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Preface 

This PhD was conducted at the Department of Environmental Engineering, 

Technical University of Denmark (DTU). The work was conducted between 

June 2017 and May 2021. The PhD project was supervised by Professor 

Karsten Arnbjerg-Nielsen as main supervisor, and Associate Professor Roland 

Löwe and Ida Bülow Gregersen from Ramboll as co-supervisors. The PhD 

project was part of the Water Smart Cities project funded by Innovation Fund 

Denmark under the Grand Solution scheme [grant number 5157-00009B]. 

 

The thesis is organized in two parts: the first part puts into context the findings 

of the PhD in an introductive review; the second part consists of the papers 

listed below. These will be referred to in the text by their paper number written 

with the Roman numerals I-III. 

 

I Skrydstrup, J., Madsen, H.M., Löwe, R., Gregersen, I.B., Pedersen, 

A.N., Arnbjerg-Nielsen, K., 2020. Incorporating objectives of 

stakeholders in strategic planning of urban water management. Urban 

Water J. 17, 87–99.  

 

II Skrydstrup, J., Löwe, R., Gregersen, I.B., Koetse, M., Aerts, J.C.J.H., 

de Ruiter, M., Arnbjerg-Nielsen, K., 2021. Assessing the recreational 

value of using Nature-Based Solutions when planning urban scale flood 

adaptation. Submitted to Landscape and Urban Planning. 

 

III Skrydstrup, J., Dybkjær, S., Hansen, I.L., Löwe, R., Gregersen, I.B., 

Arnbjerg-Nielsen, K., 2021. Socio-economic assessment of urban pluvial 

flooding using nature-based solutions considered through quantitative 

decision lenses. Submitted to Water Research. 

 

In this online version of the thesis, paper I-III are not included but can be 

obtained from electronic article databases e.g. via www.orbit.dtu.dk or on re-

quest from DTU Environment, Technical University of Denmark, Miljoevej, 

Building 113, 2800 Kgs. Lyngby, Denmark, info@env.dtu.dk.  
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Dissemination of results at international and Danish conferences resulted in 

contributions to the following conference proceedings: 

Skrydstrup, J., Madsen, H.M., Löwe, R., Thorén, H., Arnbjerg-Nielsen, 

K., 2018. How to make our models relevant for decision-makers by using 

stakeholder analysis?, in: Proceedings of the 11th International 

Conference on Urban Drainage Modelling. September 23 - September 26, 

Palermo, Italy, pp. 1106–1109.  

Skrydstrup, J., Madsen, H.M., Löwe, R., Thorén, H., Gregersen, I.B., 

Arnbjerg-Nielsen, K., 2018. Making urban water management relevant to 

society by quantifying stakeholder objectives, in: 5th Nordic Conference 

on Climate Change Adaptation. October 23 - October 25, Nörrkoping, 

Sweden. 

Löwe, R., Skrydstrup, J., Madsen, H.M., Pedersen, A.P., Gregersen, 

I.B., Arnbjerg-Nielsen, K., 2018. Evaluation and Simulation of Urban 

Water Management from a Multi-Stakeholder Perspective, in: Sustain 

Conference 2018: Creating Technology for a Sustainable Society. 

November 29 - November 30, Kongens Lyngby, Denmark. 

Skrydstrup, J., Gallus, E., Ruiter, M. De, Bülow, I., Löwe, R., Koetse, 

M., Aerts, J., Arnbjerg-Nielsen, K., 2019. Quantifying multiple planning 

objectives of flood adaptation measures – a case study of Odense, 

Denmark, in: 10th International Conference on Urban Water Planning and 

Technologies for Sustainable Management (Novatech). July 1 - July 5, 

Lyon, France, pp. 313–313.  

Gregersen, I.B., Kroghsbo, N., Skrydstrup, J., Hansen, I.L., Dybkjær, 

S., Löwe, R., Arnbjerg-Nielsen, K., 2020. Assessment of planning 

objectives in strategic planning for a case study in Højme, Odense, in: 

14th Water Research Conference: Danish Water Forum (DWF). January 

30, Frederiksberg, Denmark, pp. 38–38.  

Hansen, I.L., Dybkjær, S., Skrydstrup, J., Gregersen, I.B., Krogsbo, N., 

Löwe, R., Arnbjerg-Nielsen, K., 2020. Multi-objective assessment of 

nature-based flood adaptation strategies in urban development and 

climate scenarios in Odense, Denmark, in: 6th Young Water Professionals 

Denmark’s Annual Conference (YWPDK). March 5 - March 6, Odense, 

Denmark.   
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Summary 

Climate change increases the frequency and intensity of extreme rainfall 

events, which, coupled with urbanization, increases the risk of urban pluvial 

flooding. The planning of urban flood adaptation and urban planning impact 

each other, but the two are often planned separately. This typically results in 

urban flood adaptation becoming a problem that has to be solved after urban 

development plans have been decided, which do not provide the most optimal 

solutions to the many stakeholders in urban areas. Flood adaptation through 

nature-based solutions (NBS) is expected to deliver multiple benefits to urban 

areas, and thus relevant for multiple stakeholders. It is important to 

communicate the benefits of NBS in monetary terms to stakeholders in order 

to provide a common language, and to be able to understand socio-economic 

trade-offs and build business cases for NBS. Many of the benefits associated 

with NBS are intangible, thus they have no markets and require resource-

intensive valuation techniques associated with a lot of uncertainty. While 

organisations are encouraging cost-benefit analyses, intangible benefits are 

rarely included. Planning is further complicated by long planning horizons that 

are subject to changes over time related to climate change, population growth 

and urban development.  

The overall objective of this PhD was to support strategic planning of NBS by 

integrating it into urban planning. Due to the multiple dimensions of 

complexity as explained above, the research spanned across several 

methodologies and scientific fields.  The main research objectives included 

stakeholders and their planning objectives, the availability and applicability of 

non-market valuation studies, and the integration of cost-benefit analysis with 

uncertainty of the future as well as different stakeholder perspectives.      

Social science techniques were used to identify stakeholders and their planning 

objectives in planning situations where urban flood adaptation interacts with 

urban planning. A structured literature screening was developed that utilised 

Danish planning journals to ensure practical relevance. Results from the 

literature screening were validated through three workshops with various 

stakeholders. Compared to existing research, a diverse overview of 

stakeholders and their connections to planning objectives were derived, 

including new stakeholders that have not previously been considered. In total, 

14 stakeholders and their connections to 17 planning objectives were 

identified. Despite the Danish focus, results were found to be relevant in 

international contexts when compared to international literature. Typical 
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decision-makers were, not surprisingly, water utilities and city planning 

departments of municipalities. Results suggested that these stakeholders were 

more familiar working with other identified stakeholders than each other.      

Many planning objectives within welfare for citizens, such as recreation, 

mobility (travelling time and safety), and health related objectives were 

identified. The fact that many stakeholders are interested in these planning 

objectives, suggests that they should be considered in planning of NBS. 

However, valuation of these objectives often require non-market valuation 

techniques. A search in scientific literature, grey literature, existing databases, 

and decision-support tools investigated the availability of valuation studies. 

Most objectives within welfare for citizens and environmental protection could 

be monetised through primary valuation studies and decision support tools. 

Many of these are difficult to apply within the screening stages of planning as 

they depend on data that are hard to obtain and few are applicable for smaller 

NBS sizes in urban areas. Thus, a valuation study was conducted utilising 

values and information from 24 primary valuation studies. The focus was on 

the recreational value, since many stakeholders had an interest in this planning 

objective, and it is considered an important benefit in urban areas. A generic 

value and value transfer function were elicited, both requiring input data of 

population density and the size of the NBS area. These two types of data are 

typically available in a planning context and thus easy to use.    

Cost-benefit analyses can evaluate the performance of NBS based on their 

ability to achieve stakeholder relevant planning objectives. For the first time, 

cost-benefit analysis was combined with scenario analysis and multiple 

stakeholder perspectives. Scenario analysis assesses the robustness of NBS 

performance over time across a set of likely future scenarios. The NBS 

performance across scenarios provide the uncertainty of performance. To 

account for different stakeholder perspectives, the concept of “decision lenses” 

was introduced that accounts for the fact that stakeholders have different 

decision opportunities. This combination was tested and exemplified through 

a case example, where results from the other research objectives were included. 

Results showed that the inclusion of stakeholders from the urban planning 

domain may very well reduce future uncertainty as well as reduce bias towards 

large structural measures. In general, results illustrated the potential in 

considering NBS strategies through different decision lenses to identify NBS 

strategies that accommodate several stakeholders.    
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Dansk sammenfatning 

Klimaforandringerne øger intensiteten og frekvensen af ekstreme regnhændel-

ser, som samtidigt med urbanisering, øger risikoen for urbane oversvømmelser.  

Planlægningen af urban oversvømmelsessikring og byplanlægning påvirker 

hinanden, men de er ofte planlagt separat. Det har typisk den konsekvens, at 

oversvømmelsessikring skal håndteres efter byplanlægningsplaner er besluttet, 

hvilket ikke giver den mest optimale løsning til de mange aktører i urbane om-

råder. Oversvømmelsessikring via naturbaserede løsninger (NBS) forventes at 

kunne levere mange merværdier til urbane områder. Det er vigtigt at fordele 

kan kommunikeres i økonomiske termer til aktører for at sikre det samme 

sprog, og for at kunne forstå de samfundsøkonomiske afvejninger, samt op-

bygge business cases for NBS. Mange af fordelene forbundet med NBS er im-

materielle, og har derfor ikke et marked, hvor de kan værdisættes. Derfor kræ-

ver det specielle og ressourcekrævende værdisætningsteknikker, som er for-

bundet med mange usikkerheder. Selvom mange organisationer opfordrer til 

brugen af cost-benefit analyser, er det sjældent, at de immaterielle fordele er 

inkluderet. Planlægningen kompliceres yderligere af lange planlægningshori-

sonter, der er udsat for usikkerheder relateret til klimaændringer, befolknings-

tilvækst og byudvikling. 

Det overordnede formål med dette ph.d.-projekt var at understøtte strategisk 

planlægning af NBS ved at integrere den i byplanlægning. Baseret på de mange 

dimensioner af kompleksitet, som beskrevet herover, spændte forskningen på 

tværs af forskellige metoder og fagområder. De overordnede forskningsmål in-

kluderede aktører og deres planlægningsmål, tilgængeligheden og anvendelig-

heden af værdisætningsstudier af ikke-markedsomsatte planlægningsmål, samt 

integreringen af cost-benefit analyse med fremtidige usikkerheder og forskel-

lige aktør perspektiver.  

Samfundsvidenskabelige metoder blev anvendt til at identificere aktører og de-

res planlægningsmål i planlægningssituationer, hvor oversvømmelsessikring 

interagerer med byplanlægning. En struktureret litteraturscreening blev udvik-

let som eksploiterede danske planlægningsmagasiner for at sikre praktisk an-

vendelse. Resultaterne fra litteratur screeningen blev valideret gennem tre 

workshops med forskellige aktører. I forhold til eksisterende forskning, blev 

en diverse oversigt over aktører og deres forbindelse til planlægningsmål ge-

nereret, hvilket inkluderede nye aktører og planlægningsmål, som ikke tidli-

gere er blevet betragtet.   I alt blev 14 aktører og deres forbindelse til 17 plan-

lægningsmål identificeret. Selv med et dansk fokus, fandt resultaterne relevans 
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i en international kontekst, da resultaterne blev sammenlignet med internatio-

nal litteratur. Typiske beslutningstagere var, ikke overraskende, vandforsynin-

gen og kommunens byplanlægningsafdeling. Resultaterne antydede, at disse 

aktører var mere fortrolige med at arbejde med andre identificerede aktører end 

med hinanden.  

Mange planlægningsmål inden for borgervelfærd, såsom rekreation, mobilitet 

(rejsetid og trafiksikkerhed) og sundhedsrelaterede mål blev identificeret. Ad-

skillelige aktører er interesseret i disse mål. Det peger i retning af, at de burde 

indgå i planlægningen af NBS. Mange af disse mål er forbundet med ikke-

markedsomsatte værdier, som kræver specielle værdisætningsteknikker. Til-

gængeligheden og anvendeligheden af disse værdier blev undersøgt i viden-

skabelig litteratur, grå litteratur samt eksisterende databaser og beslutnings-

støtteværktøjer. Flere af målene relateret til borgervelfærd og miljøbeskyttelse 

er værdisat af primære værdisætningsstudier og beslutningsstøtteværktøjer. 

Mange af disse studier og værktøjer kan være vanskelige at anvende i de tidlige 

planlægningsstadier da de er afhængige af svært tilgængeligt data, og få kan 

anvendes til små urbane NBS. Derfor blev der gennemført et værdisætnings-

studie ved at udnytte eksisterende værdier og information fra 24 primære vær-

disætningsstudier. Fokus var på den rekreative værdi, da dette mål er forbundet 

med mange aktører, og betragtes som et essentielt mål i byområder. Analysen 

resulterede i en generisk værdi og en værdioverførselsfunktion, der kræver in-

put af arealet af NBS samt befolkningstætheden. Disse typer data er typisk til-

gængelige i planlægnings og resultaterne er derfor nemme at anvende. 

Cost-benefit-analyse kan evaluere NBS performance ud fra deres evne til at 

indfri aktør-relevante planlægningsmål. For første gang, er cost-benefit ana-

lyse blevet kombineret med scenarie analyse og adskillige aktør perspektiver. 

Scenarie analyse vurderer robustheden af NBS performance over tid ud fra et 

sæt af potentielle fremtidige scenarier. NBS performance på tværs af scenarier 

indikerer usikkerheden af deres performance. For at kunne tage højde for ak-

tørers forskellige perspektiver, blev begrebet ”beslutningslinser” introduceret, 

der tager højde for, at aktører har forskellige måder at træffe beslutninger på.  

Kombinationen blev testet og eksemplificeret gennem et casestudie, hvor re-

sultater fra de andre forskningsmål blev inkluderet. Resultaterne viste, at ind-

dragelse af aktører fra byplanlægning kan reducere usikkerheder relateret til 

fremtiden, samt mindske bias mod store strukturelle oversvømmelsesløsninger. 

Generelt tilskynder resultaterne potentialet i at betragte NBS performance 

igennem forskellige beslutningslinser for at identificere den strategi der imø-

dekommer flest aktører.   
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UWM Urban Water Management 

NBS Nature based-solutions 
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UD Urban development 

CC Climate change 
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SUDS Sustainable Urban Drainage Systems 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 



xii 

 

  



xiii 

 

Terminology 

 

Stakeholder One with an interest and/or influence in a 

project or decision outcome. Stakeholders 

have one or more planning objectives 

Planning objective Planning objectives are connected to one or 

more stakeholders and are “what matters” for 

a decision. These are used to evaluate the 

performance of strategies 

Strategy Measure that is implemented to 

accommodate planning objectives in a given 

area. These can be impacted by stakeholders 

Scenario A scenario occur in the future and impacts the 

performance of a strategy. The scenario 

cannot be impacted by stakeholders.  

Decision space The space where decisions are based. A 

decision space consists of strategies, 

scenarios and planning objectives 

Decision lens Different ways of considering the same 

decision space. Lenses are defined by 

different stakeholders’ perspectives and their 

legal and financial boundaries, which imply 

that, for example, some future change can be 

a strategy for stakeholder A, but a scenario 

for stakeholder B, if B cannot influence this 

change.   
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1 Introduction 

Climate change increases the severity of future weather phenomenons (IPCC, 

2014). In Denmark, rain events are projected to increase in intensity and fre-

quency (Arnbjerg-Nielsen, 2012; Larsen et al., 2009; Madsen et al., 2017). In 

2011, a large cloudburst caused severe pluvial flooding in Copenhagen, leading 

to damages in the range of DKK 5-6 billion (The City of Copenhagen, 2012). 

This extreme event forced all Danish municipalities to formulate a climate ad-

aptation plan to mitigate pluvial flooding, among other effects of climate 

change (e.g. storms surges, temperature rises).  

Population growth and urbanisation will further increase the risk of pluvial 

floods (Kaspersen et al., 2017). In Denmark, the population is predicted to 

grow by 10% by 2060, and it is expected that more people will live in cities, 

following the general trend in Europe (Duffin, 2019; Eurostat, 2018).  

   

1.1 Adaptation to flooding through NBS 
The traditional way of handling the increasing flood risk has been to increase 

the capacity of sewer systems. Over the last decades, flood adaptation measures 

have moved aboveground in an attempt to increase flexibility (e.g. related to 

retrofitting) and add additional benefits (Fletcher et al., 2015; Stahre, 2006; 

Zhou, 2014). During rain events, these measures can, for example, retain storm 

water until sewer systems have restored their capacity, or they can provide 

conveyance to areas with lower damage costs. These solutions have taken 

many different names that vary in their geographical origin and coverage 

(Fletcher et al., 2015).  In the EU, these measures are referred to as nature-

based solutions (NBS) (European Commission, 2015; Nesshöver et al., 2017).  

NBS are inspired and supported by nature to solve social- and environmental 

challenges, and can be anything from a green roof to a large wetland, located 

in cities as well as natural landscapes (Lafortezza et al., 2018). NBS are linked 

to sustainability and the concept of ecosystem services, i.e., the value nature 

provides to humans. NBS are considered as a mean to maintain and increase 

nature, especially in urban areas (Nesshöver et al., 2017; Ruangpan et al., 

2020). NBS in combination with grey infrastructure are referred to as hybrid 

solutions or hybrid-NBS (Ruangpan et al., 2020). Selecting NBS is thus not 

necessarily a deselection of grey measures (Alves et al., 2019; Stahre, 2006).       
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1.2 Planning issues related to NBS 
NBS are space-intensive compared to conventional grey solutions (e.g. pipes), 

which can be both a planning and economic issue as space is often scarce in 

urban areas. As a result of this scarcity, urban planning is balancing conflicting 

urban agendas. Climate change adaptation is not traditionally an urban agenda. 

This means that climate change adaptation is often given lower priority than 

other agendas (e.g., traffic, industry, housing, etc.) and becomes a technical 

issue rather than an opportunity (Brown et al., 2009; Ellis and Lundy, 2016). 

This highlights the importance of planning multi-agenda NBS that include mul-

tiple stakeholder interests (Fratini et al., 2012a).  

In Denmark, flood adaptation is planned by water utilities and initiated and 

approved by municipalities. Financially, the water utility is obliged to pay for 

that part of the project that covers flood adaptation (Anker and Janfelt, 2020). 

NBS measures in urban areas are often costly, hence co-funding from other 

stakeholders is often necessary. It is thus essential to be able to communicate 

the benefits that NBS can provide to stakeholders outside urban water manage-

ment (UWM), e.g. city planners, citizens, politicians, developers, etc. In to-

day’s economy, money is the common unit between stakeholders, and the lack 

of economic values to communicate the benefits of NBS is seen as an essential 

barrier to their implementation (Aerts, 2018; Ferguson et al., 2013; Hansen et 

al., 2019; Nesshöver et al., 2017; Van Oijstaeijen et al., 2020). In 2017, the 

Water Pollution Committee of the Danish Society of Engineers published a 

report, encouraging water managers to perform costs-benefit analyses that in-

clude other benefits of NBS besides reducing the flood risk (e.g., improved air 

quality, increased recreation, noise reduction) (Spildevandskomiteen, 2017). 

While reduced damages by flood adaptation is an accepted economic benefit, 

the inclusion of other benefits is still limited. This is due to the fact that many 

of these benefits are intangible and not directly priced in a market. This re-

quires complex valuation techniques that are characterized by high uncertainty 

and requiring a lot of resources (Dehnhardt, 2014; Feuillette et al., 2016). On 

top of that, we need to economically communicate these benefits before NBS 

are build and in confined areas, i.e., where data are typically limited.  

Additional complexity is introduced to the planning of NBS, and climate ad-

aptation in general, as performance of adaptation strategies is considered over 

long planning horizons (Casal-Campos et al., 2015; Löwe et al., 2017; Zhou et 

al., 2012). Long horizons are particularly necessary when considering flood 
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adaptation, as climate change impacts are expected to increase over time. How-

ever, we know very little of the future, and projections of climate change are 

uncertain (Arnbjerg-Nielsen, 2012; Madsen et al., 2017). Over these long plan-

ning horizons, flood adaptation is also impacted by uncertainties related to lo-

cation of urban development and projections of population growth (KC and 

Lutz, 2017).  

In addition, previous studies report the risk of miscommunication between 

stakeholders, due to differences in terminology, perception and prioritisation 

of planning objectives, which might delay projects (Ferguson et al., 2013; 

Fratini et al., 2012a; Giordano et al., 2020; Madsen et al., 2018). This suggests 

a need for a planning framework that enables a common language that includes 

both stakeholders, planning objectives and monetary estimates.  

 

1.3 Structured decision-making 
In this thesis, the Structured Decision-Making (SDM) framework is used to 

address the identified planning issues. SDM is a way of structuring a strategic 

planning process by considering stakeholders, objectives, opportunities and 

threats (Bryson, 1988; Gregory et al., 2012; Malekpour et al., 2016). Unlike 

solely science-based decision frameworks, SDM provides a strong link be-

tween stakeholders, opportunities and consequences of a strategy. The frame-

work starts with clarifying project motivation and decision context (Figure 

1.1). Subsequently, stakeholders are identified and connected to planning ob-

jectives, which are prompted through the opportunities and consequences of 

implementing a strategy. As such, planning objectives are “what matters” to 

stakeholders within the decision context. Indicators quantify (and may valuate) 

strategies impact on planning objectives (Gregory et al., 2012). Performance is 

then evaluated, often in a multi-criteria analysis or in a socio-economic assess-

ment (e.g. cost-benefit analysis). The framework focuses on organizing deci-

sions, and as such can incorporate any evaluation method (Gregory et al., 

2012). In addition, the SDM framework can structure different planning con-

texts, such as flood adaptation, traffic management or how a project may con-

tribute to one or more of UN’s Sustainable Development Goals (SDG).  



4 

 

 

Figure 1.1: The core steps in structured decision-making where uncertainties related to the 

future are accentuated. Figure is modified from Gregory et al. (2012). 

 

Within UWM, SDM has been applied within water infrastructure for drinking 

water supply and wastewater management (Ashley et al., 2008; Harris-Lovett 

et al., 2019; Lienert et al., 2015; Lück and Nyga, 2018; Sartorius et al., 2018). 

Common traits between these studies are the collaboration with stakeholders 

to derive objectives. For example, Lienert et al. (2015) used face-to-face inter-

views and stakeholder workshops to identify objectives and indicators for wa-

ter infrastructure planning in Switzerland. Only Harris-Lovett et al. (2019) re-

ports specific connections between stakeholders and objectives. Objectives 

were often defined within the three pillars of sustainability, reflecting objec-

tives within economics (e.g. low costs), environment (e.g. good water quality) 

and social concerns (e.g. hygienic discharge of wastewater). However, few of 

these objectives were relevant for projects where urban flood adaptation inter-

acts with urban planning, which is the focus of this thesis (Paper I).  

Multi-criteria analyses were frequently used to evaluate strategy performance 

using indicators identified with experts and/or existing literature  (e.g. Harris-

Lovett et al., 2018; Lienert et al., 2015), but very few indicators were mone-

tised. The lack of monetary assessments of intangible benefits in relation to 

NBS is seen as barrier for their implementation (Aerts, 2018; Ferguson et al., 

2013; Hansen et al., 2019; Nesshöver et al., 2017; Van Oijstaeijen et al., 2020). 

Fortunately, socio-economic assessments of the wider benefits of NBS are in-

creasing in the scientific literature (e.g. Alves et al. (2019), Johnson and 

Geisendorf (2019), Locatelli et al. (2020), Urrestarazu et al. (2017)), supported 

by the increasing number of valuation tools (e.g., Horton et al. (2019), Iftekar 

et al. (2019)). The link between stakeholders and planning objectives in these 
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studies/tools are very limited. In addition to the identification of stakeholders 

and planning objectives, this thesis will explore the applicability and availabil-

ity of primary valuation studies (hereunder Paper II) and decision-support 

tools. Focus is on identified planning objectives to ensure a close link between 

values and stakeholders.   

Within the SDM framework, scenario analysis is suggested (Gregory et al., 

2012) and used (Harris-Lovett et al., 2019; Lienert et al., 2015) to account for 

an uncertain future when considering long planning horizons. Scenario-analy-

sis assesses the robustness of strategies’ performance across a range of likely 

future scenarios. A strategy is deemed robust if it performs well within all fu-

ture scenarios (Casal-Campos et al., 2015; Faccioli et al., 2015; Kwakkel et al., 

2016; Lienert et al., 2015; Löwe et al., 2017). Brown et al. (2015) found that 

scenario analysis indicates that individually planned strategies rarely are ro-

bust, and that the connection to social and environmental objectives is essential 

for complementary strategies.          

Scenario-analysis is increasingly used within planning of UWM. Lienert et al. 

(2015) and Harris-Lovett et al. (2019) defined future scenarios for water infra-

structure in collaboration with stakeholders. Their scenarios include changes 

in population growth, economy, urban development and environmental priori-

tization. Moving outside the SDM framework, some studies of urban flood 

management include different climate scenarios (e.g. Xie et al., 2017; Xu et 

al., 2019; Zhou and Arnbjerg-Nielsen, 2018), while others also account for 

population growth, economy and urban development. Ashley et al. (2018) qual-

itatively assessed the robustness of measures by assigning scores, while Casal-

Campos et al. (2018, 2015), Dong et al. (2017), Löwe et al. (2020) and Sadr et 

al. (2020) applied physical and technical performance indicators, such as flood 

volume, combined sewer overflows and life-cycle costs. Löwe et al. (2017) 

was identified as the only study integrating cost-benefit analysis with scenario 

analysis. However, the study only included investment costs and benefits of 

reduced flood damages and reduced drinking water demand. Building on this 

study, the aim is to integrate cost-benefit analysis with scenario analysis by 

developing a step-by-step framework that also accounts for different stake-

holder perspectives (Paper III).   

Traditionally, the non-flood related benefits derived from flood adaptation pro-

jects are called co-benefits, because they are second to the main objective, i.e., 

reducing flooding (e.g. Giordano et al. (2020), Raymond et al. (2017)). This 

thesis propose using the term “planning objective” instead (in line with SDM), 
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as co-benefit is a limiting term due to three reasons. Firstly, it is fragmenting 

an already fragmented area where different stakeholders put their own objec-

tives first. Secondly, benefits are individual, meaning that a benefit for one 

stakeholder, can be a cost for others. Therefore the term “planning objective” 

is not limited to only identifying benefits. Thirdly, planning is all about pursu-

ing objectives, so the terminology taps better into urban planning. The widely 

used term Ecosystem Services (ESS), which categorises the services nature can 

deliver to humans (Bolund and Hunhammar, 1999), cannot capture all nuances 

between hybrid-NBS and urban planning (e.g. traffic changes). However, the 

ESS classification scheme provides a detailed correlation between nature and 

services/disservices to humans, which is useful to consult when outlining na-

ture related planning objectives (Gómez-Baggethun and Barton, 2013).  

  

1.4 Objective and research questions 
The overall objective of this thesis was to support strategic planning of NBS 

for urban pluvial flooding (Figure 1.2) by using the SDM framework (Figure 

1.1). Within SDM, this thesis focus on cost-benefit analysis as evaluation 

method. This requires that planning objectives are quantified and valuated. In 

this context, focus is on the valuation of intangible planning objectives related 

to NBS. In addition, scenario analysis is used to assess the robustness of NBS 

performance when uncertainty of the future is taken into account.       

 

Figure 1.2: Planning context of NBS considered in this thesis. Adaptation to pluvial floods 

is obtained through NBS resulting in multiple planning objectives besides reducing the 

flood risk. 
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The following research questions are addressed:  

 Which stakeholders are relevant when urban flood adaptation interacts 

with urban planning, and which planning objectives do stakeholders 

have? 

 Which intangible (non-market) planning objectives are valuated in de-

cision support tools and literature? What is the applicability of these 

values for urban nature-based flood adaptation?  

 How can cost-benefit analysis be combined with scenario-analysis and 

multiple stakeholder perspectives?  

Each of these questions correspond to different steps within SDM (Figure 1.1) 

and are addressed in separate chapters and papers (Figure 1.3).   

 

Figure 1.3: Overview of thesis chapters in relation to the SDM framework (Figure 1.1) 

and contribution from papers. 



8 

 

  



9 

 

2 Stakeholders and planning objectives 

A stakeholder is anyone with an influence and/or interest in a given project 

(Reed et al., 2009). It is widely recognised that the inclusion of multiple stake-

holders in the planning process is fundamental for a successful project (Fratini 

et al., 2012a; Giordano et al., 2020; Gregory et al., 2012; Huntjens et al., 2012; 

Lienert et al., 2013; Tompkins et al., 2008; Yazdanfar and Sharma, 2015). With 

flood adaptation moving above-ground into the regime of urban planning, the 

planning process has switched from single-stakeholder view to an interdisci-

plinary planning process with multiple stakeholder views (Fratini et al., 2012b; 

Madsen et al., 2018; Stahre, 2006). Stakeholders should be included in the 

planning process as early as possible to ensure the projects relevance, but it is 

a time-consuming process to identify stakeholders and their agendas/interests. 

In this thesis, stakeholders’ agendas/interest are referred to as planning objec-

tives. 

This chapter focuses on the second step of SDM, where stakeholders and plan-

ning objectives are identified and connected (Figure 2.1) (Paper I). Previous 

studies have produced overviews of relevant stakeholders and their planning 

objectives for urban flood adaptation (Fratini et al., 2012b; Madsen et al., 

2018). However, these studies did not systemise objectives, e.g. separating 

means from ends, and the grouping of stakeholders were coarse. B£ST (Horton 

et al., 2019), a tool monetising benefits of sustainable urban drainage systems 

(SUDS), also identified and connected benefits to stakeholders in a UK con-

text, but it is not clear how objectives and stakeholder connections were de-

rived. 

 

Figure 2.1: Steps in the SDM framework covered in this chapter (green). 
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There is thus a need for a structured and transparent process to identify stake-

holders and their connections to planning objectives, where urban flood adap-

tation interacts with urban planning.  In addition, the diversity of these connec-

tions should be tested to ensure relevance outside the context where the con-

nections were derived.  The following sections elaborate on a preliminary map-

ping of stakeholders, the developed methodology and finally the resulting 

stakeholders and their connection to planning objectives (Paper I).  

 

2.1 Preliminary mapping of stakeholders 
In the initial phases of this PhD project, a workshop with researchers, consult-

ants and planners was conducted. The purpose of the workshop was to get an 

initial idea of relevant stakeholders and their interrelations. Workshop partici-

pants brainstormed stakeholders and their main planning objectives, and 

mapped them in an interest/influence-matrix. An interest/influence-matrix 

maps stakeholders according to their relative influence and interest in a given 

project (Grimble and Wellard, 1997). Instead of considering a specific project, 

the mapping was framed as “strategic planning of urban water management in 

Odense, Denmark” (Figure 2.2). After mapping, the stakeholders were catego-

rized according to their main objective in relation to urban functionality as 

defined by Wolf and Meyer (2010); economic (accessibility and development 

of infrastructure and business), ecological (regulation and regeneration of na-

ture) and social (human ecology, landscape pleasing humans).    

The interest/influence matrix can be divided into four squares (Figure 2.2), 

each describing an overall consideration of the stakeholders (Grimble and 

Wellard, 1997):  

A. It is important to establish a good relationship with these stakeholders 

and increase their level of interest  

B. Key players. Decision-making should be consulted with these stake-

holders 

C. These stakeholders are the least significant stakeholders. These can ei-

ther be ignored or engaged by increasing their level of interest 

D. The interest of this group should be heard   
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Figure 2.2: Interest-influence matrix developed through a workshop in the initial phases of 

this project. The mapping was framed around strategic planning of urban water manage-

ment in Odense, Denmark.  

 

For example, the utility (water), civic association and allotment society are 

placed in square D, which means they have a high interest in urban water man-

agement, but a relatively low power, i.e. they should be heard. In the opposite 

corner, square A, are politicians, investors, developers, agriculture and munic-

ipality (Purchase and Sales). This group of stakeholders have a lot of influence, 

but low interest that should be increased.  

The framing, i.e. urban water management in Odense, is likely broad enough 

to capture all relevant stakeholders for Odense. However, the mapping of 

stakeholders depends on the context, e.g. flooding, water supply, etc. It also 

depends on the geographical location and the size of the project, for example, 

local scale project in Aarhus might not be relevant for a city scale project in 

Copenhagen. Hence, it is extremely difficult to produce a generic map of stake-

holder’s relative interest and influence. Based on this, Paper I attempted to 

produce a generic list of stakeholders and their planning objectives to provide 

a starting point that project managers/decision-makers can adapt to their spe-

cific case.  



12 

 

2.2 Research design 
To identify stakeholders and their connection to planning objectives performed 

a stakeholder analysis was performed (Paper I). The development of the 

method was inspired by the work of Lienert et al. (2015), who identified stake-

holders, objectives and indicators for water infrastructure planning. This work 

was extended by covering urban flood adaptation and urban planning, and 

keeping consistent track of stakeholder’s connection to planning objectives 

(Paper I). Furthermore, face-to-face interviews were excluded, and instead, 

the analysis included a transparent and systematic screening of literature (Fig-

ure 2.3). Before the screening, predefined names were developed for stake-

holders, planning objectives, project roles, planning scales, etc., building on 

the initial mapping (Section 2.1) to ensure consistent naming. The screened 

literature was published primarily by practitioners, to incorporate hands-on ex-

perience and thus ensure practical relevance (Colvin et al., 2016). The litera-

ture covered both urban water management and urban planning, and was lim-

ited to Denmark and the period 2016-2017 (Paper I).  

 

Figure 2.3: Developed research design utilising Danish planning journals and workshops. 

Figure based on Paper I. UWM = Urban Water Management, UP = Urban planning. 

  

Results from the literature screening were validated with three workshops. 

Workshop participants were urban planners and water specialist with several 

years of experience. Participants elicited stakeholders, planning objectives and 

indicators based on two simple case studies. The diversity and relevance (out-

side Danish borders) of stakeholders and planning objectives were tested by 

comparing results with additional scientific literature (e.g. Ferguson et al. 
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(2013), Kuller et al. (2017), Madsen et al. (2018)) and existing decision-sup-

port tools (e.g. B£ST (Horton et al., 2019), PLASK 3.0 (Danish EPA, 2018)) 

(Paper I).  

 

2.3 Stakeholders and planning objectives 
Through literature screening and workshops 14 stakeholders (Figure 2.4) were 

identified. The list of stakeholders within UWM in Denmark compared to other 

studies was extended (Fratini et al., 2012b; Madsen et al., 2018), and overlap-

ping stakeholders in studies outside Denmark were found (Harris-Lovett et al., 

2019, 2018; Lienert et al., 2013) (Paper I). All initially identified stakeholders 

(Section 2.1) fit into the final results. For example, the stakeholder “Danish 

Society for Nature Conservation” fits into the “NGO” category, and “Ministry 

of Environment and Food in Denmark” belongs within the “Legal” stakeholder 

group. In addition to interest-influence mapping of stakeholders, it may be use-

ful to map stakeholders’ direction of influence in a planning process (Figure 

2.4). During the literature screening stakeholders’ perceived role in a given 

project were noted. Decision-makers are at the centre of any project. These 

stakeholders establish projects based on drivers (e.g. flooding), and they there-

fore have a high influence and interest in projects (square B). A large group of 

stakeholders can be potential collaborators or opponents in projects. In simple 

terms, a stakeholder may become an opponent if they have a high influence, 

but their planning objectives (interest) have not been considered (A, B). Simi-

larly, stakeholders can become potential collaborators if their planning objec-

tives are considered from the start (A, B, C, D). Stakeholders that sets the 

boundaries, i.e. develop and/or enforce legislation, have a high influence on 

projects. Their planning objectives are typically indirectly considered, as leg-

islative requirements are integrated in planning as boundary conditions (Paper 

I).    

The literature screening resulted in more than a 100 objectives. Several rounds 

of sorting, merging and grouping, resulted in 17 objectives and 10 sub-objec-

tives, divided over four overall groups (Figure 2.5) (Paper I). This thesis fo-

cuses on the first two groups, concerned with welfare for citizens and environ-

mental protection. 
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Figure 2.4: Overview of stakeholders’ direction of influence in a planning process com-

bined with the categorisation of an interest-influence matrix as described in Section 2.1. 

Figure is modified from Paper I.  

 

 

 

Figure 2.5: Objectives hierarchy when urban water management interacts with urban plan-

ning. Figure is from Paper I.  
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Some of the sub-objectives are indefinite and may contain several other objec-

tives depending on context. For example, under the sub-objective “nuisance” 

(under “Health”), objectives of reducing noise, urban heat islands and wind 

were mentioned during literature screening and workshops. Similarly, the ob-

jective of “Nature” contains both the increase of biodiversity, and protec-

tion/maintenance/increase in habitats (e.g. coasts, lakes, wetlands). Generally, 

environmental protection focuses on the intrinsic value of nature, whereas wel-

fare for citizens express the value that humans directly assign to nature and/or 

other UWM elements (Paper I).     

Unlike previous studies, the frequency and diversity of links between planning 

objectives and stakeholders were recorded (Table 2.1). The planning objectives 

of recreation and mobility are some of the most important objectives when 

measured by frequency. Recreation in this context relates to the value citizens 

assign to natural areas by using them, whereas mobility is described by any 

means of moving from A to B safely and efficient (Paper I).  

Interestingly, many of the planning issues discussed in Chapter 1 were sup-

ported by the literature screening. For example: 

 The diverse connections for the “Utility – Water” (Table 2.1) nicely illus-

trates the new planning regime of water utilities where flood adaptation 

measures move aboveground and have multiple benefits. 

 The numerous connections for the “Municipality – City planning” (Table 

2.1) indicate the many planning objectives they have to consider as urban 

spaces become a battleground of agendas. 

 The “Utility – Water” was more familiar working with the “Municipality – 

Water and Environment” and “Consultant”, than the “Municipality – City 

planning” (Paper I).   

Besides the “Utility – Water” and the municipality groups, i.e. the typical de-

cision-makers (Figure 2.4), other stakeholder groups are more broadly defined. 

For example, the many different links for the stakeholder groups “Commer-

cial” and “Consultant” may indicate local business interest and a wide variety 

of provided services. Likewise, “Foundation” and “Government Agency” 

need to accommodate many different needs and thus a diverse group (Table 

2.1).  The diversity within these stakeholder groups and their appearance in the 

literature screening suggests many potential collaborators (Paper I). 
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2.4 Application and limitations 
Using the developed methodology, it was possible to identify a generic list of 

stakeholders and their planning objectives, which supports the current reality 

of planning urban flood adaptation. While the methodology used Danish plan-

ning journals, it was possible to find relevance of the results outside Denmark 

(Paper I). In theory, the methodology can be applied to any field (e.g. energy 

supply, transport planning).   

Through the workshops it was seen that stakeholders use different terminolo-

gies and assign different meanings to planning objectives (Paper I). These re-

sults were supported by Fratini et al. (2012a) and Madsen et al. (2018). The 

results provide a starting point for discussion and might enable a common lan-

guage if stakeholders actively discuss the meaning of planning objectives for 

the specific project.         

Planning objectives and prioritisation might differ within stakeholder groups 

(e.g. investors) (Harris-Lovett et al., 2019), and might change over time 

(Lienert et al., 2016; Madsen et al., 2016). The results do not substitute context-

specific stakeholder analysis, but can facilitate this analysis by providing a ge-

neric list of stakeholders and planning objectives as starting point (Paper I). 

A chronological and iterative way of use could be to: 

 Identify project specific stakeholders (Figure 2.4, Table 2.1) and map 

them according to their direction of influence (Figure 2.4) and/or their 

relative interest and influence in the project (similar to Figure 2.2).  

 Identify planning objectives (Figure 2.5, Table 2.1) and prioritise them 

according to important stakeholders that may be potential collaborators 

or opponents (Figure 2.4).  

 Develop and/or modify strategies based on planning objectives (Step 3 

in SDM). 

Afterwards, planning objectives can be quantified and valuated (Chapter 3) to 

assess the socio-economic trade-offs between strategies and to build a business 

case for NBS. In Chapter 4, this thesis discuss how different stakeholder per-

spectives can be quantitatively incorporated into costs-benefit analysis.   
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3 Including intangible planning objectives  

Planning objectives are increasingly quantified and valuated to better under-

stand the trade-offs between strategies, and to establish the business case for 

NBS as a socio-economically competitive strategy (Van Oijstaeijen et al., 

2020). However, decision-makers and analysts are hesitant to include intangi-

ble planning objectives in their cost-benefit analysis due to the complexity and 

uncertainty of values. While decision-support tools and valuation studies are 

increasing, no overview of the coverage of identified planning objectives exits. 

In this chapter, the existing landscape of the valuation of intangible planning 

objectives (as identified in Figure 2.5) is assessed. Value indicators are inves-

tigated that, reliably, value these planning objectives as prescribed by the sec-

ond (and fourth, indirectly) step of the SDM framework (Figure 3.1).   

 

Figure 3.1: Steps in the SDM framework covered in this chapter (green). 

 

This chapter provides a conceptual overview of non-market valuation ap-

proaches, followed by insight into value transfer in practice based on current 

decision-support tools and available primary valuation studies. This provides 

insight into the coverage of planning objectives and the potential of including 

them in cost-benefit analyses. Section 3.3 (Paper II) go into detail with the 

valuation of the recreational planning objective.  

   

3.1 Conceptual overview 
This section provides a conceptual overview of how values for non-market 

(e.g. intangible) planning objectives are elicited. Indicators, as they are called 
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in the SDM framework (Figure 3.1), refer to performance metrics that can as-

sess how strategies affect planning objectives (Gregory et al., 2012). Since this 

thesis want to assign monetary values to the socio-economic consequences of 

affecting planning objectives, two types of indicators are needed; one that 

quantifies the magnitude of the effect, and a second one that assigns a monetary 

value to the effect (Figure 3.2). Indicators for quantification and valuation can 

be standardized unit values and/or values quantified through models and for-

mulas.  

 

Figure 3.2: The relation between NBS implementation and quantification and valuation of  

planning objectives. This thesis focus on the non-market valuation of intangible planning 

objectives. WTP = Willingness-to-pay. Figure is inspired by The Mersey Forest et al. 

(2010). 

 

Many of the planning objectives relevant for NBS (Figure 2.5) have no observ-

able or direct markets, which means that special valuation techniques are nec-

essary (Table 3.1). This thesis puts a particular focus on these valuation tech-

niques, which will be described in the following section.   

3.1.1 Non-market valuation techniques 

The three main groups of non-market valuation techniques are revealed- and 

stated preference techniques and cost-based methods (Table 3.1). Revealed 

preference techniques estimate values of non-market objectives by observing 

behaviour on an existing market. Hence, the method can only estimate use val-

ues, i.e., values assigned to objectives due to actual use of an area. This means 

that values can only be estimated for ex post projects. Stated preference tech-

niques estimate values by constructing a hypothetical market for an objective. 

These methods are survey-based and thus ask individuals directly about their 

willingness-to-pay for a change in objectives. This makes it possible to valuate 

most non-market objectives (e.g. biodiversity), capturing both use- and non-
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use values for ex post and ex ante projects (Pearce et al., 2006). However, the 

hypothetical nature of values and potential bias of questionnaires may make 

these values less reliable (Spangenberg and Settele, 2016). Finally, there is 

cost-based approaches that are not based on preferences as the other two meth-

ods, but on an indirect use of actual market prices. Compared to the two pref-

erence techniques, these are easier to calculate but do not measure welfare 

(Freeman III et al., 2014).     

Table 3.1: Overview of the most common methods for non-market valuation. 

Valuation method Description 

Hedonic pricing 

Revealed preference 

Value is elicited from property purchased or choice of job, where 
the non-market good is implicitly traded. The assumption is that a 
house price or a salary is a function of its characteristics (e.g., 
house size, proximity to green space, and job risk). Thus, the 
method tries to identify the willingness-to-pay for the contribution of 
each characteristic.  

Travel Cost  

Revealed preference 

Value is elicited from a number of individuals travel frequency and 
costs to go to a site or geographical area (typically with a recrea-
tional purpose), assuming that it is the individual’s willingness-to-
pay for the area. The costs comprise both cost of time and direct 
costs of travelling (petrol, wear and tear, depreciation, etc.).  

Contingent valuation 

Stated preference 

Value is elicited by a questionnaire, which directly ask people their 
willingness to pay for a predetermined increase or decrease of a 
good.  

Choice modelling 

Stated preference 

Value is elicited by a questionnaire, where people are presented 
with choice sets, typically containing one or more alternatives. Al-
ternatives contain the same attributes, but with different levels/val-
ues, allowing more detail compared to contingent valuation on what 
constitutes the overall value.  

Avoided cost 

Cost-based  

approach 

Calculate the costs that would have incurred without changes to the 
current situation. For example, the benefits of improving air quality 
can be expressed by the avoided costs of hospital expenses  (de 
Groot et al., 2002) 

  

Performing primary valuation studies is resource intensive. Instead, value 

transfer methods are often applied to “reuse” results from primary valuation 

studies to new locations where primary studies were not performed. This de-

creases reliability, as primary valuation studies are context dependent and thus 

vary with, e.g., socio-economic characteristics, methodology, substitution 

sites, and scope. This means that sites from primary valuation studies should 

be as close to identical to the application site as possible, which is rarely the 

case. Adjusted value transfer aims at reducing transfer errors by adjusting val-

ues with differences in variables between sites (e.g. income, population den-

sity) (Johnston et al., 2015; Pearce et al., 2006). The state-of-the-art method-

ology for value transfer is meta-regression analysis. This is a statistical method 

that, for a selection of primary valuation studies, investigates the contribution 
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and significance of variables on derived values (Johnston et al., 2017; Stapler 

and Johnston, 2009).   

 

3.2 Value transfer in practice 
This thesis focuses on value transfer of primary valuation studies of non-mar-

ket planning objectives. The decision-support tools and primary studies that 

valuate non-market planning objectives vary in their applicability in a planning 

context. Strategic planning may start on a screening level and move into more 

detailed planning as the planning process moves along. In the screening stage, 

valuation of planning objectives should be simple with little input needed, 

whereas detailed planning can allocate more resources for detailed assess-

ments. In general, for valuation studies to be applicable in new locations they 

should make limited assumptions about site context (e.g. distance decay, sub-

stitution sites) and use input data that are also available in other locations (e.g. 

population density). For example, a hedonic price function that elicits values 

in intervals (e.g. of 100 meters) requires details on the number of houses that 

moves closer to a green area and their house price (e.g. Liebelt et al. (2018), 

Plant et al. (2017)). The studies require data that may not be available, and the 

reliability of these studies is reduced if the new site is not based on the same 

urban characteristics. Similarly, the valuation of biodiversity is often based on 

species or biodiversity proxies that are very context-dependent, making it im-

possible to apply unless there is a match in species/proxies under the same 

conditions (Bartkowski et al., 2015; Paul et al., 2020). 

The following sections explore the potential of applying non-market values in 

planning. First, results are presented from two workshops with decision-mak-

ers about including non-market values in practice. Secondly, the availability of 

decision-support tools were investigated, followed by an investigation of pri-

mary valuation studies. Focus was on the screening stage of planning, which 

means that decision-support tools and valuation studies should be generically 

applicable and require few and readily available inputs.   

3.2.1 Workshops: including values in practice 

Based on previous research (e.g. Feuillette et al. (2016), Spangenberg and 

Settele (2016)), it was expected that decision-makers could not base decisions 

on values that were not part of their municipal budget and/or based on hypo-

thetical values (stated preference techniques). To test this hypothesis, two 

workshops was conducted in Denmark’s two largest cities, Copenhagen and 
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Aarhus, with representative from water utilities and municipalities. The format 

of the workshops differed: 

 Aarhus: An overview of the different valuation techniques (Table 3.1) 

was presented to participants and a simple example of a cost-benefit 

analysis was given where different values were included. The presen-

tations were followed by an open discussion. This workshop was held 

with two participants from water utilities (Aarhus and Odense), and 

two from municipalities (Aarhus and Copenhagen).  

 Copenhagen: Similar to Aarhus, the workshop was initiated with an 

overview the overall valuation techniques. This was followed by an 

exercise where participants had to prioritise and select planning objec-

tives to include in their cost-benefit analysis. Each planning objective 

was connected to values that were elicited using either stated- or re-

vealed preference methods, or cost-based methods (Table 3.1). It was 

underlined that values were the experts’ best estimate. This workshop 

had 15 participants, 13 from the municipality of Copenhagen and two 

from water utilities (Copenhagen and Odense).  

The conclusion from both workshops was that most participants were happy to 

include non-market values as input to political discussions. All participants 

thought that costs-benefit analyses were useful in planning, but some were con-

cerned about giving the result of the analysis too much weight. This was in line 

with an observation from a previous workshop, where some workshop partici-

pants were concerned that value estimates would “divert planning efforts to-

wards optimizing numbers” (Paper I). These workshops scratched the surface 

of using non-market values in planning of flood adaptation, and further re-

search into this is definitely needed. However, the overall conclusions moti-

vated us to continue investigating the availability and reliability of non-market 

values for the identified planning objectives.    

3.2.2 Decision-support tools and their limitations 

Several valuation tools and databases have been developed over the last dec-

ades to support stakeholders in monetising the multiple non-market planning 

objectives of NBS. The tools cover a range of the identified planning objectives 

(Table 3.2). 
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Table 3.2: A selection of available tools for planning of urban NBS that include valuation of 
planning objectives. * = only qualitatively described. 

Tool Planning objectives Value transfer 

Benefits Estimation 
Tool (B£ST) 

(Horton et al., 2019) 

Air quality  

Aesthetics  

Biodiversity 

Education 

Flooding 

Noise 

Physical activity  

Recreation 

Water quality 

Transport safety* 

Crime* 

 

UK context.  

Provide range of values, 
but often just based on one 
study. Use adjusted value 
transfer. Do not provide in-
formation for value transfer  

INFFEWS Value Tool 

(Iftekhar et al., 2020) 

Aesthetics 

Recreation 

Crime 

Biodiversity 

Air quality 

Water quality 

Flooding 

Australian context.  

Provide range of values 
and a direct comparison 
with primary valuation site. 
Provide information for 
value transfer    

Guide developed by 
CNT and American 
Rivers, (2010) 

 

Flooding 

Water quality 

Air quality 

Aesthetics 

Recreation 

Noise 

Connectedness* 

Habitat* 

 

US context.  

Provide range of values, of-
ten based on several stud-
ies. Do not provide infor-
mation for value transfer   

Green infrastructure 
valuation toolkit (GI-
Val) 

(The Mersey Forest 
et al., 2010) 

Aesthetics 

Flooding 

Air quality 

Recreation 

Biodiversity 

Physical activity 

Connectedness* 

 

UK context.  

One value for different na-
ture types based on 1-2 
valuation studies. Do not 
provide information for 
value transfer  

 

All identified tools are developed for single countries, thus they prioritise val-

uation studies conducted for/within the specific nation. Value transfer is used 

by all tools, but the level of information from the original valuation study, 

which is needed for adjusted value transfer (e.g. original value, socio-economic 

characteristics, etc.) are reported in varying degree (or missing). This means 

that the primary valuation study needs to be consulted if applied outside the 

context of the tool. In addition, it is not transparent to what degree and regard-

ing what parameter the value has been adjusted (e.g. population density, in-

come, area). Only the INFFEWS Value Tool provide all essential information 

required for an adjusted value transfer. Overall, the lack of information for 

value transfer requires an analyst with a background in economic valuation to 

apply the tools to different contexts. However, all tools provide a range of val-

ues (i.e., min, max) (Table 3). This is essential to communicate the uncertainty 

of values to users of the tool.     

In 2015, the Danish EPA developed and released a quantitative tool for as-

sessing the benefits of climate adaptation strategies. The tool quantified and 
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valuated flooding, noise, recreation, reduced water demand and carbon seques-

tration (Danish EPA, 2015). However, a new version in 2018 switched to a 

score-based approach (qualitatively, except flooding) to be able to include far 

more planning objectives (Danish EPA, 2018). This highlights the difficulty in 

finding generic valuation metrics for all relevant planning objectives. The ex-

clusion of planning objectives due to lack of values, indirectly assigns more 

weight to planning objectives where reliable and generic value estimates exist. 

3.2.3 Available valuation studies  

This section provides insights from a literature search that aimed at gaining an 

overview on the state-of-the-art in valuating non-market values. As most deci-

sion-support tools are developed for a specific context/country, valuation stud-

ies are needed to transfer values. The availability of studies to assess the non-

market values of identified planning objectives (Figure 2.5) were investigated. 

This was done by screening scientific literature, grey literature and already ex-

isting databases and decision-support tools (Table 3.2). The literature search 

targeted studies in urban areas within developed countries, and studies where 

values derived from nature. The literature search was conducted continuously 

throughout the PhD project. A search on Web of Science provides an overall 

indication of the coverage of planning objectives (Figure 3.3), but the follow-

ing description is based on insights gained from the entire literature search.  

This section focuses on the most covered planning objectives; aesthetics, rec-

reation, noise, flooding, water quality and biodiversity. The planning objec-

tives of Education (e.g. awareness of flooding, nature) also seems to be covered 

in literature (Figure 3.3). However, here education mainly refers to general 

valuation (e.g. explanatory variable). The valuation tool B£ST (Horton et al., 

2019) report on the lack of valuation studies on awareness and education of 

flooding.  

Most non-market valuation studies cover planning objectives concerned with 

recreation, water quality and biodiversity (Figure 3.3). In many studies the ob-

jectives are mentioned indirectly and the valuation is not specifically targeting 

the respective planning objectives. Aesthetics, recreation, noise, air quality and 

biodiversity are in many studies considered as a bundle of provided goods 

when nature is implemented (e.g. Bockarjova et al., 2020a; Koetse et al., 2017). 

Below, is an overview of the non-market valuation of recreation, aesthetics, 

biodiversity, water quality, air quality, noise and flooding.   
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Figure 3.3: Overview of the number of available primary valuation studies for different 

planning objectives (PO) based on a preliminary search on Web of Science. * = Valuation 

covered in valuation tools (Table 3.2). Search words; Primary = PO + valuation + non-

market, Urban = PO + valuation + non-market + urban, Meta-analysis = PO + valuation + 

meta-analysis.  

 

Recreation. The recreational value is largely covered in literature by both re-

vealed and stated preference methods.  The studies elicit values for areas such 

as wetlands, mountains, parks, and forests (Paper II). Many meta-analyses ex-

ist for nature areas with recreational potential, but to our knowledge, only three 

of them consider nature in urban areas (Bockarjova et al., 2020a; Bockarjova 

et al., 2020b; Brander and Koetse, 2011). The urban focus is essential, as it is 

expected that measures are different in non-urban areas, and that urban 

measures are mostly used by the local population rather than tourists. The three 

urban meta-analysis consider very large nature areas which is outside the real-

istic range of new NBS sizes for flood adaptation in urban areas (Paper II). 

This is further discussed in Section 3.3.  

Aesthetics. This thesis gave very little attention to aesthetics, as it can be con-

sidered a means of increasing citizens recreational activity (Schipperijn et al., 

2010; Stålhammar and Pedersen, 2017). Hence, caution should be taken when 

aesthetics is linked to nature, which in the planning context of this thesis often 

will be the case. Aesthetics is thus considered a prerequisite of recreational 

value and should be discussed qualitatively.       
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Biodiversity. The value of biodiversity is often elicited through stated prefer-

ence techniques where questionnaires have to consider their willingness-to-pay 

for “biodiversity”. Compared to the recreational value, it is much harder for 

questionnaires to relate their willingness-to-pay for biodiversity as it is not 

something they directly “use” (Freeman III et al., 2014). In addition, existing 

studies have used too simple proxies to capture the complexity of biodiversity 

(e.g. habitat provision) or too site specific and misleading proxies (e.g. endan-

gered species, biodiversity indices and number of habitats) (Bartkowski et al., 

2015; Paul et al., 2020). The level of details required and the site dependence 

make them unfit for a planning context in new locations. Compared to other 

valuated planning objectives, there is a mismatch between the relatively large 

number of valuation studies and the low count of meta-analysis (Figure 3.3). 

This may be caused by the large variation in valuation metrics making meta-

analysis near impossible to conduct. 

Water quality. The valuation of water quality can be elicited using both stated 

and revealed preference methods. In the screened literature water quality is 

frequently considered a mean to valuate biodiversity and/or recreation (e.g. 

Ferrini et al. (2014)). For example, the change in water quality provide better 

opportunities for sailing, swimming, fishing etc. When stated preference stud-

ies and the travel cost method (revealed) are used, questionnaires convey 

changes in water quality as potential human benefits (e.g., Hasler et al. (2009), 

Hampson et al. (2017) ). This means that in projects where both recreation and 

water quality are essential planning objectives, it is important to be very careful 

in the selection of valuation studies to avoid double-counting. Several meta-

analyses of water quality exist (e.g. Johnston et al., (2017), but none of them 

focus on urban areas, which might be caused by the relative small amount of 

urban studies (Figure 3.3). Similar to recreation, the urban focus is deemed as 

important, due to limited activities (e.g. fishing) and different measures in ur-

ban areas.  

Air quality and Noise. The valuation of changes in air quality are overall con-

ducted in two ways. One is based on the change in trees/tree cover (e.g. Nowak 

et al., 2006), and the other on the change in specific pollutants, requiring more 

details (e.g. input from experts or air quality mapping) (e.g. Aevermann and 

Schmude, 2015; Danish Transport Ministry, 2010). Values are typically de-

rived from the “avoided cost” method (Table 3.1), using either the abatement 

cost or socio-economic costs (e.g. medical expenses, production loss) (Song et 

al., 2018). Similar to air quality, the “avoided cost” approach is also used to 
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estimate the value of noise reduction (among some stated- and revealed pref-

erence studies). Relative to recreation and water quality, these values are less 

case-specific, as values are usually derived on a national level. In Denmark, 

quantification and valuation of air quality and noise reduction are an inherent 

part of traffic planning (together with transport time and safety in Figure 11) 

(Danish Transport Ministry, 2018, 2010).  This might increase the reliability 

and uptake of values for air quality improvement and noise reduction in plan-

ning urban flood adaptation. However, using these approaches requires de-

tailed data on the reduction of specific air pollutants and noise reductions that 

are based on changes in traffic (See example in Paper III). These types of data 

are typically not readily accessible for water engineers, thus making them hard 

to apply in screening situations.    

Flooding. The planning objective to reduce flooding is included in most Dan-

ish flood adaptation projects (Anker and Janfelt, 2020). Valuation is typically 

based on avoided damage to infrastructure (e.g. Buildings and roads) and green 

areas (Löwe and Arnbjerg-Nielsen, 2019; Olsen et al., 2015). Similar, to air 

quality and noise, nationally derived values are used (Hasling et al., 2014). 

While planning so far has only included physical damage costs, an increasing 

amount of literature are considering the mental health effects of flooding (e.g. 

Hudson et al. (2019)), typically eliciting values through insurance schemes us-

ing stated preference techniques (e.g. Brouwer and Schaafsma (2013), Botzen 

and Van Den Bergh (2012)). As current damage values are already based on 

insurance data, there might be an overlap with these values.  

This brief overview, illustrated some of the current challenges in including in-

tangible planning objectives. All the above mentioned planning objectives can 

be monetised and included in cost-benefit analysis, but it comes with a cost as 

few studies provide generic/reliable values for the planning context of urban 

flood adaption (Figure 1.2). In the following section, a value transfer and meta-

analysis is conducted to provide a generic value for recreation that indirectly 

captures a part of the value for water quality and aesthetics.  

 

3.3 Eliciting the recreational value 
The previous section discussed the lack of generic values for a wide range of 

the identified non-market planning objectives. Thus in Paper II, a value trans-

fer and meta-analysis were conducted. The focus was on the recreational value, 

as recreation was one of the most mentioned planning objectives during litera-

ture screening (Section 2.3), and is often considered an essential benefit of 
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implementing NBS (Derkzen et al., 2017; Hermes et al., 2018). The recrea-

tional value is covered in literature, both primary valuations and meta-analyses. 

However, none of these meta-analyses are applicable for the planning context 

of urban NBS as described below (Paper II).  

Bockarjova et al. (2020a) and Brander and Koetse (2011) included primary 

valuation studies in their data sample with very large nature areas of 472 ha 

and 9,918 ha respectively. The studies thus have limited applicability for 

smaller NBS sites outside their sample, which makes them unfit for the plan-

ning context of urban NBS (Figure 1.2). Bockarjova et al. (2020b) used re-

vealed preference studies (hedonic pricing) to elicit generic value estimates , 

where the previous two studies were based on stated preference studies. Due 

to lack of data, the derived model cannot account for the size of NBS, although 

Bockarjova et al. (2020a) and Brander and Koetse (2011) found the size dif-

ferentiation crucial for value estimation. Due to the lack of studies that are 

suitable for the planning context of this thesis, the recreational value of NBS 

is elicited.  

With a particular focus on the planning context of NBS for urban pluvial flood-

ing, an analysis was performed comprising both a linear value adjustment and 

a log-linear regression model based on a transparent data analysis (Paper II). 

The data sample of primary valuation studies prioritised types of NBS relevant 

for urban flooding (city park, nature area, river/stream and SUDS) and sizes 

likely within an urban setting (below 50 ha). In addition, the included NBS had 

to have recreational potential. As rivers/streams were included as nature types, 

some studies used water quality as an incentive to recreational activity (Paper 

II). The analysis aimed to make the recreational value applicable for planning 

of NBS by ensuring a generic value and readily available input data.  

A step-wise data analysis of 24 primary valuation studies (incl. 34 observa-

tions) investigated the relation between recreational values and relevant input 

variables (e.g. GDP, travel distance). The analysis showed that population den-

sity and the size of NBS were the most predicting variables of the recreational 

value. Values from each primary valuation study were adjusted with these var-

iables to produce generic values. Utilising the same data and step-wise ap-

proach, a log-linear regression model was conducted to elicit a value transfer 

function and to compare results with the simple linear adjustment. Similar to 

the linear adjustment, only population density and size of NBS improved the 

regression model (Paper II).  
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The size of NBS and the population density were also significant predictors in 

Brander and Koetse (2011) and Bockarjova et al. (2020a). The regression 

model (Paper II) showed a declining value per hectare as the size of NBS 

increases (Figure 3.4). Existing meta-analyses show much higher value esti-

mates for smaller NBS sites (Bockarjova et al., 2020a; Brander and Koetse, 

2011). Comparison suggests that their models are inapplicable below 50 ha, 

and that the model developed in Paper II should not be applied for NBS sites 

larger than 250 ha (Figure 3.4).  

   

 

Figure 3.4: Comparison of the value and transfer functions Paper II and the two urban 

meta-analysis on urban nature. Population density is kept constant at 1,749 pers./km2, 

which is the median value of the sample in Paper II. Figure is from Paper II. 

 

No significant difference between individual values (i.e. per household) of de-

fined nature types were found through statistical tests (Paper II). Similarly, 

distinguishing between nature types in the regression model did not improve 

the model fit (Paper II). All the adjusted unit values (n=34) were applied to a 

case example illustrating a Northern European suburb and city centre (Figure 

3.5). The example was very simple as the only difference between the suburb 

and the city centre was the population density. Figure 3.5 shows all the adjusted 

values and thus also the uncertainty ranges. There is a large difference between 

the minimum and maximum value (factor 1000), while the difference of the 

quartile range is a factor 10. In Paper II, it was seen that this range captured 

the results of the regression model. The magnitude of the quartile range may 

be useful in communicating the uncertainty of the recreational value to deci-

sion-makers, without undermining the results.          
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Figure 3.5: Results of applying the adjusted unit values to an illustrative example. Popula-

tion densities of the suburb and the city centre are 219 and 761 pers./km2 respectively. Ar-

eas of the nature types are; City park (CP) = 10 ha, Nature areas (NAT) = 200 ha, Riv-

ers/streams (R) = 60 ha, Sustainable urban drainage systems (SUDS) = 1 ha.   

Figure is from Paper II.  

  

The adjusted unit value and the regression model showed to be relevant within 

the planning context of urban NBS. The input requirement consisting of the 

size of the NBS and the population density is most often available in a planning 

context, which allows a direct estimate of the total recreational value.  How-

ever, the value might indirectly reflect values of noise reduction, air quality, 

biodiversity, etc., as nature provides a bundle of goods. Separating these values 

is not straightforward, and it is thus suggested to avoid using the elicited rec-

reational value in combination with values of aesthetics and water quality. The 

developed database of recreational studies can easily be adopted to include 

more studies and more explanatory variables if available (Paper II).  
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4 Cost-benefit analysis with scenarios and 

multiple stakeholders  

Stakeholders and their planning objectives are quantitatively linked to cost-

benefit analysis and scenario analysis in this chapter. Previous studies have 

focused solely on scenario analysis or a cost-benefit analysis, typically seen 

from the view of water managers (Section 1.3) (Paper III). This chapter fo-

cuses on step 4 and 5 of the SDM framework as well as scenario analysis (Fig-

ure 4.1). First, the overall concepts of cost-benefit analysis are explained and 

how it relates to scenario analysis. Secondly, a way to quantitatively include 

stakeholders’ perspectives into cost-benefit analysis is suggested, here defined 

as “decision lens”. Finally, these concepts are exemplified through a case ex-

ample (Paper III).  

 

Figure 4.1: Steps in the SDM framework covered in this chapter (green). 

 

4.1 Cost-benefit analysis and scenario-analysis 
Cost-benefit analysis (CBA) and scenario-analysis are interconnected. CBA 

assess the performance of strategies from a socio-economic perspective based 

on a comparison of costs and benefits induced by a strategy (Pearce et al., 

2006). Performance of a strategy is assessed through the change in costs/ben-

efits before and after implementation of a strategy. Scenario-analysis provides 

different scenarios of the baseline development situation as will be explained 

in the following sections.   
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4.1.1 Cost-benefit analysis  

The overall goal of a CBA is to improve the welfare of society (Pearce et al., 

2006). Over the last decades, many countries and organisations have developed 

their own CBA guidelines (e.g. European Commission (2014), Ministry of 

Finance (2017), Spildevandskomiteen (2017)). The steps of a CBA are well 

aligned with the steps of SDM, so focus below is on the assessment of costs 

and benefits, and their relation to the terminology of this thesis.    

Strategies that reduce costs compared to the baseline result in a benefit, and 

the strategy is thus a step closer in achieving the given planning objective (PO). 

Similarly, an increase in costs compared to baseline lead to a deterioration in 

the PO, and thus overall considered a cost. The most common decision rule to 

compare strategies is the Net Present Value (NPV). NPV summarises POs oc-

curring in different years (t) over a specific planning horizon (n) using a dis-

count rate (r) (Equation 4.1). Any strategy where positive POs outweigh neg-

ative POs (NPV>0) are considered economically feasible. The decision lens 

(Section 4.2) determines the number of strategies, scenarios and planning ob-

jectives. For each decision lens, j, a NPV is calculated for each strategy K, 

across all scenarios, N (Paper III): 

 

𝑁𝑃𝑉𝐾,𝑁,𝑗 = ∑
𝑃𝑂𝑡,𝐾,𝑁,𝑗
(1 + 𝑟)𝑡

𝑡0+𝑛

𝑡=𝑡0

 

 

(4.1) 

The discount rate (r) converts POs to their present values to be able to compare 

them, as they accrue over time (Figure 4.2). The European Commission (2014)  

recommends a 3% discount rate.  

 

Figure 4.2: For a given planning objective, the performance of a strategy in a scenario is 

calculated as the difference between baseline (“costs due to scenario”) and after implemen-

tation of a strategy (“costs after strategy”). Figure inspired by Zhou (2012b). 
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4.1.2 Scenario analysis 

Within planning of urban flood adaptation, scenarios are commonly used to 

describe various degrees of climate change (Figure 4.3), which mainly effect 

the flood risk. As mentioned in Section 1.3, an increasing amount of studies 

also define scenarios of urban development and population growth (Figure 4.3) 

for planning urban flood adaptation (Paper III). Compared to climate change, 

scenarios of urban development and population growth will also affect most 

other planning objectives, including flood risk. Each combination of scenarios 

will introduce a new baseline to assess performance of strategies. Opposite to 

strategies, scenarios cannot be influenced by stakeholders.  

NPV is always conditioned on a specific scenario (Equation 4.1). A scenario 

corresponding to the current situation thus implicitly assumes that no changes 

will occur over the specified planning horizon. However, over long planning 

horizons main assumptions are likely to fail. Scenario-analysis thus allows us 

to define a set of realistic future scenarios to assess the robustness of strategies 

ability to obtain planning objectives (Brown et al., 2015; Casal-Campos et al., 

2015; Lienert et al., 2015). The range of NPV values across scenarios indicate 

the uncertainty of the strategy performance when acknowledging that the fu-

ture is uncertain. 

 

 

Figure 4.3: Projections of climate change (left) and population growth (right) are uncer-

tain. LEFT: The increase of rainfall intensity through climate factors (Madsen et al., 2017; 

Spildevandskomiteen, 2014). RIGHT: Socio-economic projections (KC and Lutz, 2017), 

predicted and observed population growth (DST, 2020, 2015).      
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4.2 Decision lens: including multiple stakeholder 

perspectives  
Decisions and the results from a cost-benefit analysis are often not aligned, as 

the one performing the analysis and the decision-maker see costs and benefits 

differently (Boardman et al., 2009; Dehnhardt, 2014; Feuillette et al., 2016).   

In Chapter 2, it was shown that stakeholders have different planning objectives, 

and different influence on projects. Stakeholders’ different priorities and inter-

ests are founded on financial and legal boundaries (Fratini et al., 2012b; 

Madsen et al., 2018), which means that some stakeholders consider strategies, 

scenarios and planning objectives differently. Decision lenses presents differ-

ent stakeholder perspectives, which can be seen through the eyes of one stake-

holder acting alone, or multiple stakeholders collaborating. These lenses are 

expected to be particularly relevant for the decision-makers of urban flood ad-

aptation (Figure 2.4), i.e. municipalities and water utilities. The decision-mak-

ers inclusion of planning objectives in their cost-benefit analysis indirectly 

shows which of the other stakeholders in Figure 2.4 they want to accommodate.   

The number and assessment of strategies, planning objectives and scenarios 

might differ between decision lenses (Paper III). When the performance of 

flood adaptation strategies is analysed from the perspective of the water utility, 

urban development is seen as a risk and thus deemed an uncertain scenario (e.g. 

Löwe et al. (2017)). This means that the performance of strategies are com-

pared to baselines with land-use changes as prescribed by the scenario (Figure 

4.4). This implies that e.g. increased flood risk due to increased sealing of ur-

ban areas makes flood protection structures seem more cost-efficient. Collab-

orating with the municipality that is responsible for urban development, means 

that urban development potentially becomes an opportunity/strategy rather 

than a risk. The performance of strategies combing flood adaptation and urban 

development should thus be compared to the current situation, i.e. a baseline 

without land-use changes (Figure 4.4). In this situation, land-use strategies that 

increase flood risk will carry a penalty instead of creating an imaginary risk 

reduction benefit that can be used to justify measures. Additionally, land-use 

changes might result in more people in the area and more cars. These changes 

have an impact on other planning objectives, which similarly should be com-

pared to the current situation. Ultimately, this means that some planning ob-

jectives that were increasing with the first decision lens might deteriorate with 

other decision lenses (Figure 4.4). As such, the calculation of NPV (Equation 

4.1) should be performed for each decision lens (Paper III).  
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Seeing the decision space through different lenses provides a more holistic 

consideration of strategies and a better foundation for developing a business 

case for NBS. Using decision lenses acknowledge that stakeholders in reality 

consider strategies/projects differently. The aim is not to select a specific lens, 

but to find or modify a strategy that works across lenses.  

 

 

Figure 4.4: Conceptual figure showing calculation differences between two decision 

lenses using flood damages as an example. Assessment of planning objectives is based on a 

comparison before (baseline) and after implementation of a strategy, and summarised over 

t0+n (Figure 4.2). Lens A: Urban development (UD) is an uncertain scenario. Performance 

of NBS compared to baselines of both climate change (CC) and urban development. The 

result is a net decrease of the flood risk in this scenario. Lens B: Urban development is a 

strategy in combination with NBS. Performance is compared to baselines with no land-use 

changes, and thus only climate change is a scenario. The result is an increase in the flood 

risk because the risk reduction provided by the strategy is insufficient to compensate for 

the increase caused by climate change and urban development.       

                                                                                                                                                                          

4.3 Case study 
A case study combined all the main aspects of this thesis. The case study rep-

resents typical Danish planning conditions, where the water utility and munic-

ipality have to share the urban space (Paper III). Chapter 2 (Paper I) was used 

to identify stakeholders and planning objectives. Additionally, Chapter 3 was 
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used to identify studies to valuate planning objectives, where Section 3.5 (Pa-

per II) was specifically used to valuate the recreational planning objective. 

This section outlines key results and major learnings/implications of the frame-

work based on the case study.   

4.3.1 Decision space and decision lenses 

The decision space consisted of three NBS strategies (Figure 4.4), four urban 

development strategies/scenarios (Figure 4.4), three climate scenarios and six 

planning objectives (Table 4.1) (Paper III). For simplicity, this thesis consider 

all three strategies, but only two urban development strategies (F+HI) and two 

climate change scenarios. Three possible decision lenses were identified based 

on the decision space (Table 4.1), which represent likely lenses for flooding in 

Denmark. 

 

Figure 4.4: The case area in Odense, Denmark, with location and extent of NBS strategies 

and urban development. The channel and the creek start at the basin and cover an entire 

road. This thesis focus on the three NBS, and urban development as shown in F and HI. 
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Table 4.1: Overview of characteristics, scenarios, strategies, and planning objectives for 

each decision lens (descriptions of scenarios and strategies are found in Paper III).  

Decision 
lens 

#1, Investment lens 
for the water utility 

#2, All objectives are 
included by the water 
utility 

#3, Water utility and  

Municipality collaborat-
ing 

Character-
istics 

NPV includes the utili-
ties legally binding 
planning objectives. 
Decision is confined to 
the area where flood-
ing occurs. 

NPV includes all quan-
tified planning objec-
tives. Decision is con-
fined to the area 
where flooding occurs. 

NPV includes all quanti-
fied planning objectives. 
Strategies are compared 
to baselines with no land-
use changes and different 
climate change scenarios. 
The decision by the mu-
nicipality is not limited to 
the case area, and the 
assessment could be re-
peated for several loca-
tions. 

Scenarios  Minimum: 

 No climate change 

impact  

 No land-use 

changes (F) 

Maximum: 

 Large climate 

change impact 

 Housing/Industry 

development (HI) 

Minimum: 

 No climate change 

impact (CF 1.0) 

 No land-use 

changes (F) 

Maximum: 

 Large climate 

change impact 

 Housing/Industry 

development (HI) 

Minimum: 

 No climate change 

impact  

Maximum: 

 Large climate change 

impact 

 

Strategies Basin 

Channel 

Creek 

Basin 

Channel 

Creek 

Basin + F 

Basin + HI 

Channel + F 

Channel + HI 

Creek + F 

Creek + HI 

Planning 
objectives 

Reduced flood risk 

Low costs 

Reduced flood risk 

Increase traffic safety 

Reduced noise 

Increase recreation 

Improve air quality 

Low costs 

Reduced flood risk 

Increase traffic safety 

Reduced noise 

Increase recreation 

Improve air quality 

Low costs 

 

4.3.2 Key results 

The three decision lenses resulted in calculation differences of planning objec-

tives. More specifically, the baseline of which performance is assessed shifts 

between lenses. This was the case for planning objectives of reducing flood 

risk, increasing traffic safety and reducing noise (Paper III). Urban develop-

ment increases impervious surfaces, number of households and traffic in the 
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area. As a scenario, urban development produces a baseline in which these ef-

fects already “exist”. As a strategy, these effects are introduced into the area 

and as a result increase flood risk, decrease traffic safety and increase noise 

compared to the current situation in the area. This means that for Lens 1 and 2, 

baselines for each scenario of urban development and climate change exist, 

whereas Lens 3 only has scenarios with climate change (Table 4.1) similar to 

Figure 4.3.   

In Lens 1 and 2 high flood risk benefits are obtained for a scenario where hous-

ing and industry development is intensified (Figure 4.5).  The calculation dif-

ferences between lenses resulted in lower flood risk benefits, higher traffic 

safety costs and noise costs for Lens 3 (Figure 4.5). Compared to Lens 2, the 

recreational benefit for the creek in Lens 3 are relatively larger than its flood 

risk benefit (Figure 4.5). In addition, the impact from urban development 

largely depends on the NBS strategy it is combined with. For example, there is 

a very small difference between intense urban development (HI) and no land-

use changes (F) for the basin compared to the other NBS strategies. This is 

because the basin can deliver higher flood risk reductions (Paper III).   

 

Figure 4.5: Planning objectives for Lens 2 and Lens 3. Lens 1 only include the reduced 

flood risk and low costs from Lens 2. Results are shown for a climate scenario with a cli-

mate factor of 1.35. B = Basin, Ch = Channel, Cr = Creek, F = No land-use changes, HI = 

Housing/Industry development.  

 

Calculating the NPVs for each decision lens results in difference between strat-

egy performances (Figure 4.6). If the water utility acts alone and only accord-

ing to their legally binding planning objectives (Lens 1), they may choose the 

channel strategy, whereas including all planning objectives clearly favours the 
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basin strategy (Lens 2). In general, more extreme scenarios, including more 

impervious surfaces and larger climate change impacts, favours large measures 

(in this case the basin) with high flood risk reduction capabilities (Figure 4.6) 

(Paper III).  

Lens 3 produces more balanced results for urban development (Figure 4.6). 

Urban development as a strategy, means that higher flood risk benefits are ob-

tained for less impervious areas. This means that strategies with few or no land-

use changes are favoured. This largely depends on the NBS measure that the 

urban development strategy is combined with, as large NBS measures produc-

ing high flood risk reductions reduce the flood risk penalty from urban devel-

opment as seen with the basin (Figure 4.6) (Paper III). 

 

Figure 4.6: Net Present Values for the three decision lenses (Table 4.1). UD = urban de-

velopment, CC = Climate change, B = Basin, Ch = Channel, Cr = Creek, F = No land-use 

changes, HI = Housing/Industry development. Simplified version of the figures presented 

in Paper III.  
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4.3.3 Major learnings/implications 

The case study underlined the importance of including planning objectives that 

go beyond reducing flood risk and low costs. Planning objectives can change 

the preference between strategies, and at the same time indicate the socio-eco-

nomic trade-offs. The planning objective concerning biodiversity in the case 

example could not be quantified and valuated. Instead, the magnitude of the 

shadow price needed to tip the current NPV was considered (Paper III). Forc-

ing a discussion on all essential planning objectives, even if they are difficult 

to quantify and valuate, is important for a holistic consideration of strategies 

and how they relate to different stakeholders. It is important to be aware of the 

weight assigned to planning objectives that can be monetised, to not oversee 

and undermine the importance of the non-monetised planning objectives.  

Scenario analysis is a useful tool to illustrate the uncertainty of performance 

when accounting for an uncertain future. The case example showed that this 

uncertainty may be reduced by including more stakeholders in the planning 

process (Figure 4.6). However, this is not always the case as it requires a struc-

tured long-term planning process, where it is possible to make decisions that 

reach far into the future. Nonetheless, scenario analysis can be a strong tool to 

communicate the impacts that decisions from non-water stakeholders have on 

urban flood adaptation. It communicates that there is clear consequence from 

urban planning, which might convince non-water stakeholders to collaborate 

and create synergies between different fields.  

Considering a decision space through different lenses provides a more holistic 

consideration of strategies. Going through the different lenses might show 

some characteristics of strategies that might not otherwise be obvious. For ex-

ample, urban development has a large impact on NBS performance if consid-

ered a scenario that cannot be controlled. A much smaller impact is seen when 

urban development is considered a strategy, especially if the NBS measure has 

a large flood reducing capacity. It is not expected that it will always make sense 

to have several decision lenses. It is believed that any stakeholders coming 

from the urban planning side (e.g. developers, politicians) will need Lens 3 to 

assess planning objectives, i.e. have a baseline with no land-use changes. How-

ever, as also mentioned earlier, the aim it not to select a specific lens, but iden-

tify strategies that accommodate several lenses.  

The cost-benefit analysis conducted for this case study is a very transdiscipli-

nary process. It consisted of social science techniques, engineering- and eco-

nomic assessments, and included various models (flooding and traffic) and 
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data, such as noise levels, trees, buildings, roads, etc. It is thus a resource in-

tensive task, and it is acknowledged that it might not be feasible for all utilities 

and municipalities to conduct such an analysis. On the other hand, the process 

of going through the steps of SDM is useful to create a thorough overview of 

the interaction between strategies, planning objectives and scenarios. This in-

teraction is concretised when discussing ways to quantify and valuate planning 

objectives.    
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5 Conclusions  

The aim of this PhD project was to support strategic planning of nature-based 

adaptation within urban areas. The complexity of the planning process was tar-

geted from three angles, greatly inspired and organised by the Structured De-

cision-Making framework. First, stakeholders and their planning objectives 

were identified. Secondly, the ability and potential of including intangible 

planning objectives into planning were investigated. Finally, stakeholders, 

planning objectives and scenario analysis were integrated into a cost-benefit 

analysis. The main conclusions of the three parts are:    

 Stakeholders and planning objectives: Screening Danish planning jour-

nals and conducting three workshops resulted in 14 stakeholders and 17 

planning objectives. The 14 stakeholders ranged from typical decision-

makers within urban flood adaptation, i.e. water utilities and municipalities, 

to legislative stakeholders, and to stakeholders that may pose as collabora-

tors or shift to opponents depending on whether their planning objectives 

have been considered. Stakeholders were connected to a wide range of plan-

ning objectives that touched upon welfare for citizens, environmental pro-

tection, economic growth and the utilities’ technical objectives.  Compared 

to existing research within flood adaptation, the focus on both urban plan-

ning and urban flood adaptation resulted in diverse stakeholders and their 

connections to planning objectives that have not been considered before. 

While Danish data were used, results were diverse enough to be relevant in 

international contexts.         

 Including intangible objectives in planning: The potential of including 

non-market valuation studies/tools of intangible planning objectives was 

investigated. The existing decision-support tools cover a variety of the iden-

tified planning objectives, but they are all developed for specific countries.  

The coverage of intangible planning objectives are mostly related to plan-

ning objectives within welfare for citizens. The availability of generic val-

ues/transfer functions is low for the planning context of urban flood adap-

tation, and many studies are depended on data that can be hard to obtain. 

Recreation is one of the most covered planning objectives when it comes to 

the availability of primary valuation studies and the interest from stakehold-

ers. Several studies elicits generic values of recreation, but none of them 

can be applied to urban small-scale NBS. The PhD thus elicited a generic 

value and transfer function for this essential planning objective, yielding a 

more reliable range of values for assessing implementation of new NBS. 
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Results showed that the population density and the size of the area are im-

portant estimators of recreational value. This input data are typically avail-

able in a planning context, making it easier to apply the value in cost-benefit 

analysis when planning urban flood adaptation.      

 Cost-benefit analysis with multiple stakeholders: The uncertainty of the 

future in the form of scenario analysis was integrated with cost-benefit anal-

ysis, as well as a suggestion on how to quantitatively include multiple stake-

holder perspectives. The latter was introduced as “decision lenses”, partic-

ularly relevant for the decision-makers of urban flood adaptation. The inte-

gration of this approach was tested and exemplified through a case example. 

This study found that the uncertainties constituted from scenario analysis 

are large and should be taken into account in planning. Decision lenses 

changed the number of strategies and scenarios, as well as inclusion of plan-

ning objectives. In the case example, urban development was considered as 

a scenario when seen through the lens of water utilities, and as strategy 

when the municipality and utility collaborates. This resulted in more bal-

anced results, whereas the utility acting alone clearly favoured large robust 

nature-based adaptation strategies. The application of decision lenses might 

not always be relevant, but it does indicate which strategies can work across 

lenses and thus likely to accommodate more stakeholders. In addition, 

working across lenses indicate may provide better understanding between 

stakeholders.              

This PhD attempted to ease the difficult task of long-term planning of nature-

based adaptation. These results underline the need to consider stakeholders’ 

planning objectives early in the planning process, and the results hopefully 

provide a place to start the process. As mentioned above, the study also iden-

tified gaps in literature for intangible planning objectives, which were not pos-

sible to cover within the frame of this project. Inclusion of planning objectives 

are important for understanding the trade-offs between strategies, and even if 

a monetary value cannot be assigned, these should be discussed qualitatively. 

In addition, it is important to consider the robustness of strategies ability to 

obtain planning objectives, which could be through scenario analysis as dis-

cussed in this thesis. This thesis quantitatively illustrated that the interaction 

between just two stakeholders impact the feasibility of strategies. However, 

this thesis identified 14 stakeholders. It is therefore very realistic to imagine 

even more lenses to identify which stakeholders are potentially opponents or 

collaborators when developing strategies. 
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6 Perspectives and future work  

In this PhD several methodologies within different scientific fields were ap-

plied to support strategic planning of urban nature-based adaptation. The trans-

disciplinary approach are crucial for a planning context that may be character-

ised as a wicked problem. The PhD tried to put stakeholders, planning objec-

tives and future uncertainties on formula, but it is acknowledged that the reality 

is somewhat more chaotic. This work provides an overall frame, but there are 

still several gaps to fill. Below, future work is suggested that might fill some 

of these gaps.  

Several concerns are related to the inclusion of non-market planning objectives 

in cost-benefit analysis, resulting in project managers not including them in 

planning. This thesis only touched upon this briefly, and focused more on the 

applicability of values and indirectly assumed that generic values are reliable. 

Future research, in close connection to practical application, could investigate 

what makes values reliable? What makes them readily applicable in planning? 

Does it differ between different planning situations and scales? This could be 

done through workshops, interviews or similar with e.g. decision-makers and 

politicians. Traffic management has for a long time included these types of 

values in decision-making, which could provide experience and inspiration to 

urban flood adaptation. Some research have been conducted in relation to im-

plementation of the Water Framework Directive in Germany (Dehnhardt, 

2014) and France (Feuillette et al., 2016). This type of research might result in 

an agreed legal framework that outlines how values should be considered in 

decision-making.     

An obvious suggestion, is to conduct more primary valuation studies on urban 

nature, especially for small scale measures. When the meta-analysis was con-

ducted, it was found that many of the primary valuation studies omitted infor-

mation, which in theory, has an impact on value estimates (e.g. distance, size 

of nature area, income, etc.). Thus, a standardized reporting approach is en-

couraged to reduce “unnecessary” uncertainty in value transfers and/or exclu-

sion of studies from meta-analysis. It seems that for many non-market values 

of planning objectives, there typically is some sort of understanding of which 

parameters constitute the values. Standardized reporting of these seems like a 

good place to start, and these can even support discussions of planning objec-

tives qualitatively. 
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This thesis mentioned the difficulty in obtaining data for quantifying some 

planning objectives, leading to an exclusion of these planning objectives from 

assessment of strategies. However, as the amount of open data increases it will 

be easier to quantify and include planning objectives. For example, it is not 

unlikely that traffic models or air quality data become publicly available within 

the coming years.         

The use of decision lenses when conducting cost-benefit analyses was intro-

duced. This concept was developed based on the results from the stakeholder 

analysis (Chapter 2), and on bureaucratic and political lenses as discussed in 

Boardman et al., (2009). This thesis focused on quantitative lenses, and future 

research may investigate whether such lenses can predict stakeholder priorities 

or if the method is too simple. Research should therefore investigate the prac-

tical relevance of including lenses in planning and if this type of information 

can actually help us make better decisions.   
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