in Aarhus, Denmark, with
notable differences related to their attributes (e.g. size, location, time passed since construction). The esults
obtained from 607 households in Aarhus Municipality show that the personal preferences of the respondent are
the most relevant driver of value, surpassing both the perceptions linked to the physical features of the NBS and
the socio-economic characteristics of the respondents. Specifically, the respondents attributing most importance
to nature benefits were the ones assigning a higher value to the NBS and being willing to pay more for an
improvement of the nature quality in the area. These findings highlight the relevance of applying a method
assessing the interconnections between human perceptions and nature benefits to ensure a holistic valuation and
purposeful design of NBS.

1. Introduction

It is widely acknowledged that climate change will have a major role
in shaping our future, and many predictions are being made regarding
the impacts and adaptations that society will face. In the case of
Northern Europe, changes in rainfall regimes and an increase in mean
sea level, coupled with expanding urbanization, are expected to result in
increased direct damages (e.g. lost infrastructure, displacements, dam-
age costs) and negative impacts on human well-being (e.g. mental health
impacts) (European Commission, 2021a; IPCC, 2021).

The concept of Nature-Based Solutions (NBS) has emerged to tackle
these challenges. NBS are defined as strategies inspired and supported
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by nature, which not only provide direct solutions to challenges but also
enhance the spatial quality of the surrounding area in many direct and
indirect ways, from biodiversity integrity to human well-being (phys-
ical, psychological and socio-economic) (Cohen-Shacham et al., 2016;
European Commission, 2015; IUCN, 2012). Key to implementing and
maximizing the value of NBS is quantifying their non-tangible benefits
(Diaz et al., 2018; IUCN, 2020). However, the multi-dimensional nature
of NBS and the trade-offs between their functions (Furopean Commis-
sion, 2021b) make quantification very complex.

Considering the current non-tangible benefits of NBS assessment
literature, the majority of studies rarely target the multiple dimensions
of the socio-cultural context of NBS (e.g. people’s knowledge,
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preferences and relationships to NBS sites) (Demuzere et al., 2014;
Derkzen et al., 2017; Han and Kuhlicke, 2019; Madureira et al., 2015).
Some studies assess people’s characteristics but not their uses of the area
(e.g. Ando et al., 2020), while others assess people’s preferences and
uses but not their knowledge or concerns regarding the risks counter-
acted by the proposed projects (e.g. Tibesigwa et al., 2020). Still fewer
recognize the implicit interconnection between people and nature
benefits and the (lost) potential for opportunities when considered
separately (Viti et al., 2022). Knowledge, preferences, uses and values
are all influential in determining the value attributed to the NBS, which
may be an important reason for the substantial uncertainties reported by
several meta-studies (Bockarjova et al., 2020; Skrydstrup et al., 2022).
Moreover, all of these components are influenced by “external factors”,
namely the demographic, socio-economic and personal characteristics
of the respondents, as well as the physical (e.g. distance from urban
areas; size; biodiversity; etc.) and spatial (e.g. distance to the NBS, dis-
tance to substitute sites, quality of sites) characteristics of the NBS, as
described within the vast urban green area and water body preference
literature (Jgrgensen et al., 2013; Sutherland and Walsh, 1985; Ven-
kataramanan et al., 2020). Therefore, NBS assessments should consider
all these factors to create both a holistic quantification of the NBS
benefits and, at the same time, reduce the overall uncertainty associated
with the sources and heterogeneity of NBS values.

Specifically, an expansion of the knowledge base on the factors with
the greatest impact on non-tangible benefits assessments would be
extremely useful to determine the attributes influencing people’s eval-
uation (whether it is e.g. personal preferences or the physical charac-
teristics of the NBS). Moreover, a clear assessment of the underlying
reasons for the value attributed to NBS is expected to help with the
prioritization and uptake of NBS projects by managing expectations and
providing the basis for a more transparent decision-making process
(Derkzen et al., 2017; Hérivaux and Le Coent, 2021; Venkataramanan
et al., 2020).

Therefore, novel approaches are urgently required to enable a more
comprehensive assessment of NBS benefits in a way that integrates the
socio-cultural context and is not excessively restricted by local charac-
teristics to enhance (method) transferability and initiate much needed
cross-NBS site learnings. The outputs from such assessments are ex-
pected to help decision-makers prioritize the implementation of holistic
strategies like NBS over “business as usual” (Alves et al., 2019; Sharifi
et al., 2021; Viti et al., 2022).

In many cases, Stated Preference (SP) method is the only source to
provide a solid base for the assessment of non-tangible NBS benefits in
the absence of a market price (Johnston et al., 2017; Mitchell and Car-
son, 1989). This is particularly the case if the NBS is expected to entail
significant non-use values and/or if the valuation of the NBS is ex post
their creation. SP approaches usually rely on carefully worded ques-
tionnaires to directly seek individual preferences (in the form of mon-
etary amounts, choices, ratings, etc.). Various SP methods exist, but
Contingent Valuation (CV) is recommended when trying to quantify the
total value attributed to an environmental good or service (Bateman
et al., 2002).!

This study aims to begin filling the gap related to holistic assessment
studies for the non-tangible benefits of NBS through the co-development
and application of a quantitative assessment of the non-tangible benefits
of NBS, which.

(i) Considers the influences of uses, preferences and values of the
respondents on the NBS assessment and how they vary depending

1 If the goal is to estimate the value of the specific NBS attributes, such water
body qualities, access levels and types etc. the method Discrete Choice Exper-
iments is recommended (Adamowicz and Louviere, 1998; Louviere and
Woodworth, 1983).
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on external factors (i.e. socio-economic characteristics, physical
environment); and
(i) Can be easily compared across sites.

The developed approach is applied to a case study comprised of two
distinct NBS sites located in Aarhus, Denmark. Both NBS areas have as
primary aims to: (i) prevent flooding from cloudbursts or water bodies,
(ii) improve the local biodiversity and (iii) benefit the local population,
but they differ in various characteristics, such as size and time passed
since implementation. The latter dissimilarities are fundamental to
highlight the different impacts of diverse NBS features on the value
attributed to a NBS site.

2. Materials and methods
2.1. Study areas

Aarhus is the second largest urban area in Denmark with approxi-
mately 300,000 inhabitants. Since 2007, Aarhus Municipality has been
working with climate change adaptation, focusing primarily on the
pressure from the water, i.e. rising sea levels, flooding from cloudbursts
and waterbodies, and areas swamped by increasing groundwater levels
(Aarhus Kommune, 2014). Recently, a cloudburst storm in 2012 heavily
impacted the Aarhus area, causing widespread flooding. Various pro-
jects aiming at limiting the chances and damages of flooding have
therefore been carried out in the area, and particular attention has been
given to NBS, pinpointed as holistic strategies with multidimensional
benefits (e.g., the reduction of coastal eutrophication and the enhance-
ment of biodiversity in the area).

This paper focuses on testing the developed approach on two of the
NBS project areas; specifically, the Lake Ega and Hovmarksparken sites.
Both are found in the river catchment area of River Ega in the northern
part of the city (Fig. 1). Lake Egé is placed in a low-lying area especially
vulnerable to flooding, while Hovmarksparken is situated on a hillslope.

Lake Egé is an artificial waterbody established in 2006 as a large
water reservoir (155 ha). Initially, Lake Ega’s main task is to retain
nutrients (e.g. nitrogen loss from upstream farmland) before the water
flows into the Bay of Aarhus. However, its usefulness in reducing floods
to residential areas was demonstrated, specifically concerning the 2012
cloudburst event. Moreover, the area adjacent to the lake has been
reconstituted into natural riparian areas, including wetlands and
meadows with different humidity levels. The adjacent area is now a
protected natural area and provides both habitat to many species
(especially birds, mostly waterfowl, both migratory and resident, but
also rare birds of prey, have been observed repopulating the grounds)
and increased recreational opportunities for visitors. Regarding the
latter, 5.2 km of walking and cycling paths have been established around
the lake, together with a birdwatching tower and an “activities area”,
including shelters, playgrounds and information signs. Using the total
economic terminology (Pearce, 1993), Lake Egad has both large
use-values (e.g. recreation opportunities) and potentially non-use values
(e.g. habitat enhancements).

Hovmarksparken, adjacent to Lake Egd, contains one of 11 local
rainwater management sites in the suburb of Lystrup, and is part of a
larger urban cloudburst adaptation strategy. The 11 local climate
adaptation sites have been implemented between 2015 and 2017. They
are all interconnected, and all have in common that they either delay or
retain the rainwater or direct it to areas where any ensuing damage
should be reduced, e.g. fields and ponds. Given its recent establishment,
the Lystrup adaptation sites have not yet been exposed to the hazard it
was built to combat (i.e. a 100-year event), despite successfully coun-
teracting severe rain episodes. Hovmarksparken is the largest of the
adaptation sites, covering 6 ha and including a rainwater pond and
rainwater dikes, as well as fields and green areas. The latter are mostly
open to recreational activities, and some facilities are present as well (e.
g. jetties on the pond, football goals). In order to support biodiversity
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Fig. 1. Location of the two study sites in Aarhus Municipality, Denmark (DMS Coordinates: 56°09'24.26" N 10°12'38.74" E).

within the park, several biodiversity-enhancing elements were imple-
mented as well, including planting rare native vegetation using nutrient-
poor soils, leaving deadwood in situ, creating small habitats, converting
a green lawn to grazed meadows, etc. These elements were partly
determined and implemented through the local population’s participa-
tory processes (Knudsen et al., 2019). Pictures of the two sites can be
found in the SI (Figs. S1-S4).

The two NBS sites are geographically quite close, approximately 2.5
km from each other, see Fig. 1. Despite their proximity and common
goal, their physical characteristics place them in two different recrea-
tional and nature categories. Hovmarksparken is an urban NBS, while
Lake Egé can be classified as a peri-urban, large-scale NBS. This makes
the two substitute areas very interesting case studies, where two NBS
sites can be evaluated by residents who are likely to be familiar with
both.

2.2. Survey design

For the design of our survey, we worked to integrate the steps needed
for a proper assessment of NBS (e.g. assessing both the social and
environmental benefits) with the CV methods’ characteristics to create a
holistic framework specifically targeting the quantification of non-
market benefits of NBS. Once the basic structure was defined, the sur-
vey was subjected to a co-design process. Testing surveys with relevant

target groups and adjusting them according to feedback is a staple of
Stated Preference (SP) methods (Presser et al., 2004). However, in our
study, we went a step further, inviting local decision-making stake-
holders to be actively involved in the co-creation of the survey. Specif-
ically, we worked with Aarhus Municipality to ensure that the survey
was tailored correctly to the study sites and adjusted so that planners
and decision-makers could maximize the use of the results for better
understanding and communicating the outcomes of the projects. The
resulting survey was structured into four sections, listed below, and the
collected variables are summarized in Table 1.

1. Relationship between respondents and the study sites. Descrip-
tive texts for the NBS areas were developed together with Aarhus
Municipality. Here we included a map of the sites and a short
description of the NBS projects, summarizing their characteristics
and ability to reduce the targeted problem. After reading the de-
scriptions, the respondents could choose if they wanted to complete
the questionnaire only with regards to Lake Ega or Hovmarksparken,
or both. Once they chose one of the three options, they were asked
about their (travel) distance to the area(s), frequency and reasons to
visit, travel time and travel method to the site(s).

2. People’s preferences. This section enquired about the respondents’
concern concerning flood risk, the importance of recreation in green
areas, and the presence of nature-enhancing elements. Respondents
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Table 1
Summary of all the quantitative variables collected through the survey, divided
by section.

Section  Variable Description Answer
name method
Relationship between people and the study sit
Site Choosing for which site to complete Multiple
the survey (i.e. Lake Eg8, options
Hovmarksparken, or both)
Distance Distance from the study site chosen Multiple
options
Frequency Frequency of visit to the study site Multiple
options
Travel time Length of travel time to the study site Multiple
options
Visit time Time spent visiting the study site Multiple
options
Visit nature Visiting the area to enjoy nature Dichotomous
Visit social Visiting the area to spend time with Dichotomous
family/friends
Visit sport Visiting the area to practice sport Dichotomous
Visit pass Visiting the area just passing by (e.g. Dichotomous
on the way to work)
Flood worry Respondent’s concern regarding Likert scale
flooding (1-7)*
Flood direct Direct experience with flooding Dichotomous
Flood Knowing someone with flooding Dichotomous
indirect experience
People’s preference
Flood private  How important it is for the respondent  Likert scale
to avoid flooding in their private 1-7)
property
Flood public How important it is for the respondent ~ Likert scale
to avoid flooding on public property 1-7)
Green areas How important it is for the respondent ~ Likert scale
to access green areas (1-7)
Recreation How important it is for the respondent ~ Likert scale
to have access to recreation facilities (1-7)
Biodiversity How important it is for the respondent  Likert scale
that biodiversity enhancement 1-7)
features are in place
Nature only How important it is for the respondent  Likert scale

that areas set aside for nature (i.e. 1-7)
without access for people) are present
Valuation questions

WTP base Respondent’s WTP for the Multiple
maintenance of the area options

WTP nature Respondent’s WTP for the Multiple
enhancement of nature benefitting options
features (additive)

Protest Respondent’s reason for expressing Multiple
0 WTP in both valuations options

Socio-demographic information
Post Postal code Open ended
Age Age Multiple
options

Sex Sex Dichotomous

Residence Time living in Aarhus Municipality Open ended

time

People Number of people in the household Open ended

household

Children Presence of people younger than 18 in ~ Dichotomous
the household

Income Household income Multiple

options

*1 being the lowest score and 7 being the highest.

were asked to rate how important each of these benefits was for them
on a Likert scale from 1 to 7. This was followed up by questions in
which the respondents elaborated on the response given through a
series of pre-set sentences.

3. Valuation questions. This section included the description of a
hypothetical scenario leading to the assessment of the Willingness-
To-Pay (WTP) for having the NBS area in question (for those cho-
sen by the respondent in section one). The WTP assessment was a
two-step process using the payment card approach (Bateman et al.,
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2002). First we proposed that the maintenance of the NBS area would
have to be paid for through a monthly fee per household, and we
asked the respondents to state a WTP (referred in this paper as WTP
base). Then, a second valuation question was asked, asking how
much the respondents would be willing to increase their initial bid if
further actions to improve the quality of nature were to be imple-
mented in the NBS area(s) (WTP nature. The sum of WTP base and
WTP nature is referred to as WTP total). In both questions, the re-
spondents were supplied with a payment card with the possibility to
also state a different amount. If the respondents stated a null WTP for
both steps, they were asked a debriefing question to identify protest
voters, i.e. those respondents who do not accept the hypothetical
valuation scenario and therefore refuse to state a WTP (Bernath and
Roschewitz, 2008; Meyerhoff and Liebe, 2008).

4. Socio-demographic information. The final section included ques-
tions for the collection of the demographic and socio-economic data
of the respondents, e.g. residence postal codes, age, gender, income,
and so on.

The complete survey can be found in the Supplementary Information

(SD.
2.3. Distribution

We used a randomized electronic distribution of the survey, which,
aside from being faster and more practical on larger scales, allowed us to
avoid sample selection bias, i.e. over-representing frequent visitors of
the areas. The final survey was transferred to the online survey platform
SurveyXact and set to be completely anonymous (in compliance with EU
GDPR requirements).

The respondents were contacted through an email to their digital
online mailbox containing a cover letter explaining the scope and aim of
the research and a link to the survey. The respondents were randomly
selected from the municipal population register based on the numbers
present in their birthdates. The program used by the Municipality to
distribute the mails was used to operate the random selection. The only
limits imposed were that the respondents had to be older than 18 and
that half of the sample had to be residents of Lystrup (Fig. 1). The latter
would ensure variation in distance to the study sites in the collected
data. The collection started at the beginning of June 2021 and closed
approximately one month later (at the beginning of July 2021), with
reminders to participate sent after two weeks. After discarding the
incomplete questionnaires, a total of 607 complete surveys were regis-
tered. This corresponds to a response rate of 15%, which is quite low if
compared to other Danish survey using the same distribution methods,
e.g. a Covid-19 study (Ladenburg and Christensen, 2021) and one on
musculoskeletal disease (Boyle et al., 2021) obtained response rates of
34% and 36% respectively.

2.4. Identifying protest votes

Before proceeding to the statistical analyses, we separated the
registered responses into protest and non-protest votes. The protest
votes were identified by examining the answers to the debriefing ques-
tion presented only to those respondents who chose a WTP of 0 DKK in
both valuation scenarios (see section 2.2). These respondents were asked
to justify why they would not spend any money on the study sites by
choosing their main reason from five given options. If the respondents
chose the options “I do not have the possibility to pay extra money each
month”, or “I do not think that it is important to maintain this site and its
functions”, they were classified as genuine zero bids. Those answering “I
think that exclusively public funds should be used to finance the
maintenance of the areas and their functions”, or “I don’t have enough
information to choose a fee” were classified as protest voters. Finally, the
last option let the respondents state other reasons. Depending on the
reason, these 20 responses were manually classified as either protest or
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Table 2
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Summary of the methods used as part of the statistical analyses. The analyses have been carried out in R using the car and ggplot 2 packages.

Aim Methods

Step 1 — Assess sample properties
Is the sample biased compared to the general population in Aarhus?

Descriptive statistics of the respondents’ socio-demographic characteristics relative to the general population,

and of their direct responses to sections 2 and 3 of the survey.

Are protest votes associated with particular groups and would their
exclusion thus bias the results in any direction?

Logistic regression model, with the binary protest variable as response variable. The entire dataset was used,
and the final model was obtained through backwards selection.

10g<%):a+bX+cY+dZ+e (€8]

p = stating a protest vote; X, Y, Z = vectors of explanatory variables regarding preferences, uses and socio-
demographic characteristics of the respondents, respectively; a, b, ¢, d = vectors of parameters to be estimated
in the logistic regression model; € = error term.

Have we correctly identified protest voters?

Definition of two different datasets to be used for the analyses in step 2.

Dataset 1: excluding all protest voters identified through the debriefing question (n = 387);
Dataset 2: including plausible “false” protest votes (n = 517).

Step 2 — Analyze willingness to pay values

Do respondents increase their original WTP bid (WTPy,.) after
“pointing out” the biodiversity benefits of the NBS measures
(WTPmlaI )?

Is WTP statistically different across the two sites?

Compare sample means using t-tests and bootstrapping (SI Table 52)

Hy : WTPy,. = WTP,, for Lake Ega 2)
Hy : WTPyye = WTP,oy for Hovmarksparken (©))

Same as above, but only the bids of respondents who chose to answer for both sites were included. The

bootstrapping tests were used to test whether the means of the WTP bids were statistically different across sites

Hp : WTPy,.Ega = WTPy,,. Hovmarksparken (&)
Hp : WTP,,uEga = WTP,,; Hovmarksparken 5)

Which explanatory variables influence the WTP bid levels?

Multiple linear regression models, three for Lake Egé and three for Hovmarksparken, each pair separately

using the three WTP bids (WTP base, WTP nature and WTP total) expressed for each site as dependent
variables. WTP values were log-transformed due to the skewed data distribution. Both datasets 1 and 2 were
used, and the final models were obtained through backwards selection

Lake Ega

10g(WTPyue +yy) =a+pX+yY +6Z+ ¢ 6)
10g(WTPyuure +Yo) =a+pX+7Y +6Z + ¢ @)
1og(WTPu +Yo) =a+ X +yY +6Z+ ¢ 8)
Hovmarksparken

log(WTPhye +yy) =a+ X +yY +6Z+ ¢ ©)]
1og(WTPyuure + o) =+ X+ 1Y +6Z + € (10)
1og(WTPyu +Yy) =a+pX+yY +6Z+¢ an

where yO = 1 is introduced to allow WTP bids of zero value, X, Y, Z = vectors of explanatory variables
regarding preferences, uses and socio-demographic characteristics of the respondents; «, p, y, 8 = vectors of
parameters to be estimated in the linear regression models; € = error term.

Is the quality of our models satisfactory?
all the models.

Sensitivity analyses including model diagnostics (SI Fig. S13-524) and F-tests (SI Table S6) were conducted for

non-protest votes during the analysis. This debriefing question was
inspired particularly by the studies of Bernath and Roschewitz (2008)
and Ramajo-Hernandez & del Saz-Salazar (2012).

Despite their seemingly very high number (36% of the total re-
sponses in our study), protest bids are an expected outcome when elic-
iting WTP through a payment scenario, and our rate of protest votes fits
the range expected in a CV study, i.e. from 20% to 40% (Carson, 1991).
Once the two groups of respondents (protest and non-protest) were
defined, we proceeded with the creation of different statistical models to
explore the relationship between the registered variables and the valu-
ation of the NBS. In hindsight, we could have used a Protest Reduction
Entreaty (i.e. a statement presented in the survey before the WTP
questions highlighting that the payment is included to allow the
respondent to convey the value of the good in focus, and not to collect
money from them) to reduce the number of protest respondents, as done
by Bonnichsen and Ladenburg (2009). Using such an entreaty might also
have improved the systematic relations between WTP and the perceived
qualities of the two NBS (Bonnichsen and Ladenburg, 2015).

2.5. Statistical analyses

We divided our analysis into 2 steps. First, we analyzed the socio-
demographic properties of the full sample and those of the protest

voters. Second, we assessed the variation of WTP values and which
variables explained these variations. These latter assessments were
performed on two different datasets: dataset 1 excludes all protest votes,
and dataset 2 includes part of the protest votes as zero values. This was
done to account for an ambiguity in the interpretation of the protest
votes and derive a sensitivity range for the results. Table 2 summarizes
all the methods used, inspired by different sources (Bernath and
Roschewitz, 2008; Crawley, 2005).

3. Results
3.1. Socio-demographic characteristics of the respondents

Table 3 compares the socio-demographic characteristics of our
respondent sample with those of the general population living in Aarhus
Municipality. Our sample appears to be representative based on gender,
family size and income. However, there is a slight overrepresentation of
elderly citizens and an underrepresentation of people under 35 in our
sample. Moreover, there appears to be an overrepresentation of house-
holds with higher incomes.

In addition to the characteristics, we were able to determine both the
respondents’ average cost per square meter of property and their dis-
tance to the coast (approximated to the postal code area) due to the
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Table 3
Comparison of the sample and census demographics of Aarhus (2021 census data
from Statistics Denmark).

Demographics Categories Percentage of Percentage in
sample Aarhus
Municipality
Gender Male 51% 49%
Female 49% 51%
Other 0.2% N/A
Prefer not to say 0.3% N/A
Age 18-25 8% 22%
26-35 10% 22%
36-45 13% 13%
46-55 18% 13%
56-65 20% 12%
66-75 23% 10%
Older than 75 8% 7%
Income Under 200.000 13% 24%
(household/ DKK
year)
200.000-299.999 8% 19%
DKK
300.000-449.999 16% 19%
DKK
450.000-699.999 25% 17%
DKK
700.000-849.999 20% 6%
DKK
850.000-999.999 9% 5%
DKK
Over 1 million DKK 9% 10%
Household Single 17% 24%
Without children 56% 44%
With children 27% 27%

available statistical information in Denmark. These variables were used
in the analyses to give a more complete picture of the respondents’
socio-economic characterization.

3.2. Use of the case studies

The first part of the survey was dedicated to collecting data regarding
the respondents’ use of Lake Egd and Hovmarksparken. Fig. 2 offers an
overview of the most relevant people-place relationship variables.

Most respondents answered the survey for Lake Egd, followed by
people who answered for both sites. The most often cited reason to visit
Lake Ega is to enjoy the nature in the area (57% of the respondents),
while in the case of Hovmarksparken it appears to be “passing through”
(40%), an option that included e.g. crossing the park to go to work. On
average, the respondents spend a longer time at Lake Ega but visit
Hovmarksparken slightly more often. Most of the respondents reside no
further than 5 km from both sites, with the vast majority of the people
answering for Hovmarksparken living less than 1 km from the park (see
Supplementary Information, Figs. S1 and S2). For both sites, the most
common travel time is less than 30 min (Figs. S1 and S2), but the re-
spondents tend to travel by car to Lake Egd, and by foot to
Hovmarksparken.

Overall, Lake Egd was the preferred choice of the population outside
of Lystrup. It is seen as a natural area worth visiting specifically for
spending time in it and enjoying the nature there. On the other hand,
Hovmarksparken is depicted as an area mostly known to people living in
its’ immediate proximity and visited quickly, often only passing by.

3.3. Background preferences

In the survey, we registered the respondents’ preferences towards
three impact spheres targeted explicitly by the examined NBS sites: flood
risk reduction, recreation enhancements (incl. the presence of green
areas) and improvements to nature (Fig. 3).

The respondents appear to be highly concerned about flooding in
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private and public settings, with more than 70% expressing the highest
concern (Likert value 7) regarding avoiding private flooding and more
than 50% for public flooding. The presence of green areas is also deemed
very important for more than 70% of the respondents, while the pres-
ence of recreation facilities is slightly less. The presence of features
enhancing biodiversity is perceived overall as very important by more
than 50% of the respondents. However, it received slightly lower scores
from the group of respondents who chose to answer only for Hov-
marksparken compared to the respondents who chose Lake Egé or both
sites (Fig. S7). “Nature for nature” zones with no entry for visitors are the
characteristics that got the lowest scores out of all the features, despite
still being indicated as overall important.

3.4. Evaluating protest votes

Table 4 shows which variables significantly affected the occurrence
of protest votes. A full model with all variables is in the SI (Table S1).

Four variables significantly influenced the probability of stating a
protest vote. Regarding socio-demographic characteristics, protest
voters appear to be older and living in an area associated with lower
property value. Notably, our sample had an overrepresentation of older
people, which may have influenced the number of protest votes regis-
tered. In addition, protest voters attribute less importance to the pres-
ence of characteristics enhancing biodiversity or areas set aside for
nature.

We proceeded to visualize the outcomes of the logistic regression, as
shown in Fig. 4, by clustering the respondents according to the four
relevant variables (Table 4). The first division is driven by the most
significant variables, namely the importance attributed to areas set aside
for nature and to the presence of biodiversity. We then further divided
this group according to the less relevant variables influencing the
probability of stating a protest vote, i.e. property cost and age of the
respondent. Note that the limits indicated in the graph were subjectively
chosen based on the distribution of the responses (e.g. the mean value
for “importance of space for nature areas” was 5, therefore a value of 6
or higher corresponds to respondents very interested in nature areas).
There is a disproportional representation of protest votes among the
respondents valuing the nature benefits of the NBS less (lower left
quadrant in the larger graph). In contrast, there is an overrepresentation,
although less extreme, of protest votes among the older and less wealthy
respondents (lower right quadrant in the smaller graph).

The overrepresentation of protest votes among people who associate
less value to nature benefits challenged the idea of proceeding by simply
eliminating all protest votes from the dataset. People less interested in
nature are also less likely to highly (if at all) value a NBS, regardless of
their disagreement on the hypothetical valuation scenario. In other
words, they could be representing “false protest votes”, and the exclu-
sion of these zero bids would translate into a biased assessment of the
WTP, which would be higher than in reality. To avoid this, we created
two datasets that we have used for the following analyses. In the first set,
all the respondents being classified as protest votes are excluded (dataset
1, n = 387). In the second data set, only the protest voters that stated an
interest of 6 or higher for “nature for nature” areas were excluded
(dataset 2, n = 517).

3.5. Distribution of WTP responses

The freedom to choose one or both NBS when answering the survey
might have caused the respondents to select only the NBS they gained
the highest utility from. In that case, we would expect that the WTP for
Ega would be higher among respondents who only stated a WTP for Ega,
when compared to the respondents who stated WTPs for both NBS.
However, the WTPs of the single-site respondents were observed to be
generally lower than the WTPs of both sites’ respondents, though not
significantly (SI Tables S2a&b). This denotes that potential sorting into
stating a WTP for only one of the sites or both sites is not significantly
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Fig. 2. Percentages showing the respondents’ answers to 4 of the survey’s questions (indicated above the graphs) on the relationship between people and the NBS

area, divided by site.

related to the level of the stated WTPs. Therefore, we joined the three
groups in the analysis of WTP for the two NBS sites.

The respondents generally appear to increase their bid when asked
about considering the benefits for nature for both sites. This tendency
can be observed in the graphical representation of the WTP means in
Fig. 5 (compare the distribution of the blue and the green boxes). The
“base WTP” bids for the two areas follow the same pattern for both
datasets (see the blue and light blue boxes), in the same way, the “total
WTP” (i.e. WTP base + WTP nature) values do (see the green and light
green boxes). The data also showed a strong correlation between WTP
base and WTP nature (Pearson’s correlation index higher than 0.85 in
both sites and in both datasets), showing that the same people who
attribute a high value to the NBS area as it is, are also the ones that
would pay more for an improvement of the nature quality.

Overall, the respondents were willing to pay between 30 and 40
DKK/month/household (corresponding to app. 4 and 5.50 EUR) for the

maintenance of Lake Egé as it is, while their bids increased to between
50 and 66 DKK/month/household (app. 6.70 and 9 EUR) if further na-
ture enhancements were to be implemented. As for Hovmarksparken,
the bids were between 25 and 35 DKK/month/household (app. 3.50 and
4.70 EUR) for the NBS maintenance and between 40 and 58 DKK/
month/household (app. 5.50 and 7.80 EUR) with the inclusion of nature
benefits enhancements (SI Table S2a&b). Bootstrapping tests (SI
Table S3) confirmed a statistically significant difference between the
two WTP values for both areas and considering both datasets, substan-
tiating that the respondents are willing to pay on average a greater
amount of money for enhancing the nature benefits in addition to
maintaining the NBS areas.

Fig. 5 shows slight differences between the expressed WTP for Lake
Egd and the one for Hovmarksparken, with the latter being slightly
lower (compare the light blue boxes with the blue ones and the light
green with the dark green). We investigated if this difference was
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Fig. 3. Importance (1 being not important and 7 being very important) of the different functions of NBS, as expressed by the respondents. The results divided by site

can be seen in the SI (Figs. S7-S12).

Table 4

Estimated logistic regression model using the binary variable indicating protest
votes as dependent variable (only the significant results are shown). The full
sample of respondents was used in this analysis.

Logistic regression model (dependent variable = expressing a protest ~ Estimates
vote)
Importance attributed to the presence of biodiversity - 0.205**
Importance attributed to areas set aside for nature -0.155%*
Property cost - 3.048e-
05*

Age of the respondent 0.014*

*p < 0.05.

**p < 0.01.

***p < 0.001.

statistically significant and if the respondents were willing to pay the
same amount on average for the two sites. Once again, we applied both a
t-test and a bootstrapping test using a subset of the data. We used only
the bids of the respondents that expressed a WTP for both NBS (n = 139
for dataset 1 and n = 196 for dataset 2). The outcome (SI Table S4)
shows no statistically significant difference between the bids stated for
Lake Egé and those stated for Hovmarksparken.

3.6. Variables affecting WTP

Table 5 shows the significant variables in the different multiple
linear regression models. As reported in Table 2, the dependent variable
WTP was log-transformed. We have tested that the resulting models are
robust towards variations of yo. The independent variables were used
without transforming them. We used the same method for model
building for both datasets 1 and 2.

The importance given to “nature for nature” areas non-accessible for
visitors appears to be the most relevant variable linked to the WTP
expressed by the respondents, as it is the only variable appearing across
all 12 models. Also, the importance attributed to biodiversity enhance-
ments remains relevant throughout sites and datasets, specifically for
the models concerning Lake Egd. These properties denote substantial
none-use values associated with the two NBS.

Variables indicating recreation uses (e.g. reasons for visiting the

area) appear to fill a more marginal role but generally seem to confirm
that people doing activities in the area tend to attribute a higher WTP to
the site. Moreover, passing through Hovmarksparken is associated with
higher WTPs. In contrast, increasing distance to Ega is associated with
lower WTP. The latter result nicely illustrates the spatial properties of
NBS WTP, which are found in the spatial preferences literature.

The socio-economic variables are largely insignificant, and they
appear to have some relevancy only in the context of Lake Ega. As ex-
pected, higher income levels are associated with higher WTPs. Finally,
our models do not seem to distinguish a defined influence of the flooding
concerns on the WTP. Despite a clear result, the variables on flooding
perception become relevant in both datasets when eliciting the additive
bid on nature enhancements. It seems that a greater concern for private
flooding corresponds to a higher WTP for nature benefits, while the
concern over flooding in public property negatively influences the WTP.
It is interesting to observe how the concern over flooding in different
areas determines whether the respondent sees the improvement of
benefits for nature as a useful addition to the risk reduction capacities of
the NBS.

Overall, the models created for the WTP total appear to summarize
the ones created for WTP base and WTP nature of the respective site, as
expected. Notably, most of the collected variables were irrelevant in any
models. Tests excluding the “interest for nature” variables (i.e. impor-
tance of no access “nature for nature” areas and importance of biodi-
versity enhancements) from the models did not lead to the expression of
new significant variables.

4. Discussion
4.1. Effect of NBS characteristics and relationship with the area on WTP

We find a quite distinct preference of the respondents for choosing
Lake Egé instead of Hovmarksparken, also for those people living close
to the park, namely in Lystrup (Fig. 1). Analyzing more in-depth the
relationships between the respondents and the two areas (SI Fig. S5 &
S6), it appears that Lake Ega is considered more of a “destination” worth
visiting for the people of Aarhus (e.g. longer visits, visiting to enjoy the
nature). In comparison, Hovmarksparken is seen as a part of the urban
context that is, for the most part, passively experienced by close
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Fig. 4. Visual representation of the respondents’ protest vote data divided according to the relevant variables from the logistic regression model (see Table 4). Within
each area of the graph it is shown the number of protest votes and the overall responses (i.e. protest and non-protest votes) for the respondents with those char-
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Fig. 5. Representation of the different WTP in datasets 1 (excluding all protest
votes) and 2 (re-introducing some protest votes), classified by area (E for Lake
Egé or H for Hovmarksparken) and by first and final bids (base and total).

residents (e.g. shorter visits, just passing by). Therefore, our results seem
to uncover how the area’s physical characteristics appear to influence
what the respondents identify as an area worth valuing. Specifically, in
the case of the Aarhus NBS sites, the larger, peri-urban site appears to be
more likely to be identified as an area of particular interest for recreation
or nature enhancement. On the other hand, the smaller site seems to
struggle to be recognized as relevant infrastructure for contributing to
the same benefits. The influence of size on the value attribute to NBS has
also been observed in other studies (e.g. Liebelt et al., 2018; Skrydstrup
et al., 2022). Nevertheless, such perceptions do not appear to be re-
flected in the quantitative valuation of our study sites, as the difference
between WTP bids for the two sites was not deemed statistically

significant (Fig. 5, SI Table S4).
4.2. Effect of personal preferences on WTP

The “raw” outcomes on background preferences were relatively ho-
mogeneous (Fig. 3, SI Fig. S7-12), but the queries on the nature benefits
of NBS were the most divisive. Specifically, respondents that attributed a
higher importance to nature were answering (i.e. were willing to express
a value) for both sites, whereas those who did not value nature as highly
were more likely to choose to answer only for the urban NBS site. This
seems to suggest that Hovmarksparken is not perceived as an area
particularly relevant for the improvement of nature quality.

In terms of quantitative valuation, the mean WTP values in the two
datasets appeared to follow the same patterns, despite the lower average
of dataset 2, due to a higher number of zero bids. WTP bids significantly
increased across sites when the elements enhancing biodiversity were
introduced into the hypothetical valuation scenario (Fig. 5, SI Table S2).
This finding suggests that the improvement of nature is seen as a positive
addition worth paying more for, independently from which site is
considered. The relevance of people’s preferences regarding the benefits
of NBS for nature is also reflected in the results of our models (Table 5),
where the importance given to areas set aside for nature is the only
variable influencing the WTP present across all 12 models. Despite the
unclear influence of some variables, the models seem to paint a quite
cohesive picture: people’s preferences are the drivers of valuation, fol-
lowed by variables describing the recreational uses of the respondents,
and finally, socio-demographic characteristics, which have a more
marginal effect.

4.3. Evaluating method applicability

The proposed holistic assessment proved useful in solidifying the
importance of using multi-dimensional approaches when assessing NBS.
In relation to our first research objective, our method was able to capture
a wide range of uses and perceptions of the areas, and our results support
the claim that economic valuations alone are insufficient to clearly
represent all the non-market benefits of NBS. Our results thus match the
outcomes of other preference studies conducted in similar contexts
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Table 5
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Linear regression model results for the expressed WTP base, WTP nature and WTP total for Lake Egé (E) and for Hovmarksparken (H) using both datasets 1 and 2 (only
the variables that were significant in at least one model were reported. For the results including the complete list of variables, see Table S5 in the SI). *p < 0.05 **p <

0.01 ***p < 0.001.

Independent Dataset 1 (excluding all protest votes)

Dataset 2 (partly re-integrating protest votes)

variables

WTP base WTP nature WTP total

WTP base WTP nature WTP total

E H E H E

H

E H E H E H

1.057%**
0.179%**

1.565%**
0.236%***

—0.306
0.150%*

2.086%***
0.292*:’r*

1.232*
0.139%*

Intercept
Importance of no
access “nature
for nature”
areas
Importance of - -
biodiversity
enhancements
Visiting the area
to enjoy
nature
Visiting the area - -
to practice
sport
Passing by the - - - - -
area
Distance to the - - _ _
area
Household 1.146e- -
income 06%**
Importance of - -
avoiding flood
in private
property
Importance of - -
avoiding flood
in public
property
Indirect - - - - _
experience
with flooding

0.241%* - 0.192%*

0.581*** - - 0.443* 0.441%**

0.493%** - -

9.418e- -
07%**
0.114* - -

—0.191%** —0.272%** —0.096*

1.609%+*
0.254%%%

0.406* - - -

—0.936**
0.373%**

—0.462
0.511%***

—0.799
0.303***

0.330
0.462%

—1.095%*
0.419%**

—0.825*
0.598%***

0.196** - 0.198** - 0.235%** -

0.381* - -

0.455%** -

0.572%** 0.554%*** -

0.443* - - - - - -

0.088* - - -

—0.149**

—0.145% - -

0.461*

(Anderson et al., 2022; Ando et al., 2020; Bernath and Roschewitz,
2008; Derkzen et al., 2017; Hérivaux and Le Coent, 2021; Reynaud et al.,
2017; Schaich, 2009), with the additional novelty of having conducted a
comprehensive ex-post assessment taking into consideration all the
factors influencing valuation.

What clearly emerges from our study is that non-tangible benefits of
NBS are positively valued by the users of these areas, regardless of their
use. For example, the option of an increase in benefits for nature was
preferred, and a high interest in biodiversity enhancements and “space
for nature” areas was registered. Therefore, in order to ensure contin-
uous support in NBS uptake, it is fundamental that the multiple benefits
of NBS are not only produced, but also highlighted and shared with the
population, at least in a Danish context. These are crucial assessments
for decision-makers and stakeholders (e.g. municipalities) striving for
the creation of NBS, and therefore worth pursuing for more effective and
successful implementations.

We were able to show a strong link between personal preferences and
the value attributed to the NBS; however, a clear connection between
the latter and the physical characteristics and uses of the NBS could not
be found. This may be due to a number of reasons, both methodological
(e.g. most of the respondents live very close to the two sites, and many of
them completed the survey for both NBS), and contextual (e.g. Danish
welfare state, widespread awareness of the population to climate ad-
aptations). Therefore, a suggestion for future research on this approach
could be to replicate it on other NBS sites (of different sizes, completion
ages and cultural contexts) to further test and evaluate these findings.
Through such a replication, it will be possible to obtain a wider array of
data on uses, preferences and benefits of NBS, which the literature calls
for (e.g. Venkataramanan et al., 2020) to achieve more genuinely
comprehensive and holistic NBS implementation frameworks. Our
questionnaire was successfully adapted to register responses for two
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different sites, and the co-design procedure used with Aarhus Munici-
pality could be replicated with stakeholders from different NBS,
obtaining a series of similar datasets allowing for quick and accurate
comparisons across NBS.

4.4. Limitations of the methods

CV methods have their shortcomings. Collecting data through a
questionnaire makes it easy to incur in-sample selection bias. Our dis-
tribution was random, but our collected sample shows, for example, a
bias towards older people. This could be because retired people can
allocate more to answering surveys. Nevertheless, the over-
representation was not deemed so critical that it needed a sample
correction. However, given the tendency of older people to protest
against the valuation scenario (Fig. 4), it is essential to keep in mind that
the obtained WTP values could be slightly lower than in reality.

Another possible bias in our sample could be the hypothetical bias, i.
e. running into unreliable estimates due to the respondents’ having to
evaluate an imaginary scenario (Schlapfer et al., 2004). Another source
of hypothetical bias is the protest answers. The scenarios we proposed (i.
e. having to pay a fee to maintain the study sites) could be why people
stated protest bids, rather than not approving the NBS project. However,
we tried to reduce the protest bias by clearly stating the imaginary na-
ture of the queries and eliciting a WTP for two projects that have already
been implemented. Moreover, it is fair to point out that the additive,
two-step valuation approach could be partly responsible for the differ-
ence seen in the bids “for nature”. However, the fact that not all re-
spondents initially stating a WTP >0 also did so for the second question
seems to indicate that the second valuation question provided enough of
a distinction to stimulate truthful additive bids.

Regarding the analysis of the WTP values, the non-significant
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difference between the WTP of Lake Egd and Hovmarksparken could be
because this specific analysis had to rely on the respondents that
answered for both sites (which led to smaller subsamples in both data-
sets 1 & 2). Overall, at least this subset expressed approximately the
same value for both areas.

It is also necessary to address how the data collection nature could
have influenced the analyses. The data was collected through multiple
choice questions, with the options often presented as intervals. It may be
that the chosen intervals were not entirely fitting for this specific case.
As an example, the vast majority of the respondents indicated to be
living between 1 and 5 km from Lake Ega. Therefore, a more fitting set of
intervals, i.e. with smaller increments, could have made a difference in
the outcome of our analyses. Nevertheless, the overlap between relevant
variables across models confirms their influence on the respondents’
WTP regarding Aarhus’s study sites.

5. Conclusions

We co-created a novel CV method for assessing the interconnections
between the characteristics, perception and valuation of NBS, which was
applied to two study sites. Based on our analyses of the results, we
conclude the following.

e The physical characteristics of NBS sites influence people’s percep-
tions and uses of the site. In our study site, the larger, peri-urban NBS
is visited for longer periods of time, and more often, the purpose of
the visits is to enjoy its nature. Moreover, it appears to be perceived
as a better site for the improvement of the quality nature. However,
these differences in perception did not lead to a statistically higher
WTP for the larger area, suggesting that variables other than size and
placement come into play to influence valuation.

In the context of this study, people’s expressed valuation of the NBS
closely reflected their interest in improvements benefitting mostly
nature (i.e. no-access “space for nature” areas). This suggests that our
respondents’ valuation links to their personal preferences rather
than, e.g. their socio-demographic characteristics or the physical
features of the NBS. Thus, highlighting the multiple benefits of NBS
and actively involving citizens in their creation seem plausible ap-
proaches to support their prioritization and increase their uptake.

Our findings underline the importance of including benefits for na-
ture both in the planning and the assessment phases as a key to suc-
cessfully implementing NBS projects. The connection to nature benefits
appears to increase the valuation, making these projects more appealing,
also in comparison with traditional gray solutions. Moreover, publiciz-
ing the nature benefits that a particular NBS could introduce to an area
appears to be a desirable choice, as the public seems to show a positive
attitude towards “greener” solutions. Overall, this research demon-
strates the importance of adopting a multi-dimensional approach in the
economic valuation of the non-tangible benefits of NBS. Understanding
the different dimensions that influence these strategies’ valuation can
further support the planning of more purposefully designed and efficient
solutions.
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Abstract

Despite the growing popularity of Nature-Based Solutions (NBS) as strategies for, among
others, the reduction of hydro-meteorological risks, their uptake is slow. Uncertainties regarding
the valuation and consequent economic feasibility of NBS are deemed to be a substantial barrier
to their uptake. The monetary valuation of non-tangible benefits of NBS (e.g., increased
recreation and enhanced biodiversity) is seen as a plausible strategy to get closer to a holistic
assessment. However, the quantification of non-tangible benefits is often not integrated into the
assessment of NBS. This situation may risk leading to an inconsistent and biased valuation,
which can, in turn, negatively influence the prioritization of these strategies. Thus, our study
aims at collecting holistic data on the non-tangible benefits of NBS across different study sites
and determining if there are any patterns in how the different types and contexts of NBS
influence people’s valuation. We applied a Contingent Valuation survey to six different peri-
urban NBS study sites for the reduction of hydro-meteorological risks. The target of the survey
was the general public, and we used willingness-to-pay questions to quantify the value given by
the respondents to the NBS. Our results show that people appear to value the multiple benefits
of NBS, and positively react to implementations improving nature across all sites. Moreover,
similar variables seem to influence the value attributed to NBS across sites, with income and
personal preferences ranking highly among them. However, the degree of significance of these
variables changes according to the different contexts. Nevertheless, the similarity of the
outcomes across sites allowed for the creation of joint valuation models, suggesting that the use
of replicable primary collection methods could possibly be considered as an alternative and/or
complementary approach to meta-analyses.

Highlights

e Application of a new transferable approach to assess non-market benefits of NBS.
e Respondents positively react to the multiple benefits of NBS.

e Similar variables influence the value attributed to NBS across EU sites.

e Definition of joint value functions comparable with meta-analyses’ results.
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1. Introduction

Nature-Based Solutions (NBS) are defined as strategies based on natural processes to address
societal challenges and, at the same time, increase people’s welfare and benefit biodiversity
(Cohen-Shacham et al., 2016). What sets NBS apart from other ecosystem-based initiatives is
their integrated perspective for tackling societal challenges (i.e. including biodiversity
conservation, climate change adaptation, disaster risk reduction, human health and well-being),
as well as their role in promoting a transition from a resource-intensive growth model towards a
more sustainable and inclusive one (Faivre et al., 2017). In 2015, the EU Horizon 2020 Research
and Innovation program launched the NBS concept as one of its major research areas (European
Commission, 2015), which greatly increased the interest on the subject and the level of scientific
activity around it. Moreover, in its most recent strategy for adaptation to climate change, the EU
has committed to promoting NBS as essential strategies to reach a climate-resilient EU in 2050
(European Commission, 2021a).

Despite this popularity, the implementation of NBS appears to be lagging behind (European
Commission, 2021b; Wihlborg et al., 2019). Uncertainties regarding the valuation, and
consequent economic feasibility, of NBS are deemed to be a significant obstacle to their uptake
(Nelson et al., 2020). Therefore, the monetary valuation of non-tangible benefits of NBS
(including e.g. increased recreation and well-being, enhanced biodiversity) is seen as a plausible
strategy to get closer to a holistic assessment and support the prioritization of these solutions as
alternatives to “business-as-usual” approaches (Alves et al., 2019). However, the quantification
of non-tangible benefits is often not integrated into the valuation of these strategies, or it is
relegated to a secondary position in respect to more easily quantified benefits, e.g. risk reduction
benefits (Alves et al., 2019; Venkataramanan et al., 2020; Viti et al., 2022).

Within this overall missing evaluation of NBS non-tangible benefits, specifically the assessment
of large-scale NBS appears to be lacking. In the current literature, the evaluation of small-scale,
urban NBS appear to be prioritized (Ruangpan et al., 2019; Turconi et al., 2020). Despite the
higher level of complexity, large-scale strategies are fundamental for successfully adapting to
climate change impacts. Therefore, large-scale NBS assessments are still very necessary.

The highlighted gaps risk leading to an inconsistent and biased valuation of NBS benefits, which
can in turn negatively influence the prioritization of these strategies, both directly and indirectly
(i.e. through the impossibility of conducting value transfers). In order to avoid this, both science-
based organizations and the scientific literature are calling for more data and base evidence to
better quantify the benefits (and particularly non-tangible benefits) of NBS (Cohen-Shacham et
al., 2019; IUCN, 2020; Lafortezza et al., 2018). Guidelines and frameworks have been produced
to streamline the data collection process for non-tangible benefits of NBS and to identify
possible approaches to their quantification. Regarding the latter, Stated Preference (SP) methods
have been highlighted as suitable approaches, as they are used to quantify non-market benefits of
goods (Johnston et al., 2017; Mitchell & Carson, 1989).

Various studies have used SP methods for assessing non-tangible benefits of NBS (e.g. Derkzen
etal., 2017; Reynaud et al., 2017). However, they tend to be very site-specific and produce non-
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transferable assessments, which do not optimally address the need of easily collectable and
comparable data to fill the lack of base evidence on non-tangible benefits of NBS (Skrydstrup et
al., 2022; Viti et al., 2022). Therefore, with this study we aim at enhancing the application of
primary data collection by using a transferable SP method to assess of non-tangible NBS benefits
in six different European sites.

This approach will allow us to obtain a unique dataset linking the characteristics of the
respondents, their relationship with the NBS area, and their preferences regarding non-tangible
benefits to a monetary value across different contexts. Moreover, all these data will be
completely comparable across sites, having originated from the same survey scheme applied to
various NBS. In this paper, we want to test the value of our approach by examining its results to
determine the drivers of NBS valuation heterogeneity across several European contexts.
Furthermore, we aim at summarizing these drivers into a joint, up-scalable value function. This
way, we believe that we can take a first step in defining new up-scalable assessment methods for
the valuation of non-tangible benefits of NBS.

2. Materials and Methods
2.1 Case studies

Our primary data was collected in six different case studies, all part of the EU Horizon 2020
project RECONECT. All case studies are large-scale NBS, aiming at reducing different kinds of
hydro-meteorological risks. The case studies’ locations are shown in Figure 1, and their case-
specific characteristics are presented below, in Table 1. The two NBS sites of the Greater Aarhus
site (see Viti et al. (2023) and Supplementary Information) are examined separately as two “sub-
cases”: Lake Ega and Hovmarksparken.

Greater Aarhus Seden Strand

Figure 1 — Map of all study sites. The dashed lines indicate touristic sites.



110  Table 1 — Summary of the characteristics of the study sites

Study sites Main type Recreation Counteracted Year of
of facilities risks completion
respondent

Greater Aarhus Residents Paths, benches, Pluvial floods 2006
— Lake Ega birdwatching

towers, shelters
Greater Aarhus - Residents Paths, benches, Pluvial floods 2017
Hovmarksparken sport facilities
Seden Strand, Residents Paths, birdwatching Coastal floods 2021/2022
Odense tower
|Jssel River Residents (Biking) paths, Pluvial floods, 2016
Basin benches, sport riverine floods

facilities
Elbe River Delta  Residents N/A Pluvial floods Ongoing
Inn River Basin Residents Hiking trails, Flash floods, 1950

mountain-biking landslides

trails, ski slopes
Portofino Natural Visitors Hiking trails, Flash floods, Ongoing
Park historical landslides

monuments,

information signs

111

112 More details and the maps of the sites can be found in the SI (Figures S1 to S6).
113

114 2.2 Survey creation, distribution and responses

115  Given the focus on transferability and comparability of results, a common approach was used in
116  all study sites. A modular Contingent Valuation (CV) survey previously developed (see Viti et
117  al. (2023) for details, including the full text of the survey and all the collected variables). The
118  survey was comprised of four sections assessing, respectively: the relationship between the NBS
119 and the respondent (e.g. frequency, length, and reason of visits), the attitudes of the respondents
120  regarding the benefits of NBS (e.g. interest in the increase of recreational opportunities or

121  enhancement of biodiversity), the value attributed to the NBS as it is and with an increase in the
122 Dbenefits for nature via two Willingness-To-Pay (WTP) questions, and finally the socio-

123 demographic characteristics of the respondents (e.g. age, gender, income). The two WTP

124 questions offered a list of options presented in local currency units, but represented identical
125  amounts in all sites when converted into Euros. This set-up produced two variables: WTPbase,
126  representing the WTP for maintaining the NBS (project) as it is; and WTPtotal, the sum of



127  WTPbase and the extra bid expressed by the respondents for including further actions to improve
128  the quality of the nature in the area.

129  The survey’s sections have been co-designed with the “coordinators” of each study site (e.g.
130  municipalities, Park direction). This approach was used to reach a satisfactory level of site-
131  specificity that would allow for a proper valuation of each site.

132  The collection process was anonymous (in compliance with EU GDPR requirements) in all study
133  sites. The distribution was carried out differently for each study site according to the responsible
134  partners’ preferences and availabilities. Due to the COVID-19 pandemic, in-person survey

135  distribution was greatly challenged, and the collection of responses had to run almost exclusively
136  online. The two exceptions were the 1Jssel and Elbe Estuary sites, where the responses were

137  partly collected in-person. The sites whose data collection suffered the most from the pandemic’s
138  impact were the touristic sites (i.e. Inn River Basin and Portofino Natural Park), as the challenge
139  of reaching visiting respondents was acerbated by the reduced travel flows. In the Danish sites of
140  Greater Aarhus and Seden Strand, it was possible to send the survey directly to the citizens’

141  digital postbox, thanks to, respectively, the Municipality of Aarhus and the Municipality of

142 Odense’s support. In these cases, the sampling and the mailing of the survey was completely

143 randomized. Table 2 summarizes the methods and outcomes of each case study’s distribution
144 campaign.

145  Table 2 — Summary of the distribution details across all study sites

Study sites Number of Distribution Sample Collection period
respondents method type
Greater Aarhus — 576 Digital mailbox Random June/July 2021
Lake Ega stratified
sample
Greater Aarhus - 258 Digital mailbox Random June/July 2021
Hovmarksparken stratified
sample
Seden Strand 360 Digital mailbox Random November/December
stratified 2021
sample
Elbe River Delta 433 In person and  On-site July/August/September
physical letters sample 2022
IJssel River Basin 180 In person, On-site July 2021
flyers and sample
through social
media
Portofino Natural 99 Digital On-site June/July/August 2022
Park newsletter and sample
social media
Inn River Basin 48 Digital On-site May/June 2022
newsletter sample

146
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2.3 Analyses

First and foremost the data collected was assessed and compared across sites. Afterwards, in
order to determine whether there are any patterns in the value attributed to the NBS, we set up a
series of statistical models.

When collecting data, we distinguished between protest and non-protest voters. Protest voters are
defined as respondents who do not accept the hypothetical valuation scenario and therefore
refuse to state a WTP (Meyerhoff & Liebe, 2008). For all of the following statistical analyses,
protest votes were eliminated from the datasets. This is a standard procedure in the analysis of
SP results, despite the critiques to this approach (Bernath & Roschewitz, 2008; Ramajo-
Hernandez & del Saz-Salazar, 2012). Detailed analyses of the protest votes were done in the first
study on the application of this survey in the Aarhus site (Viti et al., 2023). Despite the
differences registered between non-protest ad protest groups, they were ruled to be not so
significant as to be repeated for each examined site. Therefore in this study, the analysis of the
protest votes was set aside, and the distinction between protest and non-protest votes done
through the questionnaire was accepted without further testing. Furthermore, according to the
guidelines for international value transfers (Navrud & Ready, 2007), WTP responses and income
data were corrected for differences in purchasing power parity (PPP) between countries using
indices from the European Statistical Office (Eurostat, 2022b) and converted into 2021 Euros.
This allowed for direct comparison of the WTP bids across sites.

Our statistical analyses were divided into three steps, namely the definition of: single-site
models, a joint descriptive model, and a joint predictive model. Because of the limited number of
responses obtained from the Inn River Basin site (Table 2), the data from this study site had to be
excluded from the statistical modeling, leaving us with 6 study sites for the first step in our
analyses.

First, the impact of explaining variables on the WTP bids was assessed with linear regression
models, as seen in the literature (Bernath & Roschewitz, 2008; Kutner et al., 2004) (Equation 1).
In our case, due to the skewed data distribution, WTP values were log-transformed with a small
off-set value to allow for 0 WTP values. The model was repeated two times for each site, one
using each WTP variable (WTPbase and WTPtotal) as the dependent variable, for a total of 12
models created.

log(WTP +yy) =a+bX+cY+dZ + ¢ (1)

Once the linear regression models were completed for each study site, we defined a joint
descriptive model, i.e. a single model effectively summarizing which variables influenced the
WTP of respondents across sites. In order to do that, we pooled the datasets from all the study
sites excluding Portofino. In Portofino, the respondents were for the most part “visitors”,
travelling longer distances and for longer time in order to visit the site for more extended periods
(Fig. S7 and S8). Given their much different background and use of the NBS, it would be
difficult to argue for joining these evaluations with those of the other sites.
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The descriptive model was built using model only those individuated as significant in the single-
site models as explanatory variables. Furthermore, to better explore correlations between the data
across sites, the values of the variables were transformed to zero mean and variance 1. The log-
transformed WTP bids were once again used as the dependent variables.

Our models needed to cater for the differences in the way the responses were collected (Table 2).
Namely, the fact that in some sites (specifically the Elbe Estuary and 1Jssel River), we did not
manage to collect a randomized sample, but rather a sample including only individuals actively
using the NBS areas (defined from here onwards also as simply “users” of the area). Therefore, a
dummy variable for the “users-only” sites was introduced in the model (USER), as well as
interactions between the dummy and the explanatory variables (USER*(X,Y,Z)) (Equation 2).

log(WTP + y,) = a + USER+ BX +yY +6Z + USER « (X,Y,Z) +¢ (2)

Furthermore, given that in the Danish sites we collected responses from both users and non-
users, we tested a second approach (Equation 3). Namely, we directly compared only the users
from the Danish sites (A) with the users from the other sites (B), using the Danish non-users as
the reference category. We used the same approach as with Eg. 2 of defining dummy variables,
adding them to the model and interacting them with the other explanatory variables. The
differences between the two descriptive models are summarized in Table 3.

log(WTP+yy) =a+A+B+ BX+yY+6Z+ (A4 B)*(X,Y,Z) +¢ (3)

Similarly to the distinction between responses based on their sampling method, we could
differentiate between two types of collected variables. Namely the variables that could be
gathered only through direct questioning of the respondents (i.e. personal preferences and
concerns, reasons of visiting the area), and those that could be collected through statistical or
open access data (i.e. distance from the NBS, mean income, average age). Creating a model
(Equation 4) based only on the latter (W), would allow us to determine the explanation power of
these “non-subjective” variables and compare it to the outcomes of the full models. Moreover, it
would lead to the definition of a model that could easily be up-scaled and applied in different
contexts for the quantification of non-tangible benefits of NBS (i.e. a predictive model). To do
that we employed the same pooled dataset as for the descriptive models, with the standardized
variables and log-transformed WTP. Moreover, since the frequency of visits of individual users
(e.g. whether they are non-users or users — as in Eg. 3) would not be possible to infer without a
direct questioning, we could only apply the first of the two previously defined approaches (as in
Eqg. 2) (Table 3).

log(WTP +yy) = a+ USER+ BW + USER*W +¢ (4)

All the above mentioned analyses have been carried out in R using the car, ggplot2 and mvtnorm
packages.
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Table 3 — Overview of the two descriptive models developed.

First joint descriptive model

Name of group

RANDOMIZED SAMPLE

USER SAMPLE

N# of respondents

785

364

Description

Responses collected through a random stratified
sample (corresponding to the responses from the

Danish sites)

Responses collected through
on-site sampling, with most
respondents residing on the
NBS area (Elbe and 1Jssel
sites)

Explanatory
variables

Variables that were found to be significant in the single-site models (X,Y,Z in Eqg. 2),
and the interactions between the USER dummy and the same variables (USER*(X,Y,Z)

in Eq. 2).

Second joint descriptive model

Name of group

OFF-SITE NON-USERS

OFF-SITE USERS
(A)

ON-SITE USERS (B)

N# of respondents

145

640

364

Description

Respondents from a Danish
site, frequency of visit =0

Respondents from a
Danish site, frequency
of visit > 0

Same as above

Explanatory
variables

Variables that were found to be significant in the single-site models (X,Y,Z in Eqg. 3),
and the interactions between the off-site users and on-site users dummies (A,B) and the
same variables ((A,B)*(X,Y,Z) in Eq. 3).

Joint predictive model

Name of group

RANDOMIZED SAMPLE

USER SAMPLE

N# of respondents

785

364

Description

Same as in the first joint descriptive model

Same as in the first joint
descriptive model

Explanatory
variables

Variables that could be gathered without questioning of the respondents (W in Eq. 4),
and the interactions between the USER dummy and the same variables (USER*W in Eqg.

4).

3. Results

3.1 Descriptive statistics and similarities between study sites

Table 4 presents descriptive statistics of each sample together with WTP bids. The short
distance, high visit frequency and low travel times indicate that we mostly managed to capture
respondents living close to the NBS sites, except for the Portofino site. The short visit times
highlight how most of the respondents routinely pass by most of the areas. The longer visit times
in the German site have to be put in the perspective of people residing on the area where the
NBS is going to be implemented. The socio-demographic characteristics of the respondents are
quite uniform. On average, we have collected answers from individuals slightly older than the
median age (Eurostat, 2022a), living with a partner but not necessarily with children, with a
majority (excluding Portofino) of male respondents. The percentage of protest votes peaked in
areas where the NBS is located in a residential area, while in the touristic sites the valuation
scenario seems to be more accepted.
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Table 4 — Descriptive statistics by site, including the 95% confidence interval (in brackets). Here non-transformed values are used.

Variables Aarhus — Aarhus - Seden Strand  Ijssel Elbe Portofino Inn River
Lake Hovmarksparken Estuary
Ega

Mean distance from 12 9,6 (7,7-11,62) 15 (13,07- 10,7 (7,78- 3 (2,56- 33 (27,8- 5(3,14-

NBS (km) (11,15- 16,73) 13,55) 3,31) 37,4) 7,13)
13,74)

Mean visit Weekly More than once a = Monthly More than  More than | Ca.twicea  More than

frequency week once a 5 times per = month once a

week week week

Mean travel time 31 27(25,15-28,8) 26 (23,79- 33(31,02-  33(31,61- 101 (91,2- 34 (28,79-

(min) (29,43- 28,71) 35,98) 34,71) 111,8) 38,71)
32,65)

Mean visit time 66 31(29,17-33,85) | 48 (42,70- 01 (83,43- 157 112 (101,4- 97 (80,98-

(min) (62,52- 53,30) 99,23) (152,46- 123,4) 112,77)
69,56) 161,90)

Mean age 53 51 (49,38-53,56) 53 (51,57- 47 (44,48- 53 (51,97- 52 (49,6- 47 (42,98-
(51,60- 54,82) 48,86) 54,81) 54,6) 51,19)
54,32)

Gender (% women) | 49 49 49 44 42 56 41

Mean family size 2,5(2,38- 2,6 (2,42-2,85) 2,3(2,16-2,42) 2.9 (2,62- 2,76 (2,63-  2,7(2,4-2,9) 3(2,58-
2,64) 3,11) 2,89) 3,38)

Mean income 3276 3428 (3181-3675) | 3562 (3292- 2859 3459 2689 (2457- 2921

(EUR/month/hh) (3120- 3831) (2681- (3267- 2920) (2592-
3433) 3036) 3651) 3250)

Mean WTP base 3,74 3,27 (2,36-4,17) 3,95 (3,16~ 4,15 (3,25- 11,32 4,44 (2,9- 5,8 (4,5-

(excl. protest) (3,15- 4,73) 5,04) (9,53- 5,9) 7,2)

(EUR/month) 4,32) 13,12)

Mean WTP total 6,23 5,46 (3,89-7,02) 6,65 (5,31-8) 11,78 (9,13- 18,45 8,8 (5,6- 10,6 (8,2-

(excl. protest) (5,18- 14,43) (15,58- 11,9) 12,9)

(EUR/month) 7,27) 21,32)

Protest votes (%) 34 39 130 130 32 27 21

10
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The WTP differs in the various sites. A clear subgroup is highlighted in the three Danish NBS,
where the bids are the lowest among the sites and very close to each other, despite two sites
being older and well established (Lake Ega and Hovmarksparken) and the other a newer site
(Seden Strand). The highest bids came from the German site, most probably due to the fact that
the reached respondents were for the most part living on the area where the NBS project is going
to be implemented. As shown in the SI (Table S1), the difference of means between WTPbase
and WTPtotal was significant across sites. The significantly higher WTPtotal suggests that
respondents on average allocate value to the enhancement of nature benefits in addition to
maintaining the NBS areas.

3.2 Results of the models explaining WTP bids for each site

The models of all sites show some transversally significant variables such as high household
income, the importance of nature for nature areas and biodiversity enhancement (Table 5). The
influence of personal preferences is more noticeable in the models using WTPtotal as the
dependent variable. Notably, the variables indicating the use of the NBS area to exercise and/or
to pass by (e.g. walking the dog or on the way to work) are significant in the Danish sites (i.e.
Lake Ega, Hovmarksparken and Seden Strand). In the case of Hovmarksparken, the only
significant variables are found within the personal preference variables, while in Portofino no
personal preference variable seems to be influencing the WTP. The frequency of visit is
particularly relevant in the Elbe Estuary site, while the gender of the respondent is highlighted in
Portofino and 1Jssel. The concern over hydro-meteorological risks increases the WTP in Seden
Strand, while it decreases it in Portofino. Likely, this is because most of the Portofino
respondents were visitors. Thus, the risk reduction in the Park’s area is not really connected to
the respondents’ concern over the risk in their residence area.

Overall, high income and high interest in areas left for nature led to an increase in WTP amounts
across study sites. However, while the connection between income and WTP appears to be
genuinely transversal, the influence of the importance attributed to areas for nature and to the
enhancement of biodiversity seems to be predominant in the three Danish sites.

11
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Table 5- Outcomes of the single site linear regression models for WTP base and WTP total.
Only the significant variables are reported. The full table with the explicit estimates and
standard errors is reported in the SI (Tables S2, S3, and S4a&b).
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3.3 Estimation of joint descriptive models

For the estimation of a joint value function with WTPbase as dependent variable, the
independent variables were the eight variables that emerged as significant in the full linear
regression model (Table 5). As for the model using WTPtotal, the same method was used, but
the independent variables were ten (Table 5).

As mentioned in Section 2, two approaches were used to formulate a joint descriptive model of
the collected data (Table 3). Table 6 shows the results of the first approach, which distinguished
between those sites where the collection was random (reference), and those where we collected
responses only from users of the NBS sites (USER dummy).

12



296  Table 6 — Outcomes of the first descriptive joint regression models for WTP base and WTP total.
297  Transformed variables were used here. Standard errors are reported in the square brackets.
298  'p<0.1 *p<0.05 **p<0.01 ***p<0.001
WTP base WTP total
USER=1 USER=1
Intercept | -0.28 [0.06]*** -0.45 [0.07]***
Frequency of visit | -0.01 [0.04] 0.15[0.07]* | -0.06 [0.05] 0.22 [0.07]**
People in the household | -0.05 [0.04] -0.09 [0.06] | -0.05[0.03] -0.08 [0.06]
Sex (male) | - - 0.09 [0.06] 0.16 [0.12]
Household income | 0.13 [0.04]*** 0.30 0.14 [0.03]*** | 0.17 [0.08]*
[0.08]***
Concern over risk | 0.12 [0.04]** 0.02 [0.07] 0.11 [0.03]** -0.08 [0.06]
Direct risk experience | 0.01 [0.08] -0.01 [0.13] - -
Importance of "nature | 0.15 [0.03]*** -0.001 [0.07] | 0.18 [0.03]*** -0.03 [0.07]
for nature" areas
Importance of | 0.11 [0.04]** -0.05[0.06] | 0.11 [0.04]** 0.005 [0.06]
biodiversity
enhancements
Visiting the area to | 0.20 [0.06]** -0.36 0.20 [0.07]** -0.28 [0.13]*
enjoy nature [0.12]**
Visiting the area to | - - 0.1510.07]* -0.25[0.13] ¢
practice a sport
Visiting the area just | - - 0.150.08]* 0.03 [0.16]
passing by
299
300  The results follow quite closely the outcomes registered across the single-site models, with a
301 strong influence of household income and preferences on the WTP in the randomized sample of
302  respondents. This model allows us to note that when the sample is made up of users of the area,
303  the influence of income on the WTP appears to be significantly greater than in the randomized
304  group. Moreover, the frequency of visits turns significant, while the opposite is true for the
305 reason(s) for visiting the NBS site.
306  Then for the second model distinguishing between users and non-users of the Danish sites, the
307  results are reported in Table 7. For this model, the non-users group from the Danish sites was
308  used as the reference, while the users from the Danish sites (off-site user) and from the NBS
309  where the collection happened on-site (on-site user) where represented by dummies.

13
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323
324

Intercept

Frequency of
visit

People in the
household
Sex (male)

Household
income

Concern over
risk

Direct risk
experience

Importance of
"nature for
nature" areas
Importance of
biodiversity
enhancements

Visiting the area

to enjoy nature

Visiting the area

to practice a
sport

Visiting the area

just passing by

Table 7 — Outcomes of the second descriptive joint regression models for WTP base and WTP
total. Transformed variables were used here. Standard errors are reported in the square
brackets. The + sign indicates those variables that could only be determined as interacted
variables. »p<0.1 *p<0.05 **p<0.01 ***p<0.001

WTP base WTP total
Off-site user=1 On-site user=1 Off-site user=1 On-site user=1
-0.24 [0.11]* -0.28
[0.10]**
+ -0.03 [0.04] 0.14 [0.05]* + -0.06 [0.05] 0.16 [0.05]**
-0.03 [0.06] | -0.02[0.07] -0.11 [0.08] -0.05 [0.06] | -0.01[0.07] -0.08 [0.07]
- - - -0.20 [0.15] | 0.35[0.17]* 0.45[0.18]*
0.04 [0.06] 0.11[0.07] 0.39 [0.10]*** | 0.11[0.06] 0.05 [0.07] 0.20 [0.10]*
0.22[0.11]* | -0.11[0.12] -0.07 [0.12] 0.17[0.09] ¢ | -0.07 [0.10] -0.13 [0.10]
-0.23[0.23] | 0.26 [0.25] 0.23 [0.26] - - -
0.15[0.08] ¢ | -0.002 [0.09] 0.0004 [0.10] | 0.15[0.08] 0.03[0.10] 0.01[0.10]
0.04 [0.07] 0.09 [0.08] 0.009 [0.09] 0.10 [0.07] 0.02 [0.08] 0.01 [0.09]
+ 0.16 [0.07]* -0.16 [0.11] + 0.19 [0.07]** -0.08 [0.11]
- - - + 0.15[0.07]* -0.09 [0.11]
- - - + 0.14[0.08] ¢ 0.18 [0.14]

The second descriptive model appears to confirm the results from the first, while adding some
nuances between the different user groups. Preferences still seem to be the main drivers of
valuation for the “off-site” group. In the “on-site” valuation income and frequency of visit are the
main drivers of WTP. Interestingly, few differences between users and non-users from the
Danish sites are registered. This seems to suggest that the distinction between users and non-
users is not that significant when attempting to determine the respondents’ valuation drivers.
Thus, a more significant impact on WTP should be searched within these sites” socio-cultural
context.
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325 3.4 Estimation of a joint predictive model
326  The results of our predictive models for WTPbase and WTPtotal are shown in Table 8.

327  Table 8 — Outcomes of the predictive joint regression models for WTP base and WTP total.
328  Standard errors are reported in the square brackets. Transformed variables were used here.
329  'p<0.1 *p<0.05 **p<0.01 ***p<0.001

WTP base WTP total
USER=1 USER=1
Intercept | -0.23 [0.05]*** -0.25 [0.05]***
People in the | -0.05 [0.03] -0.11 [0.06] ° -0.05 [0.04] -0.10 [0.06]
household
Age of the | 0.003 [0.03] 0.09 [0.07] 0.006 [0.03] 0.06 [0.07]
respondent
Sex (male) | 0.04 [0.07] -0.04 [0.13] 0.04 [0.06] 0.16 [0.12]
Household income | 0.10 [0.03]** 0.35 [0.08]*** 0.12 [0.03]*** 0.23 [0.08]**
Direct risk | 0.10 [0.07] -0.05 [0.13] 0.09 [0.07] -0.12 [0.13]
experience
Distance from the | -0.09 [0.02]** 0.02 [0.07] -0.08 [0.03]** 0.04 [0.07]
NBS area
Travel time to the | 0.05 [0.03] 0.02 [0.07] 0.08 [0.03]* -0.006 [0.07]
NBS area

330

331  As expected, the results of the predictive model show a significant impact of the household

332 income on WTP, which gets even higher in the group including only users of the area. Without
333 the influence of preference variables, the negative correlation between the distance to the NBS
334  and the WTP is picked up in both models, confirming a recognized pattern of higher WTP for
335  NBS closer to one’s home (e.g. Andrews et al., 2017; Tibesigwa et al., 2020). In the model

336  explaining the influences on WTPtotal, the positive influence of travel time becomes significant.
337  Thisresult is likely due to the fact that people who travel longer to visit the NBS site do so for
338  features which are supposed to be improved in the scenario proposed to elicit the WTPtotal.

339  Overall, the differences between the randomized and user groups appear to get smaller when
340  looking at this specific group of variables.

341 4. Discussion
342 4.1 Influence of personal preference variables on WTP across sites

343  In accordance to what is found in the literature (Bernath & Roschewitz, 2008; Derkzen et al.,
344  2017; Hérivaux & Le Coent, 2021; Reynaud et al., 2017) and in our first application of this
345  survey approach (Viti et al., 2023) the contribution of personal preferences does appear to

346  explain a significant part of the value attributed to NBS projects. Nevertheless, the dependency
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of the WTP on income still seems to be the most transversal across sites. This is also an expected
outcome, as the tendency to find higher WTP bids at higher incomes is well documented
(Bateman et al., 2011; Bernath & Roschewitz, 2008; Hérivaux & Le Coent, 2021; Ramajo-
Hernandez & del Saz-Salazar, 2012; Reynaud et al., 2017; Saz-Salazar & Rausell-Kdster, 2008).
In contrast to previous studies, we find a limited influence of other variables related to the
relationship and use of the NBS sites, such as length or frequency of visits.

The perceived function and/or goals of NBS may be influencing these outcomes. Based on these
results, it seems that the benefits of NBS on nature (e.g. biodiversity enhancement) have the
highest value for the respondents. This finding is also strengthened by the significant difference
between WTPbase and WTPtotal registered in all sites (Table S1). Thus, the capacity of NBS to
benefit nature appears to be a strong “selling point” of these strategies, even more than their
recreational benefits. However, whether these results are due to a higher willingness to pay a fee
for the protection and/or enhancement of nature rather than to pay for the access to recreational
areas is also debatable.

Despite the overall significance of personal preferences, our results highlight differences
throughout the various contexts. Particularly clear is the influence of the “Danish context”, with
three sites that present a lower dependency of the WTP on the income of the respondents, and a
higher dependency of the WTP on the preferences regarding nature and using the NBS.

4.2 Challenges and impacts of defining joint models

Given the premise of a primary data collection across several NBS with different characteristics
and contexts, obtaining overlapping results (Table 5) that could be (partly) summarized in joint
valuation models is a fact not to be underestimated. It is a good sign of our methodology's
applicability and “up-scalability”. Nevertheless, the definition of such models was not
completely seamless, since we had to account for having collected responses in a non-
homogeneous manner. Different approaches (Eq. 2&3) were used to align the available
responses, but some potential biases have to be pointed out. In particular, the distinction of the
dummy variables “on-site” and “off-site” users is a bit blurry in some cases. The division
between “on-site” and “off-site” was used to distinguish the users living within the NBS area, to
those who are not. However, e.g. in the case of Hovmarksparken, we classified the respondents
as off-site users, but the NBS in question is an urban park, and we distributed the survey in the
suburb where the park is located. Therefore, it is difficult to assuredly state that the respondents
answering for that area live “off-site”. A similar critique is valid in the Seden Strand case, where
it’s likely that some respondents were in fact answering the survey from within the NBS area.
This lack of definition, combined with the impossibility of defining to which group (e.g. “on-“ or
“off-site”) respondents belong to unless asking directly, supported the use of the model including
only the USER dummy for our definition of a predictive joint model (Eq. 4).

The results of our models can be compared to that of meta-analyses. However, to our knowledge,
there aren’t many other meta-analyses focusing on NBS (or similar strategies) gathering such a
comprehensive collection of variables (especially including personal preferences) linked to a
monetary evaluation across these many (in our case peri-urban) NBS sites. Among the studies
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we could find, the influence on WTP of income and the importance of the “existential” value of
nature was also shown in Bockarjova et al. (2020). The link with income was also found by
Czajkowski et al. (2017). Moreover, similar to what Skrydstrup et al. (2022) observed, the value
associated with a NBS did not seem to be influenced by the type of strategy used (see the similar
valuations and significant variables for the three different Danish sites). These comparable
results seem to point at the use of replicable primary data collection methods not only as base
for, but also as possible alternatives to meta-analyses. Data collection through replicable surveys
has some of its limits in time and resource intensity, but when considering the applications
shown in this study, these limitations may appear as counterbalanced by the range of possible
analyses on their results. A wider use of replicable primary data collection methods to assess
non-tangible NBS benefits could therefore offer a first step to test potential analyses, on top of
providing a more easily comparable datasets for secondary analyses to build upon.

4.3 Limitations of the methods

In this study, we focus on the application of a CV approach across different sites, which has
encountered various challenges. Ideally, we would have liked to use the same approach in all
sites, specifically a face-to-face distribution, that could have then been supplemented with other
methods (e.g. online mails, social media links). However, the on-and-off lockdowns of the
COVID-19 pandemic did not allow for such an approach, and we had to adapt by finding the
most suitable alternative method for each site. Because of the different contexts and preferences,
it was not possible to find a single alternative method of distribution. These circumstances have
led to differences in the number and quality of the collected data. In particular, the touristic sites
(i.e. Portofino Park and Inn River Basin) suffered from being unable to collect the responses in
other ways than social media. This outcome hindered the possibility of gathering enough data on
the touristic subgroup of NBS sites, which could have been compared to the residential one.

Another limitation is the fact that the survey layout was strongly influenced by the first case
study we collaborated with, namely the Greater Aarhus site. The survey may have therefore had
an implicit bias for case studies with similar characteristics (e.g. completed NBS project,
residential setting). In order to be able to compare the collected variables, once the questions
were set and the survey distributed for the first time, significant changes to the structure or single
questions were not possible. Therefore, despite the co-creation undergone with the other sites,
the bias could have stayed, for example with the small intervals for the distance, or relating the
fear of risk with the WTP (see section 3.2). A “collective” co-design approach may have
prevented this, but the limited timeframe and the disruption of the regular in-person meetings
within the RECONECT project due to the pandemic significantly restricted our options.

5. Conclusions

In our study, we aimed at examining the differences in NBS valuation across Europe through the
use of a novel approach. Our results show common drivers of valuation across the various sites
we investigated. First, respondents appear to attach a positive value to the multiple benefits of
NBS, and positively react to implementations improving nature. Moreover, income was shown to
be the primary influence on the WTP stated, but the personal preferences of the respondents
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ranked highly as well. The other investigated variables’ degree of significance appeared to
change according to the different NBS context. Nevertheless, the similarity of the significant
variables to explain WTP across sites allowed for the creation of joint valuation models, at least
for a sub-group of sites (i.e. the residential ones). Within the residential sites, it appears that the
valuation of users of the NBS area, specifically those living on the site of the NBS, is mostly
influenced by income and visit frequency, rather than by reason of visit or personal preferences.
Conversely, the respondents specifically visiting the NBS site seem to be influenced in their
valuation mostly by their preferences and activities done in the area.

Joint models including personal preferences of the respondents appeared to describe our dataset
better. Nevertheless, it was also possible to determine a predictive model using only variables
that do not need to be gathered via primary data collection. The results of the predictive model
would be more useful for an up-scaling approach, possibly as an alternative and/or
complementary method to meta-analyses.

In conclusion, we believe that our methodology for assessment across study sites can be the
starting point for a broader initiative to analyze and quantify a greater number of non-tangible
benefits of NBS. It is fundamental that we start gathering more primary data on the non-tangible
valuation of NBS sites, which will be the basis upon which to build a solid and holistic
knowledge base on these solutions.
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