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Glossary and abbreviations 

Ground water Usually refers to water in the saturated zone of the 

soil and/or bedrock 

Local detention and infiltration of 

storm water 

Structures to detain or filter storm water locally, 

close to buildings or other structures such as roads 

(Swedish: Lokalt omhändertagande av dagvatten, 

LOD) 

Non-point source pollution Pollution associated with multiple sources, where 

none can be pointed out as the main source 

Pollutions Used in this report as collective term for pollutants, 

micro nutrients and other substances, dissolved or 

solutes, transported in water but seen as harmful in 

the urban blue structures due to high concentrations 

or harmful to ecosystems 

Retention and detention ponds The Swedish language does not make a difference 

between the two, which should be kept in mind 

while reading 

Runoff  Precipitation that does not infiltrate and runs off the 

surface of the ground 

Storm water This is the term used to translate the Swedish 

“dagvatten” for this study, meaning runoff and 

meltwater in the built environment, affected by 

artificial hard/impermeable surfaces. Oxford 

Dictionary definition of storm water: “Surface 

water in abnormal quantity resulting from heavy 

falls of rain or snow.” 

Surface water Visible water on land 

CAS Complex adaptive system 

ES Ecosystem services 

EQS Environmental Quality Standards 

(miljökvalitetsnormer, MKN, in Swedish) 

LÅP Local Programme of Measures, a local version of 

the PoM (Swedish: Lokalt åtgärdsprogram, LÅP) 

PoM Programme of Measures (Åtgärdsprogram in 

Swedish) 

SES Social-ecological systems 



 

 

SSWS Stockholm Storm Water Strategy (In swedish: 

Dagvattenstrategi -Stockholms väg till en hållbar 

dagvattenhantering) 

SVOA Stockholm Vatten och Avfall 

SWWA Swedish Water and Wastewater Association 

(Svenskt Vatten AB in Swedish) 

VISS Vatteninformationssystem Sverige, Swedish data 

base for water 

WFD Water Framework Directive (Directive 

2000/60/EC) 

 



 

 

Abstract 

The environmental issues of storm water in the urban environment is addressed in political 

policies on many different governance levels. The concept of “sustainable storm water” in 

Europe uses the natural water cycle as a template for urban drainage, and the EU has a water 

framework directive (WFD) with a systems approach, using drainage basins as the starting 

point of all actions. In Stockholm, a new storm water strategy was adopted in 2015 with a 

sustainability approach, using much of the terminology from the WFD and the Swedish Water 

& Wastewater Association. To find new aspects related to sustainable development of storm 

water management in Stockholm, this study used a resilience framework of seven principles 

to analyse the implementation of the Stockholm storm water strategy (SSWS). A mixed 

method approach was used for a qualitative study, using interviews and a review of policy 

documentation as the main data sources, complemented by a desk study of literature on the 

subject of storm water management, as well as participation in some relevant workshops. To 

broaden the study, examples from a developing area within the Stockholm municipality, Stora 

Sköndal, was used, as well as another municipality in the Baltic Sea region; Helsinki 

(Finland). The SSWS leans on the legislation of the environmental quality standards (EQS) 

but is lacking in authority coordination on a national and municipal level in Stockholm. 

Diversity in problem formulations and solutions for infrastructure is high, so is the diversity 

of involved stakeholders, which is an indication of resilience. This in combination with the 

structure and communicational links having questionable functionality, leads to a complex 

and inefficient structure in management of storm water, which undermines the resilience of 

the system. However, since the SSWS and other connected policies (such as local 

programmes of measures and sustainability requirements) are new, the system is undergoing 

change, which shows some level of adaptability and complex adaptive systems (CAS) 

thinking, another resilience indicator. The implementation of the WFD on a municipal level is 

also connected to CAS thinking, as well as a polycentric governance system -one of the seven 

resilience principles of the framework used. Some of the main issues found within this study 

for building resilience in the SES are related to follow-up and responsibility division.   

Sammanfattning 

Miljöfrågor inom dagvatten hanteras i policyarbete på flera olika institutionella nivåer. 

Begreppet ”hållbart dagvatten” utgår i Europa från den naturliga vattencykeln och EU:s 

vattendirektiv (WFD) har en systeminriktning som utgår från avrinningsområden istället för 

andra geografiska gränsdragningar. Stockholms Stad antog en ny dagvattenstrategi 2015 med 

en hållbarhetsinriktning, som innehåller mycket terminologi från WFD och publikationer från 

branchorganisationen Svenskt Vatten AB. För att hitta nya aspekter för en hållbar utveckling 

av dagvattenhantering i Stockholm använder denna studie ett teoretiskt ramverk inom 

resiliens,, som bygger på sju principer, i en analys av stadens dagvattensstrategi (SSWS). 

Blandade metoder användes för att genomföra en kvalitativ studie, där policydokument 

granskades tillsammans med intervjuer av nyckelpersoner, vilket kompletterades med en 

skrivbordsstudie av litteratur om dagvattenhantering samt deltagande i relevanta workshops. 

För att bredda studien användes exempel från ett planprogramsområde inom Stockholms 

kommun, Stora Sköndal, liksom en annan kommun i Östersjöområdet; Helsingfors (Finland). 

SSWS bygger juridiskt på miljökvalitetsnormerna, men brister i myndighetssamordning på 



 

 

nationell och kommunal nivå i Stockholm. Problemformuleringar och infrastrukturlösningar 

har hög mångfald, precis som involverade aktörer, vilket är en indikation på att systemet 

bygger upp resiliens. Detta i kombination med att struktur och kommunikationslänkar är 

något bristfälliga leder till en komplex och ineffektiv dagvattenhantering, vilket underminerar 

resiliensen i systemet. Eftersom SSWS och andra relaterade styrdokument (t.ex. lokala 

åtgärdsprogram och hållbarhetskrav) är nya, genomgår systemet förändringar, vilket visar på 

anpassningsförmåga och komplext, adaptivt systemtänk (CAS), vilket är en ytterligare 

resiliensindikator. Implementeringen av WFD på kommunal nivå är också kopplad till CAS-

tänkande, liksom ett polycentriskt styrsystem - en av de sju principerna för resiliens i det 

teoretiska ramverket som används. Några av de huvudsakliga problem för att bygga resiliens 

som hittades i denna studie är relaterade till uppföljning och ansvarsfördelning 
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1. Introduction 

Urbanisation in combination with climate change turns focus towards water issues, in the 

atmosphere, oceans, inland surface water and in the ground. While the climate dictates the 

amount, frequency and intensity of precipitation, urbanisation and the built environment also 

affects the water cycle. The UN reports that as by 2018, 55% of the world population resides 

in urban areas, and urbanisation will continue: by 2050, 68% are predicted to live in urban 

areas (United Nations, 2018a). The built environment inevitably leads to a higher rate of 

impermeable surfaces, which leads to an increase in surface runoff, increased transport of 

pollutions and a higher risk of flooding. As the ground is covered with asphalt, paving stone 

and concrete for streets, houses, town squares and other urban structures, less water infiltrates 

to the ground, less water is taken up by plants and more water is left for surface runoff and 

evaporation. Figure 1 gives a numerical example of this effect. As groundwater flow 

decreases, so does the base flow to streams and bodies of surface water, leading to dried up 

streams during dry periods and flooding during storms.  

The urban land use creates a hydrological system which is very vulnerable to the surrounding 

climate. The increased risk of flooding in combination with climate change raises questions of 

property damage and personal safety. Climate change is predicted to increase extreme weather 

globally, with more intense storms and more intense precipitation, more severe droughts as 

well as increasing the sea water levels. This, in combination with the sensitivity to storms 

caused by the urban water cycle, leads cities all over the world to plan for flooding events. 

Meanwhile, the increased urban population must be accommodated in an acceptable way, 

leading urban areas to continuously develop. In addition to the flooding issue, the urban water 

cycle poses other environmental issues. The surface runoff transports particles and solutes to 

the recipients, increased runoff extends the amount and the distance of transported toxins and 

nutrients. Thus, the chemical quality of surface water as well as ground water is impacted by 

urban runoff, which is why storm water management affects water quality. The increased 

transport also affects erosion of the ground, which can lead to property damage, loss of 

aesthetic values or damage to urban ecosystems. 
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Figure 1. This figure illustrates the issue bya numerical estimate of the effects on the hydrological cycle by urbanisation. 

Image source: The Federal Interagency Stream Restoration Working Group (1998) 

In this first chapter the study is presented. Chapters 2 and 3 explain the theoretical framework 

and method used. Chapter 4 gives a background to the parameters of the study and sets the 

scene. In chapter 5 the analysis is presented,  the findings are discussed in chapter 6 and the 

conclusions are accounted for in chapter 7. 

1.1 Urban storm water management 

Transporting water to and from urban areas has in a way always been one of the factors of the 

success of human society. Today, most of us are aware of sanitary sewage infrastructure in 

cities, whether it is poor or good. Urban storm water is however something that some do not 

consider, until an area is flooded. Storm water has been a nuisance and drainage has been 

helping urban development, performed by engineers and with a focus of quantitative 

measures. However, as with many areas of infrastructure and urban development, the 

approach to storm water has changed and is changing and awareness of the qualitative aspects 

is increasing. (Stahre, 2006) 

In general, urban drainage built before 1950 are combined sewage systems (Stahre, 2006; 

Svenskt Vatten AB, 2016) where storm water and sewage are collected in the same technical 
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system and lead to treatment plants. To manage the water flow during a storm event, 

combined sewage is usually built to overflow (combined sewage overflow, CSO), releasing 

untreated water into the recipient waterbody (Svenskt Vatten AB, 2016). After 1960 (Stahre, 

2006) separate systems are the more common infrastructure produced, where storm water is 

drained to a recipient body of surface water and sanitary sewage is led to the treatment plant 

in a separate system. Many large cities have a combination of the two, reflecting the time of 

construction of different areas of the city. The increased runoff in urban environments often 

put a strain on the drainage infrastructure, traditionally solved by increasing the capacity of 

the pipelines (ibid). A cheaper solution is to reduce and slow down the runoff before the water 

reaches the pipes, generally by low-tech infrastructure (ibid).  Awareness of the pollutants 

associated with urban storm water has led to new ideas of infrastructure in storm water 

drainage, to increase the water quality in receiving water bodies.  

Stockholm has old infrastructure for storm water collection and treatment, most of the storm 

water from the city centre consists of a combined sewer system, while most of the suburbs are 

constructed with separate systems (Stockholm Vatten och Avfall, 2014). As the city is 

growing and getting denser, surfaces for managing storm water runoff is decreasing 

(Stockholm Vatten och Avfall, 2017a). In 2015, the Stockholm municipality decided on a new 

policy for storm water drainage with the subtitle “Stockholm’s path to sustainable storm water 

management”1 (Stockholms Stad, 2015). Sustainable urban drainage is a concept used in 

Europe, meaning viewing storm water as a resource used for multiple purposes, as a key to 

improve water quality, in combination with cultural and social values of technical storm water 

solutions (Stahre, 2006; Svenskt Vatten AB, 2016). Sustainable storm water management is to 

simulate natural runoff, infiltration, percolation and sedimentation as far as possible (ibid). 

This approach to storm water drainage has included new stakeholders, the issue is no longer 

purely technical and for engineers, instead it is part of the urban planning process and the 

shaping of the urban landscape (Stahre, 2006).  

1.2 The concept of sustainable development 

Naming something “sustainable” usually refers to the idea of sustainable development. In 

1987, the Brundtland Commission (also known as the World Commission on Environment 

and Development) agreed on a definition for sustainable development which has since been 

used in numerous scientific, policy and practice contexts. The commission defined sustainable 

development as:  

“ Sustainable development is development that meets the needs of the present without 

compromising the ability of future generations to meet their own needs.” (World 

Commission on Environment and Development, 1987)  

Sustainable development is a concept of ethics, politics, philosophy, social sciences, 

economics and natural sciences, it is highly complex and interdisciplinary. The views on what 

is to be sustained and how to sustain it in a changing world differ greatly, but the UN has set 

what is called the Sustainable Development Goals (SDG) as a common ground (United 

Nations, 2018b). There are 17 goals to be met by the year 2030, where goal 6 “Clean water 

                                                 

1 Authors translation, original sub title: ”Stockholms väg till en hållbar dagvattenhantering”. 
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and sanitation”, goal 11 “Sustainable cities and communities”, and goal 14 “Life below 

water”, (ibid) are examples which affect storm water related issues. Sweden has a generic 

goal for environmental politics called “the generation goal”, stating that the society being 

handed over to the next generation should be such that the major environmental issues are 

solved, without causing further environmental or health issues outside of the nation’s borders 

(Naturvårdsverket, n.d.). Further, Sweden has 16 environmental goals since 1999 originally 

set out to be reached by 2020 (Naturvårdsverket, n.d.), many of which are directly or 

indirectly related to storm water management. The most obvious are “Zero Eutrophication”, 

“Good-Quality Groundwater”, “Flourishing Lakes and Streams” and “A Good Built 

Environment”. 

Sustainable development is commonly divided into three sub categories: Ecological-, 

economical- and social sustainable development (Gröndahl & Svanström, 2010). The 

relationship between the three can be expressed differently and relates to different views on 

how development and change in society can move forward without exhausting resources. 

When representing the three subcategories as a Venn-diagram, all three are equally important 

and sustainable development is reached when all three areas are developing in a sustainable 

fashion. However, when depicted as a ”wedding cake” or ”bullseye” diagram, one of the three 

is seen as the foundation on which the other rest, see figure 2. One viewpoint is that 

ecological sustainable development is the foundation for life on earth, hence being the 

foundation for social development taking place, which is then the basis of economical 

sustainable development (SOU 2013:68, 2013). Others argue sustainable social development 

as a premise for the global society to engage in ecological aspects, and social aspects being 

key to contain global population growth, hence ensuring a population size which can 

sufficiently be sustained by the resources the planet can produce. An example of this view is 

described by Rosling, stating “child survival is the new green” (Rosling, 2010, at 8:40 

minutes), meaning child survival and smaller families is the only way to stop population 

growth at 9 billion and thereby ensuring a population which can survive on existing 

ecological resources.  

 

Figure 2. Different representation of the concept of sustainable development 

With the concept of sustainable urban drainage being defined as the natural water cycle, as 

described in section 1.1, the approach to storm water management has shifted from a 
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quantitative perspective to include more qualitative aspects. Stahre (2006) describes how 

urban planners are unfamiliar with planning for hydrological aspects at an early stage in the 

process, the water issues are traditionally solved after the development plans are set. Since 

2006 this has changed in Stockholm and Helsinki, hydrological issues are becoming 

increasingly integrated in the planning process. Stahre (2006) also describes how storm water 

drainage can be included in the planning process, in the comprehensive plans, site 

development plans and building permits, emphasizing the need to take the water issues into 

account early in the process. In describing this, Stahre points out the need for development 

follow-up by actors familiar with drainage hydrology. Since sustainable storm water, as well 

as sustainable development, is frequently mentioned in the data used for this study, the 

sustainability views are part of the analysis. 

1.3 Resilience thinking –a way to handle change 

A theoretical framework often mentioned in the context of sustainable development, in 

planning in particular, is resilience thinking (Lu & Stead, 2013; White & O'Hare, 2014), 

however the link between the two is not self-explanatory. Any type of system is deemed 

resilient when it can keep its function during and after external or internal pressures, changes 

or shocks. A resilient system is neither positive nor negative, a system state we consider bad 

can be very resilient to change. The term itself has been used in several sciences for a long 

period of time (Alexander, 2013), but the use of the term in sustainability context refers to the 

resilience of a social-ecological system (SES) to uphold its ecosystem services (ES). This use 

of the term “resilience” is described by the ecologist Holling (1973) and the application of 

resilience thinking for sustainable development has since been applied by the Resilience 

Alliance, started in 1999 (Resilience Alliance, n.d.), and further developed by, among others, 

the Stockholm Resilience Centre, started in 2007 (Stockholm Resilience Centre, n.d.). The 

concept is based on system thinking and strives to involve all social and ecological aspects of 

a defined system, and which ES are provided by said system. To assess the resilience, one 

must define the functions, the ES, which are to be upheld and what threatens the system’s 

capacity to uphold these functions (Resilience Alliance, 2010). A resilient system can adapt to 

shocks or changing conditions by bouncing back, utilising buffers or built-in previous 

experience for adaptation (Biggs, Schlüter & Schoon, 2015).  

As a concept, it is relevant to sustainable development due to its focus on sustaining ES 

functions by analysing the surrounding system, and ES can be seen as a basis for all other 

functions on this planet (see “wedding cake” or “bullseye” view in previous section). For this 

reason, the resilience concept can be used as an operationalisation of sustainable 

development. However, as an analytical tool it is not directly applicable to other aspects of 

sustainable development, if those were to be studied separately from relevant ES, such as e.g. 

social equality. For sustainable urban drainage, resilience thinking could be used to 

understand the SES further than by comparing it to the natural water cycle. Since resilience 

thinking can be applied to acknowledge change and transformation of a system (White & 

O'Hare, 2014), it may facilitate the discussion on urban hydrology and spatial planning during 

ongoing climate change and urbanisation.  
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1.4 Aim, research questions and scope of study  

This study aims to shed light on how storm water drainage and blue infrastructure is managed 

in Stockholm from an interdisciplinary perspective, including hydrology, political science, 

ecology, climate modelling and sustainable development, to further open the discourse to new 

ways of thinking and communicating urban hydrology between stakeholders.  

In the material studied for this report, as well as in the pilot study, urban drainage 

infrastructure is referred to in terms of sustainability (see the example of sustainable urban 

drainage in the introduction) or effects on the ecosystem, if anything but the hydrological 

calculations and purification effects are mentioned. In order to find new aspects, a resilience 

framework is used as a complement to, and an operationalisation of, the concept of 

sustainable urban drainage. A resilience framework provides an interdisciplinary approach 

and can shed new light on current knowledge. The resilience perspective is becoming more 

and more commonly used in research as well as political policy in spatial planning, however 

the meaning of the term can vary and be vague (Lu & Stead, 2013; White & O'Hare, 2014). 

Therefore, the specific applied resilience framework for this study is detailed in chapter 2. 

Resilience is more frequently used or mentioned in studies of urban runoff in the aspect of 

flooding and risk reduction, which is not the scope of this study. The goal of this study is to 

find new aspects of the social-ecological system surrounding the urban hydrological cycle in 

Stockholm, or new ways of communicating different aspects between actors and stakeholders, 

by a qualitative analysis of the storm water management. The study is also meant to 

contribute to the interdisciplinary research area of resilience in urban planning. While the 

focus of the study is on the city of Stockholm, the analysis will also consider impact of EU-

level policies and the Swedish national management system of hydrology for context. To get 

an in-depth understanding of policies and applications, a study of Stora Sköndal, south of 

Stockholm, is used to provide examples of storm water management within the municipality. 

Finally, the perspective on the Stockholm municipality is broadened by examples from 

Helsinki in Finland, another municipality in the Baltic Sea drainage basin with similar climate 

conditions (Olofsson, 2018). 

The research questions of this study are:   

1. Does the sustainable storm water management approach, as applied in the 

Stockholm municipality (today), support resilience thinking or build a resilient 

urban water cycle? 

1.1. What aspects of the SES concerning storm water in Stockholm are relevant 

for the urban water cycle to be considered resilient?  

1.2. In what way/ways does the Stockholm storm water strategy (here after 

SSWS) contribute to a resilient urban water cycle?  

2. What are the main challenges within the SES of the Stockholm water cycle for 

building a resilient water cycle in the storm water management perspective? 

3. What are the key recommendations for storm water management in Stockholm 

for building a more resilient system? 

The hydrological cycle of Stockholm will in this study be limited to a storm water 

perspective, and the focus will be on storm water management, however excluding the 
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specifics of extreme storms and flooding management, which is presently handled under 

another policy domain (crisis management). While modelling flows and constructing 

technical solutions is paramount to the issue, this study will use existing hydrological 

knowledge and qualitatively analyse the implementation of such knowledge in the urban 

planning and development. Other excluded areas closely related to urban storm water in 

Stockholm are other sources of flood risk, such as rising sea levels and increased runoff in the 

Mälaren drainage basin. Flooding will however be included in the aspect of storm water 

drainage. 

Although this study includes the levels of international governance by the EU through the 

WFD, the criticism and scientific feedback given to the directive is not addressed in detail. 

The description of the EU legislation is used for context of the Stockholm situation, as are the 

examples given by Helsinki and Stora Sköndal. The relationship of the studied areas are 

depicted in figure 3. 

 

Figure 3. The study depicted to show the importance of the different parts included. The arrows indicate the direction of 

influence 
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2. Background and framework 

2.1 Climate Change effects in Stockholm 

Different modelled scenarios for the effects of climate change are essential when studying 

storm water drainage, since the infrastructure and urban development is meant to last at least a 

few decades into the future. The Swedish Meteorological and Hydrological Institute, SMHI, is 

a governmental agency providing the Swedish society with “expertise in meteorology, 

hydrology, oceanography and climatology” (SMHI, 2017). In their report Future Climate in 

the Stockholm County -according to RCP-scenarios 2  (Asp, et al., 2015) two scenarios, 

RCP4.5 and RCP8.5, are presented for the Stockholm County for the period of 2021-2050 and 

2069-2098 respectively, modelled by different courses of development. The differences of the 

two scenarios are greater for the period of 2069-2098, presented below, while giving smaller 

differences for the period 2021-2050.  

The SMHI report (Asp, et al., 2015) concludes an increase in annual average precipitation for 

the Stockholm County, for the period of 2069-2098 compared to 1961-1990, of 12-20% or 

20-28% respectively for the two scenarios (ibid), see table 1. More relevant to urban storm 

water management are the scenarios for the number of days with more than 10 mm 

precipitation and the maximum precipitation over 24 hours, which are more indicative of the 

higher flows in the storm water system. The calculated change for the same time periods as 

above, the number of days with more than 10 mm precipitation in the Stockholm County will 

increase on average 5 or 7-8 days per year respectively for the two scenarios. The results for 

maximum precipitation over 24 hours are more irregular and uncertain, since one single storm 

can change the results in the local perspective. However, both scenarios show an increase in 

precipitation over 24 hours that can be approximated to 20% or 30% respectively for the end 

of the century (ibid). The most important aspect for urban storm drainage presented in the 

report is the change in short term precipitation, which is an indication of the increase in 

precipitation that can be expected from one single rain event. This indication of expected 

precipitation intensity impacts the highest flow peaks that the storm water drainage system 

will face, and is a basis for sizing the system (see Appendix A for further concept 

description). The scenarios are presented for different return periods, where the highest 

increase in precipitation is found in the storms with longer return periods in both scenarios. 

However, the more frequent storms are also predicted to increase (Asp, et al., 2015). 

Examples of increases for the yearly return period and the 50-year return period are shown in 

table 1.  

  

                                                 

2 Authors translation, original title in Swedish: Framtidsklimat I Stockholms län -enligt RCP-scenarier  



9 

 

Table 1 Climate change impact on precipitation in the Stockholm County, modelled by SMHI (Asp, et al., 2015) 

Increase in precipitation in the Stockholm County, compared to the period 1961-1990 

 RCP4.5 scenario RCP8.5 scenario 

Annual average (years 2069-2098) 12-20% 20-28% 

 Average number of days with 

precipitation <10 mm (years 2069-

2098) 

5 days/year 7-8 days/year 

Maximum precipitation for 24 

hours (by the end of the century) 

20 % 30 %  

1-year return period (years 2069-

2098) 

15 % 25% 

50-year return period (years 2069-

2098) 

20% 30% 

 

2.2 The resilience framework 

For applications of resilience thinking the Resilience Alliance published a workbook as an 

analysis guide (Resilience Alliance, 2010). In 2012 a team of sustainability science 

researchers published a review of the literature of resilience of SES, and defined seven 

principles for building resilience of ES in SES (Biggs, et al., 2012) as a new analysis tool. 

These seven principles are further developed in the book “Principles for Building Resilience -

Sustaining Ecosystem Services in Social-Ecological Systems” (Biggs, Schlüter & Schoon, 

2015)Since the principles are to be applicable to any SES, some of the terminology is broad 

and lack tangible definitions. For this reason, the authors clearly state that “Uncritically 

applying the principles put forward in this book may accomplish some groups goals, but may 

also intensify ecosystem-service trade-offs and power differentials.” (Biggs, Schlüter & 

Schoon, 2015, p. 34) They emphasise building resilience in SES as Complex Adaptive 

Systems (CAS), their capacity for providing ES during gradually or abruptly changing 

circumstances, since change is a system characteristic.  

Biggs, Schlüter & Schoon (2015) define ES as “the benefits people obtain from their 

interaction with nature” (Biggs, Schlüter & Schoon, 2015, p. 22) and describe four categories 

of services. While any development infers the need for trade-offs between ES, the framework 

is built on an assumption of a determined set of ES for which resilience is to be built (Biggs, 

Schlüter & Schoon, 2015). For this study however, the framework is used without a set of ES 

but rather a set of problem formulations. These problem formulations are related to some ES 

which could be defined, however by keeping the issues in the form of problems related to 

storm water is considered to keep the narrative and scope of this study more relevant and 

acceptable to urban planners and infrastructure engineers. The issues identified within the 

studied data as directly related to storm water management are: 
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• Hydrological cycle and pollution transport 

o Water quality, chemical and ecological 

o Water quality, eutrophication of the Baltic Sea 

o Water cycle balance 

o Groundwater level and regulation of hydraulic head 

• Impermeable surfaces and/or climate change effects 

o Higher risk of flooding or higher sea level 

o Higher flows and transport of pollutions and soils, erosion 

• Land use  

o Efficient infrastructure 

o Multiple functions due to lack of surfaces 

Other issues that are closely related to ES in the study, but not analysed, include biodiversity, 

recreation, aesthetic values and cultural values. There are several additional issues that are 

important to storm water management which cannot be identified as ES, and are not part of 

this analysis, such as cost-benefit of infrastructure, economical damage, housing and 

development needs,  instructive environments etc.  

To evaluate the resilience of the storm water management in Stockholm today, the seven 

principles for building resilience was used as an analytical framework. Some of the principles 

are more relevant to the research questions of this study than others, but there is an 

interdependence among the principles which cannot be disregarded. As phrased by the 

authors, “Although we have attempted to separate individual principles for the sake of 

analysis and presentation, they are in practice highly interconnected and interdependent” 

(Biggs, et al., 2012, p. 425). The authors make a division between principles 1-3 as “generic 

SES properties to be managed” and principles 4-7 as “key attributes of governance system” 

(Biggs, Schlüter & Schoon, 2015, p. 25). For this study, principles 1-3 will be analysed while 

principles 4-7 will be briefly discussed. The principles all have generic suggested methods for 

operationalisation and application described by the authors, recommendations as to which of 

these would apply to building resilience in P1-3 of the studied system are covered at the end 

of chapter 5 and in the discussion. 

The seven principles are: 

1. Maintain diversity and redundancy (P1) 

Diversity is described as the variety, balance and disparity of components in an SES (e.g. 

species, knowledge systems etc.), while redundancy is the opposite of disparity, i.e. to what 

degree components have similar functions. The response of an SES to change and 

disturbances will depend on the systems response diversity, and redundancy in function will 

help maintain ES functions if some of the components are lost or inaccessible. If diversity and 

redundancy are too high, the SES can get inefficient due to its complexity and stagnation, 

high levels of redundancy and diversity can be costly. Thus, a balance of cost-benefit in 

diversity and redundancy in the SES builds resilience of ES. (Biggs, Schlüter & Schoon, 

2015) 

The aspects of the principle considered relevant for this study are the diversity of technical 

responses to storm water, the diversity and redundancy of organisational forms as well as 
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knowledge systems, i.e. what stakeholders are involved with storm water management and 

how they complement each other. The diversity or redundancy of involved legal structures 

have been considered to understand direction of influences and structures of connectivity 

(P2).  Different stakeholders may present different problem formulations related to the storm 

water issue because of their background and what knowledge system they represent, therefore 

diversity of problem formulations is also studied. Diversity in user groups is also related to 

the study, so is the diversity of values in the system (Biggs, Schlüter & Schoon, 2015). 

However, values and user groups have not been analysed due to the chosen methods and 

hence no conclusions are drawn from those concepts. 

2. Manage connectivity (P2) 

The components of the SES (and outside the studied SES, depending on if and how 

boundaries are set), nodes, are connected by links of different structure and strength. The 

strength of the links refers to the intensity of interactions, such as quality of habitat corridors 

or frequency of information exchange. Although context dependent, a generic assumption is 

that high connectivity builds resilience by enhancing recovering abilities in the SES, but it can 

also facilitate a higher spread of a disturbance. (Biggs, Schlüter & Schoon, 2015) 

For this study, the connectivity of the stakeholders involved with storm water management 

has been studied by assessing the communicational links and organisational structure relevant 

to storm water in Stockholm. Frequency and intensity of communication have not been 

measured, rather the quality and efficiency of information exchange and knowledge spread. 

For connectivity mapping of social-political aspects, the organisational structure, 

responsibility distribution and legal structure have been considered. The hydrological 

connectivity was briefly studied to give a perspective on social-political aspects. 

3. Manage slow variables and feedbacks (P3) 

SES:s produce different ES depending on which regime it exists in, which is affected by the 

feedbacks in the configuration and determined by some of the slow variables. Monitoring and 

managing changes in slow variables and feedbacks can help keeping the SES in a desirable 

regime and avoid a regime shift, or to disrupt the feedbacks keeping a SES in an undesired 

regime. Monitoring is in itself a type of feedback, however what slow variables to monitor as 

indications of the regime of the SES is not always obvious and not as easily observed as fast 

variables. (Biggs, Schlüter & Schoon, 2015) 

The slow variables and feedbacks of the SES concerning the Stockholm storm water 

management are in this study understood by examining temporal, spatial and governance 

scales of the social-political system and how it relates to spatial and temporal aspects of 

surface water. In addition, the feedbacks of the social-political system related to monitoring of 

the hydrological feedbacks is emphasised by study of management and follow-up of 

measures. 

4. Foster complex adaptive systems thinking (P4) 

The complex adaptive systems (CAS) thinking refers to a holistic view of the world that 

recognises uncertainties, non-linearities, different kinds of knowledge, cognitive change 
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barriers and power of institutional structures. This principle advocates management which 

embraces SES as CAS, meaning they are interconnected and uncertain. For management to 

successfully adapt CAS thinking existing institutional structures has to be challenged, so as 

not to cope with uncertainty by over monitoring but rather create room for adaptability. 

(Biggs, Schlüter & Schoon, 2015)  

“Evidence for the importance of understanding SES as CAS is suggested primarily by the 

consequences of a lack of such understanding” (Biggs, et al., 2012, p. 432) 

5. Encourage learning (P5) 

Learning makes management of SES more efficient and effective and good learning processes 

help build social capital. It can however have a negative impact if power dynamics negatively 

influence what knowledge is shared or interpretative prerogative is used in a harmful or 

negative way. (Biggs, Schlüter & Schoon, 2015) 

6. Broaden participation (P6) 

Stakeholder participation in management processes can mean anything from top-down 

information to full decision making participation. This principle refers to active participation 

of relevant stakeholders, not for ideological reasons such as human rights. Information and 

knowledge sharing helps detection and response to disturbances and changes in SES 

dynamics and higher participation increases transparency and legitimacy in management 

systems. Inefficiency can arise if participation creates conflict and goals and leadership are 

unclear. (Biggs, Schlüter & Schoon, 2015)  

7. Promote polycentric governance systems 

Polycentricity refers to a system of governance bodies which interact both horizontally and 

vertically, while having the option to make their own decisions and self-organise in their area 

of governance. The key for building resilience is allowing for experimentation and adaptation 

at multiple levels, by connections and overlap between bodies at different levels as well as 

outside of official government stakeholders. Polycentricity is thought to strengthen resilience 

mainly in P5, P1 (in the aspect of policy and institutions, diversity in response and 

redundancy), P6 and P2, in the sense of modularity and connectivity. The idea is a panarchy 

where the individual governance bodies match the issues in scale. However, it is uncertain 

how to practically apply the theory of resilience through polycentricity. (Biggs, Schlüter & 

Schoon, 2015) 

Principles 4-7 are applied in this study in a discussion of the analysed SES properties. This 

discussion focus on CAS thinking and how uncertainties are handled, as well as trade-offs and 

polycentrism. Furthermore, what indications of connectivity (P2) can be linked to learning 

and experimentation is discussed.  
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3. Methodology 

A mixed methods approach was used for this study, where a literature overview including 

scientific literature and policy documents were the primary data source, complemented with a 

few interviews of key informants in order to understand how the policies are applied in 

practise. Participation in three different workshops was used as an opportunity for background 

research as well as inspiration from key actors in the field. The policy documents studied are 

listed in Appendix C and include the SSWS (Stockholm Storm Water Strategy) and planning 

documents for the example area Stora Sköndal, such as the storm water investigation3. For 

mapping the relationship between actors regarding storm water issues, the official web pages 

of relevant authorities were used.  

The mixed methods approach was used to obtain results in line with the aim of the study, in 

order to find new aspects of storm water management and communication between 

stakeholders. Since validity of document sources cannot be assumed (Denscombe, 2010), the 

mixed methods approach is also seen as a way to complement the data collected from policy 

documentation. The four criteria described by Denscombe (2010) for evaluating documentary 

sources were kept in mind for the data collection, however never a procedural part of the 

analysis. The four criteria are authenticity, representativeness, meaning and credibility, where 

“meaning” became the most prominent criterion while translating and iterating the analysis. 

This criterion focuses on the clarity and unambiguousness of the wording of the documents, 

where the interviews and participation in workshops were a way to decipher the meaning of 

the wording in the documents. Denscombe (2010) describes how conducting interviews gives 

deeper understanding of the studied topic and helps the researcher gain insights. 

Stockholm is the focus of this study because of recent changes in storm water management 

and high ambitions regarding sustainable infrastructure. Stora Sköndal was used to give 

examples of implementation of the SSWS, as well as help the dialogue with interviewees and 

during field visits be more concrete. Helsinki has similar geophysical properties and climate 

as Stockholm (Olofsson, 2018), and as such makes for a relevant municipality in a different 

country in the Baltic Sea drainage basin, for examples of different implementation of EU 

legislation.. Figure 3 in section 1.4 depicts the study, and the analysis was carried out using 

the matrix in Appendix D, see section 3.4.  

3.1 Document selection 

The main method of this study is a policy document analysis, primarily of official 

documentation of political processes, policies, strategies and directives (see Appendix C). The 

selection process of the studied materials differ from a structured literature review in the ways 

of not conducting searches in a few data bases with key words, but rather studying official 

web pages and publications of relevant municipalities, governmental organisations and other 

                                                 

3 Swedish: dagvattenutredning. This is a required document used for all development plans in Stockholm, 

usually performed by a consultant company. The consultants perform hydrological modelling and calculations 

and report the surface hydrology aspects to the  land owner. 
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authorities such as the European Union, Stockholm Vatten och Avfall4 (hereafter referred to 

as SVOA) and the Swedish Agency for Marine and Water Management5. The documentation 

for the SSWS is collected from the assigned webpage publishing all information on the 

subject, administrated by SVOA6. 

To find further relevant literature purposive sampling (Denscombe, 2010) was used for 

relevant information. References in published material was used to find further official 

documentation specific to the question at hand, as well as searches for key concepts in 

publications from SMHI and the Swedish Water & Wastewater Association7 (hereafter 

SWWA). For Sköndal, the documents judged relevant for information about storm water were 

analysed. 

A shortened version of the Helsinki Storm Water Programme in English was sent by email 

from a municipality official at the 5th of April 2018, since it was not yet published at the time. 

However, it has since been published with insignificant changes and will be referred to as the 

published version (City of Helsinki, 2018).  

3.2 Interviews 

As a complement to the literature study, a few semi-structured interviews with key informants 

(Denscombe, 2010) were conducted in Swedish, following an interview guide, also in 

Swedish (see Appendix E). The interviews were used as a complement to the information 

available to the public in documentation and official web pages, to learn more about practises 

and procedures, the thoughts behind the SSWS and the experiences gained from working with 

the SSWS. The informants were chosen due to their work experience with storm water 

management in the Stockholm municipality and are for the purpose of this study regarded as 

experts in communication on storm water issues within urban planning in the Stockholm 

municipality. 

The interviewees were contacted by email in Swedish, three employees of the municipality 

were initially contacted, whereof one was interviewed and one answered questions at an 

informal meeting. The contacted potential informants were asked for tips on further 

informants, from the tips two more interviewees were contacted and included in this study. 

After contact was established, an interview guide was sent as an email attachment prior to 

conducting the interview and all interviewees consented to recording the interviews (the 

informal meeting excluded). They were given the opportunity to review their statements 

before publication. Interviewees for the project were Hillevi Virgin and Mårten Pehrsson at 

the Stockholm Environmental Department, Eva Vall at SVOA and one informal meeting with 

Veronika Borg at the Urban Planning Department during a workshop in Stora Sköndal 2018-

04-18, referred to as personal communication since there are no records. Further details of the 

interviews in Appendix B. 

                                                 

4 Translates to Stockholm water and waste [management]- the department responsible for sewage and 

downstream water treatment in Stockholm (the water and sewage principal of Stockholm). 
5 Swedish: Havs-och vattenmyndigheten 
6 The webpage can be viewed at http://www.stockholmvattenochavfall.se/dagvatten/  
7 Swedish: Svenskt Vatten AB 

http://www.stockholmvattenochavfall.se/dagvatten/
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The interviews were roughly transcribed to text in Swedish and translated simultaneously as 

they were included in the matrix (see 3.4) with the other data. The themes in the matrix were 

used to break down the interview data, as well as the documentation data, instead of 

identifying themes for the interviews separately. As the analysis was transformed into text 

from the matrix, some statements were reviewed from the rough transliterations and/or audio 

recordings to make sure context and meaning was not lost in the translation or in the division 

of themes in the matrix. 

3.3 Workshops and field visit 

Participatory observation was conducted in three workshops connected to the study for 

inspiration for study questions, material to review and what aspects to analyse, as well as 

insight in work processes, proceedings, and communication. The exhibition and seminar for 

storm water held at the SVOA headquarters in Stockholm at the 31st of May was also attended 

for this purpose. Further details can be found in Appendix F. A field trip to the site of Stora 

Sköndal was conducted after the workshop at Stora Sköndal 2018-04-18, guided by Christer 

von Essen8, see figure 4. 

 

Figure 4. Christer von Essen guiding a tour of Stora Sköndal 2018-04-18, pointing out areas of interest and visualising 

development plans. Photo:  Boel Lindberg 2018 

3.4 Analysis 

The analysis of this study is qualitative; comparing, corroborating and complementing the 

data collected by different methods to find answers to the research questions. From the 7 

                                                 

8 Chairman of the Stora Sköndal Foundation, which are the landowners in Stora Sköndal 
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principles in theoretical framework a series of analytical questions for each principle were 

formulated related to the research questions (see section 2.2 regarding the principles, and 

Appendix D for analytical questions). These analytical questions, in combination with some 

more general questions regarding the SES and related ES, were used to analyse the data. The 

data was cut into pieces related to the questions and pasted into a matrix (Appendix D), where 

the data source was the other main division, to see what questions they answered or were 

related to. In this way, the data was organised into the themes of each question in the matrix 

and some data related to multiple questions, while some questions could not be answered by 

any of the collected data. The analysis consisted of comparing the data for each of the 

questions in the matrix in an iterative process. As the understanding and knowledge grew, the 

collected data as well as the framework were studied again as the analysis progressed. The 

findings were presented in text (see chapter 5), as a qualitative analysis of the findings in the 

perspective of the theoretical framework. The original questions of the matrix in Appendix D 

was during the processes summarised to the main themes presented in table 2, where some of 

the original questions were removed and some were combined. The themes and the analysis 

were constructed from the principles of the theoretical framework. The Helsinki Programme 

was originally added in a separate matrix with the EU framework, however the analysis of the 

Helsinki data was carried out separately during the process of presenting the analysis as text, 

by adding relevant information concerning Helsinki to the analysis of the other data. 

Table 2. The issues studied in relation to each resilience principle are listed here in short, as described in section 2.2 

P1 Maintain diversity and 

redundancy 

P2 Manage connectivity P3 Manage slow variables 

and feedbacks 

Diversity of problem 

formulations, 

Diversity and redundancy of 

technical solutions and 

responses to storm water, 

Diversity and redundancy of 

organisational forms and 

knowledge systems. 

Social-political connectivity 

by mapping of: 

• organisational and legal 

structure,  

• direction of influence,  

• responsibility 

distribution, 

Information and 

communication links, 

Basic mapping of 

hydrological connectivity. 

Social-political feedbacks 

and monitoring, follow-up,  

Temporal, spatial and 

governance scales, 

Hydrological feedbacks 

monitored. 

 

P4-P7 generic SES properties to be managed 

Indications of CAS thinking and how uncertainties are handled, 

Indications of learning and willingness to experiment as further discussion of P2, 

Discussion of polycentricity and trade-offs, implementation of WFD in Stockholm and 

Helsinki.  
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4. Presentation of the social-ecological system 

This chapter provides a case specific background to the study, with the purpose of presenting 

the social-political, as well as some of the hydrological, contexts.  

4.1 EU and the Water Framework Directive  

The Water Framework Directive, WFD, (Directive 2000/60/EC) came in to force late in the 

year 2000 (European Commission, 2016a), with the ambition of ensuring “good status” in all 

waters in the EU Member States by the year 2015 (European Commission, 2017). The 

legislation differs from previous environmental law by viewing bodies of water as part of a 

system, focusing on river basin management, following the natural boundaries rather than 

political ones (European Commission, 2016b). The WFD places the responsibility of 

identifying the basins on the national authorities, giving Member States some autonomy to 

find what features are to be analysed and monitored, designate responsibility of management 

and what measures are to be made in order for the water to reach good status (European 

Commission, 2017). Although there is flexibility, the legislation does require reporting on 

environmental quality standards (hereafter EQS) and programmes of measures (hereafter 

PoM) (Directive 2000/60/EC). The  Annex V of the WFD specifies the meaning of good 

ecological status in surface water, where the goal is to reach a status as similar as possible to 

the conditions expected in the waterbody if not subjected to human impact, leaving room for 

ecological variability and thereby also interpretation of the parameters included (European 

Commission, 2016b). The chemical status for surface water is classed as the status “good” ( 

out of “high”, “good”, “moderate”, “poor” and “bad”) when the quality standards for 

chemical substances is met at EU level (ibid). The WFD has management cycles with a time 

frame of six years, where the first cycle was 2009-2015, the second ending 2021 and the third 

ending 2027 (European Commission, 2016c).  

The ruling in the case of the river Weser in Germany (ECJ C-461/13 Bund für Umwelt und 

Naturschutz Deutschland eV v Bundesrepublik [2015] ECLI:EU:C:2015:433) is precedent for 

interpreting and applying the WDF (van Rijswick & Backes, 2015). The case led to the 

interpretation of “deterioration of the status” in surface water as being the same as a class fall 

in any single element of the EQS.  

4.1.1 The Baltic Sea Region 

The Mälardalen catchment opens out to the Baltic Sea, a sea that suffers from eutrophication 

and toxins impacting the ecosystem and the ES. Any urban water in the Baltic Sea drainage 

basin eventually impacts the sea, as does all runoff in the basin. The drainage basin includes 

thirteen countries, nine of which have shoreline in the sea (Bergström & Carlsson, 1993). The 

political context around the Baltic Sea has influenced the work of scientists studying the 

hydrology of the sea, Bergström & Carlsson (1993, p. 1) notes how “the dramatic political 

changes which occurred in some of the countries” at the time of their data collection. In 

perspective of the time frames in table 1, such observations are of relevance to the field.  

The convention on the protection of the marine environment of the Baltic Sea area, known as 

the Helsinki Convention or HELCOM, was adopted in 1974. HELCOM has ten parties; the 
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EU, Sweden, Denmark, Finland, Russia, Estonia, Latvia, Lithuania, Poland and Germany, and 

act as policy maker for environmental issues in the area. HELCOM also supervises, 

coordinates and provides information. (HELCOM, n.d.).  

Another political cooperation in the area is the Council of Baltic Sea States, CBSS, which 

includes the same countries as HELCOM, with the additional members Iceland and Norway, 

making it 11 Member States in total, 12 with the EU (CBSS, n.d.). The council works with all 

issues related to the area, translating international agreements to region specifics and 

coordinating regional actors, focus is directed towards topics like sustainable production and 

consumption and human trafficking (ibid). The CBSS has led to the European Union Strategy 

for the Baltic Sea Region, EUSBSR, (ibid). The strategy has three objectives; save the sea, 

increase prosperity and connect the region (EUSBSR, 2018). Approved in 2009, the strategy 

is “the first macro-regional strategy in Europe” (ibid). 

4.2 Sweden 

The WFD and the EQS are implemented in Swedish legislation in chapter 5 of the 

Environmental Act and the water administration decree9 (2004:660). Figure 5 is a mapping of 

legislation and responsibilities distribution in the Swedish political system, excluding 

cooperations, associations, initiatives, projects, councils and NGOs, but including the 

SWWA10.  

SWWA is an industry association for water and sewage businesses acting on municipal 

assignment in Sweden. The SWWA has created a platform for research and development in 

the field as well as lobbyism and communication between authorities, researchers, businesses 

and the public (Svenskt Vatten, 2017) and 289 of the Swedish municipalities are members 

(Svenskt Vatten, 2016). Their publication 110 (P110) is referred to as the industry standard by 

SVOA (Stockholm Vatten och Avfall, 2017b) and is divided into two sections, where part one 

is directed towards all actors and stakeholders working with planning for storm water 

drainage, available for free online. Part two is directed towards engineers and consists of more 

technical details and calculation examples. The publication is meant to provide guidance and 

ideas for solutions for drainage, but does not include any legal advice due to “The legal 

conditions for storm water management still being unclear at the time of publication (2016). 

Legislation and regulations must be coordinated and clarified as soon as possible”11 (Svenskt 

Vatten AB, 2016, p. 5). P110 further describes the national management system as 

complicated, complex and without specific governance. 

                                                 

9 Swedish: Vattenförvaltningsförordningen 
10 Since the data collection of this study a new legal proposition for regulation of changes in permeability of 

soils, related to a national strategy for climate adjustment has been adopted. Read more at 

https://www.regeringen.se/494483/contentassets/8c1f4fe980ec4fcb8448251acde6bd08/171816300_webb.pdf. 

Furthermore, The Government Agency Naturvårdsverket started a grant for mitigating micro plastics in storm 

water in May 2018. For further reading, visit https://www.naturvardsverket.se/Nyheter-och-

pressmeddelanden/25-miljoner-for-att-minska-fororeningar-och-mikroplaster-i-dagvatten/#F. Unfortunately, 

these are not included in this study. 
11 Authors translation, the original quote in Swedish: ”Vid tiden för P110:s utgivning (januari 2016) är de 

juridiska förutsättningarna för dagvattenhantering fortfarande oklara. Lagstiftningen och regelverken måste 

snarast koordineras och tydliggöras.” 

https://www.regeringen.se/494483/contentassets/8c1f4fe980ec4fcb8448251acde6bd08/171816300_webb.pdf
https://www.naturvardsverket.se/Nyheter-och-pressmeddelanden/25-miljoner-for-att-minska-fororeningar-och-mikroplaster-i-dagvatten/#F
https://www.naturvardsverket.se/Nyheter-och-pressmeddelanden/25-miljoner-for-att-minska-fororeningar-och-mikroplaster-i-dagvatten/#F
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Figure 5. This illustration highlights some of the connections of the legal and organisational system concerning surface 

water. Green arrows show the immediate impact of EU legislation on the Stockholm storm water strategy. The red arrows 

show the main feedbacks of the system. (Havs- och Vattenmyndigheten, 2017; Havs-och Vattenmyndigheten, 2014; Havs- och 

Vattenmyndigheten, 2018a; Havs- och Vattenmyndigheten, 2018b; Havs- och Vattenmyndigheten, 2018c; Stockholms Stad, 

2018c; Stockholms Stad, 2018d) 

4.2.1 Stockholm  

The city of Stockholm is located at the outlet of lake Mälaren to the Baltic Sea, a lake with a 

sub drainage basin stretching inland from the capital (see figure 6) covering an area of 

approximately 22 600 km2, connecting other inland lakes to the system, with roughly 11% 

water covered surface (SMHI Vattenwebb, 2017). Water is always present in Stockholm and 

the city of Stockholm uses water from lake Mälaren as the fresh water resource and as such, 

the surface water quality is of specific interest. South of the Mälaren sub drainage basin is the 

much smaller sub drainage basin of Tyresån, connecting lakes south of the city with an outlet 

to the Baltic Sea at Kalvfjärden (see figure 7). The Stora Sköndal area is part of the Tyresån 

drainage basin, which has an area of 220 km2 and a water coverage of roughly 6.5% 

(Lundberg, 2016). Both of these very different sub drainage basins are part of the Mälardalen 

drainage basin, where the lake Mälaren system is the largest. Since 2016 there is a PoM for 

the Tyresån system which includes Stora Sköndal. However, the municipality of Stockholm is 

in the process of constructing local versions of the PoM, (hereafter the Swedish abbreviation 

LÅP will be used), for more detailed guidelines (Stockholms Stad, 2018c). The Tyresån 

https://vattenwebb.smhi.se/modelarea/


20 

 

drainage basin stretches between several municipalities which are working together with the 

issue. Lake Drevviken, which the biggest lake in Tyresån, has moderate ecological status and 

the chemical status is bad (out of good/bad) (Lundberg, 2016).  

 

Figure 6. Mälaren sub drainage basin, black lines represent accumulated flow (SMHI Vattenwebb, 2017) 

 

Figure 7. Tyresån sub drainage basin, black lines represent accumulated flow (SMHI Vattenwebb, 2017) 
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The urbanisation of Stockholm together with a population growth in the area makes it one of 

the five fastest growing regions in Europe (Stockholms Stad, 2018a). The municipality aims 

to develop 140 000 new residencies during the period of 2010 and 2030 and a new 

comprehensive plan for Stockholm was adopted in 2018 with a strategy for the ongoing 

densification of the city and the suburbs that are part of the municipality (Stockholms Stad, 

2018b).  

The 2015 storm water strategy for the municipality of Stockholm has four goals to mitigate 

issues with pollution transport and flooding (Stockholm Vatten och Avfall, 2014). These 

goals are 1. Improved water quality in the city waters, 2. Robust and climate adjusted storm 

water management, 3. Recourse and added value for the city and 4. Environmental and cost-

efficient execution.  There are many solutions presented in this strategy for a higher 

percentage of permeable surfaces in the urban environment, such as green roofs, permeable 

asphalt and pavement, holey concrete, bio swales etc. Green structures in urban areas have the 

potential to provide numerous ES, of which many are directly or indirectly connected to the 

hydrological cycle. To complete the strategy there is additional documentation of the action 

level12, a checklist for implementing the strategy in the planning process properly, guidelines 

for parking surfaces and development district13 , and a document for guidelines on public 

open space14 to come. There is also a webpage dedicated to storm water management where 

all policy documentation is available, with additional explanations and support documents. 

The support documents aid in the storm water investigations, with calculations, examples as 

well as suggestions and comparisons for typical technical solutions. This study will not 

analyse these different technical solutions nor their suitability.  

The Stockholm Storm Water Strategy, SSWS, does not refer to P110 (nor the previous 

version P90) explicitly in the main policy document, but is clearly using the same mind-set. 

For example, P110 states that locally managing the first 10 mm of rainfall correlates to 

handling 75 % of the yearly volume, 15 mm correlating to 85% of the yearly volume. The 

SSWS has set the required rain depth to detain and treat in sustainable storm water systems to 

20 mm, stating it correlates to 90% of the yearly volume. Sizing the infrastructure for 20 mm 

precipitation is viewed as a standardising target volume and is referred to as the action level. 

(Stockholms Stad, 2016) 

4.2.1.1 Stora Sköndal 

Urban planners must take the SSWS into consideration when planning construction and 

reconstruction of areas within the Stockholm municipality. One such area in the process of 

planning is Stora Sköndal, situated south of Stockholm. The proximity to the Flaten nature 

reserve as well as lake Drevviken and borders to two other municipalities: Nacka and 

Huddinge (and proximity to Tyresö, the lake Drevviken is divided between 4 municipalities), 

make the solutions for the blue structures relevant beyond the municipal scale. Most of the 

                                                 

12 Swedish: åtgärdsnivå 
13 Translation of the Swedish legal term ”kvartersmark”, which is the land associated with a building and hence 

has the same ownership as the building (private).  
14 Translation of the Swedish legal term ”allmän platsmark”, which is land owned by the municipality, county or 

state.  
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surface runoff in the area which is to be developed in Stora Sköndal runs directly or indirectly 

to lake Drevviken (Scharp, 2017). 

 

Figure 8. Lake Drevviken seen from Stora Sköndal. Photo: Boel Lindberg 2018 

The storm water investigation document by Scharp (2017) describes the current situation in 

Stora Sköndal, before development. It consists of a conventional pipeline grid, owned by the 

Stora Sköndal Foundation, however not all of the area is connected to the system. Except for 

one small part of the area, the water is directed straight to the recipient, lake Drevviken. The 

area north of the wetland Alsumpskogen15 is led to the recipient through said wetland and 

generally the technical drainage basin for the area is the same as the natural sub drainage 

basin. The pipe grid is to be fully replaced in the development of the area but is suggested to 

be led to the recipient in the future as well. The area of Lilla Sköndal which was previously 

owned by the Foundation and is newly developed is mainly drained by a pipeline which is 

partly located in the area of Stora Sköndal, where the flow is delayed through a culvert. 

(Scharp, 2017).  

What is unique about the area is that more than half of the land is owned by the Stora Sköndal 

Foundation16, unlike most other areas within the municipality (Stockholms Stad, 2018e). The 

planning programme17 however, is compiled by the city and carried out by the Stora Sköndal 

Foundation in collaboration with the city (ibid). 

 

                                                 

15 Veronica Borg explains how the planners involved refers to it by name rather than as “the wetland”, since it is 

not a naturally occurring wetland but constructed, however for readability it will be referred to as “the wetland” 
16 In Swedish: Stiftelsen Stora Sköndal 
17 Swedish: planprogram 
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5. Analysis of collected data 

In this section the analysis is presented and the result of the analysis, emphasising how the 

findings relate to the theoretical framework. Table 2 in section 3.4 shows the main aspects of 

the analysis, for further detail please see section 2.2. The interviewees are referred to by name 

in this chapter, for further details of their relevance and profession, please see section 3.3 or 

Appendix B. 

5.1 Principles 1-3: SES properties 

5.1.1 The issue at hand: Problem formulations 

The SSWS policy document  states that the biggest environmental issues for the waterbodies 

in Stockholm are eutrophication and environmentally hazardous substances,  affecting the 

Baltic Sea with these  issues (Stockholms Stad, 2015). The document also briefly sheds light 

on the risk of contamination of the soils and groundwater by storm water infiltration, and 

how, just as in the EU WFD, the water does not follow boarders of policies or decision 

making, thus saying the water path must be considered in management (ibid). As part of goal 

4.  Environmental and cost-efficient execution, the SSWS states planning of larger areas need 

a larger scale assessment of the storm water conditions, among other things (ibid). The 

requirements of water purification should be determined by the status of the affected 

recipient, according to the SSWS (ibid). Virgin expressed this more explicitly by stating she 

would like recipient specific target values. Virgin explained that storm water is considered the 

biggest impact for the local PoM:s, LÅP, and most actions taken according to LÅP are 

towards storm water.  

The very brief mention in the SSWS policy document (Stockholms Stad, 2015) of infiltration 

maintaining the groundwater level, is not further developed as a problem for storm water 

management in Stockholm. Vall explained that the groundwater initially played a bigger role 

in the strategy. The strategy is very similar to the one in Uppsala, which is a municipality 

depending on groundwater as the source for drinking water. However, this incentive does not 

exist in Stockholm and the initial discussions of including groundwater in the Stockholm 

strategy were opposed by the municipality, saying that infiltrating water all the way to the 

groundwater is rarely successful. When building in already developed areas it is not always 

ultimate to raise the groundwater level where there previously was no infiltration, it could 

disturb the balance of the groundwater level. For these reasons Vall said SVOA did not push 

the issue in the strategy. The intention of the SSWS is instead retention and purification, 

infiltration to the groundwater would only be considered a bonus, she clarified. In cases where 

infiltration to the groundwater has been accomplished due to advanced methods, there has 

then been the issue of ownership of the infiltration plant. If the sole purpose of the facility is 

to maintain the groundwater level it is no longer an issue for the water and sewage principal 

(in this case SVOA).  

Vall described the work process of developing the strategy in a way that pinpoints the 

underlying problem formulations not visible in the policy document. She explained how the 

strategy took a longer time to develop than it should have in theory, due to sharp changes in 

direction on what the purpose of the strategy should be. The agreed direction landed at a more 
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sustainable management, which was not pushed before.  To reach the goals of the strategy, the 

idea was to get further towards a more concrete and detailed strategy while keeping it 

comprehensive. This led the SSWS to included two steps; the first being the policy document 

and the second setting up a webpage with further instructions and guidelines. The descriptions 

of the facilities were an important part of making the goal of the strategy more concrete, e.g. 

what was meant by “sustainable”, however Vall described what SVOA really wanted was a 

measurement. Before the strategy was finished, Vall noticed how some consultants made their 

own guidelines where they strived for not making the situation of the water cycle worse. 

SVOA considered many different kinds of measurements to use in the strategy and ended up 

with the EQS, since it provides legal support. None of the other legislations were applicable 

or useful in the context (e.g. the Planning and Building Act18, the Act on General Water 

Services19. They decided on using the storm water strategy to reach the EQS, as a backwards 

calculation.  

One of the purposes with the SSWS is to create consensus in the issue of storm water 

management in Stockholm (Stockholms Stad, 2015), indicating this was one of the previous 

problems in management. Another clearly stated aim of the strategy is adjusting to climate 

change in a denser city (ibid), which is a result of the densification goals of Stockholm. The 

Helsinki programme also states densification and climate change adaptation as underlying 

factors for needing an updated programme for storm water management (City of Helsinki, 

2018). The policy documents of both cities also refer to new legislation as a background to 

updated policies. 

In the case example of Stora Sköndal, one of the main problem formulations is the status of 

the recipient lake Drevviken in relation to the EQS. As of 2009 the ecological status of lake 

Drevviken was classified as “Moderate”, while the chemical status was classified as “Good” 

with the exception of mercury (which is the case for all surface waters in Sweden) (Scharp, 

2017). As presented in chapter 4, the status as of 2015 is “Moderate” and “Bad” respectively. 

The requirement is for the lake to reach good ecological status by 2021, with the possibility 

for exemption until 2027 (ibid). The lake has been determined to suffer from eutrophication 

due to high nutrient loads (ibid). The Stora Sköndal Foundation has set the requirements for 

flood management to match the 100-year flow (ibid). The storm water investigation focuses 

on modelled surface flow directions, flooding scenarios and calculated purification and 

retention effects of different constructions and solution combinations, with the basic 

assumption is an increased surface flow and pollution transport after development of the area, 

and the document refers to generic issues of the urban water cycle. Furthermore, the 

document points out how the pollution transport is not just affected by the increased runoff, 

but also the development itself creating further sources of pollution.  

The greatest impact of the ecological status in Drevviken is from urban activities, and the 

yearly added phosphorus load needs to be reduced by 800 kg/year, out of the 1800 kg/year 

reduction needed in the Tyresån drainage basin (Wilén, 2017). Development of Stora Sköndal 

without any actions for surface runoff would lead to a doubled transport of phosphorus 

                                                 

18 Swedish: Plan- och Bygglagen 
19 Swedish: Lagen om allmänna vattentjänster 
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(hereafter P) from the area to the recipient, but with planned storm water management the P 

load is expected to be less than before development (ibid). 

5.1.2 The solutions 

A major concern in a larger scale is that of combined sewer or separate systems, where the 

separate system leads to less strain on water treatment plants and less likelihood/risk of CSO, 

but leads untreated water released into bodies of surface water. The SSWS policy document 

(Stockholms Stad, 2015) refers to this issue by stating that open storm water solutions in the 

areas of combined sewer systems would relieve some pressure on the water treatment plant, 

which in its turn would mitigate the main issue of pollution of the Baltic Sea, as well as less 

pollution of the sewage sludge. The action level of 20 mm of rain volume is a means to push 

the technical solutions towards not only delaying storm water, not even just sedimentation of 

storm water, but as Virgin puts it; actual purification of the water before it reaches the 

recipient. A statement which is supported by the webpage published for the SSWS policy 

(Stockholm Vatten och Avfall, 2017b). The SSWS policy document states there should be a 

focus on small scale, simple solutions, as well as accommodating several complex functions 

in the same spaces. This is since one of the overall urban planning objectives is densification, 

meaning smaller surfaces for each function (Stockholms Stad, 2015). However, the strategy 

primarily suggests three steps for storm water management; local drainage in the development 

district20 such as green roofing and infiltration areas, local drainage in public open space 

areas21  such as trees with skeletal soil and rain gardens, and large scale down stream runoff 

retention such as open trenches and storm water ponds (ibid). While these three states an 

order of operations, there is also a priority order clearly stated in the SSDW policy document 

(ibid) (goal 1): 

1. Mitigate pollution at the source or manage the pollution at the source  

2. Local drainage at the development district or public open space to mitigate non-point 

source pollutions from the built environment 

3. Larger scale systems downstream to treat pollutants in the storm water from multiple 

upstream sources. 

Furthermore, the document details specifics regarding some surfaces seen as a higher risk of 

pollution and accidents with risk of pollution (ibid). It is stated in the SSWS policy document 

(ibid) that the storm water management should mimic the natural water cycle as far as 

possible to manage the expected increase in precipitation due to climate change, and that 

development should use topography to ensure extreme runoff could take place without 

damaging buildings or infrastructure. Ground elevation should be used to find secondary 

runoff pathways and areas where flooding can be accepted (ibid). The SSWS policy document 

also specifies that technical solutions should be prioritised for the best water related aspect in 

mind, while “considering environmental impact, ecology, flooding and hydrology” 

(Stockholms Stad, 2015, p. 18). The solutions should also be cost-efficient, without 

compromising functionality or operability (ibid).  

                                                 

20 Swedish: Lokalt omhändertagande på kvartersmark 
21 Swedish: Lokalt omhändertagande på allmän platsmark 
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All three interviewees stated that none of the technical solutions are prioritised over others. 

Virgin highlighted that the goal for LÅP is to purify as much P as possible per invested SEK, 

stating price as the main focus next to what is possible to construct and easy to operate, which 

does not contradict the SSWS, but clarifies how the focus on cost efficient is interpreted in 

practice within the municipality. Vall does not consider herself to know much about 

prioritisation of technical solutions but is under the impression that skeletal soil is the viable 

concept in the municipality at the moment. She reflects on how the way of thinking is a bit 

“square” in this aspect, since the requests for only skeletal soils solutions at the start of the 

SSWS project made them limit the recommended solutions options for public open space and 

development district respectively. She means this is why there is not yet much diversity in 

solutions on public open space. Vall also explained how the guideline document with typical 

technical solutions for public open space which SVOA are working on can be a means to help 

build diversity in solutions. Pehrsson added that he sees many bio filters in district areas, even 

though he is very clear about no solution being prioritised over another. He pointed out how 

none of the solutions has been evaluated yet, since none has been built after the action level 

was adopted, but that to stay within the 20 mm action level limit it is mostly bio filters that 

can be used at the development district level. 

The city of Helsinki has a conceptual take on the priority order of technical solutions in the 

new storm water management programme very similar to the SSWS. The presentation of the 

priorities is however expressed in five explicit steps, making the presentation more 

pedagogical. The first step is to treat and utilise the water at the source, secondly, storm water 

runoff is to be conveyed from the source in a retention and detention system. The third 

priority is to convey the water to public areas in a retention and detention system. The fourth 

is to release the water to the recipient surface water and the last option is to use the combined 

sewer system. These do not include actual mitigation of emitted pollutions as in the SSWS, 

however clearly specifies separate systems being prioritised over combined sewer systems. 

The five steps of the Helsinki programme complete four objectives, which are specified in 

Finish legislation:  

“1) developing systematic storm water management especially in areas where a local 

detailed plan is in force; 2) infiltration and detention of storm water at the source; 3) 

preventing the impacts and damages to the environment and property caused by 

storm water, while taking account of climate change; 4) promote giving up the 

practice to convey storm water into wastewater sewers.” (City of Helsinki, 2018, p. 

8).  

Furthermore, the programme specifies 38 measures and six objectives (City of Helsinki, 

2018). The objectives are quite general but show the purpose of each measure. The 

programme points out benefits of combining urban green and blue infrastructures, namely 

how the vegetation needs water, while also reducing the runoff by transpiration and 

infiltration and how surface water in urban areas regulates heat on a local level (ibid). These 

benefits are not mentioned in the SSWS document, which rather pushes the social and cultural 

values of urban green structures. 

The technical storm water solutions for Stora Sköndal are recommended to follow a system of 

three levels in the storm water investigation, namely: little rains, sizing rains and extreme 

rains. Little rains reach a maximum volume of 10 mm and make up 75% of the total yearly 
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precipitation (Scharp, 2017). The corresponding suggested action are solutions for detention 

and infiltration at the source (hereafter referred to as LOD, the Swedish abbreviation), such as 

green roofs, rain gardens, permeable surfaces etc, corresponding to the second priority 

expressed in the SSWS. The sizing rains are suggested to be managed by technical solutions 

on public open space by overflow-conduits of green solutions, pipeline grids and surfaces 

intended for flooding (ibid). The extreme rains are meant to be managed by secondary 

solutions such as topography and flooding of less sensitive areas to avoid damage to persons 

or property (ibid). Another important aspect of the storm water in Stora Sköndal is soil 

remediation of old landfills so as not to pollute the groundwater nor the recipient 

(Stadsbyggnadskontoret, 2018). The sources of polluted soils are identified, which means the 

remediation is expected to mitigate or remove the risk of these pollutions spreading, 

according to the description of consequences  (Wilén, 2017). 

The storm water investigation leaves a few questions. Virgin stated it is desirable to point out 

exact locations of solutions for storm water management on a site map, with calculations as to 

what degree the water is purified and what volumes are managed. In the first assessment by 

WSP (Scharp, 2017), such specifics are not included. In the official statement by the 

Stockholm Environmental Department, further information is requested (Miljöförvaltningen, 

2017). The official statement specifically describes how data for the total purification effect of 

P is, which may result in a requirement of larger areas of land needed for downstream 

treatment in order to comply with the purification needs. Another issue brought up in the 

official statement is the relevance of previous landfill in the area and what consequences it 

may have on water quality during/after development of the land. The Stockholm 

Environmental Department emphasises on collaboration between ground investigations and 

further storm water investigations to avoid increased infiltration in locations of polluted soils, 

contradicting the statement described in above section. 

The general plan for the area is some kind of blue structure in all street sections, as well as 

green roofing, rain gardens and permeable surfaces in the blocks (Wilén, 2017). There are 

great elevation differences in the area, which makes for good opportunities for surface runoff 

structures on the waters path to the recipient and wetland (Alsumpskogen), for further 

purifying effect. Larger flooding areas for extreme rains are however difficult, and the 

resulting runoff from such rainfalls has to be led to the recipient and wetland by pipes. If the 

runoff volume in the pipeline grid turns out to be larger after development than today, this can 

potentially be harmful to amphibians in the wetland, especially if the excess runoff takes place 

during the spring (ibid). The elevation data should be used for an overall drainage plan before 

starting detailed development planning since some of the low land areas might be difficult to 

drain. Small errors in elevation of the infrastructure during construction can potentially 

obstruct functionality in some areas (ibid). 

5.1.3 The different knowledge groups, organisational forms and policies involved 

The diversity in involved knowledge systems in storm water management is changing after 

the adaptation of the EU WFD. More stakeholders are included when changing the 

perspective on storm water management into the “sustainable storm water” perspective. 

Virgin explains how she has seen an increase in awareness and knowledge regarding storm 

water since she started working with LÅP in 2016. She has noticed the change when working 
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with LÅP material, in communication with Development Administration the Urban Planning 

Department, during workshops, meetings with reference groups etc. She notes that everyone 

has knowledge regarding storm water management now, and the increased awareness might 

be driven by the SSWS being adopted, as well as by the resources invested in storm water 

lately by SVOA. However, Virgin does not notice any difference in attitude towards the issue, 

except the view of water as a resource creating value and well-being, instead of a nuisance 

that must be dealt with.  

The SSWS document (Stockholms Stad, 2015) states how the actions need to originate from 

legislation and political decisions. The fourth goal of the SSWS says a collective view of 

storm water management and a well-considered division of responsibilities is key to reach the 

goals set by the policy (ibid). The support webpage describes how the responsibility for storm 

water is shared by many actors, where SVOA and the municipal traffic department are the 

most important and the Stockholm Environmental Department have supervising responsibility 

(Stockholm Vatten och Avfall, 2017c).The SSWS names many of the involved stakeholders 

specifically or in groups, see table 3. In the Helsinki programme, there are 38 measures 

presented and clearly stated which stakeholders are responsible for each measure (City of 

Helsinki, 2018). As an example, there is a designated storm water group, overseeing 9 of the 

38 measures which relate mostly to cooperation and procedure models (ibid). Many of the 

stakeholders involved in the other measures of the Helsinki programme are similar to the ones 

listed in the SSWS. 

Table 3. Stakeholders involved with the SSWS (Stockholms Stad, 2015) 

Organisations involved 

with creating SSWS 

Organisations involved with 

applying SSWS 

Interpreting 

SVOA (project leader) The Development 

Administration22 (land owner in 

most areas of Stockholm) 

City district committee 

Municipality Municipal Traffic department23 Company boards 

 The Urban Planning Department24 Real property owners 

 Environmental Administration Operators 

  Land owners (e.g. the 

Development 

Administration) 

  Planners25 (at the Urban 

Planning Department) 

 

                                                 

22 Exploateringskontoret 
23 Trafikkontoret 
24 Stadsbyggnadskontoret 
25 Planhandläggare 
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The SSWS states how the responsibility for the storm water management reaching set goals of 

sustainability is divided between several actors, where the committees of the municipality and 

the real property owners and operators are the most significant (Stockholms Stad, 2015). The 

SSWS document also explains how the municipal companies and committees should apply 

the policy (ibid).  

Virgin said the department takes part in some research projects which provides learning 

opportunities, for example Luleå Tekniska Universitet are experimenting and calculating 

runoff in a storm water context. SVOA are currently verifying their StormTac26 model for the 

Stockholm region.  

In Stora Sköndal the Foundation can set their own standards for the development as a private 

landowner (Stadsbyggnadskontoret, 2018), furthering the goals of policy documents. Virgin 

said the holistic view used in Stora Sköndal is different and positive. Pehrsson explained how 

even if the Stora Sköndal Foundation are the land owners, some of the streets and public areas 

will be taken over by the municipality after development, which facilitates the municipality to 

monitor storm water management in those areas. The Foundation seems keen to do a good job 

in several aspects and Pehrsson has high hopes for the holistic view, the Foundation has the 

opportunity to set their own demands on the actors they invite for the development.  The 

planner from the municipality is Veronica Borg, since the Stockholm municipality is involved 

in the development process and the planning even if they do not own the land. Borg explained 

how some of the formulations in the vision documentation from the Foundation are not 

included in the documentation from the municipality due to clarity in the planning process 

and to avoid misunderstanding. Borg has the expertise of the Stockholm Environmental 

Department to rely on and says the information flow works well (Borg, 2018). As part of any 

planning process, the public and interested actors and stakeholders are involved during 

consultation meetings. In Stora Sköndal stakeholders were also invited to a workshop for 

further opportunities of involvement. 

5.1.4 How it all connects 

The water divides and the topology of the landscapes dictate the flow direction of 

precipitation on both micro and macro levels. In urban areas where water is led off the surface 

by infrastructure, that infrastructure can direct the precipitation to an area and recipient where 

it would not flow naturally, creating a “technical drainage basin”. Virgin stated that the intent 

in urban planning is to manage runoff and precipitation within the detailed development plan 

area. Virgin’s  department is responsible for managing the water that ends up outside those 

areas, such as ducts draining larger areas, which might need space within the detailed 

development plan area, whether it is part of the natural or technical drainage basin. She 

explained how in a similar way, SVOA is responsible for the downstream treatment of water, 

which is what Vall and Pehrsson described as well. This indicates the need for communication 

of such over-all assessments of runoff at a larger scale between all municipal departments 

involved with planning, as well as other involved stakeholders. As an example, the 

documentation for Stora Sköndal brings up how the water management must be coordinated 

                                                 

26 Stormtac is one of many available tools for hydrological modelling, read more at http://www.stormtac.com/  

http://www.stormtac.com/


30 

 

with the adjacent area Lilla Sköndal (Wilén, 2017), which was developed before Stora 

Sköndal.  

Pehrsson does not work with practical management but said there is a clear division of 

management in the municipality for surface runoff. The development districts are managed by 

the housing association or similar, street water is managed by the municipal traffic department 

(public open space). However, he also states there is a continuous discussion within the 

municipality regarding the management division, and he feels uncertain about the 

responsibility division of some facilities and constructions. Vall added how SVOA has 

jurisdiction on public open space, but no say in LOD constructions, even if these are located 

on public open space. There is usually a land owner responsible for most LOD constructions, 

such as road manager or a park owner, and to streamline the responsibility distribution there is 

now a decision from the Municipal Council for SVOA to take over all constructions 

belonging to the municipal traffic department. This is inconsistent with the current law, so 

there are ongoing negotiations for a treaty to make it possible and ensure correct payment. To 

have issues like this pending complicates the urban development process since it is hard to 

plan things without a clear definition of responsibility takeover.  

Pehrsson and Virgin both have central communicative roles27, Virgin for the EQS in southern 

Stockholm and Pehrsson for urban planning. Pehrsson reads many of the storm water 

investigations and says he, personally, sometimes struggle to internalise all the information. 

Even if he has the ability to understand the content, the investigations vary so much that he 

occasionally needs expert help to interpret the documents (for example from Virgin). 

Pehrsson is in contact with storm water management by there being a planning assignment, 

sometimes he may also be part of the actual project group. Usually he works with planners, 

persons from the Development Administration, landscape architects, traffic planners, project 

developers and construction leaders etc. He has continuous dialogue with everyone involved 

with a planning project, regarding, among other things, storm water management. For smaller 

projects he can get involved if the planner contact him directly to get support in for example 

with inspecting an investigation done by a consultant. Pehrsson is most of all in contact with 

the planner who acts as project leader and has a dialogue with the contractors. If the 

contractor does not respond to requests of clarification or improvements from the Stockholm 

Environmental Departments, or if nothing is done accordingly, the department may join 

meetings with the contractors and the planner to reach consensus.  

The diversity of involved actors lays some of the frame for the social-political connectivity. 

Many stakeholders involved diversifies the viewpoints, but the interorganisational 

communication is paramount for the benefits and efficiency. Figure 5 in section 4.2 does not 

go into detail of communicational links but focuses on main legal pathways, where the VISS 

database plays a key role in communicating data which is used for further decision making 

and management. Monitoring the data in VISS does help stakeholders on all levels to interpret 

the success of their work, however, communicational links would be a more important 

                                                 

27 In both interviews the term ”spindeln i nätet” was used. ”Spindeln i nätet” or ”sitta som sprindeln i nätet” can 

be translated as ”sitting as the spider in its web” and refers to an unofficial key position, usually a 

communicative role with insight/knowledge about all parts of an organisation/social group. It can be used 

synonymously to “pulling the strings”, “being at the heart of things” or “acting as a hub”. 
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indication of social connectivity in the SES. Some further official feedback loops between 

authorities could be beneficial for communication. During the interviews some of the 

connectivity and communication within the Stockholm municipality was studied as part of the 

questions. 

5.1.5 Communication 

Pehrsson discussed how the structure of responsibility and expertise makes for easy and good 

communication, where he always has someone to ask if there are uncertainties. As a 

supporting part of the planning team Pehrsson means he can clarify the demands from the 

municipality to other stakeholders. Pehrsson further explained how while the foremost goal is 

to develop more housing in the Stockholm region, it is important that his department gets 

access to a planning project as early in the process as possible, to make sure the 

environmental goals are met in a satisfactory way. Early access means it is easier to influence 

the plans and make sure environmental and health issues are managed properly. Although 

everyone involved in planning for storm water management knows that the County 

Administrative Board will not approve plans that deteriorate the status of a recipient, the 

solutions can sometimes be controversial if Pehrsson and his colleagues do not get the 

opportunity to clarify the municipal strategy in time. He explained it happens that the SSWS 

is referred to in the planning documentation, without any resulting consequences in the 

proposed solutions to storm water. Pehrsson also said the instructive documents from the 

municipality does provide help and all planners from the municipality does have some level 

of insight. However, the knowledge level varies, and the planners have a myriad of issues to 

include in the process. He concludes that the referral of the plans to Pehrsson’s department 

does make for better communication regarding the issue within the municipality.  

Virgin and her department get information of planning projects from Pehrsson’s department, 

Pehrsson or his colleagues look into the documentation to see if the calculations of water flow 

and pollution level seems sound, while Virgin and her colleagues performs further 

calculations on what pollutant loads the recipients can hold. Virgin’s department point out 

locations for storm water treatment facilities, often coinciding with development areas. 

Development takes several years, and since LÅP are fairly new many plans are already in 

process, Virgins job is monitoring of the development areas for ensuring enough space for 

storm water treatment. Virgin stated that there are good and not so good storm water 

investigations, even if the consultants have a checklist as one of the complementing 

documents to the SSWS. Virgin thinks the recipient specific target values would make 

communication easier. She and her department are currently working on these values for each 

recipient. 

Virgin explicated the not-so-good storm water investigations as those which refer to old 

values or are too focused on models of flows and pollutant loads for the recipient, but no 

concrete solutions. When the consultants do give concrete suggestions for solutions, they are 

not always optimal and do not always apply to the 20 mm action level. Virgin said she wants 

them to visualize their solutions by pointing out locations on a map, as she prefers details over 

general statements. She also thinks the consultants need to be more innovative and planners 

and consultants need to set space in the urban environment aside for storm water treatment.  
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Virgin considers most of the stakeholders she is in contact with to have the same knowledge 

of storm water, but she does notice some confusion and miscommunications. Some 

uncertainties do arise in planning contexts, it is not always clear how the action level is 

supposed to be applied and the interpretation lead to different demands being set. She says the 

Stockholm Environmental Department together with SVOA need to test and use the strategy 

to figure out how to straighten this out, since questions keep arising. Questions she gets  are 

commonly regarding what levels of pollutants are allowed to be emitted from a specific area, 

to which there is no response (other than as little as possible, but what is high/low?), Virgin 

stated. She explained there is only an explicit maximum value regarding P, but the levels of P 

are lower in Drevviken (40 µg/l) than what is normal for storm water (rarely under 100 µg/l). 

Vall also reflected on communicating the meaning of the SSWS to other stakeholders. Vall 

notes that some still work by the same standards they used before the 2015 SSWS, and 

calculate the same ways they always have. She described how not everyone is fully buying 

into the strategy and its guidelines, it is a gradual process. Whether this delay is caused by the 

municipality or the consultants, she said one has to be humble about the fact that there are a 

huge amount of planners in the municipality, with a large amount of different subject they 

need to be familiar with. This is only one of the many issues they handle when they are in the 

position of being the buyer. SVOA are trying to support them with information, but too much 

material can also have an overwhelming effect, Vall said. It is currently discussed whether 

SVOA could provide simplified material, for example a simpler checklist for some types of 

investigations. On the other hand, she explains the interest, as well as number of, storm water 

investigations has increased. Not because of the strategy, she argued, but since the entire 

society has gained insight regarding the issue and the importance of water. Undeniably a lot 

has happened in the area lately, from not even conducting storm water investigations to 

making quite extensive ones, she added. 

Virgin recounted there was a plan for a storm water pond in the south east corner of Lilla 

Sköndal, the area north of Stora Sköndal, which was not built, instead there is an underground 

duct magazine constructed. Pehrsson explained that the municipality is still trying to find out 

who deviated from the plans, and why, but it takes time. This is an example of 

misunderstandings in the planning process and the time and effort needed to find the error 

testaments to how complex the work and communication is in practise. WSP (Wilén, 2017) 

concludes that the most important action for storm water management, both in development 

district and public open space, is making sure the plans are carried out. This is something 

Virgin also stated this during the interview. The document (Wilén, 2017) further says how 

storm water management rarely has its own plans, but is a part of most other configuration in 

development. Since the water path and storm water management may be impacted by very 

small changes to a plan, such as placement of a corner stone, makes it important to include 

storm water assessments and cooperation continuously throughout the planning process and 

construction (ibid).  

In the storm water management programme of Helsinki (City of Helsinki, 2018) the 38 

measures are listed in a table, stating who has responsibility for each measure, the schedule 

and financing responsibilities as well as what objective said action is meant to promote. The 

detailed instructions of the policy make for very straight forward communication and 

responsibility division but may however limit flexibility. It is also clearly stated in the 
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programme that the storm water group is responsible for training all personnel of the city 

organisation and other involved stakeholders, such as developers and consulting companies 

and other decision makers, in the implementation of the programme. The group is also 

responsible for communicating information to the public (ibid). 

5.1.6 Feedbacks  

The feedbacks in the urban hydrological system differ somewhat from those of a natural water 

cycle, as explained in the introduction (chapter 1) the runoff response to a storm can be larger 

and more drastic in urban areas. A higher amplitude in a drought-flood spectrum is, therefore, 

a feedback of urbanization impacting the hydrological cycle. This manifests by higher flow 

peaks over a shorter period of time (Stahre, 2006). These feedbacks can be misinterpreted as 

climate change indicators, and flow calculations are getting more advanced to accurately 

describe the causality. The SSWS policy document acknowledges flow peaks and addresses 

the issue by stating the need for retention and diversion of surface water, and climate adjusted 

sizing for safety margin. Another feedback in the hydrological system of urbanisation is the 

effects on chemical and ecological balance in water bodies, an issue addressed by the EQS. In 

Stora Sköndal this issue shows in the planning documentation by species inventory for 

biodiversity (mainly on land and in the wetland) and soil remediation of old landfills. 

Monitoring of amphibians in the wetland area and the pond bat is suggested, as well as 

ensuring safe distance between habitat and development (Stadsbyggnadskontoret, 2018). 

While measuring and monitoring are paramount to understanding the applicability of 

technology in storm water management, it is not the only parameter of governance. In the 

SSWS policy document, the response to information is expressed as the need for a new storm 

water strategy was implied by new laws and regulations, as well as internal reorganization in 

the municipality. While a response to these changes is important, there is no mention of 

response to new knowledge. Feedback is briefly brought up within goal 4, by noting 

supervision and management of storm water solutions is needed. In the section of 

connectivity, it becomes clear that the governance system for storm water lacks a clear 

structure for feedback other than the ones already present in the planning process such as 

different consultations. The planning process provides some iterations of consultations at 

different levels, which does provide feedback. The LÅP give opportunity for iterations in the 

field of storm water planning, which is evident in Stora Sköndal, where the planning process 

and LÅP development are simultaneous during the spring of 2018. As an example, the 

presentation for programme consultation document requests further clarification on land 

drainage and that storm water is to be planned according to LÅP and soil remediation 

methods (Stadsbyggnadskontoret, 2018).  

Buffering volumes in retaining structures such as rain gardens is mainly calculated on 

potential water flow, but drought periods may lead to the need for watering of such 

infrastructure. In the SSWS webpage one of the documents address maintenance and life span 

of the different types of storm water structures, for rain gardens the first two years are 

discussed in maintenance and watering (Stockholm Vatten och Avfall, n.d.). The studied 

material does not detail large scale irrigation of urban green and blue infrastructure or 

purification effects of longer draughts periods and wilting. During the workshop for Stora 
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Sköndal irrigation of gardens with lake water from Drevviken was discussed as a means to 

recycle resources while also aiding in purification of the lake by infiltration. 

The slow variables of the SES have not been identified in the studied material, other than the 

time frames for policy making mentioned earlier and the eutrophication of lakes and the 

Baltic Sea. In the hydrological sense of the system, functions such as turn over time is an 

underlying slow variable which seems to be handled by the PoMs in relation to the EQS, 

although turnover times and the WFD six year cycle are not matched.  

5.1.7 Monitoring of success or failings of storm water management 

Other than goal 4 of the SSWS stating a need for supervision and management, the strategy 

also notes how storm water drainage solutions are supposed to fill its intended function as 

well as being efficient to operate and maintain. The 20 mm action level in the Stockholm 

strategy is a version of a standardisation for storm water solutions, as Virgin explained it. She 

said target values for pollution levels in runoff would be good, but the difficult part is that it 

will not be measured in the storm water. It is costly, complicated and rarely done, Virgin 

stated. However, as a rule the EQS will be reached if 20 mm is purified, in the sense of 

purifying the water, to a certain degree of assuredness. It is an easily applicable tool, she 

concluded. 

Vall describes how learning from previous experiences is improving and there are plenty of 

research funds for following up storm water facilities. However, she thinks SVOA has been 

doing a poor job in general when it comes to following up on the function of storm water 

facilities. What is missing in the process depends on what time frame you look at, she 

explained, for 10 year old facilities time and resources for follow-up are probably lacking. 

Sustainable storm water facilities have not been around long enough for any follow up, they 

have hardly built any yet since the planning process is time consuming. Vall, similarly to 

Virgin, explains it is quite extensive work to follow up a storm water facility if they are to be 

analysed for quality. Vall adds one can follow up with other methods, such as ocular 

inspection. Virgin stated that for some of the LOD it would probably be easy to see if they 

work as intended if you went to the site, for example a 5 year old rain garden which is 

clogged. 

Virgin further explained that other than being involved in research projects for storm water, 

no follow-up of the functions of technical solutions for storm water is carried out. She stated 

SVOA do manage and monitor their facilities, but those are bigger downstream facilities. 

Virgin said LOD is a great idea, but it does not work if there is no maintenance. LOD is 

commonly located on private land and managed by people with no or little competence in 

storm water management. Development districts are not followed up at all in practice, she 

stated, however random sampling is to be conducted to follow up the sustainability 

requirements28 in newly developed areas, however these requirements are fairly new and not 

fully internalised yet. Virgin further described how the municipality are discussing follow-up 

of storm water solutions, and reflects on how it would be useful to have an inventory of the 

                                                 

28 A policy document from the City of Stocholm related to the environmental programme of the city. 

http://foretag.stockholm.se/Lokaler-och-mark/Byggbranschen/Hallbarhetskrav/  

http://foretag.stockholm.se/Lokaler-och-mark/Byggbranschen/Hallbarhetskrav/
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solutions at place in the municipality and their functionality. There are examples of 

implemented plans, where resources have been spent on expensive investigations and 

planning, where small details have not been carried out properly making the construction lose 

its function. The constructor might not be aware of the mistake and it is important that the 

buyer/client (the municipality) inspects the site. Virgin is fascinated by the misconstructions 

in the city district Norra Djurgårdsstaden in Stockholm, where the municipality, as client and 

funder, has not said anything about the construction being flawed and in need of 

reconstruction. In all other situations a client would have the constructor redo the work if 

what was agreed on and payed for is not delivered. Follow-ups is a problem and there is a 

disagreement within the management on who is responsible for it, she stated. The LÅP:s she 

works with have been on the table since 2015, but none of the plans have been decided on in 

the committee due to conflicts on responsibilities (among other factors). She said they are 

however making progress on the issue. Pehrsson reflected on follow-up by stating that Norra 

Djurgårdsstaden is monitored closely, there is an organisational structure in effect for that city 

district. He also said that as of today, there is no such organisational structure for follow-up in 

other day-to-day work of control of all storm water facilities.  

The Helsinki programme states how the storm water group monitors the implementation of 

the programme and its 38 measures, that in turn are supervised by the Urban Environment 

Division’s steering group by annual reporting. The storm water group of Helsinki also has the 

option to use collected information on the different measures to make proposals to other 

stakeholders than the division monitoring the group. 

5.1.8 Scales 

The systems approach of the WFD is partly imbedded in the SSWS in goal 4, as mentioned in 

section 5.1.1. The SSWS document describe how on a smaller and more detailed scale, the 

storm water investigations are needed prior to development to assess the local conditions. 

This is reflected in the work of Virgin and Pehrsson, where the LÅP represent larger areas 

which, as previously stated, often coincides with areas which are to be developed. Pehrsson 

described how he in those situations will act as the link connecting the larger scale plans of 

the LÅP with the smaller scale plans of the development area, where the projects do not only 

differ in spatial scale but usually also in time plans as well as where in the planning process 

they are. The different spatial scales and the multifunctionality of surfaces in planning leads to 

conflicts of interest and trade-offs, which will be discussed under principles 4-7.  

The objectives of the Helsinki programme is an aid in understanding what measures relate to 

regional and local drainage as well as organisational connectivity for overall management. 

The measures are also presented under headlines which could be interpreted as organisational 

scales. This way of implementing the systems approach of the WFD in Finnish governance 

seems straight forward, however what trade-offs occur have not been further studied here and 

are not presented in the programme. 
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5.2 Result of analysis 

5.2.1 SES-properties, P1-3 

Diversity in problem formulations implies diversity in technical and political solutions, 

however too much diversity might lead to complexity and stagnation. The SSWS is meant to 

streamline storm water management in a way where all stakeholders are working with the 

same, high, standards and understands the underlying problems. The problem formulations 

and solutions suggested by the SSWS documents and webpage seem to be impacted mainly 

by the EU WFD and SWWA publications, and are quite similar to those of the Helsinki 

programme. In Stora Sköndal the problems and solutions are more specific, but follow the 

same line of thinking. This suggests that the diversity and redundancy in knowledge groups 

included in the SSWS does not add to the collective knowledge in the EU. The management 

approach of a numeric action level is not included in the Helsinki programme and may be 

considered a new approach in Stockholm. This type of concrete and applicable goal in a 

policy document can aid communication between actors. However, as pointed out in the 

interviews, this numerical measure may lead to less diversity in solutions. If this leads to a 

loss of resilience is however unclear, defining what units are key for diversity and redundancy 

for an SES in order to monitor them needs further research, in this SES as well as in resilience 

theory in general (Biggs, Schlüter & Schoon, 2015). Biggs, Schlüter & Schoon (2015) suggest 

identifying, measuring and monitoring of keystone entities of the system for more feasible 

management of diversity and redundancy. Furthermore, the authors emphasise management 

of redundancy, since it is often overlooked. In the studied material conclusions on redundancy 

are hard to make. The concept of sustainable storm water management favours more green 

areas in theory, leading to higher biodiversity which builds resilience. However, whether this 

kind of storm water planning actually contributes to more green areas cannot be concluded, 

comments in the study hints the opposite due to trade-offs in multifunctionality surfaces. 

The number of actors involved in creating the SSWS is a sign of a connected management 

system, however communication and implementation are the determinants of how strong 

those connections are. Recognising the multi-disciplinary approach needed to create the 

SSWS is a sign of letting several kinds of knowledge groups into the work, which build 

resilient governance of storm water. However, a structure of the responsibility division as in 

the Helsinki programme seems to facilitate implementation. The communication between the 

different stakeholders in Stockholm seems somewhat flawed, the example of the retention 

pond in Lilla Sköndal is an indication of this, meaning that the above indications of 

connectivity in management in Stockholm might not reach its full potential. Even if the actors 

are successful in interpersonal communication, the structures for connectivity in the 

management of storm water in Stockholm appears weak, most evidently by the lack of follow-

up. There is a degree of complexity in national legislation which seems to stagnate some of 

the implementation of the WFD and hinder communication rather than facilitate it.  

The division of responsibilities in the Helsinki programme is very explicit and leaves little 

room for interpretation, which makes it clearer than the SSWS. From only studying this short 

version of the policy document, the policy seems more straight forward in involved 

stakeholders and responsibility distribution than the SSWS. This might be due to the contract 

of SVOAs principalship being negotiated and may change within a near future. The storm 
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water group of Helsinki can be seen as a node, created for enhanced connectivity. Further 

mapping of the socio-political connectivity is recommended to find what links should be 

strengthened, what nodes could be added and the structure of the connectivity to find key 

elements (Biggs, Schlüter & Schoon, 2015). Mapping of connectivity in the hydrological 

system is a part of the EQS and not thoroughly studied, since it was judged the scope of this 

study could not find any new aspects. 

Scales do not help identify slow variables in this SES in the scope of this study, however 

some slow variables for the hydrological system are already frequently discussed, such as 

eutrophication and climate change. Slow variables in the social-political system need further 

studies to identify. The feedbacks of the social political system have been discussed as lacking 

in follow-up in the management of storm water in Stockholm. 

5.2.2 Key attributes of governance, P4-7 

The changes in organisational structures of the municipality, in combination with new laws 

and environmental policies leading to the new SSWS, show a degree of adaptivity to new 

knowledge and the efforts of finding the organisational structures needed to implement the 

SSWS indicates some CAS thinking within the municipality. Signs of the changes being too 

slow are recurrent in the interview data, such as the development of a storm water strategy in 

Stockholm taking longer than it should have and the acceptance and implementation of the 

strategy taking time. Virgin and Pehrsson both stated that everyone involved with urban 

planning in Stockholm are now familiar with the SSWS, Pehrsson further said how the 

introduction of the action level had an even more concrete effect. Virgin discussed how even 

if the strategy is starting to sink in, she would like to see an even higher ambition in some of 

the suggested solutions. When an actor like SVOA use indications of slow acceptance as 

incentive to develop simpler guidelines (as mentioned by Vall), there is room for 

experimentation and learning in the creation of the policy support.  

Virgin described how it is well established practise in Sweden to reach consensus by trying to 

collect all the information about any decision, investigating everything ad absurdum. She 

argues that too much data collection can sometimes stagnate a progress. A colleague of hers 

found a 10-year-old document with the same question they are currently discussing. It is also 

common to find 15-year-old requests for investigations of the exact same issues they want to 

investigate today, with the same conclusions but not resulting in action. Virgin noted that in 

Denmark there is more of a “trial and error”-attitude. She thinks it is time to invest in 

technical solutions rather than information gathering, and the LÅP are efforts towards that. 

Learning about where the pollution comes from is important, but she means enough is now 

known to act. Managing uncertainties by over monitoring is described in P4 as contradicting a 

management style which leaves room for adaptability. 

The SSWS can be said to address uncertainties by stating how flexibility and adaptation to 

change is regarded as a part of sustainable development. This statement is followed by a 

concretisation of what is meant, which relates to climate change and flooding. Although there 

is plenty of uncertainty surrounding climate change, perhaps other uncertainties should be 

included in the flexibility frames of the SSWS. On a smaller scale, uncertainties are addressed 

in Stora Sköndal by leaving some surfaces undefined and not planned, for future needs 
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(Stadsbyggnadskontoret, 2018). This is a way of planning which creates room for 

uncertainties and is a direct application of CAS thinking. The concerns regarding climate 

change addressed in the SSWS is also included in the planning of Stora Sköndal, where some 

of the streets in the area are of concern for large flows in the 100-year return period and 

calculations of these flows are requested for adequate elevation in the planning (Wilén, 2017). 

In the storm water investigation most uncertainties are dealt with by using template values 

and averages for generic calculations (Scharp, 2017), which is expected to become more 

precise in follow-up investigations as the plans take more concrete form. This iterative 

approach in the planning process may be expensive and time consuming, but facilitates CAS 

if different units have a high connectivity. During the LÅP workshop some concerns surfaced 

as a result of parallel processes in urban planning and the development of the LÅP in the same 

area, with different time frames. The four hour workshop did not seem to provide enough time 

to discuss these issues with all participant groups, however since the issues were pointed out 

the could be discussed at another time.  

The goal of densification for an overall sustainable urban development leads to great 

competition for land surfaces and land-use trade-offs, where multiple functions need to take 

place on the same surfaces.  Virgin discussed recreation and biodiversity in terms of the green 

area factor (a tool used in planning in Stockholm). Multifunctional surfaces is a hot topic, she 

explained, even if these ES are combinable with storm water management, the combination 

may lead to trade-offs where the water treatment is not optimised, since it should apply to 

being aesthetic and help biodiversity. She pointed out there is no legal support for recreation, 

while there are laws in force to support the water issues. This gives some weight to the water 

treatment in trade-off situations, she argued, however she also claimed sustainable storm 

water management does favour everyone with biodiversity and nicer living conditions, so the 

conflicts are not that severe. She concluded this reflection by stating that more green surfaces 

is a good concept in every aspect. 

The SSWS addresses some learning aspects in goal 3 by saying that well considered solutions 

for storm water creates understanding of the hydraulic cycle and its role in urban functions. 

The interviews shed some light on ongoing research playing a key role in the social learning 

on the subject. Pehrsson further mentioned some spearhead programmes in the municipality, 

such as Norra Djurgårdsstaden and C/O city29 , from which there is a continuous learning and 

implementation of new knowledge in other areas. One example is the green area factor, 

another is the action level. To get everyone cognizant, the department organise workshops and 

seminars and Pehrsson has the role of being the expert and mediate the new knowledge. 

While there is some level of autonomy to some of the governmental bodies involved with 

policy making, decision making and management enforcing, as well as some degree of 

overlap, the lack of connectivity and feedback seems to make for a weak polycentric 

governance of storm water related issues. This might be a reflection of flaws in the EU WFD 

implementation, or a governance system combining monocentric system (EU regulation) with 

polycentricity in municipal and county level. The lack of Swedish legislation to rely on when 

creating local policies for storm water does leave room for more flexibility and adaptation, but 

the complexity on organisational structure seems to make the process more stagnant rather 

                                                 

29 Read more at https://hallbarstad.se/cocity/ 

https://hallbarstad.se/cocity/
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than adaptive. To enhance CAS thinking and a panarchial structure to promote CAS and 

ultimately resilience in the political setting, the communicational links should be strengthened 

by clarity rather than a higher frequency and diversity. 
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6. Discussion 

6.1 The chosen method and framework 

The used framework is described as a thorough and ambitious attempt to synthesise 

characteristics of a system which can describe its general resilience (Society for Conservation 

Biology, 2017). As stated in the description of the used theoretical framework, the authors 

issue a warning of uncritical application of the seven principals (Biggs, Schlüter & Schoon, 

2015). Furthermore, the authors problematize scientization of political problems, where 

scientists influence trade-off distribution by being unaware of their own interests being 

masked as science and thereby supressing an open discussion (ibid). This study is carried out 

as interdisciplinary research, however conducted at a technical institute with the subsequent 

embedded epistemology and discourse of natural science. The lack of insight in political 

science, organisation theory and social network analysis can be assumed to influence the 

results of the study. To leave room for interpretation according to all included disciplines of 

this study, some factors have not been studied in depth or have not been rigidly defined. As an 

example, the framework is applied without a defined set of ES. To use the framework without 

a set of ES and yet be able to reach some conclusions which seem relevant and valid, can be 

interpreted as a sign of the epistemological pluralism included in any interdisciplinary 

research. A framework with an ecologist background can be applied in other contexts and 

adjusted accordingly, however will always reflect the ecologist view and the result of this 

study are related to the “wedding cake”-view described in the first chapter, even without a 

defined set of ES. 

White & O’Hare (2014) describe evolutionary resilience in spatial planning as process 

dominated and adaptive, in contrast to equilibrist resilience which is described as more 

simplistic and fatalistic for spatial planning, The applied framework seems to relate more to 

the former, which makes it arguably suitable for this study since it is closely related to spatial 

planning. Lu & Stead (2013) brings up the importance of resilience thinking in urban planning 

and how “policymakers often interpret the notion according to their interests and expertise, 

or simply interchange the term resilience with terms like sustainable development or 

adaptability.” (Lu & Stead, 2013, p. 201). Hopefully, this study can be used as an example of 

applying resilience thinking in urban planning, showing some results similar to those of 

sustainable urban drainage but from a somewhat different approach, where some aspects of 

urban drainage in Stockholm build resilience is the system and some do not.  

The mixed methods approach of this study gave usable data where the policy documents were 

balanced and complemented by the interviews. If a structured literature review had been 

conducted instead of the policy document selection, the study would have been very different 

and the mixed methods might not have been useful. Whether such a study could have 

answered the same research questions in a similar way is unknown. A few other thesis reports 

have some similar conclusions for planning in Stockholm, for example the lack of 

communication regarding storm water solutions (Andersson, 2017).  
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6.2 The results 

There is ongoing change in the field of water management on all studied political levels. 

While these changes indicate learning and adaptivity to new knowledge, it does not mean 

there is an adaptive management system. The complexity in involved stakeholders and 

governance in Sweden creates a system where change is slow, since it needs to be 

communicated to all involved actors. This study does not find specific solutions to the issue, 

although creating new nodes such as the Helsinki storm water group is suggested for further 

studies. If the SSWS is seen as a local implementation of the WFD, enforcing 

intergovernmental legislation regardless of the national unclarities, the storm water 

management of Stockholm shows indications of a panarchial structure and CAS thinking. 

However, the implementation should not only be in documentation, practical follow through 

is key. The process seems delayed by overly complex structures also on the municipal level, 

with somewhat unclear interaction and follow-up between involved stakeholders leading to 

loss in function in some facilities. 

The social aspects, political settings and available technology will continue to change the 

settings of the studied SES. A storm water infrastructure system may sustain the water 

balance to satisfaction today, but the surroundings are bound to change over time. In order to 

call a storm water management system “sustainable” or “resilient”, it should have a built-in 

flexibility for coping with change. Factors like climate change and land uplift are foreseen, 

but there should also be room for unforeseen changes and disturbances. Another aspect is 

built in flexibility in technology, which has not been mentioned in the studied material. 

Infrastructures and facilities can be constructed for easy changes of functions, such as 

movable walls. Using the natural water cycle as a model for the concept of “sustainable” 

storm water drainage without including infiltration to groundwater is another concern which 

was not evaluated in any of the studied material.  

The implementation of the WFD on the local level of Stora Sköndal shows how the Weser-

case impact the planning process. Stating that the runoff from the development area will have 

a lower concentration of P after development than prior to development is positive for 

Drevviken, the question is if it is possible to ensure that none of the EQS elements are 

deteriorated. Measuring the EQS elements is not yet perfected and these kinds of statements 

could, in a worst-case scenario, lead to elements which will be negatively impacted by urban 

development never being measured at all. 

While the issue is getting more attention, the time spans of housing projects are greater than 

those of policy making and research in this case. Even if perceptions and social/political 

structure change, implementation takes more time. Detailed development plans and the storm 

water strategy could state intended life length and follow-up of storm water infrastructure to 

give concrete time frames. A time line of intended maintenance, restoration and life-span 

would add pressure to management as well as help communication.  
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7. Conclusions 

A question which this study cannot answer is “What is a resilient urban water cycle?”. 

Instead, the properties of the SES surrounding the Stockholm storm water runoff have been 

analysed to see what is building resilience and what is lacking resilience thinking, as a 

complement to the concept of sustainable storm water management. The study shows that the 

aspect of the SES most important to building resilience is the socio-political management, 

which is why it has become the focus of this study. Instead of presenting the environmental 

dynamics and physical processes such as turn-over times and transport of micro nutrients, the 

data collected gave more indications of the governance being the aspect of more importance 

for the resilience of the system. The hydrological and ecological aspects of the water cycle are 

directly impacted by the governance of the urban landscape and enough of the causality is 

known for these properties to improve the resilience of the water bodies to gradual change as 

well as shocks.  

The SSWS promote resilience thinking by the clear impact of the WFD and the SWWA 

publications, where the SWWA should stand for the diversity in stakeholders and knowledge 

groups on the national scale while the WFD is a step towards a system approach in 

governance, based on diversity of knowledge groups and stakeholders on an EU level. The 

SSWS shows some extent of diversity in problem formulations and solutions, promotes 

participation and CAS thinking, is a symptom of re-organisation, new knowledge and 

learning. Including storm water at an early stage in planning is relatively new and is managed 

through an iterative process, which helps connectivity in the management. 

The main challenges within the SES seem to be the lack of follow-up and feedback in the 

management of storm water infrastructure, the complexity in involved stakeholders, 

responsibility division and legislation, leading to issues with communication and practical 

implementation. Another challenge within the SES is the trade-offs in multifunctional 

surfaces while also maintaining high functionality give more emphasis on water issues due to 

legislation. The trade-offs are in favour of the hydrological cycle, however the functionality is 

at risk of being diminished for hydrology as well as other ES in this set up.  

The indications of  resilience in the urban water cycle found in this study may not be new 

information, however the perspective of resilience thinking seems to be an efficient 

operationalisation of sustainable development in urban hydrology. A first step of enhancing 

resilience in the SES could be focused on the connectivity in management, by for example 

creating new nodes like the Helsinki storm water group, or by creating more approachable 

communicational links.  

7.1 Future research recommendations 

The complexity of the political context of storm water from EU WFD implementation to 

stakeholder connectivity and communicational links could be studied further. As could a 

mapping of functionality of storm water infrastructure within the municipality. To further the 

knowledge of building resilience in the urban water cycle in Stockholm, in a storm water 
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perspective, a deeper investigation of principles 4-7 could also be helpful. The intermunicipal 

learning and communication impacts all four principles, and since the consultants and experts 

used by the municipalities are more or less the same people in the Stockholm County region, 

further studies of these municipalities would give stronger indications of the resilience in the 

governing of the urban hydrological cycle in Stockholm.  
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Appendix A 

Basic hydrological calculations and statistics: Water 

balance and return periods 

Behind the climate science and the models constructing the scenarios in section 2.1 are 

advanced physics and mathematics. To grasp the significance of the presented figures, this 

Appendix will explain some of the most basic concepts, which also are the basis for technical 

hydrological facilities. The reasoning regarding the hydrological cycle in the introduction of 

this report, is built on the water balance equation (a continuity equation). It is a simple 

equation, however it can look a bit different depending on what terminology is used and 

which parameter is relevant to solve for.  

𝑅 = 𝑃 − 𝐸𝑇 ± ∆𝑆 

Where R is runoff (sometimes expressed as Q for flow [volume over time, m3/s], since the 

term includes surface flow and groundwater flow), P is precipitation, ET is evapotranspiration 

(evaporation and transpiration) and S is storage in bodies of surface water, soil- and 

groundwater or glaciers (depending on system boundaries).30  

Precipitation varies in intensity and duration and statistical models identifies the probability of 

different types of storms. Return period is the expected time between the occurrence of an 

event and extreme storms are commonly referred to by their return period, such as a 1000-

year storm. The return period for precipitation is based on volume over time, the volume is 

presented in millimetres of rain or snow depth, which is to be multiplied with a chosen area 

(Svenskt Vatten AB, 2016). 30 mm of precipitation over the duration of 10 minutes has a 

return period of 100 years, but the same volume over 30 minutes has a return period of 20 

years instead, according to the P110 (ibid). Sizing of infrastructure such as dams and storm 

water drainage is calculated for the flow of storms with different return periods. The P110 

publication (Svenskt Vatten AB, 2016) states the minimum size of a storm water system 

should be for a 100-year return period in the municipal responsibility, while providing more 

detailed requirements for jurisdiction of the water and sewage principals. As an example, the 

sizing in central urban areas for the pipelines is a 10-year return period (Svenskt Vatten AB, 

2016). To develop statistics for return periods of storms or flows, continuous measurements 

over time is used with historical data. For return periods over 100 years the data used is 

                                                 

30 Infiltration and groundwater formation/recharge can be explicitly expressed in the water balance equation if 

relevant. One example of a more complex version of the water balance equations is the basis of the HVB model  

𝑃 − 𝐸 − 𝑄 =
𝑑

𝑑𝑡
[𝑆𝑃 + 𝑆𝑀 + 𝑈𝑍 + 𝐿𝑍 + 𝑙𝑎𝑘𝑒𝑠] 

Where P=precipitation, E=evapotranspiration, Q=runoff, SP=snowpack, SM=soil moisture, UZ=upper 

groundwater zone, LZ=lower groundwater zone, lakes=lake volume (source for this information is the SMHI 

description of the HBV model, it can be found at https://www.smhi.se/en/research/research-

departments/hydrology/hbv-1.90007). Water flow in soils is usually calculated by Darcy’s law, and transport of 

particles and contaminants in surface water is calculated using the transport equation, neither of these equations 

nor any fluid mechanics are relevant to comprehend this study.  

https://www.smhi.se/en/research/research-departments/hydrology/hbv-1.90007
https://www.smhi.se/en/research/research-departments/hydrology/hbv-1.90007
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extrapolated, leading to less certainty in the results (ibid). For this reason, the effects of 

climate change on return periods cannot yet be established, therefore a climate factor should 

be used for sizing of storm water drains (ibid). The P110 publication (ibid) emphasises on 

how the climate factor always should be adjusted to the latest research on climate change 

from SMHI and suggest a minimum of a factor 1.25 for precipitation shorter than 1 hour but a 

factor of 1.2 for precipitation with a longer duration, up to 24 hours, as of 2015 knowledge of 

climate change (ibid). These suggested climate factors are applicable for all of Sweden (ibid). 

The formula for calculating the probability P of an event with return period T occurring over 

the period of N years can be expressed as: 

𝑃 = 1 − (1 −
1

𝑇
)
𝑁

 

For example, a rain event with the return period of 100 years by this equation has a 63% 

probability of occurring during a period of 100 years. This information is accessible at a 

source not included in the reference list, which is one of the SMHI information pages 

available at  https://www.smhi.se/kunskapsbanken/aterkomsttider-1.89085 [Accessed 20th of 

August 2018] 

  

https://www.smhi.se/kunskapsbanken/aterkomsttider-1.89085
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Appendix B 

Table 4 Presentation of interviews.   

Interviewee Work description Date Type of 

interview 

Duration 

Hillievi Virgin, 

project leader at the 

Stockholm 

Environmental 

Department, section 

for environmental 

analysis.31 

Develops local 

Programmes of 

Measures (LÅP) 

for surface water. 

2018-03-27 Phone 48 minutes 

Mårten Pehrsson, 

environmental 

investigator at the 

Stockholm 

Environmental 

Department,  

Planning and 

Environment 

Department, Urban 

Environment Unit32 

Part of a team of 7-

8 people who work 

with environmental 

and health issues in 

the planning 

process as a 

support for the 

Urban Planning 

Department and the 

Development 

Administration  

2018-04-12 Meeting 44 minutes 

Eva Vall, 

investigations 

engineer at Stockholm 

Water and Waste, 

Project for strategic 

planning.33 

Was the project 

leader for 

developing the 

Stockholm Storm 

Water Strategy 

2018-04-27 Phone 27 minutes 

Veronika Borg, 

Urban planner and 

project leader, the 

Urban Planning 

Department of the 

Municipality of 

Stockholm 34 

Planner for the 

development of 

Stora Sköndal, on 

behalf of the 

municipality 

2018-04-18 Informal 

meeting 

during 

workshop 

2018-04-18, 

no record  

 

                                                 

31 Work title in original language: Projektledare på Miljöförvaltningen, Avdelningen för Miljöanalys  
32 Work title in original language: Miljöutredare på Miljöförvaltningen, Plan- och miljöavdelningen, 

stadsmiljöenheten 
33 Work title in original language: Utredningsingenjör, Stockholm Vatten och Avfall, Projekt Strategisk 

Planering 
34 Work title in original language: Stadsplanerare och planprojektledare, stadsbyggnadskontoret 
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Appendix C 

Table 5 Documents reviewed 

 
Type of 

document 
Title Reference in text 

SSWS 

Policy document 

Dagvattenstrategi -

Stockholms väg till en 

hållbar 

dagvattenhantering 

(Stockholms Stad, 2015) 

Web page Dagvatten 
(Stockholm Vatten och 

Avfall, 2014) 

Web page 
Planera, placera, 

dimensionera 

(Stockholm Vatten och 

Avfall, 2017b) 

Web page Nuläge och risker 
(Stockholm Vatten och 

Avfall, 2017a) 

Web page 
Dagvatten och 

dagvattensystem 

(Stockholm Vatten och 

Avfall, 2017c) 

Support 

document 

Dagvattenhantering -

Åtgärdsnivå vid ny-och 

större ombyggnation 

(Stockholms Stad, 2016) 

Support 

document 
Nedsänkt växtbädd 

(Stockholm Vatten och 

Avfall, n.d.) 

Stora 

Sköndal 

Development 

Programme 

Documents 

Storm water 

investigation 

Dagvattenutredning 

Stora Sköndal 

(6728418_2_6) 

(Scharp, 2017) 

Consequence 

description for 

storm water 

Konsekvensbeskrivning; 

Programhandling Stora 

Sköndal -dagvatten 

(6728790_2_6)  

(Wilén, 2017) 

Presentation for 

programme 

consultation for 

the area Stora 

Sköndal 1:1 

Tjänsteutlåtande Dnr 

2015-14204 

(6964874_8_6) 

(Stadsbyggnadskontoret, 

2018) 

Official 

statement (basis 

for formal 

consultation 

response) 

Tjänsteutlåtande Dnr 

2016-001465 
(Miljöförvaltningen, 2017) 

Helsinki Policy document 

City of Helsinki Storm 

Water Management 

Program 

(City of Helsinki, 2018) 
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Appendix D 

Table 6 The matrix used for the analysis. The last rows related to the case example were used very little, instead the 

rightmost column was used for all data related to Stora Sköndal 

 
Stockholm 

Storm Water 

strategy 

2015 

Stockholm 

webpage + 

support 

documents 

Interviews  

 

Stora 

sköndal 

documents 

/Borg  

NOTE not 

Magnolia, 

not Lilla 

Sköndal. 

Notes     

What ecosystem services (ES) are 

identified, or mentioned in a way 

that can be considered an ES (+ 

type of ES, see Biggs et al 2015 p 

14) 

    

What ES are affected by storm 

water management not addressed 

in said policies (out of the three I 

myself identified: flooding, 

pollution, GWL)? Land use? 

    

-ES connected to policies but not 

addressed in this study? 

-ES indirectly connected to storm 

water, but not studied? 

    

Issues that are important to storm 

water but not defined as ES (such 

as economic aspects and social 

aspects), give examples. 

    

P1 Diversity and redundancy  

 

    

technical solutions/responses to 

storm water 

    

land use (indirectly all 

documentation is about landuse?) 

    

knowledge systems     

problem formulations     
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organisational forms (government 

departments, NGO’s, community 

org) 

    

values! (→ rural vs urban, 

segregation can lead to fads), 

    

user groups (different perspectives 

→different understanding) 

    

P2 Connectivity     

Connection of waterbodies and 

transport routes (basic 

hydrogeology); mapping 

    

Social system: How is knowledge 

and information exchanged on 

different levels? Information flow?  

    

(Responisbilities, not part of P2?)     

See p 84 in Biggs et. Al (2015)     

Network theory: new patches in 

vicinity of vulnerable ones, Biggs 

et. Al (2012) p. 428. Example: 

Storm water ponds near lakes? 

    

P3 Slow variables and feedbacks      

Hydrological feedbacks (which are 

recognised in the litterature? Are 

some ignored?) Hydrological 

feedbacks and slow variables: 

transport equation surface vs GW, 

sedimentation, climate change 

(precipitation) 

 

    

Feedbacks in governance system, 

structures for responding to 

information 

    

Monitoring of success in used 

solutions (learning P5) 

    

Scales: temporal & spatial 

(&/political?) 

 - local perspective and larger 

    



 

vii 

 

perspective 

 

P4 CAS thinking (does existing 

policies foster CAS thinking) 

    

How are uncertainties 

handled/expressed? 

 

    

General discussion of management 

system related to P3 (too much 

political science for me?) 

 

    

P5 Learning 

 

    

Discussion on P2 and P3 

(monitoring slow variables key) 

and attended workshops 

    

-Social learning within EU? –

network between countries 

    

What knowledge is used? 

(influence of powerful 

stakeholders?) 

    

-Role of Enable, ISSUE etc?     

Willingness to experiment 

 

    

P6 participation 

 

    

Discussion of P1 (social 

participatory diversity) 

And P2 

    

-Roles of stakeholders 

 

    

-What about ES if changes in 

political system or decision-

making process? 
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P7 polycentric governance 

-Trade-offs between ES users, 

different governance scales 

    

How is the EU directive 

implemented in the 2 cities? What 

are the greatest differences? 

    

Does differences imply stronger or 

weaker resilience of ES on local 

scale? 

    

Costs-benefits distribution? 

Trade-offs between ES users? 

    

Case example Stora Sköndal    

-How is social learning 

encouraged within the 

municipality and how is it 

noticeable in this project? P5 

    

How are feedbacks identified and 

handled? P3 

    

How well connected are 

stakeholders? P2, P4-7 

 

    

Indications of CAS thinking on 

local scale (P4)? 

    

What knowledge gaps can be 

found and where are they? 

    

Trade-offs? Is storm water 

management given enough/too 

much resources (difficult to collect 

data)? 

    

Local conflicts of interest?     

How will blue structures be 

monitored? 

The wetland biotope? (P3) 

    

Gaps in knowledge?     



 

ix 

 

Communication? 

Dependence on individuals? 

Efficiency of information flow? 

Difference in attitude? 

 

Differences in stewardship?     

Differences in results?     
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Appendix E 

Interview guide (in Swedish in parenthesis) 

Interview guide 

Notes to go through before interview (Anteckningar att stämma av i 

början) 

Interview with: (Intervju med:) 

Is the interview recorded? Yes/No (Intervjun spelas in? Ja /Nej) 

Is it ok to use the name as a reference in the report? Yes/No (Namn ok att användas i rapport 

som referens? Ja/Nej) 

Has the interviewee been given the questions prior to interview? Yes/No (Informanten har 

tagit del av frågorna innan intervjun? Ja/Nej) 

Questions to be considered during interview (Frågor att utreda under 

intervjun) 

1. How do you get in contact with storm water management in your daily work? (Hur 

kommer du i kontakt med frågor kring dagvattenhantering i ditt arbete?) 

2. Is the information regarding storm water aspect in development easy/hard to grasp? Is 

for example the information in a storm water investigation understandable? (general 

statement or personal experience) (Är det lätt/svårt att ta del av information kring 

dagvattenaspekter i ett planområde? Upplevs t.ex. information från 

dagvattenutredningar som lättbegripliga? (generellt uttalande eller egen upplevelse)) 

3. How is information regarding storm water management conveyed within the 

municipality? And in specific development projects? (Hur förmedlas information om 

dagvattenhantering inom kommunen? Och i specifika planprojekt?) 

4. How does communication with other stakeholders work? (Find out: to what degree 

does it depend on individuals? Differences formal/informal communication?) (Hur 

fungerar kontakten med andra intressenter? (Ta reda på: hur individberoende är den? 

Skillnad i formell/informell kommunikation?)) 

5. In what way does the municipality use experiences (regarding storm water) from 

previous bigger development projects? (På vilket sätt använder sig kommunen av 

lärdomar (kring dagvattenfrågan) från tidigare större planprojekt?) 

6. How does follow-up of the success of storm water management work? (Hur fungerar 

uppföljningen av hur lyckad dagvattenhanteringen är?) 

7. How does the municipality conduct stewardship or management on storm water 

solutions? (Hur förvaltas dagvattenlösningarna från kommunens sida?) 

8. What conflicts of interest may arise for different solutions for storm water 

management? (Vilka intressekonflikter kan uppstå kring lösningar för 

dagvattenhantering?) 



 

xi 

 

9. Are some solutions for storm water management prioritised over others? Why/why 

not? (Which ones?) (Är vissa lösningar för dagvattenhantering prioriterade över 

andra? Varför/Varför inte? (Vilka)) 

10. Do you see any change in how the municipality deals with storm water since the storm 

water strategy was adopted in 2015? (Ser du någon förändring i hur kommunen arbetar 

med dagvatten sedan dagvattenstrategin antogs 2015 (9:e mars)?) 

11. Can you see any differences in attitude towards the storm water issue since 2015? 

How is it noticeable (Ser du någon skillnad i attityd till dagvattenfrågan sedan 2015? 

Hur märks det?) 

If informed about Stora Sköndal (Om insatt i arbetet med Stora 

Sköndal) 

1. How is the storm water strategy implemented in the project? (Hur implementeras 

dagvattenstrategin i projektet?) 

2. How is the stewardship/maintenance of storm water solutions planned in (Hur planeras 

förvaltningen av dagvattenlösningar se ut i) 

a. Public spaces (Offentliga utrymmen)  

b. Development district (Kvartersmark) 

3. In relation to the questions above: Is there anything unique/different in this project?  

The questions above conern:  

• Access to information and information flow 

• Communication 

• Learning 

• Follow-up and stewardship 

• Conflicts of interest 

• Solution options for storm water 

 

(I relation till frågorna ovan: Är något unikt/annorlunda i projektet? 

 

Frågorna ovan berörde: 

• Tillgång till information och informationsflöde 

• Kommunikation 

• Lärdomar 

• Uppföljning och förvaltning (tex. Föroreningar/biotop i våtmarken?) 

• Intressekonflikter 

• Lösningsalternativ för dagvatten) 

Finishing thoughts? (Avslutande tankar?) 
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Appendix F 

Table 7. Attended workshops 

Date By  Title 

16th of February ISSUE To Create and Develop 

Green qualities for Social 

Sustainability35  

4th of April Miljöförvaltningen 

(Stockholm Environmental 

Department) 

Workshop regarding local 

Programme of Measures for 

good water status in lake 

Flaten36 

18th of April Stiftelsen Stora Sköndal 

(Stora Sköndal Foundation) 

Stora Sköndal –a sustainable 

city district37 

 

 

                                                 

35 Att Skapa och Utveckla Gröna kvaliteter för Social Hållbarhet 
36 Workshop gällande lokalt åtgärdsprogram för god vattenstatus i sjön Flaten 
37 Stora Sköndal -en hållbar stadsdel 
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