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A B S T R A C T   

The potential of urban nature-based solutions (NBS) to provide significant benefits to citizens and to address 
societal challenges is undervalued, yet the valuation of NBS impacts remains contentious. Further development 
of monetary and non-monetary valuation of the costs and benefits of urban NBS is required, and effective 
knowledge exchange on these themes is required at the international level. However, an important gap in 
research relates to the uptake and application of existing techniques for monetary valuation. This research 
explored how monetary values of urban NBS are assessed, and how NBS valuation is viewed by city government 
authorities in particular. Results are presented from a review of peer-reviewed articles reporting urban NBS 
valuation techniques development and application. Over 200 articles relating specifically to urban NBS in-
terventions were reviewed. The literature indicates that many valuation techniques have been researched, but 
most studies tend to address just a few indicators of NBS impacts, which are mainly physical-environmental in 
their focus. To generate deeper insights into perceptions of monetary valuations in NBS impact assessments and 
their application, focus groups and semi-structured interviews were conducted with local and regional govern-
ment staff in seven cities in Latin America and Europe. Although a wide range of economic valuation tools exist 
and can be applied to support NBS development, limited evidence was found for their uptake and application in 
practice across the contexts examined. We discuss potential reasons for limited uptake, which may include 
overburdensome data demands, incommensurability with existing decision-making and accounting practices, 
and limited staffing, financial and technical capacity - even within large cities. Results suggest that successful 
NBS interventions may portray economic impacts, but NBS propositions should not depend upon monetary 
valuations alone; social and ecological criteria remain centrally important. Participatory impact assessment 
methods may support improved business cases and monetary valuations for urban NBS.   

Urban nature-based solutions (NBS), such as urban forestry, sus-
tainable urban drainage systems (SUDS), deculverting and additions to 
blue-green infrastructure networks (e.g. D’Arcy, 1998; Konijnendijk 

et al., 2005; Kozak et al., 2020; Barona et al., 2020) can deliver multiple 
benefits, including reduced flood risk, water pollution, air pollution and 
heat island effects (EEA, 2021). Nature-based solutions is a useful 
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umbrella term for several intervention types, but the assembly of such 
broad sets of activities may also mask important differences (Pauleit 
et al., 2017). Urban NBS provide multiple functions and benefits 
drawing on natural mechanisms, enabling cities to adapt to environ-
mental changes and socio-economic challenges whilst also enhancing 
biodiversity (Miyahara et al., 2022). These interventions offer the po-
tential to bring nature back into urban areas where it has been depleted 
and where restoration can help solve social and economic challenges 
(UNEA, 2022). 

At present, three main approaches have gained ground in assessing 
NBS impacts: (1) the Eklipse framework (Raymond et al., 2017); (2) 
IUCN’s Global Standard (Cohen-Shacham et al., (2019)); and (3) the 
EC’s Impact Assessment Handbook (Dumitru and Wendling, 2021a). 
These converge on the need to enhance biodiversity and ecosystem 
integrity (Seddon et al., 2021). By addressing multiple policy priorities, 
NBS can provide cost-effective responses covering diverse agendas (EC, 
2023). Publications about NBS impacts have grown rapidly across a 
wide range of disciplines (Escobedo et al., 2019; Ruangpan et al., 2020). 
In March 2022, the urgent priority to understand and communicate NBS 
impacts was addressed at the United Nations Environment Assembly 
Fifth Session (UNEA, 2022). However, paradoxically, cities across the 
world face critical shortages in investment in NBS to respond to chal-
lenges such as climate adaptation (‘urban adaptation finance gap’; 
Swann et al., 2021). 

Interest has grown rapidly in NBS business cases and their role in a 
‘nature-positive economy’ (Mayor et al., 2021; EC, 2022a). Tradition-
ally, little evidence existed of private sector investment in nature con-
servation and restoration (Dempsey and Suarez, 2016). The role of 
nature is undervalued in alleviating multiple societal challenges, and 
NBS remain on the margins of global finance, with private sector finance 
accounting for just 3% of funding for NBS (EIB, 2023). Cities have 
received less than 5% of global adaptation finance (GCA, 2019; Rich-
mond et al., 2021), representing a lost revenue stream for urban NBS 
(Swann et al. 2021). Marsters et al. (2021) call for the increased mon-
etisation of NBS, with performance metrics to support private sector 
participation and unlock new and diverse funding streams. This repeats 
similar demands for better evidence quantifying NBS impacts, e.g. 
Whiteoak (2020) stresses the value of assessing NBS cost-effectiveness 
whilst noting the rarity of shared data on the values- and prices- sides. 

NBS impacts are often difficult to quantify monetarily, partly 
because they deliver multiple public benefits that do not necessarily 
produce direct financial revenue streams (Wild et al., 2017). The use of 
typical market mechanisms, such as private developments e.g. housing 
schemes, to deliver green infrastructure (GI) is restricted; with the 
arising goods having a high degree of non-excludability and non-rivalry 
(Wilker and Rusche, 2013). The application of valuation methods also 
requires careful attention to the realities of cities in the Global South 
(Pineda-Guerrero et al., 2020). Vásquez and Dobbs (2020) highlight that 
in South America, the lack of economic valuation of NBS benefits re-
mains a key barrier to implementation. 

Despite considerable differences in socio-ecological dynamics, cities 
in Europe and Latin America share global-local challenges to tackle in-
equalities, biodiversity loss, and climate change. Many cities face 
problems of landscape fragmentation caused by rapid growth, urban 
sprawl, and (re)development. Due to diverse geographical and climatic 
contexts, Latin America is one of the most biodiverse regions in the 
world but is urbanising rapidly (with 89% predicted to live in urban 
areas by 2050; UN, 2018). Studies in such cities highlight the crucial role 
of NBS to improve quality of life and restore ecosystems, where barriers 
to adoption include the lack of indicators to monitor co-benefits and 
establish economic, ecological, and social impacts (Marques et al., 
(2022)). Significant losses in ‘ecosystem services’ are accompanied by 
unequal access to their benefits (Laterra et al., 2019) and increasing 
vulnerability to climate change (Hardoy and Pandiella, 2009). Urbani-
sation is predicted to expected to increase to > 80% in Europe by 2050 
(UN, 2018). 

New research is therefore needed on NBS costs and benefits, 
including monetary valuation and non-monetary impact assessment 
addressing social, environmental and cultural effects. Improved evi-
dence and guidance bridging gaps between NBS performance data and 
valuation will be vital to support robust proposals to access funding (El 
Harrak et al., (2023); Toxopeus and Polzin, 2021). For instance, the 
United Nations Adaptation Fund will require strong business cases, and 
robust treatment of management interventions’ logic chains. In Europe, 
this issue came into sharp focus in the Nature Restoration Law proposals, 
highlighting that monetisation of NBS impacts remained problematic, 
due to underestimation of the value of co-benefits e.g. pollution control, 
aesthetic quality and reduced emissions (EC, 2022b). Croci et al. (2021) 
assert that while the “literature on [ecosystem services] valuation has 
grown in recent years, its application to urban contexts is still limited”, 
noting their conclusion was “based on limited available literature”. 

Different reasons exist for undertaking monetary valuations, and it is 
important to understand the situations surrounding valuation decisions. 
Such decision contexts can include (1) awareness-raising; (2) accounting; 
(3) priority-setting; (4) designing; (5) calculating economic liability; and 
(6) understanding development dynamics and viability (Barton, 2015; 
2022; Wild et al., 2017). The ways in which co-benefits of NBS are 
framed, synthesised and integrated thus becomes centrally important in 
understanding their monetary values. Key frameworks developed to 
assess NBS effects include sets of indicators, or measures of success, by 
which the impacts of NBS can be gauged (Raymond et al., 2017; 
Cohen-Shacham et al., (2019); Dumitru and Wendling 2021a). In-
dicators tend to address a broad range of social, environmental and 
economic criteria. 

An economic approach based on cost-benefit analysis (CBA) can 
provide a robust evidence base to support investment-decision 
appraisal, but the full suite of impacts should be considered (NCC, 
2017). Furthermore, accounting is only one of several reasons to 
perform such valuations (Barton, 2015). Monetary valuation of natural 
assets (generally present in NBS) may be restricted by the absence of a 
market and therefore prices to convert quantities into monetary values 
(Velasco-Muñoz et al., 2022). In these cases, different valuation methods 
are used to assess multiple impacts, e.g. willingness to pay (WTP), travel 
cost, opportunity cost and replacement cost, among others (Velasco--
Muñoz et al., 2022; Pisani et al., 2021; Garciá, 2019). Total economic 
value was traditionally used in valuing nature’s services (Pearce and 
Turner, 1990), incorporating non-use-and use- values (direct and indi-
rect). Use values relate to current benefits, valued using market prices; 
non-use involves subjective valuations of existence, even where direct 
benefits may be absent (Garciá, 2019). Valuation may also entail com-
parison with other (conventional, grey) infrastructures (e.g. Duffy et al., 
2008 - comparison of SUDS vs. traditional drainage). 

Economic valuation of nature has been criticised on philosophical 
grounds around intrinsic values and practical bases for determining 
costs and benefits of non-traded goods (Henneberry et al., 2020). 
Monetisation, as the last step in economic valuation, seeks to transform 
individual or social preferences into monetary values, mostly using 
market prices (Walras, 1877; Pareto, 1906; Paul et al., 2020; von Neu-
mann and Morgenstern (1953)). However, a key problem that arises 
with natural assets, as a critical element of NBS, is the inexistence of 
market prices. The economic value of NBS is not adequately reflected in 
market prices, and novel economic valuation methods are needed (Hsu 
and Chao, 2020). Using monetary values for non- marketed services such 
as clean air provision or biodiversity protection has been criticised 
(Tinch et al., 2019). Monetary valuation also assumes full knowledge of 
how changes in environmental goods and services influence utility, but 
these linkages are often complex and poorly understood (Cardinale 
et al., 2012). Another line of argument relates to perceived threats of 
neo-liberalisation (Kotsila et al., 2021; de Souza and Torres, 2021; 
Chausson et al., 2023) contending that monetary valuation may serve to 
capture, enclose and financialise natural assets or worsen environmental 
injustice. Kallis et al. (2013) set out criteria to mitigate against these 
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risks. Other critiques relate to the utility concept itself: conservation 
should not be based on perceived human interests but on ecocentric 
values (Taylor et al., 2020, see also ‘nature-based thinking’; Randrup 
et al., 2020). However, urban nature in particular has been undervalued 
by decision-makers, highlighting a key role for monetary valuation of 
NBS in cities (Papineu Salm et al., 2023; see also Flórez Yepes et al., 
(2020)). Balancing these viewpoints, limits to what can be effectively 
measured through monetisation can be acknowledged, in performing 
monetary valuation within wider sustainability appraisals alongside 
other impact assessments (social, environmental, cultural), addressing 
strengths and weaknesses of each form of evaluation. 

Although much research effort has been dedicated to developing NBS 
valuation methodologies (Bockarjova and Botzen, 2017) a key gap in the 
literature relates to the uptake and application of these methods. Barton 
et al. (2018) researched the operationalisation of ecosystem services 
appraisal for governance support, but did not specifically address NBS or 
urban contexts. Toxopeus et al. (2021) identify integration of NBS 
benefits into valuation and accounting methods as one of two main 
overarching barriers to NBS finance. This is despite significant historical 
research, e.g. Gómez-Baggethun and Barton (2013) comprehensive re-
view of urban ecosystem services valuation methods and economic 
values data. Mok et al. (2021) examined the applicability of an NBS 
valuation framework, but focussed primarily on potential for application 
rather than actual uptake by stakeholders. Viti et al.’s (2022) literature 
review highlights that in practice NBS valuations may be limited by their 
narrow focus. Croci et al. (2021) suggest that ecosystem services valu-
ation literature pertaining to urban contexts is limited, but focus on 
evidence for economic benefits and the scope of methods, rather than 
uptake. Actual NBS valuation experiences of city government staff – 
critically important stakeholders in NBS decision-making processes – 
remain largely unresearched. 

New research on the role of monetary valuation and effective 
knowledge exchange is thus required at the international level, to 
complement NBS policies and cooperative efforts from local to global 
scales. The research reported here, funded through the H2020 Conexus 
project, drew upon city cases in Latin America and Europe and the ex-
change of knowledge with stakeholders and between different sectors of 
society. It examined relationships between NBS impact assessment and 
monetary valuations, along with the uptake of these methods in the 
studied cities. The study sought to understand relationships between 
two key challenges – to secure funding for NBS to deliver multiple 
benefits, and the need for monetary values evidence. 

The central aim of this study was to establish how monetary valu-
ations have been applied to urban NBS projects in the literature and in 
practice, by investigating the methods, socio-political contexts and 
decision-making processes surrounding NBS. Specific research questions 
were:  

1. How have valuations been applied to understand the economic 
impacts of urban NBS?  

2. How do urban NBS valuations relate to other impact indicators and 
assessment frameworks? 

3. What evidence is there of uptake of these methods in Latin Amer-
ican and European cities? 

The research investigated applications of monetary valuation, and 
associated impacts of proposed or realised interventions, through liter-
ature reviews, focus groups and semi-structured interviews. Research 
question 1 was addressed by reviewing literature (see Methods and 
Results, first subsections). A database was created linking case studies of 
published monetary valuation methodologies with other impact 
assessment criteria and indicators (tackling question 2, second sub-
sections). Focus groups and interviews were held with city authority 
staff in Europe and Latin America (question 3, third subsections). 

1. Methods 

1.1. Literature review on the valuation of different types of urban NBS 

Addressing research question 1, the literature review focused on the 
monetary valuation of urban NBS interventions. Searches were under-
taken using Scopus and limited to the period from 2017 to present 
(earliest peer-reviewed paper on NBS valuation using that specific 
phrase published in December 2016: Liquete et al., 2016). Search terms 
for NBS interventions employed were kept broad to enhance coverage 
across different research fields and global contexts. These included NBS, 
urban forestry, GI, SUDS, urban greening and urban ecosystems / 
ecology. Phrases for valuation techniques (Fig. 1) were derived by 
analysing: source literature from a set of NBS cases (Amaya-Espinel 
et al., 2021); categories reported in Bockarjova and Botzen (2017); and 
monetary valuations described in Ozdemiroglu and Hails (2016). 

Fig. 1 summarises methods employed in this review drawing on the 
PRISMA systematic review reporting approach (Liberati et al., 2009; 
Moher et al., 2009) and restricted review methods (Plüddemann et al., 
2018). Abstracts, keywords and titles were screened for relevance and 
classified according to specified monetary valuation techniques, with 
categorisation being undertaken by two researchers. Abstracts were 
reviewed ‘blind’ (author and journal names hidden) to reduce bias in 
developing, refining and applying the codification system and screening 
methodology. An iterative process to review and compare coded con-
tents was undertaken for each category (Glaser, 1965). Each dataset was 
screened using the following exclusion criteria: (a) does not address NBS 
interventions in the urban fabric, e.g. pertains to rural ecosystems, 
conventional infrastructures or no NBS interventions were being tested; 
(b) does not involve monetary valuation; (c) does not entail empirical 
study e.g. reviews; (d) not peer-reviewed. 

Literature review results were stored and processed in MSExcel. 
Abstracts were screened twice, once at the domain level (NBS, urban 
forest etc), and again within a combined spreadsheet including all re-
sults (conservatively, i.e. abstracts retained for further scrutiny). Where 
abstracts were excluded, reasons for screening out were recorded, 
enabling cross-comparison between search results across domains or by 
different researchers. Once more, screened-out entries were retained for 
further scrutiny. Duplicates were removed prior to analysis of full 
manuscripts to code relevant content. The results are included in Sup-
plementary Materials (Supplement A). Results were passed to Conexus 
cities’ contacts for capacity-building purposes and are reported in the 
introduction and discussion. For the contemporary literature review, 
905 abstracts were screened, 729 did not meet selection criteria; 272 full 
texts were reviewed (Fig. 1). 

1.2. Researching links between NBS monetary valuations & other impact 
indicators 

A central objective was to establish whether NBS research involved 
monetary valuation and if projects addressed wide-ranging multiple 
impacts, or relatively few criteria (research question 2). Published NBS 
case studies from Amaya-Espinel et al. (2021) were used to create a new 
database (Supplementary Materials, Supplement B) then examined to 
understand relationships between impact assessments and monetary 
valuations. Since the focus of this research was on urban NBS, this part of 
the study focussed on NBS within cities themselves, and in Latin America 
and Europe in particular. Over 400 cases were screened to establish (a) 
what kinds of societal challenges were assessed using which NBS impact 
indicators; and (b) applications of monetary valuation methods re-
ported. This provided a database of cases enabling comparison of 
different types of monetary assessments and their relationships with 
other indicators, drawn from a broad range of contexts (climatic, 
geographical, ecological, socio-political). Indicators identified within 
cases - covering diverse social, ecological, technical, environmental, 
political and cultural aspects - were categorised using broad themes 
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from an NBS impact assessment framework (Dumitru and Wendling, 
2021a). Each reference was recorded as a unique record in MSExcel, 
with associated indicators being noted for the relevant study. Details of 
monetary valuation methods applied were logged alongside other 
impact indicators. Categories and terms for this inventory of valuation 
methods and cases were discussed and agreed between authors. Through 
this classification, indicators used to evaluate NBS co-benefits were 
matched with reported monetary valuation methods. 

1.3. Focus groups to co-produce understanding of NBS valuation and 
applications 

Research addressing question 3 involved conducting focus groups 
and interviews with city stakeholders in Latin America and Europe, 

undertaken in partnership with seven ‘Life-Labs’ (cross-sector collabo-
rative NBS research partnerships; https://www.conexusnbs.com/ 
life-labs). This gave the chance to re-examine NBS framings globally 
and to provide insights into opportunities and constraints affecting their 
uptake across diverse settings. To jointly establish how valuations may 
be applied by city government staff in diverse contexts using different 
impact indicators, a workshop was organised involving cities and other 
partners participating in Conexus. The workshop, held in person in São 
Paulo, Brazil (May 2022) involved local and regional government au-
thority representatives responsible for delivering urban NBS pro-
grammes and pilots, from six of the seven Conexus cities. 

Six city-specific focus group discussions were held, involving dele-
gates from the public sectors, NGOs, researchers, and representatives of 
SMEs. Numbers of participants were as follows: Barcelona, Spain (6 

Fig. 1. Flow diagram of record selection (Liberati et al., 2009; Moher et al., 2009).  
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participants); Bogotá, Colombia (7); Buenos Aires, Argentina (7); San-
tiago, Chile (9); São Paulo, Brazil (16); and Torino, Italy (8). Focus 
groups were held in local languages for each city, except Torino (held in 
English). A participatory approach was applied to understand cities’ 
urban NBS impact indicators (van der Jagt et al., 2023) across societal 
challenge areas. Dialogues in focus groups sought to investigate: (a) 
what drove the need for economic data and other performance data; (b) 
which impacts were centrally important to participants; and (c) the 
relevance or otherwise of valuation methods to participants’ professions 
and their work. References were filtered according to the most relevant 
topics and themes, based on indicators selected by the cities (see Results  
Table 4, indicators lists). References were sent to workshop participants 
in advance (15–20 abstracts per group, drawn from the database (Sup-
plement B)). Abstracts were translated using DeepL Pro (v4.1), along 
with an introductory briefing and the workshop agenda. During the 
workshop, summary explanations for each monetary valuation tech-
nique were provided, again translated into local languages. 

Workshop participants were asked in advance to review the abstracts 
and highlight any cases that were ‘very relevant’ or ‘irrelevant’ to their 
city in preparation for the group discussions. Pros and cons of reported 
monetary valuation methodologies and indicators were discussed in 
sessions convened by researcher-facilitators. Participants identified 
studies of interest linked with perceived societal challenges in each city, 
noting why cases were felt to be relevant or not for their city and NBS 
projects, and using unique reference numbers for each abstract. Facili-
tators captured key points of these discussions live, using flipchart 
paper. Individual participants were then asked to ‘vote’ for their most 
preferred methods, using sticky dots attached to the flipcharts, alongside 
relevant source references. 

Breakout group participants debated whether and how different 
monetary valuations were applied for different impacts, e.g. heat island 
mitigation, flood risk management, air pollution amelioration, etc. To 
generate an overview of the kinds of topics and impacts relevant across 
the cities, a poll was organised using Menti.com during a conference 
plenary session. This poll, conducted in such a way as to allow the 39 
individual respondents’ answers to be tracked across different questions, 
covered participants’: (1) names; (2) organisation; (3) Conexus city; (4) 
NBS projects; (5) societal challenge area categories; and (6) most 
pertinent indicators of NBS impacts. Since individual responses could be 
cross-referenced (with informed consent), it was possible to confirm that 
no double entries took place. 

Focus group results were summarised during a plenary session and 
circulated to participants afterwards. Based on the discussions, recom-
mendations were made for a subset of valuation techniques of relevance 
in each Conexus city, for use in subsequent project tasks concerned with 
NBS economic assessments and business planning. 

1.4. Semi-structured interviews on how monetary valuation methods are 
viewed & used 

To further understand the application of monetary valuation 
methods to urban NBS (research question 3), semi-structured interviews 
were held with key contacts having a role to perform valuations and/or 
support decision-making in each city studied. Semi-structured in-
terviews were used to understand stakeholders’ knowledge, values, 
beliefs or decision-making (Young et al., 2018), providing a flexible 
approach to focus on participants’ experiences whilst enabling 
comprehensive analysis. The aim was to establish whether and how 
economic assessments were applied in decision-making and how NBS 
impacts and co-benefits were formulated. Potential interviewees were 
identified by project partners during and post- workshop discussions. 
Partners were asked to identify appropriate participants such as econ-
omists, accountants or policymakers working in municipal or regional 
government authorities (see Results, Table 6); further participants were 
recruited using the snowballing method. 

Interviews were held in 2022 with 12 participants holding a range of 

Table 1 
Summary of references reporting monetary valuation methods applied to urban 
NBS (see Supplement A).  

Methods References and context for application of 
valuation methods 

Benefit transfer / value 
transfer  

• SUDS:Brent et al., 2017;Ossa-Moreno et al., 
2017;Nordman et al., 2018;Rizzo et al., 2021  

• Urban greenspace enhancement:Diluiso et al., 
2021;Bockarjova et al., 2020a  

• Urban forests:Tapsuwan et al., 2021;Bherwani 
et al., 2022; Zhao and Sander, 2018  

• Blue & green infrastructure:Skrydstrup et al., 
2022;Teotónio et al., 2022;Stroud et al., 2023  

• Urban ecosystem restoration: Zhao et al., 2018; 
Bockarjova et al., 2020a, 2020b 

Stated preference methods 
(general; mixed methods)  

• Urban greening:Vanstockem et al., 2018; 
Łaszkiewicz et al., 2019  

• GI:Teotónio et al., 2020;Tanaka et al., 2022  
• NBS:Hagedoorn et al., 2021;Hekrle, 2022; 

Skrydstrup et al., 2022 - meta-analysis 
Contingent valuation 

method  
• Urban forestry:Tran et al., 2017;Lagbas, 2019; 

Suarez et al. 2021;Balasha et al., 2022;Jiang 
et al., 2023  

• GI and NBS:Zhang et al., 2020;Wild et al., 2017  
• SUDS:Reynaud et al., 2017;Jarvie et al., 2017; 

Tanaka et al., 2022;Wang et al., 2022b; 
Oladunjoye et al. 2022  

• Urban regeneration:Idczak et al., 2019  
• Restoration of rivers & water quality: Islam 

et al., 2019;Yaacovi et al., 2021  
• Urban greenspace enhancement:Sabyrbekov 

et al., 2020;Liu et al., 2020;Martínez-Paz et al., 
2021;Okada et al. 2021;Mäntymaa et al., 2021; 
Kalfas et al., 2022  

• Maintenance of NBS:Qiao & Randrup, 2022 
Discrete choice experiments  • SUDS and GI for water management:Brent et al., 

2017;Ando et al., 2020;Johnson and 
Geisendorf, 2022;Kim et al., 2021a;Hérivaux 
and Coent, 2021  

• Street trees & vegetation planting:Fruth et al., 
2019, 2020;Botes and Zanni, 2021  

• Green walls & roofs:Collins et al., 2017; 
Vanstockem et al., 2018;Zhang et al., 2019; 
Teotónio et al., 2020;Manso et al., 2021; 
Benoliel et al., 2021;Netusil et al., 2022  

• NBS and urban nature restoration –Papineau 
Salm et al., 2023  

• Urban forestry:Japelj et al., 2017;Hong et al., 
2018;Pineda-Guerrero et al., 2020;Alvarez 
et al., 2021; Zhi-Ying et al., 2021;Davies et al., 
2023  

• Urban agriculture:Kyoi, 2021  
• Urban river restoration:Sarvilinna et al., 2017 

Revealed preferences 
(general; mixed)  

• Urban greenspace enhancement:Engström and 
Gren, 2017;Łaszkiewicz et al., 2019  

• GI:Derkzen et al., 2017  
• NBS:Skrydstrup et al., 2022 - meta-analysis 

Hedonic pricing  • NBS & GI:Roebeling et al., 2017;Augusto et al., 
2020;Jia and Zhang, 2021;Li et al., 2021;Sinha 
et al., 2021  

• SUDS:Irwin et al., 2017;Irvine et al., 2020; 
Hoover et al., 2020;Sohn et al., 2020;Fraga 
et al., 2022  

• Urban forestry:Plant et al., 2017; Franco et al., 
2018;Zhang and Dong, 2018;Donovan et al., 
2021;Sachs et al., 2023  

• Urban greenspace enhancement:Iváncsics et al., 
2019;Piaggio, 2021;Schwarz et al., 2021;Wu 
and Rowe, 2022;Xu et al., 2022;Łaszkiewicz 
et al., 2022  

• Urban river restoration:Chen, 2017 
Travel cost methods  • Urban forestry:Bertram and Larondelle, 2017; 

Herwanti et al., 2021  
• Urban greenspace enhancement:Kim et al., 

2021b;Okada et al. 2021  
• Urban river restoration:Mäntymaa et al., 2021; 

Cetin et al., 2021 

(continued on next page) 
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roles in local or regional government (Results, Table 6). The first part of 
the interview involved questions covering participants’ professional 
backgrounds, experience and roles. Subsequent questions addressed 
participants’ current work, daily tasks performed, and the processes, 
skills and knowledge involved. The final part focussed on opinions and 
knowledge about NBS, and economic valuation of impacts linked with 
urban NBS investment decision-making. It was ascertained whether in-
terviewees were involved in monetary valuation of interventions, under 
which circumstances, and how they understood the methods involved. 
Perspectives of different valuation methods and local relevance were 
discussed to help understand what drove the need for economic data and 
other NBS performance data. Interview methods were piloted in a 
separate city to test and refine the sequencing of questions. 

All interviews were transcribed in original languages and later 
translated to English using Deepl Pro. Resulting information was 
examined and summarised based on original transcripts versions. In-
formation relevant to the research questions was highlighted alongside 
important contextual details. Textual analysis was carried out in 
MSWord and data organised in MSExcel. Thematic analyses were con-
ducted using a hybrid approach; firstly deductive, to identify broader 
interview themes, and then inductive, to establish emerging sub-themes 
and explore theoretical perspectives concerning the observed evidence 
and narratives using these labels. 

2. Results 

2.1. Literature review on monetary valuation urban NBS 

Table 1 summarises publications reporting the application of a range 
of monetary valuation methods (Supplement A). Urban NBS economic 
valuation literature was closely related to urban ecosystem services 
themes (e.g. Johnson and Geisendorf, 2019; Mäntymaa et al., 2021; 
Papineau Salm et al., 2023). Some valuation publications referred to 
NBS explicitly (e.g. Derkzen et al., 2017; Wild et al., 2017; Okada et al., 
2021; Sikorska et al., 2020; Masiero et al., 2022; Neumann and Hack, 
2022; Skrydstrup et al., 2022). This research builds on a longer heritage 
of valuations relating to urban forestry, GI, SUDS and urban greening (e. 

Table 1 (continued ) 

Methods References and context for application of 
valuation methods  

• Green walls, green roofs & green corridors: 
Zhang et al., 2020 

Land values and land 
valuation  

• NBS and GI:Wild et al., 2017;Dyca et al., 2020  
• Urban trees:Morgenroth et al., 2017  
• SUDS & urban river daylighting:Kozak et al., 

2020  
• Urban greenspace:Picard and Tran, 2021;Buck, 

2021;Cuvi and Vélez, 2021; Molar-Cruz, 2022 
Net present value & cash 

flow analysis  
• SUDS:Vincent et al. 2017;Nordman et al., 2018; 

Alves et al., 2019;Johnson and Geisendorf, 
2019;Locatelli et al., 2020;Johnson et al., 
2021a;b;Godyń et al., 2020, 2022;Fraga et al., 
2022;Jato-Espino et al., 2022;Khan et al., 2022; 
Neumann and Hack, 2022;Wilbers et al., 2022; 
Ciasca et al., 2023  

• Green roofs & walls:Matos Silva et al., 2019;He 
et al., 2021  

• Urban green space enhancement:Quaranta 
et al., 2021;Neumann and Hack, 2022;Chen 
et al., 2023  

• Urban energy crops:Sikorska et al., 2020 
Life cycle cost analysis  • Urban agriculture:Zidar et al., 2017  

• SUDS & GI:Mei et al., 2018;Alves et al., 2019; 
Tavakol-Davani et al., 2019;Xu and Zhang, 
2019;Bixler et al., 2020;dos Santos et al., 2021; 
Qiu et al., 2021;Abdeljaber et al., 2022; 
Garbanzos et al. 2022;Heidari et al., 2022;Khan 
et al., 2022;Lu et al., 2022;Quaranta et al., 
2022;Reu Junqueira et al., 2022;Wang et al., 
2022a;Ciasca et al., 2023  

• Brownfield greening:Zhong et al. 2020  
• Green façades:Tudiwer et al., 2019 

Incentive analysis  • GI:Conrad and Yates, 2018  
• SUDS:Fu et al., 2019;Boguniewicz-Zabłocka and 

Capodaglio, 2020;Godyń et al., 2020, 2022; 
Wilkerson et al., 2022  

• Urban ecosystems restorationClaron et al., 2022 
Replacement costs  • SUDS:Silvennoinen et al., 2017;Jarvie et al., 

2017;Assaad et al., 2023  
• Urban forestry:Medeiros et al., 2019;Masiero 

et al., 2022;Shah et al., 2022  
• Urban green space enhancement:Okada et al. 

2021;Chen et al., 2023 
Production function  • Urban blue-green infrastructure:Wong et al., 

2017, 2018  
• Urban forestry:Masiero et al., 2022  

Table 2 
NBS impact indicators used in case studies reported in the database (Supplement 
B) categorised within the 12 broad societal challenge themes used in the ECs’ 
NBS Impact Assessment Handbook (Dumitru and Wendling, 2021).  

NBS Impact Handbook 
challenges areas (2020) 

Indicators used in manuscripts (with number of 
studies, in brackets) 

Climate resilience Biomass provision, incl. timber & fuel (10); C02 - 
Greenhouse Gases (GHG) storage, reduction & 
mitigation (30); Disaster risk reduction, natural 
hazard reduction (8); Energy efficiency - avoided 
emissions (7); Evapotranspiration (18); Heat, 
urban heat island (85); Resource efficiency (6); 
Shade provision, reduced solar irradiation (21); 
Soil quality (8); Tree cover & vegetation cover, 
incl. Normalised Difference Vegetation Index 
(NDVI) (86). 

Water management Disaster risk reduction, natural hazard reduction 
(8); Drought prevention - water resources (5); 
Evapotranspiration (18); Flood risk management 
(40); Infiltration & soil sealing (18); Runoff-flow- 
retention (48); Water quality, water pollution & 
waterbody conditions (22). 

Natural & climate hazards Disaster risk reduction, natural hazard reduction 
(8); Drought prevention - water resources (5); 
Flood risk management (40); Runoff-flow- 
retention (48); 

Green space management Biomass provision, including timber & fuel (10); 
Greenspace access, visits, use, accessibility (62); 
Food supply & provision (25); Human-nature 
experience (18); Land use change incl. urban 
sprawl (27); Recreation & amenity (60); Tree cover 
& vegetation cover, incl. NDVI (86); Soil quality 
incl. erosion (8). 

Biodiversity enhancement Biodiversity, incl. pollinators & biological control 
(79); Soil quality incl. erosion (8); Ecological 
structural & functional connectivity (25). 

Air quality Air quality incl. air pollution & allergens (79); C02- 
GHG storage, reduction & mitigation (30). 

Place regeneration Aesthetics, incl. attractiveness (47); Energy 
efficiency - avoided emissions (7); Place - quality, 
sense of, attachment, identity (24). 

Knowledge & social capacity 
building 

Dialogue incl. knowledge exchange (9); 
Educational opportunity & provision (7). 

Participatory planning & 
governance 

Dialogue incl. knowledge exchange (9); 
Governance (26); Participation & salience (26); 
Trust (4). 

Social justice & social 
cohesion 

Environmental in/justice (11); Population density 
(13); Safety-security-danger-crime (12); Social 
capital, cohesion, connection (19); Social inclusion 
(12). 

Health & wellbeing Human health & morbidity (15); Human-nature 
experience (18); Noise & sound pollution, 
insulation (20); Quality of life (19); Wellbeing, 
stress relief, restorativeness (36). 

Economic opportunities & 
green jobs 

Socio-economic status & deprivation (35); Tourism 
(6). 

Notes: Indicators in the NBS Impact Handbook (Dumitru & Wendling, 2021b) 
often appear in/across multiple societal challenge area categories; here numbers 
given include the same studies for indicators duplicated in the Handbook, and 
sub/totals are not provided since studies used multiple indicators. 
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g. Escobedo et al., 2015a; Vincent et al., 2017; Tudiwer et al., 2019). 
Valuations covered diverse scales from micro-level interventions (e. 

g. green roofs and walls, Almeida et al., 2021) through to large networks 
(e.g. extensive urban forestry, Bertram and Larondelle, 2017). Studies 
involved individual treatments such as street-level greening (Fruth et al., 
2019; 2020), various NBS elements combined (Wild et al., 2017), and 
NBS integration within urban design interventions (e.g. Roebelling 
et al., 2017). Cost-benefit analyses explicitly addressing NBS in urban 
settings were relatively common, covering: air pollution (e.g. Nemitz 
et al., 2020); brownfield remediation (e.g. Masiero et al., 2022); recre-
ation and aesthetics (e.g. Teotónio et al., 2020, 2022); and water 
pollution, drought and flood risk (e.g. Turkelboom et al., 2021; Quar-
anta et al., 2022; Reu Junqueira et al., 2022; Ciasca et al., 2023). The 
CBA literature around urban forestry, greening and GI is extensive 
(Table 1). CBA studies less often covered: urban food (Dubová and 
Macháč, 2019; Kyoi, 2021); irrigation (Zubelzu et al., 2019); regenera-
tion (Hsu and Chao, 2020; Zhong et al., 2020); sound (Almeida et al., 
2021); tourism (Lim and Xenarios, 2021); or energy provision (Sikorska 
et al., 2020). 

Relatively few studies involved monetary valuation of biodiversity 
impacts of NBS (Collins et al., 2017; Gwak et al., 2017; Riley et al., 2018; 
Wan et al., 2018; Rezwan et al., 2022). Explicit links with urban climate 
change issues were common (water scarcity - e.g. Wang et al., 2022a; 
heat island - e.g. Sinha et al., 2021; energy - e.g. Sikorska et al., 2020; 
flooding - e.g. Mei et al., 2018, dos Santos et al., 2021). Few articles 
addressed the economic valuation of social, cultural and political im-
pacts of NBS. Exceptions included combinations of qualitative and 
quantitative valuations (Neumann and Hack, 2022; Teotónio et al., 
2022; Derkzen et al., 2017). 

2.2. Links between NBS economic valuations and other impact indicators 

A total of 41 different impact indicators were recorded in the data-
base of NBS case studies (Supplement B). These indicators related to 
many different criteria addressing a vast range of societal challenges. 
However, most studies addressed only a few indicators (mean: 3 in-
dicators). Fig. 2 and Table 2 summarise impact indicators covered by 
cases (Supplement B), categorised according to broader societal chal-
lenge themes from Dumitru and Wendling (2021a & b). 

Clustering of specific impact indicators according to the 12 broad 
societal challenge areas assisted with validation and in mapping out 
indicators of interest in specific cities. Duplication was a significant 
issue: indicators were often nested under multiple ‘parent’ challenge 
areas (Dumitru and Wendling, 2021b). Of all cases analysed in the 
database (Supplement B), 62 reported the application of monetary 
valuation methods. Thus, the majority of NBS cases in this database did 
not entail monetary valuation (Fig. 2). Table 3 shows the ‘top 10’ in-
dicators addressed by valuation studies within that subset of manu-
scripts. Several papers applied more than one indicator or valuation 

Table 3 
Indicators most frequently addressed by monetary valuation studies of NBS: top 
10 (Supplement B).  

Indicators (top 10 indicators 
covered by valuations) 

Monetary 
valuations 

Total no. of studies 
using indicator 

Tree cover & vegetation cover  18  86 
Recreation & amenity  16  60 
Aesthetics, including landscape 

attractiveness  
15  47 

Air quality, air pollution & 
allergens  

14  79 

Biodiversity, pollinators & 
biological control  

14  79 

Flood risk management  13  40 
Runoff of urban water (flow, 

retention, detention)  
9  48 

Heat, urban heat island effect  9  85 
C02- Greenhouse Gas storage, 

reduction, mitigation  
8  30 

Socio-economic status & 
deprivation  

8  35  

Table 4 
Criteria and indicators used in identifying references for valuation methodolo-
gies of relevance.  

Conexus city NBS impacts: key societal 
challenge areas 

Specific indicators of relevance 
as regards valuation 

Barcelona, 
Spain 

Greenspace management, air 
quality, social capacity. 

Greenspace accessibility and 
coverage, food production, air 
quality, structural and vegetation 
biodiversity. 

Bogotá, 
Colombia 

Knowledge and social 
capacity, water management, 
climate resilience, 
greenspace management, 
place regeneration, social 
justice and cohesion, 
biodiversity enhancement. 

Environmental education, social 
learning, trust, water quality, 
place attachment, soil carbon 
storage, biodiversity. 

Buenos Aires, 
Argentina 

Water management, air 
quality, knowledge and social 
capacity, biodiversity 
enhancement, participatory 
planning and governance. 

Openness of participation, air 
quality, water quality and 
pollution, water quantity, 
biodiversity, particularly 
vegetation. 

Lisboa, 
Portugal 

Green space management, 
place regeneration, 
participatory planning and 
governance, biodiversity, 
knowledge and social 
capacity. 

Greenspace coverage, 
reclamation of derelict land for 
NBS, uptake in terms of number 
and diversity of NBS types, 
environmental justice, 
biodiversity, knowledge 
exchange. 

Santiago, 
Chile 

Climate resilience, health and 
wellbeing, knowledge and 
social capacity, biodiversity, 
greenspace management, 
social justice, capacity 
building. 

Greenspace accessibility, 
greenspace coverage and share 
per inhabitant, environmental 
education and pro-environmental 
behaviour, urban temperatures, 
public-private partnerships, 
wellbeing, safety and security, 
biodiversity, GI connectivity. 

São Paulo, 
Brazil 

Climate resilience, place 
regeneration, biodiversity, 
participatory planning and 
governance. 

Carbon sequestration and storage, 
perceived quality of space, urban 
temperatures, vegetation 
biodiversity, openness of 
participation processes, 
recreational value, 
evapotranspiration, tree growth 
including carbon flux and energy 
balance. 

Torino, 
Italy 

Climate resilience, water 
management, greenspace 
management, biodiversity 
and air quality. 

Heat mitigation, greenspace 
accessibility, air quality, and 
water runoff, quality and 
permeability.  

Table 5 
Most relevant valuation techniques for each life lab identified during São Paulo 
workshop.  

City Most relevant techniques 

Barcelona, Spain CBA focusing on health and wellbeing; WTP using Choice 
Experiments including visuals 

Bogotá, Colombia CBA; Contingent Valuation; WTP 
Buenos Aires, 

Argentina 
Hedonic pricing; CBA, including flood risk management and 
water quality 

Santiago, Chile Land values; Multi-objective optimisation (multi-criteria 
analysis) 

São Paulo, Brazil WTP and Choice Experiments using visuals; CBA – socio- 
economics of greenspace access 

Torino, Italy WTP (pilot scale); Urban ecosystem services – benefit transfer 
(broader scale) 

Notes: WTP: willingness to pay; CBA: cost-benefit analysis. Lisboa, Portugal staff 
were unable to attend the workshop. 
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methodology, so Table 3 does not include sub/totals. 
Most of this subset of studies (entailing monetary valuation) 

addressed physical-environmental aspects only (Table 3 and Supple-
ment B). Monetary valuation studies rarely focused on indicators 
covering socio-cultural, political or governance aspects (e.g. participa-
tion: 1 reference; social inclusion: 3; quality of life: 3). Valuations tended 
to be clustered together with indicator types, e.g. travel-cost methods 
were commonly applied for projects involving recreation, biodiversity, 
land-use change and amenity. Hedonic pricing was frequently applied in 
relation to greenspace and vegetation cover. Discrete choice experi-
ments often addressed aesthetics and recreation; CBAs were broadly 
applied across indicator types (Supplement B). 

2.3. Focus groups with cities: co-producing understanding of NBS 
indicators & valuations 

In preparation for the São Paulo workshop, summaries and details of 
publications reporting economic valuation of NBS were sent to partici-
pants. Information sharing about societal challenge areas and NBS 
impact indicators of relevance to each city (as defined by city staff) 
provided a focus and frame of reference for discussions. Table 4 lists the 
criteria used in this process (these subsets of interests are not presented 
in order of importance). 

During the plenary session, 39 participants responded to the Menti 
poll exploring societal challenges addressed by the cities’ NBS pro-
grammes and projects. Respondents identified key criteria and 

Table 6 
Summary of responses in semi-structured interviews.  

Cities Participant 
ID 

Area of expertise Monetary 
valuation 

Purpose of 
valuation 

Techniques Benefits Indicators 

Bogotá, 
Colombia 

Participant 1 Economic 
valuation 

Yes Support public 
policies 

Contingent 
valuation; Benefit 
transfer 

Air quality; 
Carbon 
sequestration 

Carbon removed or stored 

Participant 2 SUDS planning No x x x x 
Participant 3 Urban planning No x x x x 

Buenos 
Aires, 
Argentina 

Participant 4 Urban economics Yes Support public 
policies 

Hedonics New economic 
opportunities 

Mean land and/or property value in 
proximity to green space 

Lisboa, 
Portugal 

Participant 5 Urban parks No x x x x 
Participant 6 Environmental 

planning 
No x x x x 

Santiago, 
Chile 

Participant 7 Urban parks 
investment 

Yes Support public 
policies 

Not known New economic 
opportunities 

Use of ground floor building space 
for retail, commercial or public 
purposes in area around created park 

Participant 8 Territorial planning No x x x x 
Participant 9 Investment analysis 

and valuation 
No x x x x 

São Paulo, 
Brazil 

Participant 
10 

Environmental 
planning 

Yes Calculate 
environmental 
assets of city 

Emergy valuation Park value Thermodynamics 

Participant 
11 

Budget planning No x x x x 

Torino, Italy Participant 
12 

Innovation funding Yes* Green infrastructure 
planning 

Benefit transfer Heat, energy, air 
quality 
(I-Tree) 

x  

Fig. 2. Numbers of NBS valuation studies analysed (see Supplement B) addressing indicators, categorised according to the 12 ‘societal challenge areas’ in Dumitru 
and Wendling (2021a & b). 
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indicators (Fig. 3) addressing important impacts and co-benefits of those 
interventions. 

Table 5 provides a summary of the valuation methods in which 
participants showed most interest i.e. those considered most relevant to 
their NBS. Focus group discussions highlighted cities’ priorities for NBS 
impacts (and associated indicators) within categories of participatory 
planning and governance, social justice and social cohesion, and knowledge 
and social capacity building (Fig. 3; see also Table 6) alongside other 
impacts (e.g. physical environmental benefits). 

Focus groups involved discussions between stakeholders responsible 
for developing NBS projects, debating impact indicators of relevance to 
the societal challenges that drove their initiatives. These discussions 
revealed that all city partnerships held ambitions to deliver a wide range 
of NBS co-benefits across the whole spectrum of indicators (all cases), 
and that some - but not all - of those impacts could be relevant in terms of 
monetary valuations (Table 5). 

2.4. Interviews: how monetary valuations of urban nature & NBS were 
viewed & applied 

Table 6 summarises key points raised in semi-structured interviews 
with local governments contacts. Participants’ perspectives about rele-
vant economic assessment techniques highlighted relationships between 
those methods and specific challenges at play in each city. 

Analysis of interview subthemes provided further insights into how 
cities considered the valuation of multiple impacts of urban NBS. Table 7 
summarises which of the cities used monetary valuations, for what 
purpose, in which contexts. It also provides details of techniques, ben-
efits and indicators applied, where relevant. Labels used in the sub-
thematic analysis, derived inductively from transcribed discussions, 
included “decision-making”, “economic valuation of benefits”, “barriers 
and opportunities ”and “financing for urban nature”. 

In considering the contexts for NBS, focus group and interview re-
sults (Tables 5–7 inclusive) serve to highlight that cities differed greatly 
in their political priorities and societal challenges - as well as the state of 
the art in NBS valuation. Important differences related to the role of 
economics in decision-making, support or otherwise for this notion, and 
cities’ experiences with valuation (Tables 6–7). The results indicate 

there is a willingness in local and regional governments to further 
develop the use of valuations if necessary to secure funding for NBS 
projects. With the limited number of cities involved, Latin American 
cases appear to have advanced further in their application of monetary 
valuation methods relating to NBS (Table 7). Relatively little evidence 
was found for NBS funding being derived from private finance (Table 7). 

Another key finding was that city- and regional- government staff 
hold clear and nuanced understandings of the roles and limitations of 
economic valuation, and inherent risks (Table 7):  

• “…if the monetary valuation leaves out the main issue, which I think is the 
improvement of the ecosystem and ecological enhancement” (Participant 
8).  

• “I cannot simply arrive and make an economic assessment without also 
knowing how it is at the social level, without knowing how it is at the 
ecological level” (Participant 1). 

Stakeholder interviews indicated that economic evidence may 
sometimes have relatively little importance in cities’ decisions around 
NBS interventions, or may be applied post-hoc in supporting existing 
decisions, or may be rather peripheral when it comes to the ecological 
impacts (Table 7). Furthermore, a key barrier to the application of urban 
NBS valuation stems from dataset availability and quality, combined 
with cities’ capacities to apply those techniques (Table 7):  

• “The problem we have encountered is the availability of data to make 
those evaluations” (Participant 4).  

• “It is a tool that not everyone knows how to use” (Participant 1). 

It is striking that even in some of the largest cities in the world the 
limitation of the paucity of datasets applies, despite their significant 
capacities for innovation. 

3. Discussion 

3.1. Literature review 

In line with Derkzen et al. (2017), several valuation studies linked 

Fig. 3. Overview of societal challenges of interest and key impact indicators across 6 Conexus cities.  
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Table 7 
Themes and subthemes identified on semi-structured interviews.  

Broader themes Sub-themes Examples 

Decision making Siloed approaches “(…) the innovation service acts a bit as a promoter, as internal project manager, as the stimulator, as the enabler. But 
clearly, all opinions of technical competence remain with the correct departments. We are responsible for the overall 
expenditure concerning the project goals, so generally, the physical works of the green area remain within the competence 
of the green area department” (Participant 12). 
“(…). So, [the green department] has the capacity to calculate carbon inventories, nitrous oxide inventories, but it has no 
influence on political-administrative decisions in this area of transport (…)” (Participant 11). 

Economic valuation of 
benefits 

“(.) the environmental patrimony division wanted to do an economic valuation for the record, so they could say: look at the 
parks in São Paulo, they provide environmental services worth so many billions of reais or they are worth so many billions 
of Reais. The prioritisation of new investments is being done by another plan” (Participant 10). 
“(.) I understand that they [the water company] evaluate alternatives, in which they evaluate the scenario without SUDS 
and the scenario with SUDS. But as far as I understand it, they don’t take into account the environmental benefits in 
monetary terms to make that decision, the decision is more about the capacity of the system. If the system has the capacity 
and the conventional system is cheaper, they go that way, but if the issue is that the capacity in that area is not sufficient, 
they consider SUDS. But the issue of assessing the benefits for decision making is just starting so far" (Participant 2). 

Short-term decision- 
making cycle 

”(…). When we work with natural resources, we don’t work by electoral cycles. And the decision right now is made in four- 
year cycles. (…) We live in a society of immediate reactions and therefore all these investments that are made for a longer 
period are very difficult to make a decision” (Participant 5). 

Economic valuation of 
benefits 

Added property value “(…) we use hedonic price models to determine in the different areas of the city the influences of the different urban facts 
on the cost of selling a flat, so we know that if it is near a certain green space, you will pay more, or a flat will be more 
expensive if it is near a green space or if it is near an underground station” (Participant 4). 

New economic 
opportunities 

“The measurements of the economic parameters of the tool have to do with (.) how the park can generate local economies, 
how it can promote work in the communities, how it can be a platform that generates income for the communities. We 
measure whether the park has spaces to support fairs, event centres that generate local economies, for example" 
(Participant 7). 

Carbon credit "No, there is no valuation of NBS, what is done at the national level, and what is established, is carbon sequestration. In 
fact, there is a social price per tonne of carbon, but it is very low, so it is marginal" (Participant 9). 

Barriers and 
Opportunities 

Reliability of data “(.), the problem we have encountered is the availability of data to make those evaluations. So, we have made some 
attempts to take into account the CO2 emissions from the trees, and to account for them and include them as another 
variable in this model, but we do not have the measurement data that would allow us to evaluate them more precisely (.)" 
(Participant 4). 
"There is a great uncertainty in any evaluation of monetisation, so it doesn’t make sense to come in with big IT resources or 
to do a very big survey for each park, for each green area" (Participant 10). 

Monetisation of nature "However, it is an issue if it [the valuation] is only economic because there is a tendency to monetise nature. So, it is 
complex, because, in the end, we want to achieve a specific objective (…). So, it [the valuation] is [negative] if the 
monetary valuation leaves out the main issue, which I think is the improvement of the ecosystem and ecological 
enhancement” (Participant 8). 

Lack of expertise and 
knowledge 

"Well, I think that as such, [the economic valuation] it is a tool that not everyone knows how to use. So, I think that this is a 
challenge and, as I said, I think that to make a good economic assessment, you must know the sector very well and you need 
time, you need resources" (Participant 1). 
"So, the first challenge is which indicators I’m going to bet on, how those indicators are measured, who monitors them and 
how they are put into money and how I measure the impacts" (Participant 3). 

Communication tools "I have been working more on the topic of adaptation and it is very important to communicate and try to understand what 
the costs are of not adapting, right? If we didn’t do anything, what does it cost us? It’s very important to quantify this for 
decision making, (.) because it may or may not give more strength to governments, local and national authorities, to really 
move forward or not, and stop pretending that it’s for the next ones, right?" (Participant 6). 

Holistic methods of 
assessment 

"(…) I cannot simply arrive and make an economic assessment without also knowing how it is at the social level, without 
knowing how it is at the ecological level. I think it is like an umbrella that is always needed from all three to be able to give 
good results. So, I believe that the challenge is perhaps to find the three methods at the same time, that I also have 
ecological information, that I have social information to be able to obtain data” (Participant 1).  

Financing for 
urban nature 

Increase in budget for urban nature projects “Today, a regular source that has been approved year after year, it’s a public source, which is a fairly large 
budget, and which has been growing over the years” (Participant 7). 
“(…), our budget is increasing more and more, society demands more and more and there is also more 
criticism and demands on our work (…)” (Participant 11). 

Differences between Latin America and Europe in 
accessing international funding 

"(.)I don’t remember cases or at least I am not aware of cases where money has come from outside to 
finance these projects (.) " (Participant 4). 
“(…) there is funding, including through European programmes and the budget, the partnership with the 
State, or in partnership with the district. So, there are several partnerships to try and reconcile financing 
to undertake major works. I’m talking about a drainage plan for Lisbon, for example, which is a huge 
undertaking, perhaps millions… and therefore this type of project has European capital, municipal 
capital, State capital, and now PRR (Portuguese National Recovery and Resilience Plan) capital, so several 
funds are being lent (…)” (Participant 5). 

Public-private finance “(.) in these last years since 2020 approximately, a management instrument has been developed which is 
called "convenios urbanísticos". What these urban development agreements do is to negotiate with the 
private party against, for example, a person who wants to build a building with different characteristics to 
those allowed by the code in an area where it is justified to build with more height or other things, the 
government says: Well, I allow you to build this with certain conditions, but I allow you to build these 
floors, in other words, in exchange, you have to give me money or green spaces” (Participant 4). 
“(.) an important source of funding is sometimes private funding, that which comes through, for example, 
banking foundations. We in Turin have two large bank foundations: Fondazione CRT, and Fondazione 
Compagnia di San Paolo. In other Italian territories, there are others, so it is quite a present form of 
financing. And these foundations have increasingly focused on nature-based solutions, somewhat in line 
with European priorities" (Participant 12).  
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together or referred interchangeably to different NBS terms (e.g. 
Sikorska et al., 2020; Lim and Xenarios, 2021; Masiero et al., 2022). 
Hekrle (2022) notes that often such analyses relate generically to 
greenspace or GI. 

Since most valuation studies ultimately involve some form of CBA 
(Ma et al., 2021), it is unsurprising that much of the monetary valuation 
literature refers to this approach. Often CBAs assessed crosscutting 
benefits (e.g. SUDS urban cooling impacts - Johnson et al., 2021a and b). 
Some CBAs addressed multiple benefits (e.g. Alves et al. 2019; Iváncsics 
et al., 2019; Matos Silva et al., 2019; Rizzo et al., 2021; Shah et al., 2022) 
or involved multicriteria analysis (Teotónio et al., 2022; Claron et al., 
2022). Few investigated trade-offs in ecosystem dis/services (Speak 
et al., 2018; Fu et al., 2019; Wu et al., 2019; Hérivaux and Coent, 2021; 
Shah et al., 2022) with implications for research question 2: several 
authors reported increased cost-benefit where multiple benefits and 
intangibles were valued (e.g. Vincent et al., 2017; Alves et al., 2019; 
Oladunjoye et al., 2022). 

3.2. Links between monetary valuations & other impact indicators 

Key findings relating to research question 3 were that most NBS cases 
examined in the database (Supplement B) did not entail monetary 
valuation, and that NBS monetary valuations tended to address a limited 
number of indicators. Few studies addressed multiple impacts, in 
contrast with Raymond et al. (2017). Fewer still involved monetary 
valuation (exceptions included Escobedo et al., 2015b; Langemeyer 
et al., 2015; Kozak et al., 2020). Overall, however, the wide diversity of 
indicators applied to measure NBS impacts is striking. Pauleit et al. 
(2017) note that NBS is a useful umbrella term for several valuable 
intervention types; these are accompanied by diverse methods to assess 
NBS effects (Table 2). This is evident from Dumitru and Wendling’s 
(2021a) guidance - many indicators reported in the literature match well 
with their (2021b) Appendix of Methods at the level of indicators. 
Nevertheless, prospects for holistic and comprehensive assessments of 
NBS addressing multiple indicators (social, cultural, technical, envi-
ronmental etc.) are less clear (Kumar et al., 2021). 

Also of interest were the kinds of impacts that NBS monetary valu-
ations tended to address. The top 10 indicators most often researched 
were heavily weighted towards physical-environmental and technical 
outcomes (Table 3). Few studies in the database (Supplement B) 
involved valuation of impacts covering social, cultural or political as-
pects. Notable exceptions included socio-cultural valuations (Derkzen 
et al., 2017) or combinations of qualitative and quantitative valuations 
(Neumann and Hack, 2022; Teotónio et al., 2022). Whilst these methods 
incorporate monetary valuation they echo ambitions for deliberative 
valuation, in seeking to integrate various disciplines, tools and tech-
niques bridging academic and citizens’ inputs (Raymond et al., 2014; 
Wild et al., 2015; Kenter et al., 2016; Andersson-Sköld et al. 2018; 
Venter et al., 2021; Stange et al., 2022). There is a need for improved, 
applied NBS governance indicators (van der Jagt et al., 2023) despite 
this being a major research focus in many NBS projects. Placing a 
monetary value on impacts such as capacity-building can be problem-
atic, whereby indicators that relate to inputs and processes are equally 
important to outcomes that can be monetised (Fig. 3; Table 6 and 7). 
Economic valuation should only be used in conjunction with other forms 
of data and broader conceptions of values (Kallis et al., 2013; IPBES, 
2022). 

3.3. Focus groups and semi-structured interviews 

Focus group and interview results confirmed that cities’ socio- 
political and environmental contexts were centrally important in 
shaping staff’s perspectives of NBS monetary valuation (Tables 5–7). 
The findings indicate nuanced views as to the challenges and dilemmas 
involved in monetary valuation pertaining to urban nature. Officers 
clearly understood that monetary valuations had a place alongside 

rather than instead of other forms of impact assessment (Kallis et al., 
2013). This points to a sensitivity to the importance of non-use and 
existence values, and the significance of governance and institutional 
contexts (Barton, 2022). The relatively high interest in monetary valu-
ation methods in Latin American cities is an interesting result, bearing in 
mind Global South cities’ governance contexts (Pineda-Guerrero et al., 
2020; Devisscher et al., 2022). This finding warrants further research; 
we could find no other relevant references on this topic. 

A second key theme in relation to question 3 is that economic as-
sessments may be viewed as being just one useful tool in the toolset 
(Tables 6–7). Monetary values for ecosystem services do not always 
reflect citizens’ perspectives (Suarez et al., 2021), but 
context-appropriate valuation methods can be developed to address 
concerns over valuations of benefits, in line with policy realities (Esco-
bedo et al., 2008). Care must be taken to address common concerns 
around monetisation, using complementary socio-ecological impact as-
sessments and wide stakeholder input (Haase et al., 2017; Toxopeus 
et al., 2020; Okada et al., 2021; García-Lamarca et al., 2022). 

Two other key issues emerged from focus groups and interviews. 
Firstly, urban NBS valuations had only limited influence in decision- 
making processes, but provided important tools to communicate with 
decision makers - especially around the relative costs of different climate 
and biodiversity scenarios (Table 7, ‘decision-making’; see Agrawala 
et al., 2008; Sanderson and O’Neill, 2020). Secondly, although city 
budgets for urban greening had increased in some cases, relatively little 
NBS funding appeared to be derived from private finance (Table 7; 
Dempsey and Suarez, 2016; Seddon et al., 2020; EIB, 2023). 

3.4. Synopsis: common themes & critical discussion of findings 

Overall the findings indicate that although the field of NBS monetary 
valuation may be advancing, its impacts in the cities studied are limited 
as concerns interventions within the urban fabric (Table 7). Why might 
this be the case? The signs are that whilst applications of urban NBS 
valuations are reasonably commonplace in academia, these studies tend 
to be limited to particular types of interventions and impacts using 
relatively few indicators (Supplement B). Information costs associated 
with valuations become greater as spatial resolution increases (Barton 
et al., 2018). Ecosystem services assessments applied across multiple 
impact domains often involve benefit transfer (value transfer) methods 
(Grammatikopoulou et al., 2023). Applying CBA techniques is more 
complex in urban areas (EC, 2022b), where land use and ownership 
patterns are more fragmented, heterogenous and complex than in rural 
settings (Elliot et al., 2019; Angel et al., 2012; Keita et al., (2020)). 

Vásquez and Dobbs (2020) identify the lack of economic valuation of 
NBS benefits as a key barrier in their development and implementation 
in Latin America. Drawing on these findings, a specific challenge is to 
clarify which particular impacts should be addressed through monetary 
valuations of urban NBS. Evidence exists in the literature for the appli-
cation of monetary valuation to NBS (Table 1), however methodologies 
do not correspond well with urban NBS impact assessments (EC, 2022b). 
But why does this matter? Dumitru and Wendling (2021a) offers “a 
comprehensive NBS impact assessment framework… indicators and 
methodologies to assess impacts of NBS across 12 societal challenges” in 
the European context. Notably, two criteria have economic themes i.e. 
‘place regeneration’ and ‘economic opportunities & green jobs’, but the 
coverage of valuation methods is not particularly comprehensive. The 
Appendix of Methods (Dumitru and Wendling, 2021b) could therefore 
be updated to include synopses of applied valuation techniques. 

It is evident that many monetary valuations have been reported, for 
diverse urban settings. In this respect, our findings do not concur with 
those of Croci et al. (2021). We did not find that economic valuations of 
urban ecosystem services were scarcely reported in the literature. That is 
not to say that improved frameworks are not required to support the 
valuation of natural and non-market impacts; there is clearly a policy 
need (EC, 2022b) for more effective economic valuation of the net 
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benefits of NBS investment (Ma et al., 2021), especially for retrofitted 
interventions in urban settings. It is evident from Finance Earth’s (2021) 
NBS market review that the vast majority of investment in ecosystems 
restoration fund schemes in rural areas, and rarely within the urban 
fabric. Low levels of private sector funding have been available for NBS 
for urban climate adaptation (CPI, 2020; Swann et al., 2021), reflecting 
the lack of private finance for biodiversity conservation (Dempsey and 
Suarez, 2016). A common idea discussed during focus groups and 
stakeholder interviews was that these challenges may be interwoven 
(Table 7). Participants identified that this may stem from poor assess-
ments of NBS impacts (i.e. benefits and costs), either in terms of systemic 
flaws (e.g. double counting; incommensurability of data) or indicators 
lacking relevance (Table 7). Such problems can undermine the case for 
NBS implementation within cities (Wild et al., 2017). Furthermore, 
innovative accounting approaches often employed in NBS research may 
sit far from cities’ socio-political realities, extant calculative practices, 
and norms as regards economic planning and decision-making pro-
cesses. The result may be a mismatch between research evidence and 
policy decision-making (Velasco-Muñoz et al., 2022). Additionally, a 
lack of region-specific information and methods may result in ill-fitting 
processes or erroneous outcomes (Dobbs et al., 2019; Pineda-Guerrero 
et al., 2020; Devisscher et al., 2022). 

3.5. Prospects for advancing NBS impact assessment involving monetary 
valuations 

Despite these challenges, city staff saw potential in the application of 
monetary valuations alongside other forms of impact assessment and co- 
benefits evaluation (Table 6 and 7). In seeking to remove an important 
barrier to increase the robustness of urban NBS business cases, cities 
might focus in on more targeted and valuable benefits to citizens and 
businesses, maintaining coherent, consistent and straightforward nar-
ratives for NBS (Nesshöver et al., 2017). Our findings indicate that this 
may be achieved by basing NBS arguments on less complex economic 
modelling, addressing modest sets of impacts (with lower data demands; 
Table 7) matched with contemporary socio-political contexts for NBS. 
Doing so may help urban NBS proponents to better handle the 
complexity of data demands. Case studies of cities’ investment in NBS 
programmes can serve to illustrate how a more targeted assessment of 
economic values of NBS can be powerful, and sensitivity to case study 
contexts is vital (Schwarz et al. 2021). Establishing an economic case 
remains important if local authorities and private enterprises are to 
continue to invest in urban greening (Wilker and Rusche, 2013), as is the 
need to balance socio-ecological needs with economic viability (Mell 
et al., 2013). However, which impacts to focus upon, and which in-
dicators to apply, depends on the specific place considered. Here, it is 
important to highlight the effects of the socioeconomic structural dif-
ferences between Europe and Latin America on the type of NBS plans 
and projects that align to local priorities. In Latin America, and partic-
ularly in contexts of extreme poverty and grave infrastructural deficits, it 
is reasonable that NBS would be oriented to address those deficits and 
alleviate poverty as a priority (Hardoy, et al. 2022). In such contexts one 
may expect to see NBS projects addressing basic sanitation and other 
unsatisfied basic needs. Weak governance environments and structures 
as described in CPI (2020) are not unusual in European and Latin 
American cities alike, nor are socioeconomic inequities. 

An important difference is that in Europe, NBS funding often comes 
from governments whereas in Latin America funding comes mostly from 
loans by e.g. the Inter-American Development Bank or the World Bank, 
or sometimes from donors. Finally, the sheer number and scale of 
materialised NBS projects also affects the ways in which NBS valuations 
are made. In interviews in Latin America it emerged that economic 
analyses played only a minor role in decision-making (Table 7), which 
tends to be dominated by political factors, institutional inertia or path 
dependencies (Henderson et al., 2023). 

Certain unique conditions also apply in retrofitting urban NBS. 

Firstly, urban NBS are often placed in settings that involve aging city 
infrastructures (Hoover et al., 2020), urban renewal (Hsu and Chao, 
2020), brownfield regeneration (Masiero et al., 2022) and vacant lots 
(Riley et al., 2018), all affecting NBS dynamics. Secondly, whilst po-
tential benefits of NBS retrofits include recreational, socio-cultural and 
tourism-related values (Mäntymaa et al., 2021; Lim and Xenarios, 
2021), concerns about the potential for eco-gentrification must be 
addressed, and monetary valuation studies can provide relevant insights 
(Hunter et al., 2019, Bockarjova et al., 2020a, 2020b; Basu and 
Nagendra, 2021; Donovan et al., 2021; Wu and Rowe, 2022; Sachs et al., 
2023; Stroud et al., 2023). However, monetary valuation primarily ad-
dresses issues of economic efficiency. Although valuation can give in-
sights into socio-economic dynamics (Wild et al., 2017) it cannot alone 
address issues of sustainability, and says little about equity, justice, and 
governance. Alongside resources, funding and staff, social acceptance is 
vital to NBS uptake – improving trust, awareness and collective 
decision-making is critical to implementation (Barona et al., 2023), and 
in understanding citizens’ perspectives of costs and benefits (Pine-
da-Guerrero et al., 2020). Further scope exists to develop more partici-
patory NBS assessment frameworks (van der Jagt et al., 2023; Viti et al., 
2022). Integrating governance and impact assessment may also help 
with valuation and business case development. 

Analysing the market for NBS, in terms of demand (buyers) and 
supply (sellers), can assist in understanding barriers to adoption, and 
strategies and instruments to overcome those challenges (Whiteoak, 
2020). Policymakers can seek to better understand the market for urban 
NBS in terms of cities as customers, and the NBS benefits that those cities 
want or need to ‘buy’. Whereas NBS valuations are widely reported in 
the literature, for diverse urban interventions, few pertain to actual city 
decision-making processes. Whether this is due to mismatches between 
decision processes, NBS valuation methods, and standard accounting 
methods is a topic for further research. Toxopeus and Polzin (2021) note 
that various valuation strategies do not allow for integrated accounting 
of NBS benefits (see also Langemeyer et al., 2015; Stange et al., 2022). 

Current NBS impact assessment frameworks have in common their 
ambitious scope as regards the breadth of impacts to be assessed, and 
complex technical support requirements. It is not yet clear if and how 
monetary valuation of urban NBS can become more comprehensive or 
holistic, when the majority of published monetary assessments quantify 
just a handful of indicators (Supplement B). In urban settings, such as-
sessments could become hugely demanding of data. The uptake of these 
frameworks by cities in Europe and Latin America has been limited 
(Kauark-Fontes et al., 2023), echoing earlier findings that overly com-
plex tools and approaches are rarely applied in urban greenspace plan-
ning (Davies et al., 2015). Current regulatory and governance processes 
can be cumbersome and tend not to address the multiple benefits of NBS 
compared to traditional assessments (Henderson et al., 2022). Wider 
discussions around successes and limitations in the application of 
innovative methods are likely to prove fruitful in advancing the state of 
the art in urban NBS valuation, if proponents for urban NBS are directly 
involved in research and innovation processes. Knowledge exchange is 
key. 

3.6. Limitations and areas for future research 

Certain limitations were apparent, within the three main research 
phases. First, literature reviewed focussed mainly on monetary valua-
tion limiting the possibility to draw on knowledge from the wider field 
of urban ecosystem services assessments. Second, setting the scope of the 
review to manuscripts from 2017 onwards, and excluding grey litera-
ture, meant that many of the references relevant to cities may be absent 
(especially practical guidance). Third, literature from the case study 
database (Supplement B) was not incorporated in the systematic review 
(Supplement A; Fig. 1.). This was a downside, especially since studies 
from a broad range of contexts were covered therein. As regards work-
shops and interviews with practitioners, policy stakeholders and so on, 
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despite strong efforts, only a modest number of participants could be 
reached. This limits the conclusions relating to the uptake of NBS 
valuation methods and links with impact indicators. The following 
knowledge gaps and research opportunities associated with the short-
comings are as follows. Firstly, with NBS research growing rapidly, 
future literature reviews may focus on specific monetary valuation 
methods and their results, remaining mindful of benefits associated with 
diverse NBS types, and especially in diverging contexts. Secondly, data 
from the literature review (Supplement A) and case study database 
(Supplement B) may be combined to provide more comprehensive sets 
of references. Thirdly, in researching the application of monetary 
valuation of NBS in cities, international web-based surveys could be 
employed to reach a much wider set of cities in the Global South and 
Global North. 

4. Conclusions & recommendations 

Urban municipal and regional authorities face multiple challenges, 
some of which can be addressed using NBS. Numbers of research pub-
lications on NBS have increased exponentially and a significant pro-
portion of these studies address monetary valuation of urban NBS 
(Table 1). When used alongside other forms of evidence on impacts such 
as benefits for biodiversity, equity and sustainability, these results may 
serve to strengthen arguments for implementation of NBS. Whilst the 
multifunctionality of NBS represents their key strength this also means 
that monetary valuations can become complex and onerous. Steadily, 
NBS impact assessment and evaluation frameworks are becoming more 
readily available, but tend towards ambitiously comprehensive analysis, 
requiring extensive datasets and expertise. Overly demanding assess-
ment frameworks may be less frequently applied in cities, where land 
use information is more complex and fragmented than in rural envi-
ronments. NBS assessments can be narrow or broad in their span of 
impacts and geographical scale. Data demands increase exponentially 
where both the substance and scale of the assessment are widened. Thus, 
assessments of environmental, social and economic outcomes at the city 
scale may require such extensive data gathering as to become imprac-
tical (Table 7), or build in so many assumptions that they may be un-
convincing or readily unpicked. 

NBS valuations can be developed that are both sensitive to, and 
challenge, established institutionalised approaches to accounting, 
finance and governance. A promising option is to develop locally rele-
vant, iterative processes of scoping, interpretation and evaluation. When 
NBS assessment is more contextualised and co-productive, it can also 
generate useful data for valuations. NBS interventions and the metrics 
used to ascertain their benefits may be matched more closely with urban 
contexts, signposted through relevant city strategies and plans (Table 4 
and 6). Valuations can accompany other assessment methods addressing 
social and ecological impacts, to support communication and planning, 
but valuations are not a panacea and should be applied carefully 
(Table 7). Context appropriateness and stakeholder participation may be 
critical in many cities, not only in NBS co-design, but also in co-defining 
measures of success and understanding values. 
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Flórez Yepes, G.Y., Parra, O., Ospina Parra, J.A., Álzate Álvarez, Á.Á., Chávez Marín, M. 
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