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”If urban stormwater (the city) is to be a collective resource in the urban area it has to 
be a publicly produced resource and needs to be publicly maintained and sustained”

(adapted from Healey 2002, p. 1789: 
the author has added the words ‘urban stormwater’). 
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Abstract 

In Sweden, there is growing receptivity to a change towards more sustainable storm-
water management practices using green infrastructure approaches. These approaches 
can have multiple benefits as enhance the quality of urban space including flood con-
trol and pollutant removal. However, the change towards non-piped systems is facing 
many challenges: the traditional use of piped systems; lack of public, political and or-
ganisational support, all of which hinder the integration of sustainable stormwater 
management into practice These challenges, amongst others, are discussed in this the-
sis aimed at understanding of how to accelerate the use of alternative stormwater sys-
tems. In Sweden, as in many other countries, the modest progress towards sustainable 
stormwater management requires an explanation as to how better to implement sus-
tainable stormwater management goals. The main research question concerns the po-
tential for influencing a shift from traditional management using pipes to one which 
adopts a more sustainable approach to stormwater management. The study has investi-
gated Swedish municipal officials’ experiences in stormwater management practice. 
The empirical material are based on two studies: an in-depth interview supplemented 
with an online questionnaire responded to by 227 from the 290 municipalities in Swe-
den. Increased knowledge about how to overcome change inertia has been developed 
by exploring aspects of urban stormwater management: the historical construction of 
the piped system; the urban stormwater planning process; the concept of sustainable 
development; a transition approach; receptivity and receptive contexts for action. The-
se linked studies and analyses are presented in five papers.  

The study has identified that goals and supportive processes are important conditions 
to encourage change within the contextual situation that professionals work in. Linked 
to these findings, a comprehensive framework with two complementary receptivity 
theories, focusing collectively on individual or organisational receptivity and receptive 
contexts for change (action), is proposed. The results show that the sustainable storm-
water development process in Sweden continues to emerge slowly and its continuing 
development depends on supporting municipal conditions. This study has shown that 
there is no ideal pathway towards change or any particularly strong signs of the main-
streaming of sustainable stormwater management practice in Sweden. Rather, a variety 
of alternatives are practiced in various municipalities where the change agenda is nei-
ther fixed nor clearly defined. Such flexibility may be useful in order to avoid ‘lock-in’ 
to fixed paradigms of practice as has happened in the past, when urban water systems 
were originally designed and constructed. A key result from this research is that 
change implies a constant balancing and rebalancing between committed professional 
perspectives and an ability to innovate to attain a goal that is expected to be more sus-
tainable. For a continuation of change processes towards more sustainable stormwater 
management systems, at a national and international scale, the contextual conditions 
from where a change has the potential to emerge have to be acknowledged and real-
ized. The best strategy to overcome inertia and support the professionals’ openness 
and action for change is to identify and create receptive contexts that create possibili-
ties from which sustainable stormwater management practices can emerge. 
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Sammanfattning

Det finns en öppenhet i Sverige för en förändring av dagvattenhantering i riktning mot 
hållbara system och användande av en grön infrastruktur. En grön infrastruktur har 
flera fördelar, som att hantera översvämningar och föroreningar samt ger ökade upple-
velser och kvalitéer i stadsmiljön med parker och grönområden. En förändring till en 
mer hållbar dagvattenhantering innebär att många olika utmaningar måste hanteras; det 
traditionella dagvattensystemet (med ledningar), brist på politiskt och organisatoriskt 
stöd och avsaknad av stöd från allmänheten. Alla dessa förhållanden hindrar integre-
ringen av en hållbar dagvattenhantering i stadsplanering och praktik. Dessa utmaning-
ar, bland många andra, diskuteras i denna avhandling med syftet att förstå hur man kan 
öka användningen av hållbara dagvattensystem. I Sverige, liksom i många andra län-
der, kräver de hittills blygsamma framstegen i förändringsprocessen mot hållbara sy-
stem en förklaring för bättre integrera en hållbar dagvattenhantering i praktiken. Den 
viktigaste forskningsfrågan handlar om att hitta vägar för att påverka förändringen från 
traditionell hantering (med ledningar) till en mer hållbar dagvattenhantering. Detta har 
uppnåtts genom studier av svenska kommuners erfarenheter av praktiken. Det empi-
riska materialet är baserat på två studier: en fördjupad intervjustudie som är komplette-
rad med en enkätstudie, vilken besvarades av 227 av totalt 290 kommuner i Sverige. 
En ökad kunskap om hur man kan övervinna förändringströgheten har utvecklats ge-
nom att utforska vissa aspekter av stadens dagvattenhantering. Exempel på detta är den 
historiska konstruktionen av traditionella dagvattensystem, dagvatten i stadsplanering, 
begreppet hållbar utveckling, en förändringsstrategi och kontexter som stödjer en för-
ändring. Dessa sammanhängande studier och analyser presenteras i fem artiklar.  

Föreliggande arbete har identifierat visioner och stödjande processer som viktiga för-
ändringsvillkor i de sammanhang där kommunala tjänstemän arbetar med stadens dag-
vatten. Baserat på resultaten föreslås ett övergripande ramverk med två komplette-
rande teorier om förändring med fokus på individuell/organisatorisk receptivitet och 
receptiva kontexter för förändring. Resultaten visar att utvecklingen mot en hållbar 
dagvattenhantering i Sverige går långsamt framåt och att utvecklingen kan påverkas av 
stödjande organisatoriska kontexter. Denna studie pekar på att det inte finns någon 
ideal väg mot förändring eller några särskilt starka tecken på någon förhärskande rikt-
ning för hållbar dagvattenpraktik i Sverige. Snarare praktiseras ett antal olika alternativ 
i olika kommuner, där målet för förändring varken är fast eller klart definierad. Sådan 
flexibilitet kan vara användbar för att undvika låsta paradigm som tidigare inträffade 
när urbana vattensystem ursprungligen utformades och konstruerades. Ett viktigt resul-
tat till följd av denna forskning är att förändring innebär en ständig balansgång och 
omfördelning mellan engagerade personers perspektiv och en förmåga att experimen-
tera för att uppnå ett mål som förväntas bli mer hållbart. För en fortsatt förändring mot 
förväntade hållbara dagvattensystem, både nationellt och internationellt, måste de kon-
textuella villkoren varifrån förändringsprocessen kan ta fart uppmärksammas. Den 
bästa strategin för att övervinna trögheten/motståndet och stödja de yrkesverksammas 
öppenhet för en förändrad praktik är att identifiera och skapa receptiva kontexter som 
ger möjligheter till att realisera en hållbar dagvattenhantering.
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1. Introduction 

Stormwater is defined as rainfall that runs off pervious and impervious surfaces such 
as rooftops and parking lots in urban areas. It is widely accepted that urban stormwater 
should be used as a resource in the urban environment (e.g. Stahre 2008; Brown and 
Farrelly 2009b; Ashley et al. 2011; de Graaf et al. 2011). A key theme is the im-
portance of the characteristics of stormwater to support, protect and maintain green 
and blue infrastructure - green spaces and water surfaces - in our growing cities, as 
required in times of floods and/or drought (Ashley et al. 2011). Design with green and 
blue structures for an attractive urban environment is a fundamental component of 
community welfare, liveability and enhanced access to amenities. ‘Natural’ systems 
(blue /green) are used in combination with engineered systems (grey) that collect, treat 
and reduce stormwater runoff. Green infrastructure is usually a set of interconnected 
natural and human-created elements such as forests, wetlands, green streets and parks, 
incorporated within the urban fabric (e.g. Ahern 2007). Sustainable urban stormwater 
management is frequently associated with green infrastructure in Europe and is de-
scribed using terms such as: SuDS, ‘sustainable drainage systems’; LID, ‘low impact 
design’ and WSUD, ‘Water Sensitive Urban Design’ (Ashley et al. 2011). This thesis 
uses the term alternative stormwater systems (or alternatives) synonymously with the 
use of sustainable stormwater management thus reflecting the published Swedish con-
cept (SWWA 2011). These preferred terms relate to mainly surface based or infiltra-
tion systems for stormwater, with the minimum use of combined sewers and/or sepa-
rate stormwater sewers discharging directly to receiving waters as these can cause pol-
lution (e.g. USEPA, 2012). 

Rapid urbanization and increasing densification are major driving forces for develop-
ing more sustainable urban stormwater management practices in order to avoid the 
negative effects of these factors (Marsalek and Chocat 2002). Further, sustainable 
drainage systems provide opportunities to meet the challenges of climate change (e.g. 
Chocat et al. 2007; Faram et al. 2010; White 2010). In cities all over the world, both 
increased and decreased rainfall challenge the traditional way stormwater is managed. 
Consequently, alarming reports of floods or drought affecting people’s health and liv-
ing environments, extensive damage to buildings and increased pollution in receiving 
waters are common themes in urban areas. The main reason is that the vegetated sur-
faces in the built environment decrease as cities expand and can no longer provide 
shading, evaporative cooling, and rainwater interception, storage and infiltration func-
tions (Gill et al. 2007). These processes can be addressed by developing and imple-
menting more sustainable stormwater practices using alternative stormwater systems. 
In realizing and making use of these opportunities, urban stormwater has to be man-
aged in a radically different way, moving away from traditional piped systems buried 
in the ground to alternative ways of organizing stormwater on the surface (e.g. Ellis 
1995; Harremoës 2002). The approach for a more sustainable management of storm-
water has the ability to effectively use the functionality of urban stormwater to help 
build more sustainable cities. However, the shift in stormwater management is still 
relatively modest, facing several barriers and much has been written about the need for 
change and how best to bring about those changes to the way in which stormwater is 
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managed (e.g. Harremoës 2002; Stahre 2003; Brown et al. 2006; Chocat et al. 2007; 
Hurley et al. 2008; Farrelly and Brown 2011; Rijke et al. 2012). In particular, the ques-
tion about whether or not resistance to change is a problem related to the professionals, 
the municipalities or if it is a governance problem is often addressed (e.g. van de 
Meene et al. 2010). Nevertheless, the change process towards more sustainable storm-
water management has started and is hard to stop; on a national scale, it has been on 
the move for decades (SOU 2007; Swedish National Board of Housing, Building and 
Planning 2010).

1.1 Main problems – focusing on opportunities for a new practice 

The problem of system inertia is identified by many researchers as a significant barrier 
to the transition to more urban sustainable water management practices (e.g. Rauch et 
al. 2005: Brown and Keath 2008). Despite advances in sustainable stormwater sys-
tems, it is not enough to shift away from the inertia of traditional urban water man-
agement within organisations. The problem is that capacity building often narrowly 
addresses inertia, such as developing professional resources and single regulatory 
measures, which results in slow and unstable changes. Even if several alternative 
stormwater systems are implemented, they often end as isolated examples without any 
greater impact or attention from others to follow these initiatives (Farrelly and Brown 
2011). The organisations’ values towards sustainably managing the urban water envi-
ronment are largely unnoticed (Brown and Keath 2008). According to Brown and 
Keath (2008), the process of capacity building should seek to change the administra-
tive system structure and culture in relation to sustainable water management. The 
complexity of actors and municipal departments involved in practical urban storm-
water management indicates that a change is far beyond a single professional realm of 
possibilities; progress demands a joint effort from municipal departments and stake-
holders sharing the same goal. Loucks (2000) highlighted the importance of a concert-
ed effort evident in the goal of sustainable water resources management: “I believe no 
single discipline, and certainly no single profession or interest group, has the wisdom 
to make these tradeoffs themselves.” According to Niemczynowicz (1999) a change 
towards sustainable stormwater management will influence the whole urban infrastruc-
ture and thus demands a concerted shift in attitudes amongst all important players. 

With system inertia as a point of departure, this thesis is explicitly concerned with how 
to best influence a change in traditional urban stormwater management in Swedish 
practice. The delimitation of focusing on Swedish conditions and municipal officials, 
especially water professionals, has been made in order to more closely explore poten-
tial factors influencing a shift towards a sustainable approach in urban stormwater 
management. One reason is that the municipalities have the mandate and opportunities 
to set the sustainable agenda for urban stormwater (Boverket 2010). Another reason is 
that many studies call for the need to form detailed programs, guidelines and interven-
tions required for developing a local sustainable urban water management capacity 
(e.g. Brown 2008), which so far has not been a fruitful way to increase the pace of 
change. A constraining factor in these calls is that the capacity for change often de-
pends on the individual or organisational openness for change within urban water 
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management. There is limited knowledge and understanding of the importance and 
relevance of contextual conditions influencing the change towards sustainable water 
management in practice (Van de Meene et al. 2011; Rijke et al. 2012). The challenge 
in the field of urban stormwater management is the need for an understanding of the 
importance of contexts for a change. Consequently, this thesis addresses inter alia the 
knowledge gap related to the supporting contextual conditions influencing change in 
stormwater management. 

1.2 Aim and research questions 

This thesis, for a doctoral degree in urban water systems, is based on the experiences 
of professionals working in Swedish municipalities’ in order to understand the con-
temporary conditions required for change and to find factors that influence the process 
of changing the current practice. The overall aim of the thesis is to contribute to the 
understanding of how to break with traditional stormwater management practices and 
overcome inertia in order to accelerate the use of alternative stormwater systems. The 
specific focus of this thesis has been to outline possibilities and find the conditions 
under which a new stormwater culture could have the potential to emerge. This has 
been done by examining and identifying the mixture of opportunities and barriers from 
Swedish professionals’ experiences in practice in order to promote a shift to sustaina-
ble urban stormwater management. 

In order to find pathways for more sustainable stormwater management three research 
questions have been addressed during the research process: 

How can the slow pace of change towards more sustainable stormwater man-
agement be understood? 
Why do some municipalities manage a transition towards more sustainable 
stormwater practices?
How can change to new ways of thinking and action happen in order to pro-
gress in the sustainable stormwater discourse? 

The research was initially based on understanding contemporary urban stormwater 
management in Swedish practice and how sustainable urban stormwater systems were 
managed, communicated and perceived from a professional perspective. These aspects 
were examined in an interview study with a group of municipal officials, water profes-
sionals. A historical review about the use and construction of conventional piped sys-
tems with a focus on urban stormwater provided a basic understanding regarding 
change conditions (Paper 1). Linked to the interview study, the planning process and 
the influence of the sustainable development concept on change were examined (Pa-
pers 2 – 3). The findings from the interview study were considered using a theoretical 
transition approach in the search for how to understand progress in the change process 
(Paper 4). The results from the interview study contributed to the further research and 
a questionnaire aimed at professionals (representing the water, planning and environ-
mental departments) was conducted in order to broadly understand the professionals’ 
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openness to change and understand the receptive contexts for action in sustainable 
stormwater management (Paper 5). 

1.3 Structure of the thesis 

This introductory chapter briefly outlines the research area and the thesis aim, together 
with the research questions. It is followed by a description of the landscape of sustain-
able development of stormwater management in Chapter 2, introducing the research 
field with established concepts and perspectives on challenges and opportunities for a 
change relevant for the work. Chapter 3 gives an overview of the theories applied in 
the research of this thesis. Chapter 4 describes the methodological approach and the 
research design used in the different studies. The results from these studies are pre-
sented in Chapter 5 and discussed in Chapter 6. Finally, in Chapter 7 the main conclu-
sions are presented and new questions regarding further studies outlined.

In this thesis, each paper is related to a specific research area while reflecting the other 
research areas, see Figure 1. 

Figure 1 The research areas in this thesis and how each paper relates to the different 
research areas. 

Planning
Sustainable 

development

Transition
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Paper 4

Paper 2 Paper 3
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2. The landscape of urban stormwater management 

The landscape of urban stormwater management is formed by important characteris-
tics, presented in articles and reports from research projects and studies giving shape to 
the context to the research presented here. This landscape, presented as a state of the 
art of the advances in results and theories, provides a deeper understanding of the 
problems, challenges and potential for achieving a new approach to management prac-
tices. This has been realized by sorting and isolating some areas of interest in this the-
sis grouped under four themes: sustainable development; stormwater in Swedish plan-
ning activities; stormwater management and opportunities and barriers. These perspec-
tives have all been of great benefit when understanding and analysing the empirical 
material. This chapter presents where sustainable stormwater management currently 
stands and why it is important for a closer examination of the conditions needed for an 
accelerated change process. 

2.1 Sustainable development 

The Brundtland Report (WCED 1987) set out an agenda for sustainability which is the 
most well-known definition. A sustainable development is defined as 
“…..development that meets the needs of the present without compromising the ability 
of future generations to meet their own needs” (p.43). Linked to stormwater manage-
ment, many researchers have suggested that the key to sustainability is environmental-
ly sound water management (e.g. Smith et al. 1993; Niemczynowicz 1994): in other 
words, making the best use of water resources to meet human demands without de-
stroying their sustaining base. Another similar definition was suggested by Loucks 
(2000): “sustainable water resources management is a concept that emphasizes the 
need to consider the long-term future as well as the present.” Loucks (2000) straight-
forwardly described the usefulness of the sustainability concept, which has often been 
criticized for incorporating a variety of interpretations, with: “we do not know what 
future generations of individuals or societies will want or value. Nevertheless, we still 
need to consider what we think they will be as we develop plans, designs, and policies 
for managing our water resources. If successful, these plans, designs, and policies 
should help us satisfy not only our immediate demands and desires, but those of future 
generations as well.” Loucks’ interpretation of the concept highlights that we cannot 
know about the future but what we can surely influence is a distinct method of under-
standing the concept that underlies this thesis; it also reflects many Swedish munici-
palities’ ambitions to implement sustainable design in practice which is described be-
low.

2.2 Stormwater in Swedish planning activities 

In Sweden, the municipalities are responsible for urban planning. The organisation of 
the various municipal departments differs between each municipality (SKL 2012). In 
general, the urban planning department deals with building permission, land develop-
ment and comprehensive and detailed planning. The planner constitutes the main link 
facilitating interaction between the planning process and the many actors involved 
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(e.g. Palme 2010). Other departments of particular relevance to stormwater manage-
ment include environment, public health and technical services. The latter includes 
divisions dealing with water and sewage, streets and traffic, waste and the parks and 
nature division. The Act on Public Water Services, APWS, gives the municipalities 
responsibility to provide the public with water and sanitation services in urban areas 
and the water divisions of each of the municipalities are the means by which this is 
delivered.

The planning activities are governed by the Planning and Building Act (PBA). The 
PBA aims to promote development and a sustainable living environment for present 
and future generations (SFS 2012). The PBA is the principal legislation for strategic 
planning of water resources and for the establishment of rules and guidelines for 
stormwater management. The PBA provides the opportunity to utilise non-piped solu-
tions, to clarify claims and resolve conflicts between different water resource interests 
(Boverket 2004). The municipality has the opportunity, but not the obligation, to adopt 
a definite position on how stormwater is managed; however, this position may not 
necessarily include non-piped solutions. 

According to the PBA, all municipalities should have a current comprehensive plan. 
These plans are not legally binding but provide the strategic foundation for developing 
detailed plans. By contrast, the detailed plans are binding and drawn up for the use of 
land and water areas or to regulate the design of the built environment (Boverket 
2010). The planning usually follows a consistent process divided into various planning 
stages: program; consultation; plan proposal; exhibition and adoption. When the objec-
tives in the program are prepared and the plan is to be drawn up, there is consultation 
with authorities, organisations, residents and companies who have a substantial interest 
in the proposal. Finally, after having been publicly displayed and any appeals consid-
ered, the plan is adopted by the Municipal Assembly and the construction process can 
start. The process varies between municipalities depending on how the constituent de-
partments are organised and how the officials act. As a consequence, the varying pro-
cesses provide the water professionals, engaged in planning, a range of conditions and 
opportunities to influence the way in which the planning process deals with storm-
water issues. 

The EU water framework directive (WFD), adopted into Swedish law in 2004, influ-
ences the conditions for the planning of land-use in Sweden (Boverket 2011). The 
WFD specifies that surface water, groundwater, rivers, lakes and coastal waters in the 
EU should be protected to jointly contribute to improvements of the water status in 
Europe. In Sweden, the Swedish agency for Marine and Water management is respon-
sible for compliance with the EU directive. Five water districts coordinate the work 
under the directive to preserve and improve the water quality within each water dis-
trict. They are responsible for the development of action programs and environmental 
quality standards to promote the WFD goals to be achieved (Boverket 2011). These 
programs, together with environmental quality standards, are implemented in the na-
tional Environmental Code governing how the municipalities, the county administra-
tive boards and other authorities work to achieve water quality standards. In urban 
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planning, the environmental quality standards for water can influence stormwater 
management regarding when and how much treatment is required. 

2.3 Stormwater management 

The urban stormwater literature is full of descriptions of the negative impacts of the 
conventional pipe-bound techniques; stormwater runoff control is viewed as one of the 
most significant urban water issues (e.g. Smith et al. 1993). The traditional techniques 
are associated to the water systems’ lack of ability to meet the requirements of modern 
ways of life. A piped stormwater system has been fundamentally linked to the popular 
notion of an ideal city for more than one hundred years. The world has changed and 
consequently, the use of piped drainage systems is increasingly being questioned glob-
ally as being unsustainable (e.g. Chocat et al. 2007, Faram et al. 2010). The place of 
water management within cities has become more important recently with the increas-
ing incidences of flooding in long established urban areas, often due to a decrease in 
the natural recharge capacity of land. These are likely to increase in the future in terms 
of both frequency of occurrence and impacts due to climate change and urban growth 
(White 2010).

As the global population becomes more urban, there will be an increase in the adverse 
effects of impermeable surfaces on water quality and volumes of stormwater (Mar-
salek and Chocat 2002). Increasing urbanization and densification creates a number of 
problems: issues with an aging water infrastructure; environmental impacts from 
stormwater such as flooding and erosion; pollution to streams, rivers and lakes; over-
heated cities and biological damage. Moreover, the construction of piped drainage sys-
tems requires a significant use of energy, carbon emissions and in use, often continu-
ous pumping requiring the use of energy (Butler and Davis 2011). These problems 
affect people’s living environments and have ecological impacts. Viewed from a sus-
tainability perspective, the number of problems affect ‘the ability of future generations 
to meet their needs and aspirations’ (WCED 1987). How we organise our cities thus 
becomes crucial for future stormwater management which emphasises the importance 
of including urban drainage appropriately in the planning process (e.g. Stahre 2008; 
Butler and Davis 2011; van Herk et al. 2011). The water management literature shows 
a consensus that stormwater should be considered an important element in multifunc-
tional land-use in cities and more effort is required to utilise stormwater more effec-
tively to help cope with an uncertain future (e.g. Stahre 2008; Ashley et al. 2011 

2.3.1 Sustainable stormwater management practice 

In the USA, stormwater management is now seen as synonymous with ‘green infra-
structure’ (e.g. USEPA 2008; Ashley et al. 2011). Stormwater drainage is no longer 
considered to be ‘out-of-sight, out-of-mind’ (NAO 2004) and buried. It is increasingly 
being managed on the surface (e.g. Melbourne Water 2005) where there is greater ca-
pacity to cope with increasing flows and also where there are opportunities to utilise 
the inherent value of surface water. The shift emphasises the importance of available 
urban surfaces and planning for alternatives such as infiltration areas, green spaces (of 
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all sizes), ponds etc., which means that the planning and urban design processes are 
central to the definition of appropriate land uses (e.g. Digman et al. 2011; SWWA 
2011).

In Sweden, despite the modest progress towards sustainable stormwater management, 
it is common that municipalities undertake stormwater projects and use wetlands, 
ponds and natural infiltration (SWWA 2012). Some municipalities, who have a focus 
on environmental issues and ecocyclic thinking, have implemented stormwater infiltra-
tion in eco-villages and housing-area exhibitions. Hammarby sjöstad, located in 
Stockholm, is an example of a housing-area exhibition still under construction 
(planned construction time, 1990 – 2017) (Hammarby Sjöstad 2012) where the ambi-
tion is to implement sustainable design. The conventional system of underground pipes 
has here been replaced by a stormwater drainage system designed as open channels 
along the streets, collecting water from rooftops and paved areas. Precipitation is infil-
trated, collected and released to enrich the environment. Another example of a Swe-
dish municipality where urban planning takes account of stormwater in an innovative 
way is the town of Växjö, which in conjunction with renovations, has worked for some 
time on addressing the issue of stormwater by making it a public multi-purpose attrac-
tion in the city while improving water quality in surrounding lakes (Växjö 2012). A 
street with four lanes has, for example, been bisected by a grass-covered channel 
(depth 0.8 m) situated in the middle of carriageway. A sunken park of about 1.5 ha has 
been planted near the centre of Växjö to strengthen the stormwater drainage system of 
the city. The park is normally used for football, boules and other leisure activities; 
however, in heavy rain, the park becomes a flood reservoir with water ‘mirrored’. The-
se initiatives are related to green infrastructure approaches which indicate an aware-
ness of available options and a willingness to address more sustainable stormwater 
practices.

2.3.2 Future stormwater management 

A water-sensitive urban design (WSUD) philosophy implies a change approach from 
the traditional pipe-bound solution towards sustainable urban water management and 
design (Wong 2001; Brown and Farrelly 2009a). According to Wong and Eadie 
(2000), WSUD is a sustainable stormwater management approach where urban plan-
ning and design of the built form are important features. 

The WSUD concept is particularly valuable when studying the development of storm-
water management in Sweden. In Australia, where the original concept of WSUD was 
developed (Wong 2007), stormwater is both an environmental threat and a water sup-
ply opportunity (looking at cities as water supply catchments), while in Sweden, 
stormwater is primarily a design problem and a hidden environmental problem (e.g. 
Boverket 2004; Söderholm 2007; Stahre 2008). Although the conditions between 
Sweden and Australia differ, there are similarities in the development of sustainable 
stormwater practices and in the explanations of difficulties in implementation. A main 
difference is that in Australia, WSUD was an attempt to break the dependency of ur-
ban environments on large water service infrastructure that was not integrated such 
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that all water was managed as a resource (Wong 2007). Sweden focused initially just 
on urban stormwater as a resource that had to be managed separately from the main 
water infrastructure that dealt with water supply and wastewater disposal. 

As in Sweden, an Australian perspective indicates that piped systems have long kept 
stormwater invisible and a subject “out of mind”. Figure 2 illustrates the development of 
WSUD in Australia since the 1960s, when the main focus was initially on the quantity 
for flood prevention (Roy et al. 2008). In the 1950s in Sweden, beyond quantity issues, 
stormwater quality attracted attention that developed the view of urban stormwater man-
agement. Gunnar Åkerlindh, first engineer of the Swedish Civil Engineering Board, es-
tablished that stormwater was heavily polluted, especially at the beginning of rainfall 
and further that this water should not be discharged untreated into the receiving water-
courses (Åkerlindh 1950). The result called for additional studies. Over the 1970s, the 
importance of pollution control grew in Swedish society, largely due to stricter envi-
ronmental regulation and, of course, also due to the ever increasing contamination of 
rivers and lakes caused in part by increased urbanization. Thus, the stormwater quality 
from roads and city districts was examined and this revealed biological effects caused by 
oil, fat and heavy metals discharges (e.g. Malmquist and Svensson 1974). In Australia, 
the WSUD approach did not gain favour in the early 1990s and it was only in the mid to 
late 1990s that the stormwater management aspect (see next paragraph) of the WSUD 
framework was integrated (in the eastern states of Australia) in response to a wider in-
ternational acknowledgement of the impacts of urban stormwater quality on the ecologi-
cal health of urban waterways (Wong and Eadie 2000). 

In the 1970s, the Swedish development of stormwater managment was similar to the 
level of change in attitudes regarding stormwater management between 1980 and the 
1990s in Australia. A new approach of managing stormwater as a valuable resource in 
the urban environment emerged. Focus was on infiltration of urban rainfall by designing 
less impervious areas and a new strategy, ‘local solutions’ (LOD), was developed 
(Bucht et al. 1977). The perspective was that stormwater had to be integrated early in 
urban planning activities. It was a time of creativity and many alternatives were tested 
with varying results. Unfortunately, the strategy quickly gained a bad reputation as im-
plemented alternatives tended to fail for several reasons, including lack of insights of the 
impact on alternatives from heavy rainfall resulting in floods (SWWA 2011). However, 
the concept of LOD is still used in stormwater planning activities in Sweden. 

A similar development to that described above was appearing in other parts of the 
world in the early 1970s, in response to the growing concern over the quality of the 
environment (Smith et al. 1993). A new strategy, termed ‘stormwater management’ for 
urban drainage, evolved which is now widely used. At present, integrated urban water 
management (IUWM) is seen as a means to improve water management (e.g. USEPA 
2010). The approach promotes the increased status of stormwater (Rauch et al. 2005; 
Chocat et al. 2007). It concerns the planning, analysis, collection, storage and con-
trolled discharge of stormwater. The aim is to identify and minimise the environmental 
impacts of urbanization whilst still providing safety and convenience in land develop-
ment.
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Figure 2 The introduction of WSUD in Australia; from Whelans and others (1994) 
as shown in Roy et al. (2008). 

Another similar observation is that in Australia throughout the 1990s, it was the ad-
ministrative States and the Territories that took the initiative in the area of stormwater 
quality management, not relying on National Government leadership (Roy et al. 2008). 
The first major national attempt to provide guidance on stormwater management came 
in 2000 but, at this stage, most states had developed their own policies. Similar initia-
tives have been common in Sweden where some Swedish municipalities have devel-
oped their own policies regarding changing stormwater management with a focus on 
environmental issues. For example, stormwater strategies or established environmental 
municipal viewpoints are intended to more carefully consider stormwater in the plan-
ning process and facilitate the implementation of alternatives (e.g. Malmö 2012).

Regardless of country, there have been similarities throughout the stormwater devel-
opment phases, although a ‘Re-use’ phase (present in Australia since around 2000, 
Figure 2) has not attained any particular significance in Swedish stormwater practice. 
In view of the situation in Australia, water is not really a problem in Sweden as it is a 
country rich in water resources. As noted above, WSUD was developed in Australia 
and there are similarities between the development of the sustainable stormwater dis-
course in Australia and Sweden. However, in the USA for instance, they are more fo-
cused on quality aspects, discharges of environmental pollutants into the watercourses 
and regulating quality standards for surface waters in accordance with the regulations 
in the Clean Water Act, CWA of 1972 (Ashley et al. 2007). 
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2.3.3 The sustainable stormwater development discourse 

The concept of sustainable development (SD) is a strong discourse in the Swedish 
planning process and many Swedish municipalities’ are developing their own visions 
of a desired future society (Nilsson 2007). The concept is an important issue and re-
quires greater (more committed) focus on the sustainable development of urban 
stormwater management. However, it is not easy to agree on the meaning of the word 
‘sustainable’ when it comes to the practice, although there remain uncertainties as to 
whether or not the present form of water management is sustainable or not (Larsen and 
Gujer 1997). Formas (2007), the Swedish research council for environment, agricul-
tural sciences and spatial planning, claimed that SD is a concept with a wide scope. It 
is a vague concept which only gives meaning in the specific local situation of the 
stakeholders concerned i.e. within a particular context. 

The weakness of the concept in some way opens it up for different approaches as to 
how to attain sustainable stormwater management in practice. Although impossible to 
define precisely, the concept has advantages and can be seen as a guide to a dynamic 
change process, not as a future goal or static condition (e.g. Bagheri and Hjorth 2007; 
Kemp and Martens 2007; Molle 2008). Common dimensions of SD are often defined 
as social, environmental and economic sustainability (e.g. Smith et al. 1993; Kates et 
al. 2005; Chocat et al. 2007; Kain et al. 2007; Milman and Short 2008). Progress is not 
necessarily made in terms of a number of ‘dimensions’ (Kemp and Martens 2007) and 
aspects of sustainability often tend to fail when used as a fixed strategy for reaching 
alternative goals (Bagheri and Hjorth 2007). Sustainable development indicators, for 
instance, assessing energy consumption for nitrogen removal or costs for drinking wa-
ter, are practical tools used in the attempt to assess sustainable water management 
(Palme and Tillman 2008, 2009). The indicators used in water management often try 
to capture the information relevant to environmental, social, financial and technical 
sustainability. However, key actors (such as water professionals) in the urban water 
sector have different views of sustainable development and the usability of indicators 
in the urban water system to support it. According to Palme and Tillman (2008), the 
problem is that indicators do not really affect sustainable development as they are 
mostly applied to reporting to authorities and not in planning and decision-making. 
Kemp and Martens (2007) pointed out that, rather than a number of dimensions, sus-
tainability is about achieving a positive process of social change: “sustainable devel-
opment derives from consensus on what we consider to be unsustainable and what 
constitutes progress, perspectives that will differ across nations and localities”. Simi-
larly, Bagheri and Hjorth (2007) discussed whether planning for sustainable develop-
ment should be process-based rather than fixed-goal oriented, viewed as a moving tar-
get constantly evolving as we understand more about our socio-environmental sys-
tems. The process of constant learning regarding the experiences gained from imple-
mented alternatives is evident in the city of Malmö, where the view on sustainable ur-
ban drainage gradually changed during 1989 – 2008, from local ponds and wetlands to 
the current multi-functional regional eco-corridors (Stahre 2008). 
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For many researchers, the concept of sustainable development is a question of the ac-
tors’ own understanding and depends on the context (e.g. Hillier 2007, Palme and 
Tillman 2008, Wong and Sharp 2009). According to Kemp and Martens (2007), the 
concept of SD provides an open definition that helps actors (such as water profession-
als) to identify sustainable ideas in programs and actions that benefit their concerns. In 
line with this, Hillier (2007) wrote that in urban planning activities, there are various, 
often conflicting, interpretations that are shaped by an individual’s subjective values, 
institutional arrangements and structural conditions where power is explicit. In other 
words, different professional groups use different discourses which express their per-
spectives and there are power relationships within different discourses. According to 
Hillier (2007, 2010), sustainability is a political discourse reinforced by a fantasy 
(meaning everything and potentially nothing) which appears convincing but in reality 
embodies ‘empty signifiers’, or a style of thinking in organisations which involve re-
negotiations for practitioners to strive to map the unknown. Sustainable development 
and other strong discourses such as diversity, attractive towns, the public good, smart 
growth and even urban planning itself are commonly found in planning practice. How-
ever, these summarize complex and diverse arguments and discourses under one 
grouping into apparently concise meanings. Yet these representations are necessary for 
the stability of planning practice; they structure our ideas of what is and what should 
be ‘out there’.

Likewise, Molle (2008) discussed how influential ‘nirvana’ concepts in policy making, 
such as the concept of SD, populate the water sector. The SD concept is integrated in 
the discourses and strategies that shape policy and decision-making in water manage-
ment which in turn is integrated into the actors’ own discourses and strategies. Nirvana 
concepts are ideal images, offering a common ground of what individuals and societies 
should strive to reach. But, just as with ‘nirvana’ itself, the chances of achieving the 
goals are low. By its very nature, the concepts such as sustainable development are 
attractive yet ‘woolly’ consensual concepts. However, like the IWRM concept (inte-
grated water resources management), the process dimension of the SD concept makes 
it an important concept in policy making. According to Molle (2008) among others, 
the perspective is that the IWRM concept “is a moving target since new problems 
emerge and evolve over time, which requires considerable flexibility and regular atten-
tion to these changes; in addition – just as with nirvana – the objective is always just 
beyond reach and the crux of the matter is to keep inching toward and gradually ap-
proaching it”. 

2.4. Opportunities and barriers 

There are many obstacles to the adoption of WSUD in order to overcome inertia (e.g. 
Wong 2007; Brown 2008; Roy et al. 2008). Regardless of the tools available and prac-
tices for sustainable stormwater management, the transition from conventional storm-
water management to a broad WSUD implementation has been slow (Wong 2007; 
Brown and Farrelly 2009a; Roy et al. 2008; Smith et al. 2008). Urban water manage-
ment is still fragmented, relying on traditional, technical management approaches. 
Many researchers have tried to explain the resistance to a shift to more sustainable ur-
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ban water management (SUWM) practices. Various impeding factors have been iden-
tified but the major impediments are often related to social and institutional barriers 
rather than technological (institutional, in this case, referring mainly to the Swedish 
municipalities which represent a local authority). According to Brown and Farrelly 
(2009a), these social and institutional barriers are difficult to overcome because they 
are systemic and embedded within organisational cultures, practices and processes. 
The persistent structures of socio-institutional barriers in the design of alternative sys-
tems inhibit and limit a shift in practice and empirical studies of the ability to change 
stormwater management have been undertaken widely. Roy et al. (2008) identified 
several major obstacles to implementation by comparing the experiences of barriers to 
sustainable systems from the United States (US) and Australia. In both these countries, 
there were uncertainties in performance and cost, a lack of engineering standards and 
guidelines, fragmented responsibilities, lack of institutional capacity, lack of legisla-
tive mandate, lack of funding and effective market incentives and resistance to change. 

In a literature review, Brown and Farrelly (2009b) observed and studied institutional 
barriers (reflecting old customs and structures) for a better understanding of why im-
plementation failed. They identified 12 different interdependent barrier types, such as 
uncoordinated institutional framework, limited community engagement and organisa-
tional resistance to change, lack of political will, technocratic path dependencies, poor 
organisational and unclear fragmented roles and responsibility. In order to clarify the 
social and institutional barriers identified above, an on-line questionnaire was carried 
out by using the receptivity framework of Jeffery and Seaton (2003/2004) addressing 
water professionals in Australia (Brown and Farrelly 2009a). The results showed that 
the professionals were aware of, and highly familiar with, the need to implement 
stormwater treatment technologies (treatment wetlands, ponds, infiltration systems, 
porous pavements, swales, rain gardens etc.) to protect the health of the watercourses 
receiving the stormwater but also considered themselves constrained by a number of 
institutional barriers. The barriers were related to management arrangements and re-
sponsibilities, regulation and approval processes, capital and maintenance costs. The 
drivers for increased adoption of WSUD were perceived as community perceptions, 
environmental and public health outcomes and social amenity. One way to break down 
existing barriers against such a holistic approach is by delivering multi-disciplinary 
demonstration projects (Niemczynowicz 1994; Brown and Farrelly 2009a). This can 
help introduce a new way of thinking and change traditional approaches. However, 
this approach tends to fail due to these barriers and there is no greater influence on 
increasing innovative practice or on others to follow the initiatives.

In the search for explanations and solutions for how to overcome the slow pace of 
change in sustainable stormwater management, there has been particular interest in 
understanding receptivity for a change in practice. In order to implement the change 
agenda regarding sustainable stormwater management, many studies have focused on 
the individual or organisational openness to accept and adopt change strategies (e.g. 
Brown and Farrelly 2009a; de Graaf et al. 2009; van Herk et al. 2011). In recent years, 
socio-technical transitions have become an area of study for understanding and influ-
encing transitions to more sustainable urban stormwater systems (e.g. Ward 2010; de 
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Haan et al. 2011). The transition approach provides an opportunity to gain useful in-
sights into the need to consider when to enable a transition to sustainable urban water 
management (Brown and Keath 2008). 

2.4.1 Power relationships

The strong link between stormwater, urban planning and design presupposes that 
change requires cooperation and commitment of all those involved with the regulation, 
planning, design and development of urban areas (Wong and Eadie 2000; Wong 
2010). A transition to more sustainable urban water management (SUWM) requires an 
adaptive, participatory and integrated approach. According to Wong and Eadie (2000), 
there is a need to address the challenge of greater collaboration by respective profes-
sions involved in the urban planning and design process that professionals are facing. 
It is essential to break traditional attitudes that historically have restricted or prevented 
multi-disciplinary collaboration. The attitude that “stormwater management should be 
left to engineers, or wetland design should be left to landscape architects” is irrelevant 
in the current management paradigm (Wong and Eadie 2000). 

Communication between diverse traditions and practices in urban planning is one of 
the challenges which includes an integration of different sector expert knowledge (e.g. 
Stahre and Geldof 2003; Malbert 2007). Urban space is limited and design for any 
type of system other than piped drainage has to be coordinated with other interests, 
such as quality of urban space, public access etc. (e.g. Stahre 2008; Palme 2010; Potter 
et al. 2011). The contradiction between design criteria for the management of urban 
drainage and design criteria for aesthetic, recreational and public access and other ben-
efits (Stahre 2008) frequently leads to dichotomies and tensions resulting in conflicts 
between the proponents of different aspects of sustainability (Hillier 2007). Gullstrand 
et al. (2003) investigated how water resources were considered in the planning process 
and discussed that the conflicts regarding different interests in water management were 
either rare or controversial and therefore not mentioned in the final plan that emerged. 
According to Hillier (2007), there are always power inequalities when participating in 
the planning process. The problem is that urban development plans do not show the 
previous uncertainties, conflicts and disagreements in the planning process. These in-
ternal factors should be shown in a plan in order to form “a frame of reference of ne-
gotiations”. Similarly, Brugnach et al. (2006) identified how the understanding by dif-
ferent actors of a problem represented different, often conflicting, frames viewed as 
multiple knowledge frames. In socio-technical-environmental systems (such as the 
stormwater system), these knowledge frames could be used to reframe the problem in 
negotiations and in dialogue into new perspectives and understandings of the problem. 
Power is a useful concept in social scientific explanations, it indicates “whom to influ-
ence, whom to appeal to and whom to avoid, in seeking to achieve or end” (Lukes 
2000). According to Hillier (2007), when participating in the planning process and 
contending with a multiplicity of different desires and needs, discourses and practices, 
it is important to make the conflicts visible and recognise each player as a legitimate 
opponent. 
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2.4.2 Inertia in the engineering culture 
A recurring theme in the literature concerning how to overcome inertia and break with 
the conventional piped system for sustainable stormwater management is the need to 
adopt a more positive attitude towards new ideas (e.g. Smith et al. 1993; Wong and 
Eadie 2000; Faram et al. 2010). A new attitude towards managing stormwater as a re-
source should: “accept the complexity of urban water problems and utilize a range of 
water resource approaches available for their resolution” (Smith et al. 1993). Accord-
ing to Laws and Loeber (2011), the engineers are one of the ‘focal actors’ in networks 
of organisations and interests involved in designing and implementing water projects. 
As focal actors, engineering professionals have a key role in effectively influencing 
the planning process to accelerate the take-up of sustainable stormwater practices. 
However, the engineer culture is often referred to as the key barrier in the problems of 
implementing sustainable approaches into practice (e.g. Harremoës 2002; Brown et al. 
2006; Roy et al. 2008). More extensively are “the key impediments located within the 
technocratic culture and structure of the system which includes the institutions, organi-
sations and professions that currently support urban water management” (Brown et al. 
2006). There is an implicit expectation in the technocratic culture, institutions, organi-
sations and professions involved with urban water management, that a technical solu-
tion will solve water management problems (Brown et al. 2006; Donnelly and Boyle 
2006). Harremoës (2003) explained this as engineers having difficulties in acknowl-
edging that ignorance is important to accept in the increasingly complex decision-
making in an uncertain world. The context of the engineer’s daily work includes con-
siderations about sustainability and environmental impact which create indeterminacy 
and uncertainty in decision-making. Harremoës (2003) amongst others, suggested that 
the way forward was to find a balance and involve all actors’ values in the process of 
assessing and choosing policies.

In the sustainable stormwater development process, the literature highlights the im-
portance of flexibility and adoption of a cross-disciplinary ability (to expand the 
boundaries of professional roles) in order to be able to deliver sustainable systems (e.g. 
Brown et al. 2006). It is also necessary to create a culture of experimentation and 
learning within stormwater projects (Harremoës 2003; Farrelly and Brown 2011). Im-
plicit in this is the achieving of a holistic approach in which the water professionals 
need to change their beliefs and rooted traditions of how to construct a stormwater sys-
tem and integrate their views with other professionals’ views. For Hurley et al. (2008), 
the boundary issues were an answer to the insufficient integration of different perspec-
tives from the actors involved in sustainability and complex water problems. There is a 
lack of knowledge-sharing between different professions in practice and therefore con-
siderations are about already tested practices. Further, the decision-makers (i.e. local 
politicians) fail to address the reality of the problem for those affected by the outcome 
of the decision (the people living in the urban environment). 
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2.4.3 A technique-bound mentality 

Given the references above that suggest that engineer culture can cause deep con-
straints to a change in practice, a wider perspective given from studies may reveal 
some clues about how and why the culture is resistance towards a changed practice. In 
general, the water management literature does not provide a deeper understanding of 
this. However, there are exceptions: Harremoës (2002) discussed how the traditional 
performance within the established water system is inherited from past generations. 
Palmer (2000) explained the resistance in the engineer culture in terms of how values 
are determined by specific groups within the organisation and act as gatekeepers, mak-
ing it difficult for new ideas or values to enter when these do not match the views of 
key people. Palmer (2000) and Harremoës (2002) both touch on the implications of the 
engineer ideal which was constructed during the industrial revolution, an ideal which 
still seems to be valid (Berner 1999). The ideal is characterised by thinking that priori-
tises theoretical analysis and quantitative test methods for objective and comparable 
results.
During industrial development, the engineer had a key position as the change hero 
(e.g. Berner 1996; Mellström 1999). Historically, the construction of the water system 
called for a common cause, which was initially demanded of those with power (Hall-
ström 2002). The values and interests of different actor networks affected the water 
system development and the development monopoly was allotted to the engineer. The 
civil engineer has a common background in leading positions in large Swedish compa-
nies (Berner 1996, 1999) - and in municipalities where they have the opportunity to 
influence the stormwater change process. Technique is central for the engineer and to 
be technically competent means to be confirmed as a ‘real engineer’ (Mellström 2003). 
The traditional perspective is the stereotypical engineer who is doing the “real (hard) 
technique”. The opposite is “soft technique”, for example, mobile phones and washing 
machines. According to Mellström (2003), ‘hard technique’ is usually valued as the 
most important for society, for example fabrics, space rockets and weapon systems. 
Following this line of argument, techniques become social-constructs where the engi-
neer and technique are strongly interconnected with each other (Mellström 2003). 
The ideal of an engineer with a civil function was borrowed from the military schools 
that had earlier educated the government’s engineers (Berner 1996, 1999, Mellström 
2003, Salminen- Karlsson 2003). According to Berner (1999), in the early 20th centu-
ry, the educational environment constructed a technical expert, a certain kind of pro-
fession which was a product of that period’s demand for competence. The expectations 
of the engineer were focused on a career-minded, rational and technical problem-
solving personality. In line with this Donnelly and Boyle (2006) discussed that the tra-
ditional role of the engineer as a problem solver is still maintained to a large extent. 
When addressing sustainability, it is necessary to frame the problem in a broader sense 
and the engineering perspective traditionally frames problems narrowly and tends to 
focus on site-specific solutions. The availability of existing water systems and the 
well-established practices for engineering design in water resource management often 
lead to the conclusion that the problem can probably best be solved with pipes and as-
sociated infrastructure. In that sense, the risk is that sustainability only becomes a sus-
tainability issue for the existing water system. Donnelly and Boyle (2006) emphasised 
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that engineers must shift from being problem solvers to become ‘problem framers’ if 
their responsibility should embrace sustainable development. They must become 
“leaders rather than technical advisors and adopting new ways of thinking, working 
and understanding sustainability and its implications”. 
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3. Theoretical perspectives 

In the previous chapter, the landscape of urban stormwater management was described 
from four perspectives to provide a base for this thesis. The landscape, presented in 
terms of the advances in results and theories relevant from the different studies, point-
ed out the complexity of the problem and how varying factors and concepts are linked 
to the change process. This chapter presents a brief overview of the key theoretical 
perspectives and methods and models used in the analysis and interpretation of the 
empirical material. 

3.1 Underlying theoretical perspectives 

An underlying perspective when interpreting the theoretical and empirical material is 
that reality is socially constructed (Burr 1995). According to Burr (1995), social con-
structionism makes us observe our assumptions of how the world is seen. Human be-
ings construct knowledge between each other through their daily interaction. In this, 
perspective studies of language are of special interest and the language is constantly 
constructed in discourses, revealing that there is always space for a reconstruction of 
the reality. Particular discourses are widely accepted as a common sense or ‘truth’ be-
cause they are in the interests of relatively powerful groups of society. Another influ-
ential perspective (gradually developed during the study and influenced by Hillier 
2007) in the theoretical prior understanding is that progress in the sustainable storm-
water development process is simultaneously supported by opportunities and opposed 
by barriers. These perspectives create a constant on-going process of change where 
both are necessary for a continuing evolution in the change agenda. 

3.2 Planning theory applied to stormwater management 

The multiplanar planning theory of spatial planning and governance by Hillier (2007) 
regards problems as opening up multiple fields of possibilities for discussion of what 
might be different. The theory embraces the planar philosophy of Gilles Deleuze (e.g. 
Deleuze 1995) and “seeks to reflect the real-world circumstances of spatial planning in 
their contingent, messy unpredictability”. Planning theory is future-orientated, looking 
beyond restricting concepts and ideas such as the need of a change in attitudes and cul-
tural restrictions. For instance, Hillier (2007, 2008) used the concepts of smooth and 
striated space, which exist simultaneously in the planning context. These factors pre-
suppose each other with some forces always striving to striate whilst other forces 
smooth. However, structuring principles (striations) are necessary for a society to 
function coherently. The concepts of smooth and striated space reflect the discussion 
in paragraph 2.4.3 regarding ‘soft technique’ and ‘hard technique’ (Mellström 2003). 
In the case of urban stormwater management, the striated space ‘hard technique’ has a 
major advantage: it is historically and professionally supported. The traditional man-
agement with pipes is designed and developed for the urban industrial society. 

According to Hillier (2008), the challenge is to identify, “analyse and intervene in the 
mixture of forces at work” and, in this way, find openings to advance a change in prac-
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tice. A mixture of forces at work in sustainable stormwater management is presented 
above and in Chapter 2. Figure 2 shows how the view on stormwater has developed 
over time in Australia. The drivers that have contributed to changing attitudes in prac-
tice are, for instance, the concept of sustainable development (Harremoës 2002), real-
ized sustainable stormwater projects (Stahre 2008) and the awareness of benefits in 
using alternatives and awareness of the drivers needed for a change (Brown and Far-
relly 2009a). There are, simultaneously at work, the persistent barriers supporting iner-
tia in the change process, for instance, the organisational resistance against change in 
practice and the tradition of using piped systems. 

The multiplanar theory by Hillier (2007, 2008) provided a means of mapping relation-
ships, possibilities, associations and encounters between the actors involved. The per-
spective is that an urban development plan is not a complete picture of the whole plan-
ning process; it represents selected parts of the complex plan process without showing 
the preceding ideas. Attention should be paid to internal factors such as hierarchical 
power relationships, perceptions and fixed identities and the mental principles which 
produce the plan design. Planning theory regards these attributes as opening up multi-
ple fields of possibilities for discussion of what might be different while they offer 
potential for the “becoming” of something new. Future issues have to be managed by 
using a pool of resources which itself cannot be predicted. Rather than finding and im-
plementing one single ‘solution’, a variety of perspectives or combination of solutions 
are necessary in the unknown future. 

3.3 A transition approach 

Urban stormwater is strongly connected to the large technical water system defined as 
a socio-technical system (the term system is similar to the term ‘regime’, de Haan 
2010). The complexity of the system’s socio-technical nature has been described as 
being like a “seamless web” of associated technology, people, organisations, authori-
ties, laws and norms (e.g. Hughes 1986; Bijker et al. 1987). This implies that system 
changes are highly dependent on social processes, such as power relationships, eco-
nomic interests and human values. In line with this further lies the idea of the actor-
network, characterised by the identification, negotiation (with) and enrolment of allies 
in the enforcement of a network and what it competes for, such as a system culture 
(e.g. Law 1987; Latour 2005). The comprehension of transition is that it is a long-term 
process in which several stages have to be concluded before a change can be said to be 
complete or mainstreamed.

Transition can be described as a fundamental change in the structures, cultures and 
practices of a societal system, deeply changing the way it functions (de Haan and 
Rotmans 2011). Societal systems are complex adaptive systems that adapt both to the 
prevailing environment and simultaneously to societal needs (how the functioning of 
the system meets the societal needs). Turning back to urban water management, this 
implies that a technical change in stormwater management is characterised by a con-
stant interaction between technical and social factors that continuously shape the sys-
tem. Applying the transition approach to stormwater management, there are two com-
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peting stormwater drainage systems. One is the dominant traditional stormwater sys-
tem and the other, the alternative stormwater system, (linked to the theory stormwater 
is a niche utility service, a weaker non-dominant group): a shift to the latter could be 
perceived as a potential transition. The transition theory by de Haan and Rotmans 
(2011) is built on a multi-pattern approach, based on conditions (the drivers for the 
patterns), patterns and paths describing important factors of change. Transition paths - 
how the transition can be developed (how it unfolds) in time - can be described and 
analysed by using the patterns of change that are found with the paths explaining how 
and under what conditions the system has potential to change. According to de Haan 
(2010), transitional change only occurs under certain conditions that indicate tensions 
between the system and the environment (the landscape) which produce transition 
paths. From a stormwater management perspective, such conditions could be illustrat-
ed by the internal stress due to the not necessarily sustainable traditional water system 
meeting future needs and the pressure from different processes and mechanisms for 
change towards more sustainable stormwater systems. 

3.4 Receptive contexts and receptivity 

The literature relevant to the metaphor ‘receptivity’ is advocated in different contexts 
regarding the analysis of change in large organisations, for instance, in medical prac-
tice (Newton et al. 2003), in multi-technology corporations (Trott et al. 1995) and in 
water management (Jeffrey and Seaton 2003/2004). Pettigrew et al. (1992a) examined 
the long-term processes of strategic change in eight English District Health Authorities 
in 16 different case studies. Despite these districts facing similar environmental and 
policy pressures, the rate and pace of change was variable and there were differences 
regarding their ability to manage strategic change. To explain this variation, Pettigrew 
et al. (1992a, 1992b) identified eight factors, ‘signs and symptoms’, of receptivity as-
sociated with a faster pace of change (Table 1). The eight factors represent a set of in-
terlinked conditions useful for identifying the ability to embrace new ideas and face 
the prospects of change. The terms ‘receptive and non-receptive contexts’ were intro-
duced (the latter was associated with blocks or barriers to change) which helped to 
understand how patterns of change were organised and the process of making change 
happen in large organisations.  

Change explanations are viewed as an interaction between context and action (Petti-
grew et al. 2001) where “contexts are used analytically, not just as a stimulus envi-
ronment, but also as a nested arrangement of structures and processes in which the 
subjective interpretations of actors perceiving, learning and remembering help shape 
process". An organisation with such a receptive context will be better able to assimi-
late innovations, although the significance of each of the factors individually and in 
combination is highly dependent on local circumstances. The dynamic view is that 
change processes are reversible and may suddenly be interrupted by unexpected events 
or ill-considered actions which recognise ‘emergence, possibility, precariousness and 
iteration’ as the characteristics of the change processes. 
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Table 1 Definition of eight factors associated with receptivity to change  
(Pettigrew et al. 1992a, 1992b). 

Factor Definition
1 The quality and coherence of 

policy
The starting point of a policy is critical. A broad 
vision appears to generate more movement than 
a blueprint. 

2 Key people leading change A broad and deep group leading change, repre-
senting complementary assets or skills for conti-
nuity and stability. 

3 Environmental pressure External factors could trigger change. 
4 A supportive organisational 

culture
A supportive organisational culture that chal-
lenges and changes beliefs about success. Hav-
ing a strong value base and an open approach. 
Rewards are important. 

5 Effective manageri-
al/practitioner relations 

Managers/practitioner interplay is critically im-
portant against powerful opposition and in sup-
porting a change 

6 Cooperative inter-
organisational networks 

Productive networks with related organisations

7 Simplicity and clarity of goals 
and priorities 

Narrow down the change agenda into key priori-
ties and protect the core from short-term pres-
sures.

8 The fit between the change 
agenda and the locale 

Awareness that various influencing local factors 
may inhibit or accelerate change.

According to Pettigrew, there are no fixed settings of contexts; this varies from case to 
case and rather different basic requirements that ‘raise energy levels around change’ 
can be highlighted through the eight receptive factors.  

Jeffery and Seaton (2003/2004) adapted their receptivity model from the literature on 
Innovation and Technology transfer policy (e.g. Trott et al. 1995). They conducted 
three case studies in varying contexts regarding water management to demonstrate the 
use of the four ‘A’ model. This can be envisaged as a series of four ‘A’ attributes: 
awareness, association, acquisition and application (Table 2). The approach was found 
to be applicable to environmental policy areas beyond water policy and, together with 
social enquiry activities, it was confirmed that it addressed the relationship between 
culture and policy instruments for a more consensual agenda for policy instruments. In 
particular, the model was found to be useful in processes which involved ‘participative 
governance or stakeholder engagement’ as support towards a shift to sustainable water 
management.
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Table 2 The four ‘A’ attributes of receptivity (Farrelly and Brown 2008, adapted 
from Jeffery and Seaton 2003/2004). 

Awareness Individual or organisation is aware of a problem and need for a solu-
tion. 

Association Individual or organisation associates (relates) to the potential benefits, 
enough to expend effort to apply solution(s). 

Acquisition Individual or organisation has requisite skills, capacities and support to 
implement solution(s). 

Application Incentives are available to encourage the individual or organisation to 
implement solution(s). 

According to Jeffery and Seaton (2003/2004) the model investigates the individuals or 
organisations willingness and ability to “absorb, accept and utilize innovation op-
tions”. The fundamental view of the model is the necessity to understand “current lev-
els of perceptions, attitudes and the agendas for change that are relevant” to the users 
of the policy instrument. The use of the model can help to assess the end-users’ recep-
tivity to accept and adopt new ways of working and support change strategies. 



24



25

4. Research methods 

A theoretical study and two comparative studies were performed in this thesis. At the 
start of the project, the main intention was to understand the historical development 
and growth of the Swedish large technical urban water system with the focus on 
stormwater management. Hence, a historical review study was conducted in paper 1 
(see Figure 3). The following in-depth interviews provided opportunities to examine 
contemporary Swedish stormwater practice (Papers 2 – 4). The on-line questionnaire 
enriched and developed the empirical material from the interviews (Paper 5). Thus, the 
empirical basis of this thesis builds on the mix of these approaches: a review study, a 
qualitative and a quantitative research approach described in detail below. 

Figure 3 Illustration of the research steps leading to the results discussed in 
the thesis 

4.1 The historical review study 

The point of departure was to gain knowledge about the role of stormwater in the 
growth of society’s large technical system for urban water management and identify 
historical explanations behind the slow path of change for stormwater management in 
Swedish urban planning and practice. This was achieved by studying relevant litera-
ture and written sources and the analysis was built on theories of the socio-technical 
nature and inertia of large technical systems. At this early stage of the research, the 
historical study framed the patterns of interest for the forthcoming analysis of the em-
pirical material. According to Pettigrew (1997), historical studies are crucial in under-
standing the previous conditions that may shape the present and the emerging future. 
The relationship between the past, present and future is important for revealing the 
dynamics of the change process. One function of the historical study is to act as a 
knowledge bank where historical information could increase the understanding of cur-
rent practice. 

4.2 The interview study 

The purpose of the interview study was to identify what processes and conditions 
could encourage practitioners to increase their use of alternative stormwater systems in 
the urban environment. The interview guide was designed with a structure of themes 
with open questions to answer the problem of interest and illustrate the approach to 
urban stormwater with an overall emphasis on how to best develop urban stormwater 
management (Appendix 1). The interview themes emerged during the initial studies of 
planning theory (Hillier 2007) together with the basic understanding from the histori-
cal review regarding the construction of the Swedish stormwater system. The themes 
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focused on the urban water professionals’ work with stormwater in the urban land-
scape and the necessary relationships and influence from the other actors involved in 
stormwater planning and practice. In the context of the landscape of urban stormwater 
management, other relevant studies and key theoretical perspectives presented above 
have been used in interpreting and analysing the empirical material from the inter-
views.

4.2.1 Selection of water professionals

A sample group of nine municipalities were selected strategically for the interview 
study. From each of these, one individual water professional was selected for the in-
terview. Two of those interviewed were graduate civil engineers; four were civil and 
environmental planning and design engineers (civilingenjör samhällsbyggnadsteknik), 
two were high school graduate engineers and one a graduate landscape architect. The 
in-depth interview study was carried out from November 2009 – to January 2010. All 
officials worked in the municipalities in the field of urban water management that en-
compassed water supply, stormwater and sewerage. Seven officials had managerial 
positions at different levels within the municipalities’ technical services departments 
and two were technician officials in the departments. The strategic selection of munic-
ipalities and of the individuals within them was seen as a means to obtain data and 
elicit the variability in experience reported rather than to correlate a number of similar 
experiences across different individuals, as described by Trost (2005). The municipali-
ties and individuals represented a variety of approaches to urban stormwater manage-
ment. Two of the municipalities selected were well known for being innovative or oth-
erwise considered as examples of best practice in terms of stormwater management. 
Six of the interviewees were suggested from contacts in the academic and professional 
stormwater communities and one professional was recommended by the municipality. 
According to Trost (2005), a limited number of interviews can provide an overview 
with a depth not normally possible in much larger samples. In qualitative studies, the 
selection of respondents is not necessarily representative in a statistical sense. The im-
portance is to find patterns, regardless of whether they are shown by one or more re-
spondents, as long as the interview answers the question of interest. 

4.2.2 Conducting the interviews

The interview guidelines were tested on one water professional and the first version of 
the interview guide was slightly modified in order to shorten it. An invitation to partic-
ipate in the interview and a short description of the purpose of the study was sent out 
by mail to each of the professionals. All professionals addressed accepted the invita-
tion and later, the time and place for the interview was decided. All interviews were 
conducted at the water professionals’ workplaces, at their offices or in the depart-
ments’ meeting rooms. The interviews started with a brief presentation of the inter-
view themes and the interviewees were asked to respond from their professional expe-
rience which was believed to be illustrative of similar professionals across Swedish 
municipalities (Trost 2005). All respondents were guaranteed anonymity, although 
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some claimed that to be unnecessary. However, in this thesis, all interviewees were 
given fictitious names when cited in quotations in Paper 2 and 3.

An interview guide allows flexibility both for the interviewed person and the research-
er (Trost 2005). To achieve high reliability, open interview questions were used in or-
der to provide the professionals space to develop thoughts and ideas regarding urban 
stormwater issues and to give the researcher an opportunity to ask follow-up questions. 
The interview themes were utilised in all parts during the interviews, not necessarily in 
the same order, but rather in the order most appropriate for the interviewee’s experi-
ence. The interviews lasted for one to two hours; they were recorded and transcribed 
verbatim for subsequent analysis. The opportunity to return to the interviewees to deal 
with any ambiguities in their narratives was assured. At a later stage, each professional 
was contacted by telephone in order to clarify their understanding regarding the con-
cept of sustainable development, its relation to stormwater management and how the 
concept was implemented in their municipalities’ stormwater practice. The telephone 
interview implied limited conditions for achieving broad responses and missed oppor-
tunities to establish good relationships compared with the face-to-face interviews. 
However, the interviews provided rich empirical material to analyse. The empirical 
material was organised using N6 software to create categories or themes, adapted to 
the particular research question. This software facilitates the categorization of large 
amounts of narrative text (Yin 2003). 

4.2.3 Interpretation and analysis

An important starting point for the analysis was that emphasis was put on social pat-
terns and contexts and not on the individual (Widerberg 2002). According to Wid-
erberg (2002), the individual is seen as a carrier of social patterns which offer 
knowledge. The empirical findings are a product of the interview context and the rela-
tionship between the researcher and the person being interviewed and are reflected in 
the interpretation. With this perspective, patterns and context in the interpretation of 
the empirical findings were emphasised to provide a basis for a more detailed analysis.
Much of the analysis was determined in advance of the actual interviews themselves, 
depending on the themes in the interview guide. However, the empirical material also 
contributed to finding patterns that showed new paths in the research that were fruitful 
to explore in order to gain a broader understanding of the factors needed for a change 
in stormwater practice. The organising of the rich amount of text resulted in many 
themes or categories, not all of which fitted within the framework of this study.

According to Widerberg (2002), research is about a balance between proximity and 
distance. During the interviews and later in interpreting experience, proximity was not 
a problem, whereas the distance was more difficult to maintain. The researcher is not 
just a spectator and it is not possible to study and describe the reality without also af-
fecting it in some way. The researcher’s experiences and perceptions of the examined 
reality had an influence, both on the questions and the interpretation, a fact that was 
constantly in mind. The analysis work was carried out for each interview in a disci-
plined and consistent manner. During the analysis, the topic and the choice of themes 
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were critically thought about and the analysis was constantly reviewed and redesigned 
with the intention of being true to the original text and to identify patterns and devel-
oping themes for the detailed analysis. The analysis was characterised by constant 
monitoring of the research findings’ credibility, plausibility and reliability. The results 
were validated by working closely with the data, returning to the interviews, listening 
to the recordings of them and reading the transcriptions in order to investigate other 
aspects not considered earlier. The work often led to re-thinking and re-doing parts of 
the analysis with two or more valid results sometimes emerging.

The empirical material were analysed with an inductive-deductive approach and dif-
ferent themes (or subjects) for the analyses were developed in order to draw conclu-
sions. This means that the understanding of the empirical findings gradually emerged 
as the researcher moved between empiricism and theory (Patel and Davidsson 2011). 
The findings were evaluated with the key theories and compared with other theories 
and results from articles and reports read. The themes of analyses in Papers 2 and 3 
illustrated the patterns found in the interviews of the respondents’ experiences of 
stormwater in planning and practice. The patterns in each theme were analysed and 
discussed. The quotations presented in Paper 2 were used to illustrate the theme with 
from the perception of one interviewee or to illustrate a perception that differed from 
the other interviewees’ perception of a theme. Quotations were also used to illustrate 
several interviewees’ perceptions of the theme. The quotations in the interview study 
have been translated by the author from Swedish to English, which inevitably may 
affect some nuances in the language. 

4.3 The on-line questionnaire 

The purpose of the questionnaire was to gain a picture of the Swedish municipalities’ 
receptivity for a change towards sustainable stormwater management. An underlying 
purpose of the questionnaire was to substantiate and validate the findings from the in-
terview study. From a methodological point of view, the interview results require an 
empirical variation to reach a higher degree of validity (Yin 2003). The design of the 
on-line questionnaire (Appendix 2) was based on input from similar questionnaires 
conducted with water professionals in Australia (Brown and Clarke 2007) and the UK 
(Ashley et al. unpublished). The questions were adapted to reflect and encompass the 
Swedish context. The focus of the questionnaire study was on opportunities and barri-
ers within the sustainable stormwater discourse. The questionnaire was conducted be-
tween April and June 2011, using the web-based system ‘EvaSys’ (2012) for evalua-
tions and surveys. 

The questionnaire was supposed to reveal contemporary trends and give insights into 
opportunities to better encourage professionals to become more receptive to sustaina-
ble actions. It was designed in cooperation with the authors of Paper 5 and the ques-
tions were modified until consensus was reached within the group. According to Patel 
and Davidsson (2011), it is important to vary the form of response alternatives in a 
questionnaire so that the respondents maintain their motivation and do not get ‘stuck’ 
into a certain pattern of responses. The questionnaire comprised 28 questions, some of 
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which had several sub-questions. Most of the questions had pre-defined response al-
ternatives, which were answered by estimation on a varying scale of 1 – 6 (one with 1 
– 9) and a number allowed free comments. Six of the questions were open. In this the-
sis, a significant portion of the questionnaire results was used in the analysis. The parts 
of the questionnaire were: 

Information about the respondents and their work experience. 
The respondents’ perceptions of stormwater management in practice, commitment 
and responsibility issues. 
Perceptions about drivers and barriers for an accelerated change process. 

In order to develop the survey, three professionals were asked to respond and give 
their opinions on the questions which were modified to some extent, mostly regarding 
the clarification of the formulation of questions. 

4.3.1 Target groups distribution - interest groups analysis 

There are many actors and stakeholders involved in Swedish municipalities’ urban 
water management. A number of people work with stormwater issues or are otherwise 
influenced by the city's stormwater management. The on-line questionnaire was dis-
tributed to about 1300 municipal officials (predominantly managers) representing 5 
municipal departments across all 290 Swedish municipalities. The questionnaire was 
distributed to the water, planning and environmental departments within the munici-
palities. Consequently, they mainly represented engineers, planners, architects, land-
scape architects and environmental officials. These target groups for the questionnaire 
were selected on the assumption that they were the most directly involved practitioners 
in urban stormwater management. An information letter with a link to the question-
naire and two reminder letters were sent out electronically. 

400 respondents completed the questionnaire, representing 227 municipalities in Swe-
den. Most respondents were from the following three departments: 34 % water de-
partment, 25 % urban planning department and 21 % environmental department. The 
remaining 20 % were from the municipalities’ park and street departments. The an-
swers from the water, urban planning and environmental departments were selected for 
a more detailed analysis in this study, referred to as ‘the interest groups’. The interest 
groups (in total n=319) represented three main professional backgrounds comprising 
50 % engineers, 30 % planners and architects and 20 % environmental officials. 

4.3.2 Method of analysis 

The four ‘A’ attributes (Jeffrey and Seaton 2003/2004) constituted the basis for the 
design of the questionnaire because this approach has traditionally been used in appli-
cations in the UK (e.g. Ward, 2010), in Australia (e.g. Brown and Farrelly 2009a) and 
in the Netherlands (e.g. Van Herk et al. 2011) when investigating how to influence and 
increase the uptake of alternative stormwater systems. Figure 4 illustrates the approach 
when the comprehensive framework was examined by analysing the results from the 
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questionnaire. Selection 1 in Figure 4 refers to the five groups of municipal officials 
addressed by the questionnaire. When the questionnaire was completed, it was identi-
fied that a more comprehensive framework that included a better understanding of 
contexts for change was required. The patterns of change, the processes, found in the 
interview study (Papers 2 – 4) corresponded well to the receptive contexts for change 
identified by Pettigrew et al. (1992a, 2009b), which were included in the study when 
the questionnaire was analysed. Hence, the empirical data were analysed using a com-
bination of these two receptivity theories (see Chapter 3) in a comprehensive frame-
work to gain an understanding of the Swedish position in the transition process from 
traditional to alternative stormwater systems. 

Figure 4 The approach used to examine the framework which combines the four ‘A’ 
attributes with the eight receptivity factors for a change (see Chapter 3). 

Newton et al. (2003) examined the usefulness of the receptivity model introduced by 
Pettigrew et al. (1992a) as described in Chapter 3, by analysing change in a public ser-
vice setting. They provided a research template in which they derived ‘focal questions’ 
from each of the eight receptive factors (Table 1). According to this approach, 15 
‘main questions’ were formulated based on the eight factors in order to examine the 
significance of the potential contexts for change by using the questionnaire results 
(Table 3). In the analysis, these questions were associated with the questionnaire re-
sults to recognize factors constitutive of action in the sustainable stormwater discourse 
and consequently linked to the relevant receptive factor. Selection 2 (Fig. 4) refers to 
the groups of respondents, ‘the interest groups’, selected for the further analysis. A 
method for assessment of responses was developed before the analysis was undertaken 
(see section below). The assessment of the questionnaire results is presented in Table 5 
(Chapter 5). The analysis was characterised by understanding the importance of con-
texts on actions linked to an understanding of the respondents’ receptivity which was 
compared with the findings from the interview study. 

Four ’A’ attributes 

Questionnaire

Selection 1 

Eight factors 

15 main questions 

Selection 2 

Receptivity for 
change? 

Validation interview study 

Receptivity for change 
and contexts for action 

Data assessment method 

Table 3, assessment weak-strong 

Theory evaluation 
Eight factors 
Four ’A’ 

Information Knowledge Data 
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Table 3 Main questions developed for the analysis of contexts associated with 
change to more sustainable stormwater management (adapted from Petti-
grew et al. 1992a; Newton et al. 2003). 

Factor Main questions based on the eight receptive factors  
1 The quality and 
coherence of policy 

1 Is there any attention paid to the im-
portance/requirement of a supporting vision? 
2 What policies/processes are important for change? 

2 Key people leading 
change

3 What group(s) is critical for continuity and stability in 
the change process? 

3 Environmental 
pressure

4 Awareness of what kinds of external pressures trigger-
ing change? 
5 Are there any signs of stress (barriers) that could inhib-
it/produce a movement? 

4 A supportive or-
ganisational culture 

6 Are there signs of a common value base, sharing beliefs 
in possibilities? 
7 Are there any signs of a supportive culture; a risk-taking 
approach, openness to research and innovation, flexible 
working across boundaries? 
8 Are there supportive actions for alternative options? 

5 Effective manage-
rial relations 

9 Signs of strong professional roles (supporting/blocking 
change)?
10 Signs of effective interplay between the (five) profes-
sional groups selected for the inquiry? 
11 Signs of conflicts/tensions within the interest groups? 

6 Cooperative inter-
organisational net-
works 

12 What municipal actors, beyond the interest groups, are 
important in achieving a change in practice, notwithstand-
ing the different professional areas of interest? 
13 What characterises the relations with other groups? 

7 Simplicity and 
clarity of goals and 
priorities

14 What are the priorities for action - is there any agree-
ment?

8 The fit between the 
change agenda and 
the locale 

15 Signs of relation (matching or sharing boundaries) be-
tween sustainable stormwater management and the lo-
cale?

4.3.3 Method of assessment 

In order to view potential relationships between the responses and the eight receptive 
factors, the coherence for the most selected response alternative between the different 
interest groups for each question in the questionnaire was classified as weak, limited, 
medium or strong. This was done according to how well the most selected response 
alternative from one interest group corresponded with the responses from the other 
groups. For instance, to classify a response alternative as ‘strong’, the difference be-
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tween the individual interest groups’ maximum rate (%) of response had to be limited 
to a maximum 9 percentage points (pp). The intervals for the different classes were: 

Weak - at least 30 pp difference in the range of responses 
Limited - from 20 – 29 pp difference 
Medium - 10 – 19 pp difference 
Strong - up to 9 pp difference 

The spread of responses between different response alternatives was also considered in 
the classification in order to give more validity to the analysis. A 15 pp difference or 
more between the strongest and the other response alternatives changed the first classi-
fication to the lower class. When, for example, a first classification resulted in a 
‘strong’ and coherent response, this was subsequently re-classified to ‘medium’ if 
there was a difference of at least 15 pp between the different response alternatives. 

4.4 Reflections on methods and response 

The overall methodology combines the strengths of the interview study with the 
‘weakness’ of the questionnaire study. The questionnaire does not offer any depth in 
understanding, it is more a scanning method, of the respondents’ perception compared 
with the in-depth interviews which, if successfully managed, delve deeper into the pro-
fessionals’ perspectives. Interviews provide an opportunity to broaden the understand-
ing of the researcher and view recurrent patterns when investigating the question of 
interest. The questionnaire provides quantitative evidence/data visualised in tables and 
diagrams and is an opportunity to add additional dimensions and/or factors for extend-
ed explanations (Pettigrew 1997). According to Trost (2007), the questionnaire deals 
with attitude - or opinion; matters that completely depend on the individual's frame of 
reference. For instance, the notion of ‘rarely’ or ‘often’ may differ from person to per-
son. In this study, the questionnaire was designed to provide comparable and extended 
empirical findings linked to the interview findings with new insights to view the Swe-
dish municipalities’ readiness for a change in practice from those most closely in-
volved within urban stormwater management. 

4.4.1 Validity and reliability 

The empirical findings are closely related to the methodological approach and the the-
oretical framework and view significant conditions for a change. The benefits of start-
ing the whole study with a historical review followed by the interview study has been 
the development of a broad understanding of the variation of perceptions and perspec-
tives, barriers and opportunities, in current stormwater planning and practice. The em-
piricism reflected the diversity, ambiguity and somewhat contradictory in current 
Swedish municipalities stormwater management. It made it possible to interpret and 
understand the various conditions and develop themes to be able to draw some conclu-
sions for future sustainable stormwater management. This is in line with Yin (2003), 
who emphasises that the validity of this thesis is strengthened when the patterns coin-
cide with themes and in generalizing the results to the broader issue of the slow pace 
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of change in sustainable stormwater management. In accordance with Patel and Da-
vidsson (2003) and Yin (2003), triangulation is used in this study by highlighting the 
question of interest from different perspectives in the theoretical and in the empirical 
work. Different sources of information are used as current literature, articles and an 
interview study together with a questionnaire study to give strength to the findings and 
increased credibility. The methodological approach made it possible to collect infor-
mation of sustainable stormwater management through various sources, different mu-
nicipalities and different people. 

Reliability has a different meaning in a quantitative study compared with a qualitative 
study. The opportunities to repeat the study and get the same answers are limited; the 
respondents may have changed opinion, they may have learned something new or 
gained insights since the previous interview occasion. However, it does not necessarily 
mean a low reliability in a qualitative study when each qualitative study is almost typi-
cally unique (Patel and Davidsson 2003, Yin 2003). In this thesis, with respect to va-
lidity and reliability, the research process has been described as far as possible. 
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5. Results – theoretical and empirical studies 

This chapter is a presentation of the findings of the thesis corresponding to the re-
search questions. In this chapter, some empirical findings have been added to those in 
the papers where appropriate to the question of interest. 

5.1 Addressing the slow pace of change 

The historical review of the emergence of the Swedish urban water system (Paper 1) 
showed that stormwater has long since attracted attention in urban planning; the shift 
towards sustainable stormwater management has been taking place for at least 40 
years. The findings in Paper 1 showed that it is possible to change the complexity of 
the system and the traditional piped stormwater system. It highlighted that the system 
inertia is strictly tied to complex arrangements around the urban water system created 
by people, different actor networks with interest in the system, which give opportuni-
ties to rethink the stormwater system. However, there are many influential interests in 
stormwater planning and practice currently (no longer a single engineer having a key 
position in the change process as in the late 19th century), making it even more chal-
lenging to adapt sustainable stormwater management to the conditions of modern civi-
lisation compared with past experiences. Papers 2 and 3 showed that the organisation 
of urban stormwater issues was a pattern of negotiations and renegotiations where 
sometimes the more powerful interest of authorities or influential developers decided 
the final solution regardless of the water professional’s view. 

Stormwater is historically embedded in the larger context of the urban water system’s 
technical progression. In the late 19th century, stormwater was one of the initial prob-
lems in a growing industrial culture striving for attractive cities because it contributed 
to the city pollution. However, the stormwater problem was soon solved and buried in 
the ground when the focus turned to constructing a water and sewage system. The 
planning and construction of these systems was a product of societal change governed 
by politically and financially influential groups and presented a challenge for the engi-
neers. Extensive discussions, negotiations and renegotiations among different actor 
networks, with their own interests, decided how the system should ultimately be man-
aged. Currently, these extensive negotiations are still ongoing but the difference is that 
it involves stormwater management (Papers 2 and 3). In times of technological pro-
gress, stormwater became an engineering problem and part of the large technical water 
system when the engineers were a highly influential group in the modernisation of the 
Swedish society. Initially, the system construction demonstrated flexibility but it soon 
became more difficult to change (system lock-in) as the system culture was gradually 
developed by influential interests, made up of numerous institutions, organisations and 
individuals specialised in the traditional form and function of the system. 

These systems have historically emerged from human desires and are, to a large part, 
composed and maintained by human relationships/social features (Paper 1). In large 
technical systems, both technical and social features maintain the system culture. The 
understanding of the socio-technical character and system culture of the urban water 
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system could encourage the stakeholders involved in planning and implementation to 
use more sustainable management in the challenges they face in current stormwater 
practice. The culture of the system (i.e. a pipe-bound mentality) became apparent 
when the ideas of alternative stormwater systems began to emerge from Swedish pub-
lic investigations in the 1970s. The goal was to work for the renovation of urban sew-
age systems initiated by a number of different authorities in cooperation with private 
interests. The means for handling the expected increased amounts of stormwater were 
investigated from different perspectives. In parallel with measures closely related to 
the piped network (such as the quality, design, density etc. of the network), manage-
ment measures concluded that a local solution (allowing stormwater to infiltrate the 
surface) of stormwater would, in technological, economic and environmental terms, be 
a more advantageous choice of system than separate ones (wastewater/stormwater). 
However, these initiatives were separately introduced both in the terms of the perspec-
tive used and in time (they were not synchronised). The two approaches, the technical-
ly-oriented and the nature-oriented approach (local solution) are visible in contempo-
rary practice where the contradiction between technique/nature hinders the uptake of 
sustainable stormwater management (Papers 2 and 3). However, dependant on availa-
ble supporting contextual working conditions, it is possible to bridge the two ap-
proaches rather than choosing one (Papers 3 and 5).  

The traditional stormwater system is designed and developed to ensure the health and 
safety of urban industrial society. The historical review pointed to the socio-technical 
barriers which contributed to a deeper understanding of the slow pace of change in 
sustainable stormwater management. It also highlighted in what way the change pro-
cess has the potential to develop, i.e. points at the key actors for change. The study 
showed that going beyond the system inertia, stormwater turns out to be best handled 
independently of the traditional system in order to increase the opportunities for deliv-
ery of alternative stormwater systems. 

5.2 Barriers for change 

The urban water expert role limited the water professionals’ ability to influence alter-
natives (Papers 2 and 3). As a consequence, they were involved late on in the process 
with the planners ‘in charge’, usually when the planning intentions for the project had 
already been considered in a plan proposal. The door to alternatives other than pipes 
was most often closed by this stage. The urban water expert role reflects the strong 
relationship between the engineer and the traditional urban water system developed 
during the early 20th century in Sweden (Paper 1). Even if the limited opportunities to 
influence the uptake of alternatives to piped systems in the planning process was a 
pressing concern, many interviewees expressed uncertainties about the extent to which 
they should participate and interplay in the planning process (Papers 2 and 3). The 
view was that the planning department was responsible for solutions other than pipes - 
they had the comprehensive view on urban planning. The interviews made explicit 
how there was a blocking dichotomy, as to whether stormwater was a matter for the 
water department (i.e. a technical issue) or for the planning department (i.e. a design 
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issue). The dichotomy was found to be a critical barrier to effectively integrate sus-
tainable stormwater management into urban planning.  

Simultaneously, there was a reluctance to be involved in such decisions. The dilemma 
was that earlier experiences had shown the water professionals that whatever storm-
water solution (piped or non-piped) was built, any subsequent operational problems 
were usually the water department’s responsibility to manage (Paper 2). This reflected 
the issue of unclear responsibility regarding the potential to participate in the plan dis-
cussions about alternatives. The questionnaire findings indicated that a key priority for 
an accelerated change process was to address the unclear responsibility regarding al-
ternatives and so to better integrate sustainable stormwater management into planning 
activities (Paper 5). However, the matter of responsibility was not an important ques-
tion for those interviewed professionals with a wider comprehension of the planning 
vision; with organisational support, they actively participated in all kinds of storm-
water planning with or without pipes (Papers 2 and 3).  

The findings in Paper 3 showed that closely linked to the urban water expert role was 
the environmental-technical discourse which separated alternatives that imitated na-
ture. Consequently, there were difficulties in valuing certain types of stormwater 
measures that have limited technical attributes related to sustainable development, es-
pecially to the social aspects where people are considered more centrally. In general, 
when framing the sustainable development discourse into a professional’s day-to-day 
work (the system has to work), an environmental-technical discourse - to delay flow, 
prevent floods and manage pollution - emerged. More attention was paid to alterna-
tives comprising engineering techniques than techniques that imitated nature. With the 
environmental-technical approach, there followed a limited interest in learning and 
knowledge sharing from other innovative municipalities as illustrated by this quote 
from one interviewee: 

Interviewee: We water managers in the nearby municipalities collaborate and meet twice a year 
to discuss various things such as upstream work, oil separators and …..stormwater. But actual-
ly, when I think about it, we have not talked about alternative systems that much […] maybe just 
possibly charges for stormwater drainage…..

Researcher: What do you think the reason is for not talking about alternatives?

Interviewee: I really do not know……. it might not have been such a hot topic for the municipali-
ties, but it struck me now that we have not talked so much about that.

Researcher: The others maybe have had the same experiences of flooding as you, giving pos-
sibilities to discuss how to deal with the problem?

Interviewee: ……..maybe we have not discussed it because it’s a very local issue. Anyway, we 
talk about other issues such as grease problems. Here we have developed rules in official doc-
uments for how to work with grease in the pipes and how to work with upstream emissions from 
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industries. In these cases, we have had great collaboration ….but not with alternative storm-
water systems.

This quote illustrates how the environmental-technical discourse limited the ability to 
be involved more widely in multi-functional stormwater projects. In the interviews, the 
discourse created conflicts with other actors’ frames of sustainable development in the 
planning where the weak relationship with social sustainability could imply that the 
concept of SD is not integrated into an urban stormwater context. The environmental 
focus on sustainable development has a long tradition in Sweden (Paper 3) which was 
reflected in the interviews with the urban water professionals. However, those urban 
water professionals who experienced strong organisational support and conditions then 
interacted more freely in the sustainable stormwater development process and valued 
all kinds of alternatives as equally important in the sustainable development discourse. 

The strong commitment to the legal requirements (The Act on Public water Services, 
APWS 2006) reinforced the dichotomy. The water legislation does not specifically 
support alternatives, nor does it not explicitly specify the use of piped systems; its 
weak support of the change agenda was evident in Papers 3 and 5. In the interviews, 
the legal requirement was seen as an obstacle for opportunities to influence solutions 
other than pipes; it was, for some professionals, seen as beyond the water profession-
als’ remit to fully interact in decisions that involved non-traditional piped systems. For 
others, the formal legislation did not hamper them from interacting in all kind of deci-
sions in the planning process regarding alternatives.  

The interviews showed that water professionals’ perceptions of barriers were crucial 
when it came to participate and effectively interact in stormwater planning. Another 
perception explaining the modest pace of change in the sustainable stormwater dis-
course is presented below. In the interview context of why the change process was 
slowly moving forward in some municipalities in contrast to those more innovative 
municipalities, the words of one interviewee presents another challenging discourse to 
consider for analysis: 

“I do not believe that the slow development is connected to high costs when implementing non-
piped systems compared to piped systems; on the contrary, you can save a lot. It is quite clear 
that the municipalities (the water departments) are only using economic arguments as a pretext, 
as an excuse because it is inconvenient to deal with”.

This quote reflects a perception that planning for alternative stormwater systems was a 
question of troublesome work connected to collaboration problems and therefore a 
struggle not really accepted by many water professionals. Similarly, in the interviews, 
the experience of attempting to influence planning activities regarding non-piped ur-
ban systems was seen as a struggle or an unequal power game between different nego-
tiation positions (Papers 2 and 3). Another reason, brought on by a lack of knowledge 
and uncertainty, for the absence of action to utilise non-piped drainage systems was 
the perceived fear of failure within the water division by constructing something dif-
ferent to conventional solutions (Paper 3). However, the quote above indicates that 
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economic arguments in practice may hamper innovation and the findings from the in-
terview study showed that several conflicting discourses or approaches are inherent in 
the achievement of sustainable stormwater practice. In parallel, another perspective 
indicated that economic resources including time, more staff and increased knowledge 
were key priorities for action in the sustainable stormwater discourse (Paper 5).

5.2.1 Aspects of managing change 

“It takes up all the time to keep the sustainable stormwater development process alive” 
(a statement from a water professional, April 1 2010)

The empirical findings showed a range of opportunities for water professionals to better 
influence the way in which the planning process deals with stormwater issues. An in-
sight from the empirical material is that opportunities to successfully integrate storm-
water management into the urban planning process vary depending on how the water 
professionals act. By viewing the planning process as constantly reorganising and evolv-
ing, water professionals are provided with opportunities for increased influence in the 
uptake of sustainable stormwater development within the urban planning process. A sig-
nificant result from the interviews was that power to influence others was a crucial fac-
tor to be able to integrate stormwater into the planning process. From the water profes-
sionals’ perspective, it required commitment and ability to struggle with competing in-
fluential interests such as developers and other powerful municipal actors. It also re-
quired a conscious choice by the water professional to be an active player in the interac-
tion with other involved actors and a readiness to go beyond the strict ‘water expert’ role 
(the system has to function) and reconcile a planning approach with a water approach. In 
order to make planning an important platform for sustainable stormwater management, 
supportive contextual working conditions were crucial for the water professionals’ 
commitment to be realized in practice (Papers 3 – 5). 

5.2.2 Commitment to change 

A common theme in the interviews was the commitment of water professionals to sus-
tainable stormwater management. The commitment is also a common driver in the 
change process in the comparison of the three European countries’ stage of transition 
investigated in Paper 4. The findings are strengthened by the questionnaire responses 
(Paper 5) where the three groups of interest (the engineers, the planners and the envi-
ronmental officials in the Swedish municipalities) indicated strong commitment for a 
change in stormwater management. In the interviews, all interviewees communicated 
their desires and expectations to increase their influence in sustainable stormwater is-
sues in planning and practice. Their stories expressed various levels of concern regard-
ing future stormwater management. Most of the interviewees talked about uncertain-
ties regarding flooding, increased flows and pollution. They expressed uncertainties 
about the function of the system in increasingly expanding cities with impervious sur-
faces and the reduction of green spaces. They voiced concerns about forthcoming 
maintenance of the traditional stormwater system and a lack of knowledge of the exist-
ing systems’ capacity and expansion in the urban environment. A main result from the 
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interview study was that all problems were connected to their responsibility as water 
professionals. Linked to their perceived responsibilities, many interviewees were dis-
satisfied about the limited opportunities in planning and practice to actually use their 
potential, knowledge and skills as water professionals’ and respond to the sustainable 
stormwater discourse. The professionals’ awareness of the stormwater problem is evi-
dent in Paper 5 which strongly indicated that they were professionally prepared to uti-
lise sustainable systems but not practically prepared because important levels of sup-
port such as political and organisational support were missing. 

In the interviews, in contrast to the commonly held commitment to the change agenda, 
the outcome varied from case to case and also within each individual case, depending 
on the perceptions of barriers and opportunities to influence a change. When framing 
the stormwater problem, their desires to play a central role in influencing decision-
making and implementation were evident but, in practice, this was often associated 
with struggles and shortcomings. The water professionals used different strategies to 
deal with these constraining factors, either with approaches that maintained the ‘water 
expert’ role (giving security) or with approaches that challenged the perceived barriers 
(reframing the expert role). However, even if constructively challenging the barriers, 
the outcome of commitment and desire to influence varied and was not always con-
nected to success in the sustainable stormwater discourse, depending on the more 
powerful actors’ decisions on how to manage stormwater. 

5.2.3 Visions and parallel processes 

“Sustainable stormwater management is to carry it out using nature’s own technology”
(a sustainability perspective of one interviewee, April 1 2010) 

The concept of sustainable development supported the work with stormwater man-
agement. From the interviewees’ perspective, it helped to change attitudes and assimi-
late new ideas of how best to manage urban stormwater. It was viewed as an antithesis 
to using conventional piped drainage systems and the conventional practice was ques-
tioned as the default option. In the interviews, the concept allowed the professionals to 
speculate on a preferred future of stormwater management in which a common vision, 
similar to green infrastructure, emerged, reflecting the importance of imitating nature 
as much as possible and minimising resource utilisation, avoiding the impairment of 
the water quality of the receiving watercourses. However, it did not exclude the tradi-
tional management, rather it was essential in the pursuit of sustainable diversified ap-
proaches. A combination of the two approaches, non-piped systems and piped systems, 
was seen as necessary in future management; however, pipes had a subordinated role 
in the context. The vision of future sustainable stormwater systems embraced green 
infrastructure and was a strong driver for innovation (Paper 3). The individual vision 
was a response to the municipalities’ political visions of sustainable development for 
society. For instance, being seen as an environmental friendly municipality in the fore-
front of sustainable development was followed by intense environmental work within 
the municipalities’ various areas, including water departments. This, in turn, created a 
beneficial economic situation producing municipal funding to reach the sustainable 
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goal, which facilitated the implementation of non-piped solutions and improved coop-
eration among the municipal actors involved. Similarly, Paper 5 indicated that political 
visions of sustainable development were an important driver in the change process 
when implementing alternatives in the municipalities and that increased resources in 
terms of money (also staff and time) had a potential to increase the implementation of 
alternatives.

Four parallel processes have been found as significant drivers in realizing alternative 
stormwater projects (Paper 3). Paper 3 identified that these parallel processes support-
ed the water professionals’ commitment in the change process and created the neces-
sary conditions to be able to innovate. Broad municipal visions (1) created a commit-
ted and supportive organisation, open to interaction in planning and practice. An open 
organisational culture (2) promoted a base of equally valid different possible measures 
and a permissive attitude to test new ideas which encouraged the water professionals 
to innovate. An important process that focused on the involved actors’ social goodwill 
(and gave marketing benefits to the municipality) was that media PR (3) (public rela-
tions) had aroused public interest in and attraction to facilities that had been imple-
mented in the urban environment. This, in turn, created a sense of pride and satisfac-
tion within the water professionals and awareness of people’s values in the change 
process encouraged them to continue to innovate and fulfil the people’s values. The 
findings about the role of media PR when introducing alternatives in the municipalities 
make evident that the alternative stormwater projects have to be publicly supported, in 
order to encourage innovative practice, particularly if stormwater is going to be a col-
lective resource in the urban area,. Paper 3 also identified that a close interaction with 
research (4) regarding feedback on alternatives and opportunities to discuss options 
from the professionals’ point of view of problems supported action. Many of these 
processes corresponded well to the findings in Paper 5, in which the importance of 
municipal visions, a potential supportive culture and potential key people leading 
change indicated opportunities for action in the change process. 

Sustainable development indicators, were not mentioned at all in the interviews by the 
water professionals (Paper 3). Rather, practical design criteria concerning construction 
of non-piped systems were seen as a priority in the professionals’ day-to- day work 
(similarly, paper 5 indicated strong consensus about the facilities’ ‘technical feasibil-
ity’ as a barrier in the change process). The interviews showed that a stormwater strat-
egy could encourage the water professionals to push for an extended role in the plan-
ning process and results from the questionnaire (Paper 5) indicated that stormwater 
strategies, if implemented, were believed to effectively increase the use of alternatives. 
There is great trust put on stormwater strategies in Sweden (Paper 5), but the results in 
Paper 3 and from the questionnaire responses indicated that its function in practice is 
questioned by the professionals. Adopted policies could be an obstacle causing dissat-
isfaction, depending on unequal distribution of power in decisions about the ultimate 
solution. The discussion of the place of stormwater strategies in the potential to sup-
port the change process is developed in Paper 3, where the outcomes showed that it is 
not on its own sufficient to achieve sustainable stormwater management. 
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5.2.4 Opportunities and barriers in the Swedish context 

In the interviews, the water professionals described the processes of negotiation and 
renegotiation with other involved actors (planners, environmental officials and devel-
opers) carried out during planning, what types of considerations they had to face and 
how these were managed. Stormwater is not a priority in contemporary urban planning 
activities but planning has the potential to be an important platform for implementing 
sustainable stormwater management (Papers 2 and 3). A supporting organisation en-
couraged the committed water professionals to play an active role in the planning and 
influence in alternatives. The water legislation was less important in the planning con-
text for the innovative municipalities where a water-oriented interest and a planning-
oriented interest were reconciled (Papers 2 and 3). Table 4 presents an overall picture 
of the opportunities and barriers that have been found in the interview study. 

A key factor supporting change is the sustainable development discourse which devel-
oped visions of green infrastructure (Paper 3). However, to integrate stormwater into 
planning required the power to influence, evident in the struggle in power relationships 
with different professional perspectives and discourses which, if successfully man-
aged, increased innovation. There was a positive attitude towards experimentation due 
to a permissive organisational culture where possible options were equally valued in 
the sustainable development discourse. The openings for change were characterised by 
a strong commitment to play an active role in stormwater planning activities. With this 
goal, a supportive contextual working situation (parallel processes and conditions) has 
given deeper knowledge of factors with the potential to advance sustainable storm-
water practices (Papers 2, 3 and 5). 

Table 4 The opportunities and barriers found in the interview study for sustainable 
stormwater management. 

Opportunities to influence change Barriers to overcome 
Planning is important in the sustainable 
stormwater development process 

the planning process is changeable 
commitment and a choice to play 
an active role in the planning 

Stormwater is not a priority in planning 
- limited space to influence 
- unclear responsibility, promoting alter-
natives creates a dilemma 
- power-play with more powerful actors 
(as developers) 
- inflexible policies 

The concept of sustainable development 
is a strong discourse 

Visions of future sustainable 
stormwater management 

embraces green infrastructure

Identify shortcuts (as media PR) for in-
novation

helps reframe the dominant 

The water expert role 
The technical-environmental discourse 
- the planning/water dichotomy 
- the water legislation inhibits alternatives 
- stormwater becomes a drainage issue 
- alternatives, a matter for the planners 
- failure to integrate stormwater manage-
ment into the sustainable development 
discourse 
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technical-environmental discourse 
rewards gives confidence and self-
reliance

Parallel processes and conditions support 
commitment and innovation: 

municipal policies 
sustainable development goals (visions) 
encourage individual visions 
a committed and supportive organisation 

an open organisational culture 
capacity for absorbing new knowledge 
experiment and develop ideas 
different possible measures equally valid 

media publicity 
attractive implemented alternatives 
awareness of public values 

cooperation with research 
feedback closely related to innovation 
influence testing and learning about alter-
natives

- a technology driven engineer culture 
- focus on technical attributes to envi-
ronmental problems 
- competing frames of SD, unequal power 
balance in decision-making 
- low interest in knowledge sharing 
- fear of failure, construction uncertainties

Many of the barriers are embedded within the engineering culture (Table 4). Even with 
a strong commitment to influence sustainable management, the stormwater planning 
process often concentrated only on traditional piped systems (Papers 2 and 3). The 
water expert role provided security but it also yields dissatisfaction about the limited 
room in which to influence stormwater planning. The findings showed that a changed 
practice is challenged by the contradiction between the alternative stormwater systems 
and traditional piped systems evident in the environmental-technical discourse favour-
ing solutions with technical attributes. Another challenge to address is whether storm-
water is a matter for the planners or for the water professionals; water professionals 
with organisational support have great opportunities to influence the way stormwater 
is managed by actively reconciling the dichotomy (Papers 2 and 3).  

5.3 Pathways to alternative stormwater systems 

Where the state of transition in England and Wales has more or less stalled, in Sweden 
it can be characterised by being a continuing process modestly moving forward (Paper 
4). When using the theoretical transition model by de Haan and Rotmans (2011), the 
three European countries was considered conditions rather similar regarding a wealth 
of information, knowledge and evidence about the value of using alternative storm-
water systems. The approach was to examine the various state of transition in these 
countries and understand basic conditions that could be of specific importance in the 
change process. Below is a short description of the conditions for change in each  
country.
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In England there were supporting attempts by some English water companies, munici-
palities and the regulator of the water companies and others to effect the transition 
from piped stormwater drainage systems to alternatives (Paper 4). However, regardless 
of these influences on the traditional system, the transition can be considered as a 
failed transition, a lock- in situation with few signs of a changed practice. Top-down 
imposed change failed to influence the traditional system. On the other hand, bottom-
up influences by certain developers, planners and municipalities and visionary con-
sultants have delivered some alternative systems due to an acceptance and awareness 
of the multiple benefits of these systems. 

Wales has shown similar patterns but the bottom-up influence from committed actors 
has delivered non-piped drainage systems through awareness of the benefits of these 
systems in the urban environment (Paper 4). Top-down imposed change has been lim-
ited in the delivery of alternatives and the actors, especially in the water company, 
have been more focused on the use of stormwater sewers rather than alternatives. 
There was a strong attempt to move to a new method of delivery of stormwater man-
agement and this was illustrated by media interaction and public engagement along 
with wider information systems and engagement from the private water company, but 
actual delivery on the ground was extremely limited. 

Sweden was found to be on a transition pathway with mixed stormwater approaches 
where the two regimes (piped and non-piped) functioned in parallel and more trust was 
put in the alternative systems (evident in the interview study). There was a widespread 
awareness of the benefits of using non-piped systems in many municipalities (Papers 
2, 3 and 5). The top-down imposed change in the form of strong political support had 
the capacity to support and increase the delivery of alternatives. However, the change 
process is slow and some municipalities see barriers such as unclear legal requirements 
and unclear responsibilities, which limit the opportunities to innovate (Papers 2, 3 and 
5). Similar to England and Wales, bottom-up pressure may have considerable impacts 
on the conditions that create a pathway for transition (Paper 3). 

Tension, stress and pressure are all factors that have the capacity to influence or re-
strict a transition (Paper 4). In this sense, they were all apparent in the different studies 
in Papers 2, 3 and 5. For example, stress and pressure were generated by political deci-
sions, legal requirements, a stormwater strategy, the planning process, competing pro-
fessional perspectives and discourses that either promoted innovations or resistance. 
However, the findings in Paper 4 comparing three European countries states of transi-
tion showed that commitment and awareness were potential pathways to effect transi-
tion. The conditions outlined through the model used in Paper 4 show that bottom-up 
response to stress and pressure from committed actors has a crucial role in the transi-
tion process. Likewise, awareness of benefits for a change is a crucial factor in the 
change process. In the interview study, these factors were crucial for the water profes-
sionals’ ability to respond to the supporting conditions and deal with the stress and 
pressure from the environment (Papers 2 and 3). Similarly, Paper 5 pointed to the pro-
fessionals’ strong commitment and readiness to innovate as an important condition 
and, consequently, a potential pathway for change. Moreover, commitment as a poten-
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tial pathway for change relates to the historical engagement by actors in the shift from 
pre-sewered to sewered cities (Paper 1), which may be considered as a real transition 
to a new way of providing society’s needs. The findings showed that a strong pattern 
of commitment within a wide range of stakeholders, players and actors is required to 
effect a transition.

5.3.1 Transform commitment and awareness to action 

Paper 5 examined the developed framework and the contextual conditions in which the 
professionals work and where the practical decisions are made in parallel with the re-
ceptivity for change. The framework constitutes a holistic approach or mindset that 
can help provide enhanced insights and new knowledge into the conditions required 
for progress in the sustainable stormwater discourse.

The four ‘A’ attributes 

The eight factors for change 

Figure 5 The two receptivity theories are combined in the framework helping to un-
derstand and identify conditions for change in stormwater practice. 

Due to the chosen method with these two approaches, it is evident that the traditionally 
used four receptivity attributes are not, by themselves, sufficient to identify the recep-
tivity for an advancement of the sustainable stormwater development process. Jeffery 
and Seaton’s model (Jeffrey and Seaton 2003/2004) has problems in responding to the 
professionals’ receptivity and hence limitations in informing the processes that support 
action in the sustainable stormwater discourse (Paper 5). The eight factors for change 
are applicable to the stormwater management field and to identify potential receptive 
contexts which enable the individual receptivity (commitment and awareness) to 
emerge in practice. The holistic approach emphasises contexts and key factors for ac-
tion, compared with the narrow but still useful approach where the key factor for 
change emphasises the individual or organisational receptivity. The questionnaire find-
ings showed that the interest groups are often professionally prepared but not practical-
ly prepared, which raises questions about the municipalities’ capacity to deal with the 
available preparedness for change and facilitate their ability to deliver stormwater in-
novations (Paper 5). The eight receptive factors go one step further and help identify 
the available preconditions to meet the professionals’ receptivity for change (Paper 2 – 
5) and, most importantly, provide potential opportunities to build a platform with posi-
tive processes for innovative work. 

Individual 
receptivity

Organisational 
receptivity

Receptive contexts 

Comprehensive framework 
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5.3.2 Managing change with receptive contexts 

The perspectives of Swedish professionals working in three interest groups - working 
in water, planning and environmental departments - were examined in respect of po-
tential contexts for action in the change process in Paper 5.Overall, the results from the 
questionnaire varied, indicating a wide scope of professional perspectives and percep-
tions of the conditions for sustainable stormwater management. Although the munici-
palities’ readiness for change varies, there is openness in many municipalities in Swe-
den to using green infrastructure approaches rather than traditional piped systems. In 
the examination of the eight receptive factors, the responses relating to the municipali-
ties’ preparedness for change varied consistently (Paper 5). There were disagreements 
and ambiguities in the questionnaire responses but there was also consensus in the re-
sponses, which made it possible to draw some conclusions. 

The responses from the questionnaire were used to address the 15 main questions which 
are presented in terms of their respective factors in Table 5. The relevant main question 
addressed by each response is noted in the left column of the table. The strength of the 
results varied depending on the interest groups’ variation in consistency of response.
The strength in each response is assessed using the criteria described in Chapter 4. 

Table 5 Illustration of the strength of the results. 
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Factor 1 The quality and coherence of policy
1 Is there any attention paid to the importance/requirement of a supporting vision? 

Importance of visions when introducing stormwater alternatives1 important
2 What policies/processes are important for change? 

Stormwater integrated in the planning process increase implementation of alternatives very effectively
The planning process currently supports implementation of alternatives partly supports
A stormwater strategy increase implementation of alternatives very effectively
A stormwater strategy currently supports/prevents implementation of alternatives I don’t know
Factor 2 Key people leading change 

3 Which group(s) is critical for continuity and stability in the change process? 
The water department’s level of commitment to introduce alternatives high committed
The environmental department’s level of commitment to introduce alternatives high committed
The planning department’s level of commitment to introduce alternatives high committed
The street department’s level of commitment to introduce alternatives partly committed
The park department’s level of commitment to introduce alternatives partly committed
Factor 3 Environmental pressure 

4 Awareness of what kinds of external pressures triggering change? 
Extreme events increase implementation of alternatives very effectively
A political decision increase implementation of alternatives very effectively

5 Are there any signs of stress (barriers) that could inhibit/produce a movement? 
Legislation currently supports/prevents implementation of alternatives neutral2

Time and personnel resources currently prevents implementation of alternatives partly prevents
Construction costs currently prevents implementation of alternatives partly prevents
Operation and maintenance currently supports/prevents implementation of alternatives I don’t know 
The existing water system currently prevents implementation of alternatives partly prevents
Technical feasibility currently supports/prevents implementation of alternatives neutral2

1 ‘Alternatives’ to piped systems include mainly surface based or infiltration systems for stormwater, with the 
minimum use of combined sewers and/or separate stormwater sewers discharging directly to receiving waters as 
these can cause pollution (e.g. USEPA, 2012).
2 In the Table ‘neutral’ means that the measures are neither supported nor opposed. 
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Table 5 (continues) Illustration of the strength of the results. 
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Factor 4 A supportive organisational culture 
6 Are there signs of a common value base, sharing beliefs in possibilities? 

Permeable materials, retention basins, experiments, alternative stormwater systems, 
wetlands are important for future management 

important

Stormwater pipes, ponds, vegetation systems, design urban areas, retrofitting urban 
areas are important for future management 

important

Combination of alternatives and pipes, ditches are important for future management important 
7 Are there signs of a supportive culture, a risk-taking approach, openness to research and 

innovation, flexible working across boundaries? 
Experiment on alternatives and a stormwater system are important for future manage-
ment

important

Increased awareness of benefits increase implementation of alternatives very effectively
Connected to research and development when working with urban stormwater not at all

8 Are there supportive actions for alternative options? 
Alternatives are considered in planning often
Factor 5 Effective managerial relations 

9/
10

Signs of strong professional roles (supporting/blocking change)? 
Signs of effective interplay between the (five) professional groups selected for the in-
quiry?
The water department have responsibility to address stormwater in planning very high
The water department’s level of commitment to introduce alternatives high
The planning department have responsibility to address stormwater in planning very high
The planning department’s level of commitment to introduce alternatives high
The environmental department have responsibility to address stormwater in planning high
The environmental department’s level of commitment to introduce alternatives high
The street department have responsibility to address stormwater in planning high
The street department’s level of commitment to introduce alternatives partly
The park department have responsibility address stormwater in planning partly
The park department’s level of commitment to introduce alternatives partly

11 Signs of conflicts/tensions within the interest groups? 
Clarified responsibilities increase implementation of alternatives very effectively
Municipal department with addressed responsibility for stormwater in the planning Planning dept.  
Factor 6 Cooperative inter-organizational networks 

12/

13

What municipal actors, beyond the interest groups, are important in achieving a change 
in practice, notwithstanding the different professional areas of interest? 
What characterises the relations with other groups? 
The local politicians have responsibility to address stormwater in planning high
The local politicians level of commitment to introduce alternatives partly
The developers have responsibility to address stormwater in planning high
The developers level of commitment to introduce alternatives I don’t know
The property owners have responsibility to address stormwater in planning high
The property owners level of commitment to introduce alternative solutions I don’t know

12 Connected to the building permit department when working with urban stormwater more rarely
12 Connected to architecture and design when working with urban stormwater not at all
12 Connected to land development when working with urban stormwater often
12 Connected to strategy and policy when working with urban stormwater often
13 Improved cooperation between departments increase implementation of alternative  effectively
13 The municipal organisation currently supports/prevents implementation of alternatives  neutral2

Factor 7 Simplicity and clarity of goals and priorities 
14 What are the priorities for action - is there any agreement? 

Increased knowledge and technical experts increase implementation of alternatives effectively
Resources; time, money and staff increase implementation of alternatives very effectively
Political decision and increased awareness increase implementation of alternatives  very effectively
Improved cooperation between municipal departments increase implementation of 
alternatives

effectively

Clarified responsibilities increase implementation of alternatives very effectively
Factor 8 The fit between the change agenda and the locale 

15 Signs of relation (matching or sharing boundaries) between sustainable stormwater 
management and the locale? 
Connected to the consumers (water system users) when working with urban stormwater not at all
The public level of commitment to introduce alternatives I don’t know
The media level of commitment to introduce alternatives I don’t know
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The questionnaire results showed that four receptive factors for change may be under-
way for progress towards sustainable stormwater management in Swedish practice: 

The quality and coherence of policy (Factor 1) 

The respondents were aware of, and associated with, visions and policy importance for 
progress in the sustainable stormwater management discourse. Municipal visions of 
sustainable development (SD) were found to be important when introducing alterna-
tives for stormwater management in the municipalities. In the interview study (Paper 
3), visions regarding green infrastructure were found to be a strong driver for innova-
tion and in informing the sustainable development discourse. A committed and sup-
portive organisation with sustainable development goals for the society were the pri-
mary conditions for the ability to realizing alternative stormwater systems. They creat-
ed a process of interaction between people and policy. 

The relationship between integrated stormwater management in the planning process 
and a stormwater strategy and action is identified by factor 1. The potential of these 
municipal policies in accelerating change reflects the interest groups’ awareness and 
association of their importance for movement. But in practice, a stormwater strategy 
and the planning process had limited influence on change which was also evident in 
the interview study (Paper 3). For instance, the planning process failed to break the 
dominant environmental-technical discourse as held by the water professionals and 
consequently their commitment to integrate aspects of sustainability into stormwater 
planning failed. 

Potential key people leading change (Factor 2) 

Factor 2 identified a potential relationship between the interest groups and action in 
the change process. Collectively, the professionals were conscious of their identity as 
committed experts in the change process and each group represented a critical key 
group that should be given the opportunity to work with the change agenda. The inter-
est groups’ strong commitment to introduce sustainable stormwater solutions in the 
municipality reflected a collective awareness about the stormwater problem. It indicat-
ed that each group supported the introduction of alternatives in their municipality. 
Similarly, commitment and awareness of the stormwater problem was a strong theme 
throughout the interview study with the water professionals (Papers 2 and 3). It was 
also found as a main condition in transition when examining the transition state in 
England, Wales and Sweden (Paper 4). 

Despite each professional group expressing individually that they had a strong com-
mitment to the change process, this was not recognized by the perceptions of the other 
groups, who all questioned the commitment of the other professional groups. The 
planning departments appeared to be the most egalitarian, perceiving all three main 
interest groups as being of equal importance in the change process. The Street and the 
Park departments (addressed by the questionnaire, but not considered one of the main 
interest groups) were assessed by the main interest groups as being only partly com-
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mitted to the change process. As this group responded poorly to the questionnaire, this 
possibly indicates a weak commitment to the change process, with little practical po-
tential for Parks and Streets to be part of the group leading change. However, the lack 
of coherence between the responses could reflect strong professional roles and per-
spectives leading to problems in achieving effective collaboration in practice which 
reflects a power-play between these actors that also was evident in the interview study 
(Papers 2 and 3). Managing change implies power to influence other actors involved in 
stormwater planning and practice. From a water professional perspective, it required a 
conscious choice to play an active role in the planning and organisational support to 
reconcile a planning approach with a water ‘expert’ approach. 

A supporting culture in progress (Factor 4) 

There was a relationship between a common culture and action identified by factor 4 
but, in current practice, this has also proven to be rather challenging. This factor re-
flected both weak and strong signs of an emerging supportive organisational culture 
associated with change. The interest groups shared rather similar beliefs regarding op-
tions for future stormwater management, but had slightly different perspectives which 
may be related to different professional positions. For instance, the water department 
valued the use of pipes of greatest importance in future management, reflecting the 
engineering culture (Papers 2 and 3). Respondents from the planning department and 
the environmental department assessed piped solutions as being of less importance; 
they valued non-structural measures as more important for future management, reflect-
ing their professional perspectives. The interview findings (Papers 2 and 3) pointed to 
the importance of the concept of sustainable development in developing the sustaina-
ble stormwater discourse and critical aspects as supporting conditions and parallel pro-
cesses promoting change in practice. Similarly, the questionnaire responses (Paper 5) 
indicated a common discourse of green infrastructure approaches (also evident in the 
interview study) which comprised ponds and retention basins mixed with wetlands, 
green roofs and infiltration areas that had been implemented in the urban environment. 
Regardless of cultural differences, the shared experience of alternatives applied in 
practice signal a flexible organisational culture and acquisition of support in decision-
making from actors related to the change process (Paper 2 – 5). The consensus about 
the general low awareness of the stormwater problem indicated an awareness and as-
sociation of the need of a broader supportive culture. In parallel, the interview study 
found that when practice was linked to a supportive environment, including the re-
search community and the municipal organisation, innovation was encouraged. 

The shared experiences of alternatives implemented in the municipalities and the 
shared view of the importance of an experimental approach is in accordance with ac-
quisition and application i.e. receptiveness to learn and practice new pathways. In the 
interview study, such an approach supported the change process and an open permis-
sive culture supported innovative approaches where possible options were equally val-
ued. The three different cultures apparent within the interest groups indicated openness 
to change, but action potentially was limited by the interest groups’ difficulties in col-
lectively supporting alternatives in the planning process and by their weak link to re-
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search and development. Similarly, in the interviews, urban planning did not always 
effectively support alternatives. The power-play between different professionals’ per-
spectives and discourses and the limited room for water professionals’ to influence 
planning often resulted in piped systems (Papers 2 and 3). But in contrast to the ques-
tionnaire responses, in the interviews, the relationship to research and development 
was showed to support the change process. 

Consensus on key priorities for action (Factor 7) 

The relationship between goals and priorities and action was apparent in the analysis 
of the results. A complex set of needs related to action was identified in the sustainable 
stormwater discourse and the core priorities reflected the two themes presented below. 
The two core priorities were reinforced by the interest groups’ awareness and associa-
tion of strong drivers resulting in increased implementation of alternatives. 

1. Policies, organisation, commitment and responsibility 
a political decision and increased awareness (very effectively, medium consensus) 
improved cooperation (effectively, strong consensus) 
clarified responsibilities (very effectively, strong consensus) 

2. Economy, resources and competence 
resources, time, money and staff (very effectively, limited consensus) 
increased knowledge and technical expertise (effectively, medium consensus) 

The four identified potential receptive contexts described above show similarities to 
the conditions associated to each other as driving the change process identified in the 
interview study (Paper 3). Lost in these processes is factor 8 (the change agenda and 
its locale), which in the responses from the questionnaire was associated to a non-
receptive context. In contrast, this was found to be a significant driver for alternatives 
in the interview study where media helped to create acceptability of the alternative 
systems (Paper 3). 

The four identified potential receptive contexts described above show similarities to 
the conditions associated to each other as driving the change process identified in the 
interview study. Lost in these processes is factor 8 (the change agenda and its locale), 
which in the responses from the questionnaire were associated to a non-receptive con-
text. On the contrary, this was found to be a significant driver for innovations in the 
interview study where media helped to create acceptability of the alternative systems 
(Paper 3). 

5.3.3 Crucial conditions for action 

Using the comprehensive framework in the analysis of change in stormwater manage-
ment, four of the factors were associated by the respondents to non-receptive contexts 
(paper 5). In the context of a change from traditional piped drainage systems to alter-
natives, they have only a weak or no relationship to action in the sustainable storm-
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water discourse. They represent current barriers associated by the interest groups: lack 
of resources and knowledge, ineffective relationships and networks and lack of politi-
cal, organisational, scientific and local support. These needs are similar to those found 
to be the crucial conditions for action, illustrated in the face-to-face interview findings 
of positive implementation processes (Paper 3). The potential non-receptive contexts 
indicated four factors that slow the change process. 

Environmental pressure (Factor 3) 

In examining factor 3, awareness and association of barriers in the change process 
dominated. The barriers listed below suggested that the interest groups need to acquire 
capacity in the form of resources and knowledge to increase the uptake of alternatives. 

Lack of time and personnel resources was a barrier in the change process 
The existing water system was a barrier 
Construction costs were seen as a barrier 
Operation and maintenance costs were barriers 
Technical feasibility was seen as a barrier 

However, the occurrence of environmental pressure such as floods or pollution from 
discharges or a political decision in response to those events was associated with an 
accelerated change process. In contrast, legislation was seen to be associated to weak 
pressure to bring about a movement in the sustainable stormwater discourse (also evi-
dent in the interview study). There was strong consensus between the interest groups 
that legislation neither supported nor prevented the implementation of sustainable 
stormwater solutions. 

Effective managerial relations (Factor 5) 

From the interest groups’ perspective, each department (the water, planning and envi-
ronmental departments) was considered important in the change process, bearing great 
responsibility respectively for addressing stormwater in the planning process (Paper 
5). But this great responsibility did not correspond to a belief in the respective group’s 
actual commitment to the change process. The planning department assessed that all 
three departments were collectively the most committed within their municipalities. 
The water department and the environmental department assessed themselves as being 
the most committed in the change process. This is in line with the interviews (Paper 2 
– 3) where the water professionals revealed a strong individual commitment to the 
change process and awareness of the benefits of a changed practice.  

The park and street departments were assessed as having responsibility to address 
stormwater in planning, but were believed by the primary interest group to be only 
partly committed to the change process (Paper 5). The results indicated that all five 
professional groups could be seen as being associated with the responsibilities for 
stormwater in the planning process, but the limited commitment to the change process 
perceived across and between groups indicated potentially confused and troubled rela-
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tionships. The primary groups (the water, the planning and the environmental depart-
ments) individually do not trust that there are real opportunities to acquire support 
from the other groups with interest in the change process and this may be linked to a 
belief and a very real restricted ability by each group to actually apply alternatives. 
Similarly, scepticism about the ability to innovate in stormwater planning was evident 
in the interview study (Paper 2 – 3). The power-play between the water professionals 
and the planners created the anticipation of a potentially troublesome working rela-
tionship regarding decision-making in stormwater planning.  

The interest groups believed that a clarified responsibility could be a very strong driver 
for accelerating the change process, reflecting awareness of ineffective relationships 
between the three main professional groups (Paper 5). However, it was a fairly even 
distribution of responses regarding whether the water professionals, the planners or no 
particular municipal group had the addressed responsibility for stormwater in the plan-
ning process. These ambiguous results mirror the interview findings, where the ques-
tion of responsibility was a concern for the water professionals (Paper 2). Conflicts 
and dilemmas emerged, depending on the strong professional roles and perspectives, 
resulting in an obstacle to change. The questionnaire results indicated that the storm-
water responsibilities vary across the municipalities and there is often no particular 
group with responsibility for leading initiatives; rather, there is a shared responsibility 
to address stormwater in planning, reinforcing the findings from the interview results 
with the innovative municipalities (Paper 2 – 3). 

Cooperative networks (Factor 6) 

Factor 6 illustrated the importance of, and the dependence on, other actors in the 
change process (Paper 5). The local politicians, the property owners and the develop-
ers were seen by the interest groups as having a relatively high level of responsibility 
for the change process, which indicated an awareness of these as potentially important 
players in the change process. But, the responses regarding their commitment varied 
from being seen as partly committed or not committed to not knowing about their de-
gree of commitment. The interview study showed that powerful actors as developers 
and contractors could inhibit the change process and advocate the use of traditional 
piped systems (Papers 2 – 4). The interest groups were consistent in believing strongly 
that improved cooperation between actors would increase action in the change process. 
Improved cooperation between the involved key actors was encouraged by organisa-
tional supportive conditions and facilitated the implementation of alternative storm-
water systems (Papers 2, 3 and 4).

Inconsistently, the interest groups indicated a limited interest in sharing the change 
agenda with adjacent professional areas of interests such as architecture and design 
and those responsible for building permits. In the interviews, the latter were seen as 
important in the change discourse but often failed in supporting the water profession-
als’ attempt to influence sustainable stormwater management in planning due to lack 
of knowledge in the matter (Paper 2). However, the interest groups indicated that they 
were more connected to the departments dealing with strategy and policy and land de-
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velopment when working with stormwater, especially the water and the planning de-
partment. The weak relationship with these actors outside the interest groups, includ-
ing the weak role of the municipal organisations in supporting the change agenda (also 
evident in the interview study, Paper 2), reflected the restricted opportunities to gain 
support from network cooperation and thereby the constrained support in the process 
of implementing alternatives. 

The change agenda and its locale (Factor 8) 

The responses provided limited signs of the relationships between the change agenda 
and the local community (Paper 5). The rare connections between the interest groups 
and the local community indicated weak local interest in stormwater management. The 
relationships between the change process, the public and the media were predominant-
ly associated as weak. However, the responses varied and these local interests were 
recognised by some of the municipalities’ in their change agenda. In the interview 
study, the local media and the locale have been found to be of importance in support-
ing and encouraging innovations especially in the stormwater domain (Papers 3 and 4). 
Together, they can empower decision-makers to take an active role and help initiate 
new practice. In the questionnaire responses, application is not associated with the 
benefits of public and media support in the sustainable stormwater discourse. Overall, 
the results indicated only a weak awareness of the importance of relationships between 
local interests and the change agenda. 

Regardless of the aforementioned factors’ weak influence in the context of change 
from traditional to alternative systems, the responses varied and some factors did re-
flect awareness of the potential for increased action (Paper 5). For instance, factor 3 
(environmental pressure) helped identify that extreme events and a political decision 
had the potential to trigger change. 

5.4 The interview study and the questionnaire study 

The interview study and the questionnaire study show the critical factors governing the 
inertia and critical factors promoting change in practice (Table 5). Both studies found 
that the professionals’ strong commitment and awareness of benefits of more sustaina-
ble stormwater management are critical factors promoting change. In the innovative 
municipalities (Paper 2 – 4), the commitment was supported by several processes and 
conditions that encouraged the realization of alternatives. The questionnaire findings 
identified four receptive factors (policy, leadership, culture and simplicity of goals) 
associated to action in the sustainable stormwater discourse (Paper 5). These factors 
reflected the driving processes and conditions for innovation evident in the interview 
study.
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Tabel 6 The critical factors promoting change and the critical factors supporting 
inertia identified in the interview study (the grey marked area) and in the 
questionnaire study. 

Critical factors promoting change Critical factors supporting inertia
Commitment and awareness Technology driven culture 
Power to influence - water professionals 
actively take position in the planning pro-
cess

The water expert role 

Reconcile the water/planning dichotomy The water/planning dichotomy 
The planning legislation The water legislation 
A constant struggle – develops the SD 
discourse 

Power relations, competing professional 
perspectives and discourses 

The sustainable development discourse The environmental- technical discourse 
Visions of green infrastructure Tradition of piped drainage 
Supporting conditions and parallel pro-
cesses

Lack of organisational commitment and 
support 

Professionals professionally prepared 
for action 
- a positive attitude to change 
- preparedness to innovate 
- a growing receptivity for change 

Professionals not practically prepared 
for change 
-missing political and economic support 
for investments 
-missing organisational, scientific and 
public support 

Receptive contexts for action 
the quality and coherence of policy 
potential key people leading change
a supporting culture in progress 
consensus on key priorities for action

Non-receptive contexts (barriers) 
environmental pressure lack of resources
ineffective managerial relations
ineffective cooperative networks
ineffective relations between the change 
agenda and its locale

The critical factors supporting inertia found in the interview and the questionnaire 
study showed that the technology-driven culture restricted the water professionals’ 
opportunities to influence the adoption of alternative stormwater systems (Table 5, the 
grey marked area). In the questionnaire findings, the identified non-receptive factors 
for change only had a weak or no relationship to action in the sustainable stormwater 
discourse (Paper 5). The barriers identified by the interest groups were: lack of re-
sources and knowledge, ineffective relations and networks and lack of political, organ-
isational, scientific and local support. These needs are similar to those found to be the 
crucial conditions for action, illustrated in the face-to-face interview findings  
(Papers 2 – 4). 

5.5 A comparative study 

A limitation in the questionnaire study is that it only deals with individual factors and 
their relationship to action. The questionnaire results illustrated tendencies of relation-
ships between factors and action whereas the in-depth interviews allowed these factors 
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to be associated with each other. Therefore, this section aims to compare the results 
from the questionnaire with the findings of positive implementation processes from the 
interview study by using the eight receptive factors outlined by Pettigrew et al. 
(1992a). The new aspects here present empirical from the interviews that have an in-
fluential effect in the change process. In the questionnaire findings, the interest groups 
indicated strong consensus that extreme events (Factor 3, environmental pressure) had 
the potential to very effectively increase implementation of alternatives in the munici-
palities. In the interviews with the innovative municipalities, the extreme events creat-
ed an environmental pressure and, as a response, the actors built and coordinated a 
team of change leaders focusing on sustainable pathways and innovations. The envi-
ronmental pressure to act beyond traditional stormwater approaches is illustrated by 
the following quote from one interviewee: 

Researcher: What initiated the municipality’s successful work with sustainable stormwater man-
agement?

Interviewee: Well, the real trigger were the seal deaths at the end of the 1980s. There were a lot 
of dead seals on the beaches which had to be collected and buried. There was a great depres-
sion in the city and we didn’t really know the reasons but it was soon coupled to negative envi-
ronmental effects. Anyway, the sense of doing something about the situation was strong and 
several actions had already been taken without any effect, such as limiting the nutrient emis-
sions from agriculture, so then we wanted to make a small contribution. 

Researcher: We?

Interviewee: The County Administrative Board, the water manager and myself. We sat down 
and brainstormed what we could do and met up with the Environmental Protection Committee 
and decided to start to work with wetlands. A first sample wetland was done……and after that 
we just simply continued and expanded the idea. We carried out investigations and found many 
places in the municipality where we could delay stormwater runoff, especially in wetlands but 
also different infiltration surfaces…. 

Researcher: Where was this done…a bit outside the city….? 

Interviewee: No… the city is quite interwoven with natural areas and there are great differences 
of level so you can make wetlands pretty close to the built-up areas. 

Researcher: Have you done it? 

Interviewee: Yes, we created about 40 wetlands in the late 20th century until the turn of the cen-
tury. The work with alternatives has now become routine, so in every new development plan 
that is made, we study the potential as early as possible to have an open system in different 
ways.
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The trigger in the case described above was a period of significant seal mortality that 
caused a negative atmosphere in the municipality, which then linked the water division 
and authorities in joint actions to deal with the problems. In the other case, the trigger 
for the water division and local politicians to take joint action and remove all direct 
discharges of stormwater was the increased fish mortality in heavily polluted, malo-
dorous, urban lakes that had been rendered unusable for recreational activities. The 
change movement in the two innovative municipalities had emerged for similar rea-
sons: environmental stress and public pressure to deal with the situation. The environ-
mental stress and pressure in both cases are illustrated in Figure 6, which shows how 
relationships between the eight receptivity factors occurred in these cases and created 
conditions for action. 

Figure 6. The figure shows no relation-
ships between the eight receptivity factors 
in the questionnaire study (figure adapted 
from Pettigrew et al. 1992). 

Figure 7. The figure shows how relation-
ships between the eight receptivity factors 
occurred in the interview study

The narratives from the two innovative municipalities in the interview study indicated 
a pattern of association where all eight factors were somehow related with at least one 
other factor. Figure 6 illustrates a combined set of conditions for which each contribut-
ed to, and supported the work with, sustainable stormwater management. This can be 
compared to the receptive factors with influence (shown as solid lines) and the non-
receptive factors (shown as dotted lines in Figure 5) with weak or no influence in the 
change discourse identified in the questionnaire study as showing no relationships  
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between factors. However, the factors 1 (policy), 2 (key people), 4 (supportive culture) 
and 7 (simplicity of goals) assessed as potentially receptive factors in the question-
naire, are present in the pattern of associated conditions for change in Figure 6, illus-
trating the interview study.

In the interview study, the mutual relationships between some of the factors illustrated 
a particularly strong pattern of association with factors supporting change: 

Factor 1 (policy) and 4 (a supportive culture) illustrates the mutual relationships 
between professional visions and a committed organisational culture. The inno-
vative work was strengthened by factor 7 (simplicity of goals). Municipal vi-
sions of sustainable development of the society protected the vision of green in-
frastructure held by the water professionals and encouraged innovation. 

The mutual relationships between factor 2 (key people) and 8 (the change agen-
da and the locale) mirror how media PR and the research community supported 
and encouraged innovations. The attention paid to the implemented stormwater 
projects gave the professionals satisfaction and boosted self-esteem whilst mar-
keting the municipalities as innovative. This created a permissive culture (factor 
4), characterised by an experimental approach involving other actors’ 
knowledge in stormwater planning and practice. Stormwater was viewed as a 
resource and various potential measures were equally valued. 

The mutual relationships between factor 3 (environmental pressure) and 8 (the 
change agenda and the locale) and linked to the key people (factor 2) illustrates 
the committed professionals’ response when dealing with the problem induced 
by the pressure from society. The following innovative work was developed 
and encouraged by increased awareness of people’s values regarding storm-
water facilities as an effect of the media publicity and the feedback from the 
closely related research. 

As previously mentioned, the questionnaire responses indicated strong consensus that 
environmental pressure, for example extreme events such as floods, had the potential 
to very effectively increase implementation of alternatives in the municipalities. The 
new empirical material from the interview study described above shows that factor 3 
(environmental pressure) has an important role in the context of change. Hence, the 
comparison of both of the studies shows that factors 1, 2, 4, 7 and factor 3 (environ-
mental pressure), are potentially influential in integrating sustainable stormwater man-
agement into Swedish planning and practice. However, the evidence for factor 8 (the 
change agenda and its locale) was rather weak and associated to a non-receptive con-
text (Paper 5). However, this was found to be a significant driver for innovations in the 
interview study (Paper 3). The importance of public participation in the sustainable 
stormwater process was evident in the innovative municipalities where media, the pub-
lic and cooperation with research drove the change process further. Similarly, factor 5 
(effective relations) and factor 6 (cooperative networks) were associated with non-
receptive contexts in the questionnaire, indicating potential barriers and troublesome 
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confused relationships. In the innovative municipalities (Paper 3), these factors repre-
sented crucial conditions to be effectively managed by and for the water professionals, 
in order to better influence the change discourse. Even if there were well established 
collaboration arrangements and conflicts were viewed positively as part of the evolu-
tion of the best way of urban stormwater management, the influential position had to 
be sustained (Papers 2 and 3). Conflicts and disagreements with competing profession-
al perspectives and powerful interests within authorities required a constant effort of 
negotiations and renegotiations, not always promoting the adoption of innovative 
stormwater management. 

5.6 Approaches to understand change 

When comparing the three approaches (see Table 5), the interview study, the transition 
approach and the contextual approach, the perspectives of factors needed for change 
are closely related. From the theoretical transition approach applied in Paper 4, the 
conditions found in each country were the drivers for the patterns which were revealed 
and a transitional path. This is similar to the language in Paper 3 where the primary 
conditions created positive parallel processes (comparable to ‘patterns’ by de Haan 
and Rotmans (2011) and the ‘eight factors’ that organise patterns from the processes 
by Pettigrew et al. 1992a) which promoted sustainable pathways for stormwater man-
agement in practice. 

Table 7 The three approaches for change used in this thesis. 

1 The interview study 
Paper 3 

2.de Haan (2010) 
Paper 4 

3 Pettigrew et al. (1992) 
Paper 5 

Primary conditions  Conditions 1.A linked set of conditions
Parallel processes Patterns 2.The eight factors, organise patterns of 

processes
Innovation Transitional paths 3.Receptive contexts for change (action)

Column 3 in Table 7 shows the three interacting phases mainly used in this study: 
(1) a linked set of conditions give high energy around change; (2) the eight factors rep-
resent a pattern of association, a series of loops rather than a causal path between inde-
pendent and dependent variables. Receptivity and non-receptivity are dynamic not 
static concepts and (3) receptive contexts for change can be “constructed through pro-
cesses of cumulative development” (Pettigrew et al. 1992a). The dynamic view is that 
change processes are reversible and may suddenly be interrupted by unexpected 
events, ill-considered actions or by the loss of key individuals which recognize ‘emer-
gence, possibility, precariousness and iteration’ as the characteristics of the change 
processes. This perspective on change processes supported the empirical findings in 
the interview study, the parallel processes and conditions for innovation in sustainable 
stormwater management. Paper 5 continued to develop these processes to an under-
standing of receptive contexts for action and consequently focused on the Pettigrew et 
al. (1992a) perspective of change processes.
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6. Discussion
In this chapter, there is a discussion of the main findings of the entire study, from a 
wider perspective and a reflection on the research questions of the thesis. The focus is 
on the conditions found to be influential in breaking the persistent resistance to sus-
tainable stormwater management practice and in accelerating the change process. 

6.1 Challenges and opportunities in the change agenda 

There is already a positive attitude to sustainable stormwater management practices 
among many professionals in the water, planning and environmental departments in 
many municipalities in Sweden (Paper 5). However, the readiness to build alternative 
stormwater systems in many cases lack support from the municipalities, especially as 
the need of land uses are central to stormwater planning and design (e.g. Berke 2002; 
Digman et al. 2011). Available urban surfaces are of particular importance for the im-
plementation of alternatives such as infiltration areas, green spaces (of all sizes), small 
ponds etc., where there is greater capacity to cope with increasing flows of stormwater 
and greater opportunities to utilise the inherent value (e.g. Melbourne Water 2005). 
Impermeable urban areas restricted the opportunities for implementing alternatives 
other than traditional systems (Papers 2, 3 and 5). In addition, the opportunities to cre-
ate green spaces were limited because developers were given priority to exploit unde-
veloped land (associated with economic benefits for the municipalities) and usually 
there were no places left for alternative stormwater systems. These issues tend to be 
more powerful than issues concerned with the environmental benefits and social aes-
thetic goals achieved through the opportunities to create space and implement green 
infrastructure in the urban areas. A similar pattern can be observed in the UK, where 
building regulations are being dispensed in order to satisfy developers (Communities 
and Local Government 2012). 

Another critical challenge that was found in the interview study could be summarized 
as a ‘technology driven’ culture, blocking the pace of change towards sustainable 
stormwater management and where the traditional piped system is the norm (e.g. 
Chocat et al. 2007; Faram et al. 2010). An explanation could be that urban stormwater 
management is regarded as an environmental issue and a design problem in many cit-
ies; it is usually considered as a technical problem rather than an opportunity for, or a 
facet of, sustainable development (e.g. Stahre 2008; Palme 2010; Potter et al. 2011). 
According to Stahre and Geldof (2003), the challenge in sustainable stormwater prac-
tice is the contradiction between design criteria for the management of urban drainage 
and design criteria for aesthetic, recreational and public access with other benefits. 
Another explanation for the modestly moving change process can be related to the 
contradiction between hard/soft techniques or the technique/nature conflict linked to 
the engineering profession (see section 2.3.3). In line with this, Morison et al. (2010) 
and Potter et al. (2011) discussed the need to ensure that water is more effectively in-
cluded in city planning processes although this has not been fully accepted by many 
professionals. The key municipal professionals do not always assume that their role 
requires the integration of stormwater management into planning processes. Hence, 
traditional ways of planning, where the urban drainage system can be dealt with at the 
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end of the planning and building process when everything else has been sorted out, are 
still prevalent (van Herk et al. 2011; Potter et al. 2011). However, beyond focusing on 
the resistance to a change in the ‘technology driven’ culture, there is evidence of the 
opposite situation. The interview and the questionnaire studies presented in this thesis 
have shown that sustainable management has an influential position in the profession-
als’ work in the water, planning and environmental departments that is not always real-
ized, although there is at least an awareness of opportunities in many Swedish munici-
palities (Papers 2 – 5). As there are a range of opponents and supporters in the change 
discourse, so are there, at the same time, barriers and opportunities in the organisa-
tions’ contextual condition (Paper 5). 

6.1.2 The environmental-technical discourse 

Potter et al. (2011) discussed how many water professionals welcome and promote the 
use of non-piped drainage systems as being more sustainable. However, reluctance to 
change on the part of other professionals within the development process often pre-
vents a widespread adoption of more sustainable measures. Indeed, the interview and 
the questionnaire of professionals have revealed a strong commitment for a change, 
but as shown in the interview study and indicated in the questionnaire study, the or-
ganisational arrangements were not always supportive of action in the sustainable 
stormwater discourse (Paper 2, 3 and 5). Lack of supporting conditions, in parallel 
with strong barriers to change commonly held perceptions, reflected the engineering 
culture and strong discourses that prevented the adoption of alternatives. In line with 
this, Pahl-Wostl et al. (2011) discussed how reservations about the value and benefits 
of the shift in water management slow its progress. A paradigm shift requires process-
es of learning and communication across paradigm boundaries. How the people frame 
the problem according to their disciplinary background and experience are major as-
pects to consider when a change in mental models influences a change in paradigms.  

In the interview study, the dominant environmental-technical approach often promoted 
alternatives with technical attributes (Paper 3) which corresponds to the perceptions 
that regard formal water legislation (Paper 2) as a barrier to interact in the planning of 
non-piped systems. There is reservation about a dichotomy that inhibits action – is 
stormwater an issue for the planning department or the water department? This dichot-
omy, a water-oriented approach or a planning-oriented approach, affects the profes-
sionals’ attitudes towards, and their actual power to effectively influence, stormwater 
planning. The problem with these ‘contrast pairs’, the water-oriented approach or the 
planning-oriented approach, is that they create difficulties in bridging a dichotomy, the 
two parts of which are presumed to be mutually exclusive. The power of dichotomies 
is discussed by researchers as a contributing factor to the difficulties in changing the 
inertia of large technical systems (e.g. Mellström 2003; Berner 2004). 
The interrelated barriers reflect the ‘water expert’ role where these professionals had 
problems in embracing a wider planning perspective and in considering all kinds of 
options: piped or non-piped systems in stormwater planning and practice. Moreover, 
the commitment to the water legislation had a strong impact on the professionals’ atti-
tudes regarding their potential to influence the development of alternative stormwater 
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management. Consequently, conventional pipes were often the outcome when they 
were engaged in the planning process in the role as water experts (Paper 2). The role 
of water expert gives the professionals security and confidence, which in turn brings a 
sense of discontent regarding the limited room to influence sustainable stormwater 
decisions. The interview studies of professionals showed that it was difficult to inno-
vate within the water expert’s role and so the tradition of piped drainage was sus-
tained. By maintaining the water expert’s role, there is a risk that the management of 
stormwater will just be regarded as ‘the urban water system’ i.e. the wider aspects of 
managing water in urban areas for multi-functional values (e.g. Digman et al. 2011) 
will not be considered in city planning. However, the interview study also showed that 
it was possible to reframe the dominant discourse (similar to the mental model, Pahl-
Wostl et al. 2011) when the professionals were supported by the parallel processes that 
created conditions for them to influence a wider perspective in the planning (Paper 3). 
Media especially generated a process of environmental and social goodwill between 
the municipal departments and the public which encouraged the water professionals to 
continue to implement alternatives. This is in line with Fraser et al. (2006), who identi-
fied the necessity of a process that engages local people for community support which 
strengthens decision-makers to choose sustainable pathways. 

6.1.3 A mixed perspective 

The interview study revealed that there is a variable of interest among water profes-
sionals in knowledge transfer and learning regarding the use of non-structural 
measures, such as green infrastructure, for stormwater management (Paper 3). The 
importance of structural measures, particularly technical innovations, was reflected by 
the view that alternatives without advanced technology, simply imitating nature, were 
disparaged by the engineering perspective (Paper 3). Similarly, other studies have dis-
cussed how turning sustainable approaches into practice have faced barriers due to the 
engineering culture (e.g. Brown et al. 2006; Harremoës 2002: Palmer (2000); Roy et 
al. 2008). Here, the distance from nature (non-structural measures) or rejecting op-
tions, may never seriously challenge conventional practice. However, this was not al-
ways the case in the present studies, where an opposing view was also found (Papers2, 
3 and 4). In such cases, a mixed perspective linking nature (many non-piped systems) 
and structural techniques (pipe systems) was seen as an opportunity to address sustain-
able management in practice, resulting in a range of implemented alternatives. A 
mixed practice is used in the city of Malmö, which has long had a leading position in 
the use of sustainable stormwater systems and innovative ideas. A ‘new sustainable 
drainage system’ was built using a particular type of structured-wall HDPE pipe in-
stead of concrete pipes for the stormwater network in a new residential area 
(Wheholite 2012). According to the company who built the system, the particular ma-
terial in the pipes would reduce greenhouse emissions. In the interviews, the support-
ing conditions encouraged implementation of alternatives where different possible 
measures were considered of equal value and effectiveness in the sustainable storm-
water discourse (Paper 3). The contextual conditions in the organisation was character-
ised by a supporting culture including political, organisational, scientific and public 
support. In applying the eight receptive factors for change (Pettigrew et al. 1992a) to 
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the interview results, it was shown that all eight receptive factors were associated and 
related to each other as promoting action in the innovative municipalities (see section 
5.5). 

The contradiction between hard/soft techniques in current practice as mentioned above 
has a key role to play when breaking the resistance to sustainable urban stormwater 
management practice (the contradiction is apparent in Papers 2 and 3). In a Swedish 
context, the boundary between hard and soft techniques could be drawn stretching 
back to the 1970s. In the past, there was extensive interest in increasing infiltration of 
urban rainfall by designing fewer impervious areas and a new strategy of ‘local solu-
tions’ was developed (Paper 1). The new approach emphasised the need for actor col-
laboration at all levels and between municipal departments involved in urban storm-
water management (Bucht et al. 1977). At the same time as this ‘local solution ap-
proach’, the traditional approach i.e. the technically-oriented and centralised view, was 
the norm and the measures were closely related to the piped network such as managing 
the quality, design and density, etc. of the network (Nilsson 1972; Swedish Environ-
mental Protection Agency 1978). These two perspectives, the traditional approach re-
flecting ‘hard techniques’ and the ‘local solution approach’ reflecting ‘soft tech-
niques’, seem still to be competing for being the ‘best’ approach regarding sustainable 
stormwater management (Paper 3) (e.g. Brown et al. 2011).  

Engomoen (1985) referred to these two approaches as “soft” drainage features such as 
natural drainage ways, creeks and rivers, man-made lakes and grass-lined open chan-
nels and “hard” drainage features, such as storm sewers, culverts and concrete chan-
nels to manage the drainage system. According to Engomoen (1985), a combination of 
soft and hard drainage elements form the most effective and economic drainage sys-
tem, where hard drainage is a smaller part of the total drainage effort. Harremoës 
(1997) joined this discussion by adding that piped solutions have an important role to 
play but, at the same time, non-technological approaches are conclusive for sustainable 
development. According to Harremoës, we have passed the point where we are satis-
fied with the way urban water is treated and environmental problems can no longer be 
evaluated in isolation. For further progress, the system has to be looked at as a whole 
and in the best interest of both the urban population and the environment. On a nation-
al level, there is a potential emerging for the support of organisational culture in pro-
gress, where the apparent perceived contradiction between nature and structural tech-
niques has a proper chance to be reconciled to produce a mixed approach in practice 
(Paper 5). 

6.1.4 Resistance to a change in practice 

The interview and the questionnaire have shown that attention should be given to the 
struggles within and between influential actor interests and discourses. The ‘water ex-
pert’ role (environmental-technical discourse) was seen as a barrier often leading to 
limited influence in planning activities where the more powerful actors’ current dis-
course regarding the society’s sustainable development was conclusive (Paper 3). Sim-
ilar to the findings in the interview study with professionals, Roy et al. (2008) and 
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Brown and Farrelly (2009b) have found that the major obstacles that explain the re-
sistance to a shift to sustainable stormwater practices are related to social and institu-
tional barriers rather than technological ones. They pointed out a number of institu-
tional barriers such as poor organisational and unclear, fragmented roles and responsi-
bility and organisational resistance to change, all of which are also seen in this study of 
Swedish conditions. In the questionnaire study, the primary groups (the water, the 
planning and the environmental departments) indicated ineffective relationships be-
tween municipal officials and ineffective network relationships with local politicians, 
developers and property owners (Paper 5). However, the results indicated that all were 
associated with having responsibilities to address stormwater in the planning process, 
but the assessed limited commitment to the change process perceived across and be-
tween groups indicated potentially confused and troubled relationships. These ambig-
uous results may reflect the current situation in practice or conflicts in the strong pro-
fessional players’ roles and attitudes, resulting in obstacles to change - and resistance. 
The questionnaire study showed that there is often no particular group with defined 
responsibility for leading initiatives, which corresponded to the interviews with the 
innovative municipalities where there was a shared responsibility for addressing 
stormwater in planning. 

Regardless of commitment, some of the interviewed water professionals had difficul-
ties to be involved in alternative stormwater systems and, often, the barriers discussed 
above restricted them (Paper 2). Paper 5 provides a wider explanation of the varied 
conditions in practice and showed that the professionals (representing the water, plan-
ning and environmental departments) were professionally prepared for change, but not 
sufficiently practically prepared for action. Important levels of support were found to 
be missing: political support, organisational support, scientific support and support 
from the municipality. These conditions drove the change process in the interview 
study with the innovative municipalities (Papers 2 and 3). However, the questionnaire 
responses varied, illustrating the professionals’ differing degrees of receptivity to 
change from the well rooted underground pipe-bound system (Jeffrey and Seaton 
2003/2004). The varying results reflected that the change process in many cases is 
probably in a latent phase, ready to progress if the required conditions supporting 
change are recognised. 

6.1.5 Managing professional perspectives and discourses 

Many studies have noted problems with the concept of sustainable development re-
garding integration and the sharing of views with the various actors involved in prac-
tice (e.g. Farrelly and Brown 2008; Hurley et al. 2008; Roy et al. 2008; Stahre 2008; 
Laws and Loeber 2011). The interviews showed that the water professionals had their 
role and perspective (Papers 2 and 3) - the environmental-technical discourse of sus-
tainable stormwater development, often to the neglect of the social aspects (e.g. Roy et 
al. 2008). Consequently, the water professionals’ perception and management of the 
‘sustainability goal’ often conflicted with interpretations of sustainable urban storm-
water development held by other professionals. The interview study showed that the 
planners’ view and concern about promoting a safe and secure city for the inhabitants 
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competed with the water professionals’ discourse. Varying perspectives as to what 
should be given priority, the environmental or the social aspects of sustainability were 
seen as hard to reconcile. These competing frames make the sustainable stormwater 
development process hard to control for the water professionals in terms of how the 
process is managed and in terms of who has the power to make decisions. According 
to Brugnach et al. (2006) and Hillier (2007), these competing knowledge frames 
should be used to reframe the problem in negotiations and in dialogue into new per-
spectives and understandings of the problem.  

Dovlén (2004) studied environmental professionals and professionals working with 
economic development and their experiences of power struggles in urban planning 
activities by using qualitative interviews and focus group sessions. It was reported that 
integrating sustainable development issues required an acceptance of multiplicity, an 
open attitude to the power struggles in local authorities and interaction between actors 
with varying perspectives. Hurley et al. (2008) discussed the need to overcome profes-
sional boundaries and the importance of identifying the gaps in understanding due to 
cultural and language differences, where ‘language’ relate to the way professionals 
communicate with one another and between professions. These aspects have strong 
relevance to the interviewed professionals’ experiences of struggle with power rela-
tionships in planning and decision-making (Papers 2 and 3). Hillier (2007) added to 
this discussion by opining that when contending with different discourses and practic-
es in planning, each player should be viewed as a legitimate opponent. In the research 
reported here, the constructive use of power was reflected in those cases where the 
water professionals had decided to play an active role in stormwater planning and con-
stantly had to struggle with the planners ‘in charge’ to put the stormwater issue on the 
agenda. The decision to be an active player was supported by the contextual conditions 
in their work where supporting parallel processes facilitated opportunities to reframe 
the environmental-technical discourse with visions of future sustainable stormwater 
systems embracing green infrastructure (Papers 2 and 3). When the water professionals 
had power to define their role in the planning process and acted beyond the role as 
‘experts’, they were able to encourage the use of alternative systems. They were ac-
tively involved and experienced satisfaction and respect as knowledgeable water pro-
fessionals. This active choice is in line with Stahre and Geldof (2003), who concluded 
that active engagement by the key players in the planning process is central to the ac-
celeration of the take-up of sustainable stormwater solutions. 

Hurley et al. (2008) pointed out that the development of assessment frameworks in 
order to enhance the incorporation of sustainable development into the decision-
making processes had drawbacks in practical applications when these tools had little 
practical value to practitioners. In practice, the interviews of professionals presented 
here have shown that the application of alternatives, in contrast to normal practice, 
required a dedicated effort by committed professionals and, in particular, organisation-
al support in order to effectively achieve interplay within conflicting discourses and 
different practices. The empirical findings of the interview studies revealed that a 
committed and supportive organisation supported the water professionals’ commit-
ment to innovate in the sustainable stormwater discourse (Paper 2 – 4). These support-
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ing conditions allowed and empowered them to more freely cross the boundaries be-
tween a water-oriented interest and a planning-oriented interest and in this way exceed 
the ‘water expert’ role and contribute to the change process. 

6.1.6 Managing change 

Sustainable stormwater management is a strong discourse of professionals working in 
water, planning and environmental departments, especially the commitment and 
awareness of a need for changes in stormwater practice (Paper 5). Even if few inter-
viewed municipalities actually had experiences of such practices, the concept of sus-
tainable development (SD) was useful in internal discussions as an antithesis to con-
ventional practice (Paper 3). The usefulness of the open definition of the concept of 
sustainable development helped actors to identify their own ideas for promoting SD in 
programs and actions that benefit their concerns (Hillier 2007; Kemp and Martens 
2007). The questionnaire showed how the three groups (the water, planning and envi-
ronmental departments) shared rather similar beliefs regarding options for future 
stormwater management, but had slightly different perspectives which may be related 
to different professional SD perspectives.  

Visions are important in the change process for challenging the dominant perspectives 
and informing thinking and actions (Smith et al. 2005; Kemp and Martens 2007). As 
previously discussed, the interview studies showed how the sustainable development 
concept in Swedish practice was limited to an environmental-technical approach. 
However, the discourse had the potential to be reframed by visions of future sustaina-
ble stormwater systems embracing green infrastructure. Here, it was considered im-
portant to imitate nature as much as possible, to minimise resource utilisation and to 
avoid water quality degradation of watercourses receiving stormwater. Based on the 
empirical findings of supporting conditions and parallel processes (Papers 2 – 4), the 
innovative municipalities realized the vision and implemented a variety of measures in 
the urban environment. 

6.1.7 Receptive contexts for action 

The interviews with professionals showed that the contextual conditions and the tech-
nocratic culture have significant impacts on the outcome of the stormwater develop-
ment process. The change process could either be blocked or developed. If organisa-
tional barriers dominate (non-receptive contexts), the receptivity within the organisa-
tions and the practitioners are blocked or highly restricted (Pettigrew et al. 1992a). The 
opportunities to act innovatively are severely limited. This contributes to an under-
standing of what may have happened in the Swedish change process and it is clear that 
the challenges are great for change towards sustainable stormwater management. 
However, the present thesis showed that even if the barriers have a strong dominance 
in practice and are historically and professionally supported, it is possible to go round 
them by creating supporting conditions in order to promote sustainable management. 
The receptive contexts, together with the four ‘A’ attributes (see Table 2, Jeffrey and 
Seaton 2003/2004) contributed in this thesis to a deeper understanding and increased 
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knowledge of barriers as well as conditions to manage change in practice. According 
to Pettigrew et al. (1992a), receptive contexts are essential in order to develop new 
attitudes amongst practitioners, allowing alternatives to emerge and are critical to the 
creation of opportunities for action. 

In the same way as with the parallel processes and conditions (Papers 2 – 4), the recep-
tive contexts provided a set of contexts supporting the professionals’ commitment for a 
change to stormwater management practice in Sweden. The interviews with the water 
professionals indicated a pattern of associated conditions and processes which were 
closely related to the eight receptive factors suggested by Pettigrew et al. (1992a), see 
Table 1. In particular, the five factors: 1) a vision; 2) potential key people; 3) environ-
mental pressure; 4) a supportive culture in progress and 7) key priorities for action 
identified in the questionnaire results as related to action, supported the pattern of as-
sociated conditions for change in the interviews. Consequently, these available five 
factors for change may be especially influential in integrating sustainable stormwater 
management into Swedish planning and practice. Similarly, Brown and Clark (2007) 
found interplay between networks of actors and enabling contexts for mainstreaming 
the changes when analysing the drivers for water sensitive urban design in Melbourne, 
Australia. Many of the enabling contexts could be associated to the receptive contexts 
found in the studies of Swedish conditions, for instance socio-political capital (factor 
1, policy), champions (factor 2, leadership) and demonstration projects (factor 4, cul-
ture).

6.2 Integrating sustainable stormwater management into practice 

The interview and the questionnaire with Swedish professionals have provided a wide 
perspective of what institutional inertia implies for the goal of achieving progress in the 
change agenda. Inter alia, the persistent structures in the technocratic culture have been 
found to be a crucial aspect in breaking with normal practices in the change process (Pa-
pers 2 and 3). Other factors, perhaps more easily managed but yet blocking progress, are 
represented by the non-receptive contexts: lack of resources and knowledge; ineffective 
relationships and networks; lack of political, organisational, scientific and local support. 
However, both the present studies made evident that the conditions for change vary in 
the Swedish municipalities. According to Loucks (2000), change varies and it probably 
always will, thus reflecting the practical activities in joint efforts trying to achieve a 
change. This mixed practice is in line with Hillier (2007, 2008) who discussed how fu-
ture management benefits from a pool of resources and a variation of opportunities for 
increased innovation. Indeed, the interview and the questionnaire studies illustrated a 
variation of opportunities to improve practice and the conditions for future practice pro-
vide several pathways for change. 

In the past, a wide range of political and financially influential groups in the local en-
vironment, acting in both official and unofficial arenas, contributed to the construction 
of the urban water system and the responsibility for design, implementation and 
maintenance was placed on the shoulders of the individual engineer (Hallström 2002, 
Söderholm 2007). The present studies (Papers 2 – 5) of professionals made evident 
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that, today, a transition in stormwater management is dependent on a variety of munic-
ipal actors: engineers, planners, architects, local politicians, related authorities, devel-
opers, property owners etc. all with responsibility to support the change process (Bul-
livant 2009). Similarly, Bell (2012) concluded that a variety of actors all have to con-
tribute to how urban water systems should be managed in the future, both as actors 
actively building the system and by influencing the broader urban environment in 
which the system operates. However, as the studies here have shown, the complexity 
of interests, discourses and perspectives involved in the traditional piped system com-
plicates the prospects for change. The number of actors involved is hard to reduce and 
there is an obvious danger that lock-in to tradition (Walker 2000) continues to encom-
pass stormwater management.

6.2.1 A fusion of perspectives in transition 

Paper 1 showed that commitment and awareness were crucial conditions in the context 
to achieve centralised water and sewer systems in the modern industrial city. Today, 
commitment and awareness of the benefits of using non-piped stormwater systems are 
dominant themes throughout the present studies of many researchers and profession-
als. However, the culture of stormwater management is a strong barrier due to deep-
seated assumptions and values (e.g. Pettigrew et al. 1992a; Palmer 2000) but is also a 
driver (there are opponents and supporters) and it does maintain the health and welfare 
of communities. Taylor (2008) explained that one way to bridge the cultural differ-
ences is to form a group of committed leaders, working as role models, in order to 
challenge and change traditional beliefs about stormwater management. The question-
naire results presented here showed that the professionals from the water, planning and 
environmental departments have the potential to be a key group leading change. The 
professional role – the environmental-technical discourse – could be reconstructed to 
be more sustainable by building on supporting visions (Paper 3). Basic conditions of 
the innovative practice may be explained by the actors’ commitment and awareness to 
support a change. These basic conditions were inherent in the consensus among re-
searchers to limit the acidification of lakes and streams in the late 1960s, that grounded 
the transition described below.

An essay by Kaijser (2009) provided evidence from a related environmental issue that it 
is possible to realize a sustainable transition. In the late 1960s, the public media were 
alarmed about the acid rain that ‘destroyed land and water’. A convention on long-range 
cross boundary air pollution was signed by 33 countries within the framework of the UN 
Economic Commission for Europe. It was the first convention of its kind. An important 
step was that there was a consensus among many researchers in many countries. Ac-
cording to Kaijser (2009), the international cooperation combating acidification has been 
successful. Emissions of many air pollutants have been reduced significantly in Europe 
and many ecosystems have partially recovered. The international agreements played a 
role, but also other factors had major impacts such as the transition to natural gas, in-
vestment in cleaner technologies from the treatment of flue gas from coal power plants 
to catalytic converters for cars, which are directly intended to reduce harmful emissions. 
The cooperation on long-range air pollution has shown that it is possible to achieve suc-
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cessful environmental cooperation between countries with very different interests. 
Kaijser concluded that it requires not only commitment and determination but also pa-
tience and understanding of the differences between countries. 

The essay shows that global environmental efforts supported by international agree-
ments can have positive effects and, as described above, limit the acidification of lakes 
and streams. Of course, the issue of acidification had reached another scale of global 
importance than the issue of stormwater, which still lacks priority and concerted ef-
forts in Swedish and global planning and practice in most countries. But, at a national 
perspective, there is consensus that there is a need to change towards sustainable 
stormwater systems among many professionals in water, planning and environmental 
departments and among many researchers in many countries (e.g. Chocat et al. 2007; 
Stahre 2008; Faram et al. 2010; White 2010; Ashley et al. 2011; Farrelly and Brown 
2011). However, at the moment, the general consensus is not enough to realize a tran-
sition in Swedish practice. Even if the studies of professionals have shown that innova-
tions could be more or less mainstreamed at local levels and alternatives implemented, 
there are only weak signs of ongoing and future transition. 

6.3 An accelerated process 

The comprehensive framework used in examining the questionnaire results presented 
here has identified potential pathways towards a change in Swedish stormwater practice. 
The framework has been used to identify the organisations’ preconditions and capability 
to support the professionals’ receptivity for change through the receptive contexts. In 
particular, to respond to the professionals’ commitment and awareness of benefits of a 
change found in the interview study, the relationship between municipal visions of sus-
tainable development and action was recognised. Municipal visions of sustainable de-
velopment were found to be important when introducing alternatives for stormwater 
management in the municipalities (Paper 5). According to Pettigrew (1992a), the chal-
lenge is to create receptive contexts and move all of the actors involved onto the same 
trajectory, in order to maintain simultaneous action over a long time. In line with this, 
Faram et al. (2010) suggested that a way to change is through a political intervention, 
where a flexible policy and stakeholder engagement at all levels could promote under-
standing and a shared responsibility. Also, broad visions have the potential to be the crit-
ical starting point allowing ‘top-down pressure to be married with bottom-up concerns’ 
(Pettigrew et al. 1992a), such as worries about stormwater management. Broad visions 
could encourage professionals to formulate their own vision (Berkhout et al. 2003). 
Consequently, visions regarding sustainable stormwater management were a strong 
driver for innovation and informed the sustainable development discourse in the inter-
view study (e.g. also as found by Westling et al. 2012). The interviews with profession-
als showed that to fit better into the sustainable development discourse, visions regard-
ing future sustainable stormwater management were formulated in terms of green infra-
structure, similar to practices in the USA. However, in the latter case, the use of green 
infrastructure with and for stormwater management is not built on visions of sustainabil-
ity, rather on quality standards for surface waters in accordance with the regulations in 
the Clean Water Act, CWA of 1972 (Ashley et al. 2007). 
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6.3.1 Top-down pressure and bottom-up concerns 

The present studies of professionals has shown that one way to break with the tradi-
tional piped system is by following the path of least resistance and therefore suggests, 
in line with Pettigrew (1992a), the need to put a positive ‘top-down pressure’ to influ-
ence ‘bottom-up concerns’ i.e. to increase the ability to achieve action. ‘Bottom-up 
concerns’ are already prevalent: the present studies found a widespread commitment 
and awareness of the benefits of a changed practice and association of needs in the 
change discourse (Papers 2 – 5). The questionnaire and, in particular, the interviews 
showed that a vision can create a receptivity path for a change with less resistance for 
a sustainable stormwater practice. 

In Sweden, the municipality is the most important player for enabling change towards 
sustainable systems (Boverket 2010). Depending on the municipal policy-makers’ re-
ceptiveness, the receptive contexts provide opportunities to support individual recep-
tivity and gradually effect action (Paper 5). In addition, the available receptivity for 
change, indicated by many professionals, signals the potential for the municipalities to 
achieve a response from the professionals ‘bottom-up concerns’ in order to facilitate 
the ability to deliver innovations. In this process, broad municipal visions could consti-
tute a positive ‘top-down pressure’ and be the main protector of the change process. A 
broad municipal vision could give the professionals empowerment to formulate their 
vision of future sustainable stormwater management and decide which pathway they 
prefer (Paper 3). Similarly, Paper 4 pointed to changes through the pattern of ‘empow-
erment’ (bottom-up response to stress and pressure) from committed actors involved in 
stormwater management in England. 

The implementation gaps, the non-receptive contexts identified in Paper 5, may be 
developed if the potential receptive factors, in particular factor 7 (key priorities), are 
acknowledged in practice. Here, the professionals inter alia indicated that a decision 
from the local politicians to invest in change effectively helps shape the processes for 
change and through which ideas for change proceed (Pettigrew et al. 1992a). Given the 
fact that implemented projects have to be publicly supported in order to become a col-
lective resource in the urban area (Paper 3), the design of the urban stormwater system 
is significant for achieving public responses which encourage the professionals’ com-
mitment to continue to innovate. 

6.3.2 Applying change in Swedish stormwater management 

In Sweden, old patterns of urban stormwater management are currently breaking down 
slowly and a rethink is present in many municipalities where there is a growing ten-
dency within urban planning and practice to take stormwater more fully into account 
in urban design and planning (Papers 2 – 5). The interview and the questionnaire 
showed that in the construction of alternatives, the professionals believed in the early 
collaboration between all of the actors involved in the stormwater planning process. 
The present thesis have shown there is a preparedness to build sustainable stormwater 
systems but this good intention lacks support in the broader, infrastructural issues. As 
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mentioned earlier, the impermeable urban areas restricted opportunities to innovate 
and developers did not usually leave enough land for alternative stormwater systems 
(Papers 2 – 3). The potential receptive contexts identified in Paper 5 could improve 
collaboration between the municipal departments which, in turn, may increase the op-
portunities to leave open spaces in the urban area on which to implement alternatives 
to piped systems. Beyond the resistance for change and the number of barriers that 
have been found in the present thesis, the modest pace of change towards sustainable 
stormwater management can be explained by the professionals’ preoccupation with 
their ‘daily work’ dealing with maintenance and operation of the traditional storm-
water system (the system has to work) in the municipalities. Without organisational 
support, there is no incentive to change traditional practice. However, in the cases 
where strong environmental pressure has initiated the innovative practices evident in 
the interview studies, this has shown that change can rapidly take off (Pettigrew et al. 
1992a) where there is a clear driver. Supported by a vision to find alternatives to per-
sistent problems in the urban environment, in such cases the professionals started to 
organise collective effort. A shared interpretation of an alternative stormwater ap-
proach was developed and applied in an integrated way. Today, the municipalities’ 
work with alternatives is continually negotiated and renegotiated by the committed 
professionals in the struggle to keep the stormwater issue alive. 
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7. Conclusions 

This thesis showed that within each of the aspects examined, the historical construc-
tion of the piped system, the urban stormwater planning process, the concept of sus-
tainable development, receptivity and receptive contexts for transition, there were a 
mixture of opportunities and barriers at work in the change process. For instance, vi-
sions of sustainable development were shown to drive the process and simultaneously 
there were persistent barriers supporting inertia; the ‘water expert’ role incorporated 
strong discourses for change that simultaneously blocked those changes. This thesis 
showed that the barriers, rather than being temporary, were strongly embedded in the 
culture of the professionals and in the structures of practice. In order to achieve a 
change in practice, municipalities must break away from these traditional systems and 
their culture. The municipalities have the overriding responsibility for urban planning 
and to adapt the stormwater management to fit with the conditions and new challenges 
of today. A credible plan for future management is to give stormwater management a 
restart, away from the traditional large technical water system and allow something 
new to emerge without the inertial baggage and structure that is the current tradition. 
The basic problem is that current stormwater management has to fit into the inflexible 
structure that was once constructed for the traditional piped system. 

The present mission is not to find a similar ‘correct’ pathway as in the past. There is no 
‘final pathway or right solution’ in the sustainable stormwater discourse. Rather, a va-
riety of alternatives are practiced in various municipalities where the change agenda is 
neither fixed nor clearly defined. The flexible approach develops the change agenda 
and the planning process was an important platform of innovation if the supporting 
conditions for action were in place. Such flexibility may be useful in order to avoid 
‘lock-in’ to fixed paradigms of practice as has happened in the past when stormwater 
was embedded in the original design and construction of urban water systems. A key 
result from this research was that change implied a constant balancing and rebalancing 
between committed professional perspectives and discourses and an ability to innovate 
to achieve a goal that was expected to be more sustainable. The very nature of storm-
water practice, continually evolving and changing by continuous negotiations and re-
negotiations, opened up different perspectives that developed the sustainable storm-
water discourse. The results presented in this thesis have provided insights into possi-
ble ways to manage the many challenges in practice and accelerate the change process. 
The most significant are presented in four potential pathways for change below. 

In Sweden, there is a growing receptivity for a change towards sustainable storm-
water practices. The studies showed that sustainable stormwater systems are well es-
tablished in the professionals’ visions, frames, awareness and commitment and, in 
some cases, also implemented in practice. These alternatives have long existed in the 
shadow of the traditional practice that has dominated stormwater management for 
more than 100 years. A group of committed key leaders (from the water, planning and 
environmental departments) represents a potential pathway for managing change in 
many Swedish municipalities. They can constitute a critical group for continuity and 
stability in the change process. In the context of change, the power of these committed 
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professionals has the potential to influence others and, in the long-term, increase the 
adoption of sustainable systems. However, these leaders have to be identified and sup-
ported by the various organisations involved in order to be able to create momentum in 
the change process. 

The engineering culture is a dominant barrier that was shown to maintain and gener-
ate inertia in sustainable stormwater practice. The culture reflects the historical foun-
dations of the way in which traditional urban water systems have developed. It also 
reflects the ‘water expert’ role and the stormwater management techniques deemed 
valid in the environmental-technical discourse in contemporary stormwater manage-
ment. However, this thesis showed that the technocratic path dependencies can be 
challenged by the concept of sustainable development which is a strong discourse in 
Sweden and consequently a strong potential pathway to reframe traditional practice. 
The sustainable development concept can support professionals in their practice as to 
how best to manage stormwater, with an emergent vision of the use of green infra-
structure. An important finding here was that a potential organisational culture, of 
committed key actors supporting change, is in progress in Swedish practice. Joint ac-
tions by committed actors in practice were shown to be essential for the implementa-
tion of alternatives. In a supportive organisational culture, the contradiction between 
nature and structural techniques within the engineering culture creates new opportuni-
ties to be reconciled. 

A broad municipal vision was identified to be important to achieve response from 
‘bottom-up concerns’ and accelerate the change process. Here, it is possible to con-
clude that in order to reframe the environmental-technical discourse and support the 
commitment for change found in present studies, one potential pathway to change is to 
put a positive ‘top-down pressure’ (a vision) to influence response from ‘bottom-up 
concerns’. Based on the research presented here, professional visions of green infra-
structure, sustainable urban water systems or similar ideas, were found to encourage 
innovation in stormwater management. A crucial condition for this was, however, that 
the urban water vision was protected and supported by municipal visions of sustaina-
ble development of the society. In this, supportive parallel processes such as political, 
organisational, public and scientific support created the necessary conditions for the 
ability to innovate. These processes encouraged the professionals’ commitment into 
action, in concert with other actors involved in the change agenda. 

Environmental pressure such as a political decision or extreme events was a poten-
tial pathway for change. In the empirical findings, the change process was found to 
suddenly take off when the pressure and stress from extreme events created concerted 
action to respond and innovate. In addition, the studies showed that a decision from the 
local politicians to invest resources in change facilitated the processes for change and 
encouraged ideas for change to develop. Here, the research provided insights into 
missing potential factors that need to be included to increase progress in the sustaina-
ble stormwater development process. The findings about the non-receptive contexts 
(barriers) can help inform decision-makers how best to contribute and increase the im-
plementation of alternatives to traditional piped drainage systems. The interview study 
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showed that a basic condition for continued innovation is that implemented projects 
have to be publicly supported in order to become a collective resource in the urban 
environment. 

Based on the findings, it is concluded that none of the potential pathways described 
above can easily emerge without supporting contexts which ultimately drive a change 
in stormwater management. In breaking the persistent structures resisting change, the 
receptive contexts were shown to have a crucial role as the most specific enabling 
pathway. The comprehensive framework developed in this thesis increased the 
knowledge and understanding of the potential pathways for change in stormwater 
management. Municipal visions of the society’s sustainable development and a sup-
portive organisational culture, where the beliefs in future possibilities were shared by 
the professionals, were shown to be central to the emergence of sustainable practices. 
In the professionals’ commitment to realize action and the eight receptive factors, the 
conditions and processes that drive action have been identified. For a continuation of 
the change process, at a national and international scale, the receptive contexts from 
where change has the potential to emerge should be acknowledged. The best strategy 
to overcome inertia and support the professionals’ openness and commitment for 
change is likely to create receptive contexts that facilitate the emergence of sustainable 
stormwater management in practice. 
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Appendix 1. Translated Interview guidelines with themes and support 
questions 

Opening questions 
- professional background, age 
- describe your work, your role, your responsibilities 

Stormwater and the planning process 
- describe your work with stormwater in planning 
- in which stage of the planning process is stormwater managed 
- what sets the frames for the choice of stormwater management 
- who are involved/responsible for stormwater planning 
- cooperation with others, departments etc. 
- how do you understand the interest in sustainable urban stormwater 
- is there space for variations and own ideas 
- personal experiences of sustainable planning of urban stormwater 
- experiences of difficulties, obstacles 
- do you deviate from the traditional management, how was/is it possible 

Networks and power relationships
- important people for sustainable/traditional implementation 
- source of knowledge for design of sustainable/traditional implementation 
- who decides what, who owns the issue, do these conditions changes 
- what influences the design/planning, what are valued, assessed 
- how can you influence the management/planning 
- how can you use/implement new ideas about stormwater from other municipali-

ties

Stormwater representation 
- how is stormwater talked about, how is the discussion going 
- how do you understand the discussion about sustainable management 
- what understanding is there about sustainable stormwater among professionals 
- is/are there a person/people in particular committed 
- how do the public participate in the discussion, is there interest/awareness 

Values, challenges and flexibility 
- the sustainable stormwater management view 
- the urban water system view 
- challenges you are facing 
- how can sustainable solutions contribute to a better urban environment 
- is there space/opportunity to innovate and experiment 
- what could change or what has altered a traditional management, what hap-

pened, what were the driving forces 
- do you see resistance in sustainable stormwater management 
- do you experience positive/negative feedback on new proposals 
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Anticipations, desires and suggestions for change 
- critical and creative reflections on traditional/sustainable stormwater manage-

ment
- how do you understand the risks, adverse effects of sustainable/traditional 

stormwater
- how would you describe the best, safest option 
- why do you think it takes time to realize sustainable management 
- what do you think is needed to bring a new approach to stormwater 
- what would the city’s stormwater management look like if you could decide 
- how do you think about the future of stormwater management 
- what are your sources of inspiration 

Additional questions in the telephone interview 
- What does sustainable development mean to you? 
- How would you describe sustainable urban stormwater development? 
- How does your municipality contribute? 
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Appendix 1. Intervjuguide med teman och stödfrågor 

Inledande frågor 
- yrkesbakgrund, ålder 
- berätta om ditt arbete, vilken är din uppgift, ditt ansvar 

Dagvatten och planeringsprocessen 
- hur arbetar ni med dagvatten i planeringen 
- var i planeringsprocessen kommer dagvatten in 
- vad sätter ramarna för val av dagvattenhantering 
- vilka är involverade/ansvariga i planeringsprocessen 
- samarbete med andra, avdelningar etc. 
- hur uppfattar du intresset för hållbart dagvatten i stadsmiljö 
- finns utrymme för variation och egna idéer 
- egna erfarenheter av en hållbar planering av stadens dagvatten 
- erfarenheter av svårigheter, hinder 
- händer det att du avviker från det traditionella hanteringssättet, 

hur var/är det möjligt 

Nätverk och maktrelationer
- viktiga personer för hållbart/traditionellt genomförande 
- kunskapskälla för utformning av hållbart/traditionellt genomförande 
- vem bestämmer vad, vem äger frågan, förändras dessa förhållanden 
- vad påverkar utformningen/projekteringen, vad värderas, bedöms 
- hur kan du påverka hanteringen/planeringen 
- kan du ta del av/införa nya idéer ifråga om dagvatten från andra kommuner 

Dagvatten representation 
- vad pratas det om/diskuteras när det handlar om dagvatten 
- hur uppfattar du diskussionen om hållbart dagvatten 
- vilka uppfattningar finns om hållbart dagvatten bland olika yrkesgrupper 
- är någon/några personer särskilt engagerade 
- hur deltar allmänheten i diskussionen om hållbart dagvatten, finns in-

tresse/medvetenhet 

Värderingar, utmaningar och flexibilitet 
- syn på hållbara dagvattenlösningar 
- syn på stadens vattensystem 
- vilka utmaningar står man inför 
- hur uppfattar du riskerna, oönskade effekter med öppet/slutet dagvatten 
- hur kan hållbara lösningar bidra till en bättre stadsmiljö 
- finns utrymme/möjligheter att förnya och experimentera 
- vad kan förändra eller vad har vänt en traditionell hantering 

vad hände, vilka var drivkrafterna 
- uppfattar du motstånd när det gäller hållbart dagvatten 
- upplever du positiv/negativ respons vid nya förslag 



88

Förväntningar, önskningar och förslag till förändring
- kritiska och kreativa reflektioner på traditionell/hållbar dagvattenhantering 
- hur skulle du beskriva den bästa, säkraste lösningen 
- varför tror du att det tar tid att förverkliga hållbara lösningar 
- vad tror du behövs för att åstadkomma en förändrad syn på dagvatten 
- hur skulle stadens dagvattenhantering se ut om du fick bestämma 
- hur tänker du ifråga om framtiden för dagvatten 
- vilka är dina inspirationskällor 

Kompletterande frågor vid telefonintervju 
- Vad innebär begreppet hållbar utveckling för dig? 
- Hur skulle du beskriva en hållbar utveckling för stadens dagvatten? 
- Hur bidrar din kommun? 
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Appendix 2. Translated Questionnaire 

Part 1 Information about you and your experiences 

1.1 In which county do you work? 

1.2 In which municipality do you work? 

1.3 Which area do you primarily work in? 
o Urban planning department 
o Water department 
o Environmental and Health department 
o Street department 
o Technical services department 
o Park department 

1.4 What is your position? 
o Municipal official 
o Department manager 
o Planner 
o Project manager 

Other position (please specify) 

In what context do you come into contact with wastewater/stormwater? 

Very often Often More sel-
dom Not at all 

Strategy and policy     
Planning     
Land and development     
Architecture/Design     
Investigations     
Projecting     
Building permits     
Construction     
Engineering/Operation and 
maintenance

    

Consumers/Customer con-
tact

    

Environmental is-
sues/Recipient questions 

    

Education/Marketing     
Research and development     

In what context do you come into contact with household sewage and industrial 
wastewater?
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(Same alternatives as above) 

In what context do you come into contact with water supply? 
(Same alternatives as above) 

1.47 I am: 
o Male
o Female

1.48 What is your professional background? (You may choose more than one if neces-
sary)

o Civil engineer/engineer 
o Planner 
o Architect/Landscape architect 
o Economist/Marketing
o Jurist

Other, please specify: 

1.50 How long have you been working in your current position? 
0-1 year, 2-5 years, 6-10 years, 11-15 years, 16-20 years, 20+ years 

1.51 How many years do you have working in the area of urban water management 
(water and wastewater/stormwater)? 
0-1 year, 2- 5 years, 6-10 years, 11-15 years, 16-20 years, 20+ years 

Part 2 Urban stormwater 

2.1 Is consideration given in relation to stormwater in the existing comprehensive plan 
in your municipality? 

Very often Often More sel-
dom 

Not at all I don’t 
know

     
2.2 Please give examples of how consideration of stormwater is given: 

2.3 Is consideration given to stormwater in comprehensive plan work in your munici-
pality?

Very often Often More sel-
dom 

Not at all I don’t 
know

Not relevant 

      
2.4 Please give examples of how consideration of stormwater is given: 

2.5 Is consideration given in relation to stormwater in the detailed plan work in your 
municipality?
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Very often Often More sel-
dom 

Not at all I don’t 
know

     
2.6 Please give examples of how consideration of stormwater is given: 

2.7 Are alternatives considered when working with detailed plan work in your munici-
pality?

Very often Often More sel-
dom 

Not at all I don’t 
know

     

2.8 Please give examples of how they are considered: 

2.9 Which actors have primary responsibility for stormwater in detail plan work? 

2.10 Is there a stormwater strategy in your municipality? 

Yes Is under development No
   

Have any of the following stakeholders in your municipality been designated respon-
sibility for stormwater in urban planning? Please, select one of the following options: 

Local politicians 
Urban planning 
Environment and Health 
Building permit
Street department 
Park department 
Water department/company  
Developers/Entrepreneurs  
Consultants 
Property owners 
There is no designated responsibility 
I don’t know 

Which of the following stakeholders in your municipality do you think is responsible 
for the consideration of stormwater in urban planning? 

Very great 
responsibil-
ity

Great re-
sponsibility

Partly re-
sponsible

No
liabil-
ity

Local politicians     
Urban planning     
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Environment and Health     
Building permit      
Street department     
Park department     
Water depart-
ment/company

    

Developers/Entrepreneurs      
Consultants     
Property owners     
Other: 

2.23 By estimation, how much of the stormwater system in your municipality is tradi-
tionally built (with pipes) compared with alternative systems (non-piped). 

100 % conventional   0 % conventional 
100 98 95 90 80 70 60 50 40 30 20 10 0
             

2.24 By estimation, what is the distribution between traditional (piped) and alternative 
systems for what is built today in your municipality? 

100 % conventional   0 % conventional 
100 98 95 90 80 70 60 50 40 30 20 10 0
             

2.25 What types of alternative facilities do you have? (Please specify approximately 
which year the facility was built) 

How engaged are the following stakeholders in the implementation of alternatives in 
your municipality? 

Very strong 
commit-
ment

Strong
commit-
ment

Partial
en-
gaged 

No com-
mitment

Don’
t
know

The County Administra-
tive board 

     

Local politicians      
Urban planning      
Environment and Health      
Street department      
Park department      
Water department      
Develop-
ers/Entrepreneurs 

     

Consultants      
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Property owners      
The public      
Media      

2.38 Are there one or more "champions" who drive the issue of alternative stormwater 
solutions in your municipality? 

Yes No

What in the current situation supports or prevents the use of a traditional stormwater 
system (piped) in your municipality? 

Strongly 
supports 

Slightly 
supports 

Neither
supports
nor pre-
vents 

Slightly 
prevents 

Strongly 
prevents 

I don’t 
know

Urban planning       
Existing wastewater 
system

      

Legislation       
Municipality organ-
isation

      

Land ownership       
A municipality 
stormwater strategy 
(if available, other-
wise omit answer) 

      

Competence in the 
municipality

      

Time and human 
resources

      

Costs of construc-
tion

      

Operating and 
maintenance costs 

      

Technical feasibility       
Functionality of the 
existing pipe system 

      

Security issues       
Public health issues       
Social amenity       
Other: 

What in the current situation supports or prevents the implementation of alternatives 
(not piped) in your municipality? 
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Strongly 
supports 

Slightly 
supports 

Neither
supports
nor pre-
vents 

Slightly 
prevents 

Strongly 
prevents 

I don’t 
know

Urban planning       
Existing wastewater 
system

      

Legislation       
Municipality organ-
isation

      

Land ownership       
A municipality 
stormwater strategy 
(if available, other-
wise omit answer) 

      

Competence in the 
municipality

      

Time and human 
resources

      

Costs of construc-
tion

      

Operating and 
maintenance costs 

      

Technical feasibility       
The solution's func-
tionality

      

Security issues       
Public health issues       
Social amenity       
Other: 

What in the current situation supports or prevents opportunities to experiment and test 
alternatives in your municipality? 

Strongly 
supports 

Slightly 
supports 

Neither
supports
nor pre-
vents 

Slightly 
prevents 

Strongly 
prevents 

I don’t 
know

Urban planning       
Existing wastewater 
system

      

Legislation       
Municipality organ-
isation

      

Land ownership       
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A municipality 
stormwater strategy 
(if available, other-
wise omit answer) 

      

Competence in the 
municipality

      

Time and human 
resources

      

Costs of construc-
tion

      

Operating and 
maintenance costs 

      

Technical feasibility       
The solution's func-
tionality

      

Security issues       
Public health issues       
Social amenity       
Other: 

2.87 How important is the municipality's vision of sustainable development for the 
introduction of alternatives in your municipality? 

Very im-
portant 

Important Partly im-
portant 

Not at all 
important 

I don’t 
know

There is no 
vision

How important are the following alternatives for the future management of the city's 
stormwater in your municipality? 

Very im-
portant 

Important Partly
important

Not at all 
important 

I don’t 
know

Stormwater pipes      
Stormwater storage 
basins

     

Wetlands      
Ponds      
Swales      
Bio-retention systems, 
trees, green areas, 
green roofs, biofilters 
etc.

     

Porous pavements      
Design areas such as 
permeable surfaces, 
sports fields etc. to 
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store rainwater during 
heavy rainfall 
Reconstruction of e.g. 
broad streets for infil-
tration ditches 

     

A combination of 
pipes and alternatives 

     

A coherent system of 
alternatives

     

To experiment and test 
alternatives

     

Other: 

What do you think is required for the increased implementation of alternatives in your 
municipality?

Very effec-
tive

Effective Partly
effective

Not at all 
effective

A political deci-
sion

    

Improved co-
ordination be-
tween municipal 
departments

    

Stormwater issues 
integrated in the 
planning process 

    

A stormwater 
strategy

    

Clarify responsi-
bilities about who 
owns and main-
tains the facilities 

    

Increased aware-
ness

    

Improved 
knowledge/ tech-
nical expertise 

    

More resources, 
time, money and 
personnel 

    

Extreme events 
such as
flooding from ex-
treme rainfall and 
pollution from 
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stormwater out-
falls
Other: 

2.111 What is the single biggest obstacle to the implementation of alternatives in your 
municipality?

2.112 To what extent is the municipality’s stormwater work managed by external con-
sultants?

Very often Often More sel-
dom 

Not at all I don’t 
know

     

2.113 Please leave your contact information (optional) 

Thank you for taking the time to complete this survey, the information you have pro-
vided is most valuable to our research. 
If you have any general comments, please write them below or email to: 
annicka.cettner@ltu.se

2.114 General comments 



98



99

Appendix 2. Enkät 



100



















Paper 1 

An adaptive stormwater culture? Historical perspectives on the status of storm-
water within the Swedish urban water system 

Cettner, A., Söderberg, K. and Viklander, M. (2012) 

Journal of Urban Technology 





This article was downloaded by: [Lulea University of Technology]
On: 16 August 2012, At: 06:43
Publisher: Routledge
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Urban Technology
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/cjut20

An Adaptive Stormwater Culture?
Historical Perspectives on the Status of
Stormwater within the Swedish Urban
Water System
Annicka Cettner, Kristina Söderholm & Maria Viklander

Version of record first published: 13 Aug 2012

To cite this article: Annicka Cettner, Kristina Söderholm & Maria Viklander (2012): An Adaptive
Stormwater Culture? Historical Perspectives on the Status of Stormwater within the Swedish Urban
Water System, Journal of Urban Technology, DOI:10.1080/10630732.2012.673058

To link to this article: http://dx.doi.org/10.1080/10630732.2012.673058

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-
conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.



An Adaptive Stormwater Culture? Historical

Perspectives on the Status of Stormwater within the

Swedish Urban Water System

Annicka Cettner, Kristina Söderholm and Maria Viklander

ABSTRACT The purpose of the article is to analyze a number of historical explanations
behind the slow process of change in stormwater management in Swedish urban planning
and practice. We achieve this by studying three different periods of the long-term establish-
ment of the Swedish urban water system over the nineteenth and twentieth centuries,
developments which were strongly linked to stormwater. The article recognizes the
social construction of the system, i.e., how it grew out of human desires and how it
grew extensively during the twentieth century due to an expansive growth of system-
supporting public initiatives. These included funding opportunities as well as the
establishment of different institutions and organizations. The analysis indicates that in
their current efforts to transform urban stormwater management in a more sustainable
direction, policymakers and implementers ought to be encouraged by an increased
awareness of this social construction; what humans by their desires once built up, they
should also be able to transform. Still, an important implication is also the need for
such transforming efforts to determinately break away, both physically and mentally,
from the traditional pipe-bound system and system culture.

KEYWORDS Stormwater management; transition; history; socio-technical system; urban
water system

Introduction

The existing literature reveals a general sluggishness in transforming the urban
water sector from a traditional to a sustainable urban water management
system, and it suggests that this can largely be explained by socio-institutional
rather than technical barriers (for an overview, see Brown and Farrelly, 2009).
These barriers “reflect impediments related to community, resources, responsibil-
ity, knowledge, vision, commitment and coordination, rather than the current
state of the technical feasibility of proposed solutions” (Brown and Farrelly,
2009: 842). Well in line with this, two Swedish public investigations conclude
that the “paradigm shift” towards a more sustainable stormwater management
system has been developing for as long as 10–20 years (SOU, 2007; Swedish
National Board of Housing, Building, and Planning, 2010). A central part of this
shift has hitherto (in Sweden as well as internationally) consisted of the implemen-
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tation of local stormwater management; over the last couple of decades a
number of Swedish municipalities have been collecting water from rooftops and
paved areas and have infiltrated stormwater in open ponds, channels, and corri-
dors in the urban environment (Swedish National Board of Housing, Building,
and Planning, 2010; Stahre, 2008). As is often the case internationally (Brown
and Farrelly, 2009; Harding, 2006) these practices are moving forward slowly
and typically these initiatives remain fairly isolated projects. Stormwater is still
often a rather neglected part of cities’ water systems, something that is reflected
by the limited use and exposure of the noun stormwater in Swedish printed
media.1 The low status and slow adaptation of stormwater in Swedish urban
planning and practice is particularly noteworthy given that this article will
show that—at least in terms of political rhetoric—the shift towards more
sustainable stormwater management actually has been ongoing in Sweden for
at least 40 years.

The purpose of this article is to analyze a number of historical explanations
behind the slow path of change of stormwater management in Swedish urban
planning and practice. The analysis will shed light on contemporary socio-
institutional barriers to a transition from traditional to sustainable urban water
management. Rather than outlining targeted policy instruments for managing
specific institutional barriers, this article can stimulate urban water policy
strategists to build from slightly different starting points while planning and
implementing sustainable urban water management. Although the article has a
Swedish focus, we envisage that the results will be largely applicable also to
related work in other countries.

We will investigate the historical explanations by studying literature and
written sources focusing on three different periods of the long-term construction
of the Swedish urban water and sewer system over the nineteenth and twentieth
centuries, developments that have been strongly linked to stormwater. These are:
(1) the initial phase of construction in the late nineteenth and early twentieth cen-
turies; (2) the great system growth—up until the 1970s; and (3) the stormwater
era—the foundation of new perceptions and perspectives on modern stormwater
management. The analysis builds on theories of large technical systems’ socio-
technical nature and inertia (see the following section). Historians interested in
the growth of society’s large technical systems for transport, water, energy, com-
munication, etc., have traditionally focused on the construction and growth
phases of the systems rather than on their long-term development—and adap-
tation—to current times.2 They have neither in any depth used the historical
insights identified in the literature, nor discussed these insights in the context of
contemporary strategists’ efforts in making the systems more sustainable.3 Like-
wise, engineers, technology sociologists, economists and others interested in
how we can transform large socio-technical systems in a more sustainable direc-
tion have typically not used long-term historical insights concerning system
change for these matters.

After the section “Theoretical Frame of Reference” below, follows “Storm-
water Construction: Perceptions of the Past,” where a presentation of three time
periods and points of interest are highlighted regarding the ever-intensified
socio-technical nature and inertia of the centralized water and sewer system.
The status of stormwater is discussed within this context. The article ends with
a concluding discussion outlining the implications of our work when it comes
to revealing central historical explanations as well as general lessons for urban
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water policy strategists in addressing the slow adaptation of stormwater within
Swedish urban planning and practice.

Theoretical Frame of Reference

We depart from the working hypothesis that the socio-institutional barriers
experienced in connection to sustainable urban water management ambitions
today, largely can be explained and understood in terms of a “pipe-bound mental-
ity” of individuals, organizations, and institutions associated with the system.
This implies a “mental map” of the centralized water and sewer system as a
piped, technological, underground, and obvious system. The literature on the
inertia associated with large technical systems (such as infrastructural systems)
offers a more in-depth understanding for such “mentalities.” This resistance can
be explained in terms of an inherent inertia or momentum of fully developed
systems, caused by both influential interests gradually developing a system
culture on the rationality and desirability of the system, and the generally long
life span and close interplay between the different technical components of the
system (for a more detailed description of the “momentum,” see Hughes, 1987).
The loss of dynamics caused by typical large-technical-system characteristics
has been pinpointed by many researchers as one of the great challenges when it
comes to the ambition of turning these types of systems in a more sustainable
direction (e.g., Brown and Farrelly, 2009; Jonsson et al., 2000; Lindegaard, 2001).

The comprehension of the inertia or momentum of the water system is further
enhanced by the notion of the system as a “seamless web” of associated technol-
ogy, people, organizations, authorities, laws, and norms (e.g., Bijker et al., 1987;
Hughes, 1986). Technical change is, in this context, characterized by a constant
interaction between technical and social factors that continuously shape the
system. The system’s socio-technical nature implies that system changes are
highly dependent on social processes, such as power relations, economic interests,
and human values. In line with this lies further the idea of the actor-network,
characterized by the identification, negotiation with, and enrollment of allies in
the enforcement of a network and what it contends for, such as a system culture
(e.g., Latour, 2005; Law, 1987). The actor-network at the time of the establishment
of the centralized water and sewer system in Sweden in the late nineteenth and
early twentieth centuries typically consisted of powerful political and economic
forces within the local context, such as representatives of the municipal govern-
ment, industrial leaders, local advocates of health and sanitation, and consulted
engineers. These formed power relations around the water and sewage issue
and decided upon the rationality and desirability of the system, such as that it
ought to be the complete technical/engineering system not just for solving sanitary
problems but also for promoting industrial production, commerce, and general
urban prosperity (Gullberg, 1998; Hallström, 2002). Cities and their infrastructures
have grown over time, and this has affected the size and the characteristics of
urban stormwater systems. For this reason Lindegaard (2001) emphasizes the
need to further develop this common idea of a “complete” system, solving a
number of problems (as well as promoting a number of benefits). She suggests
that future development should consist of both new technical solutions and a
readjustment of conceptions associated with health, aesthetic, and modern civi-
lized life.

An Adaptive Stormwater Culture? 3
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Finally, in analyzing the challenge of transforming stormwater management
in a more sustainable direction and any associated barriers in this process, it
should be fruitful to discuss the problem in terms of the hurdles of “contrast
pairs.” The latter refers to the clear division, in this case, between nature-oriented
and local solutions (“sustainable urban water approach”) and technically-oriented
and centralized solutions (“traditional urban water approach”), which creates
difficulties in bridging the differences of the approaches since the dichotomy
presumes mutual exclusiveness. The prospects for transforming large technical
systems by moving away from the pitfall of contrast pairs are discussed in the
literature by, for instance, Faulkner (2003) and Berner (2004).

Given these theoretical points of departure, in the following two subsections
we will highlight in part technical but above all social settings, choices, and devel-
opment processes related to the establishment and the further expansion of the
Swedish centralized water and sewer system. In central parts this illustrates the
origins of the inherent inertia and pipe-bound mentality of current urban water
systems. The third and final subsection, in turn, highlights the manifestation of
the inherent inertia and pipe-bound mentality of the urban water system, when
stormwater management, in its modern sense, first was raised in Sweden in
terms of political rhetoric over 40 years ago.

Stormwater Construction: Perceptions of the Past

The Initial Phase of Construction in the Late Nineteenth and Early Twentieth
Centuries

The old systems represent visions in a rigid form. The most modern
systems have not yet lost their liquid nature. (Blomkvist and Kaijser,
1998: 17)

Up until the nineteenth century, urban stormwater was drained off in open ditches
and only a few Swedish cities had gutters for stormwater. Household wastewater
was generally disposed of in the same ditches/gutters. Poor flow or icing in the
ditches/gutters along with a growing urban population over the second half of
the nineteenth century caused a growing number of occurrences with stinking
pools of water and waterlogging in the urban environment. Because the strong
belief in miasma (still prevalent in mid-nineteenth century), i.e., that the odors
and vapors emitted from piles and pools of filth spread infectious diseases,
these ditches/gutters were considered a major sanitation problem. Severe
cholera epidemics in Swedish towns in the 1850s and 1860s increased interest in
identifying solutions to this urban sanitation problem. In this context, the installa-
tion of centralized water and sewer systems increasingly became regarded as an
appropriate solution (Bjur and Malbert, 1987; Drangert et al., 2002; Hallström,
2002). Thus, water and sewage became an engineering problem and the mission
was to come up with a detailed plan for installing a system. Consequently, the
establishment of centralized water and sewer systems became more prevalent
in Sweden from the 1870s onwards (Isgård, 1998).

Given the above-described urban situation with stinking pools of water and
waterlogging, initially sewerage was primarily considered a system for draining
stormwater and marshy areas and for the disposing of floating filth. The main
goal was to use pipes to make invisible all kinds of water and to make the city
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dry and clean (Drangert et al., 2002). Combined pipes for both storm and waste-
water (in contrast to separate pipes) was a common choice of technology where
the pipes essentially replaced the ditches which previously had received both
storm and wastewater (Cronström, 1986).4 By the end of the nineteenth century,
the increasing use of indoor plumbing in Swedish cities added to a city’s sewerage
and forced systems to deal with more than drainage (Bjur and Malbert, 1987;
Drangert et al., 2002; Hallström, 2002; Isgård, 1998).

Until the second half of the nineteenth century, pipe-bound water and sewage
technology was mainly transferred from Great Britain to Sweden due to a lack of
sufficient engineering knowledge in Sweden. Domestic expertise was, however,
built up during the second half of the nineteenth century by, above all, three engin-
eers: Fredrik Vilhelm Erik Carl Leijonancker (1819–1883), and father and son
Richert–Josef Gabriel Richert (1828–1895) and Johan Gustaf Richert (1857–
1934). These engineers were involved in a major part of the centralized water
and sewer system establishments in Sweden over the second half of the nineteenth
century. In this way, Swedish water and sewage system expertise was built up by
the end of the nineteenth century. Where the pioneers of the earliest system estab-
lishments had been obliged to seek abroad for prototypes, there was by 1898, for
instance, a temporary master position in water conduit, sewage, and water power
questions to be found at the Royal Institute of Technology (KTH), Stockholm.
The position, which was held by Johan G. Richert, became incorporated in the
first professorship in water construction in 1903 (Bjur, 1988; Isgård, 1998). Given
the relatively small number of engineers with expertise in the area of installing
centralized water and sewer systems, it is easy to imagine the strong influence
that these few men had on contemporary development. This was not the least
evident in the smaller cities where knowledge and expertise were virtually non-
existent before to the construction of the local centralized water and sewer
systems.

The construction of the centralized water system—which, as sewerage, also
was promoted by the idea of the clean city—implied greater (compared to sewer-
age) engineering challenges because of the need to see to, apart from the pipe-part,
a suitable water supply (water reservoir) as well as water-hauling. The latter was
important as the use of subsoil water in contrast to surface water became more
common at the end of the nineteenth century. The challenging character of the
water system placed sewerage in a subordinated position, not the least at the
local construction site where the water system naturally required the most atten-
tion, skills, and funds. This is, for instance, reflected in Söderholm (2007), who
highlights the centralization of the water and sewer systems. At this time, the indi-
vidual engineer was able to function as a direct link between the most recent
knowledge developments in the field (at both national and international levels)
and the technology choices made at the local level. Thus, during the construction
of a centralized water and sewer system in the town of Luleå in the very north of
Sweden at the end of the nineteenth century, parallel intensive development
phases within disease science, hydrology, and chemistry, as well as within the
technologies of drilling and water-hauling, were all clearly reflected in the local
construction process (Söderholm, 2007).

Dryness, cleanliness, and sanitation were not the only reasons for bringing
water and sewage services into uniformed centralized systems. According to Hall-
ström (2002), financial concerns were an important factor because centralized
water systems were considered very attractive and economically feasible, for
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industry, trade, and individual households. Hallström stresses the importance of
considering the local context in order to fully understand the decisions that were
undertaken in these matters. In the local contexts for his study, i.e., the introduc-
tion and subsequent expansion of centralized water and sewer systems in two
Swedish middle-sized cities in the nineteenth century, the motivation was more
about promoting civic pride in being seen as a modern industrial city and devel-
oping a specific clean and moral bourgeois class identity5 than about improving
poor sanitary conditions. The issue was thus put forward by financially and pol-
itically powerful people in the local environment, acting in both official and unof-
ficial arenas, and the bourgeois identity was shared by consulting engineers for
they belonged to the same class. The nineteenth century marked the time for
the foundation of modern society, where infrastructural development reflected
scientific and technological development, the most natural base for the modern
society to rest on, and where engineers stood at the helm of societal development.
Also Lindegaard (2001) concludes that the construction of a public centralized
water system in nineteenth-century Copenhagen was not only a response to an
obvious urban problem, but it was also an important social and cultural issue,
something which in turn explains why the problem became a public concern.

The Great System Growth

The physical growth of the centralized water and sewer system was extensive (in
terms of total pipe-length) in Sweden during the first half of the twentieth century;
the total pipe-length increased from about 3,500 km at the end of the nineteenth
century to about 10,000 km in 1944 (Isgård et al., 1987). Along with the physical
growth, the social components of the system grew equally fast, not only in
terms of the increased number of users but also in the number of public initiatives
associated with funding and the establishment of institutions and organizations
supportive of the system and, thus, in different aspects enabling its growth.
These same public initiatives, however, also contributed significantly to system
inertia.

An extensive part of the growth of the centralized water and sewer system
over the twentieth century was, in contrast to previous periods, funded by
public means, not the least in the form of relief works. An important motive
was to equalize the water- and sewer-related technical differences across urban
and rural areas. From the beginning of the 1930s, the funding in the form of
relief work was issued by the National Unemployment Commission (Arbet-
slöshetskommissionen), and later by the National Department of Labor Market
(Arbetsmarknadsverket) (Leimar, 1990). Water and sewage works constituted a
central part of the national relief works and could comprise as much as 90–100
percent of the total construction costs (Petrelius, 1950). The work was typically
conducted in smaller communities in rural areas and was motivated by: (1) hygie-
nic concerns; (2) the smaller communities’ general lack of necessary technical
knowledge; and (3) the argument that water and sewage works were especially
suitable as relief works since they often could be carried out in stages. They
thus existed alongside the typically varied requirements for occupations for the
unemployed in the countryside (due to seasonal work); a private contractor
would hardly be able to commit to such varied employment opportunities
(Leimar, 1990). From the mid-1940s, as part of the growth of Swedish social
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welfare and due to the hygienic value ascribed to the centralized water system, the
so-called “1944 Proclamation regarding government support for water supply and
sewage” (“1944 års Kungörelse angående statsbidrag till anläggningar för vatten-
försörjning och avlopp”) was enacted, and up to 75 percent of the construction
costs were publicly funded and were paid for by a specially established Water
and Sewage Office (assisted by 12 district engineers) of the Civil Engineering
Board (see also Petrelius, 1950).

During the establishment of the modern Swedish environmental protection
system in the 1960s, public funding was instead directed towards sewage water
purification works.6 Drangert and Löwgren (2005) conclude that the public
funds for high-grade purification works in the 1960s and the 1970s implied far-
reaching, lock-in effects in the sense that the funds (in combination with over-opti-
mistic population growth projections) implied the construction of large and
expensive purification works, generally resulting in extensive excess capacity.
This in turn led to an extended centralization of water and sewer systems since
every new investment in a surplus capacity purification work was comparable
to the costs only for the transfer sewers to the central village and for increased
energy use for pumping. When transfer pipes were put down, it was advan-
tageous to also put down water pipes (Drangert and Löwgren, 2005). The
public funds for high-grade purification works in the 1960s and 1970s thus
implied both an expansion and an increased centralization of the piped networks.
Along with the extensive subsidies of the twentieth century, new legislation came
into force that made the centralized water and sewer system an important part of
the duties of the municipality, and generally consolidated it as the Swedish water
and sewage strategy.7

Other system-supporting public initiatives involved the establishment of
organizations whose main business was to provide system-required expertise
(institutions with education as the main task not included). In the growing
number of municipalities with ambitions to establish centralized water and
sewer systems, local competence was generally limited, especially at the initial
stages. This is in part reflected in the establishment of the Swedish Association
for Municipal Technology (Svenska kommunaltekniska föreningen) in 1902. The
purpose of this organization was to remedy the lack of local competence by pro-
viding information—and a meeting place—for the technical staff of the municipa-
lities (Svenska kommunaltekniska föreningen, 1928). Membership grew from 97
members in 1902, to 330 in 1925, and to 675 in 1950 (Tullgren, 2002). The Associ-
ation arranged annual meetings with lectures and educational visits at various
facilities with the opportunity for participants to share experiences. Furthermore,
a large number of committees were formed within the Association to conduct
investigations on various problems, and during the Association’s first 25 years,
as many as nine of the 30 appointed committees dealt with centralized water
and sewer system issues (Svenska kommunaltekniska föreningen, 1928).

Much of the work of the Association during this time concerned structuring
and arranging the new and growing technological systems in the municipalities.
To simplify the procurement, installation, and servicing, and with an eye toward
lowering the costs of the systems, many of the committees worked on developing
and proposing standards8 and rules that would facilitate the expansion of the
systems. Together with the Civil Engineering Board, the Association compiled
and published general standard conditions for, among other things, pipe-
design, the laying out of pipes, load conditions for pipes, etc. (e.g., Normalbestäm-
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melser för rör och rördelar av betong till avloppsledningar, trummor och brunnar, 1949).
By the mid-1930s, the Association started to arrange courses, so-called “Urban
weeks,” on topics varying from engineering and economics to law and compre-
hensive planning issues (Tullgren, 2002). The changed direction of the Associ-
ation’s activities over time, with a greater focus from the mid-1930s on system
management and comprehensive planning issues and less on purely technical
issues, tends to reflect a growth in the local expertise on system-technical issues
as well as the fact that the establishment of many local infrastructures now had
been implemented.

Still, the general initial lack of their own technical staff with the necessary
competence for the planning and construction of centralized water and sewer
systems often forced municipalities to recruit this competence from a relatively
limited group of private consultants who thus continued, as during previous
periods, to exert great influence over the expansion of the system. The Swedish
consulting expertise on centralized water and sewer systems was concentrated
in a rather small number of firms during the twentieth century. The (for a long
time) largest consulting firm (large even by international standards), VBB, grew
from about 50 technicians in 1920 to 70 engineers in 1945 and to over 300 in
1970 (Isgård et al., 1987). A number of engineers engaged by VBB over the first
half of the twentieth century became nationally recognized leading water engin-
eers; these included Victor Jansa, Claes Fisherström, and Ingemar Gullström
(Isgård et al., 1987). Given the substantial expansion of particularly smaller centra-
lized water and sewer systems in rural areas over this period, we can assume that
it was close at hand for the consultants to as far as possible reuse drawings from
one local context to another. This can in turn be assumed to have contributed to the
inherent inertia of the system (see further below).

While the above mentioned public initiatives (i.e., funding as well as different
institutions and organizations that supported the centralized water and sewer
system), all contributed to the enabling of the extensive growth of the system
during the twentieth century; they also at a fundamental level contributed to its
inherent inertia as their mere existence was more or less dependent on the main-
tenance of the system’s traditional form and function. This indeed constitutes a
strong force towards system look-in when such numerous institutions, organiz-
ations, and individuals, from local to national levels, possess strong system-
specific competences. This notion is further strengthened by the fact that a self-
sustaining system culture inevitably was formed among the actors, i.e., an
agreed idea of proper design, operation, expansion, and management of the
system. The system culture could be formed through the interaction and many
times common educational institutions of the actors. Below we will explore the
types of barriers that may emerge in this institutional setting when new ideas
about a system’s form and function emerge.

The Stormwater Era—New Perceptions and Perspectives

As early as 1959, Gunnar Åkerlindh, first engineer of the Swedish Civil Engineer-
ing Board, stated that stormwater was heavily polluted, especially at the begin-
ning of a rainfall, and that it should not be placed untreated in a reservoir
(Åkerlindh, 1959). For instance, an increase in fish mortality was believed to
have been caused by sludge released from stormwater pipes in connection with
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heavy rainfalls after a dry period. This called for additional studies and in the late
1960s and early 1970s these were initiated by a number of different authorities in
cooperation with private interests. The Swedish Environmental Protection
Agency (EPA) formed a Working Group on Stormwater Issues (‘Arbetsgruppen
för dagvattenfrågor’) in 1969, with the commission to work for the rehabilitation
of urban sewage conditions. This group mainly consisted of civil engineers and
some biologists with predominantly “traditionalist” views on urban water man-
agement. Thus, the types of measures proposed in the final report of the group
in 1972 were limited to technical arrangements closely connected to the piped
system, such as grills, filters, and detention basins connected to the system
(Swedish Environmental Protection Agency, 1972).

In 1971, a seminar was arranged in connection with a research project on
stormwater led by the so-called Environmental Center (‘Miljövårdscentrum,’
MVC) at the Royal Institute of Technology (KTH) in Stockholm. The 40 seminar
participants represented national authorities (the EPA, the National Council,
and the Institute for Building Research); local street and public works depart-
ments; consulting firms (AB Vattenbyggnadsbyrån and Allmänna ingenjörs-
byrån); the national movement-owned real estate company, Svenska
Riksbyggen; and a number of university departments at KTH including the
departments of Culture and Technology, Engineering, and Inorganic Chemistry.
The closing discussion at this seminar (which was typed and later written out)
argued for the importance of measuring the negative effects of stormwater
based on local conditions, i.e., on a case-by-case basis. The discussion also illus-
trated a lack of knowledge in terms of stormwater effects on pipes, sewage-treat-
ment plants, and receiving waters. Not least, though, it reflected the predominant
traditionalist view of a majority of the participants on urban water management
(Nilsson, 1972). For instance, one of the civil engineers, Boysen, was worried
about the eventual negative effects on the pipes if the stormwater was to infiltrate
naturally into the ground: “We would lose the transportation function of the
stormwater [. . .] and would not remaining waste-water then become more
acidic, and cause damage to the material of the pipes?” (Nilsson, 1972:72,
author’s translation).

The means for handling the expected increased amounts of stormwater were
discussed, the proposed solutions, such as separate pipes and grilles in the pipes
(to delay and treat discharges) were closely related to the piped network. Moreover,
when knowledge gaps were identified during the closing discussion, these too were
closely related to the piped network, such as the quality, design, density, etc. of the
network. A certain Bo Mårtensson, the only architect and urban planner at the
seminar, however, summed up his impression of the stormwater problem, in
general, and of the seminar, in particular, with the following words:

It is with some hesitation that I take the floor after viewing the list of
entrants. It appears that the stormwater issue only has to do with deciding
on capacity and coping with leaking pipes, and to ensure that one does
not destroy the reservoir. I’m into urban planning problems and must,
therefore, look at what happens to stormwater precisely where precipi-
tation falls. There are many things relating to stormwater that would be
of interest to urban planners. It would be desirable to develop new
materials that would allow for stormwater infiltrating ground, so that
we would not need to accumulate as much water in wells. This material
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must also provide for the benefits, such as when it comes to ballgames,
offered by asphalt. (Nilsson, 1972:66, author’s translation)

Mårtensson continued by noting that the percentage of paved surface would
increase in the city in the future, which in turn would lead to the necessity of hand-
ling even more stormwater. He further stressed the need for developing different
measures for the disposal of precipitation at the site where it reaches the ground.
Mårtensson concluded by saying that:

There are certainly many other problems that should be addressed. I have
just provided some examples of the apprehension that it’s a bit too much
about what happens to the stormwater once it has flowed into the ground
(read ‘the network’) and further out into the lakes. (Nilsson, 1972:66,
author’s translation)

The above statements by Mårtensson reflect a clear division between the tra-
ditional view of urban water management and the still, in 1971, rather novel
idea of considering stormwater as something more than merely an engineering
problem and technical diversion, i.e., as an urban planning issue where one
kind of stormwater solution might be the creation of recreation areas in increas-
ingly dense cities.

Throughout the 1970s the importance of pollution control grew in Swedish
society, in large part because of stricter environmental regulations and in part
because of the ever increasing contamination of rivers and lakes caused by
increased urbanization. Thus, stormwater quality from roads and city districts
was examined, and these investigations revealed the biological effects on people
of oil, fat, and heavy metals discharges (e.g., Malmquist and Svensson, 1974). In
the mid-1970s, stormwater management was still mainly discussed from the tra-
ditional point of view. Soon, the alternative approach reflected in the statements
by Mårtensson, did however begin to emerge on a wider scope. This is, for instance,
reflected in yet another stormwater investigation conducted by the Swedish EPA
(in co-operation with a number of other government authorities). The final report
was completed in 1978 (Swedish Environmental Protection Agency, 1978), and
here at least half a page out of a total of more than 40 pages treats “local disposal”
(infiltration and percolation) of stormwater. This part of the report concluded that:

a series of plants for controlled infiltration and percolation of stormwater
have been carried out in recent years [however] hitherto almost
exclusively in connection with the exploitation of new areas. (Swedish
Environmental Protection Agency, 1978:32, author’s translation)

In parallel to this investigation, the Swedish EPA conducted yet another
investigation on the stormwater issue where the primary purpose was to investi-
gate the current state of knowledge in the stormwater management field. The final
report, though, also includes comments on and proposals for planning and
management measures (Bucht et al., 1977). This turns out to be the first Swedish
public investigation in which stormwater management is seriously considered
as something more than a “pipe issue.”

This investigation concluded that by allowing stormwater to infiltrate ground
through specially prepared percolation ponds or directly through ground surface,
the amount of stormwater reaching the surface recipient is reduced and eventual
groundwater lowering is counteracted. The “local treatment” method was further
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found to reduce required pipe-lengths, network dimensions, and needed treat-
ment. All in all, the investigation established that for areas with combined
pipes, local disposal of stormwater would, in technological, economic, and
environmental terms, be a more advantageous choice of system than the separate
system (waste-water/stormwater). This would, however, require that soil, veg-
etation, and stormwater all were considered resources that should be utilized. It
would further require stormwater management to be addressed in the planning
stage and at a comprehensive level, i.e., covering the entire course of urban plan-
ning (Bucht et al., 1977).

The potential of a holistic view on coherent systems of vegetation, soil, and
water in connection with the built environment, in managing, for instance,
increased amounts of stormwater, is, however, still today receiving little attention
in Swedish urban planning (Swedish National Board of Housing, Building, and
Planning, 2010). Stahre (2008) provides some explanations to this in his study
over the drainage transition (from traditional to sustainable drainage manage-
ment) in the city of Malmö since the late 1980s. This process was not unproble-
matic, and it took almost 10 years to implement an understanding and a
positive cooperation among the different city departments involved in the plan-
ning process. Whereas the planning and construction of a traditional drainage
system with pipes is usually carried out by the local water department alone,
Stahre points out, the sustainable drainage system, with visible stormwater in
ponds and open corridors in the urban environment, requires cooperation
among a variety of different departments and individuals with various interests
and competences (e.g., planners, architects, landscape architects, and engineers).

The transition from traditional urban drainage towards a more sustain-
able drainage concept is a long process. When you enter the path of sus-
tainable urban drainage, it will soon be obvious that the institutional
barriers between the different stakeholders involved in the planning
and implementation of the facilities often are unexpectedly high. For
most people in the city administration, it is much more comfortable to
remain on more well-known and reliable paths. To try new approaches
is always associated with a certain risk. (Stahre, 2008:93)

Stahre (2008) further concludes that to succeed with sustainable urban drai-
nage ambitions you need active support from the top managerial level in the
city administration, where politicians and managers of different city departments
“must have the courage to withstand the critiques that inevitably will come from
the traditionalists in their respective organizations” (Stahre, 2008:93).

To sum up, the idea of the local disposal of stormwater did slowly begin to
take hold of government investigations and debate in the 1970s, and it has there-
after been implemented at some places, however, predominantly in connection to
the exploitation of new areas. In the case of Malmö, where the implementation
has been fairly comprehensive and has included already exploited areas, the
socio-institutional barriers have been evident as has their strong connection to
the historically constructed centralized water and sewer system.

Concluding Discussion

When centralized water and sewer systems were built up on a larger scale in
Sweden, particularly from the 1870s onwards, drainage and disposal of storm-
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water initially held a central role given prevailing poisoning and contamination
theories. The pipe-bound sewage system was designed to help make the city
dry and clean. The centralized water and sewer system was, however, also
believed to be financially profitable and to constitute a confirmation of the
modern industrial city. At the local level, the issue of centralized water and
sewer systems was accordingly governed by politically and financially influential
groups subscribing to a socio-technical character of the system before it was
planned. The planning and construction of the systems were, in turn, a challenge
for engineers. The build-up of the modern Swedish society was to be based on
science, technology, and infrastructure, and in this process the engineers were a
highly influential group. Pretty soon, though, the disposal of stormwater
became less significant in many respects, i.e., this problem was temporarily
solved and became “invisible” together with wastewater in combined pipes
below ground when the challenging construction of the water supply system
continued.

Even if the system construction was able to demonstrate flexibility at the
initial stage, the centralized urban water system, whose form and function had
been negotiated between various influential groups at the local level together
with consulting engineers, soon became more difficult to change. This is explained
both by the system culture gradually developed by influential interests on the
rationality and desirability of the system and by the long length of life and
close interplay of the technical components of the system.

During the twentieth century, the centralized water and sewer system grew
extensively in Sweden, in terms of pipe-length as well as in terms of a system-
supporting social superstructure consisting of a growing number of users as
well as of public initiatives in terms of funding, institutions, and organizations
supportive of the system. These system-supportive initiatives not only enabled
the system to grow, but also consolidated the centralized water and sewer
system as the Swedish water and sewage strategy. They did, however, also con-
tribute to the inherent inertia or momentum of the system as their mere existence
has been more or less dependent on the maintenance of the traditional form and
function of the system. System lock-in has been further reinforced by the inevita-
ble formation of a self-sustaining system culture (i.e., a pipe-bound mentality)
among the numerous institutions, organizations, and individuals added over
the twentieth century with specialization in the traditional form and function of
the system.

The culture of the system became clear when the ideas of local disposal of
stormwater began to emerge in Swedish government investigations in the
1970s, and even more so in connection with subsequent local initiatives to
implement such ideas. Stahre (2008), as well as the international scholars Brown
and Farrelly (2009), identify socio-institutional barriers among different stake-
holders involved in the planning and implementation of the new ideas as the
greatest challenges when it comes to tackling the slow pace at which these ideas
are being implemented. Our paper suggests that one fruitful way to deepen the
understanding of these socio-institutional barriers and, by extension, to address
them effectively, could be to raise awareness among the stakeholders involved
in the planning and implementation, of the socio-technical character and system
culture of the urban water system. Essential elements of such awareness are: (1)
the inherent feature of large technical systems to consist of both technical and
social features and for the social elements to maintain a system culture; and (2)
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that these systems historically have emerged out of human desires. An increased
awareness of the social construction of society’s large technical systems ought to
be encouraging for both policymakers and implementers in the challenges they
face in directing the systems into a more sustainable direction. If these systems
once emerged out of human desires, and are composed and maintained by
human relations/social features, should they not be able to be changed based
on altered desires?

As we have seen, a young industrialized society tied stormwater manage-
ment to a pipe-bound centralized water and sewer system. To achieve a more sus-
tainable stormwater management program, municipalities must break away, both
physically and mentally, from the traditional system and its culture. This process
should recognize the two approaches to stormwater management—the nature-
oriented and local solution (the sustainable approach) and the technically-
oriented and centralized solution (the traditional approach). Bridging the two
approaches rather than choosing one might be the better solution.

Finally, modern planners and municipal officials should be inspired by the
bold manner in which a large number of Swedish municipalities made extensive
investments in the construction of urban water systems in the pursuit of a clean
and modern city at the beginning of the nineteenth century (typically based on
huge loans before the time of state funds). Moreover, these investments were
done without access to local expertise, where significant trust had to be placed
in a single consulting engineer. If municipalities of the late 1800s dared and
managed to make investments of that magnitude and under such conditions,
what should we not expect from today’s municipalities?
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Notes

1. A cursory examination on the Internet of the noun “stormwater” in Swedish printed media gives a
picture of a quite modest use over the period 1994–2009 (Retriver research, 2009). In specialist
press, metropolitan press, news and journals, the number of hits was 472 during this period,
while the number of hits on the nouns “drinking water” and “wastewater” was 6,639. The
number of articles with the noun “stormwater” in the headline was in turn highest in 2007 (56
articles), whereas it has varied between 19 and 44 articles in the years 1995 to 2009. The metropo-
litan press dominates the number of articles mentioning stormwater. The media coverage is
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typically a mix of alarming headlines talking of flood damage, loads on the plants, untreated storm-
water, fees and taxes, disputes, hazards, and diseases. “Ecological” stormwater headlines are rarer
but emerge in the magazine Swedish Water, a trade publication for the municipal water and waste-
water treatment plants issuing six issues per year. This magazine has a web index for papers pub-
lished during the period 2002–2007. Between 2002 and 2003, eight stormwater articles were
published whereas 98 articles were published under the main headings of “wastewater” and
“drinking water.” In 2004–2005, nine stormwater articles were published in comparison to 76
articles on “water” and “wastewater.” However, “stormwater” got its own main heading in
2004. Finally, during 2006-2007, only one article under the main heading “stormwater” was pub-
lished in comparison to 56 articles covering “water” and “wastewater.”

2. There are some exceptions, though, such as historical long-term overviews of the development of
stormwater and wastewater systems in the United States, where, however, the systems’ adaptation
up to current times is less explored (see e.g., Burian et al., 2000, and, Melosi, 2000, especially chs 5, 8,
12, 16). In line with the main message of this article, Burian et al. (2000) establish that: “the primary
difficulty in the near future for DWM [Decentralized Wastewater Management] is anticipated to be
overcoming the years of institutional inertia built up in favor of centralized SSSs [Separate-Sewer
Systems],” (55). For another overview of historical storm- and wastewater systems in London in
the mid-nineteenth century, although not especially long-term, see Dobraszczyk, 2008.

3. There are exceptions also in this case, though, see, for instance, Kaijser, 2003.

4. The combined pipes were to remain the most common solution in Sweden until at least the 1950s.
Several combined systems have since then been rebuilt into separate systems, but still some 20 to 25
percent of all urbanized areas in Sweden are served by combined systems (SWWA, 2000). This
trend seems to partially differ from the U.S. case where a gradual transition to separate systems
was implemented during the first half of the 1900s (Burian et al., 2000). Burian et al. (2000) contrib-
ute with an extensive and long-term historical overview of the combined versus separate sewer
system technology in the United States.

5. Another strong driving force was improved fire protection providing lowered insurance tariffs
(e.g., Hallström, 2002).

6. Public funds for purification works came to an end in the later 1970s with the so called Government
bill of savings (1978/79:95).

7. The Law on real property in the city (Lag om fastighetsbildning i stad, 1917) stated that property
should be developed taking road- and water-carrying systems into account and the Law on expro-
priation (Lag om expropriation, 1917) stated that property may be claimed by expropriation to
provide a city with water or to prevent pollution of a water main. Moreover, the centralized
water and sewer system was legally reinforced by the Law on the right to lay out water mains
for household consumption over the land of others (Lag om rätt att över annans mark framdraga
ledning för vatten till husbehovsförbrukning, 1918), and, not the least, the Building Act and Build-
ing regulations of 1947. The latter explicitly stated that particular attention must be paid to the
water and sewage issue, and further, that dense settlements could and should be prevented
from arising in areas where water and sewage issues make settlements unsuitable. There were
also the Health Care Acts of 1919 and 1958, respectively (SFS 1919:566 and SFS 1958:663). In the
Health Care Act of 1919, the tasks of the local health committees were expanded relative to the pre-
vious Health Care Act, and they were now to work for the (preferably public) establishment of cen-
tralized water and sewer systems in densely populated areas. There is also the Water Act of 1941
(section 8:5–7), stating that the construction or alteration of roads, railways, tramways, etc. should
take the present, or in future expected, needs of pipes through the road etc. into account. Yet
another section in the Water Act of 1941 (section 8: 9–16) focuses on compulsory participation in
sewer systems, where a community or a property had the right to require: (a) to get connected
to the sewer system of a nearby community/property; and (b) that a nearby community/property
became connected to one’s own sewer system. Other legislation also supported the system expan-
sion by contributing to reducing the risks for humans and nature from use of the system. For
instance, the regulation for the control of tapped water (Förordningen om kontroll av vattenled-
ningsvatten, 1941), which best can be described as a supplement to the Health Care Act of 1919,
stated that water originating from a public centralized water system and used for drinking,
cooking, or comparable purposes, should undergo frequent testing and examination. With the
Law on the supervision of rivers, lakes and other water bodies (1941) the Inspection department
of the Fishery Board was to exercise supervision from fishing, nature, and health points of view.
If the Fishery Board found that industrial wastewater or sewage water caused inconvenience of
any significance through pollution, it would in the first instance advise and counsel regarding
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appropriate action, and if this were not enough, call for an examination of the errand in the County
Administrative Board or the Water court (Petrelius, 1950). In the Announcement of the preliminary
investigation regarding actions against water pollution (No. 684, 1946) it was further regulated that
sewers intended for more than 100 households, barracks, hotels, or comparable institutions calcu-
lated for 300 people, was to notify the Fishery Board and its Inspection department.

8. Much of the early work of the Swedish Association for Municipal Technology served as a basis for
many parts of the Swedish standard before SIS, the Swedish Standards Institute, was founded in
the mid-1920s and then took over the standardization process (Tullgren, 2002).
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H. Bjur and B. Malbert, Under Staden. Perspektiv på Kommunal Infrastruktur (Stockholm: Byggforsknings-
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av Teknisk och Vetenskaplig Omdaning (Luleå University of Technology, Research report, 2007:13).
SOU, Klimat- och sårbarhetsutredningen. Sverige Inför Klimatförändringarna – Hot och Möjligheter (Stock-
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Urban planning is widely advocated as an important way to encourage the more
sustainable management of urban stormwater, using alternatives to piped
systems. This paper explores the way in which Swedish water professionals
have opportunities to influence stormwater planning and the barriers that limit
their participation in this process. Empirical evidence has been obtained from
in-depth semi-structured interviews with urban water professionals from nine
Swedish municipalities. The paper shows that there is a perception of the legal
requirements related to the provision of drainage services that inhibits the
utilisation of non-piped solutions. There are also reservations about a dichotomy
that inhibits actions – is stormwater an issue for the planning department or for
the water department? It is concluded that water professionals have unique
opportunities to integrate stormwater management approaches within wider
urban planning practice and, hence, are able to encourage the use of alternative
systems that are more sustainable than using traditional pipes or sewers.

Keywords: barriers and opportunities; interviews; planning approaches; planning
practice; urban stormwater planning

1. Introduction

The place of water management within cities has recently become more important
with the increasing impacts of flooding in long-established urban areas and fears
being expressed about droughts (Global Economic Forum 2011). The impacts on
citizens are likely to increase in future with greater risks due to climate change and
urban growth (White 2010). Yet, the need to ensure that water is more effectively
included in city planning processes has not been fully accepted by many
professionals (Potter et al. 2011). Hence, traditional ways of planning, whereby
the ‘drainage can be dealt with at the end when we have sorted everything else out’
are still prevalent (van Herk et al. 2011). Even in countries where the better
management of the urban water cycle as a whole is seen as very important, the key
municipal professionals do not always assume the role required to integrate
stormwater into planning processes (Morison et al. 2010, Potter et al. 2011). At a
time of the need to minimise environmental impacts, conserve resources and to use
land for multiple purposes, changing ‘business-as-usual’ practice is more than ever
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a necessity (Digman et al. 2011). This paper explores why this is not happening
and makes suggestions as to what to do about it, based on a review of Swedish
practice.

Urban stormwater management is regarded as an environmental and a design
problem in many cities and is usually considered a technical problem rather than an
opportunity, or to do with sustainability (e.g. Stahre 2008, Palme 2010, Potter et al.
2011). Urban space is limited and design for any type of system other than piped
drainage has to be co-ordinated with other interests, such as quality of urban space,
public access etc. Effective communication between diverse traditions and practices
in urban planning is one of the major challenges, which also includes the integration
of different domains of expert knowledge between sectors (Malbert 2007). According
to Healey (2003), it is widely accepted among planning theorists that how issues are
understood and managed, and the way in which decisions are justified in planning, is
the outcome of social processes in which power relations are acted out. Brown and
Farrelly (2008, 2009a) described how often social and institutional barriers such as
lack of political and organisational support, lack of appropriate regulations and
responsibilities, limit the general adoption of sustainable urban water management
practices and in the same context how important the municipal professional players
are (Morison et al. 2010).

The use of piped drainage systems is increasingly being questioned worldwide as
these are considered less sustainable than alternatives such as SuDS, BMPs, LIDs
and WSUD1 (e.g. Chocat et al. 2007, Faram et al. 2010). For example, problems
are associated with increasing quantities of polluted water draining from
impervious surfaces in urban areas that cause environmental and property damage
due to poor quality and excessive flows, respectively. Stormwater should be
considered an important element in multifunctional land use and more effort is
necessary to utilise stormwater more effectively to help to cope with an uncertain
future. In the USA, stormwater management is now seen synonymously with ‘green
infrastructure’ (e.g. USEPA 2010, Ashley et al. 2011). Stormwater drainage is no
longer considered to be ‘out-of-sight-out-of-mind’ (NAO 2004) and buried. It is
increasingly being managed on the surface (e.g. Melbourne Water 2005) where
there is greater capacity to cope with increasing flows and also where there are
opportunities to utilise the inherent value of surface water. The shift emphasises the
importance of available urban surfaces and planning for alternative local solutions
(reflects the domestic concept) such as infiltration areas, green spaces (of all sizes),
small ponds etc., which means that the planning and urban design processes are
central to the definition of appropriate land uses (e.g. Berke 2002, Mayor of
London 2011, Digman et al. 2011). Despite these ideas and various initiatives
around the world, the take-up of non-piped drainage systems has been slow in
many places, with the notable exceptions of USA and Australia. Many water
professionals welcome and promote the use of non-piped drainage systems as being
more sustainable; however, reluctance to change on the part of other professionals
within the development process is often preventing widespread adoption of more
sustainable measures (e.g. Potter et al. 2011). This paper explores the relationship
between water professionals and the planning process in Sweden, in order to
identify what the barriers are and how these may be addressed. The study is broadly
representative of the situation in many countries in Western Europe, where
professionals (water and others) are attempting to change long established practices
to those believed to be more sustainable for society.
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The paper provides an examination based on semi-structured interviews with a
group of Swedish urban water professionals for which the following questions were
addressed:

. How could, or do, these professionals influence the overall processes to ensure
that stormwater is given due consideration within planning processes?

. At what stage could they engage effectively with the planning process?

. In what way did their engagement affect the finally agreed planning strategy
for the management of stormwater in their municipality?

. What evidence is there to provide guidance that improves the water
professionals’ influence on the sustainable stormwater solutions selected in
the planning process?

2. An overview of practice in Sweden

A Swedish public investigation (SOU 2007), suggested that the ‘paradigm shift’
needed in stormwater management to replace the use of piped systems by
alternatives has been in progress for some 10–20 years, however, the paradigm shift
has actually been going on in Sweden for an even longer period- for at least 40 years
(Cettner et al. 2012). In the 1970s, Sweden was in the vanguard of using sustainable
solutions in Europe. Despite this leading position, the use of alternatives to piped
drainage shows few signs of a becoming mainstream practice. The water
professionals are the key players in changing culture away from the use of the
traditional piped system, yet they have not been particularly successful in these
endeavours over the past 40 years during which change has been promoted.

In Sweden, the municipalities are responsible for urban planning. The
organisation of the various municipal departments differs between each munici-
pality. In general, the urban planning department works with building permission,
land development, and comprehensive and detailed planning. The planner
constitutes the main link facilitating interaction between the planning process and
the many actors involved (e.g. Palme 2010). Other departments of particular
relevance to stormwater management include environment, public health and
technical services. The latter includes the divisions of water and sewage, street and
traffic, waste, and the division of parks and nature. The Act on Public Water Services
(APWS), gives the municipalities responsibility to provide citizens with water and
sanitation services in urban areas and the water divisions of each of the
municipalities are the means by which this is delivered.

The planning activities are governed by the Planning and Building Act (PBA).
The PBA aims to promote development and a sustainable living environment for
today and for future generations. The PBA is the principal legislation for strategic
planning of water resources and in establishing rules and guidelines for stormwater
management. The PBA provides the opportunity to utilise non-piped solutions, to
clarify claims, resolve conflicts between different water resource interests (Boverket
2004). The municipality has the possibility, but not the obligation, to take a defined
position on how stormwater is managed; however, this position may not necessarily
include non-piped solutions.

According to the PBA, all municipalities should have a current comprehensive
plan. These plans are not legally binding, but provide the strategic foundation for
developing detailed plans. By contrast, the detailed plans are binding and drawn up
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for the use of land and water areas, or to regulate the design of the built environment
(Boverket 2010). The planning usually follows a consistent process divided into
various planning stages: programme; consultation; plan proposal; exhibition and
adoption. When the objectives in the programme are prepared and the plan is to be
drawn up there is consultation with authorities, organisations, residents and
companies who have a substantial interest in the proposal. Finally, after being
publicly displayed and appeals considered, the plan is adopted by the Municipal
Assembly and the construction process can start. The process varies between
municipalities, depending upon how the constituent departments are organised and
how the officials act. As a consequence, the varying processes provide the water
professionals engaged with planning a range of conditions and opportunities to
influence the way in which the planning process deals with stormwater issues.

Arrangements in Sweden are similar to those in a number of European countries
with regard to planning and control of stormwater management, especially in
northern and western countries (for a comparison see Middlesex University 2003)
and the lessons from the study presented here are therefore also relevant beyond
Sweden.

3. Method

Due to the variability in the way in which water professionals in Sweden can be
engaged in the planning process, a sample of nine municipalities were strategically
selected for study. From each of these, an individual water professional was selected
for an in-depth semi-structured interview, conducted between November 2009 and
January 2010. These municipalities and individuals were selected as being
representative of varying approaches to stormwater management. The interviewees
were chosen so that they would reflect a breadth of experience. Two of the
municipalities selected were known from the media and published articles for being
innovative, or otherwise considered as examples of best practice, in terms of
stormwater planning and management. These innovative municipalities are
represented in this paper by the water professionals Johan and Maria. Six other
municipalities and interviewees selected were suggested from contacts in the
stormwater academic and professional communities; and one water professional
(Erik) was recommended by the municipality. Six of those interviewed were graduate
civil engineers; two were high school graduate engineers; and one a graduate
landscape architect. The positions of the water professionals interviewed and
approximate municipality population are detailed in Table 1. All respondents have
been given fictitious names.

The interviewees were asked to respond from their professional experiences,
which were believed to be representative of similar professionals across Swedish
municipalities (Trost 2010). The strategic selection of municipalities, and of the
individuals within them, was seen as a means to obtain data and elicit the variability
in experience reported, rather than to correlate a number of similar experiences
across different individuals. According to Trost, a limited number of interviews can
provide an overview and a depth not normally possible in much larger samples.

The data collection was guided by the multiplanar theory of spatial planning and
governance (Hillier 2007, 2008). The planning theory provides a means of mapping
relationships, possibilities, associations and encounters between the actors involved.
An urban development plan is not a complete picture of the whole process; it
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represents selected parts of the complex plan process without showing the preceding
ideas. Attention should be paid to internal factors, such as hierarchical power
relations, perceptions and fixed identities, and the mental principles which produce
the plan design. Planning theory regards these attributes as opening up multiple
fields of possibilities for discussion of what might be different, while they offer
potential for the ‘becoming’ of something new. The interviews provide insights into
the attributes outlined above and point to what is needed to help water professionals
to achieve more influence in planning in order to promote more sustainable
stormwater practice.

The data collected were organised using N6 software and were coded with themes
relevant to the inquiry (Barrett and Sutrisna 2009). The software helps in coding and
categorising large amounts of narrative text. The analysis procedure was
continuously reviewed and redesigned in accordance with normal practice, with
increasingly higher levels of data abstraction. The interpretation of the empirical
data was intended to be true to the original text, and to identify patterns and
developing themes which could inform the detailed analysis in order to better
understand the options open to the water professionals within a planning context.
According to Yin (2003), the validity of this study is strengthened when the patterns
coincide with themes and, in generalising the results to the broader theoretical base,
related to the slow pace of change in urban stormwater management.

Three themes guided the overall understanding of the data: (1) the commitment;
(2) decision space for influence in planning; and (3) power relations in stormwater
planning. These three interacting themes illustrate issues regarding the interviewed
professionals’ ability to integrate sustainable urban stormwater management into
planning processes.

4. Analysis and results

4.1. The commitment

This theme considered in what way the water professionals interviewed were
committed to stormwater planning. Of the nine professionals, each was periodically
involved with the planning process in a particular Swedish municipality and four
were directly involved at the time of interview.

All interviewees argued that urban water system issues belonged to the water
division and that they had, or should have, the overall view of the city’s water

Table 1. The functional positions of the water professionals and the population in each
municipality.

Position
Approximate municipality

population

Manager, technical services department Johan 90–120,000
Erik 10–30,000

Manager, water division Peter 30–60,000
Mats 30–60,000

Section manager, water division Maria 60–90,000
Per 60–90,000
Lena 60–90,000

Technician official, water division Anna 90–120,000
Lars 90–120,000
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infrastructure. Stormwater was sometimes seen as an engineering issue or a planning
issue, and sometimes it was both.

We are responsible and ensure that it works, but in terms of plan design stormwater is a
planning question. (Lena)

The responses reflect how stormwater is perceived in a planning context. In three
interviews, the view was that the boundary between stormwater as a plan or a
technical issue was important in creating the possibilities to influence stormwater
planning to any great extent. The water divisions’ perceived obligation to comply
with the APWS by using piped systems to manage stormwater was crucial for
viewing stormwater as an engineering issue in planning, because this activity incurs
fees that would accrue to the municipality. The obligation resulted in reservations
being expressed about the ability to participate in other aspects of stormwater
planning beyond the legal requirements under the APWS. There was a clear idea of
where the boundary is:

You cannot change our commitment because it is law-bound. The water law tells us
what to do. It represents the water and sewer side. The municipality’s commitment is a
very different need; you need to distinguish it. They have the responsibility of the plan;
they are owners of public land. (Per)

In general, the ability to influence stormwater management beyond the legal
requirements was considered as limited. The explanation was that stormwater was
part of the water system and pipes were what the water professionals could provide
and charge fees for. Their responsibility was not to deal with other types of solution.

Although the interviewees were strict concerning roles, they could become involved
in planning stormwater beyond the legal requirements, especially with regard to local
solutions such as infiltration on lawns and swales, small ponds etc. One interviewee
was strongly committed to the better management of stormwater and felt a
responsibility to deal with it in more effective ways. The desire was to consider
solutions other than traditional pipes. However, the question of liability arose:

For us (the water division), it is quite easy to say that the system is ours with all
connections and that which goes into it. But beyond the pipe network the responsibility
becomes very unclear. (Anna)

Public liability is an issue for water professionals who wish to participate in
stormwater planning beyond their formal responsibility as stated in law. Acting
beyond the strict legal requirements could potentially create problems in the future.
This is because local problems with non-piped solutions are seen as part of the water
divisions’ area of responsibility and therefore up to them to solve. On the other hand,
acting beyond the strict legal requirements created a conflict with the formal
responsibility. It was a tricky situation in which the use of non-piped drainage
systems would not avoid potential future problems for the water division. Anna saw
a way to increase the ability to influence stormwater issues in planning if stormwater
management was accorded a legally defined status in the same way as pipes. The
water division could then be responsible for any type of solution, with or without
pipes, and it would be easier to influence the way in which stormwater was dealt with
in the planning process.

Even where responsibilities defined by law were cited as restrictions to
involvement in stormwater planning, commitment was still seen as important. Three
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of the interviewees indicated that they were able to decide how, and to what extent,
they should be committed in the stormwater planning process.

I believe that we, as the head of the water division, can require a completely different
level of influence in stormwater planning than we have done. (Peter)

It was possible for the water professionals to increase their influence in the planning
process by taking a clear stand that they desired to participate in discussions about
all types of stormwater solutions.

In summary, the perspective on stormwater as an engineering issue or a planning
issue controls the possibilities for influencing the use of alternative solutions. The
APWS is a driver to ensure that stormwater is considered in planning, but it is also a
barrier influencing planning, depending on how individuals interpret the law. The
ability to enhance their influence on how stormwater issues were tackled beyond the
strictly legal requirements was up to the individual professionals to decide.

4.2. Decision space for influence in planning

This theme showed where in the planning process the water professionals had space
and opportunity to influence stormwater issues (Table 2). The theme examined the
desires and struggles to extend their influence and considers their experience of the
relative importance of different planning stages.

Six of the respondents often participated in early plan programme discussions,
before the plan proposal was produced. The degree of involvement varied and, even
if they were involved early in the process, it often entailed questions about the use of
pipes and the ability to connect new development to the existing sewer or stormwater
system. Three viewed themselves as major players in planning and experienced
significant opportunities to influence stormwater planning. It was considered
important to be involved right from the start of the planning process in all types
of projects, large and small, in order to influence the stormwater management
systems selected.

Sometimes we just get to know that a detailed plan is out for consultation. I will try to
make sure we get better co-operation. We want to participate before they (the planners)
even think of what they should do. (Maria)

Maria had initiated a meeting with the plan manager to discuss the water division’s
involvement in all projects. In another case the municipality had a well-established
stormwater strategy which encouraged the water professionals to push for an
extended role in the planning process:

The responsibility is in the urban planning department and I think that the head of the
water division must be part of the work. For indeed we have our infrastructure, our
pipes to consider so there is no decision where we do not have any pipes. A wrong
decision could mean huge investments. The head of the water division must be involved
but not as the manager, but as an active partner in taking plans forward. (Peter)

Three respondents experienced late involvement in the planning process. The
usual procedure was that they gave their views on the plan proposal when the crucial
issues had been defined and printed in a plan. Only views on the capacity of the water
and sewerage systems were requested in these cases. One interviewee was dissatisfied
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that stormwater was almost invisible in the planning process and there were no
regular discussions with the urban planning department. Other aspects of urban
planning were prioritised over water issues, even where new techniques were
suggested. Another interviewee had experienced a change to earlier involvement in
the process:

We get all plans on referrals and may express opinions about new residential areas; if
you can connect to water and sewerage; if we can expand and what it would cost. Then
we can express our opinion about stormwater management. But it is really about the
existence of a stormwater collection system. Stormwater has traditionally been a pipe
issue, but perhaps we soon must give our views on local solutions. (Anna)

Three respondents commented on local solutions of stormwater in plans. One of
those questioned what influence the comments on using non-piped stormwater
solutions actually had on the eventual solution chosen:

I answered most of these plans referrals and then I . . . well not only I . . . commented on
that local solutions should be used. But in the practical implementation I had no control
of what actually happened. (Lars)

The hope was that comments would influence the outcome in the longer term, but
experience showed that it was difficult to control local solutions through the detailed
plan. The intention to use local solutions was lost in the process and the solution
became, as usual, a conventional pipe system. The text in the plan defining the use of
local solutions was generally understood in the delivery of the plan as a routine

Table 2. The water professionals’ engagement in the programme stage of the planning
process linked to their influence on types of stormwater solutions. All nine water professionals
participated in the consultation on the plan proposal.

Planning programme Experience of engagement

Johan participated
- high commitment

High influence on alternative solutions

Peter participated
- high commitment

High influence on alternative solutions

Per participated
- high commitment
- formal responsibility important

Limited influence on alternative solutions

Mats participated
- low commitment
- formal responsibility important

Weak influence on alternative solutions

Maria, no regular participation
- high commitment
- planner decides participation

High influence on alternative solutions

Lars, no regular participation
- high commitment
- planner decides participation

Weak influence on alternative solutions

Lena and Anna, no participation
- high commitment
- formal responsibility important
- planner decides participation

Weak influence on alternative solutions

Erik, no participation
- low commitment
- planner decides participation

No influence on alternative solutions
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statement without any significant weight with regard to construction. It was
considered simply as rhetoric because there had, up until that point, not been any
detailed study of land and soil conditions. Another reason for the difficulties in
controlling the outcome of the plan instructions and use of local solutions was the
lack of continuity between the plan and what actually was built. The problem was
illustrated at building permit stage, where there was no requirement on the developer
to make any further inquiry and show why a local solution was not feasible. The
explanation given by the interviewee was that building permit administrators had no
knowledge about non-piped solutions.

One respondent had experience that the water division had missed many
opportunities to influence detailed plans about how to better manage stormwater:

You can always formulate a sentence about a local solution so that there are so many
ways out that the routine with pipes continues as before. Should we (the water division)
want to do something new; it requires tremendous effort as we are reluctant to change.
(Lena)

The quotation illustrates that there may be some resistance to change the routine
procedure followed in developing the plan and by extension, practice, even on the
part of the water division. The tradition is entrenched (technological lock-in, Walker
2000) and the most convenient way, i.e. pipes are invariably chosen as the default
option.

Six of those interviewed indicated that their water divisions were not particularly
committed to the comprehensive plan; rather, they seemed to consider it more
important to monitor water issues in the detailed plan. Three of the interviewees
considered that comprehensive plans which carefully addressed stormwater issues
and advocated non-piped solutions was a serious political decision. It was during
these comprehensive planning processes that ideas were confirmed by policy circles
and the resources required to implement these ideas were taken into consideration.

In summary, early involvement in plan discussions did not always guarantee the
implementation of alternative solutions; rather, it often resulted in piped solutions.
Supporting regulations and personal commitment could help water professionals to
take a more active position as key players in the planning process. However, the
available decision space varied, as shown in Table 2, and so did the perceptions of
the importance of the various plans in the collective endeavours to achieve
sustainable solutions.

4.3. Power relations in stormwater planning

This theme is about the experience of the water professionals when participating in,
and interacting with, planning activities. It shows how different conflicts of interest
are inherent in the planning process.

A frequently recurring theme in the interviews was that participation was about
managing the various areas of interest involved in the planning process. Early
participation in planning was seen as being about defending ‘the water interest’, even
if it could mean a quite tough negotiating position where the views of the water
professionals were not always respected by the planners or developers. A number of
interviewees had found that when land area was considered to be very attractive for
development, their comments were ignored, regardless of the risks or objections they
had raised.
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One interviewee was involved in the plan programme discussions before the
establishment of a detailed plan could start:

We have not yet reached the point where we start to deal with the conflicting interests. I
feel controlled by the architects’ first look at the project. Others have to adapt to their
ideas in everything, from street width to how the street is perceived. There is no space
left for us who deal with water to act. We have to accept the framework and build pipes.
(Lars)

Lars found that even if he was involved early on in the planning process the
opportunity to influence stormwater management was constrained by more powerful
interests and stormwater was, as usual, conventionally managed.

Three interviewees perceived that the planners’ engagement affected their ability
to influence planning:

It is personally bound in various ways; some planners want to do the planning
themselves; they don’t want to sit and talk with many groups. They say; the technical
problems you (the water division) have to solve later. (Maria)

The planner has the power to control the outcome of the procedure and to balance
different interests. Depending on the planners’ approach, and at which stage of the
process the water experts were invited to engage, their opportunity to influence
stormwater management was restricted or enhanced.

The technical services department joint policy, when requested to comment on
the plan proposal, was often co-ordinated by the water, traffic and parks divisions.
The water division seemed to be the most powerful when deciding stormwater
solutions in the negotiation.

The water division has the final decision, because they will govern the cost in the end
and ensure that the water gets there and away from there. But it must be a dialogue with
the parks and the traffic divisions. (Johan)

In each municipality, the water division had the prior responsibilities for water issues
irrespective of other divisions in the technical services department. The explanation
was that they controlled the money and were legally responsible for the city’s water
management. Their power to decide on solutions could change depending on the
planning context, and the water professionals had to draw back their innovative plan
intentions. For example, one interviewee had an experience where they wanted to
clear a stream for a better flow, but the project was stalled when the environment
department claimed the stream worthy of protection. Another experienced a conflict
with a contractor who worked for the Swedish Transport Agency (STA). The water
division had to follow the standard construction rules and build a traditional piped
drainage system, despite an alternative solution using infiltration of stormwater on
to a grassed area being a less costly alternative. The contractor was working for a
more powerful actor (STA) in charge of the project who decided the final solution.

The power play was visible in another context characterised by mutual
understanding and reciprocal knowledge exchange. Three respondents had
experienced that the municipalities’ water divisions had long been important actors
in the city’s stormwater planning, as illustrated by the use of many non-piped
systems. There was a positive attitude that various interest conflicts were a natural
part of the planning process. In these municipalities the water division, together with
the urban planning department and the technical services department, together
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created conditions in the detailed plan for a local source control solution. The
positive spirit of co-operation required a sustained commitment to preserve the
water divisions’ position in planning and to keep the stormwater issue alive when all
of the actors involved each defended their different interests. There were constant
negotiations between the water, traffic and parks divisions and stormwater
innovation was also continuously defended in relations with the urban planning
department. The quotation below illustrates the climate of negotiation:

Sometimes we educate each other but it always takes place in a climate of transparency
that we have all the time. None of us is intransigent, as we are aware of each other’s
roles. (Peter)

Even if stormwater planning and communicating different professional
perspectives went smoothly it was necessary to balance the amount of initiatives.
In one case the environment department was a strong driving force and ponds were
the dominant solution (e.g. Semadeni-Davies 2006). Another interviewee had a
similar experience, but with the difference that the planners were the main drivers
behind options:

We make sure that we participate at an early stage and now the planners propose more
wetlands than we do. We can only make wetlands where it’s justified from our point of
view, where we can fund them. Should some other wetland be proposed somebody else
must fund it and such investment is not usually available. In recent years we have had a
real building boom and wetlands have been constructed in very many projects, a bit too
much in some places. (Johan)

The water professional was left with a sense of not really controlling the situation.
Although the water division had a great influence on decision making, sometimes
other powerful interests took over. The problem was that another interest group had
adopted a strong ambition towards a narrow view of ‘more sustainable’ stormwater
management, which then had to be enforced by the water division.

In summary, there are perceived difficulties in engaging and effectively
influencing the planning processes for many professionals, who expressed concerns
about their limited capacity and role as water experts in the planning process. To be
active on their own terms could provide a favourable base for a more powerful
position within the overall planning process.

5. Discussion

All respondents were aware that stormwater issues are becoming increasingly
important in urban planning. The general view was that the water system belonged
to their area of knowledge; that they had or should have the competence and the
comprehensive view of the city’s water system. A key difference was if a
comprehensive view on stormwater in a planning context was only considered a
matter for the planners. By taking the approach that stormwater is an engineering
issue alone, there is a risk that the management of stormwater be regarded as simply
‘the water system’, i.e. the wider aspects of managing water in urban areas for
multifunctional value (e.g. Digman et al. 2011) will not be part of city planning
considerations. The problem with these ‘contrast pairs’, a water approach or a
planning approach, is that they create difficulties in bridging a dichotomy which is
presumed to be mutually exclusive. The power of dichotomies is discussed by
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researchers as a contributing factor to the change in inertia of large technical systems
(Mellström 2003, Berner 2004). Depending on the water expert’s approach to their
mission in planning, the dichotomy could either close off or open up opportunities.
Focusing on stormwater as a water issue sets rules of what can and cannot be done in
a planning context. The water professionals who experienced an influential impact
stated that they had made an early choice to take an active part in urban planning.
The conscious choice is in line with Stahre and Geldof (2003), who concluded that
active engagement in the planning process is central to the acceleration of the take-
up of sustainable stormwater solutions. As discussed by Kato and Ahern (2008), to
achieve effective collaboration explicit roles are necessary, but it is also necessary to
function within a transdisciplinary context where all actors involved contribute to
decision making and new knowledge. In the planning context, the water
professionals had adopted a ‘cross-border’ perspective to more effectively influence
how stormwater is managed.

Brown and Farrelly (2009b) confirmed that barriers to a change in stormwater
management are of a socio-institutional nature, rather than about technical
feasibility of solutions. They identified different barrier types, such as poor
organisational commitment to sustainable urban stormwater management and
lack of a clear distribution of responsibility. This paper shows how these barriers
actually work in practice. It reflects how a strong commitment to the APWS is a
barrier in a planning context in influencing innovative stormwater management. The
basic problem is that the APWS services do not provide strong support for
innovative stormwater planning and management as it does not explicitly specify the
use of piped systems, nor does it prohibit the use of alternative solutions. Referring
to the water divisions’ responsibility to the legal requirements affects the planning
process and results in the implementation of only conventional solutions. However,
those water professionals who managed stormwater beyond the strict legal
requirements seemed to be able to participate on their own terms and to interact
in the delivery of non-piped solutions. Simultaneously there was an unwritten
responsibility that created a dilemma – an informal responsibility due to the status of
the water professionals. Even if local solutions are the responsibility of the property
owner, any subsequent operational problems are usually left to the water division to
deal with.

In the interviews, the detailed plan was the most important with regard to
engaging effectively in planning. A late involvement, when planning intentions are
already settled in a plan proposal, minimises power to influence any proposal. The
local planning practice often excluded the interviewed professionals from involve-
ment in an early stage and the traditional stormwater management approaches were
sustained. As (Anna) expressed it: ‘‘an easy way of dealing with the stormwater issue
is having a fixed idea of what the water experts are supposed to do’’. That is, to set
strict limits about various experts’ contribution provides a smoother planning
process without troublesome conflicts and disagreements, but it creates shortcomings
and dissatisfactions in reducing possibilities to influence stormwater planning
outside the mainstream, i.e. to innovate. For those respondents who participated in
the initial planning phase discussing the plan programme, the difference was how
and in what way they had power to influence stormwater management. Despite early
participation, the planning process inevitably concentrated only on the traditional
piped system. Again, the view on possibilities to influence solutions other than pipes
was seen as restricted by the legal requirements.
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Perhaps many water professionals consider themselves as constrained by the lack
of support and role expectations concerning their capacity to get involved in water
issues beyond the legal requirements. Brown and Farrelly (2009a) conducted a
survey to try to understand what promotes and limits adoption of innovative
stormwater management practices in Australia. There, water experts do not see that
their professional capacity of action is supported by their organisations, the
municipality or state government politicians. Missing organisational support could
provide further insight into the Swedish respondents’ anticipations and desires to
interact in planning to a broader extent.

This paper has provided some insights into the power play at different levels in
planning processes. Multiple views are involved in the planning and the urban water
professionals are just ‘pawns in a bigger game’ (after Bullivant 2010). Gullstrand
et al. (2003) investigated how water resources were considered in the planning
process, and assumed that the conflicts regarding different interests in water
management are either rare or controversial and therefore not mentioned in the final
plan that emerged. There are always power inequalities when participating in the
planning process (Hillier 2007). Depending on the context, the water division often
has a subordinate position in the planning process. Sometimes the more powerful
interest of authorities or influential developers decides the final solution, regardless
of the water professional’s view. However, in internal discussions with other
technical divisions, the water division invariably made the overriding decisions about
stormwater management. Their power for decisions relates to their legal and
financial responsibilities of implementation, operation and maintenance.

The power play went on even in cases where there were well-established
collaboration arrangements, and conflicts were viewed positively as part of the
evolution of the best way of urban stormwater management. The positive approach
is similar to Hillier (2007) where to participate in the planning process and contend
with a multiplicity of different desires and needs, discourses and practices should
make the conflicts visible and recognise each player as legitimate opponents. Lukes
(2002, p. 491) suggested that power is a useful concept in social scientific
explanations; it tells ‘‘whom to influence, whom to appeal to, and whom to avoid,
in seeking to achieve our end’’. Indeed, using power as an explanation for the water
professionals’ experiences it becomes clear that to achieve more power in realising
innovative ideas in planning, they have to put pressure on the planners ‘in charge’
and claim more space for influence. The use of power is reflected in those cases where
the interviewees had decided to play an active role in planning. They had to
constantly struggle to maintain their influential position and keep the stormwater
issue alive. In parallel, there was disillusionment about not really controlling the
situation, revealing that continued efforts always had to be sustained. Regardless of
the water professionals’ position it was other more powerful interests that promoted
the frequent use of ponds and wetlands due to the municipality’s adoption of ‘a
sustainable stormwater’ ideal, despite such systems not being ideal for all
applications of local stormwater management.

6. Conclusions

Stormwater issues are not an obvious priority in contemporary urban planning in
Sweden, or most places where floods or droughts are not high on the public agenda
(e.g. Potter et al. 2011). Despite decades of activity, there is still only a gradual and
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incremental uptake of non-piped drainage systems in many places in Western
Europe. This paper has shown that the sustainable stormwater development process,
once in the vanguard in Sweden, appears to be hesitant and in many places stalled. It
has made explicit how a blocking dichotomy is hindering the uptake of sustainable
stormwater development within the urban development planning process. The
dichotomy affects the professionals’ attitude to, and actual power in, effectively
influencing stormwater planning. Stormwater planning activities are often perceived
by the water professionals as being dominated by the planning department, rather
than in a shared partnership. Nonetheless it is clear that many water professionals in
Sweden are trying to influence the planning processes to encourage the use of
alternatives to piped drainage systems in new developments. The professionals more
aligned with the wider planning vision have made a conscious choice to play an
active part in stormwater planning, and view themselves as major actors throughout
the entire planning process.

The dichotomy is reinforced by the perception that there is no legal or
substantive impediment to the promotion and use of alternatives to piped drainage
systems. To increase their ability to influence the ultimate decision as to which
drainage system is used, the professionals responsible would like to see stronger
legislation stipulating the use of alternatives to piped stormwater drainage systems.
However, a recently changed legal system in England, where the use of non-piped
systems is rare, serves as a warning. Despite a new law apparently compelling the use
of sustainable drainage systems in England (Flood and Water Management Act
2010), weak and dissimulative implementation of the new law, with many ‘get-outs’
for developers, means that the use of non-piped drainage systems is unlikely to
increase significantly if at all, for the foreseeable future (Cole 2011).

This paper has highlighted the way in which water professionals potentially have
a key role in effectively influencing the planning process to accelerate the take-up of
sustainable stormwater practices. A first crucial step is to reconcile the dichotomy
that appears to separate stormwater management from the heart of planning
processes. This requires water professionals to embrace a wider perspective,
comprising both a ‘water approach’ and a ‘planning approach’. In addition, the
planning system needs to be better managed because, at present, this does not
effectively support the water professionals’ commitment when they try to introduce
sustainable solutions into planning processes. To make a difference and ensure
survival of sustainable solutions from conception to delivery, there is a need to
design sustainable stormwater solutions prior to the development of the detailed
overall project plan. This is important if the agreement of all the actors involved is to
be secured as early in the plan process as possible. When actively engaged in
planning, key capacity needs include the development of actors’ understanding that
legislation, such as the Planning and Building Act in Sweden, provide opportunities
for water professionals to establish a stronger role in how stormwater planning fits
into the overall planning process. The organisation of urban stormwater issues is a
pattern of negotiations and renegotiations with other actors, revealing that planning
practice is not completed once and for all but is constantly reorganising and
evolving, providing new opportunities (as Hillier (2008) emphasises). By its very
nature, urban planning provides recurrent opportunities for water professionals to
meet the challenges and put pressure on the planners ‘in charge’, negotiating and
renegotiating their roles in order to engage better in the deliberation processes and
help create more sustainable urban environments, more fit to adapt to future
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challenges. This requires an effort and if the water professionals do not make this
effort, someone else, who may be less committed to innovation, will have the primary
control in either including or excluding sustainable stormwater measures in the
urban development planning process.
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Note

1. SuDS are ‘sustainable drainage systems’; BMPs are ‘Best Management Practices’; LIDs
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Table 1. The water professionals’ positions and the population in each municipality. 
 
Position Approximate municipality population 
Manager, technical services 
department 

Johan 90-120 000 

 Erik 10-30 000 
Manager, water division Peter 30-60 000 
 Mats 30-60 000 
Section manager, water division Maria 60-90 000 
 Per 60-90 000 
 Lena 60-90 000 
Technician official, water division Anna 90-120 000 
 Lars 90-120 000 
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Table 2. Summary of parallel positive processes identified in the interviews with Maria 
and Johan promoting sustainable pathways for stormwater management in practice. 
 

Vision into practice 
Main processes Primary 

conditions 
Response Outcome Practical 

application 
Organisational 
policies; 
a social process of 
interaction of 
people 
and policy 

- sustainability 
goals, 
committed and 
supportive 
organisation 

- sustainable 
approaches 
- integrated 
actor-design 
- trust and 
confidence 

- freedom to 
act 
- flexible 
solutions 
- multiple 
benefits 
- a beneficial 
economic 
situation 

Innovative 
stormwater 
solutions 

Cooperation with 
research; a social 
process of practice 
& research 
interaction 

- feedback 
closely related 
to municipal 
work activities 

- evaluate 
and develop 
projects 

- awareness 
of needs and 
problems 

Innovative 
stormwater 
solutions 

Media publicity; 
a social process of 
environmental 
and social 
goodwill 
 

- solutions that 
are accessible 
and interest to 
the public  

- public 
attention and 
awareness of 
stormwater 
value 
- interested 
visitors 

- satisfaction 
and self-
reliance 
- profiling the 
organisation 
as innovative 
 

Continued 
ambition to 
innovate 

Open 
organisation; 
a cultural process 

- stormwater a 
resource 
- a permissive 
attitude to fail 

- tradition of 
knowledge 
transfer 

- equally 
valid possible 
measures  

A learning 
by doing 
approach 
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Introduction 
Drainage and stormwater management are usually considered as secondary issues when developing 
urban areas. The layout of the properties, the road network and other aspects are organised first 
and drainage is ‘easily dealt with’ by laying convenient networks of pipes connecting foul water to 
sewers and stormwater either into a combined sewer or to some conveniently located water course 
or body (Butler & Davies, 2010).  Unfortunately there are problems with this approach: 

Increased incidents of flooding in urban areas due to climate and other changes, such as 
more paved surfaces with increased runoff of rainfall, all overloading piped drainage 
systems; 
The recognition that stormwater discharges into water bodies causes both pollution due to 
the conveyed pollutants and also erosion and ecosystem damage; 
Burying the stormwater running off urban surfaces is a lost opportunity in that it makes no 
contribution to urban liveability via sustaining green areas nor does it provide opportunities 
for alternative water supplies for e.g. garden watering or toilet flushing; 
The construction of piped drainage systems requires significant use of energy, carbon 
emissions and in use, often continuing pumping and energy use; 
Buried piped systems with separate pipes for stormwater and sanitary flows often suffer 
from wrong connections of one into the other; 
Where the drained stormwater system connects into an existing main sewer system, this 
system may become overloaded in times of rainfall and if it is a combined sewer, discharge 
dilute foul sewage mixed with the stormwater via combined sewer outfalls into water 
bodies, causing significant ecological impacts and aesthetic problems due to smells and 
sewage derived solids. 

There has been a growing recognition in many countries worldwide that stormwater should be 
managed using systems other than pipes and sewers because of some or all of the above problems 
(e.g. Chocat et al, 2007; Ashley et al, 2011). An emerging consensus is that alternative systems can 
achieve more safe (from flooding) urban surfaces by keeping water closer to its source, i.e where it 
lands and hence, the alternative system involves many more distributed (decentralised) components 
than the traditional system and these components may be multi-functional, i.e. provide 
environmental protection and visual amenity and other elements not just concerned with drainage 
(Ashley et al, 2011).   

Much has been written about the need for and how best to bring about changes to the way in which 
urban stormwater is managed in developed countries and whether or not resistance to change is an 
institutional, professional or governance problem (e.g. van De Meene, 2010). Nevertheless in some 



parts of the world particular external stresses or drivers such as drought and/or environmental 
protection have led to a change in the perspective on urban water from a problem to an opportunity 
(e.g. in Australia: Centre for water sensitive cities, 2011 and USA: USEPA, 2010). Such alternative 
systems have a variety of names and there is no global consensus on what they should collectively 
be termed. For example, in the USA and Australia stormwater is seen as a potential resource, not a 
threat, in providing ‘green infrastructure’ (GI) (e.g. Seattle Public Utilities, 2009) and alternative 
sources of water as part of a process known as Water Sensitive Urban Design (WSUD) (Wong, 2006) 
respectively.  In many parts of these countries the development process is strongly aligned with this 
vision and planning and building processes seek to utilise non-piped drainage systems for 
stormwater management. In EU countries there is a much more mixed attitude amongst developers 
and the professionals responsible for planning how best to manage stormwater, despite there being 
a wealth of information, knowledge and evidence about the value of using alternative drainage 
systems. It may be considered that there are two competing stormwater drainage systems: one is 
traditional and the other is being asserted as a superior alternative and therefore the putative switch 
to the latter could be perceived as a potential transition.  In practice some countries, regions and 
areas are further advanced along this transition than others.   

This paper examines the stalled transition in England and Wales and the on-going but slow transition 
in Sweden from one dominant regime, that of piped stormwater drainage, to an alternative, which 
here is termed the stormwater utility niche (SUN) regime. This is considered in contrast with practice 
in USA and Australia. A recently developed theoretical model for understanding transitions (de Haan 
& Rotmans, 2011) is used:  A multi-pattern approach describing sequences of patterns of change. 
The latter provide a definition of transitions: “as a fundamental change in the structures, cultures 
and practices of a societal system, profoundly altering the way it functions.”  The way in which 
stormwater has traditionally been managed is illustrated in Figure 1 using constellation’ perspective. 
This is explained in the following sections.  

 

Figure 1 Urban drainage system illustrated in terms of a number of constellations 

Societal systems and transitions 
Societal systems are complex adaptive systems that adapt to the prevailing environment and 
simultaneously to societal needs. The societal system is composite, built up from a number of 



societal subsystems. In de Haan’s (2010) theory, the societal subsystems are denoted as 
constellations which together compose the societal system as a whole (e.g. Figure 1). The dominant 
or most powerful constellation is the regime and this functions as the normative way in which 
societal needs are met within a particular domain.  

Stormwater is usually disposed of via drains and sewers and hence centralised wastewater 
treatment is the dominant constellation providing for society’s needs (Figure 1). The weaker 
constellations are deviants, novel, unorthodox or provide for particular and specific needs not 
fulfilled by the regime; these are niches. For example, rainwater harvesting is a non-dominant 
constellation that provides a particular societal need and that is not usually normative, certainly in 
the UK and Sweden, although common in Australia. Recently, however, even the English water 
companies have started to refer to rainwater harvesting in their forward thinking (e.g. Kelda Group, 
2011) as part of integrated water management.  Niche-regimes are constellations that challenge the 
dominant regime competitively. Source control urban drainage, known as SuDS in the UK, is a niche-
regime in Australia as part of WSUD and is rapidly becoming the dominant regime in the USA. In the 
UK, this approach is verging on becoming a niche-regime but is not quite there yet. Whereas in 
Sweden, it is the dominant regime in some places (e.g. Malmo, Stahre, 2008) and there is mixed use 
of both regimes in many other areas (Cettner et al, undated). 

When a dominant constellation becomes displaced by a new regime, there is a transition to a new 
functioning of the societal system, known as a regime shift (de Haan & Rotmans, 2011). Transitional 
change occurs in a series of phases of relatively slow, fast and slow dynamics, as a multi-phase 
concept.  The process of transition is: niche > niche-regime > displaced/replaced regime. When this 
happens the changed regime is a new way of providing society’s needs; not simply a gradual 
evolution to a better functioning of the original regime which is only an evolutionary transformation 
into a revised state that is not significantly different from the previous. An evolutionary change 
might be the shift from using combined to using separate sewers. In contrast, historically the 
transformation from pre-sewered cities to sewered cities may be considered as a real transition to a 
new regime (Geels, 2006). 

There are 3 stages in the application of the theoretical model of de Haan & Rotman (2011), 
understanding: 

conditions under which a transition (from one dominant constellation to another) will occur 
– the drivers for this process 
patterns of transitional change – social mechanisms that describe typical forms of 
transitional change 
pathway of a transition – how it unfolds with time 

 
The conditions are drivers for the patterns and a transitional path is a result of the patterns. 

Drivers and conditions for change 
The conditions above may be considered as necessary to, but not necessarily sufficient in themselves 
for a societal change, these are further explored below. 

Drivers of transitions are founded in societal need. If a function is not adequately fulfilled then there 
is a need for a change in constellation(s). This may be due to changing needs in society as much as a 



failure of the regime to fulfil the needs. Urban drainage contributed enormously to public health, 
welfare and safety by the introduction of ‘universal’ sewerage in the developed world by the mid 
20th Century, such that waterborne disease outbreaks became extremely rare. Expanding cities, 
increased sealing of surfaces, more and more roads, densification, growing individual wealth and 
expectations of safety and security from threats by citizens, however, had already begun to 
challenge the efficacy of the dominant regime as flooding was found not to be eliminated entirely.  
 
The growing wish for environmental protection coupled with excessive water resource consumption 
meant that stormwater discharges had to be cleaned up and more water began to be passed 
downstream to treatment plants. This was further encouraged in Europe by the Urban Wastewater 
Treatment Directive (91/271/EEC). Ideas about sustainability1,  had also drawn attention to the need 
to balance societal needs, environmental and economic considerations and in Europe. The Water 
Framework Directive (WFD) (2000/60/EC) attempts to point the way to do this, although it 
emphasises not at disproportionate cost. The subsequent introduction of what is known as the 
Floods Directive (2007/60/EC), enjoins the WFD and flood risk management into an integrated vision 
for ‘natural’ water management that challenges the efficacy of the sewer regime which is incapable 
of simultaneously delivering all of society’s needs and expectations (Ashley & Brown, 2009).   
 
Climate change further complicates this picture and society requires infrastructural systems that are 
flexible and adaptable in order to  remain functional in the face of uncertain climate change threats 
with locally unpredictable consequences. Evidence illustrates that piped/sewered systems are much 
less flexible than alternative local, at source, decentralised and dispersed systems for stormwater 
management (Peters et al, 2011).  
 
The niche-regime of stormwater utility in Figure 1, coupled with the niche constellation of open 
space and green infrastructure can provide the necessary flexibility and also a wide range of multi-
functional benefits that piped drainage systems alone cannot. These constellations can, together, 
also provide all of the functioning that the incumbent piped system regime can deliver, although this 
requires the appropriate and definitive separation of storm and foul sewage in order to maintain the 
public health and welfare that was brought in with the original introduction of piped drainage 
systems in the 19th Century.  
 
Where the regime is not in tune with the overall environment or landscape within which it is set, it is 
said to be suffering from tension. Clearly stormwater management systems are set within the 
landscape outlined above (Figure 1), and in their failure to provide the range of societal needs and 
expectations from these systems there are tensions between the use of sewers and their required 
functioning. There are two tensions: Structural and cultural. Structural tension relates to the physical 
infrastructure and associated economic, legal and formal aspects of the regime’s relationship with 
the environment in which the regime is embedded. Whereas cultural tension may exist in the 
cognitive, discursive, normative and ideological relations between the regime and the surrounding 
environment.   

Clearly debates about the relative merits of sewered versus source control stormwater systems 
cover both types of tension. For example, construction and operation of sewers requires 
                                                           
1 Sustainability is still a contested concept 



considerable energy and carbon emissions, which is at variance with the current push to mitigate the 
effects of climate change by reducing emissions. Yet the discursive and ideological views of this are 
extremely limited by the way in which the constellation delivers the ‘outputs’. In London, for 
example, the ‘super-sewer’ Tideway Tunnel is in process of being delivered – a 37km long 7.2m 
diameter tunnel to manage some 60 CSO discharges into the River Thames with no benefit in terms 
of flood risk reduction or in supplementing the water supplies in the City (Thames Water, 2010). This 
is going ahead despite exhortations to reduce carbon emissions and is in total disregard for 
developments in knowledge in more than a Century as it is simply replicating the Victorian approach 
of using large sewers for public protection, albeit in this case the main driver is river pollution. The 
primary reason for this is that there is a need to fulfil the requirements of the Urban Wastewater 
Directive (UWWTD) but also, because the regime player, Thames Water Services, is only empowered 
to construct sewers, not the alternatives being built elsewhere in the world in similar sized cities 
(ibid).  An equivalent constellation image to Figure 1 could be constructed showing how the regime 
and constellation players and actors are inter-related and where the dominant regime sits in terms 
of power; with in this case, the private water companies having the power in England and Wales. 

Stress is said to occur where the dominant regime’s functioning is inconsistent or inadequate within 
itself; where the structure of delivery fails to match with the complementary internal culture. An 
example is where the constraining of discharges from CSOs forces more stormwater to be passed to 
treatment plants, in turn reducing the efficiency of operation of the plants, in turn requiring more 
energy and chemicals to be used. In England, the revolution in water service provision brought about 
by privatisation in 1989 has been credited with providing the essential services and infrastructure 
ever since and at lower cost than if privatisation had not occurred (House of Lords, 2006). Yet the 
indebtedness of these private companies is considerable (STW, 2010) and many of the former assets 
have been stripped; making the effectiveness and efficiency of the promoted private model 
questionable. In 2011, the economic regulator for the water industry is pushing for yet more 
‘competition’ and fragmentation of the water industry which will further compromise the ability of 
the service providers to deliver the multi-value and multi-functionality that society now demands 
(Cave, 2008). 

Niche innovations that challenge the dominant regime are said to exert pressure on the regime and 
source control systems for managing stormwater outside the sewer system potentially make many 
stormwater sewers redundant and simultaneously provide multiple benefits, including increased 
efficiency in sewage treatment. Pressure can often be considered therefore as competition. This 
example illustrates how the niche regime of stormwater utility can potentially make aspects of the 
sewer regime redundant or obsolete. There have been a number of initiatives in England and Wales 
to challenge the dominant sewer regime, although practice in Scotland has already shifted to 
prioritise stormwater utility approaches (e.g. SuDS working party, 2010). In Scotland the shift was in 
recognition of the need to manage the impact of stormwater on receiving water quality, whereas in 
England and Wales, the driver has been managing flooding. 

In England the Flood & Water Management (FWM) Act 2010 is now being implemented and was 
developed mainly in response to the 2007 flooding. This Act places a lot of reliance on so-called 



Sustainable drainage systems (SuDS)2; a key element of stormwater utility approaches. Nevertheless 
the precise way in which the Act is being commenced; in a process of co-creation between 
Government and those who will have to implement the Act in practice, may mean that the use of 
piped systems will still remain the norm in England. In this case, England will be out of step with both 
Scotland and Wales, with the latter having a ‘surface water management strategy’ (SWMS) designed 
to take stormwater out of the sewer networks of Wales. The SWMS has taken some ideas from 
initiatives such as those in Portland, Oregon (Foster et al, 2011) and calls for engagement, charging, 
legislative and technical initiatives that could help reduce surface water flow (DCWW, undated). 

Patterns  
Transitions are continually occurring and occur in patterns. Such patterns are emergent phenomena 
(whole being more than the sum of the parts) (Ashley & Brown, 2009) and autonomous in relation to 
the processes that produce the patterns. De Haan & Rotmans (2011) suggest that there may be a 
limited number of ideal patterns which may be used to describe how one constellation can ‘rise to 
power’ and how the regime adapts. Two extremes may be considered: forced from outside the 
system and/or risen from within. Where the latter occurs, smaller internal constellations within the 
landscape gain power and compete for the regime, in a process called empowerment, essentially a 
bottom-up process. This may be applicable to describe the change from combined sewer systems to 
separate systems in the mid 20th Century. The example of the promotion of SuDS in the new Act in 
England is a top-down imposed pattern, were it to result in a displacement of the piped drainage 
regime, being an externally forced transitional pattern, known as reconstellation. Where the original 
piped drainage regime (which would remain for foul sewage) absorbs the change as it has in 
Scotland (by Scottish Water) this would be a process of regime adaptation which may in fact be a 
transformation rather than a true transition. The three elements of empowerment, reconstellation 
and adaptation may be used together to describe any transition in a concatenation of patterns 
acting on a societal system. 

Applying the constellation (or ‘3 pillars’ model) to urban drainage  

Here the state of the system may be defined initially in terms of its’ composition – the regime, 
niches, niche regimes and the landscape; then in terms of the condition, including tensions, stress 
and pressures that may possibly drive change. It may then be possible to define the pattern that 
changed the system state (in an existing system that has changed this is possible by backcasting) 
from some former state. Sequential patterns together can be concatenated to develop a continuous 
pathway of transition. Conditions drive patterns (de Haan, 2010) as illustrated in Table 1. 

Table 1 Certain conditions drive certain patterns of change 

Condition  Pattern 
Tension                Reconstellation 
                               
                                
Stress                    Adaptation 
                               

                                                           
2 There is limited evidence that such systems are necessarily more or less sustainable than alternatives and in 
any case the context in which they are used is as important in defining whether or not they are more or less 
sustainable 



                               
Pressure              Empowerment 

 

For this paper the change from the dominant piped drainage regime to another more effective 
regime, that of stormwater utility in Europe is of interest. This change has not taken place and is in 
various states as illustrated in Table 2 for the countries being considered. 

Table 2 The state of stormwater drainage regimes in example countries in Europe 

Country Stormwater drainage 
Regime 

Attributes Main reasons for prevailing 
regime 

Scotland Main driver is 
environmental 
protection. 
Preference for non-
piped systems 
enshrined in 
regulations and 
supported by 
Government and 
institutional actors 
and no attempt at 
integrated water 
management only 
application of SuDS 

Responsibilities defined in 
regulations. National pilot 
projects give widespread 
examples although good 
scientific and economic 
evidence is lacking. 
Nonetheless developers 
preferentially constructing 
systems to be adopted by 
Scottish Water. 

Developers perceive non-
piped systems to be more 
expensive and less attractive 
to property owners. 
Municipalities have limited 
resources to engage and 
encourage alternative 
systems. 

England Main driver is flood 
risk management 
Default is to use piped 
drainage systems 
unless forced to do 
otherwise despite 
new Act.  
Sector dominated by 
large monopoly 
private water 
companies 
responsible for 
sewerage. 

Planning stipulations rarely 
define the need to use 
stormwater utility systems. 
Little connection between 
liveability and linking 
stormwater and green 
infrastructure. Development 
land use and road layouts 
prioritised.  
Few pilot studies or scientific 
investigations. Little cost-
benefit data. 
Some water companies now 
perceive there is a potential 
commercial advantage in 
promoting SuDS (e.g. Anglian 
Water, 2011) 

As above. Densification and 
construction on brown field 
sites make application of 
non-piped systems difficult 
and perceptions about land-
take and loss of revenue 
dominate developer’s beliefs. 
Municipalities chronically 
resource limited. Interest 
mainly in flood risk 
management prevents multi-
value benefits from being 
accounted for. 
There are niche interests 
amongst professionals and 
some authorities but no 
clarity (Walker et al, undated) 

Wales Main driver is flood 
risk management. 
Incumbent regime 
actor, Welsh Water 
has adopted a surface 
water management 
strategy (SWMS) to 
disconnect supported 

Widespread awareness 
amongst virtually all of the main 
players of the SWMS and 
potential benefits. 
To effect a change all aspects of 
business need to be changed, 
not simply the aspirations to 
use non-piped systems. 

General willingness to use 
alternatives but practicalities 
of delivery inhibiting pilot 
projects. 
Lack of credible UK examples. 
Interest mainly in flood risk 
management prevents multi-
value benefits from being 



by Government 
although this is linked 
to a green space 
strategy (DCWW, 
undated) 

accounted for and is inhibited 
by the economic regulator’s 
(Ofwat) stance on this.  
Business model of Welsh 
water so far has inhibited the 
use of non-piped systems. 

Sweden Main driver is flood 
risk management 
usually combined with 
environmental 
protection. 
The norm is to use 
piped drainage 
systems but many 
municipalities support 
alternatives in 
regulations. 
 

Municipalities are legislated to 
be responsible for urban 
planning, including stormwater 
management.  
The municipalities’ Water 
divisions mission and 
responsibility is to provide 
citizens with water and 
sanitation services regulated in 
the Act on public water 
services. 
There is widespread awareness 
of stormwater alternatives 
amongst the main players. 
There are many national non-
piped project examples over the 
last decades in cities and towns 
without any wider impact in 
smaller settlements. 

Municipalities have varying 
engagement in promoting 
alternatives. 
Many municipal interests 
have to reach some 
consensus in the planning 
process (Cettner et al, 
undated).  
Water divisions’ influence 
and commitment to 
alternatives in planning 
activities varies. Regulations 
in the Act of public water 
services inhibit alternative 
approaches in practice. 
This also applies to the 
powerful players as 
developers and contractors 
who often divert good 
intentioned municipalities to 
use traditional drainage. 

 

Starting from the information about the state of the stormwater drainage regime in England given in 
Table 2, the stalled transition will be considered in relation to the potential pathways in Table 1, in 
Table 3. 

Table 3 Potential pathways to transition of stormwater management in England 

Pattern  Conditions 
for change 

Characteristics  Evidence  



Re
co

ns
te

lla
tio

n 

Te
ns

io
n 

Top-down imposed 
change coupled with 
adverse functioning of 
the constellation in 
relation to its 
environment. 

Water management is fragmented among: 
private water and sewerage companies, 
municipalities, highways, developers and 
individuals each with their own motives and 
beliefs. 
The FWM Act purports to address the need for 
change and promote this pathway. In practice 
provisions are being diluted by a single (peak) 
group – developers with a selfish and narrow 
vision and also several water companies. Water 
industry regulator is promoting pilot projects by 
water companies using non-piped systems for 
flood risk reduction but many companies are 
resisting this and the regulator is actively 
promoting piped drainage systems where it is 
‘too difficult’ to promote the alternative. 

St
re

ss
 

Top-down imposed 
change responding to 
internally adverse 
functioning of the 
constellation. 

Also to some extent following the above, 
although perhaps the main stress driver is the 
regulator for the water companies, Ofwat, 
recognising that managing flooding using 
sewers is unaffordable. 

Ad
ap

ta
tio

n 

Te
ns

io
n 

Internally induced 
changes in response to 
adverse functioning of 
the constellation in 
relation to its 
environment 

Some English water companies see business 
opportunities in services offered to operate 
non-piped systems. 
Some land use planners stipulating non-piped 
systems in strategic plans. 

St
re

ss
 

Internally induced 
changes responding to 
internally adverse 
functioning of the 
constellation 

Some English water companies see a change as 
being desirable due to multiple benefits to 
them: e.g. lower flows to treatment and 
cheaper ways of delivering sewer flood risk 
reduction. 

Pr
es

su
re

 Internally induced 
changes responding to 
adverse functioning 
with respect to another 
constellation 

Some companies starting to recognise flow 
attenuation, water quality, energy and carbon 
benefits of non-piped systems in their climate 
change mitigation and adaptation plans, 
although no real action as yet. 

Em
po

w
er

m
en

t 

St
re

ss
 

Bottom-up constellation 
change responding to 
internally adverse 
functioning of the 
constellation  

Certain developers, planners, municipalities and 
visionary consultants delivering non-piped 
drainage systems in recognition of limitations of 
existing regime and multiple benefits of 
alternatives 

Pr
es

su
re

 Bottom-up constellation 
change responding to 
adverse functioning 
with respect to another 
constellation 

As above, and going further in terms of relating 
alternative systems to multi-benefits and 
energy in other constellations. Increasing  
awareness & acceptability in professionals & 
public for alternatives 

 

Table 3 illustrates that there are a number of niche and supporting attempts to effect the transition 
from piped stormwater drainage systems to alternatives and hence stormwater utility systems can 



be seen to truly be definable as a niche-regime.  However, so far this can be termed a failed 
transition, definable as a ‘Lock-in’ (Ashley & Brown, 2009), where the transition has influenced the 
regime but failed to displace it. The most notable example of the failure is the continued 
construction of the Thames Tideway Tunnel (Thames Water, 2010). 

In Wales, there is much more of a consensus as regards the need to change the incumbent regime, 
following some 4 years of engagement with as wide a range of stakeholders as possible. Change is 
led by the private water company D r Cymru Welsh Water (DCWW). This contrasts with a number 
of the equivalent water companies in England, who are amongst the biggest opponents to change 
there. In Wales, DCWW have a different business model to the rest of the UK, with no shareholders 
and have effectively ‘given themselves back to the people of Wales’ (Glas Cymru, 2011) as all profits 
are redistributed by DCWW back to the water charge payers annually. Table 4 shows how there is an 
on-going attempt to transition to stormwater utility from piped sewers in Wales. 

Table 4 Potential pathways to transition of stormwater management in Wales 

Pattern  Conditions 
for change 

Characteristics  Evidence  

Re
co

ns
te

lla
tio

n 

Te
ns

io
n 

Top-down imposed 
change coupled with 
adverse functioning of 
the constellation in 
relation to its 
environment. 

Water management is fragmented among: 
DCWW, municipalities, highways, developers and 
individuals each with their own motives and 
beliefs. The new FWMAct in England may also be 
adopted in Wales but the way in which it will be 
delivered is likely to be different, with greater 
commitment and compulsion for change from 
DCWW and the devolved Welsh Assembly 
Government (WAG). The WAG’s relationship with 
DCWW enables greater innovation in water 
service provision than in England, a closer 
working relationship with local authorities  & a 
drive to consider Welsh interests in context. 
DCWW are still subject to Ofwat’s regulation and 
in the 2009 price review Ofwat compelled DCWW 
to link their SWMS with reducing a number of 
properties at risk from sewer flooding. This clear 
target has skewed the on-going delivery of the 
SWMS with many more plans now aimed at using 
stormwater sewers rather than SuDS (DCWW, 
2009). 

St
re

ss
 

Top-down imposed 
change responding to 
internally adverse 
functioning of the 
constellation. 

DCWW & WAG recognise the multi-value 
potential of alternative stormwater management, 
although the main stress driver as in England, is 
the regulator for the water companies, Ofwat, 
recognising that managing flooding using sewers 
is unaffordable. DCWW led the way in promoting 
the alternative approach (the SWMS) and this 
was taken up by the regulator. 

Ad
ap

t
at

io
n 

Te
ns

i
on

 Internally induced 
changes in response to 
adverse functioning of 

New SuDS pilot projects underwritten by DCWW 
are now being delivered in order to give other 
stakeholders (municipalities, developers etc.) 



the constellation in 
relation to its 
environment 

confidence in the new approaches. 

St
re

ss
 

Internally induced 
changes responding to 
internally adverse 
functioning of the 
constellation 

DCWW has restructured following the 5 yearly 
price review. Partly in recognition of the previous 
business model’s limitations for delivering a new 
regime it has fundamentally altered its 
functioning to bring more control over 
stormwater planning. In the former business 
model stormwater systems were delivered by 
term contractor-consultants who were 
disproportionately rewarded for ‘digging large 
holes’. DCWW see a change as being desirable 
due to multiple benefits to the business and 
delivery of services to the people of Wales: e.g. 
lower flows to treatment and cheaper ways of 
delivering sewer flood risk reduction.  

Pr
es

su
re

 Internally induced 
changes responding to 
adverse functioning 
with respect to 
another constellation 

DCWW recognise energy and carbon benefits of 
non-piped systems, although there is no real 
action links to these as yet. As yet the vision is 
not in terms of benefits for environmental 
management only for flooding. 

Em
po

w
er

m
en

t 

St
re

ss
 

Bottom-up 
constellation change 
responding to 
internally adverse 
functioning of the 
constellation  

As in England certain developers, planners, 
municipalities and visionary consultants are 
delivering non-piped drainage systems in 
recognition of limitations of the existing regime 
and of the multiple benefits of alternative 
systems, 

Pr
es

su
re

 

Bottom-up 
constellation change 
responding to adverse 
functioning with 
respect to another 
constellation 

As above, and going further in terms of relating 
alternative systems to multi-benefits and energy 
in other constellations. Public engagement and 
the  ‘Greenspace Wales’ campaign (of which 
SWMS is part) are helping to create public 
acceptability of the SWMS. 
Examples from the USA (notably Portland, 
Oregon) have been lauded by DCWW. 

 

It is apparent that in Wales there is a very strong attempt to transition the ambient constellation to a 
new way of delivery of stormwater management and this is illustrated by the media interaction and 
the public and wider information systems and engagement (DCWW, undated). However, change has 
been slow due to the complex business structure used for delivery by DCWW up until 2010/2011 
that has had to be reformed to align it better with the new aspirations. The previous business 
delivery relied on multiple term contractor/consultant teams who delivered assets with end targets 
that could be met using conventional sewered systems. Attempts to change the activities of these 
contractors were futile as their rewards were based on how many and how big the holes were that 
were used to construct the sewers. In the new model, most of the planning and design of new assets 
has been moved back in-house to DCWW, where the SWMS can be delivered. Nonetheless the edict 
from Ofwat to address a number of problems of properties with a sewer flooding risk within a short 
time period as part of the SWMS has meant that there has been a disproportionate focus on this 



aspect of stormwater management rather than the wider benefits. A traditional approach is now 
emerging whereby the use of ‘we know they work’ stormwater sewers rather than SuDS is becoming 
once again the norm.  

This perhaps illustrates the need to change more than the obvious in a transition process – not 
simply to inform and exhort but to actually look at weak and ineffective business structures and 
narrow minded regulatory systems in terms of the needs for the wished for changed constellation. 

In Sweden, pathfinding activities for managing stormwater using alternatives to piped drainage 
systems have been world leading (e.g Stahre, 2008; Urban Water, 2009). Yet it is questionable as to 
whether or not a transition has actually taken place, or whether it is still aspirational on the part of a 
few visionaries. Table 5 provides and overview of the transition pathways in Swedish stormwater 
management. 

Table 5 Potential pathways to transition of stormwater management in Sweden 

Pattern  Conditions 
for change 

Characteristics  Evidence  

Re
co

ns
te

lla
tio

n 

Te
ns

io
n 

Top-down imposed 
change coupled 
with adverse 
functioning of the 
constellation in 
relation to its 
environment. 

A platform for change is the formal legislative act 
for the planning process which provides an 
opportunity to manage stormwater differently. The 
formal legislation for managing water does not 
actively encourage the use of non-piped systems.  

St
re

ss
 

Top-down imposed 
change responding 
to internally 
adverse functioning 
of the 
constellation. 

Strong local political support is a crucial driver in 
some municipalities to address alternative 
stormwater management. Some municipalities 
have adopted an ‘environmental friendly’ profile 
which facilitates the introduction of alternative 
solutions.  Stormwater strategies have been 
developed and politically decided in many 
municipalities in order to support decisions about 
non-piped solutions. 

Ad
ap

ta
tio

n 

Te
ns

io
n 

Internally induced 
changes in 
response to 
adverse functioning 
of the constellation 
in relation to its 
environment 

Experiences of flooding, increasing population, city 
expansion and densification. Existing water 
systems are not general seen as adequate for 
expansion for future needs. Many professional 
would rather use non-piped systems to 
supplement water supply options. 

St
re

ss
 

Internally induced 
changes 
responding to 
internally adverse 
functioning of the 
constellation 

Many Water divisions in the municipalities have an 
active part in the planning process; striving to 
deliver alternative systems. This is sometimes a 
result of the Water divisions’ own initiative. If not 
fully aligned with the planning process, Water 
divisions struggle to achieve an adequate position 
to influence and control the plans for stormwater 
management. 

P r e s Internally induced Some Water divisions see only limited possibilities 



changes 
responding to 
adverse functioning 
with respect to 
another 
constellation 

to influence stormwater alternatives due to the 
lack of legal requirements. The water divisions’ 
responsibility for alternatives is perceived as 
unclear with regard to the formal water act. Some 
Water divisions work is however, innovative and 
can create conditions in planning for alternative 
stormwater systems supported by other 
municipality departments. 

Em
po

w
er

m
en

t 

St
re

ss
 

Bottom-up 
constellation 
change responding 
to internally 
adverse functioning 
of the constellation  

Water divisions sometimes take a clear stand and 
embrace stormwater solutions with or without 
pipes, in a planning context and in practical 
responsibility. This influential position has to be 
continuously striven for by the water division in 
order to be sustained. Competition with other 
players with an interest in stormwater can be 
challenging for the water division. Together with 
planners and other municipal departments, many 
develop ideas for using alternative drainage 
systems. However, these ideas are not always 
constructed as often powerful developers and 
contractors inhibit the process; preferring 
traditional piped systems. 

Pr
es

su
re

 

Bottom-up 
constellation 
change responding 
to adverse 
functioning with 
respect to another 
constellation 

Innovative municipalities and Water divisions have 
experienced growing interest in stormwater from 
the public. This is due to media publicity which in 
turn creates a certain pride amongst water 
professionals. Their efforts in delivering alternative 
solutions increasingly helps draw attention and 
focus on the aesthetic value of stormwater in the 
city environment. 

 

Table 5 shows how Sweden is on a transition pathway, with mixed stormwater planning between the 
old piped regime and the new SUN. From early stage pilots that introduced non-piped solutions in 
demonstration projects, more trust is now put in the SUN niche-regime. Today there is a widespread 
attitude amongst professionals and others regarding the need to replace traditional piped solutions 
with alternatives. Nevertheless the diversity of local policies across Sweden’s 290 municipalities that 
need to support the transition means that nationally the change process is slow. The regime has not 
been entirely displaced in municipalities and the use of traditional piped-system is functioning in 
parallel with the use of non-piped systems. In a number of cases the transition is being opposed in 
planning developments by powerful municipal actors (including developers and contractors) and by 
shortcomings in the water legislation that does not explicitly include any responsibility to operate 
and maintain stormwater alternatives by municipalities. 

There is evidence of a potential pathway of change where planning takes fuller account of 
stormwater management and the Water divisions’ gain power to influence the use of alternatives in 
a broader, integrated water management and multi-value sense. The change is being led by a small 
number of individual municipalities where the municipal support via e.g. policy leads to 
reconstellation, motivating individual departments, including the Water division, to work together 



for innovative stormwater alternatives. The reconstellation, changes to local stormwater policies 
and being seen as a leading environmental municipality, raises empowerment, encourages a 
bottom-up change, becomes more visible in media and gains public attention appears to be a strong 
transition pathway to follow. This pathway further motivates the key actors involved to seek new 
ways to deliver stormwater alternatives and continue to develop a green infrastructure approach in 
the city landscape. Malmo is a good example of this, with the development of green initiatives 
coupled with a transition to non-piped drainage systems and a high national and international 
profile (Kruse, 2011). 

Lessons from the review and ideas to overcome the barriers to transition 
It would appear that there is evidence from the de Haan model that supports the contention that 
the three countries examined are at different stages in the transition process from piped to 
alternative stormwater drainage systems as shown in Table 6.  

Table 6 Summary of where each country is in the transition process 

Country Main conclusions regarding the transition process 
England There are very many and disparate players in water management in England. 

There is a stalled transition resulting from a change in Government in 2010 and a 
reinterpretation of the legislation alongside a desire to reduce regulation and support 
commercial enterprise (developers). Originally the new legislation was intended to 
produce an instantaneous transition through regulatory definition. 
There is some limited bottom up use of SUN systems instead of piped but more pilot 
applications and evidence is required. 

Wales Wales has a separate identity and ethos to England and follows English practice in water 
management only where it deems it appropriate or beneficial 
The new legislation from the UK Government may or may not be adopted in Wales and 
this will depend on whether or not the enactment will deliver the requirements to 
encourage/compel a change in practice 
Wales is committed to the SWMS in any case but has to provide many more examples of 
good practice and this will need to be underwritten by DCWW 

Sweden The primary players are the 290 municipalities with a varied approach to the use of non-
piped drainage systems. There is no legislative compulsion to use alternative systems 
although many professionals and developers do use these. There are a number of world-
leading pilots and examples of new practice in Sweden. Although by no means nationally 
adopted there does appear to be a slow transition across Sweden. Without compulsion 
through regulation or standards, this is to be expected. 

 

What does this tell us about the transition processes and the way in which barriers to these may be 
overcome? Not surprisingly in this domain (water and drainage) the engagement and commitment 
of a wide range of stakeholders, players and actors are required to effect a transition. Tension, stress 
and pressure are probably each required for a transition to come about (i.e. a service to society 
needs to be delivered in a different way). The changes through Reconstellation, Adaptation and 
Empowerment each seem to be occurring in different phases and probably simultaneously in each of 
the cases examined. Perhaps the main lesson from the overall review and application of the method 
is that where one main change pattern is stalled then an alternative may be more profitably 
exploited.  For example, it is clear that in England the reconstellation pattern is stalled despite signs 
of tension and stress. There are still signs that adaptation is taking place, not least due to perceived 



climate change needs and also signs that empowerment is occurring with a limited number of 
entrepreneurs ‘getting on with it’ as if there has already been a regime shift (e.g. Oxfordshire County 
Council, 2011). Most changes are due to pressure although in Wales, DCWW are responding to 
stress in the way they are changing their business model for stormwater management. 

Widespread change seems to require pilot projects and experience of effectiveness to inculcate 
confidence. Policy changes also need to be influenced by sound science and evidence that is so 
strong as to be irrefutable by the ‘Luddites’3 resisting change. 

Summary & Conclusions 
The application of the de Haan & Rotmans (2010) model for understanding transitions has provided 
a logical framework to help understand where the transition process from piped to alternative 
stormwater drainage systems is in England, Wales and Sweden. The definitions and components of 
the model have been shown to be applicable and useful and the conditions for change outlined in 
Table 1 are applicable within the context of changes in stormwater management practice. No 
attempt has been made here to define whether or not the model is sufficient in itself or whether 
additional perspectives are needed, nor to look at concatenation and steps in a change pathway. 
What is clear, however, is that depictions of the constellations as in Figure 1 need to be made to 
define not only the physical-technical-environmental systems, but also the governance and 
institutional arrangements alongside this.  

Three studies have been considered in this paper in relation to transition theories and particularly 
the 3-pillar approach (conditions, patterns, paths) proposed by de Haans (2010). The paper includes 
aspects from 3 themes for the conference. For example, Governance, power and politics has been 
particularly influential in attempting to force a transition in the UK with new legislation and 
responsibilities defined centrally in 2010, in a process of reconstellation. In an earlier parallel 
approach in the USA, the key article of legislation, the Clean Water Act 1972, actually resulted in a 
widespread failure in implementation until community and peak groups took up the cause; i.e. the 
origins for the transitions there lie in bottom-up action; an example of empowerment.  In England 
and Wales most aspects of urban water management are delivered by private companies whereas in 
Sweden, some 290 municipalities have this role. Thus the role of firms and industry in transitions to 
new dominant constellations for urban water management is central to the former but less so in the 
latter; although private consultants and their advice, especially the legitimacy they give to 
alternative approaches is crucial in both cases.  

The paper deals with a real and well recognised problem, one which leading practitioners, 
researchers and even policy makers are trying to tackle, that of transitioning to a better regime of 
water management. By evaluating a theoretical foundation that compares practices in a number of 
countries that are at different stages, potential opportunities have been identified for tackling the 
barriers that remain in the transition to a new (in fact no longer very new) and more sustainable way 
of handling urban drainage.  

                                                           
3 Named after the leader of the textile workers in the North of England who in the early 1800s resisted the 
introduction of machinery to replace hand working 
(http://www.nationalarchives.gov.uk/education/politics/g3/) 
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Abstract 

Individual and organisational receptivity for change towards the use of sustainable stormwater 
management systems has been previously examined, but the significance of the different 
contexts for achieving this have been largely unexplored. This paper examines the 
significance of contexts associated to action by using a comprehensive framework based on 
two related receptivity theories, the individual or organisational approach and the contextual 
approach. Results from a Swedish national questionnaire with professionals in stormwater 
management have been used to understand the usefulness of the framework. The analysis of 
the results indicated that the respondents were professionally prepared for change (action) but 
not practically prepared due to missing supportive contexts. In response, a number of potential 
contexts associated to action were identified. The comprehensive framework provides new 
insights into the influence of receptive contexts for a change in water management. These 
insights can be used by policy makers and others to better support the realization of 
professional openness for change and thus accelerate the process of change to sustainable 
stormwater practice. 

Keywords: Contexts; Innovation; Receptivity; Sustainable urban stormwater; Transitions 

ASSESSING RECEPTIVITY FOR CHANGE IN URBAN STORMWATER 
MANAGEMENT AND CONTEXTS FOR ACTION 

1. Introduction 

Historically, decision makers and professionals have preferred to use piped systems to 
manage urban drainage, however, many pressures are now challenging this conventional 
‘common-sense’ practice (Cettner et al., 2012b). Ageing water infrastructure, technological 
lock-in (Walker, 2000), flooding and pollutants in receiving waters, growing and overheated 
cities and biological impacts are all stresses that need to be addressed together with the global 
challenges of climate change, population growth and environmental impacts (e.g. Van de 
Meene et al., 2011). Many studies refer to the need for a revision of stormwater systems 
allowing new practices, new approaches and action that requires a shift from the long standing 
tradition of piped systems to more sustainable stormwater practice using green infrastructure 
and non-structural measures (e.g. Ashley et al., 2011; Harremoës, 2002; Niemczynowicz, 
1999; Roy et al., 2008). However, the slow evolution towards stormwater being managed 
more sustainably in Sweden and elsewhere is often attributed to institutional system inertia. 
Since the 1970s when there was momentum for change in Sweden, there has been modest 
progress in practical implementation of alternatives to piped drainage; the change process has 
lost much of this early momentum (Cettner et al., 2012a). Nevertheless, throughout the past 
40 years of relatively modest change in practice, stormwater has continued to attract attention 
and there appears to be a growing interest amongst practitioners for the use of alternatives so 
that stormwater is managed on the surface. The increasing interest is evident in the Swedish 
Water and Wastewater Association policy instrument, P105, which advises practitioners in 
planning and designing for sustainable stormwater management, (SWWA, 2011). P105 uses 
the term ‘sustainable stormwater management’ which is similar to BMPs (Best Management 
Practices) and SuDS (Sustainable Drainage Systems) in the USA and UK respectively. Unlike 
piped drainage systems they can have multiple benefits in use including flood control, 
pollutant removal and can add to the quality of urban space supporting green infrastructure 
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3

through irrigation and providing cooling and an additional water source for supply (Ashley et 
al., 2011). 

The decline in rate of uptake and resistance to change is one great challenge in achieving 
stormwater systems that are more sustainable, not only in Sweden but worldwide (Brown et 
al., 2009; Jonsson et al., 2000). The limited capacity for change is related to the socio-
technical nature of the stormwater system, where changes are highly dependent upon social 
processes such as human interactions, power relations, values, norms and routines in the 
systems planning culture (e.g. Bijker et al., 1987; Hughes, 1986). Consequently, many studies 
have noted tendencies to persistent barriers to the use of alternatives that inhibit and limit a 
shift in practice (Farrelly and Brown, 2008; Laws and Loeber, 2011; Stahre, 2008; Smith et 
al., 2005). In particular, the four ‘A’ attributes of individual or organisational receptivity 
(Awareness; Association; Acquisition; Application; Jeffery and Seaton 2003/2004) which 
includes the need to be open to learning new systems, has been found to be a major factor of 
success in the search for how to remove the deep-rooted ‘pipe-bound mentality’ (e.g. Brown 
et al., 2009; de Graaf et al., 2009; Van Herk et al., 2011). The model has been used in 
interviews and questionnaires for determining the degree to which professionals or 
organisations tend to adopt policy instruments and produce innovations in stormwater 
management. However, the four ‘A’ model of Jeffery and Seaton (2003/2004) lacks context 
as an explicit consideration, despite other research which demonstrates the contextual 
importance when supporting change in large organisations (e.g. Pettigrew et al., 1992; 
Berkhout et al., 2003). Further, recent studies in water management stress the need to address 
the limited knowledge and understanding regarding how different governance contexts 
influence the achievement of sustainable urban water management in practice (e.g. Van de 
Meene et al., 2011; Rijke et al., 2012). 

An earlier reported interview study investigating the transition to sustainable stormwater 
management in Sweden (Cettner et al., 2012b, Cettner et al., submitted) recognized that the 
four ‘A’ attributes failed to adequately consider the context of change and hence identified 
that a more comprehensive framework that included a better understanding of contexts for 
change was required. A national questionnaire was devised to examine the individual and 
organisational receptivity for change and receptive contexts were included in the study when 
the questionnaire was analysed. This paper has used the results to understand change in 
stormwater practice, with three objectives: (1) examine the usefulness of the receptive 
contexts associated to action suggested by Pettigrew et al., (1992) together with the 
commonly used framework of the four ‘A’ attributes for change suggested by Jeffrey and 
Seaton (2003/2004); (2) review the outcome and potential value of the framework that 
encompasses the contexts for change and four ‘A’ attributes and (3) further develop 
understanding about conditions on a national scale to support action in the discourse around 
sustainable stormwater practice. 

2. Theoretical frame of reference 

As a reaction against the perception of the importance of ‘individual competence’ to the 
ability to manage change (in 1980s management development discourse) Pettigrew et al., 
(1992) examined long-term processes of strategic change in eight English District Health 
Authorities in 16 different case studies. Despite these Districts facing similar environmental 
and policy pressures the rate and pace of change was variable and there were differences 
regarding their ability to manage strategic change. To explain this variation Pettigrew et al., 
(1992) identified eight factors ‘signs and symptoms’ of receptivity associated with a faster 
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pace of change. The eight factors represent a set of interlinked conditions useful for 
identifying the ability to embrace new ideas and face the prospects of change. The terms 
‘receptive and non-receptive contexts’ were introduced (the latter was associated with blocks 
or barriers to change) which helped to understand how patterns of change were organized and 
the process of making change happen in large organisations (Table 1).  

Change explanations are viewed as an interaction between context and action (Pettigrew et al., 
2001) where “contexts are used analytically, not just as a stimulus environment, but also as a 
nested arrangement of structures and processes in which the subjective interpretations of 
actors perceiving, learning and remembering help shape process". An organisation with such a 
receptive context will be better able to assimilate innovations, although the significance of 
each of the factors individually and in combination is highly dependent on local 
circumstances. The dynamic view is that change processes are reversible and may suddenly 
be interrupted by unexpected events or ill-considered actions which recognize ‘emergence, 
possibility, precariousness and iteration’ as the characteristics of the change processes. 

Table 1. 

Jeffery and Seaton (2003/2004) adapted their receptivity model from the literature on 
Innovation and Technology transfer policy (e.g. Trott et al., 1995). This can be envisaged as a 
series of four ‘A’ attributes: awareness, association, acquisition and application (Table 2). 
They conducted three case studies in varying contexts regarding water management to 
demonstrate the use of the four ‘A’ model. The approach was found to be applicable to 
environmental policy areas beyond water policy and together with social enquiry activities it 
was affirmed to address the relationship between culture and policy instruments for a more 
consensual agenda for policy instruments. In particular the model was found to be useful in 
processes which involved ‘participative governance or stakeholder engagement’ as support
towards a shift to sustainable water management. 

The model has been extensively used as an explanatory framework in understanding the 
receptivity of end-users to change in water management practices, whether actors are ready 
and prepared or not for a creative response to water management policy instruments’ 
ambitions (Brown et al., 2009). The model investigates the individuals or organisations
willingness and ability to “absorb, accept and utilize innovation options”. The fundamental 
view of the model is the necessity to understand ‘current levels of perceptions, attitudes and 
the agendas for change that are relevant’ to the users of the policy instrument. The use of the 
model can help to assess the end-users' receptivity to accept and adopt new ways of working 
and support change strategies. 

Table 2. 

The four ‘A’ model is narrower in scope than the eight-factor approach in that it relates only 
to the individual’ or organisations openness for change, while the latters’ deeper and more 
pervasive model of action highlights the importance of the context for change as well as the 
individual’s or the organisations’ role in this. In the study presented here, a comprehensive 
framework is presented that can be used to give greater insight into contemporary receptivity 
for change and contexts associated to action in the sustainable stormwater discourse. 

3. Method 
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3.1 The questionnaire 

An on-line questionnaire was designed with input from similar investigations conducted with 
water professionals in Australia (Brown et al., 2007) and the U.K (Ashley et al., unpublished). 
According to Patel and Davidsson (2011) it is important to vary the form of response 
alternatives in a questionnaire so that the respondents maintain their motivation and do not get 
‘stuck’ into a certain pattern of responses. The questionnaire comprised 28 questions, of 
which some had several sub-questions. Most of the questions had pre-defined response 
alternatives, which were answered by estimation on a varying scale of 1-6 (one with 1-9) and 
a number allowed free comments. Six of the questions were open. In this study, a significant 
part of the questionnaire has been used in the analysis. The questionnaire areas focused on: 

 Information about the respondents and their work experience. 
 The respondents’ perceptions of stormwater management in urban planning and practice, 

commitment and responsibility issues. 
 Perceptions about drivers and barriers for an accelerated change process. 

The questionnaire, conducted using the EvaSys (2012) web based evaluation system between 
April and June 2011, was distributed to some 1300 professionals (predominantly managers) 
representing 5 municipal departments across all 290 Swedish municipalities. These target 
groups were selected on the assumption that they comprised the most directly affected 
practitioners in urban stormwater management. 400 respondents completed the questionnaire 
representing 227 municipalities in Sweden. Most respondents were from the 3 main 
departments working in areas related to surface water management: 34 % water department; 
25 % urban planning department; and 21 % environmental department. The remaining 20 % 
were from the municipalities’ park and street departments. The results from the three main 
working areas were selected for a more detailed analysis in this study, referred to as ‘the 
interest groups’ (similar to Jeffery and Seaton’s term ‘end-users’) or; the water department, 
the planning department and the environmental department. The interest groups (n=319) 
represent three main professional backgrounds comprising 50 % engineers, 30 % planners and 
architects and 20 % environmental officials. 

3.2 Method of analysis 

The theoretical point of departure for the analysis was the two very different perspectives, 
contextual and individual/organisational, both of which focus on receptivity to change in large 
organisations. Figure 1 illustrates the approach when analysing the results from the 
questionnaire related to the comprehensive framework. The four ‘A’ model (Jeffrey and 
Seaton 2003/2004) was the base when designing the questionnaire, because that has 
traditionally been used in applications in the UK (e.g. Ward, 2010); in Australia (e.g. Brown 
et al., 2009); in The Netherlands (e.g. Van Herk et al., 2011) to try to explain the slow pace of 
change in stormwater management practice. Selection 1 in Figure 1 refers to the five groups 
of municipal officials addressed by the questionnaire (see section above). 

Figure 1. 

Newton et al., (2003) examined the usefulness of the receptivity model introduced by 
Pettigrew et al., (1992) by analysing change in a public service setting using four attributes: 
applicability; associatedness; temporality and dynamism, where the first two of these were 
related to the attributes suggested by Jeffrey and Seaton (2003/2004). Newton et al., (2003) 
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provided a research template in which they derived ‘focal questions’ from each of the eight 
receptive factors (Table 1). Thus, when the questionnaire had been completed a number of 
‘main questions’ were formulated based on the eight factors which later were condensed into 
15 questions for the analysis presented. In the analysis these questions are associated to the 
questionnaire results to help to recognize features constitutive for action in the sustainable 
stormwater discourse. Each question is addressed under each respective factor (Table 3). 

Selection 2 (Fig. 1) refers to the groups of respondents, ‘the interest groups’, selected for the 
analysis. A method of assessment of responses was developed before the analysis was 
undertaken. Together, the four ‘A’ model and the eight factor model were used during the 
analysis of responses and throughout the research process. The steps in Figure 1 were 
characterized by understanding the contexts' importance for action linked to an understanding 
of the respondents’ receptivity which was compared to the findings from an earlier interview 
study with 9 municipal professionals (Cettner et al., 2012b; Cettner et al., submitted). The 
various steps developed the analysis of change and provided increased knowledge of 
conditions for sustainable stormwater management in Swedish practice. 

3.3 Method of assessment 

The highest selected response from each question in the questionnaire was analysed for the 
assessment of the potential value of the eight factors in defining their influence in the change 
process and then classified as: weak, limited, medium or strong (see results Table 3). The 
responses were organized in these terms depending on how well the strongest responses 
corresponded within the interest groups. For instance, to assess a result as ‘strong’ the 
differences between the individual interest groups’ maximum ratings had to be limited to at 
most 9 percentage points (pp). The strength of support for each response was graded into four 
levels dependent upon the maximum differences between the individual responses: 

Weak - at least 30 pp difference in the range of responses 
Limited - from 20-29 pp difference 
Medium - 10-19 pp difference 
Strong - up to 9 pp difference 

Support for alternative options was also considered in order to give more validity to the 
analysis in understanding the spread of responses. A difference of 15 pp or more between the 
strongest and the other supported options reduced the rating of the assessment of the response. 
Where, for example, a first assessment gave a ‘strong’ and coherent response, this was 
subsequently re-rated to a ‘medium’ where there was a difference of at least 15 in the 
complete range of supported options. 

4. Results and analysis 

The responses from the questionnaire were used to address the 15 main questions which are 
presented in terms of the respective factors in Table 3. The relevant main question addressed 
by each response is noted in the left column of the table. The strength of the results varied 
depending on the interest groups’ variation in consistency of response. The strength in each 
response is assessed using the criteria described above. 

Table 3. 
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1 In the Table ‘neutral’ means that the measures are neither supported nor opposed.
2 ‘Alternatives’ to piped systems include mainly surface based or infiltration systems for 
stormwater, with the minimum use of combined sewers and/or separate stormwater sewers 
discharging directly to receiving waters as these can cause pollution (e.g. USEPA, 2012). 

In the following, the analysis of the results related to each factor is presented. 

4.1 Factor 1 - the quality and coherence of policy 

The respondents were aware of and associated to visions and policy importance for progress 
in the sustainable stormwater management discourse. Municipal visions of sustainable 
development (SD) were found to be important when introducing alternatives for stormwater 
management in the municipalities. In terms of departments, some 34% of respondents from 
environment, 41% from water and 50% from planning considered the municipality vision as 
very important or important for the introduction of alternatives. According to Pettigrew et al., 
(1992) broad visions have the potential to be the critical starting point that allows ‘top-down
pressure to be married with bottom-up concern’. This finding in the health sector appears 
equally applicable to respondents’ concerns about changing stormwater management practice. 
Broad visions could encourage professionals to formulate their own personal vision or frame 
(Berkhout et al., 2003). 

In terms of processes and policies there was a strong coherence in the views of the interest 
groups that implementation of alternatives would be very effective or effective if stormwater 
was supported by a stormwater strategy (73-84% of the respondents from the interest groups) 
and integrated in the planning process (80-89% by interest groups). But in practice, the 
importance of the planning process and a stormwater strategy could not be reconciled with the 
interest groups’ personally expressed beliefs about their supporting character. These results 
indicated that an integrated planning approach together with a stormwater strategy had only a 
limited influence on changes in current practice. The water departments’ assessed a 
stormwater strategy as being of primary importance in supporting alternatives in practice, 
whilst the other groups had a less supportive view of the importance of such a strategy. For 
the planning department, the planning process was of primary importance in supporting 
alternatives in practice; whereas the other departments’ had less belief in the supporting 
character of the planning process. The varying beliefs of the supporting character of a 
stormwater strategy and the planning process indicated that these ‘instruments’ are frequently 
applied in current practice but their importance in the change process varies within the 
municipalities. Similar findings were evident in the interview study (Cettner et al., 2012b) 
where the planning process or a stormwater strategy did not necessarily promote sustainable 
stormwater management practices. The crucial question was who had the power to decide the 
ultimate solution. However, having a stormwater strategy appeared to be a growing trend in 
Swedish municipalities; with 64 of 290 municipalities reporting that they had an established 
strategy and 56 municipalities in process of developing a strategy. 

4.2 Factor 2 - key people leading change 

The majority of the respondents (63-79 %) indicated that they were either very highly or 
highly committed to the change process, but that their experience of leadership was that it was 
too department-oriented to be effective in bringing about change. Despite each professional 
group expressing individually that they had a high commitment to the change process, this 
was not recognised by the perceptions of the other groups, who each questioned the 
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commitment of the other professional groups. The planning departments appeared to be the 
most egalitarian, perceiving all three main interest groups as of equal importance in the 
change process. The Street and the Park departments (addressed by the questionnaire, but not 
considered one of the main interest groups) were assessed by the main interest groups as 
being only partly committed to the change process. As this group responded poorly to the 
questionnaire, this possibly indicates a low commitment to the change process, with little 
practical potential for Parks and Streets to see themselves as part of the group leading change. 

The potential key people in leading change are likely to come from these three main interest 
groups. Although these are not convincingly working jointly for action, each group associated 
themselves as strongly committed to the change process, which indicated that they considered 
themselves capable to acquire capacity to support the introduction of alternatives in the 
municipality. Uniquely among the various actors, they have the knowledge and experience of 
urban water management in planning and environmental issues in their different professional 
disciplines. The lack of coherence between the responses could reflect strong professional 
roles and diverse opinions leading to problems in achieving effective collaboration in practice 
which reflects a power play between these actors that was evident in the earlier interview 
study (Cettner et al., 2012b). 

4.3 Factor 3 - environmental pressure 

The occurrence of extreme events or a political decision in response was associated with an 
accelerated change process. Extreme events (34-40 % by interest groups) such as floods or 
pollution from discharges and a political decision (29-46% by interest groups) were strong 
potential drivers triggering change. In contrast, legislation was seen to be associated to weak 
pressure to bring about a movement in the sustainable stormwater discourse (also evident in 
the interview study, Cettner et al., 2012b). There was strong consensus by the interest groups 
that legislation neither supported nor prevented the implementation of sustainable stormwater 
solutions (30-36 %). Some 26-28 % respondents in the interest groups believed that 
legislation was a driver; whereas 19-26 % did not know about its’ capacity for change, 
indicating that legislation alone is insufficient to trigger change in practice. 

Overall, awareness and association of barriers in the change process dominated. However, 
there was a wide spread of beliefs reflecting differing views about the environmental stressors 
role in inhibiting change. 

 Lack of time and personnel resources was a barrier in the change process (37-54 % of 
respondents); 21-28 % had a neutral view. 

 The existing water system was a barrier (36-43 % of respondents) but there was a 
strong consensus that it neither was a driver nor a barrier (18-23 %) and 11-21 % did 
not know (technological lock-in, Walker 2000).  

 Construction costs were seen as a barrier (33-41 %); 13- 30 % did not know; 10-34 % 
were neutral. 

 Operation and maintenance costs were barriers (27-42 %); 15-35 % did not know; 16-
26 % were neutral about their positions in the change process. 

 Technical feasibility was seen as a barrier (25-38 % of respondents); 12-34 % did not 
know; 18-31 % were neutral. 

The ‘neutral’ and ‘not know’ responses above may indicate those municipalities’ with no 
attempt to use innovative practices. However, the barriers outlined above suggest that the 
interest groups need to acquire capacity in the form of resources and knowledge to increase 
the uptake of alternatives. 
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4.4 Factor 4 - a supportive organizational culture 

The interest groups were aware of options available for future stormwater management and all 
12 options (presented under question 6, Table 3) were associated to be important for future 
needs, for which five had strong consensus, indicating shared beliefs as to the practical 
possibilities for change. For instance, there was a culture for supporting change by using an 
experimental approach, with 40-44 % of the interest groups expressing the view that 
experimenting with solutions was very important or important for future management; thus 
indicating a consciousness of risk of failure. Innovation is consistent with a risk-taking 
approach (e.g. Cabinet Office, 2006) which could imply tolerance of failure and an awareness 
of a potential backlash against the change agenda when failure occurs (Pettigrew et al., 1992). 
In the earlier interview study, such an approach supported the change process, and a 
permissive culture supported the innovative approach (Cettner et al., submitted).

Although the questionnaire results indicated an emerging common culture, minor variations in 
views reflected different professional perspectives and cultures within each group. For 
instance, the water department valued the use of pipes as of greatest importance in future 
management, reflecting the traditional engineering culture. Respondents from the planning 
department and the environmental department assessed pipes as being of less importance; 
they valued non-structural measures as more important for future management, reflecting 
their professional perspectives. Another difference in professional perspectives was that 53 % 
from the planning department had strong beliefs that alternatives were often considered in 
planning, but the other departments indicated contrasting beliefs. However, the open question 
about how alternatives were considered showed a common discourse among the respondents. 
Except for considering alternatives in planning discussions about development, the most 
frequent answer was ‘to advocate alternatives in the plan’ (also evident in the interview 
study). In addition, there were varying actions for sustainable stormwater solutions in 
practice. 131 (n=290) municipalities responded to the open question about what kind of 
facilities they had implemented. In particular, the responses collectively comprised ponds and 
retention basins mixed with wetlands, green roofs and infiltration areas in the urban 
environment. Regardless of cultural differences the shared experience of alternatives applied 
in practice signal a flexible organisational culture and acquisition of support in decision-
making from actors related to the change process. In a wider perspective, 75-83 % of the 
interest groups believed that an increased awareness of the stormwater problem was very 
effective or effective for accelerating the application of alternatives in the municipality. The 
consensus about the low awareness of the stormwater problem and the interest groups’ weak 
connections to research and development when working with stormwater, indicated a lack of 
a broader supportive culture. The earlier interview study found that when practice was linked 
to a supportive environment, including the research community and the municipal 
organisation, innovation was encouraged. 

4.5 Factor 5 - effective managerial relations 

The majority of respondents had managerial positions, and were therefore assumed to be 
directly linked to other municipal actors involved in stormwater management based on the 
earlier interview study. From the interest groups’ perspective each department was considered 
important in the change process. 90% (n=319) of the respondents assessed that the water 
department, 83 % that the planning department and 61 % that the environmental department 
had very high or high responsibility respectively in addressing stormwater in the planning 
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process. But the high responsibility did not correspond to a belief in the respective group’s 
actual commitment to the change process. The water department and the environmental 
department assessed themselves as being the most committed in the change process. The 
planning department assessed that all three departments were those who were collectively the 
most committed within their municipalities. The park and street departments’ were assessed 
as having responsibility to address stormwater in planning, but were believed by the primary 
interest group to be only partly committed to the change process. The results indicated that all 
five professional groups could be seen as being associated to the responsibilities for 
stormwater in the planning process, but the limited commitment to the change process 
perceived across and between groups indicated potentially confused and troubled 
relationships. The primary groups (the water, the planning and the environmental 
departments) individually do not trust that there are real possibilities to acquire support from 
the other groups with interest in the change process and this may be linked to a belief and a 
very real restricted ability by each group to actually apply alternatives. 

Moreover, 18-33% of the respondents from the interest groups expressed the view that the 
planning department had addressed responsibility for stormwater in the planning process, 15-
28 % were of the view that the water department had addressed this responsibility, with 20-30 
% of the view that no particular group had addressed responsibility. These ambiguous results 
may reflect the current situation in practice or reflect conflicts in the strong professional 
players’ roles and attitudes, resulting in blockage to change. A conclusion here is that the 
stormwater responsibilities vary across the municipalities and there is often no particular 
group with responsibility for leading initiatives, rather there is a shared responsibility to 
address stormwater in planning, reinforcing the findings from the earlier interview results 
(Cettner et al., 2012b). However, 60-67 % of the interest groups believed that a clarified 
responsibility could be a very strong or strong driver for accelerating the change process, 
reflecting awareness of ineffective relations between the three main professional groups. 

4.6 Factor 6 - cooperative inter-organizational networks 

The local politicians, the property owners and the developers were associated with a relatively 
high responsibility in the change process which indicated an awareness of these as potentially 
important players in the change process. However, the responses regarding their commitment 
varied from being seen as partly committed, not committed to not knowing about their degree 
of commitment. For instance, 26-50% of the interest groups did not know about the degree of 
commitment of property owners, 20-38 % assessed that they were partly committed, 21-38 % 
not committed. Consequently, the majority of respondents, 58-67 %, of the interest groups 
were consistent believing strongly that improved cooperation between actors would increase 
action in the change process. This illustrates the importance of and the dependence on other 
actors in the change process. 

Inconsistently, the interest groups indicated a limited interest in sharing the change agenda 
with adjacent professional areas of interests such as architecture and design and those 
responsible for building permits. Regardless of the potential importance of these areas in 
achieving a change in practice, the rare connections between the actors within these areas and 
the main interest groups exclude them from the change process. However, the interest groups 
indicated that they were more connected to the departments’ dealing with strategy and policy 
and land development when working with stormwater, especially the water and the planning 
department. When interacting with other departments, the respondents have the possibility of 
influencing those they are dealing with, potentially integrating the change agenda. As 
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discussed by Pettigrew, the most effective networks for change probably are more informal 
and purposeful, more dependent on personalities than arguments but are ‘also vulnerable to 
turnover’, i.e. changes in personnel. In conclusion, the weak relation with these actors beyond 
the interest groups, including the weak role of the municipal organisations in supporting the 
change agenda, reflected restricted acquisition possibilities in gaining support from network 
cooperation and thereby constrained support in the process of implementing alternatives. 

4.7 Factor 7 - simplicity and clarity of goals and priorities 

In the open question about deciding the single key priority for implementation of alternative 
stormwater practices in the municipalities, the respondents (n=176) associated to a set of key 
priorities. These can be drawn into four themes related to barriers to a change in practice. The 
interest groups collectively identified: (1) economy, resources and competence; 2) policies, 
organisation, commitment and responsibility; (3) existing system and tradition; (4) access to 
land. The first two themes were mentioned the most and could therefore reflect the core 
priorities for change. These priorities were reinforced by the interest groups’ (n=319) 
awareness and association to strong drivers for increased acquisition for implementation of 
alternatives; increased knowledge and technical expertise (77 %); resources, time, money and 
staff (79%); a political decision (70 %); increased awareness (80 %); improved cooperation 
and clarified responsibilities (64 %). The key priorities related to overcoming system inertia 
emphasise the need to address each of these barriers for the advancement of sustainable 
stormwater management practice. Pettigrew et al., (1992) discuss the importance of protecting 
the core priorities from short-term pressure: there has to be ‘patience and persistence’ over a 
long-time period. Therefore, it is necessary to simplify and clarify these key priorities into 
more manageable goals that make them workable in practice. 

4.8 Factor 8 - the fit between the change agenda and the locale 

The responses provided limited signs of the relationships between the change agenda and the 
local community. The rare connections between the interest groups and the local community 
indicated weak local interest in stormwater management. The relations between the change 
process and the public and the media were predominantly associated as weak. 29-41 % of the 
main interest groups believed that there was no public interest, 29-48 % did not know, with 
34-39 % assessing that there was no interest from media and 36-48 % not knowing about 
media commitment in the change process. However, the responses varied and these local 
interests were associated to by some of the municipalities’ in their change agenda. The local 
media and the locale have been found to be of importance in supporting and encouraging 
innovations especially in the stormwater domain (Cettner et al., submitted). Together they can 
empower decision-makers to take an active role and help initiate new practice. Currently, 
application is not associated with the benefits of public and media support in the sustainable 
stormwater discourse. Overall, the results indicated only a weak awareness of the importance 
of relations between local interests and the change agenda. 

5. Discussion 

5.1 Receptive contexts and receptivity for change 

Using the comprehensive framework, the results developed in this paper show that four of the 
receptive contexts reviewed were those most related to change. The chances are good that the 
professionals will respond to the identified factors 1, 2, 4 and 7 (policy, leadership, culture 
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and simplicity of goals) associated to action in the sustainable stormwater discourse. 
Similarly, Brown and Clark (2007) found interplay between networks of actors and enabling 
contexts for mainstreaming the changes when analysing the drivers for water sensitive urban 
design in Melbourne, Australia. Many of the enabling contexts could be associated to the 
receptive contexts found in this study as for instance; Socio-Political capital (factor 1, policy); 
Champions (factor 2, leadership); Demonstration projects (factor 4, culture). A broad vision 
has a crucial role as the starting point for change (Pettigrew et al., 1992; Berkhout et al., 2003) 
and factor 1 (policy) identified the relationship between municipal visions of sustainable 
development and action. Visions regarding sustainable stormwater management were found in 
earlier studies to be a strong driver for innovation and in informing the sustainable 
development discourse (Cettner et al., submitted; Westling et al., 2012). Moreover, the 
relationship between integrated stormwater management in the planning process and a 
stormwater strategy and action are identified by factor 1. The potential of these factors in 
accelerating change reflects the interest groups’ awareness and association of their importance 
for a movement. But in practice, a stormwater strategy and the planning process had limited 
influence on change which also was evident in the earlier interview study. For instance, the 
Planning and Building Act, governing the planning activities, failed to break the dominant 
environmental-technical discourse as held by the water professionals and consequently their 
commitment to integrate aspects of sustainability into stormwater planning failed. According 
to Bell (2011) policy frameworks fail to address the professionals as socio-technical actors, 
i.e. to provide wider aspects of sustainability and not only technological innovation which 
limits their ability for action in the sustainable development discourse. 

Similarly, factor 2 (key people leading change) helped to identify a potential relationship 
between the interest groups and action in the change process. Collectively, the professionals 
were conscious of their identity as committed experts in the change process and each group 
represented a critical key group that should be given the opportunity to work with the change 
agenda. The interest groups’ strong commitment to introduce sustainable stormwater solutions 
in the municipality reflected a collective awareness about the stormwater problem. Linked to 
the attribute acquisition, the high commitment indicated that each group supported the 
introduction of alternatives in their municipality. According to Pettigrew et al., (1992), the 
emergence of a core group to lead change requires that developments in the 3 main 
departments occur at the same rate, so that each individual group has similar opportunities to 
assimilate conditions that open up the potential for a change in practice, otherwise there is a 
risk that the strongest professionals could individually block change. These key players 
believed they were more or less accompanied by the requested potential allies; the Park and 
the Street department. However, the latter were not seriously committed to the change 
process. 

There is a relationship between a common culture and action identified by factor 4 
(supportive culture), but in current practice this also proves to be rather challenging. This 
factor reflected both weak and strong signs of an emerging supportive organisational culture 
associated with change. The interest groups shared rather similar beliefs regarding options for 
future stormwater management, but had slightly different perspectives which may be related 
to different professional positions. However, the shared experiences of alternatives 
implemented in the municipalities and the shared view of the importance of an experimental 
approach is in accordance with acquisition and application (Jeffery and Seaton, 2003/2004), 
i.e. receptiveness to learn and practice new pathways. The three different cultures apparent 
within the interest groups indicated openness to change, but action was limited by the interest 
groups’ difficulties in collectively supporting alternatives in the planning process and by their 
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weak link to research and development. According to Pettigrew et al., (1992) the 
organisational culture can be a barrier due to deep-seated assumptions and values and this 
view is supported by others (e.g. Palmer, 2000). One way to bridge the cultural differences is 
to form a group of committed leaders working as role models in order to challenge and 
change traditional beliefs about stormwater management (Taylor, 2008). However, whilst the 
interest groups currently have problems in developing a common culture by which strategic 
decisions could be made and implemented, their desire for increased awareness in general to 
accelerate the change process signals a shared need of support from other actors to support 
concerted action. Overall, the responses indicated an emergent receptive context of a culture 
supporting change. 

The relationship between goals and priorities (factor 7) and action is apparent in the analysis 
of the results. By reference to Factor 7, a complexity of needs related to action was identified 
in the sustainable stormwater discourse and the core priorities reflected two themes: (1) 
economy, resources and competence; and (2) policies, organisation, commitment and 
responsibility. There was consensus within the interest groups that these key priorities had to 
be fulfilled to encourage more innovative action. Linked to Jeffrey and Seaton (2003/2004), 
these results reflect an awareness of the need for a change associated to these key priorities to 
be able to accelerate the change process. The key priorities indicated an interest to learn more 
and acquire support to increase the application of alternatives. The goals have to be clarified 
and in particular protected, if they are not to become too distant targets when actors are 
responding to the need to manage unexpected events and sudden problems, potentially 
resulting in a loss of focus away from the change agenda (Pettigrew et al., 1992). A way to 
protect the goals from short-term pressures is to sustain the connection to the municipal 
visions of sustainable development as the main ‘protector’ of the core priorities. 

5.2 Non-receptive contexts associated with barriers to change 

Using the comprehensive framework in the analysis of change in stormwater management 
non-receptive contexts were identified when considering factor 3, 5, 6 and 8 (environmental 
pressure, managerial relations, cooperative networks and the change agenda and its locale). 
The deficiencies in the change processes revealed by these factors in the context of a change 
from traditional piped drainage systems to alternatives are that they appear not to be 
influencing change; they have only weak or no relationship to action in the sustainable 
stormwater discourse. They represent current barriers associated by the interest groups; lack 
of resources and knowledge, ineffective relations and networks; lack of political, 
organisational, scientific and local support. These needs are similar to those found to be the 
crucial conditions for action, illustrated in the face-to-face interview findings of positive 
implementation processes (Cettner et al., submitted). However, the responses varied and some 
factors did reflect awareness of possibilities for increased action. For instance, factor 3 
(environmental pressure) helped identify that extreme events and a consequent political 
decision had potential to trigger change. Otherwise, factor 3 indicated only weak signs of the 
potential pressure that could bring about a movement in the sustainable urban stormwater 
discourse and the barriers associated with needs in practice dominated, restricting the uptake 
of sustainable solutions. A way to trigger change is to turn these negative cycles of barriers 
into opportunities for radical reconstruction (as suggested by Pettigrew et al., 1992) of the 
traditional piped system, i.e. to adopt a sustainable approach and in the longer-term confront 
these barriers. At the moment, lack of resources, as described above, indicated limited 
acquisition ability regarding sustainable solutions. 
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5.3 The outcome and value of the comprehensive framework 

In this study 400 persons responded from 227 of the total 290 municipalities in Sweden. From 
this 319 respondents were selected representing three groups of interest for detailed analysis 
of the data. It became clear that there is already a positive attitude to sustainable stormwater 
management practices in many municipalities in Sweden. The results from the survey often 
illustrated discrepancies within and between the main interest groups, the water, 
environmental and planning departments, demonstrating varying levels of receptivity to 
change (Jeffrey and Seaton, 2003/2004). A similar national study of water professionals’ 
receptivity for change was conducted in Australia (Brown et al., 2009) using the four ‘A’ 
model. Like the professionals examined here, the Australian professionals felt well prepared 
for sustainable stormwater management but were not supported by their organisations, the 
community or state government politicians. The results from both surveys have similarities 
and in particular show that crucial management arrangements and responsibilities, regulations 
and capital are often missing. In the Australian survey the perceptions about government 
policy, professionals’ knowledge and expertise, technical feasibility and performance varied. 
Overall, the differences between the interest groups’ perceptions in the study presented here 
varies, illustrating the professionals’ differing degrees of readiness to change from the well 
rooted underground pipe-bound system. The main difference is that the Australian survey 
focused on the four ‘A’ model and the study presented here focused on receptive contexts and 
included the standard approach of the four ‘A’ model when analysing the results (Figure 2). 

Figure 2. 

The four ‘A’ model has limitations in understanding the professionals’ receptivity in context 
and hence in informing the processes that support action in the sustainable stormwater 
discourse. This raises crucial questions about an organisations’ capacity to manage the 
available preparedness for change and facilitate the ability to deliver innovations. In this study 
these limitations of the four ‘A’ model were identified whilst examining the eight receptive 
factors for change. The receptive contexts from the responses described above, illustrated the 
organisations’ potential to respond to the professionals’ receptivity for change and what group 
of key people to involve in championing the idea. The findings demonstrated the potential 
value of the research approach and highlighted the importance of building receptive contexts 
to realize professional receptivity. Or vice versa, the receptive contexts can, in turn, influence 
the organisations’ possibilities to increase professional receptivity by building receptive 
contexts for a changed practice. A limitation is that the questionnaire only deals with 
individual factors and their relationship to action, whereas in-depth interviews allow these 
factors to be associated with each other. Interestingly, the four identified potential receptive 
contexts described above were similar to the conditions associated to each other as driving the 
change process identified in the interview study (Cettner et al., 2012b; Cettner et al. 
submitted). Lost in these processes is factor 8 (the change agenda and its locale), which in the 
responses from the questionnaire were associated to a non-receptive context. On the contrary, 
this was found to be a significant driver for innovations in the interview study. Similarly, 
Fraser et al., (2006) identified the necessity of a process that engages local people for 
community support which strengthens decision-makers in their resolve to choose sustainable 
pathways. 

6. Conclusions 
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This paper sets out a comprehensive framework to understand and identify factors 
encouraging change in stormwater management (Figure 2). The framework constitutes a 
holistic approach or mindset that can help provide enhanced insights and new knowledge into 
the conditions required for progress in the sustainable stormwater discourse. It consists of two 
complementary theories; the traditionally used four ‘A’ model suggested by Jeffrey and 
Seaton (2003/2004) and the contextual model suggested by Pettigrew et al., (1992) shown to 
correspond well to the findings from the interview study (Cettner et al., 2012b; Cettner et al., 
submitted). The narrower but useful four ‘A’ model considers the individual or organisational 
receptivity for change whereas the more pervasive eight factors model considers the 
contextual situation in which the professionals have to work. The empirical testing of the 
eight factors (Table 1) confirmed its’ value in understanding change processes towards 
sustainable stormwater management. In examining each factor (Table 1), the four ‘A’ 
attributes (Table 2) have been used to identify potential features for change and found to be 
easy to fit with the analysis of the eight factors for change. 

This national study which is also representative of the situation in many European countries 
(Cettner et al., 2012b) reflects a growing receptivity for sustainable stormwater management. 
Although the readiness for change varies, there is a positive attitude to a change in many 
municipalities in Sweden away from traditional piped systems to using green infrastructure 
approaches. In the survey reported here it was apparent that even if the respondents felt less 
equipped for sharing responsibilities in planning, in managing the facilities’ design and 
construction, and operation and maintenance they were prepared to innovate for solutions in 
future stormwater management. This confirmed that these professionals were professionally 
prepared, but not sufficiently practically prepared for action. Important levels of support were 
found to be missing: political support; organisational support; scientific support and support 
from the local community. Not to be practically prepared inhibits the ability of acquisition, 
i.e. to actually use professional experience, skills, knowledge and capacities and respond to 
the sustainable stormwater discourse. For this reason, the use of innovations has so far been 
limited and the change to the sustainable stormwater development process is still relatively 
modest. However, based on the questionnaire results there are promising signs that progress 
towards sustainable stormwater management is being shown in four of the eight receptivity 
factors for change: a vision; potential key people leading change; a supporting culture in 
progress and consensus on key-priorities for action are underway. Depending on the policy-
makers’ receptiveness, these contexts provide opportunities to support individual receptivity 
and effect action. The strong commitment from water, planning and environmental 
professionals may in the long-term influence interplay within networks of actors for progress 
in the sustainable stormwater discourse. Meanwhile, beyond the municipal vision and the 
professionals’ vision, the change agenda must be supported through a political decision 
(identified in factor 3 and 7) which helps shape the processes for change and through which 
ideas for change proceed (Pettigrew et al., 1992). 

For committed change to the use of more sustainable stormwater management systems at a 
national and international scale, there is a need to acknowledge the importance of receptive 
contexts in which change has potential to emerge. Using the comprehensive framework 
potentially could provide knowledge about why some municipalities demonstrate a faster rate 
and pace of change. Remembering the Swedish nationally extensive commitment for more 
sustainable stormwater management in the 1970s that has rather lost momentum and recent 
decades of modest change (Cettner et al., 2012a), purposeful strategies can be formulated 
from the receptive contexts identified (policy, leadership, culture and simplicity of goals) for 
more action in the change process.
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Figure 1. The approach used to examine the framework which combines the four ‘A’ 
attributes with the eight receptivity factors for a change. 

Four ’A’ attributes 

Questionnaire 

Selection 1 

Eight factors 

15 main questions 

Selection 2 

Receptivity for 
change? 

Validation interview study 

Receptivity for change 
and contexts for action 

Data assessment method 

Table 3, assessment weak-strong 

Theory evaluation 
 Eight factors 
 Four ’A’

Information Knowledge Data 

Figure



1

The four ‘A’ attributes

The eight factors for change 

Figure 2. The two receptivity theories are complementary in the framework helping to 
understand and identify conditions for change in stormwater practice. 
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Table 1. Definition of eight factors associated with receptivity to change (Pettigrew et al, 
1992). All factors are adapted to the context of water management in Table 3. 

Factor Definition 
1 The quality and coherence of 

policy
The starting point of a policy is critical. A broad 
vision appears to generate more movement than a 
blueprint.

2 Key people leading change A broad and deep group leading change, 
representing complementary assets or skills for 
continuity and stability. 

3 Environmental pressure External factors could trigger change. 
4 A supportive organizational 

culture
A supportive organisational culture that challenges 
and changes beliefs about success. Having a strong 
value base and an open approach. Rewards are 
important.

5 Effective managerial/practitioner 
relations

Managers/practitioner interplay is critically 
important against powerful opposition and in 
supporting a change 

6 Cooperative inter-organizational 
networks 

Productive networks with related organizations 

7 Simplicity and clarity of goals 
and priorities 

Narrow down the change agenda into key priorities 
and protect the core from short-term pressures.  

8 The fit between the change 
agenda and the locale 

Awareness that various influencing local factors may 
inhibit or accelerate change.  

Table
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Table 2. The four ‘A’ attributes of receptivity (Farrelly and Brown 2008, adapted from Jeffery 
and Seaton, 2003/2004). 

Awareness Individual or organisation is aware of a problem and need for a solution. 
Association Individual or organisation associate (relates) to the potential benefits, enough 

to expend effort to apply solution(s). 
Acquisition Individual or organisation has requisite skills, capacities and support to 

implement solution(s). 
Application Incentives are available to encourage the individual or organisation to 

implement solution(s). 

Table
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Table 3. Illustration of the strength of the results associated to each factor and the 15 main 
questions.
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Factor 1 The quality and coherence of policy      
1 Is there any attention paid to the importance/requirement of a supporting vision? 

Importance of visions when introducing stormwater alternatives important     
2 What policies/processes are important for change? 

Stormwater integrated in the planning process increase implementation of alternatives very effectively     
The planning process currently supports implementation of alternatives partly supports     
A stormwater strategy increase implementation of alternatives very effectively     
A stormwater strategy currently supports/prevents implementation of alternatives I don’t know     
Factor 2 Key people leading change 

3 Which group(s) is critical for continuity and stability in the change process? 
The water department’s level of commitment to introduce alternatives high committed     
The environmental department’s level of commitment to introduce alternatives high committed     
The planning department’s level of commitment to introduce alternatives high committed     
The street department’s level of commitment to introduce alternatives partly committed     
The park department’s level of commitment to introduce alternatives partly committed     
Factor 3 Environmental pressure 

4 Awareness of what kinds of external pressures triggering change? 
Extreme events increase implementation of alternatives very effectively     
A political decision increase implementation of alternatives very effectively     

5 Are there any signs of stress (barriers) that could inhibit/produce a movement? 
Legislation currently supports/prevents implementation of alternatives Neutral1     
Time and personnel resources currently prevents implementation of alternatives partly prevents     
Construction costs currently prevents implementation of alternatives partly prevents     
Operation and maintenance currently supports/prevents implementation of alternatives I don’t know     
The existing water system currently prevents implementation of alternatives partly prevents     
Technical feasibility currently supports/prevents implementation of alternatives Neutral1     
Factor 4 A supportive organizational culture 

6 Are there signs of a common value base, sharing beliefs in possibilities? 
Permeable materials, retention basins, experiments, alternative stormwater systems, 
wetlands are important for future management 

important     

Stormwater pipes, ponds, vegetation systems, design urban areas, retrofitting urban 
areas are important for future management 

important     

Combination of alternatives and pipes, ditches are important for future management important     
7 
 

Are there signs of a supportive culture, a risk-taking approach, openness to research and 
innovation, flexible working across boundaries? 
Experiment on alternatives and a stormwater system are important for future 
management 

important     

Increased awareness of benefits increase implementation of alternatives very effectively     
Connected to research and development when working with urban stormwater not at all     

8 Are there supportive actions for alternative options? 
Alternatives are considered in planning often     
Factor 5 Effective managerial relations 

9/ 
10 
 

Signs of strong professional roles (supporting/blocking change)? 
Signs of effective interplay between the (five) professional groups selected for the 
inquiry? 
The water department have responsibility to address stormwater in planning very high     
The water department’s level of commitment to introduce alternatives high     
The planning department have responsibility to address stormwater in planning very high     
The planning department’s level of commitment to introduce alternatives high     
The environmental department have responsibility to address stormwater in planning high     
The environmental department’s level of commitment to introduce alternatives high     
The street department have responsibility to address stormwater in planning high     
The street department’s level of commitment to introduce alternatives partly     
The park department have responsibility address stormwater in planning partly     
The park department’s level of commitment to introduce alternatives partly     

11 Signs of conflicts/tensions within the interest groups? 
Clarified responsibilities increase implementation of alternatives very effectively     
Municipal department with addressed responsibility for stormwater in the planning Planning dept.     
Factor 6 Cooperative inter-organizational networks 

Table
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12/ 
 
13 

What municipal actors, beyond the interest groups, are important in achieving a change 
in practice, notwithstanding the different professional areas of interest? 
What characterizes the relations with other groups? 
The local politicians have responsibility to address stormwater in planning high     
The local politicians level of commitment to introduce alternatives partly     
The developers have responsibility to address stormwater in planning high     
The developers level of commitment to introduce alternatives I don’t know     
The property owners have responsibility to address stormwater in planning high     
The property owners level of commitment to introduce alternative solutions I don’t know     

12 Connected to the building permit department when working with urban stormwater more rarely     
12 Connected to architecture and design when working with urban stormwater not at all     
12 Connected to land development when working with urban stormwater often     
12 Connected to strategy and policy when working with urban stormwater often     
13 Improved cooperation between departments� increase implementation of alternative  effectively     
13 The municipal organisation currently supports/prevents implementation of alternatives  Neutral1     

Factor 7 Simplicity and clarity of goals and priorities 
14 What are the priorities for action - is there any agreement? 

Increased knowledge and technical experts increase implementation of alternatives effectively     
�esources� time, money and staff increase implementation of alternatives very effectively     
Political decision and increased awareness increase implementation of alternatives  very effectively     
Improved cooperation between municipal departments increase implementation of 
alternatives 

effectively     

Clarified responsibilities increase implementation of alternatives very effectively     
Factor 8 The fit between the change agenda and the locale 

15 
 

Signs of relation (matching or sharing boundaries) between sustainable stormwater 
management and the locale? 
Connected to the consumers �water system users� when working with urban stormwater not at all     
The public level of commitment to introduce alternatives I don’t know     
The media level of commitment to introduce alternatives I don’t know     
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