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Abstract  

Stormwater management is a problematic area and has during the last 20 years been given an 
increased attention due to more pollution in the cities. The increased pollution and 
contaminants in stormwater implicates risks for animals, humans, the ecosystem and receiving 
recipients. Due to the increased attention, authorities, government and other stakeholders have 
developed measurements to deal with the problem. Stormwater accommodations and other 
type of stormwater detainment has been developed with increased modern technology and 
functionality to fit specific areas where different type of pollutants can vary. Stormwater 
treatment are necessary because it creates social, environmental and technical advantages 
combined with protection of ecosystem, increased multifunctionality when combining for 
example stormwater ponds in nature, parks or urban and rural environment.  

This report describes seven diverse types of stormwater accommodations systems; rain garden, 
stormwater ponds, wells, screen basins, infiltration trenches, pipe-/concrete magazine and 
swales in accordance from Structor Mark Stockholm. From these seven accommodations, three 
were chosen to be included in Multi Criteria Decision Analysis (MCDA). The purpose of the MCDA 
was to evaluate four different categories linked to stormwater, which are environment, social, 
technology and economical categories. These categories are broad concepts; therefore, 
parameters were developed to narrow down the areas within the concept, from which the area 
of investigation was founded within. The parameters created for each category are degree of 
purification for the environmental category, performance and maintenance for the technological 
category, aesthetical and social benefits for the social category and costs and risk for the 
economical category. The criteria developed from these parameters are specific topics that was 
scored from the scale between 0-5, where 0 = insignificant, 1= Low, 2= Moderate, 3= Major, 4= 
High, 5= Very high.  

A reference option was also created, considered as “no commercial treatment of stormwater”, 
only to transport stormwater. This reference option was also referred to as a zero-alternative 
and is drainage by piping. The scoring was conducted by stakeholders and citizens of Stockholm. 
The scoring of the three chosen stormwater accommodations and the reference alternative after 
calculating the mean value and summarize it resulted in that stormwater pond received the 
highest overall score of 11.9 followed by rain gardens 11.4, infiltration trench 11.3 and drainage 
by piping 7.3. 

The stakeholders are influential people that works either with stormwater, layout and planning 
or maintenance personnel. Citizens of Stockholm provided inputs only in regards of the social 
aspects. A total of 20 stakeholders were contacted and 5 stakeholders participated in the scoring 
procedure. Citizens were interviewed on the street; a total of 60 people was asked to participate 
and 13 people decided to participate in the scoring procedure of the social aspects. Although, 
the attendance of stakeholders was low, they are still considered important to this project since 
they provided the scoring of the criteria for each respective category (environment, technology, 
social and economic). In regards of the low attendance by stakeholders, this resulted in a way 
that it became hard to distinguish the result between the different stormwater accommodation. 
Therefore, it was hard to determine which stormwater accommodation that was the best out of 
the ranking provided by the MCDA. 

A benefit by using MCDA as a tool in this case, gave an indication that the MCDA can work as a 
framework to decision makers, even though the result in this case became difficult to manage 
and distinguish between the different stormwater accommodations. Finally, the method, layout 
and analysis itself can provide means of measurements for stormwater investigations when the 



 
 

purpose is to choose between the best stormwater systems included in the MCDA. Inputs from 
stakeholders concluded that depending on what type of existing circumstances, there must be a 
site-specific evaluation to treat every area as a unique area, before deciding what type of 
stormwater accommodation to apply to that specific location. 

Key words: Multi-criteria Decision Analysis, stormwater management, rain garden, stormwater 
pond, infiltration trench 



 
 

Sammanfattning 

Dagvattenhantering är ett problematiskt område som under de senaste 20 åren har fått allt mer 
uppmärksamhet då mer föroreningar uppdagats i städerna. Den ökande föroreningen av 
dagvatten tenderar att orsaka en större risk för djur, människor, ekosystem och recipienter dit 
dagvatten rinner. På grund av uppmärksamheten som dagvattenhanteringen har fått, har 
myndigheter, regering och andra intressenter utvecklat dagvatten teknologin ytterligare för att 
skapa en modern dagvattenstrategi för att handskas med problemet. Dagvattenhantering är 
nödvändigt eftersom den skapar sociala, miljömässiga och tekniska fördelar samt om 
dagvattensystemen kombineras med funktionalitet så kan detta ge ökat skydd för ekosystemen 
samt förbättrad hälsa hos befolkningen i städerna.  

Den här rapporten beskriver sju olika typer av dagvattensystem så som; rain gardens, 
dagvattendammar, brunnar, skärmbassänger, svackdiken, rör-/betong magasin samt krossdiken 
på begäran av Structor Mark Stockholm. Utav dessa 7 dagvattensystem, ingick 3 anläggningar i 
en så kallad multi-criteria decision analysis (MCDA). Syftet med en MCDA är att utvärdera fyra 
olika kategorier som kan förknippas med dagvattenhantering. Kategorierna är miljömässiga, 
sociala, tekniska och ekonomiska. Dessa kategorier utger dock ett brett budskap och för att 
begränsa analysen så skapades parametrar. Dessa parametrar skapas utifrån varje enskild 
kategori. För den miljömässiga kategorin skapades parametern grad av rening, för den tekniska 
kategorin skapades parametern prestanda och underhåll, för den sociala kategorin skapades 
parametern estetiska och sociala fördelar, och slutligen för den ekonomiska kategorin skapades 
parametern kostnader och risker. Utifrån dessa parametrar skapades sedan kriterier med 
specifika huvudämnen som kan bedömas enligt en poängskala från 0-5 där 0 = insignificant, 1= 
Low, 2= Moderate, 3= Major, 4= High, 5= Very high.  

Tre dagvattensystem inkluderas i MCDA vilket var; rain gardens, dagvattendammar, krossdiken 
vars syfte är att rena och fördröja dagvatten. Ett referensalternativ skapades också som även 
kallas ”zero-alternative”, vilket anses inte ha någon rening av dagvatten utan är endast ett 
transportsystem för dagvatten. Detta referensalternativ kallas drainage by piping. 
Poängsättningen gjordes av intressenter och invånare i Stockholm. Intressenterna är människor 
som arbetar med dagvattenhantering antingen på planeringsstadiet eller ute i fält som drift och 
underhålls personal. Invånare i Stockholm bedömde endast den sociala kategorin eftersom det 
kan sakna kunskap och insyn i det miljömässiga, tekniska och ekonomiska detaljerna. Totalt 
kontaktades 20 intressenter där 5 personer valde att medverka i MCDA. Invånare i Stockholm 
intervjuades på stan, totalt frågades ca 60 personer varav 13 personer valde att medverka i 
poängsättningen.  

Poängsättningen av de tre valda dagvattensystemen samt referensalternativet, efter beräkning 
av medelvärdet samt den totala summeringen resulterade i att dagvattendammar fick den hösta 
poängen 11,9 hamnade rain garden på andra plats med 11,4, krossdike på tredje plats med 11,3 
samt referensalternativet på en fjärde plats med 7,3. De tre dagvattensystemen hade ett relativt 
liknande slutgiltigt resultat. Dock så skilde sig den individuella kategoriska bedömningen av 
miljömässiga, tekniska, sociala samt ekonomiska aspekten med större varierande resultat.  

Även om deltagandet av intressenter var relativt lågt, endast 25 % av det kontaktade 
intressenterna valde att ställa upp, så anses dessa intressenter vara viktiga för det här projektet 
då de, utifrån deras kunskap, bedömer det uppsatta kriterierna och det är denna bedömning 
som resultatet baseras på. Resultaten mellan det olika dagvattenanläggningarna som var 
inkluderade i MCDA var svåra att särskilja, troligtvis beroende på att ingen viktningsmetod 
användes. Däremot så är en fördel med MCDA som verktyg i det här fallet, att det gav en 



 
 

indikation på att MCDA kan fungera som ett stödjande verktyg för beslutsfattare även om 
resultatet i det här fallet var svårt att särskilja. Själva metoden, upplägget och analysen kan 
användas som medel för att avgöra vilken typ av dagvattenanläggning som passar bäst utifrån de 
kriterier som är uppsatta. Slutligen så gav intressenterna en påvisning att dagvattenanläggningar 
ska konstrueras så att hänsyn tas till omkringliggande omständigheter, där varje plats ska anses 
vara unik. Det krävs en platsspecifik utredning där hänsyn till geologiska, geotekniska, 
hydrologiska samt infrastrukturella och miljömässiga aspekter bör utredas innan valet av 
dagvattensystem bestäms.  
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Word list 
This word-list contains concepts that are brought up in the report that needs further explanation 
to be understood properly.  

Percolation/Perkolation – When water is drained to underlying ground through drainage pipes 
or via the stormwater network. 

Surface areas/Översilningsytor – Mildly sloped vegetated areas allowing water to percolate 
through the vegetation and indirectly transporting stormwater. E.g. green areas, grasslands or 
forest like terrain. These areas could be constructed or already existing areas of natural land 
formation.  

LOD – Local disposal of Stormwater/Lokalt omhändertagande av dagvatten 

Infiltration to green areas/Infiltration till grönyta – Stormwater is being diverted from 
impervious surfaces (e.g. parking spaces) to green areas (e.g. grass lawn, parks or nature). The 
green area is constructed by drainage layers with a high capability to infiltrate stormwater 
through the ground. 

Skeletal soil/Skelettjord – Is used to create more space for roots, applying more oxygen- and 
water uptake. These skeletal soils are usually constructed in urban environments with the 
purpose to cater for the trees requisite.  

Magazine volume/Magasinvolym – The total volume of the magazine, including the detaining 
volume, macadam and the drainage layer. 

Detaining volume/Fördröjningsvolym – The total amount of water which is magazine on top of 
the vegetated surface. The volume can decrease with different speed depending on the amount 
of rainfall counter to the infiltration capacity that the sand bed/macadam layer have. 

Retention – Retention means that an area can retain water. This is often interconnected to 
retention basins which have a constant in- and outflow but the volume stays roughly the same 
the year around. 

Detention – Detention basins are also called dry ponds, they accumulate water during intense 
rainfall and then the water is evaporated, and eventually causing the pond to have dry periods.  

TSS – The total amount of suspended solids 

PAH – Poly aromatic hydrocarbons 

Catchment area/Upptagningsområde – The catchment area is the area considered to be able to 
manage, in this case, stormwater.  

WSUD – Water Sensitive Urban Design 

Waterlogged – A waterlogged area is filled or flooded to the extent that it is unmanageable, 
could be compared to saturated area. A ground could be waterlogged due to poor infiltration 
capacity 

Stagnant Ponding – Water that is temporary stored, without any significant in- or outflow of 
water. 



 
 

Plan and Building Act/ Plan och Bygglagen – The Plan and Building Act is a law in Sweden 
regulating constructing occurring on or around ground, water and general constructions 

Nitrification – Is a biological process involving oxidation of ammonia or ammonium. 

Denitrification – A chemical process reducing nitrates to nitrogen.  
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Chapter 1 – Introduction and problem identification 
1. Introduction 
Treating stormwater is problematic and has lately been given an increased attention due to 
more pollution in the cities (Blecken, 2016). Within the past 20 years the increased pollution and 
contaminants in stormwater implicates a huge risk for animals and humans taking advantage of 
stormwater receiving recipients (Blecken, 2016). The concern about pollutants in the stormwater 
has caught the attention of stakeholders, authorities and government. Therefore, constructing 
stormwater accommodations are a necessity since it provides community and environmental 
benefits. Treating and managing stormwater enhances the multifunctional outdoor environment 
within the urban and rural areas, increases the biological diversity and pursues climate 
adaptability (Blanck et al, 2016). However, without treatment, detention and transportation of 
stormwater, the cities would be flooded in times of heavy rainfalls and recipients would be more 
polluted. Stormwater contains a lot of nutrients, metals, polycyclic aromatic hydrocarbons (PAH) 
and biological material that cluster up and is a dangerous polluting source for the recipients 
(Blecken, 2016).  

Another reason to apply increased stormwater management is because weather patterns and 
intense rainfall can cause problems such as flooding, unnecessary pollution and damage to 
constructions (Blecken, 2016), and thereby becomes a social, economic and environmental 
burden. Therefore, stormwater treatment is highly necessary to protect infrastructure, 
ecological processes, water quality and to prevent recipient pollution and minimize discharge of 
untreated water (Healthy Waterways, 2006). To decrease the stormwater impact on recipients, 
the European parliament established a framework directive 2000/60/EG (Svenstrup, 2012). This 
directive contains collective goals towards sustainable water, assembled by the members of EU. 
The overall goal with the directive, was to achieve an increased water quality status by the year 
of 2015 (Svenstrup, 2012). The Weser precedent 2015 in EU court of justice have made the goal 
equally important as well (CVRIA, 2015). 

1.1 Background 
An average of 550 mm of rainfall reaches Stockholm every year (Luhr, 2016). From this quantity 
about 450-500 mm is considered runoff from impervious surfaces. The main principle behind 
designing sustainable stormwater treatment accommodations is to delay stormwater in the 
urban areas (Blecken, 2016). The goal is to achieve a reduction in the pollution load of up to 70-
80 % according to the Environmental Quality Standards (EQS) (Luhr, 2016). To pursue this goal, 
about 90 % of the yearly stormwater volume must be detained or treated (Luhr, 2016). 
Stormwater detention equipment that seize an equal up to 20 mm of rainfall during the same 
period can manage the requirements corresponding to the yearly rainfall in the city of Stockholm 
(Luhr, 2016). It is also crucial to expect intense rainfall and prepare rainfall to reach over 20 mm 
and therefore, action is needed to cope with such intensity without damaging existing 
habitations (Luhr, 2016).  

Stormwater accommodations can be constructed in diverse designs and layouts, mostly 
dependent site-specific properties such as; geotechnical conditions, hydrological conditions, 
geology, nearby infrastructure, maintenance frequency. Two other key factors to take under 
consideration when deploying stormwater accommodations are the environmental and social 
aspects connected to the specific sites. Therefore, it is important to conduct a detailed plan to 
deploy the most suitable stormwater accommodations at each site (Blecken, 2016). These 
properties described must be taken under consideration by decision makers when designing 
stormwater treatment accommodations.  
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1.2 Aim and objectives 
The aim of this project is to provide Structor Mark Stockholm with indices of what 
environmental, technical, economic and social aspects underlying the placement of rain gardens, 
stormwater ponds and infiltration trenches. The aim is also to investigate how the overall 
performance of these stormwater accommodations are affected based on certain criteria.  
 
Objectives: 
The objectives for this project: 
 

 Identify stakeholders and citizens of Stockholm and their role in this project 
 Provide ranking of stormwater accommodations such as; rain gardens, stormwater 

ponds and infiltration trenches by using a multi-criteria decision analysis (MCDA) 
 Summarize inputs and comments from stakeholders in correlation to the MCDA as a tool 

 
In addition to these objectives this project will investigate the problem behind stormwater 
management and provide a detailed description of the common stormwater accommodations 
used in Stockholm as requested by Structor.  

 

1.3 Methodology 
This project will primarily consist of conducting an MCDA over the commonly used stormwater 
accommodations in Stockholm, specifically the ones Structor Mark Stockholm is working with 
through their department of civil engineering. Data will be gathered from stakeholders and 
citizens of Stockholm via phone, email and questionnaires. The data in this specific case will 
consist of scored numbers from a scale of 0-5 where 0 = insignificant and 5 = very high. 
Stakeholders and citizens will judge and score specific criteria produced from parameters and 
categories, inspired by inputs from stakeholders, previous studies and with guidance from 
supervisors at Structor Mark Stockholm. The data gathered will provide the foundation for the 
analysis. Primarily, after gathering the data from stakeholders and citizens, the average mean 
value of the results will be calculated to produce a single score for each parameter.  
 
Secondarily, using the linear additive method to calculate a single score producing the result of 
the best option of stormwater accommodation among the ones included in the MCDA. The 
literature required for this master thesis will consist of scientific articles, reports from Stockholm 
Vatten, Svenskt Vatten and Melbourne Water among others.  
 

1.4 Delimitations 
In this master thesis, there will be a description of seven different stormwater accommodations 
based on information gathered from the literature. Although, only three accommodations will be 
included in the MCDA. The assessment is conducted by means of stakeholders and citizens. The 
criteria used is identified with the help of the supervisor from Structor Mark Stockholm and 
influenced by earlier MCDA work of stormwater treatment accommodations.  
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Chapter 2 – Stormwater Management 
There is no general definition of stormwater in the Swedish legislation. Although, there are 
certain indicators, which defines what stormwater is. Stormwater is water that is temporarily 
transported over impervious surfaces, roofs, roads, parking areas and pavements. Due to the 
contaminants that stormwater induces, it is crucial to manage and treat the water. Treatment of 
stormwater is regulated by the framework directive (2000/60/EG), environmental quality 
standards (EQS) and local disposal of stormwater (LOD) (Svenskt Vatten, 2011).  

2.1 Local disposal of stormwater (LOD) 
Local disposal of stormwater (lokalt omhändertagande av dagvatten), LOD, is a concept created 
in the 1970s, with the intention to withhold sustainable stormwater management (Svenskt 
Vatten, 2011). However, the concept of LOD could be misinterpreted depending on how one 
perceives the statement. Stormwater should be disposed locally with infiltration, but this should 
not be the only solution (Svenskt Vatten, 2011). There are requirements to utilize existing 
technology and knowledge to further develop the overall strategy behind stormwater 
management and to increase the amount and performance of stormwater accommodations 
used in our society today (Svenskt Vatten, 2011).  

The concept of LOD, should be interpreted with the purpose to construct runoff to resemble the 
course of nature (Svenskt Vatten, 2011). This sustainable concept is built on the foundation that 
stormwater can percolate through the ground. However, the percolation rate varies and are 
dependent on the local geohydrological conditions (Svenskt Vatten, 2011). The soil properties 
determine the infiltration rate, the denser the soil, the lower the infiltration rate is, causing 
insufficient detention of stormwater. The detention properties can be enhanced, with help of 
natural landscaped infiltration and rashness surfaces, superficial magazines and with drainage. In 
areas where the soil properties are less dense, it increases the infiltration rate. The groundwater 
needs to be located deep enough to secure a proper percolation time rate (Svenskt Vatten, 
2011).  

To create sustainable stormwater management and drainage systems it is required to specify a 
detailed plan and blueprints on how to accommodate stormwater with LOD. This detailed plan 
should describe how the stormwater should be detained and describe how the sustainable 
stormwater management should be conducted within the current frameworks and directives. 
The detailed planning and architecture blueprints needs to combine stormwater treatment 
facilities with housing, roads, schools and other facilities and infrastructure, especially for urban 
areas, where space is limited (Svenskt Vatten, 2011).  

Figure 1 shows the blueprint of a stormwater pond located in an urban developed area in Nacka, 
Stockholm. Figure 2 shows the blueprint of a stormwater pond located in a rural developed area 
in Upplands Bro, outside of Stockholm.  



4 
 

 

Figure 1. Blueprint of an urban area located in Nacka, Stockholm (Nestéus, 2017, permission to reproduce). 

 

Figure 2. Blueprint of a rural area located in Upplands bro, outside of Stockholm (Nestéus, 2017, permission to reproduce). 

2.2 Sustainable Stormwater Management 
The main reason why stormwater must be managed is to maintain the water balance and to 
achieve a clean water environment. Particularly a clean water environment for the city, the 
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people, the surrounding nature and the animals that are affected by rainfall and flooding (Pirard. 
J, et al, 2014). Stormwater should be managed locally, close to the source (Svenskt Vatten, 
2011). To achieve this, the main principle is to enable infiltration and detention of stormwater in 
a sustainable way to approach the situation (Pirard. J, et al, 2014).  

To be able to manage stormwater close to the source, especially in urban areas, there are two 
criteria which are crucial to take under consideration. Firstly, to provide enough areal space to 
allow construction of stormwater accommodations and infiltration possibilities. Secondly, to 
construct areas with height differences to allow natural diversion of stormwater towards 
infiltration areas or other types of stormwater accommodations to manage runoffs. Hence, the 
height difference should be planned so that facilities, housing, plots, and surrounded areas are 
protected from eventual flooding (Pirard. J, et al, 2014).  

In chapter 3, a description of common stormwater accommodations are being provided. There 
are certain criteria that needs to be taken under consideration when managing stormwater in a 
sustainable way (Pirard. J, et al, 2014): 

 When planning construction in new areas, certain requirements for local apprehending 
of stormwater must be included in the early planning phase 

 Choose the appropriate stormwater accommodation with regards of the surrounding 
circumstances (e.g. location, size) 

 Investigate groundwater levels and soil types 

 Evaluate the height differences 

 Drain the stormwater superficially if possible, and/or combination between underground 
drainage to nearby stormwater treatment facilities 

 Minimize impervious surfaces to allow infiltration in permeable surfaces 

 Create a manageable guide and construction plan to avoid pressure on areas (e.g. 
driving, temporary deployment etc.), which are intended to be used as infiltration 
surfaces 

If stormwater is not managed properly, flooding and extreme weather patterns, will damage 
cities and nature. The amount of water is not necessarily dangerous; it can be resisted. However, 
it is also the impurities in the stormwater that affects the nature, animals and human health in a 
long-term perspective (Pirard. J, et al, 2014). 

Stormwater strategies are important tools to cooperate towards a sustainable goal. A 
stormwater strategy creates long-term conditions towards sustainable stormwater treatment 
with the intention of increasing the water quality and reducing the risk of flooding (Svenskt 
Vatten, 2016). These strategies are becoming more common in municipalities all over Sweden, 
including suggestions and discussion on how to manage stormwater sustainably, with regards of 
habitation, water flows, pollutants, conditions of nearby recipients, geohydrology, topography, 
climate change and extreme weather patterns in urban- and rural areas (Svenskt Vatten, 2016).  

Sustainable stormwater management is a relatively new approach. Although, it is the future of 
multifunctionality in urban- and rural areas. Planning and creation of infrastructure and 
stormwater management, where nature, parks and green areas combines into one package, it 
delivers a sustainable environment, pleasant for humans, animals and verdure (Blanck et al, 
2016). In order to put the concept of sustainable stormwater management into practice, there 
are several factors that positively are affected by a sustainable stormwater management system. 
To understand the importance to secure this functionality in the future the factors influenced by 
sustainable stormwater management are displayed in Figure 3.  
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The factors affected are; Ecosystem services, aesthetically appealing stormwater management, 
increased biological diversity, climate adaptability and multifunctional outdoor environment 
(Blanck et al, 2016). 

 

Figure 3. Sustainability factors implementable in stormwater management. 

The intention is to have these sustainability factors working together, creating a symbiosis to 
achieve relevant results in regards of stormwater management. Creating awareness in how 
planning of infrastructure can be managed and what benefits that follows (Blanck et al, 2016).  

Conscious planning intends to maintain an attractive city with recreation possibilities, purified 
water and overall a pleasant local climate in combination with functionality and to treat and 
manage stormwater (Stockholms Stad, 2011).   

2.2.1 Ecosystem services 

Ecosystem services are natural providing functions and benefits that humans can use as 
resources. These services are usually divided in supporting, provisioning, and cultural services 
(Naturvårdsverket, 2017) and includes; raw material, food, biodiversity, social benefits, 
pollination, naturally occurring water purification and other type of cultural benefits such as 
emotional values, quality of life and health benefits (Moore T.L et al, 200-). These services are 
usually created interactive with human and nature. Applying ecosystem services in regards of 
stormwater and quality of life in urban- and rural areas can be created by a combination of 
stormwater accommodations implemented in infrastructure planning in the cities. Stormwater 
ponds, raingardens, swales, green roofs, parks or other type of elements can provide ecosystem 
services if implemented and manage sustainably (Blanck et al, 2016).  

The stormwater accommodations will delay, treat, and transport stormwater, resulting in 
increased air quality as well as enhanced pollination of trees and bushes, and providing an 
overall decrease in temperature (Stockholms Stad, 2011).  

Another important ecosystem service provided especially by constructed stormwater wetlands 
and stormwater ponds is the accumulation of carbon (Moore et al, 2012). Carbon sequestration 
can be measured through sample taking in the sediment. A study made in North Carolina, USA, a 
comparison between 20 wetlands and ponds was performed. Each sample was taken from the 
upper 100 mm of the sediment profile using a 75-mm diameter soil corer instrument. The result 
from this sample taking showed that the carbon content of the top 100 mm sediment top layer 
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was 200-500 g C cm, which was similar to the expected values of the early deployed stormwater 
ponds (Moore et al, 2012).  

2.2.2 Aesthetically appealing stormwater management 

The aesthetics of the local climate are important aspects to take under consideration, especially 
in a dense urban area where lack of nature can imply increase stress levels and blood pressure 
among humans. Visual greenery around living areas are important, it creates a pleasant outdoor 
environment and a sustainable city with increased health for both humans and animals. 
Therefore, combining the technicality and necessity of stormwater treatment with appealing 
aesthetics is important. This can be done by implementing green-clad surfaces on roofs, planting 
trees, and bushes in combination with common used green areas. This will enhance and involve 
citizen’s engagement in the outdoor life, and result in an overall increased quality of life (Blanck 
et al, 2016). 

2.2.3 Increased biological diversity 

When the cities are expanding and urbanizing, it increases the tension on the ecosystem and the 
result is a staggering decrease in biological diversity (Barbosa et al, 2012). However, to maintain 
a well-structured, multifunctional and sustainable city it is implied to nurture existing green 
areas and construct new greenery when areas are developed (Barbosa et al, 2012). To increase 
the biological diversity, it is important to create a variation of greenery in combination with 
functionality, in this case stormwater management. Increasing green areas locally, enhances the 
well-being of humans, but also enables animal habitat to blossom (Blanck et al, 2016).  

Accordingly, to a study made in North Carolina, the result of increased biodiversity showed that 
over 50 species of vegetation were observed in stormwater ponds and constructed wetlands. It 
was also found that the aquatic macroinvertebrate diversity was capricious. Over 31 
macroinvertebrate families could be identified in the total of 40 different wetlands and ponds 
investigated (Moore et al, 2012). This provides an example of what the result of well managed 
stormwater ponds and wetlands can contribute with. However, the circumstances are different 
in Sweden due to a different climate, but, it provides insight in what the positive benefits could 
provide.  

2.2.4 Climate adaptability & Multifunctional outdoor environment 

Another important factor to take into consideration is to adapt the urban and rural areas to the 
expected and occurring climate change. This means that cities must be able to increase its 
resilience to climate change and therefore implicate a sustainable climate adaptability. 
Important reasons to why cities must increase their climate adaptability is to manage anticipated 
increase in temperature and more intense rainfall periodically. Creating shaded areas gives a 
decrease in the local temperature, which in turn leads to an increase in vegetated cooling areas. 
This also implies that less energy will be used for cooling of buildings (Blanck et al, 2016). 

A rapid increase in temperature changes can cause stress to the vegetation, since plants, trees 
and bushes require a longer period to achieve resilience and adjust to climate change 
(Stockholms Stad, 2011). Therefore, it is crucial to accommodate newly developed areas with 
robust vegetation that can withstand rapid climate changes, although making sure to combine 
areas with aesthetically appealing vegetation and functionality of treating and delaying 
stormwater (Barbosa et al, 2012). Furthermore, increase in intense rainfall demands reliable, 
multifunctional and robust system that can manage stormwater to avoid damaging the city and 
animal habitats (Blanck et al, 2016).  

Another important aspect is the climatic functionality occurring in Sweden. During the winter 
there are hydrological changes, allowing stormwater to be held as a buffer until the temperature 
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is high enough to melt it to water again. This could be problematic to feature since snowmelt in 
large volumes will runoff to stormwater systems in short periods of time and could potentially 
cause a lower degree of separation efficiency (Blecken, 2016b).  

2.3 Stormwater – Climate challenge 
Accordingly, to the plan and building act (PBL, plan och bygglagen), are municipalities 
responsible for activities regarding construction and planning of land and water. Planning of 
buildings, sewage, and stormwater must take certain parameters under consideration. These 
parameters are amount of rainfall, rising water levels in oceans, lakes and rivers. Consequences 
from climate change is a fact and will affect sewage and stormwater treatment systems directly 
and indirectly. Directly by increased, more intense weather patterns, and indirectly by rising 
levels for the recipients. These are a few consequences that must be managed by identifying 
risks and possible measurements for future planning and development. Adaption to climate 
change will require comprehensive investigations of stormwater facilities to find solutions in 
how to enhance the accommodations in a sustainable way.  

In existing areas, it will be required to investigate the local conditions in how to manage 
stormwater that is not accommodated in pipe-/drainage solutions. In new developed areas, 
planning must proceed with caution and with respect to climate change. Stormwater flows must 
be limited by smart solutions of detention- and infiltration techniques.  

“Svenskt Vatten” conducted a list of important aspects to consider ensuring a sustainable 
stormwater management in regards to climate change (Svenskt Vatten, 2011): 

 Determine the highest possible water level, considering how the situation is enacted 
today and estimate the future increase of the water level 

 Predicting measurements in future development of urban and rural areas 

 Measurements against rising water levels in sea, rivers and lakes 

 Measurements regarding existing sewage and stormwater transportation 

 To ensure and secure a safe environment for newly constructed areas 

When applying these measurements, it is common to look at possibilities on how to delay 
stormwater. Storage of stormwater is one solution. Storages are being relied to as a security 
option in times of intense rainfall. Stormwater storages such as pipeline storage, bedrock 
storage, macadam basins or stormwater ponds are usually covered storages, except for 
stormwater ponds, which are open. These storages are often designed to have a natural fall of 
water in to the storage, otherwise, pumps are installed as a water level regulation. It is crucial to 
design the storages to accommodate overload of water as a security mechanism. This security 
mechanism could be constructed e.g. to separate the outlet point to backup systems such as 
stormwater pipelines for transportation or to close-by recipients. Flow regulators could also be 
installed to manage the in- and outflow and therefore, allowing water to pass through over a 
certain period of time. The flow regulation can be calculated by assessing the total volume of the 
storage and predicting the amount of inflow of water (Bergqvist, 2014).  
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The following equation describes how the volume of water storages can be calculated (Bergqvist, 
2014). 

𝑀𝑑𝑖𝑚 = max[𝑉𝑖𝑛(𝑡)− 𝑉𝑜𝑢𝑡 (𝑡)]    Eq.1 

Vin (t) = 10 * io * t0,28 

Vout (t) = 86,4 * qout * t 

- Vin is the actual catchment flow in m3/ha, which is coherent to the Vout, which is the 
accumulated flow in m3/ha 

- t is the block rain intensity in days 
- I0 = rain intensity when t=1 for the current return period in mm/day 
- tdim = dimensioned duration in days 
- qout = choked outflow from the facility in l/s * ha 
- Mdim= volume of the water storage facility in m3/ha 

For this calculation to have the proper outcome, there are certain requirements that needs to be 
clarified. Primarily, this calculation method is suitable for stormwater storages with slow 
drainage. Secondarily, this calculation is, accordingly to “Svenskt Vatten”, best applied to 
stormwater storages that are completely empty, before opening the water supply inlet (Svenskt 
Vatten, 2004).     

2.4 Problems with stormwater around urban & rural areas 
Increased infrastructural development has a significantly increased effect on ecosystems from 
pollution, habitat fragmentation and biodiversity loss. The root to the problem lies in the 
modification of land in association to urban and rural land change. This cause a significant 
change in the aquatic environment, when water quality deteriorates and in addition stormwater 
runoff transports quickly over impervious surfaces. It is not only the problem of increased runoff 
causing flooding if not manage correctly, the city pollutes the stormwater with contaminants of 
a variety of biological, chemical and physical pollutants originated from anthropogenic activities. 
Because of these infrastructural changes to landscapes, stormwater is now being managed and 
investigated more thoroughly (Zgheib et al, 2011).     

The reason why managing stormwater is important is to understand the impact of stormwater, 
especially the impacts in urban and rural areas. In areas with natural hydrology (e.g. forested 
areas, grassy surfaces) the rainwater infiltrates naturally in the ground. This natural process is 
driven by infiltration, the plants ability to absorb water, evaporation and transpiration 
(Melbourne Water, 2013c). However, urban and rural areas that are covered by impervious 
surfaces, enables stormwater runoff to reach the recipients faster and accumulate greater 
volumes in comparison to naturally adapted waterways (Bergqvist, 2014). The impervious 
surfaces have no or very limited percolation, and the stormwater carries sediments, nutrients, 
and toxicants in higher concentrations and masses to nearby waterways and recipients.  

The consequences of impervious surfaces are that it shortens the time for infiltration when large 
fluctuating volumes may affect the environment, subsequently, this can cause damage to the 
water quality and ecosystem health (Melbourne Water, 2013c). Thus, moving stormwater 
quickly out of the urban and rural areas are a necessity due to problems associated with flooding 
(Melbourne Water, 2013c). Stockholm is an expanding city and urbanization is growing. Surfaces 
in urban areas increases the impact of stormwater quality by the hard surfaces through 
corrosion, attrition and erosion (Marsalek et al, 2011).  
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Rural landscape usually generates more stormwater runoff, which indirectly causes an increase 
in transportation of sediment, fertilizers, nutrients, chemicals and other pollutants to recipients. 
Stormwater that transfers through rural landscape is influenced by parameters connected to the 
shape of the landscape, management practices and by land use. Development in rural areas have 
created an increased dependence on rivers and creeks due to the interruption of natural timing 
in water flows. This have led to reduced stream flows during dry periods and increased stream 
flows during intense rainfall (Melbourne Water, 2013c).  

Managing stormwater in urban and rural development creates adequate benefits. Accordingly, 
to the “Stormwater strategy”, created by Melbourne Water, improved management practices, 
regarding stormwater addresses impacts and achieves benefits such as (Melbourne Water, 
2013c): 

 Increased health in waterways and marine life 

 Increased social aspects for humans and amenity for biological species by creating 
greener urban spaces  

 Improved societal benefits with public safety, risk reduction of flooding and safer water 
recreation 

Stormwater is usually managed by municipalities, monitored by county administration board, 
framework directive and guidelines as indicational supervision.  

2.4.1 Transportation and detention of stormwater 

Furthermore, to handle stormwater in urban and rural areas, there are generally two different 
types of system thinking implemented. Either the purpose is to transport stormwater by 
underground pipes, wells or other drainage systems to nearby stormwater treatment facilities. 
Hence, limited treatment of water is done by transporting. The other purpose is to delay the 
stormwater by constructing stormwater treatment solutions at site (Pirard. J, et al, 2014). The 
storing of stormwater is done by constructing magazines, usually located underground, or build 
stormwater reservoirs or ponds for temporary storage. Hence, stormwater in water reservoirs or 
ponds receive treatment by sedimentation, biological uptake of nutrients by plants or by placing 
screens which accumulates biological materials (Blecken, 2016). Detention of stormwater is 
usually done by constructing rain gardens, swales, infiltration trenches, basins, water ponds, 
grassy surfaces, buffer strips or other kind of infiltration sources (Pirard. J, et al, 2014). The 
purpose of these constructions to receive stormwater, and let the water successively infiltrate 
the ground through filter media (e.g. layers of sand, macadam), or to let particles sediment to 
the bottom (Melbourne Water, 2013c). The individual treatment method is further explained in 
chapter 3.  

2.4.2 Stormwater – Rain intensity 

When managing stormwater it is important to conduct management plans accordingly to the 
rain intensity occurring. The rain duration is an important parameter to investigate when 
comparing different rain periods (Svenskt Vatten, 2016). If rain, with the same return time, falls 
during a shorter period of time the volume of water becomes larger compared to rain falling 
over a longer period of time (Dahlström, 2006).  

For instance, if a 30mm rain falls in a period of 10 min, it is equal to what is called a 100 years’ 
rain. The actual meaning of this is that this type of rain will have a return time of a 100 years. 
However, if the time of the same amount of rain falls during a period of 30 or 40 min it is 
referred to as a 20 years’ rain (Svenskt Vatten 2016). The return time over rain events are based 
on data collected from rainfall measuring instruments, which then determines the actual return 
time. The intensity of rainfall will probably increase concurrent to climate change (Svenskt 



11 
 

Vatten, 2016). To determine changes in rain patterns, it is required to utilize observation 
periods, far longer than the average return time (Svenskt Vatten, 2016). However, the rainfall 
follows a randomize pattern, which means that a 100 years’ rain can occur tomorrow, and could 
also eventuate within a short period. Hence, the probability of a 100 years’ rain to occur each 
year has a 1 % chance, thereby, very unlikely (Svenskt Vatten, 2016).   

2.4.3 Calculation of stormwater flows 

When calculating the stormwater runoff, there are certain parameters that needs to determine. 
To calculated the runoff proportion at a specific location parameters such as; rainfall intensity, 
area, settlement outlay, soil gradient and characteristics are important to take under 
consideration. The calculation can proceed with the rational calculation method of stormwater 
runoff (Svenskt Vatten, 2016).  

The equation progress as followed (Svenskt Vatten, 2016): 

𝑞𝑑𝑎𝑔 𝑑𝑖𝑚 =  𝐴 ∗  ϕ ∗  𝑖(𝑡𝑟) ∗ 𝑘𝑓     Eq.2  

- 𝑞𝑑𝑎𝑔 𝑑𝑖𝑚 = dimensional flow [l,s] 

- A = runoff area [ha] 
- ϕ = runoff coefficient 
- 𝑖(𝑡𝑟) = the dimensional rainfall intensity 

- (tr) = the duration of rainfall, which in this case is equal to the areas time of 
concentration tc [min] 

To choose to correct dimensional rainfall intensity, there are approximate water flows for pipes 
and trenches. Regular pipe has the general speed of 1.5 [m/s], for tunnels and larger pipes 1.0 
[m/s], for trenches and gutter 0.5 [m/s] and for ground characteristics 0.1 [m/s] (Svenskt Vatten, 
2016). The runoff coefficient (ϕ) can be determined through evaluating which type of area the 
water will run over. The runoff coefficient is chosen from an interval between 0-0.9. In general, a 
higher runoff coefficient, the faster the runoff of stormwater from that specific area is 
performed. For instance, a roof, with a high declining gradient, covered with metal sheet will 
generally possess a high runoff coefficient close to 0.9. Thus, for flat areas, such as densely 
vegetated forests or parks, the runoff coefficient will have a low value close to 0 (Svenskt Vatten, 
2016).  

2.5 Common substances in stormwater 
Evaluating the substances contained in stormwater could be a tough challenge, since it can 
contain literally anything depending on where the water originates from. However, the 
substances in stormwater from urban areas mainly originates from vehicle emissions, spills, 
construction material, international industry, and runoffs from roads, roofs and other hardened 
areas (Kangas, D, 2016). The European Parliament conducted a list of prioritized substances in 
stormwater (Zgheib et al, 2011). There is a total of 33 prioritized substances and 14 of these are 
listed as prioritized dangerous substances as can be viewed in Table 1 (Rent Dagvatten, 2017).  

In excess of these prioritized and prioritized dangerous substances there are organic halogens, 
phosphate, tin compounds, metals, arsenic compounds, oxygen depleting substances, cyanides, 
suspended substances, bioaccumulating toxic substances (Svenskt Vatten, 2011) and other 
eutrophicating substances that resides. Another important aspect when evaluating substances in 
stormwater are heavier material residues such as, cigarettes, plastics, detergents, oil, leaves, 
animal droppings and soil erosion (Svenskt Vatten, 2011). These larger bits and pieces are also 
contributing to contamination. However, larger pieces as mentioned above can be caught in 
lattices and coarser treatment measures.  
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Table 1. A list of prioritized dangerous substances in stormwater from the European Parliament (Rent Dagvatten, 2017, 
permission to reproduce). 

Prioritized Dangerous Substances 

1 Anthracene (PAH) 
 

8 Hexachlorocyklohexane 
 

2 Brominated difenyl ethers (PBDE) 
 

9 Quicksilver 

3 Cadmium 
 

10 Nonylphenol 
 

4 Chloralkanes 
 

11 Octylphenol 
 

5 Endosulfan 
 

12 Pentachlorobenzen 
 

6 Hexachlorobenzen 
 

13 Polyaromatic hydrocarbons (PAH) 
 

7 Hexachlorobutadien 
 

14 Tributyl tin compounds (TBT) 
 

 

The quality of stormwater has a wide variation, all depending on where the measurements takes 
place (Zgheib et al, 2011). Therefore, performing an accurate estimation of what type of 
contaminants the stormwater withholds could be difficult. One must view the circumstances 
regarding the runoffs and keep certain aspects in regard (Kangas, 2016). Aspects such as: 

- What polluting sources are nearby 
- Evaluating the traffic loads 
- Estimate the amount of rainfall 
- Vegetation 
- Impervious surfaces  

Stormwater can come in a variety of content and substances depending on the origin of the 
water. A large portion of these substances are listed in the EU: s list of prioritized substances, 
subsequently in the need to be phased out or be kept at minimal content level (Svenskt Vatten, 
2016). The origin of substances depends on chemical, biochemical and physical interaction 
processes by the environment on the subsurface and the degree of contaminants (Bergqvist, 
2014). The most important contaminants to bring attention to in stormwater, especially urban 
stormwater, are organic pollutants, total suspended solids (TSS), heavy metals, and nutrients. 
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Description and indication of the common pollutant category is shown in Table 2 (Barbosa et al, 
2012). 

Table 2. Categorized pollutants in stormwater (Barbosa et al, 2012, permission to reproduce). 

Categorized pollutants 
in stormwater 

Measuring 
parameters 

Sources Properties 

Organic pollutants PAH, PCB, MTBE Originates from 
incomplete fossil fuel 
combustion, abrasion of 
tire, asphalt pavement 
and atmospheric 
deposition. 

PAH is cacogenic and toxic 
and indicates the 
environmental status of the 
stormwater. Important to 
prevent pollution upstream.  

Organic compounds Biological oxygen 
demand (BOD), 
Chemical oxygen 
demand (COD) 

Organic matter such as 
leaves, logs, animal 
feces or dead animals 
(slow biodegradable 
rate).  
Nitrate, carbon dioxide, 
sulphate   

Compounds oxidizing to 
stable compounds when 
organic matter is 
decomposed. Dissolved 
oxygen as oxidizing 
compound. BOD, COD 
important parameters when 
evaluating stormwater 
quality.     

Suspended solids (SS) TSS Original source from 
pavement wear, 
construction sites, 
atmospheric fallout, 
anthropogenic wastes 

Inorganic- and organically 
suspended solids in water. 
Heavy metals can bond to 
particles smaller than < 63 
μm, enabling long distance 
transportation in 
stormwater. SS is used as an 
indicator for stormwater 
quality. 

Heavy metals Cu, Zn, Cd, Ni, Cr, 
Pb 

Originally derived from 
buildings, roofs, waste 
products and vehicle 
parts and components. 

Dangerous due to toxicity for 
human, animals and 
environment. Accumulation 
occurs downstream 

Nutrients Common: 
Nitrogen (N) & 
Phosphorus (P) 

Fertilizers and 
atmospheric deposition 

 

Causes eutrophication 
problems, odors and water 
discoloration, algal blooms 
and overgrowth.  

 

2.6 Sources of pollutants 
The sources of pollutants in urban stormwater can be identified by three main categories 
consisting of: atmospheric deposition, catchment surface attrition/elution and urban land use 
activities (Marsalek et al, 2011). 

2.6.1 Atmospheric deposition  

There are two types of atmospheric deposition, wet and dry. Wet atmospheric deposition is 
particulates and dissolved chemicals located in the air, which are trapped and dissolved by falling 
rain drops (Marsalek et al, 2011). Dry atmospheric deposition includes materials deposited on 
urban surfaces by human activities. The amount of atmospheric deposition can vary depending 
on the weather patterns both locally and globally (Bergqvist, 2014). About 40 % of the total 
nitrogen (TN), 28 % of total suspended solids (TSS), 25 % of Copper (Cu), 22 % of Zink (Zn) and 5 
% of lead (Pb) is deposited through atmospheric deposition. The main sources of Copper, Lead 
and Zink in urban stormwater comes from buildings, traffic and other sources. Around 22 % of 
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Copper deposition comes from buildings, and 33 % from traffic (Marsalek et al, 2011). Deposition 
of Lead is roughly around 40 % from buildings and 22 % from traffic and Zink has the largest 
contribution from buildings by roughly 60 % and 22 % from traffic loads (Marsalek et al, 2011). 
The rest of the total deposition for each respective substance, comes from other sources.  

2.6.2 Catchment surface attrition/elution 

Polluting sources from catchment surfaces are defined as materials such as soils and any type of 
structure located in the catchment, which is exposed to rainwater or stormwater. The rain 
drops, wind and weather has an abrasive effect causing materials to erode from soil surfaces, 
attrition from pavements and vehicular traffic and corrode from buildings and structures. Eroded 
soil contributed with large quantities of TSS in urban runoff and slightly less in rural runoffs. 
However, soil erosion is a natural process, thus, it is still problematic, especially in urban areas 
where an increased infrastructure development causes an intensification, which leads to 
stripping of land and vegetative covered areas. This is replaced by pavements, buildings and 
roads (Marsalek et al, 2011).  

Increasing the un-natural soil erosion rates causes bare soil to be exposed to rain drops (this is 
also referred to as sheet erosion). This provides an increased capacity of eroded material being 
transported to downstream to waterways and recipients (Marsalek et al, 2011). Sources of heavy 
metals and other chemicals are contributed from corrosion/elution from buildings and 
structures. Especially Copper and Zink have an intense corrosion rates as they are used as alloys 
and attrition slowly from rooftops and other construction including these elements. The monthly 
corrosion rate of copper ranges from 80 to 390 mg/m2/month and for Zink, 200 to 750 
mg/m2/month (Marsalek et al, 2011).  

2.6.3 Urban and rural land use activities  

Land use activities includes applications from residential land use (chemicals for gardens, grass 
clippings, litter, garbage and pets), open spaces and parks (pesticides, fertilizers and pets), 
traffic, and winter road maintenance (heavy metals, oil, grease, chemical spills, PAH sand, and 
salt). Specific pollutants, heavy metals and PAH (mentioned in section 2.2 and Table 2), have 
received a lot of focus and attention due to its long-term dangerousness (Marsalek et al, 2011). 
It could be difficult to distinguish sources from land use activities from atmospheric deposition 
or catchment surfaces. However, they are brought up under this category because they involve 
or are included in additional materials, which are atmospheric deposited or introduced by 
catchment surfaces (Marsalek et al, 2011). These materials can be reduced by overviewing 
where they are applicated. Hence, fertilizers and road salts are often being used in larger 
quantities than needed to make sure that the outcome effect is accommodated (Marsalek et al, 
2011).   

Pollutants from these sources can be accumulated on catchment surface during dry periods. 
When rain drops fall, it loosens the pollutants from its surface and are being transported with 
the runoff to nearby storm water treatment or open recipients (Marsalek et al, 2011). 
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Chapter 3 – Description of common Stormwater 

accommodations 
There plenty of different stormwater accommodations and solutions available. This report will 
provide a general description of: 

 

The stormwater accommodations in the bullet point list assigned with (*) indicates which 
accommodations that will be included in the MCDA conducted in chapter 4.  

3.1 Rain garden – Technical description  
Rain garden, also known as bioretention system, is a stormwater accommodation system 
designed to collect and filter stormwater from close by areas by runoff or with connected wells 
and pipes. The rain garden treats the stormwater from contaminants by chemical, physical and 
biological processes (Blecken, 2016c). The key components in a rain garden or a bio retention 
system is soil (loamy sand) or an artificial media as filter material, plants, microbes which has the 
purpose of biologically clean the stormwater (Blecken, 2016c). The general design of the rain 
garden as seen in Figure 4 consists of a pond located below an overflow protection. Below the 
pond is the filter media, which has the purpose to clean the water as it percolates through the 
filter media. The filter media should be at least >0,5m to give the adequate time for particulates 
absorb and enough time for the plants to pick up nutrients (Blecken, 2016c). The soil and the 
plants in the filter media collaborates and removes pollutants from the stormwater. Beneath the 
filter media is the submerged zone, consisting of sand and a carbon source (Melbourne Water, 
2013a). The final two bottom stages consist of the transition layer (coarse sand) and the 
drainage layer (gravel). Beneath the drainage layer are a collection pipe which transport the 
treated stormwater out of the rain garden.  

3.1.1 Designing a Rain garden 

An important factor when designing a rain garden is to approximate the amount of storage 
volume required in the pond to percolate in less than 48h. If, however, the water in the storage 
volume does not infiltrate the filter media in less than 48h it indicates that the media may be 
clogged. This can cause the surrounding area to be flooded with untreated stormwater. If the 
water in the storage volume infiltrates the filter media in less than 6h, it indicates that 

Raingardens* 

Stormwater ponds* 

Infiltration trenches* 

Wells 

Swales  

Screen basins 

Pipe-/concrete magazine 
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macropores has been formed, which enables the water to seek its way through the filter media 
with reduced treatment and could connect to the ground water or outlets untreated (Erikson, J. 
et al., 2013).  

If one wants to investigate the rate of infiltration in the filter media, one must inspect the 
properties of the soil. By checking the moisture content, color, texture and density and 
assimilate these properties to a saturated hydraulic conductivity factor (Ks). The Ks factor can be 
estimated from the soil texture (Erikson, J. et al, 2013). Figure 3 describes a general design of a 
rain garden with an overflow regulator at the top, filter media and a submerged zone beneath 
the pond.  

 

Figure 3. General design outlay of a rain garden. 

Figure 3, shows one example of how a rain garden can be constructed. The pond in the picture 
display temporary water storage during intense rainfall. Beneath the pond is the filter media 
consisting of loamy sand, the submerged zone, transition layer and drainage layer. A collection 
pipe can be installed to transport treated stormwater. 

Figure 7. General design outlay of a Rain garden (Melbourne Water, 2013a). 

3.1.2 Advantages and Disadvantages with Rain gardens 

The main benefits with the rain garden is that it provides the city with greenery, separates solid 
contaminants, efficient oil residue breakdown. The disadvantages of a rain garden are that it 
incorporates a relatively large area, which could be problematic where space is limited. 
However, smaller types of rain gardens can be designed, implemented and adjusted to suit the 
specific site characteristics if needed. The attendance cost for the rain garden to withhold its 
esthetic value and maintain its function correspond to the same attendance cost for a plantation 
with perennial plants (Melbourne Water, 2013a).  

3.1.3 Suitable locations 

Suitable locations to deploy rain gardens are urban areas, more specific the streets and roads, 
between pavements and traffic loaded roads, where the road has its low point (e.g. 
intersections). These rain gardens are referred to as streetscape bioretention systems and are 
designed with a filter media of 5-50 m2 (Healthy Waterways, 2014). There are no general size 
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requirements for these streetscape bioretention systems, the importance is to adjust the layout 
and size to fit footpaths and road pavements (Healthy Waterways, 2014).  

Other suitable locations to deploy raingardens in the urban areas are civic spaces, public areas, 
adjacent parkland areas and natural areas (Healthy Waterways, 2014). 

3.1.4 Different types of rain gardens/bio retention plants 

Rain gardens or bioretention plants can have different configurations depending on what area is 
most suitable (as described in section 3.1.1 in this report). The general types of configurations 
are (Healthy Waterways, 2014): 

 Bioretention basins 

 Bioretention swales 

 Biopods 

 Bioretention street trees 

The bioretention basin, is generally described as an end-of-pipe solution and can be constructed 
in various sizes, ranging from 100-800 m2 of filter media surface. The most common locations for 
these bioretention basins are parkland- or natural areas, where space is not the limiting factor. 
The main purpose of the bioretention basin is to esthetically fit in to the natural environment 
with smaller tweaks and adjustment to the vegetation and surfaces to collect water runoffs 
(Healthy Waterways, 2014). Bioretention swales as illustrated in Picture 1, is a retention system 
with the purpose to treat and detain stormwater. The design of these swales for the surface 
media to be able to collect stormwater must be sloped between 0.5-2% with a general width of 
600-2000mm wide. The typical locations for the bioretention swales are road reserves, parklands 
and smaller catchments.  These swales are constructed with densely planted greenery, trees and 
plants for water delaying purposes (Healthy Waterways, 2014). 

 

 

Picture 1. Bioretention Swale (Rogersoh, 2010, permission to reproduce) 

Picture 2 shows a rain garden implemented in a parking lot. There are several types of diverse 
plants used in this case, and they are not densely planted. This shows that the rain garden can be 
designed shapes and forms to fit the specific site.   
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Picture 2. Rain garden implemented at the corner of a parking lot (Ash, 2007, permission to reproduce). 

Biopods are referred to as an at-source stormwater collection system. The idea of this 
bioretention system is to collect stormwater from hardstand areas. These systems are generally 
smaller compared to other bioretention systems, >50 m2. The biopod provide a visual aesthetic 
alteration to the streets. The typically greenery used for biopods are shrubs, grass and sedges 
(Healthy Waterways, 2014). 

Bioretention street trees as illustrated in Figure 11, are much like biopods, an at-source 
stormwater accommodation, utilizing a combination of systems, integrating a bioretention 
system and a street tree. The bioretention street trees accommodations are usually small 
systems using trees suitable for the area. Shrubs, grass and sedges could also be implemented 
for aesthetic reasons and to help with percolation of the filter media (Healthy Waterways, 2014). 

3.1.5 Pollutant removal efficiency 
The rain garden has a varied pollutant removal efficiency. The removal efficiency is provided in 
percent; total suspended solids (80 %), Lead (80 %), Cadmium (85 %), Zink (85 %) and for poly 
aromatic hydrocarbons, PAH, (85 %) accordingly to StormTacs database (StormTac, 2017). Rain 
gardens does also remove nitrogen (40 %), phosphorus (65 %), Quicksilver (50%), Copper (65 %) 
and oil (60 %) (StormTac, 2017).  

3.2 Swales – Technical description 
Swales is another type of stormwater accommodation with the purpose of removing coarse to 
medium sized sediments and to transport and delay stormwater. Swales are usually combined 
with other types of stormwater accommodations such as; rain gardens (bioretention systems) 
and buffer strips and could be connected with underground pipe drainage systems. Swales are 
usually located a long side of footpaths, residential areas and roads (WSUD, 2010).  

The key functions that swales will provide (WSUD, 2010): 

 Filtration of stormwater through vegetation to intentionally remove coarse to medium 
sized sediments, suspended solids and pollutants attached. 

 Reducing and delaying runoff by infiltration and reduced flow velocities 

 To provide a functional pre-treatment of stormwater to other treatment 
accommodations (bioretention systems, sedimentation basins or wetlands). 
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 Provide an aesthetical value, both functional and visual, incorporated to residential 
areas, parks, roads and footpaths allowing pedestrian crossings 

There are different types of Swales, which are described further down in the report (different 
types of swales). In a general description, swales are constructed within a slope to utilize 
overland flow of water, with the intention to slowly percolate through the filter media, which in 
this case is the vegetation and soil. The sizing and the amount of vegetation in swales could vary, 
mostly depending on the location, area scale and esthetics (Pirard, J. et al, 2014).  

Heavily vegetated swales, suit areas where similar vegetation is heavily dense, and grass mown 
suit areas in streets, parks or residential areas. Picture 3 shows a typical swale in the center of 
the picture, with grass lawn located on either side of the swale. 

 

 

Picture 3. Grass Swale with mown grass on each side, located in a park near a residential area (Persson, 2011, permission to 
reproduce). 

Buffer strips (also referred to as buffers) are vegetated areas connected to the swales with the 
intention for water runoff to pass over before ending up in the discharged area. The intention of 
a buffer strip is also to remove sediment (at a slow phase) together with nutrients and 
hydrocarbons, commonly used as swale edges (WSUD, 2010).  In Figure 9, the buffer strips are 
the grass located on both sides of the swale. Buffer strips provides several important functions 
as they; remove sediments, reduce (velocity) and delay runoffs, (effective pre-vegetated area to 
swales and other stormwater accommodations (WSUD, 2010).  

3.2.1 Designing Swales 

The technical difficulty for the landscape designing of a swale is to ensure that the runoff is 
slowly moving over the filter media, giving it enough time for percolation. However, swales 
alone will not provide sufficient treatment to meet the requirements to treat stormwater, but 
will in combination with other treatment methods provide a pretreatment measure, well 
corresponding to the WSUD measurements (Water Sensitive Urban Design) for water quality 
objectives (WSUD, 2010). Figure 4 shows a simple schematic design over a typical swale with 
planting areas and filter media at the center of the slope.  
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Figure 4. A simple schematic design of a swale with two diverse types of layout.  

The hydraulic construction of swales is usually designed with a longitudinal width far longer than 
the broadness. Therefore, swales are suitable to use for smaller scale catchments and could be 
as large as 1-2 ha (Healthy Waterways, 2006b). In urban areas, swales are usually smaller and 
individually divided, mostly because of interruptions by roads, pavements, intersections and 
other obstacles. Hence, designing a swale larger than 1-2 ha could compromise the depths and 
velocities of the water and this will indirectly lead to a reduced water quality. Keeping the slope 
with enough inclination (typically between 1 to 4 %) depending on the area of location, will 
ensure a frequent flow of water without risking the swale to become waterlogged and have 
stagnant ponding (Healthy Waterways, 2006b). 

Something to keep in consideration when designing swales are planned interruptions such as; 
pathways, roads or driveways crossings. Crossing of any kind could be elevated to reduce 
interruptions of the swales (WSUD, 2010). However, this report will not go in to details about 
crossings or intersected interruptions in the construction of swales.   

3.2.2 Advantages and Disadvantages with Swales 

There are some adequate benefits and drawbacks with swales. In general, it comes down to 
several key factors to keep in consideration when constructing swales – location is one of them. 
Other key factors are; design parameters such as length of the swale, vegetation height, 
infiltration capacity and the concentration of pollutants in the water. Thus, other parameters 
such as geographical location (amount- and frequency of rainfall) and soil properties are 
relevant. 

Selected and highlighted main benefits and drawbacks can be viewed in the list below (WSUD, 
2010). 

Advantages of swales: 

 Reducing the flow load on the stormwater network 

 Contributes to stormwater treatment 

 Keeping the stormwater shallowed 

 Aesthetically appealing if maintained regularly  

 Low capital costs when comparing to piped systems 
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 Increased biodiversity  

 Simple to integrate when planning construction 

Disadvantages of swales:  

 Difficulties to measure the degree if purification 

 In case of heavy rainfall there is a risk of flooding and washouts of polluted water 

 Suitable for slopes less than 4-5 % 

 High maintenance requirement 

3.2.3 Suitable locations 

Swales are suitable as a subunit in connection to other stormwater accommodations. The most 
common place to encounter a swale is alongside footpaths, median strips or through parks or 
residential areas. They could also be implemented in allotment areas, but are generally 
applicable to low density areas around roadway verges or flows in larger open spaces (WSUD, 
2010).   

3.2.4 Diverse types of Swales  

Swales can be constructed in several types of design, only the imagination is the limitation. Thus, 
swales are commonly used in both urban and rural areas and would preferably demand a high 
aesthetical appealing, demanded from the society. Diverse types of vegetation could be used as 
screening area. Turf, grass and sedges in combination with diverse types of bushes and trees are 
commonly used (Healthy Waterways, 2006b). Densely vegetated swales are commonly used in 
urban districts, with minimal maintenance requirements. Although they have a higher hydraulic 
roughness, it suits urban areas with highly polluted stormwater (Healthy Waterways, 2006b). 

3.2.5 Pollutant removal efficiency 

The pollutant removal efficiency of swales is provided in percent and the variation in degree of 
purification is stated as followed; total suspended solids (70 %), Lead (70 %), Cadmium (65 %), 
Zink (65 %) and for poly aromatic hydrocarbons, PAH, (60 %) Nitrogen (40 %), Phosphorus (30 %), 
Quicksilver (15 %), Copper (65 %) and oil (85 %) accordingly to the StormTac database (StormTac, 
2017).  

3.3 Stormwater ponds – Technical description 
Another common stormwater accommodation is the water ponds, generally located outside the 
dense urban areas, where space is not limited. Water ponds are designed to manage large 
volumes of stormwater and is considered an end-of-pipe solution for treatment (Blecken, 
2016b). Stormwater in water ponds can be stored up to several days and in some cases all year 
around. This enables treatment through several different processes, where sedimentation and 
separation of particles is the most common and important process (Blecken, 2016b).  
Stormwater ponds can be constructed as detention- and retention ponds. Detention ponds are 
referred to as dry ponds and retention ponds are referred to as wet ponds.  

The technicality of a water pond is constructed with particularly two key features, the inflow and 
outflow from the pond (Blecken, 2016b). Hence, these features are important for sedimentation 
reasons (Blecken, 2016b). Close to the inflow, coarse sediments will descend to the bottom. As 
the momentum of water through the inlet, in correlation to gravity causes a rotation of the 
stored water, further down, close to the outlet in the water pond, finer sediment will eventually 
descend as can be viewed in Figure 5 (Blecken, 2016b).  
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Figure 5. Schematic picture over the principal of sedimentation occurring in water ponds.  

Sediment larger than 125 μm are suitable for water ponds, considering aspects such as; time 
allowed for particulates to sediment in correlation to particle size (Blecken, 2016b). Particles 
smaller than 125 μm will require longer time to sediment because they are lighter, therefore, 
other treatments might be suitable such as filter and membrane separation for finer, small 
particulates (Blecken, 2016b). To sustain the long-term functionality of the water pond, it is 
crucial to provide the pond with regular maintenance to drain the pond of sludge and 
sedimentation (Blecken, 2016b). 

3.3.1 Designing Water ponds 

The most important features regarding the design of water ponds are to investigate the 
hydraulic structure of the pond. In general, the pond needs to have a certain design to 
accommodate the inlet and outlet together with thorough calculations and estimates of the 
amount of rainfall yearly so that the control- and storage volume are properly designed for its 
purpose.  

Water ponds usually have a pre-sedimentation pond, which allows coarse sediments to be 
trapped and indirectly reduce the load and maintenance requirements of the main pond. The 
pre-sedimentation area is generally designed to be 10 % of the total pond (Blecken, 2016b).  

Important factors to keep under consideration when designing water ponds listed below. Hence, 
hydraulic efficiency is dependent on all the mentioned factors. (Blecken, 2016b):  

 Water pond profile – depth, flat or angled bottom surface area 

 Relationship between length and width 

 Design configurational form (curves, circular, triangular or rectangular) 

 Vegetation 

 Placement of inlet and outlet to the pond 

3.3.2 Advantages and Disadvantages with Water ponds 

The general benefits of water ponds are the accountability it provides, regardless if constructing 
a retention- or detention pond. Detention ponds are relatively easy to maintain since the wont 
hold water for an extended period of time, which increases accessibility to bottom surface, in 
contrary to a retention pond.  

Specific advantages of detention ponds (Susdrain, 2012): 

 Suitable for intense rainfall 

 Simple to design and construct 

 Enables visibility of accidental spillage  
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 Easy maintenance requirements (however necessary regularly) 

Specific Disadvantages of detention ponds (Susdrain, 2012): 

 From a design perspective; detention depths may be constricted in correspondence to 
system inlet and outlet levels. 

 Relatively small reduction of runoff volumes 

Specific advantages of retention ponds (Susdrain, 2012): 

 Efficient removal of urban pollutants 

 Increased urban aesthetical value 

 Community acceptability 

 Efficient stormwater management during intense rainfall/storms 

Specific disadvantages of retention ponds (Susdrain, 2012):  

 No reduction in runoff volume 

 Require continuous inflow of water to prohibit anaerobic conditions 

 Not suitable for uneven ground levels 

 Increased maintenance might be required in dense areas adding external costs for 
fencing and isolation of the pond to prevent health and safety risks  

In Sweden, there are hydrological changes occurring during climatological seasons. During the 
winter, there are longer periods of runoffs due to snow melt, resulting in intense loads of 
stormwater volumes during shorter periods of time. This can lead to a decrease in pollutant 
removal efficiency (Blecken, 2016b).  

This scenario could be problematic, due to temperature differences. If the temperature in the 
pond is higher than the temperature of water at the inlet, it causes differences in density and 
might disturb the sedimentation efficiency. Sediment might return to suspended solids (Blecken, 
2016b).  

3.3.3 Suitable locations 

Retention ponds are most commonly used in Sweden. Since this kind of stormwater 
accommodations require a relative large land area for implementation, in comparison to other 
accommodations, recommended location for use is rural areas and in some specific cases, urban 
districts.   

3.3.4 Different types of Water ponds 

Water ponds could be designed differently depending on requirements such as; location and 
intensity of rainfall. Generally, there are two kinds of water ponds, dry pond (detention pond) 
and wet pond (retention pond). The wet- and dry pond is displayed in picture 4. The sole 
purpose of these accommodations relies on the same runoff treatment – to settle suspended 
sediment. The idea of a retention pond is to possess a permanent pool of water, with the 
intention to have fluctuating water levels in accordance to precipitation and runoff from 
connected areas. The detention water pond is however uncommon in Sweden, where retention 
ponds are more commonly constructed. Detention pond (also referred to as dry pond) is another 
type of water pond with the purpose of holding water in a shorter period. The time interval for 
temporarily storage of water could be roughly 24 hours.  

Both types of water ponds assist with flood management and provides water quality 
improvements. Since retention ponds allow water to stay in the pond continually, consequently 
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it allows for additional biological benefits to assist the water quality, with a higher degree of 
nutrient and nitrogen uptake by the plants. Hence, nitrogen in its chemical form is usually not 
particle bonded and require anoxic conditions and a carbon source for uptake, it has a low 
sedimentation degree. But having a well nutritious vegetated retention pond it allows for a 
certain degree of nitrogen uptake (Laramie County Conservation District, 201-).   

 

Picture 4. Shows a wet pond to the left and a dry pond to the right. Photos taken by Martin Jonsson. 

3.3.5 Pollutant removal efficiency 

Water ponds separates pathogens, nutrients, metals and other particulates. In general, water 
ponds tend to have a varied separation efficiency of pollutants. Estimated purification degrees 
for suspended solids lies between 65-85 % and roughly 70-90 % for heavy metals. It is crucial to 
plan and construct the water ponds to optimize the purification depending on the location and 
evaluate the common pollutants in the stormwater at a specific location. Estimates could be 
based on areas, such as; nearby roads, parks, district location and weather patterns.  

The pollutant removal efficiency of wet ponds is provided in percent; phosphorus (35 %), 
nitrogen (35 %), Lead (50 %), Copper (5 %), Zink (35 %). Data for the pollutant removal efficiency 
of Cadmium, Chrome, Nickel and Quicksilver is uncertain and therefore not provided for the wet 
pond. The pollutant removal efficiency of dry ponds is; Phosphorus (20 %), Nitrogen (25 %), Lead 
(80 %), Copper (30 %), Zink (45 %), Cadmium (80 %), Chrome (45 %), Nickel (60 %), Quicksilver 
(10 %) and total suspended solids (55 %) accordingly to the StormTacs database (StormTac, 
2017).  

Regular maintenance is required to sustain the pollutant removal efficiency. If the ponds are not 
regularly maintained, nutrients can accumulate in the pond and cause a degraded, close to 
anoxic condition, increasing algal bloom and odors. This could eventually become a source of 
water quality issue and damage close-by habitats, aesthetics and prohibit biodiversity. 
Maintenance require removal of clogging at in- and outlet of the pond in combination with 
sludge management (U.S EPA, 2009). Water ponds are generally designed with a sediment 
storage capacity of 5 years (Healthy Waterways, 2006c).  

3.4 Stormwater wells – Technical description 
Wells, commonly used as a transporting system of stormwater, are used extensively throughout 
Sweden. There are several different designs, layouts and functions for wells to accommodate 
stormwater from urban runoff and impervious surfaces. Primarily, bored wells, dug wells and 
improved sinkholes are the general constructed wells used in the street in connection to 
stormwater drainage (EPA, 2017). Stormwater wells are also used in other treatment systems, 
for instance, lakes, ponds, reservoirs and basins as a “lake level control well”. The purpose of this 
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type of subsurface stormwater disposal, is to implement wells in areas that have poor surface 
drainage and intermittent during intense rainfall. The result of poor drainage usually connects to 
urban, rural and agricultural activities, where topography, certain soil characteristics or lack of 
natural infiltration occurs (EPA, 1999).   

Wells in urban districts are connected to pipes and transports stormwater to facilities for 
treatment, usually in combination with sand entrapments. Sand entrapments are used to 
separate fractions of coarse sediment and require regular drainage or flushing to keep the 
functionality of the sand filter. Sand filters are placed beneath the grid of the well. Wells offers 
pre-treatment of stormwater but cannot be considered a completed treatment system (EPA, 
2017).  

Stormwater drainage wells used to be constructed with concrete, but the duration of this 
material is considered less if compared to plastic pipe construction, such as PP, PE and PVC. 
However, recently a regulation has been implemented to prohibit PVC as a material in 
Stockholm conducted underground that affects stormwater drainage. The regulation involves 
that any material can be used as long as it has a duration >100 years and is not environmentally 
harmful.  

Supervision wells are used for inspection purposes to investigate durability and eventual damage 
caused to the pipes. These types of wells need have a dimension of at least 1000mm to allow 
human inspection. Regulatory wells consist of smaller dimensions with the purpose for human 
inspection to check for durability, maintenance requirements and eventual damage caused to 
the pipes. A regulatory well does not allow for human descending, rather as distant visual 
inspection. Although, technology has improved and fiber optic cameras are used for inspection, 
less human inspections are conducted in the current situation.  

3.4.1 Designing Wells 

Designing the stormwater wells in urban areas, are often dependent geology aspects; how close 
the bedrock is to the surface is one example. The depth of a drainage well could range from half 
a meter up to several meters in depth. Site specific characteristics is a common feature when 
designing stormwater drainage wells (EPA, 2017). 

In USA, there are different classifications of wells varying from Class I-Class VI. These 
classifications are important in infrastructure development and serves different purposes (EPA, 
2017).  

 Class I –Municipal waste disposal 

 Class II – Oil and Gas related disposal 

 Class III – Used for mining injections 

 Class IV – Hazardous and radioactive injection wells 

 Class V – Non-Hazardous fluids in and above underground sources of drinking water 

 Class VI – Geologic sequestration of carbon dioxide 

Class V wells are used for stormwater drainage, septic system leach and agricultural drainage 
(EPA, 2017). However, in Sweden, the problem is solved by not allowing stormwater runoff to 
directly connect to drinking water without perceiving treatment. Therefore, do stormwater wells 
in Sweden diverts stormwater from streets, parking lots, streets and other hardened surfaces to 
the network connection of stormwater management.  
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3.4.2 Advantages and Disadvantages with Wells 

Wells can achieve flow losses when the pipe is filled, this is caused by the level of pressure which 
is increased upstream, once the pipe is filled. The increased pressure is relatively low, however 
when all the pipes are filled, the pressure adds up in the stormwater pipe system and can 
become a crucial factor upstream in the system (Svenskt Vatten, 2011).  

Advantages of stormwater wells (Svenskt Vatten, 2011): 

 Wells are usually connected through a large pipe grid, especially in urban areas and will 
transport water quickly to appropriate stormwater treatment facilities 

 Rapid dissipation of stormwater  

Disadvantages of stormwater wells (Svenskt Vatten, 2011): 

 Flow losses can cause an increased pressure level and could be problematic upstream 
and cause flooding 

 Stormwater wells do provide no, or limited treatment to stormwater. However, it serves 
a great purpose to transport stormwater  

3.4.3 Suitable locations 

Stormwater wells are most commonly used in a large combined network to transport 
stormwater rapidly in urban-, rural areas and in combination with stormwater accommodations 
to transport and detain stormwater. Since the purpose of stormwater wells is to transport 
stormwater during intense rainfall as quickly as possible. Therefore, are stormwater wells usually 
constructed in areas, where the infrastructure has developed in rapid phase and lack of natural 
stormwater treatment or other types of stormwater accommodations are lacking adequate 
sustainable solution.  

3.4.4 Diverse types of Wells 

In general, when constructing pipe network of diverse types (stormwater, water and sewage 
pipes), pre-fabricated wells are commonly used. supervision-, regulatory wells, strainer wells, 
sand traps, drainage water wells, percolation wells, separation wells, wells for pump stations and 
raise wells are used to improve the development of infrastructure in regards of stormwater and 
water and sewage management. In Sweden, stormwater managed by wells are usually 
transported via the water pipe network. The water pipe network is divided into different zones 
called normal zone (water fed directly from water treatment plant or reservoirs), high zone 
(water fed by pressure boosted systems), and reduced zone (defined areas, with water fed from 
high zones via reducing valve) (Stockholm Vatten, 2006). The pipes in the water pipe network are 
divided further in the main pipe network, distribution pipes, and service pipes (Stockholm Vatten, 
2006). However, the reason why the pipe network is managed in this particular way has to do 
with geotechnical properties. In Sweden, there are rigorous rock types, making it too expensive 
to have other types of solutions. Another example of stormwater wells used in USA are; dug 
wells, bored wells and improved sinkholes to manage stormwater (EPA, 2017).  

A dug well is a common and most preferable type of drainage-well system used throughout cities 
in USA, because of the level of adjustments that can be implemented when constructing a dug 
well. Stormwater enters the well and is filtered through a vadose zone soil before further 
management, which is crucial as a treatment aspect. This helps to reduce the contaminants as 
the water infiltrates the ground. The efficiency of reduction depends on physical and chemical 
characteristics of each specific contaminant (EPA, 2017).  
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Bored wells, offers limited treatment of stormwater and are purely used as a transporting 
system of stormwater. Bored wells are usually 10-15 meters in depth and allows stormwater to 
pass through a screen, which filters stormwater from larger bits and pieces, water then runs 
through the well into an underlying aquifer (EPA, 2017). 

Improved sinkholes are efficiently used in rural areas where space is not limited. This type of 
construction can manage large volumes of water and is a cost-effective method, most commonly 
used in USA. This type of accommodations will provide a poor removal of contaminants but fit 
areas to purposely transport stormwater to other treatment facilities (EPA, 2017).  

3.4.5 Pollutant removal efficiency 

Pollutants in the drainage wells may consist of sediments, nutrients, metals, fertilizers, salt, 
pesticides and microorganisms. The pollutants will enter the drainage wells in form of sandy, 
porous soils, coarse-grained units and fractured pieces of gravel. The pollutant removal 
efficiency of drainage wells is stated as followed; total suspended solids (5.5 %), Phosphorus (25 
%), Lead (45 %), Cadmium (35 %), Quicksilver (15 %), Copper (37 %), Zink (45 %) and for PAH (70 
%) accordingly to the StormTacs database (StormTac, 2017).  

Coarser bits of waste will be removed by the grid covering the well. The sand entrapment takes 
care of smaller particulates to a certain degree. However, the time, which the water has contact 
with the sand filter usually are too short, which results in a reduced pollutant removal efficiency 
in most cases.  

3.5 Screen basins – Technical description 
Screen basins are much like water ponds landscaped for a specific purpose of treating 
stormwater. The technicality of the screen basin is constructed parable to a water pond with 
added screens in the basin for treatment or constructed in existing recipients. The purpose of a 
screen basin is to keep the water level during infiltration, create substantial stormwater 
treatment with the mindset of keeping close-by recipients under consideration. The screens 
could be designed for different purposes. Regular floating screens enables larger objects such as; 
plastic bottles, leaves and other type of waste to be trapped within the restricted area of the 
screen. Bio-screens are floating plant beds with the purpose to increase the uptake of nutrients 
and suspended bioavailable metal fractions. The general purification processes occur via 
sedimentation, photochemical- and biological processes (WSP, 2007).  

The screens are kept in place by being attached to floating docks, having weights made from 
concrete at the bottom of the screen. Screen basins are constructed and designed carefully to 
indulge an aesthetical value for the surrounding area. For instance, the first sections of a screen 
basin could be covered entirely by floating docks to hide the visibility of trapped waste 
underneath, such as plastics, oil spill and other visible waste types (WSP, 2007). If having several 
screens dividing the pond, gradually the visibility of the pond will be exposed, giving the 
impression of the stormwater accommodation to be a regular water dam. Figure 6, shows a 
schematic drawing of a basic screen basin, with the grey circles representing concrete weights, 
the brown rectangular to the left representing a floating dock.  
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Figure 6. Schematic of a screen basin, viewed from above. 

Pumps are usually installed to prevent oxygen depletion and enables circulation in the basin to 
also prevent odors from the sludge formation (Pirard, J. et al, 2014). Screen basins are estimated 
to separate suspended solids up to 70-90 % together with particulates as can be seen in 
(pollutant removal efficiency, further down in this chapter) (WSP, 2007).  

3.5.1 Designing Screen basins 

Screen basins are designed, based on several parameters such as; volume, maintenance 
requirements, dividing screen sections (amount and size), time of residence for the stormwater 
and evaluation of close-by recipients. Screen basins can be installed in an already existing water 
recipient. Hence, the screens are mobile, which enables an easy installment anywhere suitable 
and enables large basin volume. It is also preferable to divide the basin into several sections by 
placing screens in between. This enables a shorter residence of time, but sufficient time to allow 
sedimentation of particulates (Feltelius, 2015).  

3.5.2 Advantages and Disadvantages with Screen basins 

Depending on the location for deployment of a screen basin there are advantages and 
disadvantages with this type of storm water treatment facility. Down below follows a list of non-
specific benefits and disadvantages, corresponding to screen basins. 

Benefits (Pirard, J. et al, 2014): 

 High degree of purification can be achieved (if maintenance occurs regularly)  

 Low facility cost 

 Aesthetical appealing 

 No required land use if using existing recipients 

Disadvantages (Pirard, J. et al, 2014): 

 Requires regular maintenance  

 Difficult to control and measure the degree of purification 

 Claims recipient space (relative to the size of the basin and the recipient)  

3.5.3 Suitable locations 

Screen basins are deployed in lakes or inland waters. Taking advantage of existing recipient is 
suitable for screen basins. Therefore, low facility costs are accompanying.  
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3.5.4 Pollutant removal efficiency 

The data for the pollutant removal efficiency of screen basins are provided in an interval; total 
suspended solids (70-90 %), Nitrogen (30-40 %), Phosphorus (40-50 %), Lead (60-80 %), Copper 
(20-30 %) and Zink (40-50 %) (WSP, 2007). Pollutants such as; Cadmium, Quicksilver, Oil and PAH 
have insufficient data required for an estimated purification degree and are therefore not 
provided (WSP, 2007).   

3.5.6 Diverse types of Screen basins 

Diverse types are usually size dependent, relative to the calculations made, based on volume 
and how much storm water received in the area. The variety of screen basins, differs in how 
many screens that are used, volume of the basin and how simple or costly they are designed 
(floating docks and material used).  

 

Picture 5. Screen basins (Persson, 2011, permission to reproduce) 

Picture 5 shows an example of a screen basins layout, constructed in a wetland area. The screen 
basin in the Picture 5 is small and has a floating dock, which enables crossover for pedestrians.  

3.6 Stormwater Delay Trays  
Stormwater delay trays serves the same purpose, regarding the type or design. The designated 
purpose is to detain water volumes by temporary storing the stormwater in a volumetric space. 
The size of the delay tray could vary, depending on estimated calculations regarding stormwater 
in that specific area.  

Figure 7 shows a schematic drawing over a typical delay try with the inlet of water to the left, 
which has to be placed in the top corner to prevent back flushing. In the lower right corner is the 
outlet of the delay tray, allowing water to seep out at the desired rate. The flow rate can be 
adjusted with orifices in both the in- and outlet. Regulatory wells and descent wells are placed 
strategically on top of the delay trays to allow easy maintenance access (Ernberg, 2015).  
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Figure 7. Illustrative figure of a stormwater delay tray. 

Depending on how intense the stormwater inlet is, the rate of drainage from the magazine will 
be different. However, if the water level is above the stormwater outlet, the rate of drainage out 
from the magazine will be the same as can be seen in Figure 12. 

3.6.1 Plastic pipe magazine 

Plastic is a common material to use in everyday industry. Plastic pipe magazines are the typical 
most commonly used as underground delay trays. The principle behind pipe magazines are much 
like the concrete magazines described below. Plastic pipes are light weighted, which enables an 
easy installation process, usually consisting of 800-1000 mm in width (Ernberg, 2015). However, 
the light weighted material comes with one disadvantage. If the ground water stands higher 
than the magazine, there is a risk of having the magazines bursts or even lifted from its location 
caused by pressure formed from the groundwater. Hence, anchoring the plastic pipes is an 
important measurement. Plastic pipe magazines enable arbitrary maintenance if regulatory- and 
descent wells are installed. The life-span of plastic pipes is in general around 100 years, thus, 
depending on which temperatures it is subjected to (Ernberg, 2015). 

Figure 8 shows a typical piece of a plastic pipe magazine from uponor, with the intention to 
transport stormwater. The options come in different dimensions to suit the specific volume of 
water to transport. 

 

 

Figure 8. Shows an example of a plastic pipe magazine with SN8 stiffness, together with adjustable dimensions (Uponor, 
2017a, permission to reproduce).  

There are different types of stiffness that could be used for plastic pipe magazines. The stiffness 
chosen for each specific project is determined by elasticity modules (E-module) and the moment 
of inertia (MOI). Typical plastic stiffness types are classified in different stiffness types: SN2, SN4, 
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SN8 and SN16, where SN16 is the stiffest plastic type (Ernberg, 2015). The number, which names 
the plastic stiffness is ring stiffness from the entity kN/m2. Figure 16 shows a plastic pipe 
magazine with SN8 stiffness as an example (Uponor, 2017a).  

3.6.2 Concrete magazine 

There are two different types of concrete magazines. Concrete pipe magazines and regular 
storage concrete magazines. The pipe magazines are constructed underground to magazine, 
with intention to transport stormwater during intense rainfall or snowmelt. Concrete pipe 
magazines enable arbitrary maintenance if regulatory- and descent wells are installed. Regular 
concrete magazines are deployed underground and the purpose is to store and treat stormwater 
from pollutants through sedimentation (Pirard, J. et al, 2014). To enhance the sedimentation 
process, precipitation chemicals may be added. The particulates are precipitated and can be 
separated. Hence, the precipitation forms a sludge that needs to be separated (Pirard, J. et al, 
2014). Using concrete as magazine material comes with several advantages, such as; size 
adjustment, durability and enables transport simplicity from production facility (easy to load and 
stack each magazine separately). Thus, installation and maintenance costs might be a 
disadvantage (Ernberg, 2015).   

3.6.3 Magazines 

Magazines for managing stormwater are usually produced by polyethylene plastic (PE-plastic). 
The PE-plastic has a long-lasting durability and are cheap to produce (Ernberg, 2015). They are 
produced in many different standard sizes and can be described as foldable plastic crates with 
around 95-97 % cavity (Ernberg, 2015). The idea is to put as many magazines required to fill the 
desired volume. To keep the magazines in place, special clips are used. When designing the 
layout of the magazines, it is crucial to keep the magazines above ground water level and to 
include geotextiles when constructed, to prevent leaves and other waste as clogging might be of 
concern. This type of magazine construction is suitable as an infiltration system, but could be 
used as a single system. However, the need of a waterproof canvas is necessary. Thus, a 
protecting layer on top of the canvas is also required for protection, to prevent rocks, stones and 
other sharp objects to damage the canvas (Ernberg, 2015).  

To provide appropriate maintenance, regulatory wells can be installed. The life-span of the 
magazines depends on which types of plastic that is used. PE-plastic has a life-span of 
approximately 100 years if maintained properly. Since magazines has a great volume efficiency 
and are considered flexible (in regards of assembling the product), indirectly making the 
planning- and construction phases less demanding (Ernberg, 2015).  

Figure 9 illustrates the assembling of a stormwater magazine module. There are several types of 
designs of magazines, the figure shows one example out of diverse designs.  

 

Figure 9. Stormwater magazine module (Uponor, 2017, permission to reproduce). 
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Plastic-, concrete and regular magazines have no or limited effect on stormwater treatment and 
are purposely used to detain stormwater. Therefore, there is no or limited pollutant removal in 
these types of constructions. Infiltration trenches provides, however, a certain degree of 
purification which can be seen in the next section down below (Ernberg, 2015). 

Plastic pipes do not work very well at a certain depth underground due to increased pressure 
with increasing depth, and ground frost, especially in Sweden. Therefore, reinforced concrete 
pipes and magazines are more suitable to use in Sweden (Structor Mark Stockholm, 2017). 

3.7 Infiltration trenches 
Much like the typical swales there are other similar types of designs to accommodate 
stormwater. Infiltration trenches (rubble-filled trenches) are conduit bounded systems, with the 
intention to detain and transport stormwater, depending on the design and layout. An 
infiltration trench can be designed to have grassy surface on the slopes, therefore allowing 
water to percolate through (Pirard, J. et al, 2014). Hence, the constructional layout without a 
grassy surface may also be an option, although, runoff of surface water might be reduced 
(Ernberg, 2015). Figure 21 and 22 shows illustrative design layouts of infiltration trenches with 
geotextile/protective filter fabric, draining conduit and macadam. 

Figure 10, a schematic design of an infiltration trench with a draining conduit located at the 
bottom with the purpose of transporting stormwater. Geotextile is used as a protective layer on 
the macadam. On top of the geotextile is permeable buffer strips to infiltrate water through the 
ground.  

 

Figure 10. A schematic drawing of an infiltration trench using a draining conduit. 

Infiltration trenches can be deployed in diverse types of designs, depending on the 
circumstances prevailing the site (Locatelli et al, 2015). However, the capacity of an infiltration 
trench decreases when the installation occurs in areas with shallow groundwater, because the 
infiltration is limited due to groundwater saturation (Locatelli et al, 2015). Hence, the placement 
of infiltration trenches requires a thorough investigation of soil characteristics before choosing 
the suitable design layout. Depending on the soil characteristics of infiltration trench 
deployment it brings some uncertainty of the runoff reduction. For example, infiltration trenches 
with loamy sand have and average runoff capacity of 92-100 %, together with a hydraulic 
conductivity level of 4 * 10-5 m/s (Locatelli et al, 2015). Infiltration trenches in silt loam have an 
average annual reduction capacity of 61-73 % runoff, thus, with uncertainty depending on 
specific site characteristics.  The average hydraulic conductivity is 1 * 10-6 m/s (Locatelli et al, 
2015).  

Infiltration trenches in silty clay have an average annual reduction of runoff by 38-57 %, thus, 
with a large uncertainty. The hydraulic conductivity level is 2 * 10-7 m/s (Locatelli et al, 2015). 
The hydraulic conductivity is a measurement of the soils ability to transmit water during rainfall, 
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when a hydraulic gradient is present (Locatelli et al, 2015). The performance of all the three 
mentioned types of infiltration trenches can be perceived as uncertain. Hence, site specific data 
collection is required. If the surface consists of a grassy layout (buffer strips), the construction of 
the infiltration trench is made with an average depth of 1 meter (combined with a slope > 5 
degrees), filled with permeable material (macadam for instance). Geotextile with permeable 
properties is used to protect the macadam, from soil and surrounding surfaces. In the bottom of 
the trench, drains are placed to transport water once it reaches the capsuled well (Pirard, J. et al, 
2014). The capsule on top of the well is strategically placed for safety reasons – preventing 
clogging and human injuries (Ernberg, 2015).   

3.7.1 Advantages and disadvantages of Infiltration trenches 

The following sections states advantages and disadvantages of infiltration trenches from a 
domestic point of view. 

Advantages (Pirard, J. et al, 2014): 

 Reduces the load on the drainage system 

 Contributes to the purification of surface water 

 Keeping the storm water at surface level 

 Contributes to biodiversity 

 Aesthetical appealing 

Disadvantages (Pirard, J. et al, 2014): 

 Difficulties in measuring the degree of purification 

 Washouts of pollutants may occur during intense rainfall 

3.7.2 Suitable locations 

Infiltration trenches have a wide variety of suitable locations. Most commonly used areas are a 
long-side road, parking lots, between roads and pavements. Other possible locations may be 
restricted due to concerns regarding groundwater contamination, soil permeability and clogging 
(Locatelli et al, 2015). Therefore, should infiltration trenches avoid inappropriate site conditions 
near industrial sites, where toxic spill might occur (Locatelli et al, 2015). Sites with low infiltration 
rate, un-stabilized soil or near construction sites are also inappropriate sites (Locatelli et al, 
2015). Figure 11, shows another type of infiltration trench. This type of design allows water to 
percolate through the crushed trench stones through the sand filter and subsoil. The water can 
be collected and disposed through draining conduit or allow the water to percolate through the 
sand filter into the ground, depending on the different site conditions. The purpose is to 
infiltrate stormwater and reduce runoff and maximum water flows.  
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Figure 11. Infiltration trench with crushed trench stones, subsoil and sand filters. 

3.7.3 Pollutant removal efficiency of Infiltration trenches 

The pollutant removal efficiency of infiltration trenches is stated as followed; total suspended 
solids (90 %), Nitrogen (55 %), Phosphorus (60 %), Lead (55 %), Cadmium (85 %), Quicksilver (45 
%), Copper (85 %), Zink (85 %), oil (90 %) and for PAH (60 %) accordingly to the StormTacs 
database (StormTac, 2017).  

3.8 Functionality of plants in Stormwater accommodations 
The purpose of involving plants in stormwater treatment accommodations generates several 
functionalities such as: aesthetical benefits, hydrological functionalities and provides 
purification and detainment of stormwater.  

The choices of what plants to include in the different stormwater accommodation depends on 
what functions and design required for the specific treatment. To achieve the desired result, it is 
necessary to use suitable plants in the correct place so that the right conditions are created for 
the plants and enables a developed artificial constructed planting.  

The aesthetical function of plants in stormwater accommodations does not necessary needs to 
have a technical or purifying functionality. These functions rely on the choices of plants and 
where the plants are placed within the stormwater treatment facility. However, the contribution 
provided by the plants serves as purpose described as (Svenskt Vatten, 2011): 

 Areas with open water combined with colorful plants will enrich the observer and 
enables aesthetical appealing environment 

 Creation of animal habitats  

 Increased biological diversity 

 Hides unappealing construction 

 Supplied noise-reduction 

 Areas with low settled vegetation invites observants and children to utilize such areas as 
playgrounds and promotes the necessity of sustainable infrastructure combined with joy 

Picture 6, shows two pictures taken during an excursion to “kyrkdammen” in Huddinge, Sweden, 
showing an example of habitation of ducks in the left picture. The right picture shows plants 
growing around the pond and in the pond causing a detaining-, purifying-, and aesthetical effect.  
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Picture 6. Kyrkdammen, Huddinge, Sweden (Photos taken by Martin Jonsson). 

The hydrological function of the plants enables detaining and equalization properties to reduce 
peak flows and reduce erosion.  

Plant types which can enable such properties are e.g. (Svenskt Vatten, 2011): 

 Tree canopy foliage which catches and detains rainwater from reaching the ground 

 Plants used in wetlands enhances the evaporation of water and reduced the water flow 
in watercourses 

 Increased infiltration rate. Plant roots keeps canals open for water to percolate through 
the ground 

The purifying functionality of plants depends on properties among the chosen plants. The 
contributing purifying effects may be described as (Svenskt Vatten, 2011): 

 Increased rate of sedimentation of particulates, heavy metals and other particle bonded 
material 

 Reduced risk of resuspension of sediment 

 Enables adsorption of some elements 

 Provides large areas of bacterial processes 

 Uptake of nutrients by roots and foliage 

 Outgoing dead vegetation breaks down and functions as a carbon source for other plants   

 Increased oxygen demand at day time (requirement for nitrification) 

 Decreased oxygen demand at night time, (requirement for denitrification) 

3.8.1 Choice of plants 

Most of the plants suit best flourish close to escalating areas around edges around stormwater 
ponds and wetlands to a depth around 20 cm (Svenskt Vatten, 2011). Plants should be 
thoroughly studied before choosing which plants to implement in the stormwater 
accommodations. Although, a natural spontaneous establishment will occur with easily spread 
species that could quickly create over vegetated zones. This is important to adjust, since it could 
result in other species difficulty to establish. Primarily, plants should be chosen to consider its 
functionality, secondly, the aesthetical aspect should be considered (Svenskt Vatten, 2011).  

In order to describe what types of plants commonly used, what effects these plants have on the 
environment and what the treatment contribution is, they are categorized as: plants above the 
surface level, plants in direct proportion to the surface level and plants with abundant root 
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system or stems (Svenskt Vatten, 2011). These plants will have the following effects as described 
in Figure 12. 

 

Figure 12. Description of commonly used plants. 

3.9 Construction costs for stormwater accommodations  
An interesting aspect when managing stormwater and especially the treatment facilities and 
maintenance is the costs required to deploy and maintain these accommodations. This chapter 
will expose the general operational, maintenance and facility costs for rain gardens, stormwater 
ponds, infiltration trench/swales, and screen basins.  

A typical rain garden, submerged beneath ground level, is estimated to cost around 3500 SEK/m3 
magazine volume. In extend to this cost there is an accrue management cost at surface level, 
estimated to be 1400 kr/m2, which is proportional to 25 SEK/m2, year (Andersson et al, 2016). 
These number is roughly estimated. There are of course other aspects worth taken under 
consideration such as, which plants are used, how much pre-work required to deploy the rain 
garden (Andersson et al, 2016) 

Stormwater ponds are larger, and thus, require more management and work. An example from 
Stockholm, Sweden, the total cost of a new pond was estimated to 7 million SEK. The pond has 
an overall area of 5000 m2 (Holmqvist, 2017). A simple estimated calculation of the cost per 
square meter is then proposed by dividing the total cost through the overall area, which is equal 

Plants establishing above the surface level: 

•Creates shaded areas, reduces the algal growth (reed, bulrush) 

•Affects the micro climate and isolates during winter periods (reed, bulrush and reed canary-
grass) 

•Aesthetical appealing and adequate nutrient uptake (reed, yellow iris, loosestrife) 

Plants in direct proportion to the surface: 

•Filtrates particles and reduces currents (sedge, calamint, reed, bulrush) 

•Provides appropriate environment for biofilm (sedge, reed) 

•Provides carbohydrates and oxygen to microorganisms (reed, bulrush) 

•Increased nutrient uptake for underwater plants (pondweed, crowfoot, rudd) 

Plants with abundant root system or stems: 

•Provides stabilized sediment and reduces the risk of eroision (reed, bulrush, sedge) 

•Prohibits increased density of media in vertical water systems (reed, bulrush, reed canary-
grass, sedge) 

•Liberates oxygen, which increases the rate of degredation during day time (reed, bulrush, 
reed canary-grass, sedge) 

•Consumes oxygen during night time and increases the denitrification rate (reed, bulrush, 
reed canary-grass, sedge) 

•Increases the nutrient uptake and liberates antibiotic substances (reed, bulrush, reed 
canary-grass, sedge) 
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to 1400 SEK/m2 (Holmqvist, 2017). Hence, in this calculation, everything is included such as; 
geotextile, infiltration stones, wells, excavation and strand mats (Holmqvist, 2017).  

The facility cost to deploy an infiltration swale depends on several natural qualifications. One 
example is when a swale is deployed in relationship to the construction of a park, the cost for 
shaft and reusing of shaft masses can be integrated. The yearly cost of an infiltration trench 
could therefore be estimated to be around 3 SEK/m2 (Andersson et al, 2016). 

Estimating the cost of a screen basin rely totally whether the screens are placed in an already 
existing pond/recipient or if the basin is excavated from the beginning. If the pond or recipient is 
already existing, the screens from Järven Ecotech costs 35 SEK/m3 and corresponds to an 
investment cost to treat 1 m3 of water to 1.77 kr/year (Järven Ecotech, 201-). The total 
investment cost per km2 catchment area and an approximate facility area of 6500 m2 results in 
230 000 SEK (Järven Ecotech, 201-). If there is no pond/basin or recipient to deploy the screens 
in, Järven Ecotech has made a calculation that the cost of constructing a pond of an area of 6500 
m2 equals to a total investment cost of 2 000 000 SEK, giving a prize of 300 SEK/m3 (Järven 
Ecotech, 201-). The reason why these numbers are different from the cost example described 
above for stormwater ponds, underlies in the different sites. Every place of deployment is 
unique, providing different site characteristics, in some cases, extra costs of double layers of 
geotextile is projected or an extra expanded area of macadam is used. The costs are all 
depending on the different projects (Järven Ecotech, 201-).  
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Chapter 4 – Method 
The MCDA was performed in regards of an 8-step appliance method described below. The eight-
step consisted of; establishing the aim/goal of the MCDA, identifying option and categories, 
selecting parameters, identifying and explaining the criteria, scoring and weighting, creating 
scoring tables for stakeholders and citizens of Stockholm, identifying stakeholders and finally 
conclude the calculations.  

4.1 Applying the MCDA Stages 
The description of the MCDA stages and methodology is described in Appendix 1. This section 
describes the foundation of what was needed to conduct the MCDA.  

4.1.1 Establishing the aim/goal of the MCDA 

The goal of this MCDA was to score established criteria of three different conventional 
stormwater accommodation, based on four different categories; environment, technology, social 
aspects and economy. The score provided numbers, with help from stakeholders and citizens of 
Stockholm. 

Three options of stormwater accommodations was decided to be incorporated in this study to 
provide an efficient, thus, withhold a more thorough level of investigation. The options were 
chosen to fit the interest of Structor Mark Stockholm. These options are displayed in the next 
section (4.1.2. Identifying options and categories). However, the three chosen options were 
considered as main, conventional solutions to stormwater. These three options were compared 
to a “zero alternative”, in this case an “un-modern” way of managing stormwater, which was 
drainage by piping. 

4.1.2 Identifying options and categories  

Identifying the options of stormwater accommodations was done in cooperation with the 
supervisor at Structor Mark Stockholm to suit the company’s interests. 

The following three options were chosen to be incorporated in the MCDA: 

 Rain garden 

 Stormwater pond 

 Infiltration trench 

 Drainage by piping 

Drainage by piping was used as a reference value since it was considered as no treatment (Zero-
alternative). This zero-alternative implicated what would happen if no conventional stormwater 
treatment was constructed at site, and instead the stormwater would only be transported to a 
close-by facility by pipes. 

The categories chosen to be incorporated in the MCDA was based on sustainability aspects: 

 Environment 

 Technology 

 Social aspects 

 Economy 

4.1.3 Selecting Parameters 

The selected parameters indicated which areas, based on the categories, was examined. The 
chosen parameters were: 
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 Degree of Purification 

 Performance and Maintenance 

 Aesthetical & Social Benefits 

 Costs & Risks 

The purpose of the parameters was to add identification to the categories. The parameter stated 
as degree of purification is developed from the environmental category. The purpose of this 
parameter was to further develop and identify criteria that belongs or can be related to 
purification. There are undoubtedly other environmental aspects that could have been chosen as 
parameters, thus, the purpose for the environmental parameter was to purify or detain 
stormwater. Performance and maintenance parameters that was concluded from the technology 
category with the purpose to narrow down the area from where the criteria could be created. 
Hence, the criteria were then focused on performance and maintenance aspects. Aesthetical and 
social benefits were concluded from the social category to narrow down the area for what 
observants (citizens) would benefit from stormwater accommodations.  

The parameter of costs and risk was concluded from the economy category to narrow down the 
stormwater accommodations economical costs, system performance, how much land use it 
required, maintenance, operational and land costs it demanded.  

4.1.4 Identifying Criteria  

The chosen criteria in this analysis were the topics receiving the score. The criteria can be 
understood as extended parameters. For the accommodations to fit the infrastructure, social 
aspects must be taken under consideration so that it fits the society from an aesthetical point of 
view. Economy was also very important, since it is usually a very resolute factor in infrastructure 
development. Appropriate criterion to narrow down the categories was developed. 

Examples of criteria developed for the environmental category was removal of nutrients, 
removal of metals, removal of suspended solids and removal polyaromatic hydrocarbons (PAH) 
but also how the degree of purification affects the ecological diversity, animal habitat and the 
impact on groundwater in each specific stormwater accommodation (Bergqvist, 2014). Removal 
of nutrients, metals, TSS and PAH was chosen as criterion because they are usual substances to 
detect in stormwater (Bergqvist, 2014). Impact on groundwater was chosen as a criterion 
because stormwater can percolate through the ground and then affect the quality of the 
groundwater if not treated or managed properly (J.B. Ellis et al, 2004).  

Important parameters for the technological category was chosen to be performance and 
maintenance from inputs gathered by stakeholders at Structor Mark Stockholm. The 
performance of a stormwater accommodations combined with the amount of maintenance 
frequency and complexity implicates significance when designing and choosing what type of 
stormwater accommodations to use at a specific site (Nestéus, 2017). Hence, the criterion 
chosen is maintenance frequency, complexity, hydraulic control and how well the specific 
accommodations can detain stormwater. The same system thinking applies to the social 
category, where stormwater accommodations would beneficially be aesthetically appealing to 
the society, provide multifunctionality, where citizens can view these stormwater solutions and 
perhaps find a combination of for example a stormwater pond located near or in a park or close 
to playgrounds for children (Nestéus, 2017). The acoustics criterion was chosen as a criterion to 
be scored since pumps or similar mechanical devices could constitutes prominent level of noise 
it could be perceived as disturbing for pedestrians or citizens living close by (Nestéus, 2017).  

It was also crucial to identify criterion such as what types of hazards could be associated with 
each specific accommodation. The hazard criterion was referred to as depth in stormwater 
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ponds which could implicate risks for children or elderly if an accident occurs and the person falls 
in the pond (Nestéus, 2017). The criterion of contribution to society explains the specific 
contribution, and how the citizens benefits from implementing stormwater accommodations 
close to their home. The last category to be associated with stormwater accommodations was 
the economical aspect. Costs for investment, operation and maintenance was important 
criterion to score because it could be of importance for decision makers, entrepreneurs and 
contractors in the decision-making process when constructing stormwater systems.  

Other criterion identified was the probability of system failure, this criterion was crucial, 
especially in complex solutions that included several pumps for stormwater. Amount and type of 
plants used in rain gardens could cause eventual clogging and for instance, poor detaining of 
stormwater. Land use and life span was also interesting criteria to investigate since land use is 
strongly connected to sustainability, especially in dense urban areas. The life span of the 
stormwater accommodations was also important, thus connected to some of the economy 
criterion. After choosing the criterion for the MCDA in this specific case, a check list was created 
thoroughly to go through each criterion to check for: completeness, redundancy, operationality, 
double counting, size, impacts and mutual independence of preferences. The check-list was used 
to go through the criteria after they were created. The assessment of criteria is shown in the 
check-list below (Communities and Local Government, 2009): 

 Completeness 
o Are there any crucial criteria missing? 
o Do the criteria chosen, capture all the key aspects? 

 Redundancy 
o If having too many criteria, make sure to check if all the criteria is needed to 

conduct the MCA without causing disorientation or unnecessary complexity 
 Operationality 

o Identify, whether each option can be judged against each criterion 
 Mutual independence of preferences 

o Is it possible to assign scores to each criterion independently? 
 Double counting 

o Are there any criteria, showing the same significance, and is repeated throughout 
the list of criteria? 

 Size 
o Too many criteria could cause complexity to the analysis, and could make the 

project to exceed the time limitation 
 Impacts  

o Since this project is focused on stormwater accommodations (based on 
technology), it could be viable to include different time perspectives to conduct 
the MCDA on or determine a time interval to focus on for the decision-making 
process to include future consequences.  

Table 4 shows the selected options, categories, parameters and criterion involved in the MCDA. 

4.1.5 Scoring and Weighting 

The first category (environment) was scored with influence from the chosen stakeholders. The 
same scoring procedure was conducted for the other categories (technology, social aspects and 
economy). The scoring of the criterion was separated in to different tables for each category to 
enable a perspicuous overview. Citizens of Stockholm did only score the social aspects, in 
regards of their level of knowledge. To be able to show the importance of each category, a 
weighting method can be used, e.g. SWING-weight (Bergqvist, 2014). In this case no weight 
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method was used for the MCDA, however, Table 3, shows an example of how the SWING-weight 
method can be utilized. The example of how the SWING-weight in Table 3 can be utilized to 
show the importance of each category resulted in that category environment was ranked 1, 
therefore considered the most important category in theory. The category technology was 
ranked 2 and considered relatively important. The category economy was ranked 3 and 
considered less important and social aspects ranked 4 was considered not very important. 

Table 3. The result of ranking the categories with the SWING-weight method (Bergqvist, 2014).  

Ranking Category SWING Weight  Description of each 
Weight 

1 Environment 100 Very important 

2 Technology 60 Relatively important 

3 Economy 40 Less important 

4 Social aspects 20 Not very important 

 

4.1.6 Scoring templates 

Table 4 shows the finished assemblies of options, categories, parameters and the criterion that 
was chosen to conduct the MCDA on. Table 4 did work as the foundation for the stakeholders 
and citizens of Stockholm to make their scoring from. Table 4 was then separated into four 
different tables that were category specific. Each criterion for each category was then included 
in separate tables to facilitate the scoring procedure. These templates are displayed in Appendix 
2. 

Table 4. The chosen options, categories, parameters and the criteria.  

Options Categories Parameters Criteria 
Rain garden = RG 
Stormwater pond = SP 

Infiltration trench = IT 

Environment Degree of Purification Removal of nutrients 
Removal of metals 
Removal of TSS 
Removal of PAH 
Ecological diversity 
Animal habitat 
Impact on groundwater 

Technology Performance & 
Maintenance 

Detaining of stormwater 
Hydraulic control 
Maintenance frequency 
Maintenance complexity 

Social aspects Aesthetical & Social 
benefits  

Contribution to the society 
Aesthetics 
Acoustics 
Air quality 
Hazards 
Sustainable urban/rural 
living 
Multifunctional use  
Amenity level 

Economy Costs & Risks Probability of system 
failure 
Maintenance costs 
Operational costs  
Investment costs 
Land use/Land costs 
Life span 
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The scoring scale consists from 0-5, where 0 = insignificant, 1= Low, 2= Moderate, 3= Major, 4= 
High, 5= Very high. This will include the selected options (rain garden, stormwater pond and 
infiltration trench and the zero alternative, drainage by piping). The weighting will be done by 
the SWING weight method.  

4.1.7 Identifying Stakeholders  

Stakeholders and citizens of Stockholm were needed to be able to produce the result for the 
MCDA. The purpose of the stakeholders and citizens was to score the chosen criteria for each 
separate category. Stakeholders are referred to as people working with stormwater 
management or similar areas as their field of expertise. Citizens of Stockholm had with no or 
limited connection to stormwater management. 

A total of 20 stakeholders was contacted through e-mail or phone and asked to participate in the 
scoring procedure for this MCDA. They received a document containing the templates shown in 
Appendix 2. Stakeholders working at Structor Mark Stockholm was handed these templates 
manually. The stakeholders did need to have different working experience and background to be 
able to gather a broad basis of inputs. Thus, within the similar field of expertise, stormwater 
management. The stakeholders did primarily consist of people from companies, authorities, 
universities, management personnel and scientists. The purpose of these stakeholders was also 
to be able to score each category from their own experience and expertise in the field of 
stormwater management.  

Table 5 includes the list of stakeholders that was contacted and asked to participate in the 
scoring procedure of criteria in the MCDA. The stakeholders were kept anonymous and not 
mentioned by name.  

Table 5. The list of stakeholders that was contacted to participate in the MCDA.  

Stakeholder Field of expertise Organization 

1 Sustainable development KTH 

2 Sustainable development KTH 

3 Cleaner Production KTH 

4 Ground and Stormwater Environmental department 

5 Stormwater management Environmental department 

6 Specialist on stormwater StormTac/Stormwater guide 

7 Stormwater administrator Local manager Sundbyberg 

8 Stormwater administrator Upplands bro 

9 Stormwater investigator Stockholm Vatten 

10 Stormwater investigator Stockholm Vatten 

11 Engineer/Stormwater Stockholm Vatten 

12 Engineer/Stormwater Stockholm Vatten 

13 Engineer/Stormwater Chief of management 

14 Engineer/Stormwater Environmental manager 

15 Engineer/Stormwater Structor Mark Stockholm 

16 Engineer/Stormwater Structor Mark Stockholm 

17 Engineer/Stormwater Structor Mark Stockholm 

18 Stormwater Scientist LTU  

19 Water & Sewage Telge Nät 

20 Sewage Environment Telge Nät 
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Citizens of Stockholm was contacted through interviews on the street at three locations around 
the Stockholm area; Hammarby Sjöstad, Sundbyberg and Stockholm City. Sundbyberg was 
considered a less urban dense area with modern stormwater solutions. Hammarby Sjöstad was 
considered a dense urban district consisting of modernized stormwater solutions such as open 
sedimentation basins for stormwater, skeletal soil, green roofs and rain gardens. Stockholm City 
was considered as a junction point for commuting and people from different background was 
able to provide inputs when interviewed at this location. The goal was to gather answers from 
15 different citizens of mixed genders and ages. The citizens of Stockholm were given a piece of 
paper containing only the template from Table 14, and was asked to score the social aspects to 
their best ability. The reason for deciding that the citizens was only going to answer the social 
aspects, was because of their level of knowledge regarding stormwater systems, social aspects 
was the area that they could rely to the most. The criteria regarding social aspects in Table 9 
were decomposed to a level where the citizens did not require deeper knowledge. Thus, 
explanations of some criteria were required for the citizens to understand the purpose of the 
MCDA. 

4.1.8 Calculations 

When the scoring and weighting was done, it was time to calculate the overall scores for each 
separate option. Since this MCDA is conducted, slightly simplified, compared to larger more 
complex problems, this was being done by using a calculator.  

Calculations was performed by calculating the mean value for each criterion scored by each 
stakeholder and citizen. This produced a mean value result for each criterion in each separate 
category, for each separate stormwater accommodation as shown in Table 7, Table 8, Table 9 
and Table 10. But to be able to produce a final result, specifying which stormwater 
accommodations that was considered the best performing one, the mean value result for each 
criterion was added together for each category and each stormwater accommodation (rain 
garden, stormwater pond, infiltration trench and drainage by piping), which created a final score 
for each stormwater accommodation and each category; environment, technology, social 
aspects and economy. The scores of these categories was then added to create a final score for 
each stormwater accommodation shown in Table 11.  
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Chapter 5 - Results 
5.1 Stakeholders and citizens of Stockholm  
Table 6 shows the result of how many stakeholders that was participating in the MCDA. A total 
of five stakeholders (25 %) were willing to provide inputs to the MCDA out of 20 contacted 
stakeholders. Their organizations are companies located around the area of Stockholm with 
expertise around engineering, stormwater management, liquidators and water and sewage. Only 
25 % of the contacted stakeholders provided inputs, which affects the reliability of the results 
since the unexpected low attendance of stakeholder participation produces a less varying result. 
For the citizens of Stockholm, a total of 13 people decided to participate out of 60 people asked 
on the streets of Stockholm in areas of Sundbyberg, Hammarby Sjöstad and around the central 
station of Stockholm.   

Table 6. Stakeholders who decided to participate in the MCA. 

Stakeholders Field of expertise Organization 

1 Liquidator/Stormwater Upplands-bro 

2 Water & Sewage Telge Nät 

3 Water & Sewage  Telge Nät 

4 Engineering/Stormwater Structor Mark Stockholm 

5 Engineering/Stormwater Stockholm Vatten  

 

5.2 Results of Scoring the criteria 
The result from stakeholders and citizens of Stockholm are presented in Table 7, 8, 9 and 10. The 
calculated mean value of each category was compiled and displayed in the tables below. See 
Appendix 2 for a full statement of all scoring results from stakeholders and citizens. For some 
criteria, reversed scoring was applied to fit the intention of the scoring scale. The affected 
criteria are; maintenance frequency, maintenance complexity, hazards, probability of system 
failure, maintenance costs, operational costs, investment costs, land use/life span. This means 
that for the stakeholders and citizens who put a score of 5 in each criterion becomes a 0, a 4 
becomes a 1, a 3 becomes a 2 and vice versa. These numbers were changed before calculating 
the mean value for Table 7-10.  
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Table 7. Compiled calculated mean value result for the environment criteria. 

Criteria 
(Environment) 

RG (treatment) SP (treatment) IT(treatment) Drainage by 
piping (no 
treatment) 

Removal of nutrients 3,3 2,8 2,2 0 
Removal of metals 3,8 3 3 0 
Removal of TSS 4,3 3,7 3,2 0,5 
Removal of PAH 3 2,7 3 0,2 
Influence on ecological 
diversity 

3,3 3,7 2 0 

Animal habitat 2,5 3,3 1,5 0,2 

Impact on 
groundwater 

3 2,2 3,2 1,7 

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  

Table 7 shows the calculated mean value result for the environment criteria. Rain garden 
received the highest score from the criteria removal of nutrients, removal of metals and removal 
TSS and could therefore be considered the best option of managing these substances. Rain 
garden and Infiltration Trenches shared the highest score of 3 on the criteria of removal of PAH 
and both options could be considered to have an equal management of PAH. The stormwater 
pond received the highest score of the criteria influence on ecological diversity and animal 
habitat. This means that this type of stormwater management was perceived to have a high 
influence on ecology and animal habitat in a positive way in this study. The infiltration trench 
received the highest score of 3.2 on the criteria impact on groundwater, which means that the 
infiltration trench affects the groundwater the least negative in comparison to the other 
stormwater accommodations.  

Table 8. Compiled calculated mean value result for the technical criteria. 

Criteria 
(Technology) 

RG (treatment) SP (treatment) IT (treatment) Drainage by 
piping (no 
treatment) 

Detaining stormwater 3.2 4.3 2.7 1 

Hydraulic control 2.3 4.5 2.7 1.7 

Maintenance 
frequency 

1.7 1.7 1.8 3 

Maintenance 
complexity 

2.2 2 2.8 3 

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  

Table 8 shows the calculated mean value result for the technology criteria. Stormwater pond 
received the highest score on the criterion of detaining stormwater and hydraulic control of 4.3 
respectively 4.5. The reference alternative (zero-alternative) which is drainage by piping received 
the highest score on the criteria of maintenance frequency and maintenance complexity both 
scored 3. It results in that drainage by piping is considered to have the lowest maintenance 
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frequency and complexity in this study. Maintenance frequency brought the attention by some 
stakeholders and it was pointed out that this could be a criterion that may be considered the 
basis for a final decision when choosing what type of stormwater accommodations to deploy in 
some cases, due to the experience that maintenance is costly and time consuming in some 
cases.  

Table 9. Compiled calculated mean value result for the social criteria. 

Criteria (Social 
aspects) 

RG (treatment) SP (treatment) IT (treatment) Drainage by 
piping (no 
treatment) 

*Contribution to the 
society 

4.5 4.3 2.6 2.1 

Air quality  2.8 2.3 1.6 1.2 

Hazards 2.3 2.6 2.3 2.1 

Sustainable 
urban/rural living 

4 3.9 2.9 2.1 

*Multifunctional use 4.2 4.3 3.1 0.9 

Amenity level  3.9 3.9 2.3 1 

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  

*Contribution to the society – What societal benefits each stormwater accommodation contributes with to the society. E.g. 
Aesthetical appealing and adding valuable treatment.  

*Multifunctional use – What multifunctional quality does each respective stormwater accommodation provide. E.g. 
Stormwater accommodations constructed in combination with parks, implemented with nature, playgrounds, parking lots 
and courtyards.      

Table 9 shows the average calculated mean value result for the social criteria. Rain garden 
received the highest score of 4.5 for the criteria Contribution to the society. This means that rain 
gardens, accordingly to the stakeholders and citizens of Stockholm, has the most aesthetically 
contribution to the society and how it fits surrounding infrastructure. Rain garden did also 
receive the highest score of the criterion air quality, and could therefore be considered an 
arbitrary choice for managing the quality of air. The criterion of sustainable urban/rural living 
received a score of 4 for rain gardens. The three mentioned criteria (contribution to the society, 
air quality and sustainable urban/rural living) were interpreted differently by stakeholders and 
citizens, and caused confusion when scoring them. The criteria were vaguely explained when 
stakeholders and citizens was contacted. The perception among stakeholders for all the social 
criteria was perceived as vaguely explained by the author and that the purpose of these criteria 
needed further explanation to be able to score more persistent.  

Stormwater pond received the highest score of 4.3 for the criteria multifunctional use, which 
determines that stormwater ponds can be implemented with multifunctional purposes, such as 
combined with parks, nature or infrastructure. The criterion amenity level received a score of 3.9 
for both rain gardens and stormwater ponds. The criteria hazards, that received similar score for 
rain gardens, stormwater pond and infiltration trench provoked the thinking process among 
stakeholders, in regards that hazards must be considered, especially when deploying stormwater 
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ponds near parks and playgrounds, to prohibit human injuries if a human tends to fall in the 
pond. 

Table 10. Compiled calculated mean value result for the economic criteria. 

Criteria (Economy) RG (treatment) SP (treatment) IT (treatment) Drainage by 
piping (no 
treatment) 

Probability of system 
failure 

2.7 2.7 2.8 3.5 

Maintenance costs 1.3 1.7 3.2 3.2 

Operational costs  1.8 1.5 2.2 3.3 

Investment costs 2.2 1.3 2.3 1.7 

Land use/Land costs 1.7 1.5 2.3 2.8 

Life span 2.7 3.8 3.5 4 

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  

Table 10 shows the calculated mean value result for the economic criteria. The reference 
alternative received the best score of 3.5 for the criteria Probability of system failure. This 
criterion was interpreted differently by the participants, due to the formulation of the criteria. 
High score on this criterion means that it has the least risk of system failure. Explanation of 
purpose of this criterion had to be carried out to stakeholders to disguise any misinterpretations. 
Drainage by piping received the highest score due to how the piping are constructed, the pipes 
are places underground and the risk of external damage are low. In comparison to the other 
stormwater management systems where the risk of external damage is higher due to that it is 
exposed to the outdoor environment and public.  

The reference alternative and infiltration trench shared the same highest scoring of 3.2 on the 
criteria Maintenance costs. This means that the reference alternative and the infiltration trench 
was considered to have moderate maintenance costs. The reason for this could rely in the 
simplicity in design, which both stormwater accommodations withholds. Descent wells are 
usually being installed to increase the accessibility for repairing, maintaining and supervising the 
pipe systems. Drainage by piping did receive the highest score for the operational costs. The 
reason for this could depend on the infrequent maintenance requirements associated with 
drainage piping systems. Investment costs did receive a score of 2.3 for infiltration trenches due 
to its simplicity in construction, only requiring crushed stones in varied sizes to allow detainment 
of stormwater. Drainage by piping received the highest score of 4 for the criteria Life span due to 
its lowered risk of external damage. 
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Table 11. Summary of results from calculating the mean value of all criteria combined and the standard deviation. 

Final scoring RG SP IT Drainage by 
piping 

Environment 3.3 (0.45) 
 

3.1 (0.48) 2.6 (0.57) 0.4 (0.90) 

Technology 2.4 (0.60) 
 

3.1 (0.48) 2.5 (0.58) 2.2 (0.63) 

Social aspects 3.6 (0.40) 
 

3.6 (0.40) 2.5 (0.58) 1.6 (0.73) 

Economy 2.1 (0.65) 
 

2.1 (0.65) 2.7 (0.55) 3.1 (0.48) 

Final scoring 11.4 ± 2.10 11.9 ± 2.01 11.3 ± 2.28 7.3 ± 2.74 

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high 

The final scoring determines which accommodations received the highest score in all categories 
combined. Stormwater pond received the highest score of 11.9, slightly higher than the second 
placed rain garden with a score of 11.4, followed by the infiltration trench with a score of 11.3. 
This result are very equal and hard to distinguish between and shows a small significance, and 
therefore causes uncertainties, which are difficult to estimate. In order to estimate the 
uncertainty in this final scoring calculation, the standard deviation was applied. The standard 
deviation was calculated for each category and then added together as seen in Table 11. It 
showed that final scoring of a rain garden had an uncertainty of ± 2.10, which gave the rain 
garden a final score to be between an interval of 9.3-13.5. The stormwater pond had an 
uncertainty of ± 2.01, which gave the stormwater pond a final score between an interval of 9.89-
13.91. The infiltration trench had an uncertainty of ± 2.28, which gave the infiltration trench a 
final score between an interval of 9.02-13.58.  

The reference value drainage by piping had the highest standard deviation of ± 2.74, which gave 
the drainage by piping a final score between and interval of 4.56-10.04. The standard deviation 
calculation showed that the uncertainties in the final scoring were able to be estimated and that 
the result for each option (rain garden, stormwater pond, infiltration trench and drainage by 
piping) had a variation. Other factors influencing the uncertainties in the results, primarily the 
lack of a weight method, secondarily the scoring conducted by stakeholders and citizens of 
Stockholm could have been organized differently. It could have been sufficient to separate 
stakeholders into different categorical groups, allowing certain stakeholders to score criteria 
belonging to one category.  

This could have been done by having stakeholder’s groups of 1-4. Stakeholders of group 1 would 
score the environment category, stakeholders group 2 would have scored the technology 
category, stakeholders 3 would have scored the social category together with citizens of 
Stockholm, and stakeholders group 4 would have scored the economy category. Although, this 
would require an increase attendance of stakeholders to be able to apply such method. Another 
reason was that the knowledge of rain gardens available to some stakeholders in Sweden was 
low since this technique is new to Sweden and therefore causing uncertainties about 
functionality in the Swedish climate, maintenance costs and complexity, and uncertainties about 
the costs of rain garden since it can be constructed in diverse designs and shapes. Infiltration 
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trenches is a well-known technique, used for many years, but it does not possess the same 
amount of purification functionality compared to rain gardens and stormwater ponds.  

The score for the reference alternative (drainage by piping) received the lowest total score of 
7.3. It was expected that drainage by piping would receive the lowest score, since it is an 
unconventional stormwater management method. The piping system is usually not visible for 
the public and does therefore not provide any specific social aspects. Drainage by piping 
transports water, either to ponds, recipients or treatment facilities and it resulted in low scores 
to the environmental and social categories.  

5.3 Comments from Stakeholders 
Some specific criteria received comments from stakeholders, described in the bullet point list 
below. These comments concerns criteria that was either misinterpreted and needed further 
explanation, or was misguided and could be interpreted differently depending on what local 
circumstances prevailing. It could influence the decision in what score the criterion should 
receive. Other comments regarding location, situation and economy were also supplemented.  

Comments to the criteria regarding Rain Gardens: 

 Criteria (Impact on groundwater, table 7) - The score could be 5 (very high) if the rain 
garden is considered to have infiltration opportunities (permeable geotextile) or 0 
(insignificant) if the rain garden has no infiltration.  

 Criteria (Life span, table 10) – The score should be set low since rain gardens are a 
relatively new stormwater management solution 

Comments to the criteria regarding Stormwater Ponds: 

 Criteria (Removal of nutrients in stormwater ponds, table 7) – Considered 
insignificant (0) or low (1). However, stormwater ponds can create more dissolved 
nitrogen and phosphorus in case of incorrect design if the bottom of the pond if it is 
situated in an oxygen-free state 

 Criteria (Impact on groundwater, table 7) – Depending on the size of the stormwater 
pond and that it is an open pond, it enables infiltration up- and downstream in the 
pond when it has the capacity to store larger volumes of stormwater 

 Criteria (Hazards, table 9) – Hazards regarding children and open stormwater ponds 
could be discussed. It is important for parents and the society to inform children not to 
play close to these ponds (However, the ponds are usually constructed with shallow 
edges) 

Comments to the criteria regarding Infiltration Trenches: 

 Criteria (Impact on groundwater, table 7) - The score could be 5 (very high) if the 
infiltration trench is considered to have infiltration opportunities (permeable geotextile) 
or 0 (insignificant) if the infiltration trench has no infiltration 

Comments to the criteria regarding Drainage by Piping: 

 Criteria (Impact on groundwater, table 7) – The score is set to 0 but could be considered 
negative on the scale since water that should have reached the ground water is diverted 
through pipes and will never reach the groundwater after complied with treatment 

Other general comments regarding the criteria in the MCDA was that some scores were hard to 
determine and that some stakeholders provided an interval of numbers because the stormwater 
accommodations of for instance removing metals, all depends on the design, location, 
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concentration of metals in that area etc. If the scores from stakeholders were provided between 
an interval of numbers, the average number of that interval was taken to provide a single 
numerical score. The comments are very important since it awakes important questions. It also 
provides means of measurement and ideas of what to include in the future management of 
stormwater.  

An important aspect encountered after receiving feedback from stakeholders was that rain 
gardens has become a trendy topic during the last years, and the concept of a rain garden is 
more commonly used in Sweden. There are some problems regarding the concept of a rain 
gardens in Sweden. There are uncertainties about how a rain garden would fit Sweden due to 
how the filter media and plants used in the rain garden might not withstand or have the 
durability due to the Swedish seasons. Ground frost is one issue that creates uncertainties since 
the rain gardens filter media is fragile to settlements in the ground. There are also uncertainties 
about functionality, capacity, maintenance costs and complexity and how it should be designed 
to manage stormwater at areas with high and low amount of runoff. Most of the information 
about rain gardens are provided from abroad studies, where the differences in season causes 
less influence on plants with less temperature differences. It could therefore be hard to choose 
plants for rain gardens in Sweden to be able to withstand the seasons and provide an acceptable 
infiltration capacity of stormwater. Another issue about the scoring procedure relies in the 
criteria and how they are interpreted by stakeholders and citizens of Stockholm.  
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Chapter 6 – Discussion 
6.1 MCDA as a tool 
The MCDA as a tool provided result to some extent in this case. Although, when managing the 
tool, a key feature to keep under consideration is that the MCDA emphases on the judgement 
from the decision makers, in this case stakeholders. The scoring result is not by any means the 
foundation to any decisions regarding stormwater accommodations. It is thus, a point of 
direction to how the evaluated stormwater accommodations will perform based on the 
knowledge and judgement from stakeholder’s active in the field of stormwater. However, by 
applying the MCDA tool, it connects the analyst and stakeholders from different fields of 
expertise, providing a diverse base of results. In this case, the final value between stormwater 
pond (11.9), rain garden (11.4) and infiltration trench (11.3) became very similar.  

These results can therefore be hard to distinguish, if possible at all. This does not prove that 
MCDA is not a valuable tool to use when determining the best stormwater accommodation 
regarding the scored criterion, it rather states that there are factors that can be changed for 
future studies. Primarily, using a weight method could potentially affect the outcome of the 
result to become more varied, e.g. the SWING-weight method. Secondarily, organize the 
stakeholder groups to enable the stakeholders to score criteria belonging to only one category. 
One example could be to divide the stakeholders in groups of 1-4.  

Stakeholders of group 1 would score the environment category, stakeholders group 2 would 
have scored the technology category, stakeholders 3 would have scored the social category 
together with citizens of Stockholm, and stakeholders group 4 would have scored the economy 
category. However, to be able to apply this, it would require an increase attendance of 
stakeholders. It could also be more beneficial to analyze each separate categorical score to 
determine the most suitable stormwater treatment system with regards of each category 
(environment, technology, social aspects and economy) and their respective criteria, rather than 
focusing on the final calculation in this specific case.  

The response from contacted stakeholders were weak and problematic. Weak in the sense that 
the contacted people had limited time to help to provide inputs and opinions to this master 
thesis and problematic because of the response time that could last up to several weeks and in 
some cases, months. Out of a total of 20 contacted stakeholders, 5 were willing to help. The 
reason for such a weak response lies mostly in lack of time rather than lack of interest to help. 
The answers received from stakeholders that did not have time to participate, politely declined 
any participation in the analysis. The stakeholders who had time to participate in the MCDA, 
either via e-mail or by phone, were very helpful and interested in the outcome.  

The scoring result of the criterion may have been more varied if the criterion were formulated 
differently, since some stakeholders scored some of the criteria in the middle of the interval (0-
5) due to a confusing formulation of the criteria causing uncertainties and misinterpretation. 
Furthermore, it would have been beneficial to overlook the formulation of the concerned criteria 
together with the stakeholders or a third party, to exclude any uncertainties. 

Citizens of Stockholm, were people interviewed from different areas of Stockholm, among these 
areas were Sundbyberg (rural area), Hammarby Sjöstad (semi urban/rural area) and the central 
part of Stockholm (urban area). Out of encountering 60 people, 13 citizens could help and 
provide sufficient answers in regards of the social aspects only. A problem that occurred late in 
the process was that some criteria had to receive reversed scoring. This did not affect the scoring 
procedure for the stakeholders and key, numbers could be changed to manage the mistake. As 
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mentioned earlier, this resulted in that a score of 5 became a 0, a score of 4 became a 1 and a 
score of 3 became a 2. It could however be perceived as misguided, but the overall calculation 
could be declared. 

6.2 Comments on MCDA-tool for managing stormwater  
MCDA is a supportive tool that can be applied to stormwater management as guidance and as a 
basis to limit down the choice that decision-makers should take when constructing stormwater 
solutions in planned-, developed-, or rebuilt areas. The MCDA-tool provides the decision maker 
with a basis of information compiled from specific criteria, developed specifically for this project. 
The result from this MCDA together with information gathered from other instances enables a 
systematic approach towards sustainable development. Stakeholders from the same line of 
business was involved, which provided an accumulated group of people, as well the citizens with 
their public opinion about the social aspects. This mix of people that scored the developed 
criteria, did provide a result that in this case but was hard to distinguish between the scored 
stormwater accommodations, due to a similar final score of 11.9 for stormwater ponds, 11.4 for 
rain gardens and 11.3 for infiltration trenches.  

The primary benefit by using MCDA as a tool in this case, gave an indication that the MCDA can 
work as a supportive tool to decision makers, even though the result in this case became difficult 
to manage and distinguish between the different stormwater accommodations. Finally, the 
method, layout and analysis itself can provide means of measurements for stormwater 
investigations when the purpose is to choose between the best stormwater systems included in 
the MCDA.   

6.3 Analyzing the MCDA results  
The categories, parameters and criteria included in the MCDA was developed by viewing other 
similar MCDA studies and through a MCA guideline textbook. There are several ways to conduct 
a MCDA. Depending on what topic to conduct the MCDA on, there are external circumstances 
prevailing, which needs to be taken under consideration for example, site specific circumstances 
in this specific case. The MCDA was slightly simplified in regards of the calculation of the final 
data by not emphasizing the weight to the criteria. In other cases, where MCDA as a tool has 
been used to compare different stormwater accommodations and the functionality of 
stormwater management systems, at one specific site. In this case, the system boundary covers 
Stockholm’s urban and rural areas, which made it hard to view specific conditions for specific 
sites. This was something that the stakeholders brought up – that most of the criterion receiving 
the score are based on site specific circumstances and that it is suitable to view each site as a 
unique place.  

Stockholm is a city with variation, and comprises green areas to deploy stormwater 
accommodations, even in urban districts. What the MCDA tool has provided this thesis with, 
except for the scoring results, is that the tool is functional and works most suitable when 
conducted at specific sites. Although, this specific MCDA study did not receive the expected 
variation in results and there is no obvious choice to point out the best stormwater 
accommodations in regards of the result in this case.  

6.4 Site specific properties regarding stormwater accommodations 
During the scoring procedure from stakeholders, comments was provided by stakeholders 
explaining that all places are unique. Site specific properties must be investigated such as; the 
geological conditions, geotechnical aspects and hydrological aspects (Nestéus, 2017) must be 
investigated before choosing what type of stormwater treatment that is suitable for the specific 
area. Geological conditions and geotechnical aspects relate to the capacity of stormwater 



55 
 

infiltration. Ground frost or poor soil characteristics can decrease the infiltration capacity of the 
stormwater runoff (Kessler, 2016).  

The hydrological aspect is important, especially for Sweden, where season shifting occurs 
annually. During the winter, there is a shift in the hydrological condition because stormwater is 
accumulated in snow and ice, giving no or limited runoff during this period. When the snow and 
ice starts to melt, there could be intense runoff with large volumes of stormwater during an 
abbreviated period, which could lead to a decrease in detainment of stormwater (Blecken, 
2016b). It was also determined that the surrounding environment and infrastructure must be 
taken under consideration before choosing.  

6.5 Comparison to other MCDA analysis 
Another similar type of work was conducted in Gothenburg, Sweden in 2016. A master thesis 
work that projected the stormwater management techniques in urban dense areas (Kangas, 
2016). Kangas used the multi-criteria decision analysis to evaluate the stormwater management 
technique in a specific location. The categories used in that project was called work groups, were 
stakeholders was invited to discuss one specific work group. The first work group called 
environment had 5 attendants, the second work group called economy and technology had 6 
attendants, and the last work group, social aspects and health had 4 attendants, a total of 15 
stakeholders. These attendants are stakeholders from different organizations such as; Atkins, 
Chalmers, Miljöförvaltningen, Trafikkontoret among others (Kangas, 2016). Kangas specified the 
analysis to certain areas in Gothenburg and the options/alternatives included in the MCDA was 
pervious pavements (PP), rain gardens (RG), underground sedimentation units (US), 
underground filter units (UF) and a zero alternative, drainage by piping which is considered to 
have no treatment of stormwater (Kangas, 2016).  

The criteria used in this thesis was similar to the criteria used in Kangas thesis. The same 
methodology of the MCDA was used. Although, Kangas used a weight method, SWING-weight. 
The stakeholders in Kangas case was asked to weight the criteria between 0-100 with the 
SWING-weight method, which was included in Kangas calculations. The MCDA outcome in 
Kangas case revealed that the zero-alternative received the highest score, due to economy and 
technology having the most dominant performance. Rain garden came in second place, thus, 
because of the weighted scores in the environment category. The scoring was done between the 
scale of 0-4 but was displayed differently after the weighting procedure, therefore no 
comparison between the scoring with Kangas thesis and this thesis will be provided (Kangas, 
2016). The result in this thesis compared to Kangas case showed that all the 5 options had 
similar result in Kangas thesis. Kangas did however, analyze the specific scored criteria in each 
category, which then provided a result which could be distinguished between. Kangas had a 
strategic plan to divide the 15 stakeholders into specific groups which could be one reason why 
Kangas result was more varied then the result in this report.  

Furthermore, comparing the results in this thesis to another thesis written by Bergqvist in 2014, 
where an evaluation of environmental assessment and sustainable stormwater planning with 
regards to climate change was conducted through an MCA (Bergqvist, 2014). The thesis was 
conducted in Gothenburg, Sweden by researching different sustainable stormwater solutions. 
Bergqvist thesis was conducted differently to this thesis, producing two different time scenarios, 
of a short-term (<2020) and a long-term perspective (<2100). The MCA options investigated in 
Bergqvist’s thesis was stormwater ponds (dry ponds), macadam basin and a BAU-scenario 
(business as usual), like the zero-alternative used in this thesis. The MCA in Bergqvist’s case used 
main criteria, sets of criteria and sub-criteria. Similar to this thesis, although named differently. 
The main criteria included in the MCA was environment, social and economic. The sub-criteria 
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equal to the criteria in this thesis, received the scoring from stakeholders and was different to 
the criteria used in this report. Even though the same options of stormwater accommodations 
was not used in this thesis compared to Bergqvist’s case (except for the stormwater pond), the 
same type of methodology was applied. It shows that the method by using MCDA as tool can be 
compared in this case, rather than the results from scoring diverse types of stormwater 
accommodations.  

The number of stakeholders participating in Bergqvist’s case was 9, from different backgrounds 
and field of expertise.  The results in Bergqvist’s case was divided in to two parts, MCA1 (authors 
own analysis) and MCA2 (based on stakeholder’s analysis). The result Bergqvist achieved had a 
great variation and was much easier to distinguish between after calculating the score. The 
result showed that the stormwater pond was the best choice for both MCA1 and MCA2, 
followed by macadam basin and finally the BAU-scenario. The reason why Bergqvist’s result was 
more varied, was the systematic approach to conduct the MCA on. Dividing the method into two 
parts enabled an increase in security when it showed that both the analysis showed very similar 
results. Bergqvist also used the SWING-weight method which enabled stakeholders to weight 
certain main criteria to display the importance of each criteria.  

If the SWING-weight would have been applied in this master thesis, could have affected the 
variation in result, since the SWING-weight is then included in the calculations. Additional to 
scoring the criteria by stakeholders they could also utilize the SWING-weight to the criteria 
provided. The reason why the SWING-weight method was not used in this thesis relies in the few 
attending stakeholders and the long response time from stakeholders, and the time it would 
have required stakeholders to provide weights to the criteria would not fit within the time table 
of this master thesis.   
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Chapter 7 – Conclusion 
In conclusion, the stormwater pond received the highest score by 11.9 from calculating the 
overall score with the mean value, followed by rain garden with 11.4, infiltration trench 11.3 and 
the reference alternative (drainage by piping) 7.3. Based on these results, stormwater pond may 
be considered the best option to choose in regards of a total summary of the categories 
combined. If prioritizing the environment category when deploying stormwater 
accommodations, rain gardens may be a relevant choice, since it received the highest score of 
3.3 for this category. If considering other categories such as social aspects, both rain garden and 
stormwater ponds were the dominant alternatives. Rain garden and stormwater ponds received 
a score of 3.6, compared to infiltration trench that received a score of 2.5 followed by drainage 
by piping with a score of 1.6.  

The stakeholders who participated in this MCDA came from similar types of organizations with 
similar areas of work, which was the intention. A total of 5 stakeholders were willing to provide 
inputs to the MCDA out of 20 contacted stakeholders. Their respective organizations are 
companies located around the area of Stockholm with expertise around engineering, 
stormwater management, water and sewage and liquidators. There were 13 citizens 
participating in the MCDA out of 60 citizens asked. Citizens of Stockholm did only score the social 
aspects in this study since that aspect was considered the only area which they possessed 
knowledge within. Although, the attendance of stakeholders was low, only 25 % of the contacted 
stakeholders participated, they are still considered important to this project since they provided 
the scoring of the criteria for each respective category (environment, technology, social and 
economic). In regards of the low attendance by stakeholders, this resulted in a way that it 
became hard to distinguish the result between the different stormwater accommodation. 
Therefore, it was hard to determine which stormwater accommodation that was the best out of 
the ranking provided by the MCDA.   

The MCDA as a tool gave an indication that the tool can work as a framework to decision 
makers, even though the result in this case became difficult to manage and distinguish between 
the different stormwater accommodations. Finally, the method, layout and analysis itself can 
provide means of measurements for stormwater investigations when the purpose is to choose 
between the best stormwater systems included in the MCDA. Inputs from stakeholders 
concluded that depending on what type of existing circumstances, there must be a site-specific 
evaluation to treat every area as a unique area, before deciding what type of stormwater 
accommodation to apply to that specific location. 
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Appendix 1 

1. Description of method (MCDA) 
Multi-criteria analysis (MCA), an analysis method commonly used to resolve environmental 
issues (C. Martin et.al, 2006). MCA is therefore a suitable tool to use for evaluating stormwater 
accommodations sustainability, suitable locations, aesthetics, costs and degree of purification.  

1.1 Background to MCA  
There are several types of MCA approaches and techniques, however, the general purpose of 
the MCA is to provide the decision maker with considerable values. MCA techniques are mostly 
used as a “point-out” method, to identify a single most preferable option, by ranking options, 
short-listing some of the options to specify details, or to distinguish acceptable from 
unacceptable possibilities. The different MCA approaches will provide options on how to 
combine the data, but weighting, scoring with the given results is the same for either of the 
approaches (Communities and Local Government, 2009).  

There are certain criteria specified in order to choose the suitable MCA technique. Some of the 
criteria to evaluate are; internal consistency and logical soundness, transparency, realistic MCA 
technique coherent to the time needed for the specific project, software (if needed) and data 
collection (Communities and Local Government, 2009).  

The purpose of an MCA is to organize a decision-making team, consisting of stakeholders that 
has the appropriate knowledge and background that emphasis the judgement made in the MCA. 
Explained further in depth in chapter 1.3 are the various stages in the MCA. However, the main 
goal is to have at least 10 stakeholders from various background to include transparency. These 
stakeholders will judge different criteria specified, created from sustainability categories. The 
judgement will be in form of points given to the selected options. In this specific case, there are 
three options specified. The options are stormwater treatment accommodations chosen by the 
writer of the thesis in collaboration with the thesis provider Structor Mark Stockholm. The 
judgement from the decision-making team will be in form of scoring, creating a result in form of 
numbers. The scoring result will be weighted. Thereafter, conclusions about the scoring and 
weighting can be drawn, and provide a result, which serves the purpose to explain how good 
each option are considering sustainability aspects.  

A multi-criteria analysis has many advantages compared to informal judgement. For example, 
the MCA provides (Communities and Local Government, 2009): 

 Open and explicit result 

 The categories are based on sustainability parameters, and criteria created are drawn 
out of these parameters, and can be changed if considered inappropriate by the 
decision-making group (stakeholders)  

 The scoring and weighting procedure are developed accordingly to already established 
techniques and can be cross-referenced to relative values and other information 
considered necessary 

 Scores and weights are used to provide a result of performance and will be used to 
explain the significance of the chosen criteria 
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1.2 Background to MCDA 
MCDA is a form of an MCA commonly used to solve complex problems in both the public and 
private sector (Communities and Local Government, 2009). MCDA can be viewed as both an 
approach and a specific tool to analyze and provide results, which will aid the process the 
decision-making of scoring and weighting of measurable categories (Communities and Local 
Government, 2009). The general approach in MCDA is to divide the problem into a set of 
manageable pieces, allowing the data to be more specified.  

1. Primarily, identifying categories, in this case categories which are sustainability aspects, 
since stormwater accommodations should take technical, social, environmental, and 
financial aspects under consideration when designing and constructing them.  

2. Secondly, specify parameters. These parameters provide a framework and narrows the 
MCA down to areas/topics, also referred to as measurable parameters.  

3. Thirdly, choosing appropriate criteria, which are directly derived from the parameters. 
The purpose with the criteria is to point out certain topics that are scored and weighted 
accordingly to the methodology described in the 8-step framework in section 5.3 (Stages 
in MCDA).  

4. Finally, if required, selecting sub-criteria. The purpose of having sub-criteria is to break 
down the criteria even further. Sub-criteria will not be needed in this specific case.  

1.2.2 Different MCDA-methods 

There are diverse types of methodological approaches. However, all the MCDA-methods have 
well recognized similarities. For example, Multi-Attribute Utility Theory (MAUT) and Multi-
Attribute Value Theory (MAVT) have slightly different characteristics (Kangas, 2016). They are 
compensatory models, which means that the final scores are combined. MAUT can account for 
uncertainties when it comes to performance for instance (Kangas, 2016). Other MCDA methods 
are Analytical Hierarchy Process (AHP), Multi-Attribute Decision Analysis (MADA) and ELECTRE, 
PROMETHEE-GAIA (Outranking methods) (Kangas, 2016). Another type of framework that could 
be used is the linear additive method (LAM). The LAM is a common model to use as it provides 
decision-maker with transparent result (Bergqvist, 2014).  

1.3 Stages in MCDA 
In this specific case, multi-criteria decision analysis (MCDA) will be the chosen method to 
approach the stormwater accommodations to evaluate the performance and to detain 
stormwater. The MCDA consists of a methodological framework to support decision makers of 
handling complex problems. There are 8 steps to follow when conducting an MCDA 
(Communities and Local Government, 2009): 

1.3.1 Establishing the decision context 

The first and perhaps the most crucial step is to establish the aim for the MCDA. The aim will 
provide a framework of the “to-do-steps”. The aim must be clear and stated early to help 
stakeholders understand the problem to provide adequate inputs to make the final decisions of 
scoring and weighting (Communities and Local Government, 2009).  

Stakeholders could be anyone who has an interest in the results of the MCA (Bergqvist, 2014). In 
this specific case, a stakeholder could be someone with years of experience, knowledge, and 
understanding of the stormwater accommodations to provide input for the decision maker to 
put a value on sustainability aspects e.g. performance, environment or aesthetics (Communities 
and Local Government, 2009). A stakeholder is someone with an interest in the result of the 
project, providing valuable information and guidance on the MCDA procedure, e.g. co-workers 
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as Structor Mark Stockholm or other companies, associations or organizations with years of 
experience regarding the subject area.  

Identification of stakeholders needs to be done at an early stage, before starting the MCDA, 
explained in Table 1 (Communities and Local Government, 2009). The identified stakeholders are 
being part of the decision-making process, and should include people from different sectors 
(Bergqvist, 2014).  

Table 1. Short summarization of stakeholder groups including definition and example of study areas. 

Decision-makers Definition & Purpose Area 

Stakeholders group 1 Organizations that can 
provide the project with 
information used in the 
decision phase (scoring, 
weighting)  

Companies 
Organizations 
Municipalities 

Stakeholder group 2 Can be experts in the field, 
providing the project with 
useful inputs to the decision 
phase, or other individuals 
with an interest of the 
outcome 

Scientists 
Engineers 
Consultants 
Citizens 

 

The purpose with having stakeholders to participate in the analysis process is to achieve leverage 
in the decision-making process (Communities and Local Government, 2009). They will provide 
the project with fundamental parameters (together with information gathered from the 
literature) to be able to put scores to the criterion which is later defined (Bergqvist, 2014). After 
identifying the stakeholders, it is important to formulate surveys, contact via e-mail/telephone 
and to arrange meetings to achieve necessary information.  

1.3.2 Identifying options and categories   

The categories should be chosen to reflect the problem. In this specific case, sustainability is 
important to address. The foundation of this step is to consider which type of categories that 
should be included and compared in the MCA (in this case MCDA). The categories should be 
based on the purpose of the thesis/project and include the fields of expertise in coherence to 
the subject. An example is that stormwater is both social and environmental troubling, which are 
two of the key components in sustainability. Therefore, the problem should be dealt with from a 
sustainable perspective. Other fields should also be considered, e.g. economy and technology 
(Communities and Local Government, 2009).  

The options in this case are the chosen stormwater accommodations, which are included in the 
MCDA. In this case, there will be three options included for investigation. These options possess 
similarities as they treat stormwater in a modern way, by transporting or detaining stormwater 
with functionalities such as; constructional commodities, treatment “at site”, involving the 
treatment solutions to take care of stormwater by detaining and treatment. A fourth option will 
be created as a comparative alternative in the MCA, and could be referred to as a “zero 
alternative”.  This alternative has few similarities to the stormwater accommodations and serve 
as purpose to only transport stormwater in an untraditional way.  

The categories chosen should reflect sustainability and will involve topics such as; 
environmental-, technological-, social- and financial aspects.  
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1.3.3 Choosing parameters 

The parameters can be referred to as topics or areas that are extensions of the categories. The 
parameters should indicate one or two topics from which the criteria can be concluded from. 
Depending on the complexity of the analysis, the parameters could be either directly measurable 
or divided into primary- and secondary parameters. Figure 27 illustrates in what order the 
categories, parameters and lastly the criteria chosen for the MCDA.  

 

Figure 1. A brief illustration of how the first three steps in the 8-step method in how to construct the MCDA. 

1.3.4 Identifying criteria  

Identifying the criteria, it is preferable to choose criteria that are practical and operational, 
ranking could otherwise be a challenge. The criterion in an MCA should be described as 
measures of performance. The criterion needs to be operational since they serve as 
performance measures.  The number of criteria should not be too many, it will cause 
unnecessary complexity and is not relevant for the given result (Communities and Local 
Government, 2009). The criteria could be grouped into series, which enables an easier overview 
to separate and distinguish components, therefore helping to link these to the 
categories/objectives (Communities and Local Government, 2009). 

Examples of criterion could be: 

 Removal of nutrients 

 Influence on ecological diversity 

 Maintenance frequency 

These criteria belong to a set of parameters, which in turn belongs to a category. For example, 
removal of nutrients belongs to a parameter called purification. This parameter belongs to the 
category of environment (J.B Ellis et.al, 2004). Hence, only one category can have one or a set of 
parameters, which in turn has several criteria.  

The methodology could be explained as a linear method, thus, structured hierarchically. Figure 2 
shows how the categories, parameters and how the criteria can be divided.   

Category Parameters Criteria 
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Figure 2. This illustrates a basic model of how the options are being divided into different categories, parameters and 
criteria.   

1.3.5 Scoring and Weighting  

Scoring: is used to apply an expected consequential number to a criterion. The more preferable 
the criteria are, or the better performance the criterion has, the higher score it receives.  

Weighting: to define each category relative valuation it is assigned a numerical weight. The 
scoring and weighting procedure are described further in depth down below and in Table 2.    

After step 1-4 are decided, it is time to score the criterion and weight the categories. The scoring 
procedure is done, generally in cooperation with the decision makers (stakeholders) to 
acknowledge expertise and judgement from the decision makers. There are several ways of 
conducting the scoring. The scoring scale could be set up as a linear scale from the worst 
possible value to the best possible value, for example, 0-5 or 1-100 (Kangas, 2016). This type of 
scoring procedure enables the numbers to be easily quantified. Further alternatives are to use 
“simple ranking”. The simple ranking is based on evaluation between best performance in each 
separate criterion and is assigned the highest score, the rest of the scoring is set in a falling order 
for each criterion (Kangas, 2016). 

Another type of scoring procedure is pairwise comparison. This type of scoring is incorporated in 
the Analytic Hierarchy Process (AHP) and is structured with a scale of 0-100 and does usually 
require computer software programs for calculations. Pairwise comparison is most commonly 
used for difficult and complex analyzes (Communities and Local Government, 2009).  

Weighting of the results can be done after the scores has been decided for each criterion, using 
the SWING-weight method. This weighting method is commonly used in MCA and is based on 
preferences to compare differences between criteria (Bergqvist, 2014). Scoring and weighing 
could be the most crucial- and most time-consuming part. It is relevant to put time and effort in 
making sure that the scoring and weighing have been given enough attention – So that the 
results are relevant. Some of the categories linked to each parameter, might be considered more 
important than others. Hence, the rating serves the purposes of reflecting what criteria that is 
the most important. The result from this will enable a comparison between the selected 
stormwater accommodations (options) (Bergqvist, 2014).  

Table 2 shows an example of how the categories can we weighed by the SWING-weight method. 
The number 100 indicated the most important category and numbers < 100 indicates less 
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important categories. SWING-weight method will also be used to weigh each separate criterion 
included in each category.  

Table 2. Weighting example, using the swing weighting method (Kangas, 2016).  

Ranking Category SWING Weight 
(example) 

Description of each 
Weight 

1 Environment 100  Very important 

2 Technology 60 Relatively important 

3 Social aspects 20  Not very important 

4 Economy 40  Less important 

 

1.3.6 Calculations of weighted score 

When the scoring and weighting is done as explained in step 5 and shown in Table 10, it is time 
to calculate the overall weighted scores for each separate option. Since this MCDA is conducted, 
slightly simplified, compared to larger more complex problems, this can be done by using a 
calculator. Hence, if the problem were to be more complex, computer software could be obliged 
(Kangas, 2016). 

Calculations can be performed with the linear additive method (LAM). This model will combine 
values of each separate option with the chosen criteria and create an overall score. By 
multiplying the weight of each criterion with the value score for each criterion, this results in the 
“end score”. The calculations proceed in two steps (Bergqvist, 2014): 

Step 1, every primary (measurable) parameter is named i, (i = 1,2,3…n) will be assigned a score, 
R. 

Step 2, every measurable parameter must be assigned a weight, W. The weight is put together 
with the score for measurable parameter. Finally, the sum (end result) will provide a weighted 
result for each option (stormwater accommodation).  

Equation 1: 𝐸𝑛𝑑 𝑠𝑐𝑜𝑟𝑒 =  ∑ 𝑊 𝑖𝑅𝑖  
𝑛
𝑖=1      Eq.3

   

End score = the total score of the chosen alternative 
𝑊 𝑖 = Weight of the primary (measurable) parameter (i) 
𝑅𝑖  = score of alternative (i) in primary (measurable) parameter 
n = number of primary (measurable) parameters 
 

An important consideration before using LAM is to ensure that the criteria used in the MCDA are 
mutually preference independent, which means that the criteria must be given enough thought, 
to assign the scored for each criterion. Indirectly, this means that the criteria must be 
independent – So it does not influence the scoring procedure. 

1.3.7 Examine the results 

The final outcome from the MCDA will be the results from scoring, weighting, and calculations. If 
the scoring and weighting was done carefully, the results should provide an indication about 
how sustainable, in this case, the stormwater accommodations are (Communities and Local 
Government, 2009).  
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Before assuming and concluding the results, it is crucial to go through the results and evaluate 
the scoring and weighting thoroughly. The result should display the single most preferable 
option, in this case, which stormwater accommodation is the most preferable one to use in the 
two chosen case studies, (Case 1 – Urban area, or Case 2 – Rural area). The result should also 
reflect, which accommodation is most preferable to use under certain circumstances such as; 
location (high polluting areas), suitability (size of the accommodation) and performance. These 
circumstances should be coherent to the categories and parameters chosen in the MCDA 
(Communities and Local Government, 2009). 
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Appendix 2 
Table 3, 4, 5 and 6 shows the finished templates which are used as surveys for stakeholders and 
citizens of Stockholm to score the criteria. After receiving the scores from citizens and 
stakeholders the mean value for each separate score will be calculated and multiplied by the 
importance weight shown in Table 16. The results from calculating the mean value and 
multiplying by the importance weight is shown in a summary Table in the result section.  

Table 3. Summary of criterion for the category Environment, with the selected options displayed in a scoreboard together 
with the zero alternative and the SWING weight.  

Criteria 
(Environment) 

RG 
(treatment) 

SP 
(treatment) 

IT 
(treatment) 

Drainage by 
piping (no 
treatment) 

SWING 
weight 

Removal of 
nutrients 

     

Removal of metals      

Removal of TSS      

Removal of PAH      

Influence on 
Ecological diversity 

     

Animal habitat      

Impact on 
groundwater 

     

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  

Table 4. Summary of criterion for the category Technology, with the selected options displayed in a scoreboard together 
with the zero alternative and the SWING weight. 

Criteria 
(Technology) 

RG 
(treatment) 

SP 
(treatment) 

IT (treatment) Drainage by 
piping (no 
treatment) 

SWING 
weight 

Detaining 
stormwater 

     

Hydraulic control      

Maintenance 
frequency 

     

Maintenance 
complexity 

     

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  
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Table 5. Summary of criterion for the category Social aspects, with the selected options displayed in a scoreboard together 
with the zero alternative and the SWING weight. 

Criteria (Social 
aspects) 

RG 
(treatment) 

SP 
(treatment) 

IT 
(treatment) 

Drainage by 
piping (no 
treatment) 

SWING 
weight 

Contribution to 
the society 

     

Aesthetics      

Air quality      

Hazards      

Sustainable 
urban/rural living 

     

Multifunctional 
use (parks, nature, 
art) 

     

Amenity level      

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  

Table 6. Summary of criterion for the category Economy, with the selected options displayed in a scoreboard together with 
the zero alternative and the SWING weight. 

Criteria 
(Economy) 

RG 
(treatment) 

SP 
(treatment) 

IT 
(treatment) 

Drainage by 
piping (no 
treatment) 

SWING 
weight 

Probability of 
system failure 

     

Maintenance costs      

Operational costs       

Investment costs      

Land use/Land costs      

Life span      

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  
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Appendix 3 
Scoring scale is set to an interval between 0-5, where 0 = insignificant and 1= low, 2 = moderate, 
3 = major, 4 = high, 5 = very high. 

Table 7. Stakeholders scoring of the Environmental criterion. 

 A B C D E F 

Environmen
t 

RG SP IT P RG SP IT P RG SP IT P RG SP IT P RG SP IT P RG SP IT P 

Removal of 
nutrients 

3 3 2 0 3 2 3 0 3 5 1 0 5 2 3 0 3 4 2 0 3 1 2 0 

Removal of 
metals 

4 3 2 0 4 4 3 0 4 4 2 0 4 1 3 0 3 3 3 0 4 3 5 0 

Removal of 
TSS 

4 4 4 1 5 4 3 0 4 4 4 0 5 2 1 0 4 4 2 2 4 4 5 0 

Removal of 
PAH 

4 3 3 0 3 3 3 0 2 3 4 0 1 1 1 0 4 2 3 1 4 4 4 0 

Influence on 
Ecological 
diversity 

4 4 2 0 2 3 3 0 3 5 1 0 1 2 1 0 5 3 3 0 5 5 2 0 

Animal 
habitat 

3 3 2 0 2 3 3 0 2 4 1 0 2 2 1 0 4 3 2 0 2 5 0 1 

Impact on 
groundwate
r 

4 1 3 5 3 3 3 0 2 2 3 0 1 2 3 1 3 2 2 4 5 3 5 0 

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  

Table 8. Average calculated mean value for the environmental category.   

 Average calculated value for the Environment category 

RG SP IT P 

Removal of nutrients 3.3 2.8 2.2 0 

Removal of metals 3.8 3.0 3.0 0 

Removal of TSS 4.3 3.7 3.2 0.5 

Removal of PAH 3.0 2.7 3.0 0.2 

Influence on 
Ecological diversity 

3.3 3.7 2.0 0 

Animal habitat 2.5 3.3 1.5 0.2 

Impact on 
groundwater 

3.0 2.2 3.2 1.7 
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Table 9. Stakeholders scoring of the Technological criterion 

 A B C D E F 

Technology RG SP IT P RG SP IT P RG SP IT P RG SP IT P RG SP IT P RG SP IT P 

Detaining 
Stormwater 

3 5 2 1 5 4 3 1 1 5 4 0 2 4 2 2 4 3 3 2 4 5 2 0 

Hydraulic 
control 

3 5 2 1 3 4 2 1 1 5 4 0 1 4 3 3 3 4 3 0 3 5 2 5 

Maintenance 
frequency 

3 2 2 4 2 2 2 2 0 2 2 4 1 1 1 4 2 2 3 4 2 1 1 0 

Maintenance 
complexity 

2 2 2 3 1 1 2 3 3 0 3 4 2 3 2 4 3 2 3 2 2 4 5 2 

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  

 

Table 10.  Average calculated mean value for the technological category.   

 Average calculated value for the Technology category 

RG SP IT P 
Detaining 

Stormwater 
3.2 4.3 2.7 1.0 

Hydraulic control 2.3 4.5 2.7 1.7 
Maintenance 

frequency 
1.7 1.7 1.8 3.0 

Maintenance 
complexity 

2.2 2.0 2.8 3.0 

 

 

Table 11. Stakeholders scoring of the Social criterion. 

 A B C D E F 

Social aspects RG SP IT P RG SP IT P RG SP IT P RG SP IT P RG SP IT P RG SP IT P 

Contribution to 
society 

5 5 5 5 5 4 4 4 4 5 0 0 5 5 2 1 5 4 3 0 4 5 1 0 

Air quality 3 2 1 1 1 2 1 0 4 3 0 0 4 3 3 1 2 2 2 2 1 0 0 0 

Hazards 3 3 3 3 2 4 3 4 3 3 5 5 3 2 2 4 3 2 2 3 0 1 0 1 

Sustainable 
urban/rural 
living 

5 5 3 3 4 3 4 2 3 3 3 0 4 3 1 1 4 5 3 4 5 5 3 1 

Multifuncitonal 
use 

5 5 3 1 3 3 3 0 4 4 2 0 4 3 4 1 5 4 2 1 3 5 0 1 

Amenity level 5 5 5 3 3 3 3 3 0 4 4 1 0 4 3 2 1 4 4 2 0 4 5 1 

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  
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Table 12. Average calculated mean value for the Social category.   

 Average calculated value for the Social category 

RG SP IT P 
Contribution to 

society 
4.7 4.7 2.5 1.7 

Air quality 2.5 2.0 1.2 0.7 
Hazards 2.3 2.5 2.5 3.3 

Sustainable 
urban/rural living 

4.2 4 2.8 1.8 

Multifuncitonal use 4 4 2.3 0.7 
Amenity level 4.0 4.0 2.0 0.7 

 

Since citizens only filled in the questionnaires about the social category their result was 
implemented in the result. 13 citizens answered the questionnaires and their answers was 
calculated with the average mean value in Table 13 below. That result was then calculated with 
Table 12 above. The average mean value calculated between Table 12 and Table 13 are 
displayed in Table 14. 

 

Table 13. Average calculated mean value for the Social category of citizens’ questionnaires.   

 Citizens 

RG SP IT P 
Contribution to 

society 
4.4 3.9 2.7 2.5 

Air quality 3.1 2.5 2.1 1.7 
Hazards 2.3 2.7 2.0 0.8 

Sustainable 
urban/rural living 

3.9 3.9 3.0 2.4 

Multifuncitonal use 4.4 4.5 3.9 1.1 
Amenity level 3.7 3.7 2.6 1.3 

 

Table 14. Combined average calculated mean value from Table 12 and Table 13  

 Citizens + Stakeholders 

RG SP IT P 
Contribution to 

society 
4.5 4.3 2.6 2.1 

Air quality 2.8 2.3 1.6 1.2 
Hazards 2.3 2.6 2.3 2.1 

Sustainable 
urban/rural living 

4.0 3.9 2.9 2.1 

Multifuncitonal use 4.2 4.3 3.1 0.9 
Amenity level 3.9 3.9 2.3 1.0 
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Table 15. Stakeholders scoring of the Economical criterion. 

 A B C D E F 

Economy RG SP IT P RG SP IT P RG SP IT P RG SP IT P RG SP IT P RG SP IT P 

Probability 
of system 
failure 

5 5 5 5 5 4 4 4 4 5 0 0 5 5 2 1 5 4 3 0 4 5 1 0 

Maintenance 
costs 

3 2 1 1 1 2 1 0 4 3 0 0 4 3 3 1 2 2 2 2 1 0 0 0 

Operational 
costs 

3 3 3 3 2 4 3 4 3 3 5 5 3 2 2 4 3 2 2 3 0 1 0 1 

Investment 
costs 

5 5 3 3 4 3 4 2 3 3 3 0 4 3 1 1 4 5 3 4 5 5 3 1 

Land 
use/land 
cost 

5 5 3 1 3 3 3 0 4 4 2 0 4 3 4 1 5 4 2 1 3 5 0 1 

Life span 5 5 5 3 3 3 3 3 0 4 4 1 0 4 3 2 1 4 4 2 0 4 5 1 

Scoring scale 0-5, 0 = insignificant, 1 = low, 2 = moderate, 3 = major, 4 = high, 5 = very high. RG = Rain garden, SP = 
Stormwater pond, IT = Infiltration trench, Drainage by piping = Reference/Zero-alternative.  

Table 16. Average calculated mean value for the Economy category.   

 Average calculated value for the Economy category 

RG SP IT P 
Probability of 
system failure 

2.7 2.7 2.8 3.5 

Maintenance costs 1.3 1.7 3.2 3.2 
Operational costs 1.8 1.5 2.2 3.3 
Investment costs 2.2 1.3 2.3 1.7 

Land use/land cost 1.7 1.5 2.3 2.8 
Life span 2.7 3.8 3.5 4.0 
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