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Abstract 
 
Climate change is expected to increase the intensity of cloudbursts, as evidenced by 

recent events in Gävle (2021) and Malmö (2014), which caused significant damage. 

This highlights the urgent need for improved flood protection in urban areas. In this 

context, Nature-based Solutions (NbS) present an opportunity to offer flood protection 

while enhancing urban landscapes with various co-benefits. 

A Cost-Benefit Analysis (CBA) was performed on two newly established rain gardens 

in Östermalmsgatan and Jarlaplan, inaugurated in 2025. The analysis considered 

factors such as flood protection efficiency, carbon footprint, air and water qualities, 

noise attenuation, regulation of temperature and humidity, recreational and educational 

values. These benefits were compared with the upfront and maintenance costs. 

The Net Present Value (NPV) of the rain gardens was found to be negative due to high 

capital costs and insufficient flood protection. Additionally, the carbon footprint was 

considerably negative, with carbon capture benefits massively outweighed by the 

emissions associated with construction. Despite this, the rain gardens increased 

property values, partially remediated water and air pollution, improved biodiversity, and 

provided educational value. 

While these SuDS offer several environmental and social co-benefits, they were found 

cost-inefficient as flood protection solutions in an already densely built city fabric, but 

participate in the city development. Although cost-efficiency is easier to achieve with 

SuDS in new development areas, they are no magic solutions in city centres, and a 

balance must be found between architectural constraints, flood protection efficiency 

and costs. 

Keywords 
Blue-Green-Grey (BGG), Blue-Green Infrastructures (BGI), Net Present Value, Cost-

Benefit Analysis, co-benefit, sustainable urban drainage, flood protection, 

Scandinavia, climate change, adaptative planning, Nature-based Solutions 

 

Sammanfattning 
 

Klimatförändringarna förväntas öka intensiteten i skyfall, vilket framgår av de senaste 

händelserna i Gävle (2021) och Malmö (2014), som orsakade betydande skador. Detta 
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understryker det akuta behovet av förbättrat översvämningsskydd i stadsområden. I 

detta sammanhang erbjuder naturbaserade lösningar (NbS) en möjlighet att förbättra 

stadslandskapet med olika samverkande fördelar samtidigt som de ger 

översvämningsskydd. 

En kostnads-nyttoanalys (KAN, CBA på engelska) genomfördes på två nyanlagda 

regnträdgårdar i Östermalmsgatan och Jarlaplan, som invigdes 2025. Analysen 

beaktade faktorer som effektivitet i översvämningsskyddet, koldioxidavtryck, luft- och 

vattenkvalitet, bullerdämpning, reglering av temperatur och luftfuktighet samt 

rekreations- och utbildningsvärden. Dessa fördelar jämfördes med initiala kostnader 

och underhållskostnader. 

Nettonuvärdet (NPV) för regnträdgårdarna visade sig vara negativt på grund av höga 

kapitalkostnader och otillräckligt översvämningsskydd. Dessutom var 

koldioxidavtrycket betydligt negativt, eftersom fördelarna med koldioxidupptagningen 

uppvägdes av utsläppen i samband med byggandet. Trots detta ökade 

regnträdgårdarna fastighetsvärdena, sanerade delvis vatten- och luftföroreningar, 

förbättrade den biologiska mångfalden och gav ett pedagogiskt värde. 

Även om dessa SuDS erbjuder flera miljömässiga och sociala fördelar, är de 

kostnadsineffektiva som översvämningsskyddslösningar, men bidrar till 

stadsutvecklingen. Även om kostnadseffektivitet är lättare att uppnå med SuDS i nya 

utvecklingsområden, är de ingen magisk lösning i stadskärnor, och en balans måste 

hittas mellan arkitektoniska begränsningar, effektivitet i översvämningsskyddet och 

kostnader. 
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Glossary 
 

BC : Black Carbon 

Beta diversity : Measures the change in species composition between different 

ecoystems, reflecting the degree of species turnover and ecological variation. 

BGG : Blue Green Grey 

BGI : Blue Green Infrastructures 

Bioretention : “Low impact development practice in which runoff is temporarily stored 

in a depressed bowl—typically vegetated with a mix of grasses, forbs, shrubs, and/or 

trees—and infiltrated through underlying porous layers comprised of engineered media 

or native soils.” (Rodak et al., 2020, p.1561) 

BOD : Biochemical Oxygen Demand is a biological process that measures the amount 

of oxygen required by microorganisms to decompose organic matter in water. It's 

indicative of the biodegradable organic content. See COD. 

CBA : Cost-Benefit Analysis 

CICES : Common International Classification of Ecosystem Services 

COD : Chemical Oxygen Demand is a chemical process that measures the total 

amount of oxygen required to chemically oxidise both biodegradable and non-

biodegradable organic substances in water. It represents the total organic content. See 

BOD. 

CSO : Combined Sewer Overflow 

Deciduous trees : Trees that shed their leaves annually. 

Depreciation value : Decrease in the value of assets over its useful lifespan. 

EAD : Expected Annual Damage 

EEAD : Expected Avoided Annual Damage 

ES : Ecosystem Services 

GI : Green Infrastructure  

GS : Geosystem Services 

Länsstyrelsen : County administrative board 

LID : Low Impact Development 

NMVOCs : Non-Methane Volatile Organic Compounds 

NPV : Net Present Value 

SMHI : Swedish Meteorological and Hydrological Institute 

SuDS : Sustainable Drainage Systems 
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SVOA : Stockholm Vatten och Avfall 

Trafikverket : Swedish transport administration 

TSS : Total Suspended Solids 

UHI : Urban Heat Island 

Value of statistical life (VSL): “an estimate of damage costs based on the value a given 

population places ex ante on avoiding the death of an individual. VSL is based on the 

sum of money each individual is prepared to pay for a given reduction in the risk of 

premature death, for example from diseases linked to air pollution” (OECD, 2012, cited 

in EEA, 2024, p.10) 

Value of a life year (VOLY): “an estimate of damage costs based on the potential years 

of life lost from a specific risk, based on an estimated life expectancy, and then 

evaluated by multiplying them by the VOLY. Therefore, the result is affected by the age 

at which deaths occur.” (OECD, 2012, cited in EEA, 2024, p.10) 

WTP : Willingness To Pay 
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1. Introduction  
1.1. Reason 

 
Climate change leads to increasingly powerful rain events. According to the SMHI, the 

increase in extreme rainfall is forecast to be around 20% for the lower emission 

scenario (RCP45) and 40% for the higher emission scenario (RCP85) by the end of 

the century (n.d.b). This proves being particularly problematic in urban areas, where 

impermeable surfaces and densification increase flooding risks (Länsstyrelsen 

Stockholm, 2025). Traumatic torrential rains already occurred in 2011 in Copenhagen, 

2014 in Malmö and 2021 in Gävle. In Copenhagen, more than 50 mm fell in 30 min 

with up to 135 mm on the Botanical garden (DMI, 2012), entailing costly repair bills 

which constituted a turning point for Denmark to become resistant to cloudbursts. More 

than 100 mm of rain in Malmö caused several areas to be flooded, urging the city to 

work with care taking measures, namely water delaying measures in projects of 

reconstruction and new construction that must be carried out anyway. Piling up, the 

numerous small measures are expected to contribute to improving flood management 

in the long term (Malmö stad, 2025). In Gävle, 161.6 mm fell between the 17th and 

18th of August, leading to flooded basements, collapsing bridges, and closed roads 

(SMHI, n.d.a). In order to protect Stockholm from cloudbursts, Stockholm’s traffic office 

has developed a new model that shows how water flows and accumulates (Stockholms 

stad, 2025). A strategic structure plan was created to integrate cloudburst 

management in early-stage development and serve as a basis for detail planning 

(Länsstyrelsen Stockholm, 2025). Among authorities’ guidelines, the building authority 

Boverket states that new contiguous developments and developments with socially 

important functions should be planned so that the annual probability of these 

developments being damaged by flooding is less than once every 100 years. The 

County Administrative Boards of Stockholm County and Västra Götaland County 

recommend that new development and critical functions should cope with a 100-year 

rainfall, including a climate factor of 1.2 - 1.4. The Swedish Civil Contingencies Agency 

(MSB) has developed guidance on how municipalities should conduct their work on 

cloudbursts. Other regulations regarding stormwater management aim at improving 

water quality, like “åtgärdsnivån 20 mm” which targets 20 mm rain events to reduce 

pollution levels from stormwater of 70-80% (Stockholm vatten och avfall, n.d.). Multi-

functional designs in a context of urban development naturally lead to Nature-based 
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Solutions (NbS). Successful examples such as the open stormwater management in 

Augustenborg, in Malmö prove that such designs can both protect from major flooding 

and improve ecological sustainability (SMHI, 2025). Adaptation to climate change is 

thus an opportunity to improve urban conditions through the implementation of blue-

green infrastructures (BGI), which provide multiple benefits beyond flood mitigation 

such as heat island mitigation, increasing biodiversity and enhanced human health 

(Dobbie and Farrelly, 2022). Bowman (2019) additionally lists air quality, amenity, 

education and recreation. Ruangpan et al. (2024) also mention carbon sequestration 

and habitat creation. Hence, stormwater management has gone from only covering 

quantity problems to including water quality issues, and many more functions 

(Sagrelius et al., 2022). Ruangpan et al. (2024) showed that the net present value 

(NPV) of flood mitigation infrastructures can be negative, if only their primary function 

was considered. By considering the co-benefits, the NPV became positive. Alves et al. 

(2019) similarly illustrated the importance to assess co-benefits when comparing SuDS 

to conventional grey alternatives. Sköld et al. (2022) showed encouraging results for 

local stormwater measures in Sweden, that are expected to be economically beneficial 

for society. They consist in limiting stormwater flows in the neighbourhood by imposing 

requirements on property owners rather than increasing the capacity of the existing 

pipe network. Yet, other studies show milder results. A CBA performed for Göteborg 

found that the costs of measures exceeded their benefits, proving that it was more 

profitable to let damages happen (Rosen, 2020). Wilbers et al., (2022) analysed 

different types of BGI solutions, with both positive and negative benefit-cost ratios. This 

questions the types of designs that involve socio-economic profitability, according to 

their efficiency, size and scale. Additionally, Qiao, Kristoffersson and Randrup (2018) 

identified the lack of agreement on effectiveness of sustainable stormwater 

management, standards and guidelines for design, construction and maintenance as 

a barrier to wider acceptance. Thus, cost-effectiveness compared to conventional 

solutions in the long-term needs to be backed up by more research (Alves et al., 2020). 

Wilbers et al. (2022) also deplored the scarcity of case studies in Scandinavian 

contexts. Further research therefore needs to be carried out to assess the efficiency of 

such systems, improve their design, and help decision-makers and urban planners 

shape sustainable cities. 
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Figure 1: Water depth up to 1.5 m at the entrance of Berns (Ohls, 2025) 

 
Figure 2: Effect upstream to relieve the pipe system in Norrmalmstorg (Ohls, 2025) 

  

2.2. Study area 
 
One of the city’s goals was to delay as much water as possible in case of torrential 

rains to relieve the existing stormwater pipe system. The rain gardens pre-treat water 

Östermalmsgatan 

Jarlaplan 

Norrmalmstorg 
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with plants and sedimentation while making the water flow visible for pedagogical 

reasons. The designs are presented in Figures 3 to 6. 

 

 

 

 

 

 

3. Methods  
 
This section describes the CBA method as well as the supporting methods around it. 

First, a literature review was performed to scope the different ecosystem and 

geosystem services (ES/GS) applicable to the study case, gather financial valuations 

if possible and if not, qualitative assessment. The literature review also covered policy 

documents about flood protection and databases for the calculation of carbon footprint. 

Scalgo was used as a surface model to track the evolution of flooded areas. 

AI was mainly used for all the translations from Swedish documentation to English. 

Sustainability is at the core of the study, which analyses the socio-economic profitability 

of BGI and details their impact for various ES. It discusses the role of BGI in climate 

adaption for flood protection, as a solution that has the potential to enhance co-benefits 

such as biodiversity protection or educational purposes. Beyond its contribution to the 

Figure 4: Östermalmsgatan before (ibid.) Figure 3: Jarlaplan before (Ohls, 2025) 

Figure 5: Jarlaplan after (ibid.) Figure 6: Östermalmsgatan after (ibid.) 
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Figure 9: Erosion control, flow regulation and water quality 

 

3.4. Literature review 
 
Sustainable Drainage Systems (SuDS) allow to reconcile higher demand for flood 

protection in urban areas and a strong desire to integrate nature. They combine 

“artificial” measures with natural elements to “work with” the natural water cycle 

(Sweco, n.d.). Various terminologies are used such as BGI, Blue-Green-Grey 

infrastructure (BGG) or Low-Impact Development (LID). BGI can be defined as a 

network of vegetated and water areas, mixing natural and constructed components, 

that conserve natural ecosystem values and functions (Dobbie and Farrelly, 2022). 

Furthermore, the terminology of designs does not follow strict boundaries. Malaviya, 

Sharma and Sharma (2019) describe several types of rain gardens that they associate 

with bioretention systems, bioretention cells and bioswales. Among them are detention 

basins - artificial ponds that hold water for a short period of time, and filtration basins 

– shallow artificial ponds that infiltrate water and protect water quality in downstream 

bodies. Wilbers et al. (2022) call rain gardens residential gardens with a top surface of 

2 m2. Designs can be hybrids, especially in the case of BGG that integrate traditional 

engineered elements. Rain gardens have in common to be shallow depressions 

planted with trees and/or shrubs, allowing stormwater to creep down into the soil 

structure while removing sediments, heavy metals, phosphorus, nitrogen, 
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Figure 10: Jarlaplan's design. Top : technical design (Salmonsson, 2023a). Bottom : Scalgo model. 
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Figure 11: Östermalmsgatan's design. Top : technical design (Salmonsson, 2023b). Bottom : Scalgo model. 
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Figure 14: Jarlaplan under a 100-year rain event, before left, after right  

 

Figure 13: Östermalmsgatan under a 100-year rain event after 
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4.1.2. Vulnerable areas 
 

 

Figure 15: Norrmalmstorg under a 100-year rain event before 

Figure 16: Norrmalmstorg under a 100-year rain event after 
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Figure 18: Flow measured around Norrmalmstorg through the red profile 

 

 

Figure 19: Flooded areas in front of China Teatern and Berns at the crossing of Berzelii Park and 
Näckströmsgatan for a water depth of 1m for a 100-year rain event. 

 

Berns 
hotel 
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Figure 21: Flow on the other side of the road 

Yet, one of the main objectives was not to store water but to delay it and relieve the 

existing stormwater pipe system. By estimating the drainage pipes capacity to 10L/s 

with the Colebrook equation (Pipelife Sverige AB, n.d.), 120 m3 would be evacuated in 

a little more than 3h with an assumed slope of 1%, or roughly 5h with 0.5% of slope 

instead. 

 

4.4. Limitations of the model, assumptions and simplifications 
 
The capacity of the pipes should be around 10 L/s for drainage pipes, and 50L/s for 

manholes (Ohls, 2025). In Scalgo, the drainage pipes showed flows between 3-7 L/s, 

but the manholes showed flows between 20-150L/s. This stems from the fact that 

Scalgo is a surface model and is not meant for subsurface modelling of drainage 

systems. In Scalgo, culverts are used to pass water under highways, not to replicate a 

pipe network. Its modelling relies on the ESTRY model of TUFLOW (Tuflow, 2025). 

The calculations of culvert flows and losses are carried out mainly using techniques 

from “Hydraulic Charts for the Selection of Highway Culverts” (Herr and Bossy, 1965). 

However, a more appropriate way to calculate flows in pipes would be to use the 

Colebrook equation.   
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Total with + 39% of indirect 

damages 948 978 948 978 

EAAD 0 

 

Limitations 

The surface measurement is rough, with uncertainties on which building and what 

share of the building is actually affected. There could be mistakes on the allocation of 

categories as the labelling (e.g. residential or commercial) was based on the 

information available on Google street view, simplifying that the building blocks belong 

to one single category. Hence, there could be 10% of error in the selection of the area. 

The labelling work was carried out only around the “vulnerable area”, and not on the 

entire watershed, also neglecting less than 100 m2 patches. Besides, some buildings 

do not fall in any of the four categories, namely stora synagogan, judiska biblioteket, 

sankta Eugeniskyrkan, Berzelii park and Norrmalmstorg. In the latter, some Ellevio 

infrastructures were critically vulnerable which neither appears when they are 

accounted as “industrial” nor as “infrastructure” damage. The district around 

Norrmalmstorg is among the most expensive, likely leading to an underestimation of 

the real damage cost in this area compared to overall Sweden. The damage functions 

are discrete functions forcing to average on a water depth interval. Besides, the 

damages are computed with 2010 exchange rates and the values are given in 2010-

euros. No more recent study was found. The value transfer is therefore less reliable as 

it exceeds ten years. Finally, the calculation of damage depends on what is considered 

damage which can be hard to grasp for indirect damages. 

 

5.4. Pollination and seed dispersal 
 
In many cities, the extensive exploitation of green spaces leads to reduced habitats for 

plants and animals, which is a threat to biodiversity. The field is yet understudied, with 

pollination valuation mainly assessed through WTP, or direct market valuation of 

agricultural goods. The latter case is not applicable in this study. Breeze et al. (2015) 

estimated the WTP for non-market pollination services (pollination services to final 

goods and services beyond crop production) in the UK to a value of £25.5–

£12.6/person. The other studies screened mainly provided qualitative assessment of 

SuDS impact on pollination. They emphasised the advantage for SuDS to create a 
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Figure 22: Closest neighbours of Östermalmsgatan. Bigger parks squared. 

 

Figure 23: Closest neighbours of Monica Zetterlunds Park 

Balders Hage 
 

Östermalmsgatan 

Vanadislunden 
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and biodiversity enhancement. Biotic structures elements in this index are e.g. trees, 

dense shrubs, or ornamental gardens which can be found as various species in 

Östermalmsgatan and Jarlaplan. They also demonstrate the importance of abiotic 

contribution, highlighting the importance of habitat heterogeneity, such as cracks and 

crevices, or having different types of stones, gravel, rocks. Deadwood and other 

organic materials offer microhabitats and feeding opportunities to invertebrates and 

fungi. The bio-SUDS lists components such as steep terrain difference, low slope, 

vegetated mounds and mounds of grave, stones and boulders, and the presence of 

different types of substrates. Corduan and Kühn (2024) also report Kazemi et al.’s 

results that downward-sloping topography and gravel acting as a mulch layer can 

create potential habitats for terrestrial animals. Indeed, slopes create different micro 

habitats thanks to intermittent moisture conditions, drier slopes and wetter bottom. This 

result aligns with Bjørn and Howe’s (2023), who also underlined that concave designs 

are tantamount to more surfaces. Microhabitats that form between the stones would 

serve as refuges for ground-dwelling insects.  

Yet, this topic still appears under researched. Corduan and Kühn (2024) only found 

four research articles on faunal diversity in retention systems. Furthermore, designing 

habitats to enhance biodiversity addresses the question of which species will be the 

most favoured. Finally, biodiversity enhancement is also to be balanced with other 

challenges. For example, leaf litter is tantamount to increased biodiversity in ground 

beetles and oribatid mites but represents a higher risk of clogging maintenance-wise. 

 

Pricing 

Locatelli et al. (2020) estimated the habitat provision, based on a potential increase of 

urban ecosystems to support wildlife to be 2.8 €/m2 for two case studies consisting of 

a mix of green roofs, bioretention cells and retention and detention basins in Barcelona, 

and infiltration trenches, and permeable pavements in Badalona. Ureta et al. (2021) 

found WTP of $12.5–42.9/year for habitat benefits in US stormwater ponds (cited in 

Wang, Brent and Wu, 2022, p.2).  

 

Results 

Jarlaplan rain garden shows indeed a sloppy design which increases the habitat 

surface, different types of abiotic elements and vegetation that are beneficial to 

biodiversity. Habitat maintenance will not be quantified in this study. 
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5.7. Regulation of atmospheric composition (Carbon) 
 

5.7.1. Carbon sequestration 
 
Lind et al. (2023) investigated the amount of carbon of trees across their lives, including 

initial carbon emissions and uptake. The initial emissions are based on consumption 

of fuels, energy, materials and other production inputs during cultivation, delivery, 

planting and establishment. The establishment was the most emissive phase due to 

the fossil-powered machine and green compost used in plant beds emitting methane 

and nitrous oxides. Using the i-Tree eco model, they found that after 50 years, Salix 

alba (white willow), Quercus rubra (red oak) and Pinus sylvestris (scotch pine) 

sequestered 5748, 4047, 938 kgCO2 for Stockholm. Net uptakes are 3452 kgCO2 on 

average. Annually, it yields 69 kgCO2/y. The CNT (2010) gives values of carbon 

capture of 226 – 335 lbsCO2 for a small tree, and 665 – 911 lbsCO2 for a large tree. 

This gives on average 342 kgCO2/y for a big tree and 122 kgCO2/y for a small tree. 

However, these values depend on the orientation of the tree, and account for the US 

energy mix as they encompass both the direct capture and indirect saved CO2 

stemming from energy and water savings. Lind et al.’s (2023) values are prefered as 

they are more recent and without energy saving. 

To encompass the contribution of urban shrubs, Tommila, Tahvonen and Kuittinen 

(2024), measured the CO2 equivalence of 10 shrub species. The CO2 was measured 

by converting the full mass of one plant into CO2. The values ranged from 0.17 kg for 

S. douglasii to 68.1 kg for S. vulgaris. As the variability is so huge between species 

and the number of shrubs is not significant, the carbon sequestration of shrubs will be 

neglected.  

For climbing plants, Song et al. (2023) found that the total carbon storage in 20-year-

old vineyards was 61.06 t·ha−1, with a planting density of 3335 vines·ha−1 which yields 

0.915 kgCO2/vine/y. This is 75 times less than for a tree, enticing to neglect climbing 

plants’ carbon sequestration. 

Because of the orders of magnitude, the perennials, climbing plants, shrubs and bulbs 

will be accounted globally as a vegetated surface. Values for rain gardens or 

bioretention cells are difficult to find. For example, the CNT (2010) does not provide 

values for bioretention cells, even though they are studied in the guide, but green roofs 

or green surfaces can be used as a proxy. For urban greening like green roofs and 
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pervious surfaces covered with vegetation, carbon sequestration was estimated at 500 

kgCO2eq/ha/y (Quaranta et al., 2022).  

 

Results 

The vegetated surfaces represent 32.5 kgCO2/y for the 650 m2 of Jarlaplan. This 

should be taken carefully as the park used to be a lawn. We make the additional 

assumption that the former contribution was negligeable in comparison to the new 

plants. The study will only compute the sequestration of the six hawthorns “splendens” 

and the silver linden in Östermalmsgatan. No new tree was added to Jarlaplan. This 

gives 483 kgCO2/y, bringing the total carbon capture to 516 kgCO2/y for all plants. 

 

5.7.2. Construction footprint 
 
The garden in Östermalmsgatan is mainly made of granite, stone, cast iron, concrete 

for manholes, steel for inlet channels and gutters, steel and wood for benches, iron 

around the trees which suggest an important carbon footprint  (Ohls, 2025). Given the 

data available, only the materials footprint and the excavation (part of construction) 

phases  will be computed.  

There are several carbon databases available for carbon footprint calculations, 

including Climatiq, GHG Protocol Life Cycle Databases, sustamize, ICE database, 

Footprintcalc, OpenCO2net. Among them, the ICE database (ICE, 2024) and 

Footprintcalc (footprinters, 2025) were short-listed as they were licence-free, easy to 

use with a gathered database, did not require to install a software and adapted to 

calculate at the scale of one product and not of a whole company. The emission factors 

were complemented by a few additional sources. For quantities, the materials were 

associated with a close reference when the original ones were not available (see 

Appendix H). Some items were neglected, when their weight was deemed negligeable 

in comparison to the total sum. Besides, 1194 m3 were excavated. According to Sköld 

et al. (2022), 1 m3 of excavated soil costs 6.26 kgCO2eq, resulting in 7472 kgCO2eq 

for excavation. 

A list of quantities was available for Östermalmsgatan. For Jarlaplan, the carbon cost 

was derived from the one of Östermalmsgatan, by scaling it proportionally to the cost 

of the investment, and by adjusting certain items, namely removing the stairs and the 

crown around the tree of Östermalmsgatan and adding the granite stairs of Jarlaplan. 
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Plants /y - 516 - 39 - 56 - 21 to - 

41 

(2020) 

 

- 515 

(2020) 

    - 26 to -

52 

(2030) 

- 3608 

(2045) 

Construction + 

excavation over 

time horizon 

180 372 13 665 19 661 7215 – 

14 430 

(2020) 

180 372 

(2020)  

    9 019 – 

18 037 

(2030) 

1 262 604 

(2045) 

 

Limitations 

The scope is incomplete as the only data available were the materials list for 

Östermalmsgatan. No information about the machines used, the transport or 

processing stages were available. The extrapolation based on proportionality of 

projects (cases a and b) is probably the main source of uncertainty. The construction 

footprint of Jarlaplan varies from 43 700 kgCO2 to 81 000 kgCO2 based on the use of 

the two different ratios of prices from estimates or from final bills, which underlines the 

fragility of this assumption. 

The carbon footprint also depends on the source and methodology of the source 

databases in the ICE metabase, which has a cradle to gate scope. This applies also 

at the scale of the different databases used, which is exemplified by the variability of 

result between FootprintCalc and ICE (92 to 121 tonCO2). Within one database, there 

is also variability across the different types of material. For example, the aggregate of 

granular materials like gravel, crushed stone and recycled concrete can be 0.00436 

kgCO2/kg from virgin land won resources, to 0.00904 from virgin marine resources bulk 

loose, and 0.00605 from recycled resources with no heat treatment.  
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5.8. Regulation of temperature and humidity 
 

The urban heat island (UHI) effect compromises human health and comfort, increasing 

heat-related mortality. It increases energy demand, notably through greater air 

conditioning needs and subsequent air pollution (CNT, 2010). Green areas are often 

praised as a way to regulate local temperatures and tackle the UHI effect. Yet, this 

statement is to be nuanced in Nordic contexts, which are not well studied (Branny, 

Andersson and McPhearson, 2025), but tend to show reduction below 1 °C, compared 

to Southern Europe (1-3 °C). The authors proved that NbS have minimal impact on 

local climate, emphasising the need for large-scale interconnected GI for substantial 

cooling. The study was carried out across different types of NbS, in the Royal 

Stockholm Seaport area such as forest parks, green courtyards, rain gardens, green 

roofs, and lawns. It did not find statistically significant differences in the air temperature 

between most sites and highlight the difficulty to transfer such results between 

locations. The largest differences in daytime temperatures reached up to 2 °C 

difference, for forest parks in the summer, which gradually disappeared during cooler 

months. Green courtyards and rain gardens showed an average of 0.25 °C on 

average. Small, isolated NbS have limited impact on local cooling, where broader 

regional weather patterns like advection dominate. They concluded that cities should 

prioritise interconnected green spaces, at district scale, over scattered small 

interventions for better urban heat mitigation. In our case, the size of the SuDS and 

density of trees may have very limited effect. Besides, literature bases their calculation 

of energy saving on temperature regulation, such as cooling and warming. This applies 

usually in regions with warm climates, where the UHI effect can lead to massive usage 

of air conditioning. In the literature, it is easier to find values on temperature regulation 

for green roofs than for rain gardens or bioretention cells. For example, the reduction 

of energetic consumption for indoor cooling and heating, and heat island effect is 0.049 

euro/m2/y for green roofs, while the authors acknowledge that the absence of results 

for bioretention cells can be a limitation (Locatelli et al., 2020).  

 

5.9. Recreational opportunities 
 
This section will focus on the elements that enable activities promoting health, 

recuperation or enjoyment, either actively by incentivising sport and recreation, or 
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Netherlands 3% for all projects and 

regulatory analysis 

Apply declining discount 

rates, considering type of 

capital and risk 

 

The choice of discount rate can have a drastic impact on the result as shown by the 

author. Over 100 years, choosing between 1.4% and 0% can lead to a resulting sum 

twice as large (54k vs 100k for a constant flow of 1k/year). Social discount rates are 

therefore a key controversy for CBA. The OECD notes a general trend towards lower 

discount rates, declining discounting and consideration of the need for ‘dual 

discounting’, consisting of even lower discount rates for non-substitutable natural and 

social capital, which translates the concept of strong sustainability in economic 

calculations.  

Informant 3 is an environmental economist at Sweco and would set the discount rate 

at 1.4% - known as the Stern value, that puts more weight on younger generations – 

along with the usual 3.5% ASEK value, and 0% to spark discussion as a scenario 

analysis to show an extreme case.  

 

5.14.  Time horizon 
 
Some municipalities used to have a 30-year time horizon which realistically is too short. 

If the lifespan is underestimated, taxpayers will pay a larger load than what they should, 

through water fees (Informant 3, 2025). If the lifespan is overestimated and it breaks 

(e.g. the pipes break at 80 years for a time horizon of 100 years), the municipality will 

have to “pay double” by repaying new infrastructure for the uncovered years by 

taxpaying. Usually, for pipes in the ground, the technical lifespan is more than 100 

years. Infrastructure lifespan is a good base for time horizon. However, infrastructures 

are depreciated over shorter time horizons, lying between 60 and 80 years, which has 

a stronger meaning for maintenance scheme or stormwater and sewage fees. 

O’Mahony (2021) differentiates the financial analysis period, that focuses on financial 

costs / benefits (up to 30 years), technically useful lifetime based on physical 

operational lifespan (5-100 years), and the welfare impact horizon that captures the 

future welfare impacts such as environmental, social, health (theoretically infinite, but 

taken as 100 years or more in practice). Wilbers et al. (2022) estimates the economic 





 

63 
 

damages would cost 12.5 Mkr yearly. Only the property value increase has a significant 

impact with 2.79% of the NPV. Else, the CAPEX dwarfs all other costs and benefits, 

representing 93% of the final NPV. 

 
Table 23: Costs and benefits 

Benefit /Cost Valuation 

method 

Result  NPVi - kr Share of the 

NPV - % 

Air quality Avoided 

damage (VSL) 

+2 183 kr/y 

 

54 455 0.17 

Noise  Not quantified   

Flood protection Avoided 

damage 

0  

 

 0 

Pollination  Shortened 

foraging 

distance 

  

Water quality Avoided 

damage (CSO) 

+80.64 kr/y 19 847 0.06 

Replacement 

cost (water 

treatment) 

+715 kr/y 

Climate Avoided 

damage 

 

 

Cost :  

-243 785 kr 

Plants :  

+694 kr/y 

-226 464 0.82 

Recreation / 

Property value 

Hedonic pricing +888 000 kr 

 

+888 000 2.79 

Educational  Not quantified   

CAPEX  -29 600 000 kr -29 600 000 93.15 

OPEX  -38 187 kr/y 

 

-952 560 3.00 

NPV  -29.82 Mkr  100 
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protection stands as a hypothetical additional benefit across different levels of 

protection. Out of visibility reasons, values are shown with respect to total NPV in 

Figure 29 and then “alone” in Figure 30.  

 

 
Figure 29 : Sensitivity analysis with NPV 
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Figure 32: Importance of each parameter 

 

7. Distribution analysis 
 
Regardless of the economic profitability of one project, it can result in profits or losses 

for individual actors or stakeholders. To illustrate this distribution of benefits and costs, 

a distribution analysis has been conducted. 

The inhabitants that have a direct view on the gardens will benefit of an increase of 

their property value. More largely, the inhabitants of the neighbourhood will enjoy this 

site of recreation as well as the less polluted air. All visitors of the park have access to 

an educational experience, but this pedagogical purpose was especially aimed at the 

youngsters. The fauna and biodiversity can benefit from the enhanced habitat even if 
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only marginally. The marine environment is also marginally protected thanks to the 

avoided CSO. SVOA will have a less polluted water to treat, as well as less water in 

the summer when trees drink from the retained water. The SuDS therefore participate 

in sustainability developments goal 3, as it participates in good health and well-being; 

11 as it enhances sustainable cities and communities, and 6 as it participates in 

cleaning water. 

On the other hand, the municipality has to pay for the investing and maintenance costs, 

which proved to be the major cost. As the gardens are not carbon neutral, one could 

say that it affects globally the planet, and thus both human and non-human life, but 

also the state’s political agenda set by the Paris Agreement. The commercial areas in 

Norrmalmstorg will not witness any impact compared to an absence of solution. 

The municipality seems to bear almost all the costs without reaping the fruits. The big 

winners are the inhabitants and especially the local inhabitants. 

 

8. Discussion  
 

8.1. Limitations 
 
The limitations have been explained for each result paragraph. On top of this, the 

literature review has been conducted by searching different types of SuDS and 

borrowing values in case the designs were similar enough which implies subjectivity. 

Likewise, the terminology “rain garden” covers very different types of installations 

across literature. Furthermore, value transfer is an important source of uncertainty. The 

values are borrowed from many different sources and methodologies from different 

geographic contexts with varying rain events patterns, urban settings, thresholds to set 

damage, and efficiency of designs among other things. Even though an effort was 

made to use the most recent values, values from as old as 2010 were used when 

nothing else was available. Some indications on the dating of monetary values were 

missing, in which case, the date of the paper was taken. 

The efficiency of the rain gardens was reviewed by using Scalgo entailing important 

limitations aforementioned, which makes flood protection one of the most sensitive and 

yet most questionable sections. Maybe a better model could be made thanks to a 

coupled model such as Mike+ which is a new flexible system that can model collection 
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systems for wastewater and stormwater and 2D surface flooding among other things 

(Mike, 2021). 

Several co-benefits could not be assessed because of the lack of existing literature, 

such as the recreational and educational values. Even if the rain gardens were too 

small to make a difference for noise attenuation, pollination and habitat maintenance, 

it would also have been hard to quantify these benefits. Other CBA also excluded these 

quantifications, namely Read et al. (2016) for education or Falk (2016) for noise and 

temperature. Sköld et al.’s (2022) study also skipped the quantification of cultural 

services like recreation and noise. The extent of indirect flood damage such as flood 

disruption are also difficult to monetise as it requires to identify a damage that is not as 

material as damaged buildings. This highlights that we measure what we can name, 

depending heavily on what has been studied before. These benefits sometimes also 

rely on other “intermediate services” as expressed in the double counting section, that 

could not be quantified. Besides, flood protection was calculated based on 

Norrmalmstorg’s flooding, excluding potential local flooding in the basements of the 

surrounding buildings of Jarlaplan as in Augustenborg in Malmö. 

The study was carried out at the opening of the projects. Yet, the gardens are meant 

to evolve, especially as they include living elements. A follow-up on the evolution of 

efficiency could study freeze-thaw cycles or long term effects on survival rates of 

plants. 

8.2. What efficiency do we measure ? 
 
The two rain gardens provided cleaner stormwater, educational value on flood 

protection and a relieved pipe system, among other co-benefits. Yet, their efficiency 

for flood protection questions their main purpose. It also questions how much of a silver 

bullet SuDS are in dense urban fabric. However, Östermalmsgatan and Jarlaplan were 

not only rain gardens. They should rather be considered as urban development 

projects, for which Jarlaplan can be considered a full success as the attractivity and 

the popularity of the spot increased. People were happy with the design and finally 

using the space (Informant 1, 2025). SuDS can serve a wider purpose such as help 

reduce heavy traffic and shape behaviours around soft mobilities (Havlik, Pliska and 

Noake, 2018). 
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underlining the need for a more holistic plan. Another idea would be to increase the 

efficiency of the current drainage system thanks to more frequent maintenance and 

sedimentation removal. In any case, open solutions tend to be less expensive than 

underground solutions but digging a large retention pond would not have been possible 

as the designs must fit in the cultural, architectural and historical background of the 

place which is ensured by stadsbyggnadskontoret. Constraints in a city are rife and let 

us ponder about the compatibility between preservation of urban architecture and 

sponge cities, the vision urban architecture wants to protect and the possibility to create 

new “untethered beauty standards” that would be accepted by urban dwellers. This 

echoes with insights from the result section, suggesting for example that a compromise 

could be found for leaf litter which benefits biodiversity but represents a higher risk of 

clogging maintenance-wise. 

 

 

Figure 33: Additional 15 000 m3 of storage 
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8.4. Future research 
 
BGI are more and more trendy, seen as a way to cope with flood protection while 

improving the urban environment. In Sweden, SuDS are increasingly being installed in 

new developments, in complement to existing drainage. Havlik, Pliska and Noake 

(2018) report very promising results in the US where out of 479 green infrastructure 

projects, 44% were found to reduce total costs compared to the 25% that increased 

the costs. The negative result of the CBA of Östermalmsgatan and Jarlaplan seems to 

go against a trend (e.g. see Havlik, Pliska and Noake, 2018; Alves et al., 2020; Kapetas 

and Fenner, 2020; Quaranta, Dorati and Pistocchi, 2021), even if it is not the only one. 

An economic assessment of flood protection measures in Göteborg proved that the 

cost of implementation outweighed the avoided damages even if the assessment does 

not encompass the ecosystem services analysed in this study (Rosen, 2020). 

This study is only one result, which happened to be negative. Among all the literature 

on CBA of NbS, it would then be interesting to compare what makes the difference 

between profitable and unprofitable designs. The trends could be synthetised in a 

catalogue of SuDS solutions. Do other studies conclude on comparison with “laisser 

faire” alternatives, or only pipe systems alternatives ? What are the sizes of designs ? 

Are there located in urban or peri-urban areas, on public or private lands? Designs that 

do not compete for space should be included, as well as options retrofitting existing 

parks. SuDS are very promising but the trend that comes with it should not blind 

decision-makers on what the actual costs and benefits are. 

9. Conclusion 
 
The CBA of the two rain gardens showed that despite the inclusion of several co-

benefits, the costs exceeded the benefits. The high capital cost and inefficient flood 

protection mainly explain a negative NPV. Besides, the carbon footprint is high, with 

materials’ footprint outweighing by several orders of magnitude the carbon capture of 

plants. The SuDS are cost inefficient as flood protection projects in dense urban 

environment but they indeed enhanced the value of the area as urban development 

projects, increasing the property value and incentivising dwellers to enjoy the park. 

If SuDS are no silver bullet, it leaves open the question of flood protection in the city. 

The capital cost was a lot higher than for conventional solutions, with around SEK 100 
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000 per cubic metre of water of capital cost. A paradigm could be for flood protection 

to be tackled across different types of non-flood protection projects. The political 

agenda to increase the canopy and green cities could represent an opportunity for 

blue-green solutions. Moreover, they should be included in the budget for the 

refurbishment of the water and sewage system which is bound to be renewed and 

maintained, as they relieve the water and sewage network.  

Finally, SuDS should not be implemented for the only sake of developing BGG 

solutions. Flood protection and co-benefits must be balanced, bearing in mind that 

some elements of the grey designs are particularly costly both CO2 and economic-

wise.  
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11. Appendices  
 

11.1.  Appendix A : Valuation methods 
 
Economic valuation consists in assigning a monetary value to health and 

environmental impacts. A few methods are listed below (based on Obahiagbon and 

Kosoe, 2024). 

Stated preference method 

• Contingent valuation is a survey-based approach to elecit individual’s 

preferences and WTP. Respondents are presented with hypothetical scenarios 

describing changes and asked to state their WTP for these improvements. 

Revealed preference method 

• Hedonic pricing method estimates the economic value of environmental 

amenities through their impact on property values and market transactions.  

• Travel cost methods are used to estimate the economic value of recreational 

and tourism activities through their expenditures (time, travel expenses). 

Direct market valuation 

• Replacement cost is based on the price of an equivalent technology to perform 

the same service. 

• Market price uses existing market prices. 

• Avoided damage cost values environmental benefits by estimating the costs 

avoided, e.g. the avoided respiratory illness costs due to air pollution. 

 

11.2.  Appendix B : ES and GS 
 
The ES kept from Haines-Young (2023) are : 

• Bioremediation by microorganisms, algae, plants, and animals, covered in the 

“air quality” section 

• Filtration / sequestration / storage / accumulation by microorganisms, algae, 

plants and animals, covered in the “air quality” section 

• Noise attenuation 

• Control of water erosion rates (covered in appendix C)  

• Regulation of peak flows, covered in the “flood protection” section  

• Pollination 
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• Seed dispersal, grouped with pollination in the “pollination and seed dispersal” 

section 

• Nursery population and habitat maintenance, in the “habitat maintenance 

section”, grouping the classes:  

◦ Maintaining or regulating nursery populations and habitats or breeding 

grounds 

◦ Maintaining or regulating refuge habitats  

◦ Maintaining or regulating feeding grounds 

• Pest and disease regulation, grouping (covered in appendix D) 

◦ Pest control (including invasive species) 

◦ Disease control 

◦ agents and ecological processes 

• Regulation of atmospheric composition (regulation of chemical composition of 

atmosphere and oceans, and the maintenance of continental 

atmospheric/oceanic circulation patterns) 

• Regulation of temperature and humidity, including ventilation and transpiration 

at local scales 

• Recreational opportunities and cultural landscapes grouping 

◦ Elements of living systems that enable activities promoting health, 

recuperation or enjoyment through active or immersive interactions 

◦ Elements of living systems that enable activities promoting health, 

recuperation or enjoyment through passive or observational interactions 

• Educational and learning values, along other altruistic values, grouping 

◦ Elements of living systems that enable education and training, including the 

importance of between and within species genetic diversity 

◦ Elements of living systems that enable aesthetic experiences, i.e. 

interactions with the natural environment 

◦ Elements of living systems used for entertainment or representation outside 

the setting concerned 

◦ Elements or features of living systems whose contemporary existence or 

conservation is important to people, including the importance of between 

and within species genetic diversity 
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◦ Elements or features of living systems whose inter-generational existence 

or conservation is important to people, including the importance of between 

and within species genetic diversity 

 

Here comes a list of potentially relevant geosystem services, with a short description 

to clarify the definition when needed. When in the continuation of CICES ES, the 

related codes are given (Frisk et al., 2022).  

Regulating services 

• Regulation of erosion (5.2.1.1) 

Regulation of erosion can study soil erosion and conservation, reservoir sedimentation, 

beach erosion. 

• Regulation of baseline and extreme events, flow of water (5.2.1.1 and 5.2.1.2)  

• Regulation of water quantity through porous media (5.2.1.2) 

It is for example, the use of porous media such as sand and gravel to infiltrate, store 

and transport water, entailing the reduction of flooding risks. In some studies, it deals 

with groundwater recharge. 

• Regulation of water quality through filtration (5.1.1.3) 

Use of porous media to filtrate pollution, bacteria and other nuisances from 

groundwater. Usually, harmful compounds and organisms are adsorbed to the porous 

media, increasing water quality.  

Supporting services 

• Retention of water in soils (no CICES code) 

Use of soil cavities to retain water in soil, which in turn is used by plants and other 

organisms, contributing to plant productivity and soil health 

• Retention of nutrients in soils (no CICES code) 

Use of the soil ability to retain nutrients, contributing to soil fertility and soil health 

• Habitat provision (marshes, caves, beaches etc.) (no CICES code) 

 

11.2.1. Definition and clarification  
 
Difference between bioremediation and filtration 

Bioremediation covers biodegradation of pollutants, meaning changing wastes into 

harmless or less toxic compounds by biophysical means. Filtration covers the 

immobilisation of pollutant. The waste is no longer biologically available and do not 
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exhibit toxicity. This class only covers biophysical changes, not biochemical ones 

which are covered by smell reduction. It covers both air pollution and pollution in water. 

The authors seem to be aware that the classes could overlap (Haines-Young, 2023). 

Pollination and seed dispersal 

Pollination refers to fertilisation of crops or fruit trees by plants or animals. Seed 

dispersal refers to spreading of the seeds of wild plants. 

Erosion control and mass stabilisation, flow moderation, water regulation 

Erosion control refers to controlling or preventing soil or sediment loss by running 

water, avoided thanks to the stabilising effect of plants and animals. It can lead to the 

prevention of soil loss or reduction of sediment input to water courses. 

Hydrological cycle and water flow regulation: 

- regulate runoff and base flows refers to ecosystems controlling river and lake 

levels during normal conditions, provided by the capacity of vegetation to retain 

water and release it into drainage systems between precipitation events. 

- regulate peak flows (CICES v5.2), measured by peak flow discharges and 

return periods of peak flows (river levels). The capacity of vegetation to slow the 

passage of water through drainage systems during and after precipitation 

events. It is measured in avoided damage in flood or storm events. 

 

11.3.  Appendix C : Erosion control and mass stabilisation 
 

Erosion control refers to the reduction in the loss of material thanks to the stabilising 

effect of plants and animals, preventing both soil loss and presence of sediment input 

in water courses. Erosion mainly applies to large agricultural lands or touristic coasts. 

Besides, erosion is often valued through pollution of water bodies with sediments, 

which overlap with water quality issues. 

Erosion regulation can be measured with the erosion regulation index (ERI) which 

yields a numerical value of 1 or greater when the current erosion rate does not exceed 

the allowable rate of erosion (Logsdon and Chaubey, 2013). The authors found that all 

land management scenarios with bioretention cell implementation resulted in an ERI 

value of 1 or greater for all design storm simulations, including the largest storm events. 

They concluded that the application of bioretention cells in an urban environment for 

capture and treatment of impervious runoff showed an improvement in erosion 

regulation compared to baseline scenarios, by minimizing the sediment load in 
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Perennials  

 
Anaphalis triplinervis 

 
Aster ageratoides ‘Harry Smith’ 

 
Carex flacca ‘Blue Zinger’ 

 
Carex grayi 

 
Epimedium rubrum 

 
Eurybia divaricata 

 
Festuca glauca 

 
Helictotrichon sempervirens 

 
Hosta ‘Guacamole’ 

 
Hylotelephium ‘Matrona’ 

 
Lythrum virgatum ‘Dropmore Purple’ 

 
Lythrum virgatum ‘White Swirl’ 

 
Origanum vulgare 

 
Panicum virgatum ‘Squaw’ 

 
Potentilla tridentata ‘Nuuk’ 

 
Salvia nemorosa ‘Caradonna’ 

 
Salvia nemorosa ‘Salute Ice Blue’ 

 
Salvia nemorosa ‘Salute Light Pink’ 

 
Sesleria nitida 

  
Allium 

 

 
Allium hollandicum ‘Purple Sensation’ 

 
Crocus etruscus ‘Zwanenburg’ 

 
Crocus speciosus 

 
Iris (Reticulata-Gruppen) ‘Alida’ 

 
Iris (Reticulata-Gruppen) ‘Blue Hill’ 

 
Tulipa gesneriana ‘White Triumphator’ 

 
Tulipa humilis ‘Alba Coerulea Oculata’ 

 
Table 27: List of plants for Östermalmsgatan 

Trees Crataegus persimilis 'Splendens’ 

 
Tilia Tomentosa 'Brabant' 
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Figure 34: Jarlaplan's watershed 
without manholes : 15 600 m2 

Figure 35: Jarlaplan's watershed with manholes and upstream area 
drained : 3 400 m2 

Figure 36: Östermalmsgatan's wateshed without manholes : 2.1 ha 
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Figure 37: Östermalmsgatan's watershed with manholes : 3 400 m2 




