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A B S T R A C T   

Increasing focus on Nature-Based Solutions (NBS) in cities has significantly expanded the range of applications in 
which urban nature is considered useful, as well as the range of NBS available. Traditional parks, gardens and 
street trees now sit alongside innovative approaches including rooftop pollinator habitats, constructed wetlands 
and hydroponic green facades, each of which has its own particular challenges and benefits. This variety of 
solutions introduces an important new decision-making challenge for cities wishing to implement NBS: choosing 
the right set of specific NBS interventions. 

Decision support tools such as Multi-Criteria Decision Analysis (MCDA) can help navigate complex decisions, 
but their application to urban NBS selection decisions has been limited. Current NBS assessment frameworks tend 
to either give highly aggregated results, or are tailored to only one specific ecosystem service. Here we 
demonstrate a novel application of MCDA to the practical challenge of selecting a set of NBS to address multiple 
urban challenges. The MCDA tool developed here was used in seven cities participating in the European Union 
project ‘Urban GreenUP’. We describe the development and use of the MCDA tool, and explore how cities used 
the tool to guide NBS selection. We also evaluate the tool using sensitivity analysis and feedback from users. 

We find that participating cities are seeking to balance a large number of possible benefits from NBS solutions, 
and the tool proved useful for navigating the selection decision. Users identified opportunities to improve the 
tool’s usability and clarity. They also noted a key strength of the tool as a prompt for co-production of knowledge 
and decisions. Collectively, these findings advance the design and application of tools to support complex de-
cisions about selecting NBS to address diverse urban challenges.   

1. Introduction 

In the past decade, Nature-Based Solutions (NBS) have progressed 
from being a novel integrative concept in scholarly literature to a focus 
for major international institutions, with active investment in programs 
to encourage their implementation in cities (Faivre et al., 2017). For 
many cities, ‘scaling up’ this implementation is envisioned through new 
strategies and programs with specific focus on NBS (Lafortezza et al., 
2018; Fastenrath et al., 2020). Evading a consistent definition, NBS 
serves as a catch-all term for diverse human actions that deploy, enhance 
or conserve nature to deliver one or more desired ecosystem services 
(Kabisch et al., 2016; Raymond et al., 2017; Calliari et al., 2019). Unlike 

traditional ‘grey infrastructure’ solutions, NBS are distinguished by their 
tendency to draw on natural processes to offer multiple co-benefits 
(Raymond et al., 2017; Engström et al., 2018). For example, green 
roofs built for flood mitigation may assist cooling by reducing thermal 
loads (Pianella et al., 2016), and constructed wetlands can support local 
biodiversity through integrating mid-storey planting, while also 
reducing flood risk and improving water quality (Aronson et al., 2017). 

Delivering this new class of assets in a strategic way presents novel 
challenges for cities. NBS planning requires skills in conceptualising, 
valuing and spatially distributing assets with multiple, diverse benefits, 
some of which are difficult to measure and value (such as visual amenity 
or social cohesion) (Raymond et al., 2017). Consequently, NBS theory 

* Corresponding author at: Centre for Urban Research, School of Global, Urban and Social Studies, RMIT University, GPO Box 2476, Melbourne, Victoria, 3001, 
Australia. 

E-mail address: thami.croeser@rmit.edu.au (T. Croeser).  

Contents lists available at ScienceDirect 

Urban Forestry & Urban Greening 

journal homepage: www.elsevier.com/locate/ufug 

https://doi.org/10.1016/j.ufug.2021.127337 
Received 28 May 2021; Received in revised form 27 August 2021; Accepted 2 September 2021   

mailto:thami.croeser@rmit.edu.au
www.sciencedirect.com/science/journal/16188667
https://www.elsevier.com/locate/ufug
https://doi.org/10.1016/j.ufug.2021.127337
https://doi.org/10.1016/j.ufug.2021.127337
https://doi.org/10.1016/j.ufug.2021.127337
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ufug.2021.127337&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/


Urban Forestry & Urban Greening 65 (2021) 127337

2

has advanced rapidly in recent years, and numerous frameworks now 
bolster the conceptual foundations by, for example, offering definitional 
distinctions between NBS and related concepts (Pauleit et al., 2017; 
Lafortezza et al., 2018; Cohen-Shacham et al., 2019; Dorst et al., 2019; 
Hanson et al., 2020), outlining typologies of NBS (Eggermont et al., 
2015), comparing ‘grey’ to ‘green’ solutions (Reguero et al., 2014; Liq-
uete et al., 2016; Alves et al., 2019), conceptualising and valuing ben-
efits (Wild et al., 2017), exploring trade-offs (Coll, 2019; Toxopeus et al., 
2020) and setting research agendas (Albert et al., 2019). 

Significant institutional investments in NBS implementation (Frant-
zeskaki, 2019) serve as important triggers to operationalise conceptual 
understanding, and ensure knowledge transfer to practice. Accordingly, 
practical challenges such as spatial planning (Kuller et al., 2019; García 
et al., 2020), financing (Mell, 2017, 2018), institutional barriers (Dhakal 
and Chevalier, 2017; Davies and Lafortezza, 2019) and ensuring justice 
in governance (Toxopeus et al., 2020) are now being addressed along-
side theoretical questions. 

A key practical challenge for NBS planning is selecting appropriate 
NBS for achieving strategic goals in urban settings. This is an important 
decision in planning the scaled implementation of NBS (Raymond et al., 
2017). The selection of specific NBS to suit the needs and contexts of a 
city is not straightforward, and requires a specific set of skills and 
capacities. 

First, trade-offs or synergies often exist between ecosystem service 
outcomes that can be achieved with NBS options (Raymond et al., 2017; 
Frantzeskaki et al., 2019). For example, a decision to incentivise bio-
diverse green roof construction on private buildings may support flood 
mitigation and habitat creation outcomes but offers little new recrea-
tional space for the city. This trade-off may be deemed acceptable if 
priorities are transparent. Another city, struggling with excessive heat 
and poor water quality, may plant its street trees in tree pits that capture 
stormwater. This synergy means that stormwater is treated in the tree 
pits, and the additional passive irrigation will serve to support faster 
canopy growth. Given finite urban space and resources, it is desirable 
that cities actively pursue synergies, while minimizing trade-offs 
(Lafortezza et al., 2018). 

Second, heuristics which help navigate uncertainty and risk are 
appealing in challenging decision contexts, but can lead to inferior 
outcomes (Madsen et al., 2019; Santoro et al., 2019). For example, de-
signers may favour familiarity (‘we’ve always done this, so we know it’ll 
grow’) or politicians may favour aesthetic impact (‘we saw the Highline 
on our holiday in New York and it looked great, so our town should have 
something similar!’). If these convenient logical ‘short-circuits’ take 
hold, NBS selections might lack meaningful connection to the city’s 
ecosystem service needs and priorities. 

Third, NBS differ in the skills required to deliver and maintain them – 
some are highly technical and engineered, some require sophisticated 
horticultural and/or ecological knowledge and some primarily leverage 
social capital (Williams et al., 2010; Qiao et al., 2018). It’s rare that a 
city will have strengths in all areas; even in cities that do have the 
specialised skills across all required areas, internal relationships and 
governance structures may facilitate use of one skillset over others 
(Brown and Farrelly, 2009; Kronenberg, 2015). 

It is therefore important that cities navigate NBS selection effec-
tively. Failure to select the right NBS for their skills and priorities, may 
mean a city misses out on optimal ecosystem services provision, or risks 
outright failures of delivery (Brix et al., 2011; Chaffin et al., 2016). 
These can be costly in terms of time, financial and political capital, as 
well as institutional and public trust. Hence, a good decision-making 
process, supported by a strong research base, is critical. 

However, decision-support tools offering guidance for cities 
approaching the task of selecting specific NBS remain scarce, particu-
larly in cases where multiple benefits must be balanced. To date, NBS 
assessment frameworks, while advancing practice, have tended to be 
either be specific to a single NBS such as constructed wetlands (Liquete 
et al., 2016), a single ecosystem service (e.g. flood mitigation (Zölch 

et al., 2017) or coastal defence (Reguero et al., 2014)), or descriptive of a 
broad spatial prioritisation or governance process rather than offering a 
means to assess specific NBS alternatives (Raymond et al., 2017; Calliari 
et al., 2019; Kuller et al., 2019; García et al., 2020). Similarly, existing 
tools produced to support practical NBS selection are typically tailored 
to a single outcome in a single application (e.g. a toolkit for biodiversity, 
for housing providers) (Southern Housing Group, 2021), or produce 
advice on the multiple benefits of highly aggregated NBS groupings 
(such as ‘blue areas’, ‘infrastructure on green features’) rather than 
specific NBS options (Naturvation, 2020). None of these directly ad-
dresses the challenge of selecting a set of specific NBS for strategic 
rollout in urban contexts with multiple challenges. Our study responds 
to this need by documenting the development, application and evalua-
tion of a decision tool built specifically for this purpose. 

The decision tool we describe was built as part of the EU-funded 
Urban GreenUP project, focused on NBS in cities (www.urbangreenup. 
eu). Urban GreenUp is a 5-year international collaboration between 25 
partner organisations, including universities, consultancies and local 
governments. The participating cities are Liverpool (UK), Medellin 
(Colombia), Mantova (Italy), Quy Nhon (Vietnam), Valladolid (Spain), 
Izmir (Turkey) and Ludwigsburg (Germany). Urban GreenUP is part of a 
number of Horizon 2020 Research and Innovation projects designed to 
promote advancement of NBS implementation (others include Con-
necting Nature, UnaLab and Naturvation) (Faivre et al., 2017). 

A major deliverable for individual cities participating in Urban 
GreenUP is the development of ‘Renaturing Urban Plans’ to guide the 
rollout of NBS to address a range of typical urban problems, such as the 
urban heat island effect, air pollution and flooding. To facilitate this, a 
decision-support tool was built for use by participating Urban GreenUP 
cities, to guide their selection of which NBS to implement at a strategic 
level. The tool uses multi-criteria decision analysis (MCDA) to guide NBS 
selection. 

MCDA is a decision support tool used to compare options in an 
explicit, transparent way where a number of considerations are at play, 
often with different levels of importance (Steele et al., 2009). This 
approach has been used for a number of decades to systematically assess 
and rank diverse options against a set of criteria to guide decisionmakers 
in a wide variety of applications (Adem Esmail and Geneletti, 2018; 
Cinelli et al., 2020). This approach is commonly used in fields including 
environmental impact assessment (Zanghelini et al., 2018), conserva-
tion science (Adem Esmail and Geneletti, 2018), allocation of agricul-
tural land management (Kaim et al., 2018), energy investment planning 
(Strantzali and Aravossis, 2016), and waste management (Soltani et al., 
2015). However, to date, this is the first published investigation of 
MCDA for NBS selection that we are aware of, with previous NBS de-
cision support tools having opted for other approaches, as discussed 
above. 

1.1. Research questions 

With the EU further committing funding to climate adaptation in its 
coming round of Horizon grants (European Commission, 2020b), as well 
as an enduring commitment to a European Green Deal which places 
biodiversity restoration at its centre (European Commission, 2020a), it 
is likely that NBS selection will become an increasingly common prac-
tical challenge, at least in European cities. Urban GreenUP provides an 
early opportunity to understand how the NBS selection decision can be 
optimised in practice, supported - in some cases - by appropriate deci-
sion support tools. Accordingly, it is important to document the early 
application of decision tools to this challenge, and analyse these efforts 
critically. Our two research questions focus on the design and applica-
tion of decision tools, respectively:  

1 At a technical level, how should MCDA tools be designed to support 
the NBS selection process? 
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2 How can MCDA tools – and more broadly, decision tools – best be 
used by practitioners to improve NBS selection? 

To answer these questions, our study documents the development of 
the Urban GreenUP NBS selection tool in detail. We also review the 
tool’s results for each of our seven cities, and apply a sensitivity analysis. 
Lastly, we interviewed one project representative from the NBS delivery 
team in each of the seven participating cities to seek feedback and un-
derstand how the tool was applied. 

2. Methods 

A MCDA approach was selected to guide NBS selection decisions in 
the context of Urban GreenUP because the approach is transparent, well- 
established, and easy to interpret to communicate (Adem Esmail and 
Geneletti, 2018), but also for a number of reasons relating to the pro-
ject’s particular context. One major reason was the sheer quantity of 
NBS to select from. Early in the Urban GreenUp project, a catalogue of 
42 potential NBS was identified for cities to use in their Renaturing 
Urban Plans. The 42 NBS in the catalogue were all included in demon-
stration sites in the early years of GreenUp and are highly diverse, 
ranging from green roofs to urban orchards, parklets and restoration of 
urban streams. The number and diversity of NBS made for a significant 
array of options, and project teams needed to choose just a few to form 
the basis of their Renaturing Urban Plans. The project’s NBS Catalogue is 
available online (refer to Supplementary Materials). 

On top of this challenging diversity of options, project teams in each 
city faced a number of competing priorities that NBS could be used to 
address. Cities sought to use NBS to concurrently address challenges 
such as urban renewal, green space provision, air quality management 
and flood mitigation. Different areas within each city faced different 
combinations of local challenges, each of which varied in priority. 
MCDA tools offer a way of conceiving of these multiple priorities as 
criteria, and handling the competition between them by weighting these 
criteria (Adem Esmail and Geneletti, 2018). 

Another factor that was conducive to the MCDA tool was the intent of 
the Renaturing Urban Plan, and the way that it served to frame the NBS 
selection decision. In the plans to be prepared, the use of NBS was 
presupposed; typical ‘green versus grey’ debates were considered 
already resolved. The way Renaturing Urban Plans approach financing 
was also important in the tool’s design, in that costings were excluded 
from the tool’s design. This is because a separate work package in Urban 
GreenUP outlines an array of financing tools and approaches that could 
be used to fund the renaturing urban plan (Urban GreenUP, 2017). The 
Renaturing Urban Plan is intended to identify a set of urban challenges, 
outline a corresponding set of suitable NBS to address these challenges, 
and then specify an implementation framework which includes appro-
priate timeframes, financing mechanisms, and stakeholder roles; most 
cities do not have set NBS budgets. Thus, the tool was designed to select 
a palette of suitable NBS to be implemented, which in turn would justify 
budget bids and/or drive the design of appropriate financial tools. 

Lastly, the collaborative nature of the project meant that knowledge- 
sharing between cities is an important element of every project output. 
The transparent and explicit nature of an MCDA tool scoring meant that 
every city’s inputs and results could be compared. 

With these considerations in mind, the Urban GreenUP team opted to 
use MCDA for NBS selection. An MCDA tool was built for this purpose, 
and used by the project team responsible for NBS delivery in each of the 
partner cities to derive a list of recommended NBS (for a total of seven 
sets of recommendations). The Urban GreenUP NBS Selection tool is 
available online (Refer to Supplementary Materials). 

The development of the MCDA tool largely followed the steps of a 
standard MCDA development process (Adem Esmail and Geneletti, 
2018), in the following order:  

1 Define the options to be considered, and the criteria by which they 
will be assessed;  

2 Assess the options against the criteria;  
3 Weight the criteria to reflect their relative importance to the 

decision;  
4 Aggregate the various criteria results for each option;  
5 Present a ranking of options;  
6 Test the sensitivity of results; and  
7 Deploy and seek user feedback. 

We use the steps of this process to systematically describe the 
development of the tool. Sensitivity testing is carried out after options 
are ranked to evaluate the tool’s robustness to key sources of 
uncertainty. 

2.1. Defining options and criteria 

The purpose of the MCDA tool is to identify a set of NBS that would 
be most likely to successfully provide desired ecosystem services in each 
city. Options were pre-defined, being the 42 NBS in a NBS catalogue 
central to the Urban GreenUP project (these can be viewed at https 
://www.urbangreenup.eu/solutions/). Accordingly, definition of op-
tions is not part of this section; the project provides a large set of NBS to 
choose from (Urban GreenUP, 2018). 

The selection of the criteria by which the different options were 
assessed was based around two questions:  

• How well does each NBS meet the city’s ecosystem service needs?  
• Does the city have institutional capacity to implement the NBS? 

These considerations were made based on the understanding that 
different NBS might offer very different ecosystem services (Raymond 
et al., 2017; Wild et al., 2017) and each city on the Urban GreenUP 
project has different needs. Other factors, such as costs, public accep-
tance, site suitability and the amount and arrangement of specific NBS 
on individual sites are also important, but these are considerations for 
individual projects and sites. At the higher strategic level, the challenge 
is to choose a set of NBS that will meet the city’s specified needs, and can 
be delivered within their abilities. The focus on implementation capacity 
reflects a broad literature that underlines the crucial need for institu-
tional capacity to successfully deliver NBS (Wamsler, 2015; Dhakal and 
Chevalier, 2017; Qiao et al., 2018; Ordóñez et al., 2020). We describe 
the tool’s approach to these questions below. 

2.1.1. How well does each NBS meet the city’s ecosystem service objectives? 
NBS offer a very wide range of benefits; more than what could 

practically be included in the MCDA tool. To ensure the tool was in-
clusive while working within this constraint, we used the key challenges 
identified by the seven participating cities to select the ecosystem ser-
vice benefits that the tool would consider, such that each option would 
be assessed for its capacity to:  

• Improve air quality  
• Reduce flood risk  
• Reduce heat island effects  
• Support urban renewal  
• Provide open green space  
• Support/re-introduce biodiversity  
• Improve public health and wellbeing 

2.1.2. Does the city have institutional capacity to implement the NBS? 
A search of the literature on institutional capacity identified 11 re-

view papers covering an extensive literature on the barriers to NBS de-
livery (Brown, 2005; Brown and Farrelly, 2009; Moser and Ekstrom, 
2010; Biesbroek et al., 2013; Dhakal and Chevalier, 2017; Qiao et al., 
2018; Sarabi et al., 2019; Chen et al., 2019; Ordóñez et al., 2019, 2020; 
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Qiao et al., 2019). We identified eight success factors that represented 
capability areas that were consistently problematic when they were 
missing in NBS projects, generally because they made it difficult to 
contest the space and budget to execute NBS, or because their absence 
led to failed delivery. 

The eight success factors are:  

• Stable executive and political support  
• Suitable internal processes, standards  
• Tailored regulations and policy  
• Culture of innovation and risk tolerance  
• Supportive departments in other level of government  
• Access to suitable technical skills  
• Staff have time and motivation  
• Advanced community engagement skills  
• Alignment of internal departments 

The MCDA tool includes a capability questionnaire which asks 3–5 
questions corresponding to these success factors, based on a set of pre- 
defined answers with associated scores representing capabilities 
ranging from optimal to critically deficient. This enabled the tool to 
effectively measure each city’s delivery capabilities across the eight 
success factors listed above (Croeser et al., 2021). 

2.2. Criteria assessment 

In the next step, each NBS was assessed against the Ecosystem Ser-
vice Provision and Institutional Capability criteria to determine its 
overall suitability. To assess the NBS in terms of their match with the 
needs and capabilities of each city, data were gathered to define benefits 
and difficulty levels for each NBS. With these benefits and levels defined, 
they could be tested against user inputs to score each NBS, as sum-
marised in Fig. 1. 

2.2.1. Assessing NBS against Ecosystem Service criteria to derive a ‘benefit 
score’ 

While the literature describing benefits of NBS continues to grow, a 
cohesive set of measures of impact for all 42 NBS in the project’s 

catalogue, measured across all seven priority ecosystem service types, 
does not yet exist. Therefore, an expert elicitation was undertaken to 
score NBS on their merit across each of these benefits. Recruitment of 
experts was carried out to source a group of specialists in the relevant 
NBS. Experts with direct experience in NBS delivery and/or research 
were identified through international professional networks in Europe, 
North America, Australia and Southeast Asia, and recruited via email 
invitation. In total, 30 suitable specialists with experience in NBS 
implementation were contacted and 24 agreed to participate. The elic-
itation took place via an online survey, using Qualtrics. This was in 
accordance with the RMIT University ethics approval that was granted 
for this research (approval number: CHEAN A 21953, 01-19). 

Experts were asked to classify each NBS in terms of each of the seven 
categories of benefit. For each benefit, NBS were sorted into categories 
of “Extremely Effective” “Very Effective” “Moderately Effective” 
“Slightly Effective” and “Not Effective at all”. “I’m not sure enough to 
say” was also an option. Participants were asked to respond based on the 
level of benefit they consider likely from a typical project of this type 
–”not the best, not the worst, just what you consider typical.” Scorings 
for each NBS were averaged to derive a benefit score for each NBS. An 
example of the survey administered to experts can be accessed in the 
Supplementary Materials. 

2.2.2. Assessing NBS against institutional capacity criteria to derive a 
‘Difficulty Score’ 

The 42 NBS types also require different skills for effective delivery, 
and some are more difficult than others to implement. Again, the liter-
ature lacked clear guidance on the relative difficulty of implementing 
each NBS. Accordingly, a second expert elicitation was carried out to 
score the requirements for implementing each NBS on a scale of 1–10, 
also in accordance with the ethics approval mentioned above. In this 
instance, elicitation was with over thirty experienced NBS practitioners. 
The eight success factors, listed above and detailed in Croeser et al. 
(2021) were described to experts as a group, and then they were 
requested to individually score the implementation needs of the NBS 
against the success factors. Scores assigned by each expert were aver-
aged to derive a difficulty score for each NBS. 

Fig. 1. Structure of MCDA tool. Items marked * are provided by the user of the MCDA tool. Items marked ++ are expert-elicited values that come pre-loaded in the 
MCDA tool. Items marked + are calculated within the MCDA tool using a combination of the user-provided and pre-loaded values. 
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2.3. Weighting 

Cities in the Urban GreenUP project have identified their priority 
ecosystem services, based on baseline spatial analysis of key issues and 
strategic documents that nominate priority concerns. Therefore, rather 
than identifying desirable ecosystem services as a starting point, users in 
participating cities were asked to prioritise the pre-determined 
ecosystem services that they wished to address by using NBS in their 
city. Up to four ecosystem services could be selected and assigned a 
default or specific weighting. Weightings could be assigned either as 
hierarchical (i.e., primary, secondary, tertiary, etc.), or equal across 
priorities. Default hierarchical weights were 50 % for first priority, 25 % 
for second priority, 15 % for third priority and 10 % for fourth priority. If 
less than four priorities were nominated, weights were scaled propor-
tionately. The default weighting reflects a tendency for NBS plans to be 
anchored to a strong primary ecosystem service (e.g., the Copenhagen 
Cloudburst plan and the New York Green Infrastructure Plan both tackle 
stormwater, while the Melbourne Urban Forest Strategy emphasises 
heat). Users could nominate their priorities for up to three areas, rec-
ognising that these may vary within a jurisdiction. The default weights 
could also be modified by the user, which the tool encourages. 

The other input that effectively serves to weight the benefits of each 
NBS is the scoring of institutional capability. In this section of the MCDA, 
users are asked a set of questions relating to their capabilities for NBS 
implementation, to gain a rating of the organisation’s capability across 
eight delivery areas, as discussed above in section 2.2. These capability 
levels are compared to expert-nominated metrics of difficulty, derived 
above. Where a NBS requires capabilities that are rated higher than the 
level a city has scored, this applies a penalty to the selected NBS, 
effectively weighting it lower because it has a reduced chance of being 
successfully implemented (and therefore providing the desired 
ecosystem services). 

2.4. Aggregation of criteria 

Criteria scores are aggregated for each NBS as per the weighted 
average method (Steele et al., 2009; Adem Esmail and Geneletti, 2018): 

O(NBSi) =
∑2

k=1
Bk(NBSi) × w(Ck)

Where O (NBSi) is the Overall Score for NBS i, being the sum of k criteria 
scores (n = 2 in our case), each of which is a base score Bk(NBSi) out of 
ten, multiplied by the weight for that criteria w(Ck). Because the two 
criteria represent benefit and difficulty, the Overall Score effectively 
represents the sum of the weighted criteria score for benefit and the 
weighted difficulty. Full details of how benefit and difficulty scores are 
calculated are provided in Appendix 1. 

2.5. Ranking of options 

The overall score for each NBS (NBSi) was calculated as described 
above for each NBS, and for each area as nominated by the user. NBS 
were then ranked by score, and the top 15 presented for each city area as 
a suggested NBS palette for that region on a dedicated ‘results’ page in 
the MCDA. Two additional pieces of information were also provided to 
each user to further support the results. The first was some personalised 
feedback on up to five NBS that the user nominated they were already 
considering before using the MCDA. The ranking and performance of 
these five NBS were presented alongside the top 15 identified by the tool 
for comparison by users. 

The second was feedback on institutional capacity. To aid interpre-
tation of each ranking, the MCDA output notes any major or critical 
capability deficiencies for each NBS. This was included to encourage 
cities to build capacity, especially in instances where they perhaps 
preferred to implement NBS that scored lower due to capacity shortage. 

With these functions in place, the completed tool, embedded in a 
spreadsheet, was e-mailed to the seven cities participating in Urban 
GreenUP. The tool was completed by a project officer at each city, each 
being responsible for NBS implementation, and returned. Results from 
the tool were then subject to a sensitivity analysis. 

2.6. Sensitivity analysis 

Uncertainty and complexity is typical in decision-making (Fünfgeld 
et al., 2018; Frantzeskaki et al., 2019). We conducted a sensitivity 
analysis to identify the aspects of the tool that are most sensitive to 
uncertainty in parameters, as a way of ensuring the tool produces results 
that a decisionmaker could rely on. In particular, we were keen to 
identify critical uncertainties – those uncertainties that have the po-
tential to modify the outputs of the tool or impede decision-making 
(Gregory et al., 2012). There are multiple kinds of uncertainty to ac-
count for in this MCDA, many of which are unavoidable, and some of 
which are likely to arise by the application of the tool internationally (i. 
e., across climates, institutional arrangements, cultural backgrounds, 
etc) (Ossola and Lin, 2021). We adopt the typology outlined by Regan 
et al. (2002) to classify the uncertainties inherent in the decision tool. 
The full range of uncertainties tested are outlined and justified in Ta-
bles 1 and 2 of the supplementary materials. 

We tested the impact of each type of uncertainty on the tool by 
selecting a real result from a city, then varying the inputs of the tool in 
the way that corresponds to the relevant kind of uncertainty. For 
example, if we wanted to test whether the tool was sensitive to uncer-
tainty about the weighting of each priority, we manually varied the top 
priority by ten percent – both raising it, and lowering it. We then 
observed how rankings changed in response to these variances of input. 

In total, 11 manipulations of the tool’s inputs were tested and 
recorded, as outlined in Supplementary Table 2. Sensitivity was evalu-
ated by assessing how the ranking of NBS changed when individual 
parameters were increased or decreased by 10 %. 

To measure the sensitivity of the rank change under different sce-
narios, a Spearman’s ranked correlation coefficient was calculated in R 
(R Core Team, 2013), using the data collected through our manipulation 
of the tool. Spearman’s test is commonly used to evaluate associations of 
ordinal data. 

2.7. User feedback 

Six months after their use of the tool, we followed up with users in 
each city to seek feedback on the tool, and to understand its impacts on 
NBS implementation. To gather this information, we conducted seven 
semi-structured interviews – speaking to one team representative from 
each of the seven cities – covering the following questions:  

• Tell me how the tool was completed (i.e., alone, with team, with 
managers)?  

• Were the results from the tool regarding your own NBS selections 
useful?  

• How did you choose the weightings for the challenges you 
nominated?  

• Did the recommended set of NBS for each of your city regions seem 
reasonable?  

• Which NBS will you implement? If you disregarded advice from the 
tool, why was that?  

• Are there further improvements you would recommend to the tool? 

In each city, we sought out and contacted a participant who had used 
the tool to identify a set of suitable NBS. Interviews were carried out by a 
single trained researcher (TC) over the phone or video conferencing, and 
each lasted about 30 min. Interviews were recorded and transcribed. 

A thematic analysis was carried out to classify responses to each 
question. After an initial review of interview transcripts, answers for 
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each question were coded manually into groups of similar responses for 
each question (Braun and Clarke, 2006). Total response in each group 
was counted. This follow-up survey was also conducted in accordance 
with the RMIT University’s ethics approval noted above (approval 
number: CHEAN A 21953). 

3. Results 

Our results are presented in three sections: an evaluation of the tool’s 
usage, followed by the outputs of the sensitivity analysis, and then a 
summary of the user feedback we gathered. 

3.1. Use of the prototype tool 

User inputs and weightings varied significantly, with most opting to 
use default weights but nominating multiple priorities. The tool allowed 
users to nominate different priorities for different areas, and this was 
used in every city; in many cases cities nominated quite different issues 
at different locations. Despite the diverse priorities of participating cit-
ies, tree-related NBS were almost always the top result, with multiple 
arboreal NBS options ranked in the top 5 for every result. 

A few NBS were very rarely recommended, generally because they 
were ‘supporting’ treatments with limited direct benefits, therefore 
scoring low in the expert-elicited estimates; this includes useful NBS 
relating to soil improvement or water infiltration. Table 1 shows a 
common result: three arboreal results in the top five, with a mix of small 
green spaces and blue-green infrastructure making up most of the list. 

A few of the NBS that the city was considering for this area ranked 
poorly, but it is noteworthy that Green Roof (ranked 20) and Cycle and 
Pedestrian Green Route (ranked 18) both were within just three points of 
the top 15. Community Composting performed poorly, given its low 
scores for biodiversity and air quality benefits. 

Table 1 is a typical result, reflective of the wider pool of 

recommendations provided by the tool. Most cities also found that some 
of the NBS they were considering scored well, while others were ranked 
very low. Finding that one’s own NBS selections are not recommended 
leaves the user with some interesting possibilities: either disagree with 
the tool’s logic, or question whether other unstated factors inform the 
NBS selection, or upskill to deliver the desired NBS, or reconsider the 
NBS selection. 

3.2. Sensitivity analysis 

Sensitivity indicated that the intervention ranks are relatively 
insensitive to uncertainty under the range of scenarios that would pro-
duce different input variables (all rs values greater than 0.75) (see 
Fig. 2). 

Generally, when the test changed variables around user priorities, 
changes were small. In the case of changes in NBS benefit, they were 
non-existent – as all NBS scores moved by the same amount, rankings did 
not change. However, when we changed the capabilities of cities or the 
difficulty of the NBS, we saw some more significant changes in ranking. 

3.3. User feedback 

The answers that emerged from our semi-structured interviews are 
outlined in Table 2. 

Interviewees were generally supportive of the tool’s function and 
recommendations, though it was clear that many were using the tool 
with very specific project sites in mind, which we did not anticipate. The 
tool was designed for use at a neighbourhood scale or larger, expecting 
that site selection would follow identification of suitable NBS. 

The use of the tool at smaller spatial scales than it was intended for 
led to four out of the seven users feeling that some of the recommended 
NBS were not ideal for their sites, as seen in Table 2. This could come 
about, for example, because there were conflicting land uses or space 

Table 1 
Example of result from NBS section tool for a neighbourhood in one user city. Priorities nominated by the user were: Biodiversity (1), Air Quality (2), Urban Renewal 
(3) and Public Health and Wellbeing (4). Default weights were applied; the tool presents results scaled as a score of 100. ‘Review of the NBS you are considering’ are for 
the NBS nominated by the user as already under consideration in their city – generally these were a mix of high and low scoring options. In this case, ‘stable political and 
executive support’ and ‘adequate staff and resources’ were considered a possible major barrier for all 15 recommended options.  
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shortages for the recommended NBS at the pre-selected site, or because 
colleagues in departments such as Engineering or Planning would not 
allow the proposed NBS at their site. Large NBS like Floodable Parks in 
particular tended to be noted as unsuitable. Much of this problem re-
flects the tool’s unexpected use, but in two instances the tool recom-
mended channel renaturalisation for areas with no watercourses. 

While the tool is quick and easy to use, and its recommendations 
were mostly accepted by users, participants indicated that the tool 
would need to move beyond desktop use within their teams for the 
recommendations to produce change in how their organisation deliv-
ered NBS. The tool was typically used within practitioner teams, almost 
always without broader discussion, and their NBS delivery practices 
changed little after using the tool. In two cases, interviewees remarked 
that they responded to the tool based on their views but expected that 
other teams might answer differently. A number of users made com-
ments on how they would prefer to use the tool in future, and these 
comments all focused on the potential of the tool to guide deliberations 
with other stakeholders to support co-production of NBS, as highlighted 
in the three quotes below. 

“…maybe something like a workshop situation – maybe it might be a good 
idea to use it next week as we are doing our planning for 2020. It may help 
other people see the options – maybe we could use it as a start for a 
discussion – of course we will be asked how we can finance these things. 
It’s a good input for discussion, it’s very practical and maybe would help 
other people see the options so maybe we could use it as a start for dis-
cussion. Different people could fill it in and we could check if we have the 
same results from other departments.” 
“Maybe we would show it to our [local elected representatives] to get their 
input in the combinations for the survey. It would be interesting to use it in 
planning, for the planning process. Maybe with the community.” 
“[The tool] provides you a general photograph of your starting point so 
you have something to start from – something you can share with your 
colleagues indifferent areas – put it on table and say ‘this is what the 
GreenUP tool has suggested to us’ – and start something from there. It is 
very useful when someone has said something before. GreenUP has been 
prepared by experts – it provides authority, this will be very useful.” 

Opportunities for tweaks to the user experience were also noted, 
especially around guiding the input process better in terms of weight-
ings. Other useful comments included a request for financial information 
on each NBS. 

4. Discussion 

This study sheds light on what will be a common challenge faced by 
project teams as cities increasingly adopt nature-based solutions to 
typical urban challenges. Our review of the MCDA tool’s operation offers 
new insights into both the technical design of MCDA tools for this pur-
pose, and the application of decision tools to support NBS selection. The 
following insights correspond to the two key research questions of this 
study. 

4.1. Designing decision support tools for NBS selection 

From a technical perspective, the tool was effective and reliable – 
producing plausible, robust recommendations even when balancing a 
large number of considerations. Results were transparently calculated, 
and comparable between cities; in this respect it met the requirements of 
the highly parameterised task it was built for. MCDA is often used for 
these kinds of multifaceted problems of selection, and it appears to suit 
this application well. This represents a significant advance beyond 
existing tools, which tend to offer advice on single benefits, operate 
retrospectively, and/or suggest only broad categories of NBS. However, 
the tool is clearly an intermediate step toward something truly opti-
mised for practice. Specifically, our research identified four areas of 
limitation where there is scope for further improvement of the technical 
operation of MCDA approaches to NBS selection. 

First, the widespread use of default weights by project teams is a 
missed opportunity. A better weighting interface to elicit more consid-
ered weightings may provide more meaningful results. This could be 
achieved by simply removing default weightings for stated ecosystem 
service priorities, or by using an established technique such as swing 
weighting (Parnell and Trainor, 2009). Consideration of weightings at a 
later stage in the decision-support tool may also help to facilitate more 
meaningful engagement with this process. 

Fig. 2. Rank changes for all NBS under the tested scenarios. The green line serves as a quick visual measure of how much rankings change in each scenario, from the 
black baseline. Orange dots are individual ranks for each NBS under the given scenario. Large deviances above or below the black baseline indicate sensitivity. Note 
how rankings did not change in response to changes in benefit, but showed slight sensitivity in response to uncertainties around capability and difficulty. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article). 
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Second, the current version of the tool relies heavily on expert- 
elicited data – both for ratings of NBS difficulty and benefits. While 
this served well, expert elicitation has inevitable limitations (Burgman, 
2016) and in some cases it may be feasible to build tools based on direct 
observations and measured quantities. We note impressive recent 
progress in the synthesis of NBS benefits literature through the Natur-
vation project, which may provide some of the required evidence 
(Naturvation, 2019), as well as efforts to synthesise learnings from other 
NBS projects to deliver a coherent database of benefits (Castellar et al., 
2021) 

Third, presentation of results showed scope for improvement. We did 
not test alternative user interface options to ensure results were opti-
mally communicated, for example by providing the two component 
scores of ‘benefit’ and ‘difficulty’ separately rather than as components 

of an overall (and perhaps somewhat confusing) final suitability score. 
We would encourage future applications of MCDA to include a more 
focused testing of user experience (UX), drawing on the considerable UX 
literature (Hartson and Pyla, 2019). 

Lastly, the observed tendency of the tool to strongly favour arboreal 
interventions should be noted in design of future tools, as should the 
consistently low ratings assigned to ‘supporting’ NBS such as soil im-
provements or permeable surface treatments. A stratified set of recom-
mendations may be appropriate (e.g. ‘core NBS’ such as street trees, 
‘targeted NBS’ such as raingardens or green roofs, and ‘supporting NBS’ 
such as compost and biochar). 

In addition to the insights of this study, we also note the ongoing 
work to conceptualise and evidence the NBS selection decision (e.g. 
Castellar et al., 2021; Sowińska-Świerkosz and García, 2021) that could 

Table 2 
Feedback on the prototype tool, including counts of each response received.  

Did the recommended set of NBS for each of your city regions make sense? 
Mostly good, but some site-level inaccuracies 

especially relating to water 
Yes, but needs 
site-level 
appreciation 

Yes, but I don’t like how my preferences ranked lower but scored 
nearly the same 

Yes Did not answer 

2 2 1 1 1  

Tell me about how the tool was completed. 
I answered alone I answered it with 

a colleague in my 
team 

Three teams across three organisations that are responsible for 
delivery answered, then we collated the answers 

Our whole 
team 
answered, 
and the 
coordinator 
collated 
these 
answers.  

3 2 1 1   

How did you choose the weightings for the challenges you nominated? 
Team consensus Strategy Strategy and knowledge of issues at priority sites Documented 

project 
priorities and 
expert advice 

Did not answer 

1 1 2 1 2  

Which NBS will you implement? If you disregarded advice from the tool, why was that? 
The recommendations were good, but our project is 

already committed to a set of selections, so no 
change 

I am operating 
tactically based 
on opportunities 
as they come up, 
so I can’t factor 
these 
recommendations 

These recommendations align well with what we are thinking of 
for our project sites 

NBS 
selection is 
prescribed in 
an existing 
strategic 
document 
but this 
advice may 
help us 
manoeuvre 
within those 
options 

Did not answer 

1 1 2 1 2  

Are there further improvements you’d recommend to the tool? 
Guidance on which NBS to select; more 

nuanced options in the Success Factors 
survey; better site sensitivity. 

Should 
have a 
guideline 
on 
weighting 
of the 
desired 
ecosystem 
services. 

Smaller list of 
NBS options, 
more generic. 
More 
sensitivity - 
options too 
clustered. 
Don’t 
recommend 
options that 
can’t be 
implanted (e. 
g. streambank 
rehabilitation 
in areas with 
no river) 

We would like to revisit the tool once we have more 
detailed spatial analysis and also involve more 
institutional stakeholders. 

We will 
need this 
in native 
language 
to work 
best with 
it. You may 
also want 
to consider 
its use for 
evaluation 
- to test 
whether 
the 
calculated 
ranks are 
accurate 

Site 
awareness 
and 
finance 

Did not 
answer 

1 1 1 1 1 1 1  
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be incorporated into the structure of future tools. 

4.2. Using decision support tools for better NBS selection 

The planning process inherent to the Urban GreenUP project assumes 
staff have significant power to select sites, secure budget to match 
optimal NBS, and select NBS with relative independence. The tool en-
ables practitioners to quickly identify a suitable palette of NBS, 
assuming these preconditions are in place. However, our review of the 
tool’s results, and its use in practice, has served to highlight how rare 
these supportive conditions are, even in local governments at the fore-
front of an EU innovation program (Croeser et al., 2021). While it would 
be ideal that organisations are thoroughly geared for NBS delivery 
before embarking on plans for large-scale delivery of NBS, we found that 
most have significant scope to improve their capabilities. The cities we 
studied are mostly quite new to NBS delivery; intra-organisational 
support could not be assumed, and selection decisions were heavily 
reliant on building consensus across teams, with the public, and with 
executive and political leaders. NBS teams often operate opportunisti-
cally, with uncertain or inflexible budgets and limited ability to change 
land uses even on public land. 

It is clear in this respect that the NBS selection decision is not only a 
challenge of optimisation of trade-offs. It also has to facilitate under-
standing and consensus in complex governance contexts, and support 
practitioners working tactically to coproduce NBS as space, budget and 
political will arises. Accordingly, we see four key avenues for improved 
use of decision tools for NBS selection in this respect, based on the 
limitations we observed in our tool. 

First, NBS selection tools should be designed explicitly for co- 
production, prioritising collaborative and deliberative use by groups. 
We designed a desktop tool, and it was used exclusively on desktops – 
even when practitioners recognised the need for wider deliberations. It 
is clear that tools for NBS selection must actively support discussions in 
multidisciplinary teams, where they can encourage consensus-building, 
support increased anonymity/frankness and allow experimentation with 
different weights/priorities to see how results change (Cowling et al., 
2008; Raymond et al., 2017). 

Second, the tool as currently designed encourages focus on 
improving organisational capability shortfalls, by explicitly indicating 
how institutional capacity presents a barrier to different NBS options. 
This approach may be appropriate at a strategic level with long time-
frames, but is less useful when practitioners are seeking to use the tool at 
the scale of individual projects and sites as opportunities emerge. This 
suggests that constraints should be handled differently – either as a 
separate diagnostic, or as non-scored notes in the tool – e.g. a rating of 
implementation difficulty. However, it is clear from the tool’s results - 
especially the dissonance between desired and recommended NBS – that 
capacity is an important consideration that must be included in some 
way in future tools. Recent publications affirm that this remains 
important in cities beyond those we studied (Dorst et al., 2021). 

Third, given that NBS decision making often takes place in oppor-
tunistic and budget-constrained organisational contexts (Toxopeus and 
Polzin, 2021), it is beneficial for tools to show costings or indicate 
relative cost categories. This information does not necessarily need to 
form part of the scoring logic in every MCDA, but its presentation 
alongside results would further aid decision making. With detailed local 
cost information, a more sophisticated tool could even compare how 
many NBS of each type could be delivered given a set budget. 

Fourth, it is clear that even when used at a precinct or neighbour-
hood scale, certain site constraints should inform an NBS selection tool. 
In our case this was highlighted by the tool’s tendency to suggest ri-
parian interventions for areas that lack rivers. Given the feedback 
indicating that the tool is often used with specific sites in mind, a more 
detailed diagnostic checklist may be appropriate for many NBS selection 
tools, perhaps acting as an initial screening round before the application 
of an MCDA of the type we used. 

5. Conclusion 

This paper advances the practice of NBS selection in urban settings. 
Choosing the right NBS from a long list of options, while balancing a 
range of diverse priorities and capabilities, is a substantial and conse-
quential challenge that many cities will face as they plan, implement and 
mainstream NBS. This is an ideal context for the use of decision tools 
such as the MCDA approach we studied, which was used by practitioners 
in seven cities. 

The MCDA tool was shown to be simple to use and could balance 
multiple priorities, make specific, plausible recommendations that were 
robust to uncertainty. This study also highlights how decision tools for 
NBS selection should be used in practice to maximise their value. While 
these tools are helpful in identifying an ‘ideal’ palette of NBS options in a 
systematic and evidence-based way, it is clear that they can also play a 
valuable role in supporting processes of co-production. With explicit 
design focus, these tools could serve as a focus for deliberations between 
key actors, encouraging alignment and mutual understanding in the 
often-complex networks of stakeholders involved in NBS delivery. 
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