
 
School	of	Architecture	and	Built	Environment	

Department	of	Sustainable	development,	environmental	science	and	engineering 
 

TRITA-INFRA-FMS-EX-2016:01	
www.kth.se	 	

Assessing	the	Stockholm	
Water	and	Sewage	System:		
Sustainability	and	Resilience	
in	a	Long-term	Perspective	

	
Sophie	Giers	Arekrans	

	
Degree	Project	in	Environmental	Strategies,	Second	Cycle	

	
	
	
	
	
	
	
	

	
  
 

 



Assessing the Stockholm Water and Sewage System: Sustainability 
and Resilience in a Long-Term Perspective 

 Sophie Giers Arekrans  Master Thesis: Spring 2016 
KTH: Stockholm 

 

 2 

 

 
 

 
 

 
 

 
 

 
Assessing the Stockholm Water and Sewage System:  
Sustainability and Resilience in a Long-term Perspective 
Bedömning av Stockholms Vatten- och Avloppssystem:  
Hållbarhet och Resilience i ett Långsiktigt Perspektiv 
Author: 
Sophie Giers Arekrans 

Supervisor: 
Örjan Svane 

Examinor: 
Josefin Wangel 
 

Degree Project in Environmental Strategies, Second Cycle, 30 credits 
Examensarbete inom Miljöstrategisk Analys, Avancerad nivå, 30 hp 
School of Architecture and Built Environment;  
Department of Sustainable development, environmental science and engineering 
Skolan för arkitektur och samhällsbyggnad (ABE);  
Hållbar utveckling, miljövetenskap och teknik 



 

 

Table of Contents 

Summary ..................................................................................................................... 2 

Sammanfattning .......................................................................................................... 3 

Preface ......................................................................................................................... 4 

1 Introduction ........................................................................................................... 6 
1.1 Background ........................................................................................................................... 7 
1.2 Aim and research questions ................................................................................................ 8 
1.3 Case delimitations ............................................................................................................... 9 
1.4 Research design and disposition ........................................................................................ 10 

2 Theoretical framework ........................................................................................ 11 
2.1 Futures Studies ................................................................................................................... 11 
2.2 Resilience ............................................................................................................................ 12 
2.3 Governance ......................................................................................................................... 13 
2.4 Previous Research on Water, Resilience and Climate Change .......................................... 14 

3 Research Strategy and Methodology ................................................................ 17 
3.1 Case study ........................................................................................................................... 17 
3.2 Research and Data Collection ............................................................................................ 17 

3.2.1 Content analysis ............................................................................................................. 18 
3.2.2 Interviews ...................................................................................................................... 20 

3.3 Scenario Development ....................................................................................................... 21 
3.3.1 Scenario A – Increased Population and Privatisation ................................................ 22 
3.3.2 Scenario B – Social instability and bio-terrorism ....................................................... 23 
3.3.3 Scenario C – Climate Change and Energy Crisis ........................................................ 24 
3.3.4 Summary: Identified Press and Pulse Disturbances ................................................... 24 

3.4 Resilience Analysis ............................................................................................................ 25 

4 Empirical Results ................................................................................................ 27 
4.1 Challenges, Reflections and Solutions: Scenario A ........................................................... 27 
4.2 Challenges, Reflections and Solutions: Scenario B .......................................................... 29 
4.3 Challenges, Reflections and Solutions: Scenario C ........................................................... 31 
4.4 Reflections on Future Development ................................................................................. 32 
4.5 Governing: Politics, authorities and regulations .............................................................. 34 
4.6 Governance: Stakeholders, Planning and Cooperation .................................................... 35 

5 Resilience Analysis ............................................................................................. 39 
5.1 Defining the System .......................................................................................................... 39 
5.2 System Dynamics .............................................................................................................. 42 
5.3 Cross-Scale Interactions .................................................................................................... 47 
5.4 Governance Systems ......................................................................................................... 49 
5.5 Acting on the Assessment .................................................................................................. 51 

6 Discussion ........................................................................................................... 52 
6.1 Building Resilience ............................................................................................................ 52 
6.2 Ideal Scenario 2100 ............................................................................................................ 55 
6.3 Critical Evaluation ............................................................................................................. 56 

7 Conclusion ........................................................................................................... 58 

8 References ........................................................................................................... 59 

9 Appendix A .......................................................................................................... 62 
 



Assessing the Stockholm Water and Sewage System: Sustainability 
and Resilience in a Long-Term Perspective 

 Sophie Giers Arekrans  Master Thesis: Spring 2016 
KTH: Stockholm 

 
 

 2 

Summary 

This report presents a case study on the Water and Sewage (abbreviated as WS in the 
following) system of Stockholm, which is faced with several challenges over the coming 
decades. The purpose is to explore the current and future threats and challenges that can have 
an impact on the WS system, with the aim of identifying a sustainable and resilient way of 
handling potential issues and incorporating a wider perspective when planning for a continued 
water and sewage infrastructure of sufficient capacity and quality. The study asks what the 
current and potential future challenges for the Stockholm WS system are, what is required to 
enable a sustainable and resilient WS system in a long-term perspective, which actors are 
involved or need to be involved beyond Stockholm Water, to provide Stockholm with a 
resilient and sustainable WS system, and what would be required for efficient governance? 

A content analysis of literature was made in order to develop three possible future scenarios, 
each with its own set of challenges. The scenarios were discussed with several interviewees 
from the WS-sector. The information provided during the interviews was used in a resilience 
analysis, based on the framework developed by the Resilience Alliance Workbook for 
Practitioners. A discussion follows in relation to the connected theoretical concepts of futures 
studies, resilience theory, governance and sustainability. 

The findings in this study suggests that the main challenges facing the WS system are 
primarily climate change and population increase. The WS system has to expand to support a 
growing population, as well as be adapted to cope with the consequences of climate change. 
Also pulse disturbances, such as sabotage and bio-terrorist attacks, were discussed and 
constitute a worry to which there is less preparedness. Further, a different challenge was found 
in the difficulties in planning for this required expansion and development where there is a 
lack of support, funding, communication and division of responsibilities.  
In order to retain a WS system that is able to provide high quality water services of sufficient 
quantity, communication and coordination between actors need to improve, and someone has 
to take a lead in continued work to ensure that all actors and stakeholders move in the same 
direction. Long-term planning is required on all parts, and there is a need to make decisions 
that will enable a sustained water and sewage structure in the long run. It is also required that 
water is made a priority; that water and sewage related issues are allowed more space in the 
municipal planning process and are discussed at a much earlier stage. Further, all 
municipalities will face challenges that concerns the WS system, leading to an increasing 
requirement of a more extensive regional cooperation, where planning and development 
occurs across municipal borders, focusing on watershed- and drainage areas. 

This study focuses on specified resilience, which means that only a limited number of 
challenges and events that could affect the WS system have been studied. Further studies are 
encouraged to determine the general resilience of the system, and provide a more detailed and 
comprehensive assessment. 

 
Key words: resilience, water and sewage systems, climate change, sustainable development, 
futures studies, planning 
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Sammanfattning 

Denna rapport presenterar en fallstudie på vatten- och avloppssystemet i Stockholm 
(hädanefter benämnt som VA-system), som står inför flera utmaningar under de kommande 
årtiondena. Dess syfte är att undersöka nuvarande och framtida hot och utmaningar som kan 
ha en inverkan på VA-systemet, med en ambition att identifiera ett hållbart och 
motståndskraftigt (resilient) sätt att hantera eventuella problem och inkludera ett bredare 
perspektiv när man planerar för framtida vatten- och avloppsinfrastruktur, som håller 
tillräcklig kapacitet och hög kvalitet. Studien frågar vad nuvarande och potentiella framtida 
utmaningar för Stockholms VA-system är, vad som skulle krävas för att möjliggöra ett hållbart 
och motståndskraftigt vatten- och avloppsnät i ett långsiktigt perspektiv, vilka aktörer utöver 
Stockholm Vatten som är inblandade eller behöver vara inblandade för att ge Stockholm ett 
motståndskraftigt och hållbart VA-system, samt vad som skulle krävas för effektiv styrning? 
En genomgång av litteratur gjordes för att utveckla tre framtidsscenarier, var och ett med sin 
egen uppsättning utmaningar. Scenarierna diskuterades i intervjuer med flera representanter 
från VA-sektorn. Den information som gavs under intervjuerna användes i en analys av 
motståndskraft (resiliens), som baserades på den ram som Resilience Alliance Workbook for 
Practitioners utformat. Analysen följs av en diskussion där kopplingar till, för studien 
grundläggande, teoretiska begrepp inom framtidsstudier, resiliens, styrning och hållbarhet 
görs. 

De största utmaningarna för VA-systemet är främst klimatförändringar och 
befolkningsökning. VA-systemet måste expandera för att stödja en växande befolkning, samt 
anpassas för att hantera konsekvenserna av klimatförändringar. Även förändringar av mer 
puls-karaktär diskuterades, som till exempel sabotage och bio-terroristattacker, vilka uppfattas 
som minst lika kritiska händelser, men för vilka beredskapen och den långsiktiga planeringen 
inte är lika omfattande. En annan utmaning är svårigheterna att planera för den expansion och 
utveckling som behövs, när det finns en brist på stöd, finansiering, kommunikation och 
ansvarsfördelning.  
För att behålla ett motståndskraftigt VA-system som tillhandahåller högkvalitativa 
vattentjänster i tillräcklig omfattning, så måste kommunikation och samordning mellan 
aktörerna förbättras, och någon måste ta ledningen i det fortsatta arbetet för att se till att alla 
aktörer och sektorer arbetar i samma riktning. Långsiktig planering krävs från alla parters håll, 
och det finns ett behov av att fatta beslut som tillåter att VA-systemet upprätthålls på lång sikt. 
Det krävs också att vatten görs till en prioritet, att vatten- och avloppsfrågor får mer utrymme i 
den kommunala planeringsprocessen och diskuteras i ett mycket tidigare skede. Vidare 
kommer alla kommuner stå inför utmaningar som berör VA-systemet, varför det krävs ett ökat 
regionalt samarbete, där planering och utveckling sker över kommungränserna, med ett större 
fokus på tillrinnings- och avrinningsområden. 
Denna studie fokuserar på specifik resiliens, vilket betyder att endast ett begränsat antal 
utmaningar och händelser som kan påverka VA-systemet har tagits i beaktning. Ytterligare 
studier uppmuntras som undersöker den allmänna resiliensen i systemet och kan bidra till en 
mer utförlig och omfattande bedömning. 
 

Nyckelord: resiliens, vatten- och avloppssystem, klimatförändringar, hållbar utveckling, 
framtidsstudier, samhällsplanering 
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“We live in a time of growing population coupled with a declining 
resource base and great uncertainty about a range of environmental 
issues such as climate change. How can we make the systems that 

we depend upon resilient?” 
Brian Walker and David Salt (2006:2) 
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1 Introduction 

The provisioning ecosystem service of fresh water plays a vital role in our society (TEEB 
2010) - as humans we are depending on it for our survival. Stockholm Water produces around 
370,000 m3 of drinking water every day to support Stockholm’s population of over a million 
inhabitants. Water is withdrawn from Lake Mälaren, treated in Norsborg and Lovö treatment 
facilities, to then be delivered to consumers via a pipeline of over 2000 km. (Stockholm Water 
2016). One can question whether the ordinary user even considers how the water makes its 
way into the tap, but it is safe to say that it would be noticed should no water flow once the tap 
has been turned on. While short-term disruptions occasionally occur and may be manageable, 
any longer periods without clean water could create a life or death situation. 
The Swedish population uses on average 160 litres of drinking water per day and per person, 
and it is a given that water flowing from taps is clean, clear and sufficient (Livsmedelsverket 
2015). After having fulfilled our need, used water continues down the drain where Stockholm 
Water’s sewage pipeline of approximately 3000 km leads it to Bromma and Henriksdal 
facilities for treatment, finally releasing it into the Baltic Sea (Stockholm Water 2016). This 
system clearly carries immense amounts of water, delivering it to and from households, and 
also carrying almost half of Stockholm’s storm water. The network of Stockholm’s water and 
sewage system can thus be considered a social-ecological system as it is constructed, managed 
and run by man to supply a crucial socio-technical function, distribute an ecosystem service 
and manage a natural resource. 
In order to ensure high quality and capacity of a resilient and sustainable WS system, which 
we and all future generations are desperately in need of, it is crucial to consider external 
factors that could affect the system. It is crucial to investigate what is required of us today, to 
ensure that our most vital system will endure. Further, it is of great importance to examine 
responsibilities, further actor involvement and whether governance occurs in a sustainable and 
resilient manner. Applying a resilience approach on this matter enables a comprehensive 
overview of current and future threats, examining challenges and changes that could disrupt 
the system and thus its crucial and social function. It also reveals and highlights necessary 
investments and precautions. It further presents external changes and challenges that are out of 
Stockholm Water’s and other actors’ control, and helps with initiating and guiding future 
projects to incorporate a more sustainable and resilient approach.  
Resilience theory investigates and determines a social-ecological system’s ability to adapt, 
transform or persist in the face of change. It describes how these changes come in the form of 
either press (slowly developing changes, e.g. population growth, requiring increased capacity, 
or climate change) or pulse (sudden and unpredictable events, e.g. floods, leaks or bacterial 
infestations which decrease quantity and quality). Regardless of form, these potential changes 
will most definitely vary over the coming decades, and are neither certain nor fully 
predictable. By using scenario development, as done in this study, a few of them can be 
assumed and examined, in order to investigate the measures and actions needed. Attempts to 
identify and study changes also allow for investigating the resilience of what, against what, for 
whom, and by whom within social-ecological systems; which has been done in this research 
study. 
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1.1 Background 
Stockholm Water is Sweden’s largest water and sewage company, supplying services to over 
1,3 million people and businesses in Stockholm (Stockholm Water 2015a). Stockholm 
Municipality owns 98%, while Huddinge municipality owns 2% (Stockholm Water 2015b). 
Stockholm Water has a clear mission; to deliver drinking water and treat sewage water in 
Stockholm and Huddinge and supplying services required for the current and future 
generation. This is made possible by long-term decisions made with a sustainable and 
environmentally oriented approach. In addition, they are to treat storm water, protect water 
catchments and restore lakes so that Stockholm is able to expand as a region without 
jeopardizing nature (Stockholm Water 2015c).  Stockholm Water owns all pipelines, pumping 
stations and water reservoirs in Stockholm and Huddinge. A total of 12 municipalities are 
supplied with drinking water, while eight municipalities are aided in sewage treatment (ibid.). 
There are mainly two laws regulating WS-operations in Sweden, under which Stockholm 
Water therefore operates; “Regulation of public water services” (SFS 2006:412), regulating 
the municipal responsibility to arrange for WS-services, and “General regulations of using the 
public water and sewage facilities” (ABVA) [author’s own translation], regulating the 
requirements that are put on Stockholm Water in terms of maintenance, delivery and 
installation, but also connections to the pipeline network and the charge of water and sewage 
services (VA-taxa, hereafter referred to as WS-charge) (Stockholm Water 2015d).  

Today we take water services for granted, in Sweden it is not something we even have to 
consider in our daily life. However, this was not always the case. The history of Stockholm’s 
WS-network goes back to a proposal made by Wilhelm Leijonancker in June 1853, developed 
as a solution to worsening water conditions and bad hygiene in a rapidly growing Stockholm. 
Stockholm has always been surrounded by water, but the quality was low and knowledge 
about water considering its relation to bacteria was non-existent. It was only in the middle of 
the 19th century that connections were made between water, hygiene and health, which is why 
Leijonancker was asked to develop a proposal for a more hygienic water supply system. His 
proposal included technical solutions such as pipelines, pump stations, filters and reservoirs, as 
well as operational costs and a suggested WS-charge. The proposal was met with strong 
opposition, but this was dismissed and construction commenced in 1858. The first treatment 
facility was finished in 1861 and the proposed new system was completed and put to use 
within the same year (Stockholm Water 2015e).  
In the beginning, water from the new pipelines was provided in form of public taps, with only 
a few houses being connected to the network. This system kept growing and was extended, 
leading to improved hygiene and health throughout the city. In the early 1870’s, 10 years after 
the first proposal had been finalised, the network consisted of 80 kilometres of pipes, 
increasing to 150 kilometres after another 10 more years. As a result, clean water became 
easier to access and more considered as a given, leading to further demand and increased 
consumption. In 1940 the average consumption was 350 litres per day and per person, 
increasing to almost 500 litres per day and per person by the 1970’s. Estimations suggested 
that in the new century, by the start of 2000, consumption would be in the region of 800 litres 
per day and per person. Contrary to this, the trend reversed and the people of Stockholm now 
use an average of 200 litres per day and per person. (Stockholm Water 2015f).   

However, clean water for use and consumption was only one of two very important services 
needing to be provided for the citizens of Stockholm. While the drinking water network 
described above developed in a quantitative manner, the development of the sewage network 
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occurred in a more qualitative way. Sewage has always been a problem in the city, where 
everything used to be led out on the streets and released untreated straight to watersheds and 
lakes. Five years after the water supply system was put into use, planning for the sewage 
system started and a proposal was developed, once again by Leijonancker. The proposed plan 
was deemed too costly by the City Council, but the problems worsened and a few years later 
the Council had no choice but to build parts of Leijonancker’s system. A sewage pipeline 
network was established in the city by the end of 1885. However, with more and more water 
closets connected, increasing amounts of untreated water was released into the closest lake, 
leading to further contaminated and unhealthy water. A new plan was developed in 1909 by C 
J Gimberg, who proposed revolutionary ideas, such as treatment of all wastewater. Again, the 
plan was deemed unnecessary and it would take another 20 years before city officials realised 
how alarming the situation really was. A report was released in 1930, which proposed the 
construction of an updated sewage system with appropriate treatment facilities, and the first 
treatment plant was finalised in 1934, followed by a second one in 1941. Both plants have 
since then been expanded, upgraded and modernised to handle larger flows and more efficient 
treatment, which are still in use to this day. Current plans however, are to close all operations 
in Bromma, and move all treatment to Henriksdal, which has been provided with improved 
technology to handle larger amounts and more types of contamination. (Stockholm Water 
2015g). 

The WS system has been beneficial for humans and nature alike; its socio-technical function 
and purpose has improved the environment significantly, both in itself but also from a social 
perspective. It has been, and still is, crucial in the functioning and development of the city and 
it is of great importance that it remains adequate in the future if Stockholm is to grow and 
develop. This is not only a goal and trend (Stockholm City Council 2010), but also a matter of 
great importance and urgency, where disruptions of any physical scale or time frame have 
enormous social implications. 

1.2 Aim and research questions 
This project performs a case study of how disturbances and changes facing Stockholm puts 
pressure on a number of different functions and structures that are required to support the 
needs of an existing and growing population, while at the same time dealing with issues 
connected to climate change. It asks questions concerning resilience of what, against what, for 
whom and by whom in order to sustain in times of change.  
The aim of this research study is to explore how current and future threats and challenges, with 
a perspective stretching to the turn of the century, can have an impact on the Stockholm WS 
system. The objective is to identify sustainable and resilient ways of handling potential threats 
and challenges to the proper functioning of the WS system, based on the press and pulse 
changes identified in the three scenarios developed for this project. It is also to incorporate a 
wider perspective when planning and forming continued work and projects, allowing for 
maintained infrastructure of sufficient capacity and quality.  

In order to achieve the objectives stated, the following questions have been developed; 

• What are the current and potential future challenges for the Stockholm water and 
sewage system?; 
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• What would be required to enable a sustainable and resilient water and sewage system 
in a long-term, turn of the century perspective, based on a set of press- and pulse 
changes? 

• Which actors are involved or need to be involved, beyond Stockholm Water, to provide 
Stockholm with a long-term resilient and sustainable water and sewage system, and 
what would be required for efficient governance? 

1.3 Case delimitations 
One could take innumerable angles and cases into account in a study regarding water, 
sustainability and planning. Therefore, in order to make this study manageable, a delimitation 
has been made. 

This research study was formed together with 4S Ledningsnät (“4S”), and focuses on the WS 
system that is owned and maintained by Stockholm Water. The organisation 4S is a joint 
venture incorporating Stockholm Water, amongst several other actors who own different parts 
of the pipeline system in Sweden. They act as an umbrella organisation for pipeline owners or 
publicly owned managers of WS systems, which in Sweden is primarily the municipalities. 
The aim is to increase the knowledge, cooperation and understanding around developing 
sustainable WS systems and pipeline networks, to increase their quality. This is intended to 
result in increased life cycles, where the organisation is ultimately works towards a 150-year 
perspective. (4s Ledningsnät 2015). 
The case in this study mainly concerns The City of Stockholm, in which Stockholm Water 
owns the network. However, parallels, findings and experiences are drawn from other cases 
and municipalities, as Stockholm Water also services other areas outside the municipal 
borders. It also includes a reflection of Stockholm’s role as a core of a larger region, but this is 
by no means the main focus. 

The project has a theoretical and comprehensive approach, meaning that the WS system is not 
discussed in terms of specified technologies or in close detail, but rather focuses on its 
technical function as a socio-ecological system, with a wider perspective. The use of the term 
“WS system” in this study is therefore socio-technical. It includes both the physical structure 
outlined by Johansson (1997) that consists of water catchment and resource, water treatment 
facilities, pipelines for drinking water, sewage and storm water, local infiltration solutions for 
storm water and wastewater treatment plants. In conjunction with this, a social aspect includes 
the involved users and actors, highlighting the social core function of the WS system. This 
socio-technical approach to the WS system enables a resilience approach and highlights the 
questioning of resilience; of what (infrastructure and the social function), against what 
(disturbances and collapse), for whom (the users; businesses and citizens) and by whom (actors 
and governments). 

Due to the limited time frame and work capacity allowed for this project, the study focuses on 
the changes and challenges highlighted in the three scenarios, which are limited to a number of 
press and pulse events (see chapter 3.3.4 for summary). These events can only be considered 
examples of potential future challenges and are neither certain nor comprehensive. Further 
studies with more complex and elaborate scenarios would enable an extension of this project 
and increase the knowledge and understanding of resilience and sustainability within the 
Stockholm WS system. 
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1.4 Research design and disposition 
To perform this case study, two main methods were used to collect and analyse information; a 
content analysis and interviews. The content analysis commenced first as it was mainly 
intended to serve as a foundation to develop the scenarios, to be used with the interviews. The 
following interviews consisted of in-depth informative sessions in response to the scenarios 
developed. They were kept rather short, lasting for roughly an hour each, allowing for more 
interviews to be conducted and thus enabling a wider perspective and more comprehensive 
solutions. The content analysis continued throughout the research process, as more 
publications and reports were suggested by informants and provided up-to-date information 
that was relevant to consider for the research questions posed in this study. These two methods 
combined thus allowed for a comprehensive and in-depth understanding of the research topic. 

The next chapter in this report presents a theoretical framework intended to establish the report 
in relation to the theoretical research field, by briefly defining the concepts and theories used. 
The elements are further elaborated upon in the following chapter (3), where research 
strategies and methods are explained, which are based on the different theories in the 
framework. These are case specific and any choices made in terms of methods are stated and 
explained. The scenarios that were developed from the content analysis are also presented in 
their entirety under the method chapter, as these supported the interviews. The following 
chapter 4 presents the empirical results from the interview sessions. The information provided 
during the interviews was then analysed using a Resilience approach, presented in chapter 5. 
The scenarios and resilience analysis is later discussed using the theoretical framework and 
previous research, and the main findings are presented in a concluding chapter, which also 
offers a discussion regarding future development as well as a normative scenario for 2100. 

  



Assessing the Stockholm Water and Sewage System: Sustainability 
and Resilience in a Long-Term Perspective 

 Sophie Giers Arekrans  Master Thesis: Spring 2016 
KTH: Stockholm 

 
 

 11 

2 Theoretical framework 

Several ideas and concepts were used as a base for developing and shaping this research 
project; the terms ‘futures studies’, ‘resilience’ and ‘governance’ being the most relevant and 
central. As with the majority of research disciplines and concepts, different discourses allow 
for meanings and definitions to vary, where terms such as “sustainability” or “resilience” may 
mean different things to different people, or when used in different contexts. This chapter 
briefly describes the three theoretical frameworks used for this study, and establish the 
definition used to underpin the research project. It concludes with a brief summary of previous 
research in order to place this study in the field. 

2.1 Futures Studies 
The modern day research tradition of futures studies emerged mainly after the Second World 
War (Börjeson 2005), where the military used futures studies for prognoses and forecasts to 
determine risks. The field has since then developed further, especially during the 1960s, much 
due to the increased application and research during this decade (Andersson 2006). The value 
of futures studies was first realised by most national administration offices during the 1960’s, 
when social aspects were included, rather than a sole focus on economic and technological 
components (ibid.).  

Futures studies as a research tradition can be considered rather diffuse as it contains multiple 
approaches and purposes (Marien 2002, in Börjeson et. al. 2005). An attempt to describe it 
would be to create images and descriptions of the future, producing different futures, and 
exploring how targets can be reached. It would also include further analysis and identification 
of uncertainties within the described futures, labelling them as desired or undesired, as well as 
likely or unlikely (Höjer, 2014, Lecture). Bell’s description of the research tradition states that 
“the purposes of futures studies are to discover or invent, examine and evaluate, and propose 
possible, probable and the preferable futures” (2003:73), further combining research, decision 
making and action with the intention of providing human well-being whilst also maintaining a 
healthy planet. 
To create a scenario, or a vision of a future, three approaches are mainly used within futures 
studies, each asking a different question; a predictive approach (what will happen?), an 
explorative approach (what can happen?) and a normative approach (how can a certain target 
be reached?) (Börjesson et al. 2005:4). The approach one chooses depends on the aim of the 
study (ibid.). According to Höjer and Mattson (2000) the intention of futures studies is to find 
out what the future might bring, which in extension will enable adaptation, allowing for 
alteration or transformation. Investigating the future enables planning to steer development. 
Futures studies are used in this project in order to develop scenarios that include a set of press 
and pulse changes. It has a long-term perspective and uses a mixture of normative, explorative 
and predictive scenario development. The scenarios are mainly based on previous reports and 
strategies for future planning (such as publications from Stockholm Water, The City of 
Stockholm, SMHI, MSB, SOU and IPCC).  
The scenarios presented in the method chapter have both a predictive and explorative nature. 
Predictive scenarios take current trends, such as population increase and climate change, into 
consideration and raise a concern in regards to the consequences these will have for society, 
debating whether action needs to be taken. Explorative scenarios on the other hand, allow for 
exploring whether for example planning can be improved to account for events identified in 
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the scenario, resulting in for example climate adaptation. (Wangel 2012). The final scenario, 
presented in chapter 6.2, can be seen as a normative scenario, presenting an image of the 
future where a target has been met (ibid.). 
Different methods and techniques are used within futures studies in order to develop scenarios 
and analyse these further. The methods used are case sensitive and come with a different way 
of handling uncertainties, which are always present when studying the future. The methods 
used for scenario development in this research study are described in more detail in chapter 
3.3. 

2.2 Resilience 
The concept of resilience was defined by Holling in 1973 as a “measure of the persistence of 
systems and of their ability to absorb change and disturbance and still maintain the same 
relationships between populations or state variables” (1973:14), referring to social-ecological 
systems, where humans and nature continuously interact and are depending on each other. 
Similarly; Walker and Salt (2006) describe resilience as a system’s ability to handle 
disturbance, emphasising the importance of doing so while still retaining its basic structure 
and function. They argue that resilience is a key to managing any aspect or function in our 
complex world (ibid.). This chapter briefly explains the different key concepts within 
resilience thinking, while their application in the study is further elaborated upon in chapter 3, 
along with the Resilience Alliance Workbook for Practitioners, which is commonly used for 
making resilience assessments and includes the concepts briefly described below. 
A key in understanding resilience thinking is to recognise that we live in a world of dynamic 
and ever-changing systems (Walker and Salt 2006). These social-ecological systems can be 
described as ecosystems and human society being integrated and interdependent, with 
continuous mutual feedback between them (Folke et al 2010:3). Systems that can be 
considered as social-ecological exist throughout the world, where social systems are more or 
less always linked to ecological systems, and vice versa (Walker and Salt 2006). Resilience is 
therefore highly relevant for this study, as the Stockholm WS system can be deemed a social-
ecological system. It is a system created and operated by man, providing an ecosystem service 
as a fundamental social function, which we depend upon for our survival. 

There are three aspects to consider within social-ecological systems; adaptability, 
transformability and persistence, which work together in an interplay across scales (Folke et al 
2010). The system’s ability to adapt to either internal or external changes without losing its 
function and manage to stay within its current stable state, thus adapting without passing a 
threshold, determines its adaptability. Transformability considers the system’s capacity to 
enter into a new stable state without losing its function, while persistence simply means that 
the system is conserved and recovers to its current state and function (ibid.).  
The changes facing any social-ecological system can be either fast or slow, and while fast 
changes are fairly easy to comprehend and respond to, we often fail to notice more long-term 
slow changes, such as population growth or climate change (Walker and Salt 2006). Changes 
are also referred to as disturbances within resilience thinking. These disturbances are further 
categorised as either press or pulse disturbances (Resilience Alliance 2010). A pulse 
disturbance is a somewhat isolated occurrence in time, while a press disturbance refers to a 
more cumulative and continuous pressure on a system (ibid.). 

Social-ecological systems are complex and dynamic, and are subject to change over time. 
When a system is able to absorb or adapt to change, it has managed to avoid passing a 
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threshold, which means that it remains in a stable state (Walker and Salt 2006). Systems can, 
however, exist in different stable states. This means that due to an internal or external change 
the system enters into a new state (ibid.), which may still be stable but perhaps not allow for 
the same function and structure. Changes can be described using different models. One is 
referred to as “the adaptive cycle”, which explains this dynamic by illustrating how systems 
move through different phases: rapid growth, conservation, release, and reorganization (ibid., 
Resilience Alliance 2010). Another one is called “ball-in-the-basin”, in which basins represent 
different sets of states carrying the same function and structure, and the ball represents the 
state of the social-ecological system (Walker and Salt 2006). Further, all social-ecological 
systems also exist on, and drive change in, different scales. They are all linked to each other in 
a hierarchy, referred to within resilience theory as “the panarchy”. In extension, this means 
that changes on a smaller or larger scale can act as drivers on other levels and cause change 
across scales (Walker and Salt 2006).  

 
Figure 1. The adaptive cycle and ball-in-basin models representing changes in time and states for Social-
ecological systems (Walker and Salt 2006) 

As mentioned in the beginning of this chapter, resilience has been defined in several different 
ways, and has different meanings depending on how it is used (Carpenter et al 2001).  
However, resilience is not always a good thing, and should rather only be seen as an approach 
determining the ability of a social-ecological system to face shocks and disturbances (Olsson 
et al 2014). That a system is resilient does not state whether it is desirable in either an 
environmental, social or economic aspect, or for whom it is beneficial or not. In a sense, one 
can argue that systems can be resilient or sustainable, and in an ideal world they should be 
both. That a system is resilient only means that it can transform, adapt or persist when faced 
with change, but it does not say anything about the characteristics of its function or state. 
Thus, resilience can be desirable or undesirable depending on the variables of the actual state a 
system is in (e.g. dictatorship or polluted water is undesirable, and high biodiversity is 
desirable). Sustainability as a concept however, is always considered a principal goal 
including assumptions or preferences about desirable system states (Carpenter et al 2001). 

2.3 Governance 
Governance stems, not surprisingly, from government, but while “government” refers to 
traditional political and formal institutions and their monopoly on a state’s power, 
“governance” according to Rhodes, is “a change in the meaning of government, referring to a 
new process of governing; or a changed condition of ordered rule; or the new method by 
which society is governed” (1996:652). While governance previously was a mere synonym for 
government steering, or “exercise of authority”, new meanings began to emerge in the 1990’s 
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(Lynn 2012). Rhodes can be considered a pioneer, who in the 1990’s began to draw attention 
to the concept of governance, a concept which he had already described as the 
interdependence between actors, emphasising the on-going interactions amongst members in 
self-organising and inter-organisational networks (Faludi 2002). Kooiman and Van Vliet have 
a similar understanding and definition of the concept, arguing that “the governance concept 
points to the creation of a structure or an order which cannot be externally imposed but is the 
result of the interaction of a multiplicity of governing and each other influencing actors” 
(1993: 64).  

Stoker (1998) presents five propositions in regards to governance theory, claiming that 
governance (1) refers to a number of organisations and actors within and outside of the 
government; (2) recognises the blurring of responsibilities and boundaries when handling 
social and economic questions; (3) recognises power dependence within the relationships 
between actors involved in cooperative action; (4) considers independent self-governing 
networks; and (5) acknowledges a possibility to get things done without relying on the power 
of government to instruct or exert its authority. Further, he argues that governance is not to be 
considered a normative theory, but rather a framework that aids in understanding different and 
changing processes of governing (ibid.).  

Today’s discourse on governance includes words such as ‘diversity’, ‘dynamics’, and 
‘complexity’, mirroring the increased complexity and multitude of layers in modern societies. 
It highlights that social issues are not necessarily only dealt with by the governments but by 
several other actors with a varying capacity to exert any influence or authority (Turke 2008). 
Also Klijn (2008) argues that governments are more and more dependent on other actors to 
solve societal problems, where collaboration is needed to overcome increasingly complex 
challenges and reach development goals. 
Lynn discusses governance as a form of analytical and organising framework, also referring to 
this as adaptive governance (2012). This governance perspective is also included in the 
Resilience Alliance Workbook for performing Resilience Assessments, upon which this study 
is based. There it is stated that adaptive governance is key for resilience within any system 
(Resilience Alliance 2010). Adaptive governance is described in the workbook as a special 
form of governance, where the ability to adapt to changing relationships between society and 
ecosystems is emphasised, in order to maintain ecosystem services (ibid.). As such, adaptive 
governance can enhance resilience through encouraging innovation, diversity, flexibility and 
inclusiveness (ibid.). Considering the third research question in this report, regarding which 
actors need to be involved in planning for a resilient and sustainable WS system and how 
responsibilities need to be divided for efficient governance, one can argue that governance 
theory is highly relevant for this research study, where it assumes governance rather than 
traditional governing of social as well as environmental and economic issues.  

2.4 Previous Research on Water, Resilience and Climate Change 
As stated above, the WS system is a social-ecological system that is crucial for our society to 
function. As such, several researchers, institutions and organisations have spent time, effort 
and resources on studying water in relation to planning and environmental issues. There are 
therefore a large amount of reports regarding water, concerning everything from climate 
change impact and energy efficiency, to environmental impact and technological innovation. 
This chapter briefly presents a limited number of key research reports and publications, which 
directly concern resilience, future challenges and vulnerability in relation to drinking-, 
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sewage-, and storm water, that are of relevance to this report.  

The Swedish Government decided in 2013 that an investigation was to be made concerning 
drinking water in Sweden. The task was assigned to the Swedish Government Official Reports 
(SOU) and resulted in the Drinking water assessment (Dricksvattenutredningen) with one of 
the purposes being to assess the water from source to usage and identify long and short-term 
challenges that may have implications on the provision of drinking water (SOU 2015:51). The 
report pays special attention to the effects and implications brought by climate change, as a 
previous report from SOU, the Climate- and vulnerability assessment (Klimat- och 
sårbarhetsutredningen) from 2007, highlighted several potential future changes and challenges, 
and the impact they could have on societal functions (ibid.). The main challenges found by this 
assessment which are directly relatable to the WS system were that the climate will be warmer 
with more frequent and longer periods of heat waves, intense precipitation will increase and be 
more frequent during winter, flooding will increase and larger masses of water will flow in 
streams, the sea level will rise, and there will be an increased risk of erosion and mudslides 
(SOU 2007:60). Both assessments concern future challenges and does in many ways relate to 
the first research question in this study. They present future challenges and changes which are 
based on a number of scenarios developed by the IPCC in their 5th report, and the effect they 
may have on the provision of drinking water in Sweden, highlighting the need for further 
studies and extended knowledge. Despite not being explicitly stated as investigating the 
resilience of the water provisioning system, these two assessments of the societal function and 
potential challenges provide a good foundation for performing a resilience assessment and can 
provide input to this study, carrying the information forward and applying it to the case of 
Stockholm’s WS system.  

Similarly, Swedish Water encourages and performs research on drinking water, sewage water 
and storm water in connection to extreme events related to climate change, with the purpose of 
achieving a more sustainable development of our society (Swedish Water 2016). Swedish 
Water publishes a wide range of reports annually, of which several are relevant to this study. 
Anna Thomasson published a report in late 2015, in which she investigated the challenges 
posed to smaller municipalities in terms of handling their own WS systems (2015). She found 
that the main challenges for small and medium-sized municipalities were a difficulty in hiring 
people with the right competences, as well as suffering from a lack of resources. In addition, 
there is a general lack of political support for issues related to water and sewage. Another 
finding was a wish for more cross-border cooperation. Thomasson’s report is of interest in 
relation to the last of the research questions in this study, regarding actors and efficient 
governance, allowing for reflections in terms of how challenges are approached in smaller 
municipalities compared to larger ones.  
Further, also supported by Swedish Water, a report by Lars Bengtsson published in 2014 
regarding climate, investigates the occurrence of extreme weather events and their 
consequences, for example flooding in urban areas. The amount and intensity of precipitation 
has been measured, showing an increase in rain of 20% since 1870 in southern Sweden 
(Bengtsson 2014). A number of events are identified, and scenarios for the future are 
discussed, which is relevant for the first and second research questions in this study. This 
could allow for reflection should the Stockholm climate become similar to that of southern 
Sweden. Last of the Swedish Water reports to be presented here is a project conducted by 
Andreas Lindhe in 2010, as part of his licentiate thesis. Within his thesis he performed a case 
study and assessed the risks facing drinking water from source to tap, putting emphasis on the 
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importance of both analysing and handling risk. The report presents a method for risk analysis, 
based on fault tree analysis. He explains that a fault tree is a logic illustration, used to show 
interactions between events, in addition to showing how failure can occur. The method 
developed can estimate the risk level for the system as a whole or for its different sub-systems 
(2010). His study is highly relevant and interesting in relation to this study, since risk is 
arguably one of the main reasons for wanting to conduct a resilience assessment. Therefore, 
the study made by Lindhe can be an invaluable input and tool when working with resilience. 
There is a large number of reports that can be related to the topic addressed in this study. Only 
a few are presented in this chapter, reviewing them all in detail would be a task for another 
master thesis. However, before concluding, there are a few more research projects concerning 
water and resilience that have been published recently, which are of great interest and highly 
relevant for this study.  
A report published in 2012 by Liu, Chen & Nakato uses elements of resilience thinking to 
assess water and sewage systems in Zhejiang Province, China. They make an attempt to 
develop a frame for adaptive and sustainable water resource management (Liu et al 2012). 
Their report is of great value to this report as it is very similar, but also rather technical, 
quantitative and calculating, whereas this study takes on a more social and qualitative 
approach. However, one can argue that it is beneficial to make use of case specific resilience 
assessments on WS systems to extend and adapt them further, continuously developing the 
knowledge and perspectives regarding their future management.  
Another report, by Clarvis et al. published in 2013, takes resilience as a concept and extends it 
further into action. By discussing a number of cases and best practice examples, they show 
how laws and regulations regarding water management can be transformed and adapted to 
allow for a more resilient social-ecological system and steer towards sustainable development. 
Their report is very much relatable to the last two research question in this study, as it 
describes how laws and regulations can promote resilience, and thus in extension examines 
what is required for a more resilient system.  

Last, and also related to the latter of the research questions in this study, two reports of great 
interest were published in 2007 and 2010 on how to manage and govern for adaptability on a 
local level. Sofie Storbjörk (2007) performed case studies and discusses the local governance 
and municipal role in adapting for climate change, and the difficulties in involving aspects that 
one may know very little about. She emphasises the need for policy and strategy 
implementation and highlights that the issue of governing for climate change requires cross-
scale interaction, which is also key to this study. Glaas et al (2010) argue along the same line 
in their report, which presents case studies performed to investigate how municipalities in 
Sweden approach vulnerabilities related to climate change. This is addressed by examining 
how institutional factors can act as either opportunities or challenges when attempting to 
increase local adaptive capacity. One of their main findings is that adaptive management is 
hindered on a local level by a lack of or restriction in national guidelines. This can be related 
to the study by Clarvis et al (2013) presented above, and is highly relevant for this study, as 
part of the aim is to investigate what would be needed to achieve a more resilient system. As 
such, both the second and thirds research question in this study are related to adaptive 
management. 

The reports presented above have all been important inputs to this study and are, to some 
extent, used as sources later in the report, where their content is further elaborated upon and 
applied.  
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3 Research Strategy and Methodology 

Within the general framework of this case study, several methods were used for conducting 
this report. This chapter begins by describing the use of case studies (3.1), continues by 
explaining the methods for data collection (3.2) and processing (3.3), and concludes by 
elaborating on the method used for analysis (3.4). 3.3 also present the scenarios that were 
developed for this study, as these were used as inputs and discussion material during the 
interviews. 

3.1 Case study 
Case studies are an appropriate research approach when the aim is to link research to practice 
(Johansson 2002), and is considered a preferred research strategy when attempting to answer 
questions of “why” and “how” (Yin 1994). They are used in a number of different fields, but 
common for all case studies is the intention to highlight a case from different angles. This is 
done by for example interviewing several people or using several methods in order to gain a 
wider perspective (Johansson 2002). This approach was therefore used in the study 
underpinning this report.  

There is no single set of rules to use when conducting case studies; they vary depending on the 
researcher and the study. They can vary in terms of purpose and be exploratory, descriptive, or 
explanatory (Mariano, 1993), or in terms of type and be factual, interpretative or evaluative 
(Guba and Lincoln 1981). According to Stake (1995), the number and type of case studies 
depend on the purpose of the study, where he argues that an instrumental case study provides 
insight to a problem, while an intrinsic case study is conducted for deeper understanding of the 
case, and a collective case study is the examination of several cases, with the intention to 
investigate a specific occurrence. Case studies do however have a number of limitations that 
one needs to be aware of. A single case study can never allow for the conclusions or theory 
development to be generalised (Tony Harland 2014, Lu and Sexton 2009). There is thus 
always a risk that the results from studying a single case can be misinterpreted or perhaps 
misjudged in terms of relevance and impact (ibid.). 
As mentioned, the strategy for doing a case study in this report was to carefully perform an 
extensive triangulation, interviewing several actors and stakeholders, and reviewing literature 
from multiple sources. This provided a wider perspective and highlighted the research issue 
from several angles, enabling an elimination of some of the limitations regarding 
generalisation and misinterpretation. It is an exploratory case study, with the aim of 
investigating possible futures, and could be argued to be both instrumental and intrinsic, as the 
purpose is to gain a deeper understanding of the WS system, while at the same time investigate 
it so to understand any issues that may exist. 

3.2 Research and Data Collection 
The main methods for collecting data in this research project were to perform a content 
analysis and conduct interviews. The content analysis served to gather information for 
scenario development, while the interviews gathered in-depth information and reflections that, 
together with additional literature, would act as foundation for the analysis. This is then 
presented in the form of a modified resilience assessment. 
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3.2.1 Content analysis 
The purpose of a content analysis is to interpret and analyse the content of different writings, 
rather than offering one’s own opinion about the work. As such, content analyses are of a 
more objective nature than a literature review, which was more desirable in this study. Content 
analyses often include a clearly stated thesis or claim that is reinforced by arguments and 
support from the text (James McGee 2001). The point of departure that formed the content 
analysis in this study is that Stockholm’s WS system will be faced with future challenges. Its 
outcome is the development of three future scenarios presented below in chapter 3.3, as the 
scenario builds on examples and evidence from the texts studied in the content analysis.  
Krippendorff (1989) describes six different steps that are often made during a context analysis 
process; design, unitising, sampling, coding, drawing inferences, and validation. The design 
step refers to a conceptual phase when the researcher establishes the purpose of the analysis 
and what is desired to learn. Unitising and sampling allows the researcher to define, identify 
and sort the data available, in order to find a representative set of sources that will provide a 
comprehensive perspective. Coding categorises the data according to the analytical constructs 
chosen for the study, and ultimately gives meaning to the context. This further allows for the 
most important step in context analysis, according to Krippendorff, which is drawing 
conclusions. (ibid.). This step enables the researcher to link the categorised data to the 
conceptual phase, and thus allows the researcher to see patterns and links in the data to find 
the most relevant knowledge, understandings and perspectives. Lastly, Krippendorff argues 
that the last step, validation, is difficult to provide within content analysis as the whole point 
of the method is to find what is explicitly not there, however there should at least be a 
possibility to provide supporting evidence to validate the findings (1989). 

The context analysis performed in this study took the aforementioned steps into account. As 
the purpose of the context analysis was to develop three possible and potential scenarios for 
the future that could have implications on the Stockholm WS system, the concept framing the 
analysis was fairly clear. Available data was researched and narrowed down, in terms of 
relevance for the case. Several documents and publications were studied using a set of 
operational questions guiding the analysis. These operational questions were: 

• Which trends and prognoses are discussed? 

• What challenges are presented? 

• What are the main issues discussed? 

• Which issues are addressed in terms of solutions? 
Table 1 below shows a brief summary of a selection of publications that were most influential 
when developing the scenarios. 
As the analysis was further intended to provide a foundation for a resilience analysis, coding 
allowed for categorising the findings in relation to press and pulse changes in a long-term 
future perspective. The findings presented as scenarios in chapter 3.3 of this report are the 
result of Krippendorffs fifth step, drawing conclusions. By mapping and linking the data found 
through the analysis, conclusions were made in terms of common elements and knowledge 
about future events, which were then chosen to be the most suitable to be presented in future 
scenarios.  
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Table 1. Summary of publications used in content analysis 

Document/Publication Impact on scenarios 
The Swedish Contingency 
Agency: Five challenging future 
scenarios for societal security 
(2013) 

The five scenarios developed by MSB had the largest influence on the scenarios in 
this study as they are in fact scenarios and include many different variables that are 
of importance. Their scenarios include several disturbances; an increased 
population, reduced public health, extreme technological advancement, 
privatisation of social functions, weakened economy with high unemployment and 
social unrest, climate change and rising oil prices, threat of terrorism, rise in 
biotechnology, rapid world-wide spread of resistant bacteria and rise of new 
energy sources. 

Each scenario has a subheading named “Challenges facing social structure”. This 
has been very useful for changes affecting the WS system. The scenarios in this 
study have taken a majority of the MSB disturbances into account, selecting 
several based on the operational questions and their role in the other publications 
studied. 

Stockholm County Council: 
Supporting material for new 2050 
Regional Development Plan for 
Stockholm (2016) 

The vision in chapter 2 was mainly studied in the RUFS 2050 document. It 
highlights sustainable development and resilience, including a long-term 
perspective. It emphasises the importance of cooperation including both private 
and public actors. It assumes and increased population and significant climate 
change. Possible disturbances that are mention are of both pulse and press 
character and include a weakened economy, social unrest, climate change and 
accidents. 

Stockholm City Council: The 
Walkable City Comprehensive 
Plan (2010) 

The comprehensive plan for Stockholm discusses visions and goals as well as 
challenges. It estimates a population increase, both in the city and in the region, 
with both national and global migration to the city. It emphasises the need for a 
growing region with cooperating municipalities, as well as a need for investments 
in infrastructure. The plan also discusses the importance of developing the city 
without impacting the environment, as climate change will worsen. Last, it 
emphasises the continued work for better water quality. 

Swedish Government Official 
Reports: Final report from the 
Swedish Commission on Climate 
and Vulnerability (2007) 

The main conclusions in this final report are that climate change consequences will 
be severe and climate adaptation is required, the Baltic Sea ecosystems are likely 
to change, the quality of water in lakes will be reduces which will impact drinking 
water, higher temperatures will cause a reduced public health, a single authority 
should take the lead for climate adaptation in each region and increased research 
and knowledge is needed. 

City of Stockholm: Stockholm 
Storm Water Strategy (2015) 

This document is intended to guide Stockholm towards a sustainable storm water 
treatment. Its contribution to this study is mainly its section on challenges within a 
growing city. It assumes an increased population and exploitation, denser 
structures and lack of space, and increased more severe climate change. 

IPCC: Fifth Assessment Report 
(2013) 

This report includes a large amount of very detailed data. Its contribution to this 
study concerns a few basic findings; climate change consequences are becoming 
more severe and more frequent; the temperatures will increase, sea level will rise 
and there will be more heavy precipitation. This will happen across the world, but 
its intensity will vary geographically. 
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Since these scenarios, and thus the result of the context analysis, are based on a number of 
sources and have been systematically researched, one can argue that validation should not be 
an issue, as there is data to support the findings. It is however important to note that the 
scenario is a representation of the researcher’s specific set of operational questions and 
categories, intended to suit a specific purpose developed in the conceptual phase, and may 
therefore differ should the analysis be carried out by a different researcher. 

3.2.2 Interviews 
The interviews mainly served to gather in-depth information intended to explore different 
perspectives and understandings of the stated issues identified in the scenarios. The data was 
then used in the analysis. One of the benefits of qualitative in-depth interviews is that a lot can 
be learned from a limited number of sessions, made possible by open-ended questions 
providing rich and original data (Travers, 2001). This was therefore a suitable method, as this 
study had a relatively strict time frame and was conducted by a single student. A rough 
estimation in the beginning of the project was that 7-10 interviews would be conducted. The 
final project contains 7 interviews, with additional comments from 2 respondents who were 
unable to participate in an interview. Table 2 provides a brief description of the interviewees.  
Table 2. List of interviewees or respondents that provided information in response to scenarios 

Interviewee Company Role/Expertise Date of Interview 
Subject 1 Stockholm Water Project manager, experienced in 

environmental work, soil, water, waste 
and recycling 

2016-03-08 

Subject 2 Swedish Water Representative, experienced within 
pipeline networks and climate 

2016-03-08 

Subject 3 Swedish 
Contingency 
Agency 

Senior advisor 2016-03-10 

Subject 4 Tyréns Consultant working with WS related 
questions in Stockholm. Experienced in 
municipal work 

2016-03-16 

Subject 5 Stockholm Water Drinking water specialist 2016-03-17 

Subject 6 Stockholm Water Analyst engineer 2016-03-18 

Subject 7 Stockholm Water Analyst engineer 2016-03-18 

Subject 8 City of Stockholm Represents Environmental Analysis 
within City of Stockholm, concentrating 
on environmental evaluation, water, soil 
and nature 

2016-04-14 

Subject 9 Stockholm Water Department manager 2016-02-29 
(comments) 

Subject 10 City of Stockholm Comprehensive planner 2016-03-11 
(comments) 
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The interviews were semi-structured, which means that the interviewees were initially posed 
with a small number of specific questions but also provided the opportunity to elaborate on 
answers and being asked additional clarifying questions. An interview guide is attached in 
Appendix A, presenting the questions that were initially posed and intended to keep the 
interviews to the topic. 
As seen in table 2, the interviewees consisted of experts from several actors within the 
Stockholm Water and Sewage field, for example Stockholm Water. Potential interviewees 
were contacted early in the project through connections made by Stockholm Water, 4S 
Ledningsnät and by own initiative from the author. They increased in number by a snowball 
effect, where several interviewees or potential interviewees suggested other actors and 
representatives that would be of interest for the study. A brief network analysis of the 
organisation was performed beforehand in order to ensure that a wide range of actors was 
approached for interviews. A reflection over the selection of interviewees is presented in 
chapter 6.3. 
The interviewees were interviewed separately, but the interest for a potential workshop was 
investigated. This however proved to be too difficult to perform due to time constraints and 
busy schedules of potential participants. A workshop would possibly have allowed for more 
discussion and may have brought up more ideas and perspectives. However, it should not be 
seen as a shortcoming that these workshops were not carried out, since multiple interviews 
with different actors also allowed for several inputs and perspectives to be included in the 
study. 

One is always to take ethical caution when conducting interviews, however this study is not of 
a personal character and ethical considerations were thus not as crucial as when personal 
information is handled. Nevertheless, interviewees participated on a voluntary basis and all 
recordings were pre-approved. The interviewees were offered to read a summary of the 
transcriptions that were intended for use in the report, to confirm that nothing had been taken 
out of context or misunderstood. Further, the study offers full transparency in terms of 
delimitations, choices, definitions and own opinions. 

3.3 Scenario Development 
Scenario development was used in this study to underpin the interviews and to provide 
scenarios to the interviewees beforehand in order to trigger their thought process and 
creativity. This enabled a vivid discussion regarding the future of the WS system. By 
developing scenarios for the future, including press changes (a more predictable long-term 
development) and pulse changes (a more sudden short-term event) that can affect the WS 
system, interviews with experts and actors, along with planning policies and strategies, 
enabled a discussion and guidelines on how to account for these changes in further planning 
for the WS system.  

According to MSB, the purpose of developing scenarios for the future is not to make an 
accurate prognosis or claim to know exactly what the future will bring, but rather to make 
explorative possible images of the future (2012a), which is also true for this study. It is 
impossible to know exactly what the future will bring, simply because of the fact that human 
actions or events will always vary, and we cannot account for every possible outcome or 
future occurrence (ibid.). Thus, it is far more important to recognise the impact we and our 
action have on the future, and make an effort to analyse how the choices we make today will 
shape the future (ibid.).  
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Ideally, several scenarios should be developed in order to account for the uncertainties that 
come with futures studies (van der Heijden 1996, MSB 2012a). Developing a spectrum of 
scenarios allows for several possible changes and thus minimises uncertainties, as there is a 
larger chance that one of several scenarios will happen, than it is that a single developed 
scenario will happen (MSB 2012a). Scenarios are generally created through a series of 
seminars or workshops including several actors, stakeholders and experts. However, due to a 
limited timeframe, the scenarios used in this report are based on findings from the content 
analysis performed on several publications concerning future challenges, for example the 
Stockholm Comprehensive Plan and the Regional Plan for Stockholm, RUFS (see table 1 
above). 
The intention of the scenarios was to use these as background material for the interviews and 
for the resilience analysis in chapter 5, of which the methodology is described in chapter 3.4. 
A limitation has been made to present three short scenarios, which varies in terms of press and 
pulse changes. Important to note is that no one scenario is deemed more likely to occur than 
the other.  

The challenges and trends that constitute the disturbances in the scenarios developed for this 
study were selected based on a number of aspects. First, they needed to be commonly 
discussed in the different publications, ensuring that the disturbances in the scenarios did not 
lack support. Second, it was deemed to be of great importance that the scenarios varied 
significantly so that different futures could be envisioned by the interviewees, stimulating 
creativity and thought processes that allows for alternatives and variety. Third, the 
disturbances needed to be imaginable and reasonable, ensuring that even though they were 
different than today, it would still be possible for the interviewees to imagine that the different 
disturbances could happen.  
Strongly tied to the field of futures studies, the scenarios are mainly explorative and to be 
considered examples of what the future could possibly bring. In this case, the explorative 
scenarios are also external, as the occurring events are things that the involved actors would 
have to handle without any chance of affecting whether they will happen or not (Jonsson and 
Sonnsjö 2013). All three scenarios were purposely kept rather vague and undetailed, as the 
intention was merely to stimulate a thought process and develop reflections on the challenges 
posed, rather than establishing calculated and specific prognoses for possible futures. Each 
interviewee interpreted the scenarios differently, and any specifications with regards to the 
scenarios made during the interviews are described in the presentation of empirical results in 
chapter 4. 

3.3.1 Scenario A – Increased Population and Privatisation 
The population of Stockholm has increased far beyond any prediction. Halfway into the 
century, the population of Sweden had already reached 11 million people, a number that has 
been increasing rapidly ever since. Today, in year 2100, the population of Sweden has 
reached 14 million, and it is strongly concentrated to the cities. Stockholm and its surrounding 
municipalities are now the home of 4 million inhabitants. Stockholm is a very attractive city to 
both work and live in, leading to a large number of new residents coming into the city every 
day. The chance of getting employment is high, thanks to Sweden being considered to have a 
good entrepreneurial climate. This has resulted in many international and national companies 
choosing the city for development and production. However, despite low unemployment and 
relatively good living standards, there is an extreme shortage of housing. 
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Over the last century, more and more societal functions, such as housing, care and education 
have been privatised. People generally believe that the private sector is faster in terms of 
making decisions and take action on market demands than the government was in the earlier 
years of the 21st century. An unstable government and unclear political agenda in the 
beginning of the century created a deep mistrust in politicians and the government’s capability 
to care for and support its citizens. This led to an opportunity for the private market to take a 
share of societal services. An increase in services and employment created by the private 
sector was greatly appreciated by the public, and pressure was put on the government to let go 
of their operation of societal functions. In 2100, almost all services are operated by the private 
sector, with the government being rather limited in what they have a say in. Health care, 
education, transport, energy, water services and housing are all operated and maintained by 
private companies, subject to competition as well as making a profit. Thus, most systems are 
only partially funded by taxes, but more so by increasing fees paid by individuals and 
businesses as consumers.  
Land is scarce, especially in denser cities such as Stockholm and is no longer owned by the 
municipality but has been sold off to private actors in order to meet growing demands for 
housing. Stockholm is further exploited every year, and today there is very little land left. 
Climate change has also led to less land being suitable for development, due to increased 
flooding and land erosion. What land remains is reserved for recreational green spaces, 
highly valued by the citizens and protected by NGO’s rather than municipal planning. 

3.3.2 Scenario B – Social instability and bio-terrorism 
The effects of climate change have escalated severely in year 2100s. Despite it being known 
very early on in the 21st century that emissions create climate change effect much later than at 
the time of being released, emissions did not slow down until half way into the century. The 
effects are now in full action. The estimation of the world’s population number that was made 
earlier in the century was rather accurate, but has changed in terms of location. Many people 
across the globe have fled their homes, due to both conflict and climate change. Climate 
change has had multiple effects and consequences, both making several areas on the planet 
unsuitable for residence but also creating conflicts as large groups are fighting over 
diminished resources. Sweden has been faced with an immense influx of refugees over the last 
century, which has put a major pressure on the social welfare system and over all economy. 
Due to the unstable economical, political and environmental climate, the birth rate has slowed 
down, while migration keeps Stockholm’s population slowly increasing. Today, in 2100, the 
population of Stockholm consist of roughly 2,5 million people. 
The social unrest in all of Sweden has increased year by year and it is common today that 
people show their dissatisfaction though sabotage, leading to frequent disruption in services 
as a consequence of this. There are currently discussions on investments in terms of security 
when it comes to the city’s most vital systems, as sabotage is increasing and the global climate 
with escalating conflicts have necessitated a caution for bio-terrorism. Halfway into the 
century a number of terrorist attacks were carried out in Europe, intended to shut down 
infrastructure and political institutions. Sweden has received threats, but so far nothing has 
happened. With Stockholm being the capital and most vital city for the country, awareness is 
however high and the threat of terrorism is alarming. The attacks that were carried out over 
the last half of the century made use of advances in biotechnology. Biological weapons (e.g. 
viruses) were used, since fire armed terrorism was defeated earlier in the century and the 
traditional weapon industry was immensely downsized. 
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Due to the immense pressure on the government and economic system, long-term public 
investments in societal functions such as water, sewage, roads and energy systems have been 
lacking over the last decades. This has led to a situation where Sweden is far behind earlier 
predicted technological advancement and has stagnated. Stockholm, being a central and core 
area has been prioritised in terms of investment, but the system’s capacity is severely 
exceeded, with the state having no possibility of further monetary investment. Taxes have been 
raised over the last decades, but funding is required for several infrastructure projects and 
restoration. The national debt is now larger than ever before. In the light of the upcoming 
election there is a wide discussion regarding the privatisation of a number of societal services, 
mainly water, transport and energy, which were made public operations a few decades ago. 

3.3.3 Scenario C – Climate Change and Energy Crisis 
The Swedish economy is stable and slowly growing, but society is faced with continuing effects 
of climate change. These have been accelerating fast since 2050. The goal set out earlier in 
the century to stop global warming and avoid more than a 2°C increase in temperature failed 
and the repercussions are clearly visible today in 2100. Heat waves, drought, intense rainfall, 
flooding, erosion and severe fires are very common across the world, and the situation for 
Sweden is no different. Since the use of fossil fuel still had not decreased half way in to the 
century, these effects of global warming will continue. The price of oil has skyrocketed over 
the last century, and the price of both fossil fuels and renewable energy remains high due to 
an imbalance in supply and demand. 
The Swedish population has increased according to the predictions made earlier in the 21st 
century. It now consists of roughly 12 million people, with the Stockholm region having 
expanded and more people now live in the peripheral areas rather than in the city centre. 
Transport in and out of the city is expensive, as prices for fuel have increased. The 
infrastructure for societal services such as railway, roads, power grids and water pipelines 
has been geographically extended and expanded to support new residential areas, which are 
located further from the city. However, due to the price of investments, operations and 
maintenance most resources, such as water, are produced and treated in a small number of 
plants intended to support greater Stockholm.  

Climate change and its consequences have taken its toll on the built environment and 
infrastructure in Sweden. The last decades have offered a series of major disruptions in 
several crucial systems, such as the road network, water- and sewage system, and power grid. 
Flooding, extreme rainfalls, land erosion and forest fires are all more intense and frequent. 
This has led to major capital being used for reparations rather than investment and 
innovation. Operation has also become more expensive, as a result in the increased price of 
energy. 

3.3.4 Summary: Identified Press and Pulse Disturbances 
The scenarios described above offer three different images of how society could possibly look 
at the turn of the century, in year 2100. A wide range of possible disturbances can be seen in 
each of these scenarios, briefly summarised below. 
Common for the three scenarios is the constant question posed of climate change, which may 
be the one disturbance that we are most likely to be faced with (see for example IPCC 2014, 
SOU 2015, MSB 2012b). However, the degree of which climate change has started to affect 
society varied slightly in the different scenarios, to put emphasis on the other disturbances. 
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Scenario A has the character of a press-scenario, with an immensely increased population 
being the main disturbance that could affect the WS system, as well as other systems. It also 
offers a scenario where the WS system has been completely privatised. 
Scenario B describes a society faced with a weakened economy and social distress. It offers 
the possibility of a number of pulse disturbances taking place, such as sabotage or bio-
terrorism. These have the potential of severely disrupting the WS system without notice. The 
WS system is, in this scenario, a fully state-owned entity.  
Scenario C offers both press and pulse disturbances. Increasing energy prices puts a 
continuous press on investing, maintaining and operating the WS system, while the extreme 
consequences of climate change, such as more intense and frequent rainfalls and flooding 
occurs as pulse events. In terms of ownership, a business-as-usual approach is taken, and the 
WS system is owned and managed in the same manner as today. 
The scenarios and disruptions were discussed with actors and stakeholders within the field. 
The data provided was processed in a following resilience analysis, with support from 
strategies and policy documents. To reiterate, the scenarios were kept relatively vague as the 
intention was to stimulate a creative thought process for the interviewees, allowing them to 
reflect freely over future events and possible approaches towards the changes described. 

3.4 Resilience Analysis 
This research project is based on Resilience theory and the Resilience Alliance Workbook for 
Practitioners, but does not fully adhere to its each and every step, only making use of the 
relevant chapters. Therefore, the analysis in chapter 5 is not to be considered a complete 
Resilience Assessment as per definition in the workbook, but more of a general analysis 
regarding planning and resilience. 

The workbook, and also the analysis, includes five steps; (1) defining the system, (2) 
examining different scales and interactions, (3) studying the dynamics of the system, (4) 
analysing governance within the system, and finally (5) advising on how to incorporate, apply 
and take the assessment further.  

Most of these steps can be 
applied for the WS system when 
seen as a provisioning social-
ecological system. They are 
useful when discussing resilience 
in relation to future development, 
which is one of the main research 
questions. The inclination for 
using resilience in conjunction 
with planning is continuously 
increasing within municipal 
work. While previous 
sustainability and strategic plans 
have worked well to account for 
slow change and development, 
there is a realisation that 
preparation for fast and 
unexpected changes needs to be 

Figure 2. The assessment steps of the Resilience Alliance Framework 
(Resilience Alliance 2010) 
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implemented in planning (Sellberg et al 2015), which is key when planning for resilience.  
Therefore, the three ideas behind the workbook, which are that (1) systems are interlinked 
social-ecological systems, (2) that systems are complex and adaptive, and (3) that systems 
interact across different scales in time and space (Resilience Alliance 2010), are also relevant 
to planning. However, according to Sellberg et al, there are no clear and useful tools in place 
to handle these questions (2015). Sellberg et al. use the example that neither disaster relief 
approaches, nor traditional sustainable development strategies take the dynamics of complex 
systems into account. They argue that the workbook therefore offers a potential tool also for 
planning, acting as a bridge between crisis management and planning for sustainable 
development (2015). However, since the workbook was originally developed to use in natural 
resource management, it has been argued to have a few shortcomings when applied to a 
planning context (ibid.).  
Despite having been used in several cases throughout the world, there is a lack of guidance 
regarding how to use it in an urban setting (ibid.), and there are very few empirical studies of 
how resilience thinking can support the planning process (Wilkinson 2012). Furthermore, 
when using the Resilience Assessment workbook, Sellberg et al. identified four shortcomings 
in a case in Eskilstuna, Sweden, and suggest a number of improvements that could be made to 
enable the workbook to be used for planning. The improvements are: to aid in identifying 
thresholds or to discuss the difficulty of doing so, to address and give advice on trade-offs 
between different scales, to provide guidance on how to include, initiate and facilitate a 
participatory process in during the assessment, and finally to make the assessment process 
more flexible to allow it to be used for different purposes (2015). 
Whilst considering the steps of the workshop, the discussion of resilience against what, of 
what, by whom and for who were also a significant focus throughout the analysis in chapter 5. 
These are answered based on the background, the scenarios developed and the interviews with 
experts and actors, and later used in developing a normative scenario for a sustainable and 
resilient WS system.  
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4 Empirical Results 

The outcome of the content analysis was three scenarios that were used for the interviews and 
the resilience analysis conducted in this report. The scenarios, which are presented under the 
methods in chapter 3.3, were discussed with experts and stakeholders within the field in order 
to gather extensive information to be used in next chapter’s resilience analysis.  

This presentation of the empirical results gathered from the interviews is divided by themes 
connected to both the questions and the topics of focus developed during the interview 
sessions. Therefore, the answers provided by each interviewee have been shifted from where 
initially provided. The data was then summarised and inserted under a theme or heading 
deemed appropriate by the author. 

4.1 Challenges, Reflections and Solutions: Scenario A 
Scenario A can be considered a press-scenario as it primarily suggests changes that occur as a 
protracted and more predictable development, such as climate change, population increase or 
an organisational change of privatising the WS system. However, the consequences of climate 
change may be of either a press or pulse character. For example, heavy rains and flooding in 
regards to storm-water and exploitation are pulse disturbances, while sea level rise and higher 
temperature are press disturbances. All disturbances will have implications on the WS system, 
a statement supported by all interview participants, but has to be treated differently.  
According to subject 2, increased urbanisation and migration into the city is a highly possible 
scenario, but everything can be planned for. The biggest issue with an increased population, 
discussed by several interviewees, is that it will require increased exploitation. A denser city 
centre with increased impermeable surfaces will increase issues with storm water, as the water 
will not be able to permeate the ground and pressure will increase on the treatment facilities as 
water escapes into the pipeline system. This, in combination with a pipeline network that is not 
intended for, or dimensioned to handle large flows of storm water, will consequentially cause 
more flooding, something which is already an issue today, according to several interviewees. 
Regarding this issue, subject 1 highlighted that it is of importance in this scenario that local 
solutions are implemented to handle storm water; otherwise the entire system needs to be 
restructured and dimensioned for increased storm water flows. The key is, argued subject 4, to 
understand that all water cannot be handled through pipelines; storm water should flow above 
ground to places where it will not cause damage. A challenge lies in factoring in storm water 
and adapting to both flooding and sea level rise when building. According to subject 4, 
knowledge will have expanded and been implemented over the next 10-15 years, and in a 
positive scenario for 2100, this has been considered in planning. Subject 6 and 7 explained that 
The County Administrative Board has changed the recommended levels for placing buildings 
on, for the purpose of climate adaptation. These are however only recommendations and each 
municipality can decide on the levels they find appropriate for climate adaptation. 
Furthermore, an increased population will also require increased production of drinking water 
and treatment of sewage water. Subject 5 said that today there are roughly 900,000 people in 
Stockholm, and including the nearby surrounding municipalities, drinking water is supplied to 
about 1,4 million people. Were there to be a population increase to around 4 million people in 
Stockholm and the closest surrounding municipalities, it would affect both drinking water and 
sewage water. A large expansion would be needed, as the current treatment facilities cannot 
handle that volume. Considering this, dimensions are also a possible concern. The 
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interviewees highlighted two issues; the current pipelines are too small to supply water 
services to an extensively larger population, and there is a lack of space and conflicts over land 
for extending and expanding the pipeline network. According to subject 4, the distribution of 
drinking water would likely function as it does today, but there is a need for expansion to 
increase capacity and margins. The current system can be expanded, and by 2100 the pipes 
will have been changed once and will be improved in terms of quality. New pipes can last for 
80-100 years, perhaps even longer, but there may be other reasons to replace them. The 
difficulty, according to subject 6 and 7, is that if the urban environment is densified, it does 
not only create a need for larger pipes for water services, but also requires making room for all 
other functions; telecom, TV, waste disposal, etc. There will be an extreme shortage of space, 
even below ground. This will force investments to go deeper, especially considering additional 
new tunnels for transport. This ultimately means it will be more expensive, even if pipelines 
do not have to be very long. 

Another major issue that was emphasised and discussed by all interviewees is climate change, 
affecting both drinking water and storm water. All interviewees raised the concern of salt-
water intrusion into lake Mälaren, which is caused by a press disturbance; sea level rise. 
Another press-disturbance connected to climate change highlighted by subject 5, is that higher 
temperatures would enable more organic growth in Mälaren and reduce the quality of the 
water. Mälaren has a high capacity and can support an increased population, but a problem 
occurs if Mälaren is no longer a viable source of drinking water. Sea level rise needs to be 
properly regulated in Slussen with a view to retaining Mälaren as a source of drinking water.  

If the quality of the water was to be reduced, or if the water would become brackish, there 
would be a need to significantly upgrade treatment processes, in addition to expanding the 
treatment facilities to supply enough water for the larger population, said subject 5. Mälaren is 
still likely to be the main source, but there will have to be more backups in place if Mälaren 
were temporarily unfit for use. Subject 4 said that there are currently discussions on using 
other sources from further away, but argued that a more efficient treatment process to keep 
using Mälaren is more likely. However, quality and quantity becomes even more of an issue if 
Mälaren becomes unsuitable for use, as there are no alternative water catchments that would 
provide enough water in the long run. It has taken a very long time to secure backups for the 
drinking water resource to be sufficient even today, and this would be even more challenging 
in a situation where the population has increased significantly. 
Lastly, an organisational change in terms of a privatised WS system was discussed with the 
interviewees. Each interviewee had a different opinion and approach to this, but the general 
view was that it would mainly have negative implications on the system and its function. A 
few interviewees suggested ways in which a privatisation could offer possibilities and 
opportunities; private actors are often more innovative and courageous, and a privatisation 
could improve storm water treatment, if private responsibility and investment were required.  
However, several difficulties with privatisation were brought up. A privatisation would have 
to be rigorously coordinated and regulated, as well as requiring a strict division of 
responsibility, said subject 1 and 4, as the consequences of everyone not fulfilling their 
responsibility would have a devastating effect on the WS system and its socio-technical 
function. Subject 2, 3 and 8 were of the opinion that it is very unlikely that the WS system 
would become privatised. There is currently no discussion that points in that direction, and it 
would be difficult to organise in an easy way. The WS system is a large scale, fixed system, 
where it would be difficult for actors to compete over market shares. Therefore, it would 
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automatically become a private monopoly. Subject 3 drew parallels to the energy system, 
saying that while energy can be easily connected to in small scales, water and sewage require 
large-scale investments for connecting to the system. However, both subject 3 and 9 discussed 
a scenario where privatisation takes the form of leasing or contracting private actors to operate 
and maintain the WS system. Subject 9 said that this could be possible, should it be properly 
regulated and an initial inventory was made beforehand, so that the system’s status and crucial 
functions could be monitored. This would ensure that the WS-function does not decrease in 
quality and service. 

Most of the interviewees argued that the WS system should remain a public entity, but there is 
room for improvement. Subject 9 said that since water is a human right, it is difficult to see a 
privatisation as a completely free market, where a single private actor owns the right to 
Mälaren, or the resource in use at the time. He however, as well as subject 2, argued that 
Scenario A could offer an organisation similar to that of Great Britain. There, a large part of 
the WS-function has been assigned to private actors1, divided in drainage areas. According to 
subject 2, this would be a way to maintain the natural monopoly and public organisation, 
whilst creating larger entities that cover entire regions, instead of having many small 
municipalities that are all responsible for their own water planning. This would be a longer-
term sustainable solution for water services. Subject 8 and 9 agreed, saying that a consequence 
of a rapid population increase will likely force a regionalisation of planning and infrastructure 
to allow for expansion and continued work on a larger scale and broader perspective.  

4.2 Challenges, Reflections and Solutions: Scenario B 
Scenario B can be considered a pulse-scenario, as it suggests disturbances that come suddenly, 
for example; climate change consequences, sabotage attempts or even bio-terrorist attacks. 
However, it also includes a press-disturbance, where a slow and unstable economy and social 
unrest puts pressure on the Swedish and global society. Just as with the previous scenario, 
these disturbances were discussed with the interviewees, who had been provided with the 
scenario material beforehand. They all agreed that these disturbances will have severe 
implications on the WS system, but they were not as clear as in the previous scenario on how 
it would affect the system or what would be required to make the system resilient to these 
disturbances. Most attention during the interviews was paid to the disturbances of sabotage 
and terrorism, and an unstable economy. These have therefore been emphasised in the below 
presentation.  
Several of the interviewees highlighted that the WS system is relatively easy to gain access to, 
but safety is highly considered throughout the system. Scenario B is something that is 
continuously assessed by Stockholm Water and attempts are made to build a solid defence, 
increasing the physical protection around the system. According to Subject 6 and 7, there is 
continuous work towards safety on all aspects and sectors of society. They further explained 
that when the system was built in the late 1800’s - early 1900’s, Sweden was surrounded by 
war and considering the associated threats; robustness was built into the system. As the 
implications associated with war subsided, so did the priority for system protection and as 
such it has not been as considered lately. Subject 6 and 7 still argued however, that the current 
WS system is relatively robust, and prepared in terms of service and water delivery, having an 
emergency plan in place. Emergency water solutions are being developed with the County 
Administrative Board, and if something were to happen, there is a plan of action. For example; 
                                                             
1 See http://www.thameswater.co.uk/about-us/ for details on the UK Water and Sewage privatisation 
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a short-term solution could be that people have to collect water somewhere else, while a long-
term solution might be to use a different supplier. Subject 5 here made a connection to the 
previous scenario and said that in this case it would be beneficial to have a public organisation, 
as when there is no competition, procedures and data can be shared. A private actor may not 
want to share their water resources or share their solutions. 
Despite this, subject 3 said that it would be fairly easy today to contaminate the drinking water 
as facilities are very open, and society is generally quite trusting when it comes to these issues. 
It will cost a lot to protect the drinking water to a greater extent, and considering that so many 
actors and stakeholders are connected to the system, it is of great importance that everyone has 
control over their share. Subject 8 agreed in that it would be difficult to increase security 
measures and the system would be vulnerable. Subject 3 further considers that it is very 
difficult, when looking at flexibility and modularity, to turn off parts of the system in the event 
of contamination, as new clean water needs to enter the system. A possible alternative would 
be to have multiple sources with barriers that can be closed, enabling parts of the system to be 
blocked out and “cleansed”. This would however mean that each drinking water facility would 
have to hold the capacity to supply all recipients with water, which in turn would require a 
completely different structure than that of the current system.  

However, according to subject 6 and 7 it is possible to model how contamination is spread 
through the system. It is also possible to section the system to solve contamination issues that 
occur on a smaller scale. Computer simulations have been done and the system has been 
reviewed in terms of protection against attack. Further, there are projects looking into 
measuring techniques, almost like an “electronic tongue” that could warn of different 
substances. Subject 2 thinks that this kind of solution would probably develop quickly should 
these circumstances occur. Technology will go hand-in-hand with the threat, and there will be 
increased possibilities for monitoring the water contents in all parts of the system.  

While there is a threat also to sewage treatment facilities, drinking water is the main issue and 
the consequences of a disrupted sewage water plant are much smaller than those of a disrupted 
drinking water plant. Security will have to be increased around water facilities and intake 
points, and society would be hugely controlled under these circumstances. Subject 2 said that 
while water is not likely to be the main target for sabotage, it would still be reasonable to 
increase security in this kind of scenario. More barriers would be constructed to maintain a 
robust system, improving what was referred to above as “a solid defence”.  
When discussing the implications that a weakened economy would have on the WS system, all 
interviewees imagined a situation where long-term investments are reduced and resources are 
instead used for short-term maintenance and acute solutions when needed. Social and 
economic instability would probably result in sub-standard water treatment. Subject 8 argued 
that it would have severe consequences, as operation, maintenance and investments would 
suffer. The interviewees all agreed that technological development and innovation would 
stagnate. This would lead to the drinking water supply being threatened in the long-term, that 
pipelines would not suffice and cause flooding and leakage of untreated water.  
In general, subject 1 argued that in times of bad economy and crisis there are other issues that 
would be prioritised. The system would rely on previous planning and margins. In this 
scenario, it seems reasonable to consider a trade-off between focusing and investing in 
drinking water, rather than sewage or storm water. There should be a focus on a secure 
delivery of drinking water, as indicated above. There is also a need to lead sewage water out of 
the city for health and sanitary reasons. There has always been regulations supporting a focus 
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and prioritisation of health aspects and there are now also requirements in terms of 
environmental aspects, said subject 1. However, one can see how the question of where to set 
the standard for environmental factors in a situation like this would be debated.  
Subject 4 reflects over governance in this scenario, saying that in a global crisis there may not 
be the same possibility to democratically decide how social functions should be maintained. 
This scenario could lead to very centralised public steering and governing to maintain 
sufficient operation. In terms of co-operation and governance, one would hope that efficiency 
would increase under these circumstances. But unfortunately, according to subject 1, there is a 
risk that under harsh times different actors keep to themselves, which is not ideal but a natural 
reaction to bad economic development and increased pressure. This situation calls for finding 
synergies and collaborations. If long term planning was lost under this scenario, there is a risk 
that each societal sector (e.g. transport, water, construction) would focus on short-term 
solutions to take care of what is most crucial for them, which would be limiting in every 
sector’s long-term agenda. 

4.3 Challenges, Reflections and Solutions: Scenario C 
The disturbances described in Scenario C are of both press- and pulse character. As described 
in 4.1 above, climate change can be considered both a press and pulse disturbance. Some of its 
consequences, such as temperature increase and sea level rise, occur as slow long-term 
developments increasing over time. Other disturbances, such as heavy rains and flooding, are 
of a pulse character as they are sudden events that cannot be foreseen. This scenario also 
considers the disturbance of an energy crisis. Energy crisis can be considered a press 
disturbance if the prices increase and energy supply reduces over time, or a pulse disturbance 
if the consequences are for example power disruptions. 

All interviewees see climate change as the biggest challenge in this scenario. Subject 3 
predicts climate change consequences to be huge, with major impacts from the sea, heavy 
rains and more reoccurring flooding of Mälaren. This is a problem already and it does not only 
affect what is above ground, but also underneath. It creates issues for all functions running in 
tunnels, such as transport, electricity, TV and telecom to name a few. The biggest concern 
according to all interviewees would be the state of Mälaren and the ability for it to remain the 
main source of drinking water. Both subject 2 and 9 said that it is likely a wall is constructed 
in the archipelago, perhaps even in Öresund, to prevent rising sea levels causing salt water 
intrusion into Mälaren. Subject 2 argued that even though this would be expensive, it is of 
great importance to protect Mälaren and the geographic region. Mälaren is of great social, 
environmental and economical value. Subject 5 agreed, saying that without Mälaren there is 
no product to deliver, and no sewage to collect; there are no options. 

Climate change would lead to a more extensive treatment process, which will require a lot of 
energy. The system today is rather energy efficient, with most energy being used in treatment 
facilities. Assuming a scenario where energy becomes much more expensive and in short 
supply, subject 1 described how it may be worth investigating where savings could be made in 
the system, adapting technical solutions along the network. It is already an issue and a major 
cost to treat the massive amount of additional storm water making its way into the treatment 
facilities. Pumps would run constantly due to increased heavy rains and flooding. This would 
mean that costs would increase, possibly forcing an increased WS-charge.  

In a scenario where all operations become more expensive, priorities have to be made and the 
WS system may have to be assigned a larger share of public assets and resources. It is far more 
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important to have a well-functioning and efficient WS system than a lot of other things, said 
subject 4. Several of the interviewees argued that the WS-charge could stand to be increased, 
as the will to pay for water services is generally quite high. The will to pay would not be a 
limiting factor, continued subject 4. Rather, politicians are too worried about raising the 
charge and would rather spend money on buildings and landmarks instead of maintaining 
infrastructure. In relation to this, subject 2 suggested the possibility of introducing a climate 
charge, as has been done in Copenhagen where money is set aside specifically for investments 
related to climate adaptation. This, along with an increased WS-charge, could be beneficial in 
all scenarios. 
Increased prices of fossil fuels would make operations more expensive, especially considering 
the necessity to expand and upgrade treatment facilities, due to reduced water quality at the 
source. Both subject 5 and subject 3 however highlighted the fact that technology develops 
quickly; it is impossible to imagine the technology that will exist even in 20-30 years from 
now, considering the developments over the last 20-30 years. Subject 3 believes that fossil fuel 
dependency will have ended, that the increasing price of fuels and energy will drive 
innovation. Subject 2 similarly argued that a problem today is the low price on oil, efficiently 
pushing alternative energy sources aside. If the price of oil were to increase rapidly, there 
would be replacement energy sources appearing quickly.  
To reduce problems with storm water in this scenario it would be beneficial to use duplicate 
pipelines in the WS system (having separate pipes for sewage water and storm water). It 
would also be helpful to create incentives to promote more solutions for storm water 
infiltration, ensuring it does not have to be pumped through said pipelines. Subject 1 argued 
that it is beneficial in this scenario that the city has expanded outwards rather than just 
densified. This allows for additional functions and values to be incorporated in the city centre, 
as well as opportunities and solutions for storm water infiltration. 

Regarding drinking water and sewage water, a new approach might be required due to 
increased costs of pumping water. Even if the city expands peripherally rather than densifies, 
it would still be beneficial to produce drinking water in a few larger advanced plants and 
distribute through pipelines, said subject 4. Sewage water however, would be more cost 
efficient to treat in local plants in order to reduce the transportation costs. Investing less 
money in the central areas and developing more peripheral areas will require large investments 
and it is costly to build far. While it is beneficial for storm water infiltration to build less dense 
cities it might cause problems for drinking water. Subjects 6 and 7 explained that when 
drinking water has to be transported further there are increased risks to lose quality. Climate 
change will increase temperatures and make the water warmer, thus enabling organic growth 
and more bacteria along the way. 
Lastly, subject 5 raised a social aspect in this scenario, which could be considered in all 
scenarios. It was highlighted that users can help when considering which substances are added 
to the water, such as PFAS. Users need to realise their responsibility and impact, state 
demands on the products purchased and realise their contributions towards what ends up in the 
water. The more substances present from goods, to medicine and industry, the more treatment 
is needed to avoid contamination of drinking water and environmental damage. 

4.4 Reflections on Future Development 
As the interviews were all semi-structured, the interviewees were allowed to elaborate and 
reflect on general issues connected to the WS system, sometimes not solely related to the 
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above scenarios. In addition, several of their reflections can be related to all scenarios as they 
concern general future development. 

The current water quality and WS system in Stockholm is the result of many significant 
decisions and actions taken around 100-120 years ago. Land was bought and treatment 
facilities were built further away from the city centre. Historically there has been a great 
inclination to invest in the water supply system, where for example in the 1960’s significantly 
over dimensioned pipelines were constructed. During the last 20-30 years however, due to 
major investments made earlier, there has been a general understanding that operation can 
occur by using old investments, which is reflected in politics. Earlier generations paid a lot for 
the current system, and now 30 years later, expansion of the entire system is needed, as 
indicated in the discussions related to Scenario A’s press disturbance. Theoretically, this 
should not be a problem, as the system allows for improvement and expansion. 
In relation to future development, something that was highlighted by several interviewees was 
the general work needed within climate adaptation, which requires good planning, good 
coordination, large investments and advanced technology. Good service in the future could be 
sustained if accurate enough predictions in population growth are made, along with climate 
adaptation. However, pulse events will always pose a challenge. There is a major requirement 
for the city as a whole to be climate adapted and there will be a necessity for major resources 
depending on where the bar is set. For example, considerations have to be made in terms of 
investments. Subject 2 argued that pipelines can stay in the ground for 100-200 years; but 
years are normally an inefficient way of measuring their life cycle and capacity. A 150-year 
perspective is aimed for, but the capacity is more connected to the material used and how the 
pipelines have been placed. Subject 6 and 7 explained that the aim is to provide the next 
generation with even better quality services and products. That said, today’s network cannot 
cope, because the challenges that are now emerging were not considered when the current 
network was built. 
To manage long-term sustainability and enable future development that allows for continued 
high quality services, all interviewees highlighted the need for long-term investments and 
considerations. It is a fact that Stockholm will have issues with saltwater intrusion into 
Mälaren, said subject 1. This will not stop at year 2100. Sea level rise is non linear, so if the 
level rises a total of 1 meter until year 2100, it should also rise an additional 2 meters until 
year 2200. Municipalities will eventually have to look and plan further than to year 2100. 
When it comes to infrastructure it is surprising that this is not the case already, argued subject 
3, considering that extensive investments of time and money is required.  
As mentioned, many of the respondents had reflections concerning the construction of an 
additional lock or wall that have been discussed for the Stockholm archipelago, promoted 
above by Subject 9 and 2. According to Subject 2, Stockholm and the whole region is of great 
value, which is why a reversed lock further out in the archipelago to ensure Mälaren’s 
capability of being a drinking water resource has been discussed as a long-term investment. 
Subjects 4, 6 and 7 however are of the understanding that this is not an ideal solution. Subject 
4 describes it as a massive intrusion in nature, a huge investment and not really the kind of 
adaption that is needed. It is more an attempt to delay the inevitable. He thinks it is a better 
strategy to try to live with the water, as they try more and more in for example the 
Netherlands. This will lead to loss of land, but it is a more long-term and natural solution. 
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4.5 Governing: Politics, authorities and regulations 
As mentioned in chapter 2.3, there is a difference between governance and governing, where 
the latter refers to governmental formal institutions and political power. Several of the 
interviewees had reflections and opinions regarding this when discussing the scenarios and 
WS system during the interviews and raised several issues and concerns. 
Connected to the discussion above, Subject 6 and 7 felt strongly that significant climate 
adaptation is needed and that politicians should dare to make adjustments that are more long-
term. There is too big a concern about what is happening right this moment, but we need long-
term planning and decisions. 
Subject 8 said that, in general, the national governmental institutions and regulations are not 
up to date and in line with the work and progress of the water sector, which is more proactive 
and informed but lacks support. The WS-question is one that operates in the shadows, 
according to subject 2, and it is rarely up for discussion on the political agenda. It is difficult to 
promote, but Swedish Water is continuously working with municipalities and politicians to 
realise the importance of handling these questions, and to secure future development with a 
climate perspective. WS is becoming an increasingly prioritised question. It is important to 
make sure that politicians really understand the importance of water catchment protection, 
exploitation and the need to cooperate. A generally increased consideration for water is 
needed. 

Several of the interviewees discussed the implications that a change in government can have 
on the WS system in general. A change in government is not described in any of the scenarios, 
but most of the interviewees seemed to consider it a disturbance no matter the scenario. 
Subject 1 and 8 are of the opinion that the government in place, as well as political 
constellations and their political agenda, will have implications on how water is considered 
and accounted for. For example, they both argued that since the last shift in government there 
has been an increased interest in environmental issues. Stockholm Water has been able to 
work more proactively and long term, rather than applying short-term solutions. While there is 
a general aim and consensus around clean drinking water, no matter which national or 
municipal government is in charge, the current government have speeded up the process for 
measures, and questions have been brought to the table in a more efficient way. This could 
however also be a result of a generally increased discussion on climate adaptation. Subject 2 
on the other hand, said that political instability or political constellations have very little 
impact on what is done in terms of the WS system, as there is no authority that gives 
guidelines on future dimensions. This is something that Swedish Water is more concerned 
with. There could of course be higher requirements and demands on the quality of drinking 
water and sewage water, but subject 2 argued that this is more a general societal question 
rather than a political question. The political question concerns the responsibility and funding. 

There is an issue today that there is no government authority that coordinates climate 
adaptation; it is divided over 6-8 authorities, leading to a relatively complicated situation in 
terms of regulations and governing. In January this year, after several years of discussion, an 
investigation started to review the laws and regulations regarding this issue; questioning how 
to govern, who should take the lead, how laws can be made more efficient, and how 
development can be better steered through the planning process. Subject 8 argued that current 
inadequate laws and regulations hinder much work to be carried out, as it is difficult to be 
precise in requirements and deciding which actors are legally bound to do what and to what 
extent. National authorities are generally unaware of how much work needs to be carried out 
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and the funds provided are not going to be sufficient as the water sector is faced with huge 
need for further investment.  

In an EU-perspective there is rather large influence on how water should be treated, with a 
number of different directives also steering water development in Sweden. However, Swedish 
politicians have not been as active as European ones. Subject 3 thinks that around year 2050, 
when problems are starting to be more apparent, the question of drinking water will climb on 
the political agenda. The reason Sweden has not been as active in the water discussion may 
very well be that Sweden is not in short supply of water compared to other EU countries. Also, 
Sweden can more or less handle its own water and watersheds, while other European countries 
are more connected to each other and have a larger need for directives. Subject 8 explained 
further that implementation of EU directives is being strongly advocated for, and there have 
been a few sentences on an EU level stating that Sweden needs to take more action. The legal 
institutions in Sweden are to review cases where sufficient measures have not been taken to 
reach environmental goals. The EU directives and environmental goals are in general helpful 
in steering future work and operations. 

4.6 Governance: Stakeholders, Planning and Cooperation 
The latter of the research questions for this study concerns actor involvement. It asks which 
actors needs to be involved for an efficient, sustainable and resilient WS system, and how 
responsibility needs to be divided in order to sustain against both press- and pulse 
disturbances. This was discussed with all interviewees, and can be related to the question of 
resilience by whom? 

All interviewees highlighted the benefits of encouraging and implementing more regional 
planning when is comes to the WS system. Water does not stop at the municipal border and 
neither should the WS system. Therefore, several interviewees suggested that there should be a 
larger focus on water catchments and drainage areas, as also encouraged by EU-directives. For 
example, Subject 5 explained that Stockholm’s drainage area stretches over around five 
municipalities, which requires future cooperation, both in terms of operation and competence. 
Today’s divisions of drainage areas are very large, it would be beneficial in planning if one 
were to look at these on a much smaller scale so planners know what drainage area they are 
planning within. Increased communication and understanding of water catchments, drainage 
areas and pipeline capacity would allow municipalities to efficiently plan and reduce costs. 
Therefore, these aspects would be weighed in when making decisions on further development 
and exploitations. Stockholm is especially complicated, as there are so many municipalities 
that are connected via WS-pipelines. All municipalities and the region as a whole have to 
cooperate with these issues; there will be more contaminated surfaces being rained on, storm 
water will contaminate water catchments and a new drinking water resource may be needed. 
These issues will demand a lot of input and effort from several different actors. 

As indicated above, a more regional and cross-border cooperation would aid in increasing 
communication and understanding of the WS system. It would highlight its importance and 
provide a more solid foundation that would benefit persistence, transformation and adaptation 
to all disturbances discussed above. Subjects 2, 5 and 10 discussed how smaller municipalities 
sometimes have difficulties in maintaining and expanding their infrastructure, since there is a 
decrease in population leading to a lack of resources, both monetary and knowledge. It is 
therefore beneficial to cooperate and spread knowledge. It will allow for sustainable 
development and informed decisions throughout the whole system. In every municipality there 
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are so many different aspects to consider, cooperation is thus needed to drive development 
forward. In larger municipalities, such as Stockholm, there is a gap between different 
departments leading to a need for improved communication. Providing each other with more 
information and data reveals opportunities and limitations in development. Coordination 
around this issue would be beneficial, and subject 4, along with several other interviewees 
suggests that a single authority is assigned the task of leading and steering the work.  

Planning for water and sewage was good in the early 1900’s; there was an understanding that 
water was an important question for the entire society, said subject 2. However, this was 
forgotten somewhere along the road, leading to planning and developing occurring far more 
independently in each sector. This led to a complicated division in responsibilities. There was 
a general belief during the 1970’s - 80’s that the WS-sector should take care of storm water. 
At times, when large new urban areas were developed, WS was only considered after the plans 
had been finalised. Several of the interviewees agreed, stating that this should never be the 
case going forwards, as sufficient knowledge regarding water issues should exist in every 
planning office in Sweden. Subject 1 explained that it is easier for Stockholm Water to plan 
for drinking water and sewage as these are handled through pipelines, but planning for storm 
water has to go through the planners and developers. Stockholm Water can only make 
suggestions and recommendations in this aspect. However, subject 2 highlighted, there are a 
lot of good strategies for storm water around Sweden, and Stockholm has a very forward 
thinking and ambitious strategy. Despite this, said subject 8, development is still occurring in a 
less than desirable way and buildings are placed in unsuitable locations from a long-term 
perspective. As such, water aspects need to be included in the planning process at a much 
earlier stage, especially when is comes to storm water solutions. 

Solving issues with storm water is thus a matter that includes many different actors. The 
biggest issue is the lack in communication and coordination, as indicated above. There are 
always many actors who have opinions and interests of their own, which makes the process 
more difficult. To a degree there always will be conflicts over land use in the planning 
process, said subject 1, and even though many different strategies have been developed, these 
are not necessarily always compatible. Subject 3 said that most municipalities consider storm 
water within their planning process but let this be a responsibility for the developer. There are 
many solutions, but one issue is that these are rarely tested on a large scale. There is often not 
enough knowledge whether they will sustain under pressure. It is difficult to know just how 
much rain these local solutions are able to handle, at least for individual developers. Whilst 
many solutions are easy and can aid in several issues, subject 2 argued that there are issues in 
terms of how much regulation is allowed, what the law says and how demands can be 
coordinated in an efficient manner. There is no one authority that can sufficiently guarantee 
that the laws that are in place are designed to promote or enforce the most efficient measures. 
Storm water is not something that water companies should have to handle, subject 2 
continued; it is very much a planning issue.  

Individual users also constitute an actor within handling storm water, but their responsibility is 
unregulated, unclear and forgotten about. For example, said subject 3, property owners would 
have a very hard time trying to figure out whether their storm water solutions they make will 
suffice. Also, it may not be something they even consider. There have been campaigns to 
increase awareness on the matter, but these are not followed up, and it is rare to see an 
individual property owner take any measures to deal with their own storm water.  
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It is also a general issue that the public have very little knowledge about the WS system, and 
does not necessarily think about how it works, until something is wrong. A campaign has been 
running over the last few years about what not to flush down the drain into the sewage system, 
but there is very little awareness with regards to storm water. It would be beneficial to make 
people more aware of how storm water works, what it does and how easy it would be to help 
in handling it. 
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“an approach to managing natural resource systems, that takes into 
account social and ecological influences at multiple scales, 

incorporates continuous change, and acknowledges a level of 
uncertainty, has the potential to increase a system’s resilience to 

disturbance and its capacity to adapt to change” 
 

Resilience Alliance (2010:4) 
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5 Resilience Analysis 

As described in chapter 3.4, this chapter presents a resilience analysis. It is based on the steps 
in the Resilience Alliance Workbook for Practitioners and the inquiry of resilience against 
what, resilience of what, resilience by whom and resilience for whom. The workbook was not 
followed in full, parts are left out and parts have been added. The below analysis contains both 
information presented earlier in the report, but mainly makes use of the data gathered through 
interviews and further literature studies. 

5.1 Defining the System 
The first step in the Resilience Alliance workbook is to define the boundaries of the social-
ecological system that is of focus in the study. As stated in chapter 1, the social-ecological 
system assessed in this report is the Stockholm WS system, which is developed and 
constructed to supply a crucial socio-technical function; distributing an ecosystem service and 
managing a natural resource. The WS system in Stockholm is owned by Stockholm Water, 
who has a mission to provide water services to current and future generations, which requires 
long-term planning and sustainable development. The main issues of concern, which are also 
the focus in this analysis, is the system’s capability to (1) provide clean and sufficient drinking 
water, (2) collect and treat sewage water and (3) aid in collecting storm water to avoid damage 
and inconveniences in the urban environment. 
System components 

The Stockholm WS system has several components, both in terms of infrastructure and actors. 
The physical elements consist of water catchments (such as Mälaren and backups as sources, 
and the Baltic Sea as recipient of sewage water), facilities for producing drinking water and 
cleaning sewage water, pipelines and pump stations for transporting water, and retaining 
reservoirs. The WS system and its resilience is equally dependant on its technological 
infrastructure and its institutional organisation, where knowledge and intellectual human 
capital is crucial for the WS system to function. 
Stockholm Water is the main actor within the system, but several other actors and stakeholders 
are involved and affected. Other stakeholders include, but are not limited to: 

• Users (residents, local users and businesses to whom the provided services are vital) 

• Local government (the municipality, including different departments such as The City of 
Stockholm Planning Administration, Traffic Division and Environment Division; who plan the 
city and thus affect or are affected by water services) 

• Developers and contractors (companies and organisations developing and building parts of 
the city) 

• Swedish Water (umbrella organisation providing guidance and conducting research, aiding in 
further development) 

• Regional and national government and authorities (regulations, standards and laws 
regarding water services to be applied and followed, having great implication on development, 
operation and services) 

• European government (developing EU-directives for water services, steering national and 
regional water politics) 
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Disturbances 
As summarised in chapter 3.3.4, based on the scenarios, the press- and pulse changes that have 
the potential to disturb the system are related to climate change, population increase, social 
instability (leading to sabotage and/or terrorism), economic instability, energy crises and 
organisational change. Several other disturbances can be identified in the scenarios, but the 
aforementioned were highlighted during the interviews and are thus emphasised in this 
analysis. See below Table 3 for the different disturbances identified in the scenario and the 
impact they may have. These disturbances are by no means intended to cover all possible 
disturbances that the WS system may be faced with over the coming decades, but are to be 
considered examples as they are drawn from the scenarios developed in this study. 
Table 3. Summary of the disturbances or changes identified in chapter 3 scenarios and their potential 
impact on WS system 

Change and disturbances Impact (In or related to WS system) 

Climate Change  

(Press: Sea level rise, higher 
temperatures 
Pulse: Heat waves, land erosion, 
intense precipitation, flooding) 

Increased water for the system to handle, salt water intrusion in 
primary drinking water source, need for more water during 
heat waves, risk for damaged pipelines with increased land 
erosion 

Population increase 

(Press) 

Increased exploitation, need for expanded pipelines and 
network, increased hard surfaces leading to more storm water 
run-off, increased withdrawal of water from Mälaren and 
increased release into the Baltic Sea 

Social instability 

(Pulse: sabotage, bio-terrorist 
attacks) 

Infrastructure sabotage or terrorism, less interest and care, and 
increased vulnerability may cause severe disruptions and 
consequential health risks for users 

Economic instability/decline 

(Press) 

Reduced funding, less innovation and investment, savings in 
operations and maintenance 

Energy crises 

(Press: higher energy prices 
Pulse: power disruptions) 

Increased cost of operations, investment and maintenance; 
short energy supply leads to power cuts and lost functionality 

Organisational change 

(Press) 

Change in operations and functionality could affect efficiency, 
as well as have implications on further investment and 
planning 

 
Population increase, economic instability and organisational change are press disturbances that 
occur over a longer period of time, gradually changing and affecting the WS system. Social 
instability offers pulse disturbances in terms of sabotage and attacks on the WS system, which 
are events that occur suddenly or without prior notice. Climate change and energy crises 
potentially offer both press- and pulse disturbances, as described in the above table. 

Population increase is the press disturbance that was mainly discussed in relation to Scenario 
A. The interviewees expressed several concerns in regards to this. They highlighted the 
consequential increased exploitation, the need for extensively expanded pipelines and network 
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and the increased impermeable surfaces throughout the city. It was also considered a concern 
that a population increase would lead to a larger withdrawal of water from Mälaren, along 
with increased release into the Baltic Sea. This disturbance affects all stakeholders and 
requires the involvement of Stockholm Water, municipal planners and the municipal 
Environment Division, for the system to be resilient. Resilience in relation to a population 
increase means that the system needs to adapt or transform rather than persist to the change it 
is facing. 
Economic instability and decline was also a press disturbance of concern during the 
interviews. It was highlighted that reduced funding leads to less innovation and investment, as 
well as having to enforce savings in operations and maintenance. It would be difficult for the 
WS system to sustain under these circumstances according to all interviewees. Reduced 
funding would have implications on both the technical infrastructure and the more social 
institutional organisation. Stagnation in infrastructure investment and possibly human capital 
would reduce the quality and resilience of the WS system, as its ability to adapt, transform or 
persist would be reduced.  

The last press disturbance discussed was organisational change, where a currently public 
organisation is suggested to have been made private. All interviewees argued that this would 
lead to a change in operations and functionality that could affect efficiency, as well as have 
implications on further investment and planning. It was deemed unlikely that the organisation 
would be privatised and the overall understanding and consensus was that it would be negative 
for the WS system. However, an organisational change in terms of an increased regional co-
operation was suggested and encouraged by all interviewees. This would very much benefit 
the social aspect and institutional organisation; as human capital could be shared and increased 
in a larger scale. 
According to several of the respondents, there is continuous work to handle several of these 
disturbances. It was clear during the interviews though, that there is a better grasp of press 
disturbances than of pulse disturbances. One of the interviewees said that “everything can be 
planned for”, but pulse and press disturbances require different kinds of planning and 
measures. There are attempts to increase communication and clarify the division of 
responsibility in planning, several interviewees highlighted.  
Climate change is a disturbance that offers both pulse and press changes. Its development is 
constantly a high priority on the political agenda, both on a national, regional, and municipal 
level. This was especially clear during the interviews, as this disturbance was the most 
significantly discussed by all interviewees. The connected press changes are sea level rise and 
higher temperatures, while the pulse changes are heat waves, land erosion, intense 
precipitation and flooding. The interviewees discussed how these disturbances lead to 
increased water flows and flooding for the system to handle, salt-water intrusion and more 
organic growth in the primary drinking water source, a need for more water during heat waves, 
and an increased risk for land erosion to damage pipelines. One can argue that climate change 
in relation to resilience is currently approached with general investments within climate 
adaptation. As such, the WS system as well as other systems in the city are being adapted to be 
more resilient against climate change.  
As mentioned in the chapter on previous research, a major investigation was conducted in 
2007 to address climate change and vulnerabilities in the Swedish society, where the 
disturbances found in this study are addressed in several chapters (B 13, B 16 and B 16). 
Measures for climate change adaptation is of great importance and is a topic that is encouraged 
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and enforced by authorities on local, regional and national scales. For example, two 
publications by Swedish Water, P110 and P105, have been created to aid in planning for 
sustainable treatment of storm water. This enables all actors involved to have a comprehensive 
knowledge and understanding of the issues and what needs to be done. As another example, 
Stockholm has a storm water strategy, which includes a chapter on climate change adaptation. 
Challenges are also addressed in the Stockholm Comprehensive Plan. 

The notion of an energy crisis that has the potential of bringing both press and pulse 
disturbances was brought up in Scenario C. It was not discussed extensively as the main focus 
in this scenario fell on the disturbance of climate change. It was noted however that higher 
energy prices would lead to increased costs of operations, investment and maintenance of the 
infrastructural aspects of the WS system, which could possibly reduce its resilience in terms of 
reduced persistence. 
Social instability was extensively discussed as pulse disturbances consisting of sabotage and 
bio-terrorist attacks towards the WS system. The interviewees mainly reflected over these 
disturbances and connected them to the WS-infrastructure, but one should also consider them 
in relation to the human capital and institutional organisation side of the system. The majority 
of the interviewees discussed physical protection and the ability to detect contamination in the 
pipelines. Only one interviewee highlighted that the system becomes weak if the employees 
are dissatisfied due to social instability and distress. It was argued that it is the actors 
themselves and their employees that have the biggest insight and knowledge of the system. 
Therefore, they could do most harm to and sabotage the system; whether that be intentional or 
solely a matter of negligence. Similarly, an attack against the system does not necessarily need 
to be aimed at the infrastructure, but can also be directed to the institutional organisation. It is 
important in this matter to be aware of the potential threats, both technical and social, to 
ensure that the system can be persistent against these kind of disturbances. In terms of security 
measures for pulse events, Stockholm Water are, according to respondents, prepared for 
smaller scale disturbances and have the ability to take action in order to secure water services. 
However, continued work is carried out to improve security and ensure that there is enough 
back up solutions in place should something happen. 

An issue that was raised by several respondents that could prove problematic in handling all 
disturbances is that there are a large number of actors involved. For all types of events and 
disturbances, it is however unclear in terms of management and who is to take the lead. As 
indicated, there are many strategies and publications about what to do and how to do it, but it 
is an issue that these are not properly synchronised and coordinated. 

5.2 System Dynamics 
The second step in the workbook examines the dynamics of a system. Systems are 
continuously changing, either gradually or through rapid change (Resilience Alliance 2010). 
Thus, systems move through different phases, which is often illustrated through the use of the 
adaptive cycle (described in chapter 2.2). This chapter includes the information gathered both 
during the interviews and through further literature studies and reflects over the system in 
relation to the adaptive cycle. It also investigates the different states of which the system can 
be in and attempts to identify different thresholds that would alter the system. This analysis 
does not attempt to make any exact calculations or assumptions about thresholds or phases in 
the adaptive cycle, but provides a general discussion concerning the WS system in relation to 
these key concepts. 
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In chapter 1.1 it was described how Stockholm’s WS system was developed. However, if one 
were to say that the core of the WS system is its socio-technical function, then there was a 
system in place before the pipeline network and treatment facilities of today were in place. As 
described in the background, water was collected from water catchments in the city, used by 
its citizens and later released back into the source or out on the streets, where it finally made 
its way back to a water catchment. This was how the Stockholm WS system worked then. 
However, as stated, it was eventually realised that this system was unsustainable in both a 
social and environmental aspect; when disease and bad hygiene were connected to water and 
bacteria. Thus, change was needed.  
Connecting the early WS system to the adaptive cycle; one could argue that when people up 
until the mid-1800’s were using the WS system as just described, the system was in its 
conservation phase. This was followed by the realisation that the water was completely 
unsuitable for use, causing sickness and death. That realisation could be connected to the 
system entering what the adaptive cycle would call a release phase (collapse). After a collapse, 
the system enters a reorganisation phase, where it re-develops and establishes itself based on 
the new prerequisites. For the WS system of Stockholm, the reorganisation phase would be 
when the pipeline system was built. As this pipeline system grew and was further extended 
with additional pipelines and treatment facilities, one could argue that the system was in its 
growth phase. It then proceeded to the conservation phase, which is still true for today. 
Today’s system is continuously expanding and invested in, but in general it is a fully 
functioning system and can therefore be considered to be in its conservation phase. An 
undesirable development would be if this conservation phase transitions into a release phase, 
something that the system could possibly do should a disturbance occur that the system is not 
resilient against. 
The WS system can thus exist in different states that are divided by thresholds. Resilience 
Alliance describes how one could determine what state a system is in depending on a number 
of variables, which differ depending on the state. In addition, the system can exist in more than 
one stable state over time. (Resilience Alliance 2010). Based on the scenarios and disturbances 
discussed in the above interviews, a number of possible variables and states could be identified 
where a few have been summarised in Table 4 below and is analysed further in this chapter. 
As mentioned in relation to the adaptive cycle above, today’s WS system is in a conservation 
phase and thus exists in a stable state where drinking water from Mälaren of high quality and 
sufficient quantity is treated and delivered throughout the city. Sewage water is efficiently 
taken care of after users are done with the water, and then treated before being released into 
the Baltic Sea. Stockholm still has a lot of green spaces where storm water can infiltrate into 
the ground, and most additional water is taken care of by pipelines and treatment facilities; 
however this is an issue today when larger flows occur. The system is stable under current 
circumstances, but it is safe to say that there are factors that drive change and the key variables 
within this state are bound to change over the coming decades.  

The function of the WS system needs to be resilient against press disturbances such as 
increased population, climate change and environmental change, as well as pulse disturbances 
such as intense rains or sabotage attacks. If it is not, there is then a risk that the WS system 
collapses; were it to enter a state where capacity is exceeded and it cannot deliver drinking 
water or collect sewage water from an increased population, where storm water has nowhere 
to infiltrate due to increased exploitation, or where frequent and serious disruptions in service 
leave the population without clean and sufficient water. There is also a risk that climate and 
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environmental change reduces the quality of Mälaren’s water. This would deprive the system 
of its core resource. 

Table 4. Summary of the different states, variables, thresholds and factors driving change in the Stockholm WS system 

State Description Factors driving 
change 

Key Variables 
(determine state 
and track change) 

Potential Thresholds of 
concern 

Historical 

Water was collected from nearby water 
catchments and released into the same source. 
Water was contaminated with bacteria and not 
treated before or after use.  

• Reduced social 
wellbeing 

• Environmental 
status 

• Water quality 
Entering a state where the 
quality is too low to use 
for human consumption 

Current 

Water is collected from Mälaren, treated in a 
drinking water plant, distributed through 
pipelines, consumed by users, led to sewage 
treatment facilities by another set of pipelines, 
treated and released into the Baltic Sea. Storm 
water is handled in part by pipelines and in 
part by natural infiltration into the ground. 

• Environmental 
status 

• Increased 
population and 
exploitation 

• Climate change  

• Water quality 

• Flooding 

• Capacity 

Entering into a state found 
in scenario A (insufficient 
capacity), B (insufficient 
quality) or C (water 
source consist of salt 
water), for example 

Scenario A 

Water is collected from Mälaren, but several 
backups are in place. The network has been 
further extended and pipelines have been 
increased in dimension. Storm water is mainly 
collected through pipelines due to a lack of 
infiltration possibilities. 

• Increased 
population and 
exploitation 

• Climate change  

• Environmental 
status 

• Water quality 

• Quantity and 
capacity 

• Flooding 

Entering a state where the 
WS system’s capacity is 
exceeded and it is unable 
to deliver and collect 
water to the required 
extent, or a state where 
the system is privatised  

Scenario B 

Water is normally collected from Mälaren but 
needs several backups due to temporary salt 
water intrusion, increased organic growth and 
disruptions in services due to sabotage and a 
lack of maintenance. Storm water is not a 
priority and is more often released untreated. 

• Social unrest, 
need for security 
measures 

• Climate change  

• Reduced funding 

• Reduced social 
wellbeing 

• Water quality/salt 
water levels 

• Ability to deliver 

• Flooding 

Entering a state where 
services are severely 
disrupted, or where salt 
water levels are too high 
to use Mälaren as 
drinking water source, 
causing the system to 
collapse 

Scenario C 

Brackish water is collected from Mälaren and 
treated in a plant to enable use. Drinking water 
is delivered from one plant to all recipients. 
Sewage water is led to local facilities for 
treatment before release into a nearby 
watershed. Storm water relies on natural 
infiltration. 

• Climate change  

• Need for 
extended 
pipeline network 
(peripheral 
exploitation) 

• Increased costs 

• Environmental 
status 

• Water quality (salt 
levels and 
increased organic 
growth due to 
higher 
temperature) 

• Flooding 

Entering a state where 
Mälaren is unfit for use 
and treatment is too 
expensive, or where 
increased temperatures 
severely reduces water 
quality along the pipelines 
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In Scenario A, one could imagine a state in which the WS system still collects water from 
Mälaren, but several backup sources have been put in place, both for reasons of quality and 
quantity. The pipeline network has been extended and increased in dimension to supply 
drinking water to a larger population, as well as collecting increased volumes of sewage water. 
Storm water is mainly collected through pipelines due to a lack of infiltration possibilities, 
caused by extensive exploitation in the city. In relation to this scenario there should be a 
concern regarding crossing a threshold into a state where the system’s capacity is exceeded 
and is unable to deliver services. This could be tracked by the key variables of quantity and 
capacity.  
The increased exploitation and hardening of surfaces should also be a concern, where the 
system could enter a state in which it is not capable to handle storm water. This would be 
possible to track by monitoring a variable of increased flooding. Flooding leads to untreated 
storm water entering Mälaren, which affects the quality of the water. These briefly described 
thresholds into different states will be of concern, and the factors that will drive change are 
climate change, environmental status and population increase. These changes are mainly of 
press character and can be reasonably predicted and planned for by incorporating them in 
traditional planning and governance. As such, the institutional side of the WS system (the 
actors, owners and operators) are able to make long-term sustainable investments and develop 
strategies to adapt to these changes, which in extension increases the system’s resilience. 

In Scenario B, water is still likely collected from Mälaren but as climate change has become 
more intense there is a need for several backups, due to temporary salt-water intrusion and 
increased organic growth reducing the quality of the water. There is also a threat of disruptions 
in services due to sabotage and attacks as a consequence of social unrest, as well as reduced 
quality due to a lack of maintenance and a lack of funding caused by an unstable economy. 
Storm water is not a priority and is more often released untreated into the Baltic Sea. Both 
water quality (levels of salt and organic growth), flooding and the ability to deliver are key 
variables that could be monitored, reveal changes and determine the state of the system, which 
is driven to change by factors such as social unrest, climate change, reduced funding and 
reduced social wellbeing.  

Considering scenario B, society would be concerned about the WS system crossing a threshold 
into a state where services are often severely disrupted due to sabotage, water is contaminated 
due to a bio-terrorist attack, or where salt water levels are too high in Mälaren to be used as 
source of drinking water. These are primarily pulse disturbances, and one could argue that 
these are much more difficult to account for in planning and when building resilience within 
the system. While press events are slowly developing, pulse events consist of sudden 
occurrences that are difficult, if not impossible to predict. These developments require the 
involvement of many actors that would not be involved in the WS system under normal 
circumstances. For example, Stockholm Water and the municipality would need significant 
assistance from for example; the Swedish Contingency Agency, Swedish Armed Forces, and 
the Civil Defence.  
During the interviews, it was clear that the knowledge, preparedness and understanding of 
pulse events is less developed than that of press events, which in itself could lead to lower 
resilience. In addition, it was highlighted that since Swedish society has been relatively stable 
and secure over such a long period of time, there is a general lack of risk awareness and 
readiness. This in short makes the social and institutional aspect of the WS system less able to 
persist, adapt or transform when facing sudden change, also pointing towards low resilience. 
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In Scenario C, climate change is more severe and has caused the Baltic Sea to rise above the 
level of Mälaren; this in turn has led to significant salinity in Mälaren. Thus, one could 
imagine that brackish water is collected from Mälaren and needs to be extensively treated in a 
plant to enable use. As this requires large-scale operations, drinking water is treated and 
delivered from one single plant to all users. Sewage water on the other hand, is more likely to 
be led to local facilities for treatment before release into a nearby water catchment. Storm 
water relies on natural infiltration. Energy prices are high and savings are made where 
possible, which is why transporting water long distances is not ideal. Sewage water therefore 
would probably require treatment in more local facilities.  
A number of factors can drive change in this scenario state; climate change, the need for 
extended pipeline network (peripheral exploitation) and increased costs and environmental 
status. The main variable that could be used to monitor changes and determine what state the 
system is in is water quality, where the salt levels and increased organic growth due to higher 
temperature would determine whether water is suitable for use. If salt levels were too high and 
organic growth significantly increased, the system could enter a state where Mälaren is unfit 
for use, treatment is too expensive, or where increased temperatures severely reduces water 
quality along the pipelines. The consequences would be that the WS system loses its main 
infrastructural and physical components, and collapses due to entering this new state. The 
population would be left without clean water, untreated sewage water would create a 
sanitation hazard and flooding would cause significant damage throughout the city. In order to 
ensure that the WS system is resilient against these disturbances; long-term planning, 
significant investments, and increased knowledge is required from the social and institutional 
organisation running the WS system. Additionally, a general improvement in municipal, 
regional and national work towards the goal of a climate-adapted Stockholm is needed.  
Change is not necessarily a bad thing, and a resilient system is, as previously mentioned, not 
equal to a sustainable or desirable one. According to the Resilience Alliance, “Managing for 
resilience requires understanding cycles of change and the vulnerabilities and windows of 
opportunity that these cycles of change introduce to your system” (2010:22). In the case of the 
original and historical Stockholm WS system, the system state grew and was stable for a long 
time during the development in its adaptive cycle front loop. However, a disturbance in the 
form of spreading disease and contaminated water caused the system to collapse and 
reorganise, entering a back loop where the system had to reorganise. Change and disturbances 
will always be a factor to account for, both gradual press changes and rapid pulse changes, and 
these can be used to prioritise and plan for long-term sustainable development (ibid.).  
In the WS system’s current state, several changes or disturbances of either press- or pulse 
character can, as described in the scenarios and table 3, be identified and are possible. The 
ones considered in this study are Climate change, Population increase, Social instability, 
Economic instability and decline, Energy crises and Organisational change. These changes 
have the potential to bring press and pulse disturbances and require long-term planning and 
action in order for the WS system to remain within a stable state, and with the desirable 
variables and functions that are crucial for society to develop. When managing for resilience, 
it is therefore important that these possible changes are considered and included in further 
development. The system will inevitably face changes that challenge its function, variables 
and state, and while a transition into a new state may be inevitable, it is of great importance to 
ensure that this transition can be managed properly in order to still let society achieve the 
outcomes and functions that are desired and crucial for us (ibid.). As such, the most important 
outcome is that neither the physical nor the institutional part of the WS system is allowed to 
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collapse. To ensure this, planning and precautions need be taken to either persist within the 
current state, or enable an efficient and smooth transition to a new system state, where no 
functionality is lost. 

5.3 Cross-Scale Interactions 
The resilience of a social-ecological system is influenced by and interacts with other systems, 
as it is embedded in larger-scale systems and comprised by smaller-scale systems (Resilience 
Alliance 2010). The third step of the assessment focuses on interactions between these 
different systems, providing additional knowledge about the focal system and its 
vulnerabilities, as well as opportunities (ibid.). Both the physical, infrastructural and the social, 
institutional parts of the WS system affects and is affected, influences and is influenced by the 
smaller-scale systems it consists of, as well as the larger scale systems it is part of. 

While the focal system interacts with numerous other systems (physical, political, social, or 
economical), the most critical system that the WS system interacts with was highlighted 
during the interviews as the ecosystem of Lake Mälaren. If the ecosystem changes in Mälaren 
it would have critical implications; Mälaren would no longer be a viable source of drinking 
water. The WS system would collapse and severely damage our society, should no other 
source already be in place. Several of the respondents were also of the opinion that the 
political system, thus the political agenda and government constellations, have implications on 
how the WS-function can operate to handle disturbances, which in extension affects its ability 
to cope with disturbances. From the empirical results above it is evident that the economic 
situation and system also determines how the WS-apparatus can operate. There seems to be a 
consensus that in times of economic difficulties, it is challenging for the system to uphold a 
long-term sustainable function and focus would be on short-term solutions. This may cause 
problems when other disturbances appear. 
Table 5 below summarises the different systems that interact with the focal WS system, and 
the interactions and implications are further elaborated upon. Only larger scale systems are 
considered, as smaller scale systems are more technical and detailed within the WS system, an 
as such they are not the focus of this study. 
The interactions with the other systems described in Table 5 reveal a number of vulnerabilities 
in relation to the WS system. First, the WS system in its current state is dependent on one 
single source for drinking water. Even though there are back-up water catchments in place, 
these would not suffice to replace Mälaren should it become unsuitable to use as a source. 
Second, the WS system with all its pipelines is a huge apparatus and will require more space 
as the city grows. However, so do several other systems in the city and intensified operations 
below ground may cause damages to the WS system or simply lead to difficulties in finding 
space for further development. Third, the future sustainability and resilience of the 
infrastructural and institutional WS system depends on long-term planning where the political, 
organisational and economical system needs to be involved and provide a platform for 
sustainable strategies in terms of operations, maintenance and investment. Lacking a stable 
economic situation and forward-thinking political agenda to support it, the WS system 
becomes more vulnerable to disturbances and lacks capacity to deliver services of high quality 
and sufficient quantity, as well as having the potential to damage its surroundings.  
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Table 5. Systems interacting with the WS system (focal system) 

Interacting 
systems 

Influences on focal system (WS system) 

Political 
system 

National 

Regional 

Municipal 

The political system and organisation on national, regional and municipal levels have implications on 
the WS system. Different political agendas and political constellations will treat regulations and 
standards connected to the WS system differently. While one government might think more short-term 
and only advocate investment when absolutely necessary, another might advocate more long-term 
solutions and encourage planning and innovation. This will have implications on the long-term 
sustainability and resilience of the WS system, in both a technical and institutional aspect. 

Economic 
system 

In times of bad economy and economical instability, it is likely that less money will be invested in the 
WS system and a more short-term approach will appear to aid only in acute matters. If all actors lack 
capacity of funding it will most likely lead to insufficient amounts being available to invest in long-
term solutions for the WS system, as well as operating it. This will affect both short-term and long-
term sustainability and resilience. On the other hand, a stable economy will allow for efficient 
operations and larger long-term investments that increase resilience and sustainability of the WS 
system. 

The economic system is also connected to the organisational system in a panarchy with the WS 
system. One can argue that private and public entities have different approaches to funding and 
finances for operations and investments. According to several of the interviewees, these would have 
different opportunities to be proactive in an unstable economic system. 

Organisational 
system 

As discussed in scenario A, if the WS system were to be privatised and a number of private actors 
were to own, lease, operate and maintain the system, it would have implications on its functionality in 
comparison to when it is run by a public company. Private actors may only see to what is most cost-
efficient, not considering quality and long-term planning for resilience and sustainability. It may also 
be true that private actors would only do what is legally required and avoid long-term investments, in 
order to save money. A public company and ownership is more stable and thus offers a more stable 
WS system.  

Mälaren 
ecosystem 

Mälaren is the core resource of the WS system, but it is also its own ecosystem. The WS system is 
completely dependent on Mälaren, at least in a short and medium term perspective. All drinking water 
comes from Mälaren as a resource, meaning that the state of Mälaren as an ecosystem affects the WS 
system significantly. The ecosystem is influenced by many other systems and potential disturbances. 
For example, nearby industries and agriculture risks releasing undesirable substances into the lake. 
Also, the lake is significantly affected by the urban environment, since storm water run-off, increased 
by densification and reduced green spaces, enables a lot of storm water to reach Mälaren. This will 
have implications on the substances found in the water and thus the wellbeing of the lake. 

Baltic Sea 
ecosystem 

The Baltic Sea affects the WS system as its water flows in to Mälaren through the locks in Stockholm 
and Södertälje. It is also affected by the WS system by being the recipient of released treated sewage 
water. Therefore, it is important to monitor the salinity and quality of the water in the Baltic Sea. Sea 
level rise is will enable more of the Baltic Sea water to enter into Mälaren’s ecosystem and the 
environmental status of parts of the Baltic Sea may change if the water that is being released is not 
sufficiently treated. 

Urban 
environment 

The structure of the built environment in the city has a major impact on the WS system. Dense cities 
with a large share of impermeable surfaces and a lack of green spaces put pressure on the pipeline 
network as they hinder natural infiltration. In addition, building densely requires new and larger pipes 
to be installed. This becomes more difficult as several other functions (such as telecom, transport, 
heating etc.) also need to be installed below ground. 
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In addition and as mentioned in table 5, the different systems also interact with each other, 
driving change within the panarchy (the connected systems of which the WS system is part), 
potentially causing the WS system to transition into a new state. For example, an unstable 
economy that does not allow for investment and proper maintenance of the system leads to 
reduced capacity in the pipeline network. A political system that does not prioritise long-term 
planning may not see the importance of planning for water services when developing the city. 
A private organisation running the WS system may chose inferior products when installing 
new pipelines and pumps in the system. These three situations, along with a denser city, lead 
to contaminated water being released into the drinking water source. This would reduce the 
quality significantly and in the long run perhaps cause the system of Mälaren to collapse. This 
would ultimately drive the WS system into a state where it loses its primary function. 

General or specified resilience 
Resilience theory distinguishes between the general and the specific resilience of a system. 
General resilience refers to the system as a whole and does not consider specific disturbances 
against which the system needs to be resilient. Specific resilience however, refers to specific 
disturbances and is related to variables and thresholds that can cause transitions into new states 
(Resilience Alliance 2010).  

This study can be argued to focus on specific resilience where a selected number of possible 
disturbances, systems and states have been identified and discussed. As seen in table 1, other 
disturbances could have been included, such as accidents or global diseases, or if another set 
of documents had been studied. Regardless, the distinction between general or specific 
resilience is a matter of definition, but for this study a more specific approach has been taken 
as a clear selection has been made and several other approaches could be taken or more 
emphasised. 
It is however important to note that general resilience need not to be forgotten, as the 
resilience of the entire system may be at risk if management focus and full attention is aimed 
at increasing specific resilience only. (ibid.). The Resilience Alliance workbook advocates 
making an inventory of important attributes of general resilience and of feedbacks that could 
reduce general resilience in the studied focal system when conducting a resilience assessment. 
However this will not be done in this analysis, as it lacks a purpose in relation to the research 
questions. 

5.4 Governance Systems 
Just as social-ecological systems; governance systems are dynamic and include a range of 
stakeholders, involving several scales, actors and sectors. According to Resilience Alliance, 
“how these individuals, organizations, rules, and traditions interact determines how people 
make decisions, share power, and exercise responsibility” (2010:36). Therefore, it is 
fundamental to understand governance when analysing the interactions within a social-
ecological focal system (ibid.). 
In the fourth step of the assessment, the workbook considers two characteristics of governance 
systems; adaptive governance and institutions, and social networks (Resilience Alliance 2010). 
The former refers to both formal and informal institutions, actors, laws, regulations and rights 
connected to the main issue, as well as the decision-making, compliance and administration 
that affects it. The latter refers to the cooperation, structure and social links between actors and 
stakeholders within the system (ibid.). Governance on either level is dynamic and has 
implications on the resilience of the system, as it includes different power dynamics and 
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creates conflicts (ibid.). Adaptive governance can enhance resilience, as it encourages 
flexibility, inclusiveness, diversity, and innovation (ibid.). This part of the analysis will 
therefore provide answers to the question of Resilience for and by whom? and examine the 
different powers and conflicts within the system, discussing any need for change in relation to 
the identified disturbances and changes. 
The actors and stakeholders identified in the WS system were listed in chapter 5.1 and are 
elaborated upon in this chapter. It was stated that the involved actors include, but are not 
limited to; Users, Local government, Stockholm Water, Developers, Swedish Water, Regional 
and national government and authorities, and European government. There are several others, 
more specific actors and stakeholders, that are involved in the WS system but these are the 
ones that have been discussed and accounted for during this research project and in this report. 

As described in the introduction to this report, Stockholm Water is the main responsible actor 
for water services and thus the WS system in the City of Stockholm. Laws formed on a 
national governmental level regulate their work and operation. Stockholm Water is a public 
company that is owned mainly by the City of Stockholm and as such they operate within 
Stockholm’s municipal borders. This means that the City of Stockholm acts as the local 
government who has the exclusive right to plan for development within these borders. Further, 
the Stockholm County Administrative Board makes recommendations and guidelines on a 
regional governmental level, while Swedish Water also aids in planning, by developing 
publications to support decisions for further development. However, ultimately, planning for 
the development of the municipality is done by the City of Stockholm. Its politicians, who are 
elected by the users, take the final decisions in terms of comprehensive plans and detailed 
plans. Stockholm Water does however have its own agenda and can decide on different 
solutions and dimensions.  
Based on the interviews and literature studies done for this report, a number of conflicts could 
be identified in governing for the WS system. The most crucial conflict concerns planning and 
land use, where there are sometimes difficulties and lack of communication between 
Stockholm Water and the city planners regarding planning with water services in mind. Many 
of the interviewees said that there is a slight resistance to let the WS system take the space it 
would ideally need, and Stockholm Water is not brought into the planning process until the 
plans are more or less finalised. According to several interviewees, there is a general belief 
that Stockholm Water will take care of the WS system and water services in the city, which is 
why it is often forgotten or not made a priority within the municipal planning practice. 
Knowledge and understanding of the division of responsibilities is however improving and 
there is continuous and conscientious work from both sides to increase communication.  

Another conflict briefly described above and highlighted by subject 6 and 7 in the interviews, 
is that there is a shortage of space, below ground as well as above. There are many different 
functions and systems that need to be installed and expanded under the city. It is already a 
problem and it will increase as the city grows.  

Furthermore, and connected to the first conflict here described, is that there are often 
difficulties in determining responsibilities, deciding which actor should do what and who 
should pay for it. According to several of the interviewees, there are many policies and 
strategies concerning climate adaptation, for example, but there is a lack of coordination and 
division of responsibility, which sometimes leads to very slow development, or in the worst 
case, that nothing is done at all. 
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The different actors within the WS system are working separately but are brought together by 
the system. There are continuous attempts to increase cooperation and coordination, which 
increases the connectivity between actors. However, it was stated by several interviewees that 
the local actors working with the WS system are far ahead in their work while the national 
government, its laws and regulations are not up to date, and are unaware of the actual needs of 
the WS system.  

In addition, one of the main stakeholders, the users, are completely separate from the other 
actors in the system. According to several interviewees, there is little awareness amongst the 
public as to what goes on below ground and how the WS system works. Therefore, one could 
argue that there are three groups of actors in the WS system; the national and regional 
governments and authorities, the local government (the City of Stockholm) and local actors 
(Stockholm Water, developers and contractors), and the users. They all play crucial but 
completely different parts in the system and they depend upon each other. There are ways in 
which the local government the City of Stockholm can try and act as a bridge between users 
and local actors, by both informing the public of the work carried out by different actors, and 
of regulations set by higher authorities. They can also aid in gathering inputs from the users, 
passing these along to other departments and actors. Stockholm Water, as both part of the 
municipality and as a local actor, has for example been running a campaign over the last few 
years, informing people about the consequences of flushing and pouring unwanted substances 
down into the sewage. These campaigns could be extended, according to for example subject 
1, possibly to inform about the consequences of not handling storm water appropriately.  

5.5 Acting on the Assessment 
The last step of the Resilience Alliance workbook concerns acting on the assessment. It begins 
by synthesising the assessment findings, summarising all the steps into a diagram in order to 
create a comprehensive overview. As this analysis has not followed the exact steps of the 
assessment and is not nearly as extensive as a full assessment would be; a diagram has not 
been produced.  

Second, the workbook discusses resilience-based stewardship, which is strongly connected to 
governance and actor networks, as well as a discussion on transformation required for the 
system. The latter can be connected to the question posed by Sellberg et al – Resilience, Now 
what? (2015:3).  

These questions of stewardship, transformation and what happens next all encourage the 
information and findings from the assessment, or in this case analysis, to be used for 
developing strategies and plans, as well as guiding management interventions. Since this is 
specifically the aim with this study, this part of the analysis will instead be covered in chapter 
6, where a brief ideal scenario for 2100 will be presented, along with a discussion regarding 
future development based on the findings in the empirical results and above analysis. 
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6 Discussion 

This chapter provides a discussion of the empirical result and analysis in relation to the 
consideration of; resilience of what, against what, for whom and by whom, as well as 
resilience – now what, as highlighted by Sellberg et al (2015). It also considers the research 
questions posed, connecting findings to the theoretical framework and previous research. It 
includes a normative scenario, where challenges and disturbances have occurred in Stockholm 
and Sweden; where and in which the WS system has managed to sustain. It concludes with a 
brief discussion on the overall work process and methods used for this study, and the possible 
implications it may have had on the results. 

6.1 Building Resilience 
It is safe to say, both based on the scenarios developed and the issues raised by all 
interviewees participating in this study, that Stockholm is facing challenges and there are 
many changes coming as a result. There is a reason why changes, both press and pulse, are 
also referred to as disturbances within resilience theory; they affect our daily life and alter the 
way in which we are required to operate and approach systems. The Stockholm WS system 
has to be resilient against these changes, as its function is crucial to the users. Their survival 
depends on the ability of the WS system to perform the services it was created for. The 
residents and regular users of the WS system are incredibly vulnerable to disruptions in 
services and would suffer severely should the system collapse. 

The WS system in Stockholm is complex to say the least. As Stockholm is the core of a larger 
region and is surrounded by several other municipalities, it is physically and socially linked to 
several other systems on a variety of scales. Evidence of this can be seen in the above analysis. 
Ultimately, challenges and changes will affect the system regardless of whether they occur 
within or outside the municipal borders or the operative area of Stockholm Water. Mälaren as 
an ecosystem is a good example; it acts as the water resource for the whole Mälaren Region. 
Contamination anywhere in the lake will eventually effect Stockholm’s WS system, an issue 
that therefore stretches far beyond Stockholm Water’s control.  
The disturbances brought up in this study are limited to a few, and as mentioned in chapter 1, 
they are neither comprehensive nor certain. Population increase, economic instability and 
organisational change are press disturbances, whilst social instability offers pulse disturbances 
in terms of sabotage and attacks on the WS system. Climate change and energy crises offers 
both press- and pulse disturbances. A review of recent previous research and literature 
published emphasises climate change as a disturbance, and there is also an awareness of 
population increase in Stockholm as highlighted by all interviewees. One could draw the 
conclusion that there is a general understanding of press disturbances; these can be handled 
relatively easily through traditional planning, provided that this occurs in a communicative 
manner and with a long-term perspective. 
However, not as much research and literature is produced regarding an energy crisis, 
organisational change or social instability, at least in relation to the WS system. During the 
interviews it was clear that these disturbances were more unknown and unclear. The 
importance of them was realised, but it was not as clear as to how they should be dealt with. 
One could argue that it is not only the disturbances themselves that constitute a threat, but it is 
also a threat if the institutional organisation maintaining and operating the WS system is not 
prepared for pulse disturbances. Socially and institutionally increased readiness, along with a 
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robust infrastructure within the system would likely increase the resilience. To accomplish 
this, support is needed from several actors on all scales. 

It was mentioned several times during the interviews that there is a lack of responsibility and 
accountability when planning the city, which in extension also affects how the WS system can 
be planned for. It is clear that the way in which the city and its built environment is planned 
severely restricts the development and functionality of the WS system. This can be related to 
Storbjörk’s paper on climate adaptation in the local arena. She finds that both municipalities in 
her case study have difficulties with unclear responsibilities regarding climate adaptation. 
There is an uncertainty and lack of understanding between the advisory and regulatory role of 
national actors, and the local municipalities and their more action-oriented monopoly on 
planning and decision-making within their borders (2007). As also mentioned, all interviewees 
highlight that there is currently a lack of communication and coordination between the 
multiple actors involved in the planning and development of the WS system. This needs to be 
improved if the core function and high quality of the system is to be sustained. 
Several of the interviewees emphasise the importance of long-term planning and consideration 
for future disturbances. Resilience assessments are, as found in the study performed by 
Sellberg et al. in Eskilstuna, a good way for planners to bridge crisis management and 
sustainable development (2015). They enable a balance in investments and focus between fast 
and slow changes. However, there is still uncertainty in how to use the concept of resilience 
within planning. According to Davoudi (2012) nowadays it is common to develop workbooks 
on strengthening resilience, despite not really knowing what it is or how it is meant to support 
planning. In order to use resilience within planning, it needs to be translated from the natural 
to the societal world, where human intentions and interventions play a large part (ibid.). It can 
lead one to question whether resilience can be used in the social world as well as the natural 
world in the same way, as human action and development can rapidly change in terms of 
innovation and technology. Davoudi (2012) discuss this as a flaw within resilience theory, for 
example he states that the adaptive cycle has been criticised for being too deterministic, as 
human intervention can break the cycle. The outcomes of an adaptive cycle in a social context 
can thus only be seen as tendencies, targets or possibilities, rather than a prediction of the 
inevitable (ibid.). 
The way in which the WS system is governed and operated has direct implications on its 
resilience, both specific and general. Clarvis et al. (2014) suggest that it is becoming 
increasingly evident that the regulations and laws that are in place today are insufficient and 
inadequate to deal with climate change and the related issues affecting complex social-
ecological systems operating across several scales. This was also highlighted by several 
interviewees, arguing that while knowledge and ambition is present in operating and 
maintaining the WS system there is a lack of support from legislation. This needs to be 
updated to sustain the function of the WS system. According to the Resilience Alliance, 
“Characteristics of adaptive governance include experimentation; new policies for ecosystem 
management; novel approaches to cooperation and relationships within and among agencies 
and stakeholders; new ways to promote flexibility; and new institutional and organizational 
arrangements” (2010). One could argue that in order to increase the resilience of the 
Stockholm WS system, there needs to be increased cooperation and a better understanding of 
its function, operation and development, as well as a review of the laws and regulations under 
which it operates.  All involved actors can then work towards the same goal and avoid 
hindering each other whilst working towards a resilient and sustainable urban environment. 
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Walker and Salt argued that society often has more trouble in responding to slow changes than 
fast changes; fast changes are more noticeable, while slow changes happen so gradually that 
we fail to notice them (2006). However, while it is true that fast changes are more noticeable, 
one could also argue that the repercussions following them are very noticeable as well, hence 
our need to respond to them quickly. The statement by Walker and Salt is supported by one of 
the interviewees, who argued that we are often too concerned about what is happening right 
now. Therefore, it is important that the entire WS system, both infrastructural and institutional, 
considers short-, medium-, and long-term investments and developments. This ensures that the 
system can continue to operate smoothly and efficiently. 
When discussing actor involvement, efficient governance and reflecting over the question of 
resilience by whom, it is important to remember that press and pulse changes are of 
completely different character. They will thus require different actors to be involved, as well 
as different governance systems to be in place. 

Press disturbances can, as mentioned above, be planned for in advance. In terms of resilience, 
it is a matter of making the system adapt or transform along with the disturbances. Subject 2 
argued that “everything can be planned for”, and most interviewees were of the understanding 
that a long-term perspective in planning solves many issues. In solving press disturbances 
facing the WS system, a number of actors beyond Stockholm Water have to be involved. As 
also mentioned, it is important that both municipal planners and other municipal departments 
understand the importance of considering and planning for water services both in the existing 
urban environment, as well as in new development. This additionally requires all involved 
actors to be aware of potential future threats. National government authorities and institutions 
then need to enforce requirements by reviewing laws and regulations, ensuring they support 
further action and long-term sustainable solutions. 
Coping with pulse disturbances, however, requires different actors and different solutions. In 
terms of resilience, one could argue that pulse disturbances test the system’s ability to persist, 
as these come as sudden events leaving little room for the system to transform or adapt. 
Taking it to its extreme; if the system cannot persist against pulse disturbances, one could 
imagine that it will collapse. It is crucial that long-term planning, sustainable solutions and 
development has been implemented and advocated for in planning and building the city, 
creating a robust infrastructure that has the ability to persist pulse disturbances. One can 
however imagine that pulse disturbances are likely to create a crisis where the systems 
services are severely reduced, disrupted or put under pressure. Pulse disturbances in terms of 
sabotage constitute a security threat for which different actors need to be involved. Several 
interviewees had trouble imagining how to handle a situation where a pulse disturbance, such 
as an attack has occurred. They argued that it would be a matter for the government, the 
Swedish Contingency Agency and the Armed Forces to handle. 

No matter the disturbance, it has become clear in this study that there are many actors involved 
in creating, maintaining and sustaining a resilient WS system that could function to the same 
extent when facing challenges ahead. It is of great importance that the discussion of 
sustainability and climate adaptation is put into action, and that there is continuous risk 
analysis being carried out in order to investigate potential flaws in the system. It is also 
important that not only the infrastructural part of the WS system is considered, but also the 
institutional part, so that communication, organisation and responsibilities are clear and 
efficient. 
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6.2 Ideal Scenario 2100 
An ideal scenario is here presented, drawn from the findings of the interviews and analysis, 
where the reflections, worries and knowledge of the interviewees have been taken into 
account. 

Stockholm today is very different from what it was in the beginning of the 21st century. The city 
has witnessed and suffered many challenges. The consequences of climate change that were 
predicted in the early 2000’s have surely come true today, in year 2100. Over the last decades 
the average temperature has increased yearly and intense rains have become more and more 
common. The sea level has risen by roughly a meter, putting pressure on Mälaren and, 
together with heavy rains, increased flooding throughout the city. Heat waves are common, 
along with droughts. In addition to climate change, Stockholm has been subject to a major 
population increase over the last decades, where the City of Stockholm has been forced to 
develop more housing, and Stockholm Water now supplies water and sewage services to 3 
million people, which is twice as many as at the beginning of the century.  
The above challenges were difficult in themselves, but were also particularly troublesome 
when Sweden and Europe went through a decade of unstable economic development in the 
late 2070’s. Society suffered from a period of increased sabotage and attacks on infrastructure 
and societal functions, as a result of social anxiety connected to a global distress caused by 
the devastating consequences of climate change. This period put a lot of pressure on the 
government and forced the citizens to increase their awareness and preparedness in times of 
crisis. Through successful cooperation between citizens, authorities and local actors, Sweden 
managed to maintain relatively good services and social functions during this difficult time, 
and today there is a different and improved understanding of the required social and actor 
networks required for a resilient and sustainable society. 
Looking back, the infrastructural part of the WS system has handled these challenges well and 
managed to keep supplying services to its users throughout Stockholm. There are several 
reasons as to how this was possible. In the middle of the century, a lot of effort was put into 
climate adaptation of the city, performed by several sectors, actors and the region as a whole. 
It was also realised that in an institutional aspect, knowledge, information and resources 
worked best when shared, and regional cooperation was initiated on a much larger scale. 
Municipal borders are now less important and cooperation has increased across borders.  

Communication between all of the involved actors (municipalities, developers, contractors, 
authorities and service companies), which used to be an issue, was improved. This was the 
result of a single authority on a regional level being given a leading role to steer the work for 
climate adaptation and sustainable development. This increased coordination in systems on 
all scales, allowing for a greater understanding amongst the many sectors that operate and 
plan within the city. This has led to the division of responsibility that is in place today; 
Stockholm Water still has the main WS-responsibility, but municipal planners and developers 
are together responsible for incorporating storm water and dedicating space for Stockholm 
Water to develop infrastructure within their plans. 
After particularly heavy rain back in 2050, which flooded most of the underground transport 
system and caused both power cuts and massive damage throughout the city, pressure was put 
on government authorities to increase funding and raise the issue of planning for the WS 
system, where Stockholm Water was given more power and influence in decisions and plans.  
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By increasing awareness and spreading knowledge about the WS system and its functions, 
people are in general more understanding of the work that is necessary to carry out. As such, 
it was no problem for politicians to significantly raise the Stockholm Water WS-charge, 
allowing for major investments to be made. The system was extensively improved and 
enlarged to increase capacity; also enabling back-up systems in the event the main system is 
disrupted. Increased funds also allowed for continued work to protect Mälaren, and thanks to 
new technology it has also been possible to invest in additional treatment in the facilities to 
first remove salt water, caused by temporary intrusion from the Baltic Sea, and second to 
clean the water more thoroughly before releasing it, enabling a healthy environment, despite 
increased pressure. 

6.3 Critical Evaluation 
This chapter is intended to provide full transparency in the research project and study, offering 
critical reflections on the work process and the methods used, concluding by suggesting how 
further research could strengthen this study, in itself but also for the field as a whole. 
As stated above, the intention of this study was not to make a full resilience assessment as 
defined by the Resilience Alliance Workbook, but to use their framework to analyse the 
resilience in the socio-ecological system that is the Stockholm WS system. A full resilience 
assessment would have provided a more detailed and comprehensive overview of the system, 
enabling an investigation of its specified resilience, as well as its general resilience. 
Performing a full resilience assessment would also have contributed further to the resilience 
concept and theory, providing important input when using and developing the framework. 

It is also important to note that the selection of time frame may have had implications on the 
result of the study. As mentioned by several interviewees and in the discussion of 
uncertainties; it is impossible to imagine what the future will look like and account for all 
variables. As such, the very extended time frame that is posed in this study resulted in fairly 
general and non-specific reflections and solutions. A shorter time frame (for example 30 
years) may have resulted in a more accurate and detailed study and result. 

Further, the main method used for this study was semi-structured interviews, where 
interviewees from different parts of the WS-sector were interviewed for roughly an hour each. 
Initially, the idea and plan for the research project was to perform shorter interviews as a first 
stage, to be followed up in a workshop or in focus groups where the actors could be brought 
together to discuss the scenarios and solutions in more detail. A workshop would have 
provided a broader perspective and an interesting discussion. It would have, if planned in 
advance, enabled more steps of the Resilience Alliance workbook to be followed. It would 
also have highlighted the need for increased communications and co-operation between 
different actors regarding these issues. However, due to a lack of time and difficulties in 
finding workshop participants, the study was designed to allow for the interviews to provide 
information covering the three scenarios, with reflections given on each of them, as well as 
solutions. 

In the choice of interviewees, it would have been beneficial to include more planners, 
especially from other sectors, as most of the interviewees now come specifically from the WS-
sector. The reason why planners or other sectors were not more involved in the interview 
process was that their role in planning and developing the WS system was highlighted late in 
the process, and there were difficulties finding time for additional interview. Also, many 
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potential interviewees that were approached for an interview politely declined, arguing that it 
was more relevant to interview WS-representatives specifically.  

Ideally, it would have been interesting and beneficial for the study to have interviewed more 
planners from the City of Stockholm, as well as representatives from the Traffic department. 
This would have allowed a wider perspective and a deeper discussion regarding the division of 
responsibility in planning for the WS-system, and its relation to the built environment. It 
would also have been interesting to talk to the County Administrative Board and Stockholm 
County Council. This would have enabled a more regional perspective and overview, 
highlighting the importance of and possibilities for cooperation, possibly finding more specific 
solutions for efficiency and communication. Further, it would have been beneficial to have 
interviewed other authorities that are part of building the city, mainly the National Board of 
Housing and The Swedish Transport Administration, in order to get a wider perspective and 
understanding of conflicts and cooperation. Last, as the private sector was brought up during 
the interviews, it would have been interesting to highlight their view on storm water. 
Therefore, it would have been rewarding to interview private developers such as NCC, PEAB 
or SKANSKA, who are also part of developing and building the city. 
The above actors are, however, more concerned with press disturbances, as indicated in the 
interviews and analysis. To highlight the pulse disturbances in a better way, it would have 
been interesting to perform brief interviews with for example the Swedish Police and Swedish 
Armed Forces regarding only Scenario B. This could have revealed the importance of 
unexpected actors that are required for a resilient WS system. 

Admittedly, if interviews with the above stated actors would have been possible and carried 
out, the outcome of the study might have been different. The result and outcome of this study 
is relatively one-sided, where the WS sector is over represented. Including the actors above 
would have enabled a more comprehensive understanding and discussion of the difficulties in 
planning for the WS system; highlighted conflicts from several angles and possibly provided 
more diverse data. 

There are many concerns and issues nested in the WS system and this report could have easily 
been made a lot more extensive had time and resources allowed it. As mentioned, this study 
took on a rather theoretical and social approach, while attempts have been made in other 
reports to make resilience case studies that are more technical, namely the report published by 
Liu, Cheng and Nakato in 2011. A similar study, in addition to a full resilience assessment, 
would be very interesting to perform in the case of Stockholm’s WS system.  
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7 Conclusion 

The aim of this research study was to explore the long-term challenges that can have an impact 
on the Stockholm WS system, and to identify a sustainable and resilient way of handling 
potential disturbances by incorporating a wider perspective when planning for a continued 
water and sewage infrastructure of sufficient capacity and quality. The study asked what the 
current and potential future challenges for the WS system are, what would be required to 
enable a sustainable and resilient WS system with a long-term perspective, which actors are 
involved or need to be involved to provide Stockholm with a resilient and sustainable WS 
system, as well as what would be required for efficient governance? To conclude the study, 
this chapter now summarises a few conclusions and findings. 
The disturbances found and discussed in this study are neither comprehensive nor certain, and 
limited to population increase, economic instability, organisational change, social instability, 
and energy crises. These disturbances are of both press- and pulse character. While climate 
change has the potential to offer both press and pulse disturbances, it can mainly be considered 
as a press change as it can be predicted and planned for. Climate change disturbances, along 
with the press disturbance of a large population increase, were the most commonly discussed 
by the interviewees. They seemed to be disturbances that are considered relatively easy to 
handle and be resilient against by using traditional planning. However, disturbances of more 
pulse character, such as sabotage and attacks, were less considered, or there was at least a 
larger uncertainty amongst the interviewees on how these need to be handled to ensure that the 
WS system can maintain its function and services. 

No matter if the disturbance is of press- or pulse character, these challenges need to be 
accounted for in short-, medium-, and long-term planning. The way the city is further built and 
developed needs to be carefully considered and involve several actors, not only Stockholm 
Water. Planners within all sectors (e.g. housing, roads, transport, new development) need to be 
aware of how the WS system is intended to work, and work in line with well-developed 
strategies that have incorporated these challenges and taken on a more long-term perspective.  
Current strategies, planning processes and regulations need to be reviewed in order to ensure 
that water aspects are sufficiently considered and prioritised. As such, it would be beneficial to 
allow Stockholm Water into the planning agenda, discussion and process at a much earlier 
stage. The city is growing, the population is increasing and therefore, also the WS system 
needs space to grow. Land is becoming scarce, both above and below ground. 

Last, it was found that there is a lot of knowledge about future challenges and what needs to be 
done, but this is not put into action as quickly as it could and should be. There is an unclear 
division of responsibility and coordination, leading to less efficiency. The WS system is 
crucial for the further development of the city, and its users depend on it for survival. Water 
services are taken for granted by most, but it has extreme and severe consequences should the 
system fail. This study finds that for a more resilient WS system, there needs to be increased 
adaptive governance, where several actors are more flexible and work together to improve the 
WS system, led by a single authority that can ensure that work, laws, funding, regulation and 
cooperation occur in an efficient and long-term manner. 
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9 Appendix A 

Presented in this appendix are the initial questions that were posed to the interviewees. 
Additional clarification questions have not been recorded, as the interviews were rather 
informal and took the form of discussions rather than a strict questions and answers. 
 

Following a brief summary of each scenario, the following question were posed: 
 

• Under these circumstances, how would the WS system likely look and function? 

• How would the current WS system withstand under these circumstances? 

• How would these events affect the services that Stockholm Water supplies? 

• What other systems (e.g. social, political, ecosystems) would affect and be affected by 
the WS system, and in what way? 

• What would be required for the WS system to be able to uphold its function? 

• Which actors need to be involved and what would an ideal cooperation look like? 
 
Depending on the interviewee’s area of expertise, the scenarios were discussed to differing 
extents and follow up question varied depending on what each interviewee highlighted or 
focused on. 

 


