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Abstract
Sustainability entails a system that has the capacity to sustain itself. Stormwater management
is one part of the concept sustainable development but traditional practices entail adverse
effects on social-ecological systems and there is a need for increasing the resilience of urban
stormwater systems. The growing pressure from climate change and intensified urbanization
increase the need for stormwater management. If poorly managed the security and functioning
of societies will be negatively affected. Regulations are essential in the achievement of
sustainable urban environments. However, national regulations concerning stormwater
management are spread through different legal frameworks from different times and it has
been recognized that the spread could challenge implementation of the regulations and
climate change adaptation. Administrative instruments are important to support the social,
economic and ecological value of green and blue structures. The thesis target to analyze
relevant regulations and investigate their effectiveness for a sustainable stormwater
management through combined interpretation methods based on the intention behind the law
and their function in society. The thesis claims that consequences of poorly regulated
sustainable stormwater management results in an inefficient use of resources and pose a risk
for the environment. Sustainable development is not visible in any article in the Law on
General Water Services and it therefore risk to be overlooked in practice. The issues of urban
stormwater need to be more integrated in the municipal work and planning processes.
The analysis reveals that there is support for resilient stormwater management when there is a
combination of up-to date research and an objective teleological interpretation. As the shift
towards sustainable urban environments entails several aspects, the use of administrative
instruments is one important strategy in ensuring urban resilience.

Keywords: Environmental Science, Sustainable Stormwater Management, Law, Urban
Planning, Socio-Ecological Systems
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Definitions
To increase coordination of research the following definitions were used throughout this
thesis.
Anthropocene: The current geologic time period, where changes in Earth´s system processes
are driven by human activities (Crutzen 2002).
Comprehensive plan: Long-term strategic guiding document of planning and use of land and
water within a municipality (prop. 2009/10:170).
Detailed development plan: Legally binding document within a exploitation area (prop.
2009/10:170).
Downstream control: form of larger ponds, lakes or wetlands localized further down in the
catchment, often linked with the possibility of recreational purposes in stormwater policies
(Stahre 2004)
Green infrastructure: strategically planned network of green and/or blue structures with
environmental features designed and managed for ecosystem service provision (European
Commission 2013).
Objective teleological interpretation: Legal interpretation method where the law is viewed
from its societal function (Malmgren 2017).
Onsite control: form of green roofs, raingardens, permeable pavers etc. managed by the
municipality on public area (Stare 2004).
Planning: “The process of developing a regional plan, a comprehensive plan, a detailed
development plan or area regulations” (prop. 2009/10:170).
Slow transport: swales, ditches or small canals in the cities. The slow transport reduces
discharge and pollutants along the way to the recipient (Stahre 2004)
Social–ecological systems: intertwined relationship between humans and nature, where
humans are a part of and dependent on nature (Biggs et al. 2015).
Source control: form of green roofs, infiltration on lawns etc. on private property (Stahre
2004).
Subjective teleological interpretation: Legal interpretation method where the law is viewed
from its intention when the law was made (Malmgren 2017).
Stormwater: “Precipitation that do not infiltrate, but flows on the ground surface” (Swedish
Environmental Protection Agency 1994).
Urban Area: The Swedish definition is a combined settlement with at least 200 inhabitants,
with a center core of maximum 150 meter between the buildings (Lundgren, 2016).
v
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1. Introduction
“Sustainable development is development that meets the needs of the present without
compromising the ability of future generations to meet their own needs”.
(United Nations World Commission 1987).

Sustainable development was first defined by the United Nations World Commission on the
Environment and Development, in 1987, in the Brundtland report. It was declared that the
demographic growth has to be in harmony with ecosystems productive potential to achieve
sustainability. Sustainable development is based on the sustainable and equitable use of
natural resources (United Nations World Commission 1987). Water is an essential natural
resource, vital for every living organism and is currently used both unsustainable and
inequitable. In urban areas the hydrological cycle is altered by the expansion of impermeable
surfaces such as buildings and roads which increases stormwater volume and flow.
Biodiversity supports ecosystem functioning and the provision of ecosystem services, which
support and benefit humanity. Ecosystem services connected to stormwater are flood and
pollution control, which is the target of sustainable stormwater practices (Stahre 2004).
Stormwater strategies could further be designed to not only control volume and content but
also to promote biodiversity and enrich social-ecological systems. In 1992, Sweden signed the
international agreement Convention on Biological Diversity in Rio de Janeiro and in 1994 it
was ratified. With the approval of the treaty, the importance of biodiversity for human
development and conservation of ecosystem services was recognized (Michanek and
Zetterberg 2012).
The intensification and expansion of urban areas has adverse effects on biodiversity in terms
of habitat loss and degradation (Millennium Ecosystem Assessment 2005) but also as an
important contributor to climate change due to the high release of greenhouse gases in cities.
Global warming has caused a shift in the climate system and altered precipitation patterns and
extreme weather events are expected in the future with an increase of stormwater and pressure
on biodiversity and society. Many cities are not prepared for the effects of urbanization or the
impacts of climate change (Moreno et al. 2016; IPCC 2014) and urban resilience is therefore
necessary to secure the continued presence of human civilization on Earth.
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1.1 Motivation for Research
Regulations connected to stormwater management originate from different laws at different
temporal scales, and the implementation of resilient stormwater management could be
challenged if the municipalities lack adequate legal competence (Christensen 2013; Lergén et
al. 2014). Intense precipitation events and poor stormwater management pose a risk for
human lives and economic assets (Figure 1), but also for the physical and ecological
conditions in nearby ecosystems affecting biodiversity (Novotny et al. 2010). The quality of
urban areas is dependent on administrative instruments and their implementation. Regulations
are therefore essential in the achievement of sustainable urban environments (United Nations
2017). Furthermore, more than half of the world population lives in cities and there is an
ongoing migration pattern from rural to urban areas. This is expected to proceed and in the
middle of the 21st century 66 % of the global population is expected to be living in cities
(Moreno et al. 2016). Growing populations increase the need for stormwater management.

Figure 1. Urban flooding due to extreme rainfall event in Malmö 2014.
Photo credit: Kjerstin Ekvall 2014

1.1.1 Aim
The aim of this thesis is to investigate the effectiveness of Law on General Water Services,
Environmental Code and Planning and Building Act. The thesis aim to clarify their
compatibility with a sustainable urban environment, with emphasize on stormwater
management. The thesis further aims to understand the possible socio-ecological
consequences of poorly regulated sustainable stormwater management practices and through
an objective teleological interpretation reveal whether the regulations do provide potential
for resilient stormwater management.
Study Objectives
o What implications for social-ecological systems could there be of inadequate
sustainable stormwater regulations?
o Is there a potential for resilient stormwater management within the national
administrative instruments?
2

1.2 Material and Methods
The study is a combination of literature review and environmental law interpretation and of
qualitative character as it aims for a deeper understanding of the issues regarding sustainable
urban development, stormwater management and Swedish legislation. The study was carried
out through interpretation of data, analysis of propositions for the regulations and through a
literature review of relevant research and publications.
a). The literature search was carried out through the use of the database Web of Science, to
restrict the output to high quality peer-reviewed scientific literature and specifically to cover
environmental and political science. Relevant publications from national authorities and
international organizations have also been studied.
b). Legal frameworks such as the Planning and Building Act (2010:900), Law on General
Water Services (2006:412) and the Environmental Code (1998:808) was studied. To
understand the intention of the legislations the legislative history, i.e. propositions were also
studied.
The legal interpretation was carried out through a subjective teleological interpretation to
understand the intention of the law. For the analysis whether the legal frameworks provide a
potential for resilient stormwater management, the subjective teleological interpretation was
combined with an objective teleological interpretation i.e. from the functional perspective of
the regulations. For the subjective teleological interpretation, the propositions of the
administrative instruments have been used in combination with guiding literature from the
responsible authorities, National Board of Housing, Building and Planning and the Swedish
Environmental Protection Agency. The interpretation methods were chosen for comparison of
the compatibility between the regulations and up-to date scientific evidence.
c). Data was gathered from a survey of the environmental objective a good built environment
by the National Board of Housing, Building and Planning which was finalized in 2015. The
compilation of the survey with section 1.9 and 4.1, containing data and response rate on
aspects included in the comprehensive plans and documents regarding green/ blue structures
was used (National Board of Housing, Building and Planning, 2015a). This was retrieved as a
Microsoft Excel file in which part 4, containing information on documents regarding green/
blue structures was used (National Board of Housing, Building and Planning, 2015b).

1.2.1 Study Limitations
The thesis excludes European legislation, international agreements and risk factors of human
health and economic impacts of poor stormwater management. The translation of the
regulations has been performed by the author alone, and there has been no professional
translator involved. The author has through careful consideration translated at best effort to
meet the correct translation and intention of the regulations.
The thesis refers to source control according to definition made by Stahre (2004), that it is a
matter on private property.
3

2. Background
2.1 Future Challenges
During the Holocene period (the past 10-12 thousands years) humanity has had the possibility
to develop under a warm period with a low range of variability in Earth systems (Rockström
et al. 2009; Crutzen 2002). However, since the on-set of the Industrial revolution in the late
18th century, the stable Holocene period began to transgress into a new era, the Anthropocene,
were the main drivers of change in the Earth´s systems is considered to be due to human
activities (Crutzen 2002).
Changing ecosystem structures influences water fluxes and the hydrological cycle has been
manipulated for around 4000 years through human activities such as agriculture. The
influence has accelerated the last century and in urban areas, the changing physical structures
has altered groundwater recharge and evapotranspiration as well as increased surface runoff
(Steffen et al. 2004; Novotny et al. 2010). Furthermore, the combustion of fossil fuels has
caused a global warming and a shift in the climate system, with altered precipitation patterns
and extreme weather events projected in the future. Cities are an important contributor to
climate change due to the high release of greenhouse gases (IPCC 2014) and account for
approximately 70 % of the induced greenhouse gases in the atmosphere (Moreno et al 2016).
Urban areas are vulnerable to the impacts of climate change and in 2014 the main cause of
disasters was climate related (Moreno et al. 2016). Increasing resilience of social-ecological
systems are necessary even though future climate conditions provide uncertainty, the
projected increase of climate variability will require adaptation (Hallegatte 2008; SOU
2007:60).
Densification of cities increases the pollution amount. Intense gathered population results in
more waste and a higher concentration of pollutants are accumulated and discharged into
storm sewers, combined sewers or directly released into the environment through natural
drainage. The amount of pollutants is linked to the amount of impervious surfaces in the
urban drainage area (Novotny et al. 2010). Hence, the intensification and expansion of urban
areas has adverse effects on biodiversity in terms of habitat loss and ecosystem degradation
(Millennium Ecosystem Assessment 2005). In addition, biodiversity is under threat from the
impacts of climate change and according to estimations by Thomas et al. (2004) there could
be a loss of almost 20 % of the world’s known species by 2050, only considering the mildest
climate change projection (Thomas et al. 2004).
Human development and prosperity is dependent on stability in Earth´s systems (Folke et al.
2016) and challenges such as lack of resources to meet the equitable and adequate needs of a
rapid growing population, environmental degradation and deteriorating infrastructure in cities
compromises sustainable development (United Nations World Commission 1987).
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2.2 Sustainable Urban Environments
The concept of sustainable development rests on the balance between economic, social and
ecological development, where the favor of one or two components cause perturbation in the
system and an unsustainable development (Novotny et al. 2010). Resilience is an important
aspect of sustainability and refers to the system’s ability to maintain its fundamental functions
and withstand or return to its structures after a disturbance (Chapin III et al. 2012). In the
international discussions of a sustainable development, the urban environments are a
highlighted aspect (Government letter 2003/04:129) and in the foreword of the world cities
report 2016, the former Secretary-General of the United Nations Ban Ki-Moon encourages the
discussion and agreement of a New Urban Agenda. The New Urban Agenda entails urban
robustness, environmental sustainability, economic development and socially inclusiveness
(Moreno et al. 2016). The importance of sustainable urban environments in the achievement
of a sustainable development is further declared in the 11th Sustainable Development Goals of
Agenda 2030 (United Nations 2016).
Urban resilience entail the aspect of social and ecological systems and the concept has been
addressed as the city´s ability to simultaneously sustain human and ecological functions
(Alberti et al. 2003) which calls for a trans-sectoral involvement in ecological and social
prioritization (Gerst et al. 2014). While there are competing forces between nature
conservation and exploitation, several studies have revealed an increase of urban green spaces
over the world (Zhao et al. 2013; Kabisch and Haase 2013; Dallimer et al. 2011). Still, there is
an increasing pressure of exploitation that challenges nature conservation and design of green
infrastructure is an important component to ensure long-term functional benefits (Tan 2017).
It is essential with regulations which clarify the benefits of social, economic and ecological
value of green structures (Swedish Environmental Protection Agency 2015a). Without
guidance and regulations sustainable stormwater management could therefore be hampered
(Bichai and Ashbolt 2017).
In Sweden there are sixteen national environmental objectives which are an important
instrument as they guide the environmental work in Sweden and even though they are not
legally binding, they are found in the long-term strategic planning of the municipalities. The
possibilities for a sustainable stormwater management increases with the use and
implementation of the national environmental objectives (Swedish Environmental Protection
Agency 2015b). Sustainable urban environments are guided by the environmental objective a
good built environment. The objective entails ten specifications, where natural and green
spaces in urban areas are set. The objective is further connected to resilient stormwater
management strategies through its specifications. However, the environmental objective will,
with today’s actions and resources, not be reached (Lergén et al. 2014; Swedish
Environmental Protection Agency 2016).

5

2.3 Resilient Stormwater Management
Traditional stormwater practices are with the use of grey infrastructure, such as closed
conveyance systems (Berland et al. 2017). In general, there are three different systems,
combined, duplicated and separate. The combined systems relocate both sanitary sewage and
stormwater in the same pipelines to the wastewater treatment facilities. This type of
construction was a common approach until 1960´s and exists mainly in older parts of urban
areas, such as city centers. The duplicated system is more common in suburban areas. It has
separate sewers for stormwater and sanitary sewage and has been installed since the 1960´s
with the aim to relocate stormwater to the recipient without any prior treatment and in such
ease the pressure on combined systems and wastewater treatment facilities during heavy rains
(Berland et al. 2017; Stahre 2004). The separate system conveys sanitary sewage to the
wastewater treatment plants whereas stormwater is managed through source or onsite control
(Lergén et al 2014). Important issues regarding stormwater are the content and discharge.
When precipitation reaches hard surfaces in urban areas infiltration decreases and stormwater
runs off buildings and roads and in such transporting several pollutants from the city to the
nearby recipient (Stahre 2004). This has negative impacts on physical and ecological
conditions of the recipients as the stormwater contains organic and inorganic contaminants
which contribute to pollution and eutrophication of the receiving ecosystem. The increased
magnitude of stormwater runoff also changes the hydrological behavior of streams, addressed
as the concept of urban stream syndrome, developed by Walsh et al. (2005) where symptoms
of a changed hydrology and increased levels of pollutants alter stream morphology and
decrease biodiversity (with an increase of tolerant species) (Walsh et al. 2005).
To mitigate adverse effects of urban stormwater there are different technical solutions like
sustainable urban drainage systems or green infrastructure which imitate natural hydrological
processes, and in such minimize the pollution load, erosion, risks of flooding etc. (Novotny et
al 2010; European Environment Agency 2016). The practice is a modern approach to reduce
the increasing pressure on existing sewers from urbanization and changed precipitation
patterns (Becciu and Raimondi 2015). The stormwater management practices vary depending
on geographical area and receiving water body but the key objectives are to reduce runoff
volume into recipient and as well increase water quality by removing pollutants. The
sustainable practices include four basic strategies; source control, onsite control, slow
transport and downstream control, and entail constructions such as green roofs, raingardens,
ponds, and wetlands etc. (Stahre 2004). Figure 2 illustrates a detention pond which detains
stormwater and reduces the flow. The pond is constructed to allow for dry conditions and a
possibility to dry up whereas Figure 3 is an example of an urban retention pond which is
designed to be continuous saturated, and in such support plant and animal life as well to
reduce peak flow (Le Viol et al. 2012).
It is important to consider multi-functionality and the long payback period in the planning
process (Tan 2017) and in the context of resilient stormwater strategies, urban planning has to
be strategic. Basic components in strategic urban planning are e.g. diversity, redundancy,
multi-functionality and connectivity (Novotny et al 2010; Biggs et al. 2015) which are
compatible with the four basic strategies in sustainable stormwater management.
6

Figure 2. Detention pond, Halmstad
Photo credit Denice Aderklint 2017.

Figure 3. Stormwater retention pond, Halmstad.
Photo credit Denice Aderklint 2017.
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A large amount of green and blue structures of different character but still with the same or
similar function increases the resilience as the response to disturbances vary. Response
diversity is considered to be the more important category in terms of resilience (Biggs et al
2015). One example of enhancing the response diversity of stormwater drainage systems can
be by combining landscape-based solutions and decentralize stormwater management
(Novotny et al. 2010). To combine with redundancy in stormwater strategies the resilience
against disturbances or extreme event increases, as there is a backup in case of failure in parts
of the system (Novotny et al 2010).
The concept of multi-functional spaces in urban areas combine the tripod of sustainable
development i.e. ecology, economy and social aspects, to decrease expenses, increase human
well-being and benefit plant and animal life (National Board of Housing, Building and
Planning 2010). Greenways target multi-functionality and strive for consistency with the
concept of sustainable development and are part of physical and landscape planning to
mitigate fragmentation of the landscape due to urbanization (Ahren 1995). There are different
designs such as intertwining functions and vertical integration, such as vertical gardens.
Greenways is an example of intertwining functions of urban climate regulation,
complementary stormwater facilities and supporting biodiversity as well as meeting vehicle
and pedestrian transportation needs (Novotny et al. 2010). Figure 4 illustrates an example of a
vertical garden which can be located indoors as well to improve indoor climate and aesthetics,
as well as an example of a greenway.

Figure 4. Left: Vertical garden, Sydney. Photo credit: Robert Svärd 2016
Right: Greenway, Halmstad. Photo credit Denice Aderklint 2017.
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Creating and/or restoring multifunctional networks at different spatial scales contributes to
biodiversity through wildlife habitat and dispersal possibilities as well as meeting alternative
transportation functions and links (Novotny et al. 2010). The adaptation of urban systems to
more resilient conditions is regional dependent in terms of e.g. landscape connectivity design.
Figure 5 is an example of an onsite control facility which also supports biodiversity through
dispersal possibilities.

Figure 5. Greenbridge to support biodiversity, Stockholm. Photo credit Moa Ferm
/SVT 2017.

Connectivity in urban areas strengthens ecosystem functioning and support stormwater
management. Figure 6 is an example of downstream control where the negative effect of
urban stormwater on recipients can be mitigated through constructed wetlands, as these filter
stormwater, control erosion rates and regulate water temperatures (Novotny et al. 2010).

Figure 6.Constructed wetland in Halmstad.
Photo credit Denice Aderklint 2017.
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Green roofs are a source /onsite control facility which has several societal and environmental
benefits, such as rainwater retention, reduced energy consumption, and species habitat
(Ragheb et al. 2016). Green roofs have the potential of converting 40-50% of the
impermeable areas in cities (Villareal and Bengtsson 2004) and an average rainwater retention
capacity of 63 % (Dietz 2007). Figure 7 is an example of an extensive green roof planted with
sedum vegetation and increase urban resilience as it is contributes to redundancy of
stormwater retention facilities.

Figure 7. Extensive green roof, Halmstad.
Photo credit Denice Aderklint 2017.

2.4 Regulatory Structures
The three most essential legal frameworks connected to stormwater management are the
Planning and Building Act, Law on General Water Services, and the Environmental Code.
However, the legal frameworks differ in their application. The Law on General Water
Services is lex specialis and applies before lex generalis, as the Planning and Building Act
and the Environmental Code are. Hence, in case of conflict the Law on General Water
Services is prioritized over Planning and Building Act and the Environmental Code
(Malmgren 2017)
The environmental policy and law in Sweden are influenced by the Swedish Generation goal,
which is connected to the concept of sustainable development (Lergén et al. 2014). In the
government investigation SOU 2014:50, a new milestone target for the Generation goal has
been proposed to define sustainable stormwater management in urban and rural areas
(Annerberg et al. 2014). This is meant to strengthen the process towards resilient societies.
The investigation is currently part of the climate change adaptation investigation which is
expected to be presented 31 May 2017 (Government Offices of Sweden 2016).
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2.4.1 Law on General Water Services
“The regulations in this law aim to arrange and ensure provision of water and wastewater
system in a broader context, if necessary in consideration to the protection of human health or
the environment.”
(1§ SFS 2006:412)
The law defines stormwater in the definition of a sewer as “conveying of storm- and
drainagewater from an urban area or cemetery, conveying of domestic wastewater or
conveying of water used for cooling” (2§ SFS 2006:412).
The previous law on water and sanitation (SFS 1970:244) targeted the protection of human
health. In the proposition for a Law on General Water Services there was emphasizes on the
aspect of sustainable development and environmental protection and the legislation was
proposed to support strategies which reflect “a modern environmental consideration”
(proposition 2005/06:78) as well. Furthermore, a suggestion for a community-based
complementation to the public water and sanitation system was proposed and it was written
that this could increase the possibility of environmental friendly techniques, such as source
control and resource recycling. However, this did not concede due to the risk of conflicting
public and private interests, additional expenses afterwards if it the facility or maintenance
would not work and due to the need for qualified operators and maintainers of the facility
(prop. 2005/06:78). The law regulates the relationship between the municipality and the
subscriber of the water service, and in article one it declares that it is a municipal matter to
provide a water service (prop.2005/06:78; Christensen 2013). This means that the
municipalities have monopoly in the context of water service provision, to facilitate the
physical planning and the implementation of environmental and health protection regulations
(prop. 2005/06:78). The municipal liability to arrange a water services is combined with
whether there is a need in the present and in the future for the service and “if it is necessary to
protect human health or the environment” (6§ SFS 2006:412). The obligation further entails
the terminology “a broader context” which is explained as a settlement of at least 20-30
properties (prop. 2005/06:78). However, the regulation of a broader context” could include a
smaller settlement than 30 facilities as Lergén et al. (2014) states that there are legal cases
where the responsibility to provide the service has been applied to fewer properties than
written in the proposition (Lergén et al. 2014).
Furthermore, the common water and sanitation facility shall be arranged and managed in
accordance to a good husbandry of resources (10§ SFS 2006:412), however, the facility
cannot be arranged “if it is in conflict with the detail plan, area regulation or other regulations
regarding the physical planning” nor “so that it challenges the appropriate buildings or
planning” (11§ SFS 2006:412). The thirteenth article part three states that the provider of a
facility need to ensure that the purpose is met and that the facility meet reasonable demands of
security (13§ SFS 2006:412). The sixteenth paragraph informs that a subscriber has the right
to use a common water and sanitation facility if there is a need which cannot be better met in
another way (16§ SFS 2006:412).
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2.4.2 Planning and Building Act
“This law contains regulations on physical planning of land and water and of construction.
The regulations aim at, with respect to the freedom of the individual, promote a social
development with equal and good social living conditions and a good and long-term
sustainable living environment for the present and future generations”
(1st chap. 1§ SFS 2010:900)
In the Planning and Building Act there is no definition of stormwater/wastewater or sewer. In
the proposition of a simplified plan and building act (2009/10:170) there is a connection to the
definition set in the Law on General Water Services.
The Planning and Building Act is the most important administrative instrument in physical
planning and affects stormwater discharge and its content (Christensen 2013). The portal
paragraph (1st chap. 1§) connects to the concept of sustainable development and this should be
present in the application of the other regulations in the act (National Board of Housing,
Building and Planning 2015c). The characteristic of legislation concerns the physical planning
and use of land and water, and the planning has to be located to the most suitable location in
regards to natural and cultural values, environmental and climate factors as well as the
relationship between municipalities and regions (2nd chap. 3§; prop. 2009/10:170). The
regulations which include “natural values” connect to the concept of ecosystem services
(National Board of Housing, Building and Planning 2015d).
In the proposition for the Planning and Building Act emphasize was made on the importance
of the comprehensive plan as the long-term strategic guide for planning and sustainable
development (prop. 2009/10:170). It was decided that the comprehensive plan has to include
how the municipality intend to coordinate the physical planning with relevant national and
regional objectives, plans and programs that are important for a sustainable development
within the municipality (3rd chap. 5§ p. 4). Still, it is left to the municipalities to decide which
objectives, programs etc. that is relevant for the region (prop. 2009/10:170). Furthermore, it
was stated that if the comprehensive plan is not an existing and/or up-to-date document within
the municipalities, the development could shift towards a short-term perspective (prop.
2009/10:170), excluding important features of sustainability. The detail plan is another
planning document which is legally binding, and should follow the directions of the
comprehensive plan (prop. 2009/10:170) and it is required that the issues of water and
sanitation are solved before building permission is authorized (4th chap. 14§ p. 1).
Furthermore, the risk of accidents, flooding and erosion need to be considered in the planning
process (2nd chap. 5§ p.5) which are important aspects in the context of climate change
adaptation. There is also an interest for a broad perspective and “planning shall consider the
urban- and landscape images as well as the natural and cultural values of the area.” (2nd chap.
6§ p. 1).
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2.4.3 Environmental Code
“The regulations in this code aim to promote a sustainable development and ensure a good
and healthy environment for the present and future generations. Such a development is built
on the acknowledgement of the intrinsic value of nature and that human right to change and
use nature is combined with a responsibility of a good management of nature”
(1st chap. 1§ SFS 1998:808)
The Environmental Code defines wastewater as “1. wastewater or other unclean fluid, 2.
water used for cooling, 3. water drained for such dewatering of land in a detailed development
plan not made on behalf of a certain property, or 4. Water drained for the drainage of a
cemetery” (9th chap. 2§).
The Environmental Code concerns the protection of the environment, human health, and of
the natural values (prop. 2009/10:170) and thus regulates release of stormwater and its content
(Christensen 2013).
The Environmental Code is linked to the Planning and Building Act as planning has to
consider the rules of good husbandry of land and water in chapter three in the Code
(Christensen 2015; proposition 2009/10:170). “Areas of ecosystems that are particularly
sensitive must be protected as far as possible against actions that may damage the natural
environment” (3rd chap. 3§). The rule is important for conservation of biodiversity (Michanek
& Zetterberg 2012). Furthermore, “Land and stretches of water shall be used for the purpose
(s) for which the areas are most suitable with regard to nature and location as well as the
present needs. Priority should be given to such use, which leads to good husbandry from a
general point of view“(3rd chap. 1§).
The intention with the code is to ensure a sustainable development, biodiversity and long-term
ecosystem production and protection of valuable natural- and cultural environments (prop.
1997/98:45). It is essential that the municipal responsibility is clear in order to achieve a longterm ecological sustainability (prop. 1997/98:45). Furthermore, the general consideration
rules in chapter two is the second cornerstone in the code (Michanek and Zetterberg 2012)
where an operator of an activity or facility is obliged to consider the general consideration
rules (2nd chap. 2§) and shall incorporate necessary means and use best available technique to
“Prevent, impede or counteract (...) injury or inconvenience to human health or the
environment” (2nd chap. 3§).
The regulations in chapter nine regulates the aspect of wastewater release, and that it has to be
conveyed and treated to avoid inconvenience for the environment (9th chap. 7§).
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3. Results
3.1 A Good Built Environment
In the national survey of the evaluation of a good built environment fifty-four percent of the
municipalities have included stormwater in the comprehensive plan and fifty-six percent have
an up-to-date green and blue structures document, where thirty-seven have included the aspect
in the structure plan. Thirty-eight percent conclude that they are in need of further guiding
document regarding green- and blue structures, in order to facilitate the planning process
(Table 1). There was an eighty-five percent response rate on the survey in total (National
Board of Housing, Building and Planning 2015a; National Board of Housing, Building and
Planning 2015b).
Table 1. Compiled and processed data from the national environmental objective survey of a good built
environment (National Board of Housing, Building and Planning 2015a; National Board of Housing, Building
and Planning 2015b ).

Aspect
Inclusion rate
Stormwater incorporated in comprehensive plan
54%
Green- and blue structures document
59%
Green- and blue structures in comprehensive plan
38%
Need of further green- and blue structures document to support 38%
planning

3.2 Law on General Water Services
Six articles of particular interest were chosen due to their connection of future climate
conditions and compatibility with the relevant regulations in this thesis. The articles are
presented in Table 2 with a short explanation of their meaning.
Table 2. Selected regulations from Law on General Water Services (2006:412) connected to future climate
conditions.

Regulation

Explanation

1§

Wastewater system arranged if needed to protect the
environment.

6§ p.2

Meet the need as long as it prevails.

10§

Operation and maintenance of common wastewater facility in
accordance with good husbandry of resources.

11§

Common wastewater facility not allowed if it is in conflict with
decisions made in a detailed development plan.

13§ p.3

The facility shall meet reasonable safety requirements.

16§

Right to use a water service if the need cannot be better met in
another way.
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3.3 Planning and Building Act
Eleven articles of particular interest were chosen due to their connection to natural- and green
structures, ecosystem services and climate change adaptation aspect in planning. The articles
are presented in Table 3 with a short explanation of their meaning.

Table 3. Selected regulations in the Plan and Building Act (2010:900) connected to green spaces, ecosystem
services and the aspect of climate change.

Regulation

Explanation

2nd chap. 3§

Planning shall consider climate, environment, green spaces and
natural values as well as economic development and aspects of
social value.

2nd chap. 5§

Planning shall consider risk of flooding and wastewater
management

2nd chap. 6§

Planning shall consider city- and landscape image, natural values.

2nd chap. 7§ p.3

Planning shall include parks, green spaces and need for future
changes.

3rd chap. 2§

Comprehensive plan shall set the long-term development strategy.

3rd chap. 5§

Comprehensive plan shall inform how to achieve national and
regional objectives of importance for a sustainable development.

4th chap. 12§ p. 1

Protective measures against flooding are decided in detailed
development plan.

4th chap. 14§ p.1

Wastewater issues must be solved before construction permission.

8th chap. 4§ p.3

Constructions shall have technical conditions required for
environmental protection.

8th chap. 9§

New construction areas shall conserve natural conditions for as
long as possible.

8th chap. 15§

Properties shall be managed to prevent significant inconvenience
for the surroundings.
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3.4 The Environmental Code
There are seven articles of interest chosen due to their connection of the precautionary action
and good husbandry, as well as for their connection to actor’s liabilities of actions or when
managing facilities or environmental hazardous waste. The articles are presented in Table 4
with a short explanation of their meaning.

Table 4. Selected regulations in the Environmental Code (1998:808) which support aspects of a sustainable
stormwater management and due to their connection of sustainable planning.

Regulation

Explanation

2nd chap. 2§

Actors need to have necessary knowledge of their activity or facility
to protect the environment against inconvenience or harm.

2nd chap. 3§

Incorporate necessary means to prevent and counteract
inconvenience for the environment and use of best available
technique for professional activities.

2nd chap. 7§

General considerations need to be reasonable to meet and evaluated
in regards to their costs and benefits.

3rd chap. 1§

Land and water shall be used for their best purpose. Priority shall be
given from the perspective of good husbandry.

3rd chap. 3§

Land and water, which are particularly ecologically sensitive, shall
be protected against activities that could harm them.

9th chap. 7§

Wastewater shall be conveyed and treated so no inconvenience for
the environment arises.

9th chap. 9§ p.2

Property owners shall take measures to prevent inconvenience for
human health.
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4. Discussion
4.1 Implications of Inadequate Stormwater Management
The increasing pressure on land exploitation challenges the conservation of natural- and green
areas and it is therefore important with supporting documents and policies regarding such
structures for a sustainable urban development (Swedish Environmental Protection Agency
2015b).To achieve sustainability in a dynamic system, there is a need for increasing
resilience, which allows for disturbances while still functioning and supporting the basic
conditions (Novotny et al. 2010). Humanity is dependent on ecological functions and service
provision, thus the benefits from urban green spaces need to be planned and not occur by
accident (Tan 2017). As presented in Table 1 there are fifty-nine percent of the Swedish
municipalities that have a green/blue structures document, which is important for a
sustainable urban environment and resilient stormwater management and thirty-eight percent
request further supporting documents of the aspect to facilitate the incorporation of green and
blue structures in urban planning (Table 1).
Stormwater management could be included in the comprehensive plan but only fifty-four
percent of the Swedish municipalities regulate a vision of stormwater management in their
long-term strategic planning (Table 1). Although the impacts of climate change will vary as
well as the impacts from urbanization, a sustainable development will be challenged if there is
inadequacy in the comprehensive plan (Christensen 2013), and without careful planning of
natural- and green urban spaces, the result could be inefficient use of resources, both
economically and ecologically (Tan 2017). Even though the comprehensive plan is not a
legally binding document it is an important strategic guide for sustainable development. If the
comprehensive plan is not used to its full extent, sustainable urban environments and socialecological systems could be challenged (Tan 2017). Furthermore, stormwater management is
to a large extent a safety aspect, to protect human health and the environment against
pollution and flooding.
Designing a resilient stormwater management through diverse, connected, redundant and
multi-functional components the urban resilience against impacts of population growth,
climate change etc. increases (Swedish Meteorological and Hydrological Institute, 2016;
Stahre, 2004; Hall et al. 2015; National Board of Housing, Building and Planning 2010). The
larger challenge in increasing the resilience of urban environment lies in the adaptation of the
already built environment, as it is difficult and expensive to retract it (National Board of
Housing, Building and Planning 2010). There is also limited space within the already built
environment which further challenges the implementation of green and blue structures. The
use of multi-functional structures, in terms of green- and blue structures is one approach for
urban climate change adaptation. These spaces need to be strategically localized and designed
to cope with increasing amounts of precipitation and to provide long-term benefits for socialecological systems (Tan 2017). The specification of natural- and green areas in the objective a
good built environment target easy and close access to such areas in relation to the built
environment and in such support a sustainable stormwater management and urban
environments (Swedish Environmental Protection Agency 2017).
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4.2 Legal Support for a Resilient Stormwater Management
“Law is a long-term strategy informed by science, data and stakeholder engagement that later
informs our decision making.”
(The Center for Water Security and Cooperation 2016)

As it is mentioned in the proposition for the Law on General Water Services, the
environmental aspect is of importance and the law shall be in line with a sustainable
development. However, it is less support found within the actual regulatory framework as
many rules focus on the provider-subscriber relationship without providing any guidance
towards the aspect of sustainability. The gateway article (1§) states that the law shall ensure
provision in a broader context if it is necessary to protect human health and the environment
(Table 2) and as traditional practices are seen as unsustainable in the long-term perspective
there is support for more sustainable strategies.
A link to the possibility of resilient stormwater installation is found in 6§ p. 2, as the rule
states that as long as there is a need for the service it shall be provided (Table 2). In
consideration to future challenges with urbanization pressure and the projected increase of
frequent and intensive rainfall events, the need will most likely increase. In addition with 13§
p. 2 which demands that the provider shall arrange other necessary facilities so that the water
and sanitation system works as intended and meet reasonable safety requirements (Table 2),
the safety requirements have to include the risk of flooding as a consequence of climate
change, as decided in the Planning and Building Act. Furthermore, support for source control
is found in 16§, as “another better way” (Table 2) is in connection with installation of e.g.
green roofs and preserving / restoring natural spaces on the property. Support for source
control is also found in chapter eight in the Planning and Building Act in 4§ p. 3, 9§ and 15§
(Table 3). Changed precipitation patterns could increase stormwater volumes and flow. This
calls for increased responsibility for property owners to take protective measures on their
estate to reduce the risk of inconvenience for the surroundings (Becciu and Raimondi 2015;
Stahre 2004; Walsh et al. 2005). This is also supported by 9§ p. 2 in Table 4.
Stormwater management needs to be integrated at an early stage in the planning process to
ensure qualities and the possibilities to undertake activities that are valued from a socialecological perspective (Christensen 2013; Tan 2017). Hence, the different plan types are
important in the context of a sustainable stormwater management. It is regulated that
wastewater issues has to be solved before construction permission is given (Table 3) but there
is no direct obligation for it to be through sustainable practices. As the comprehensive plan
announces, the municipalities shall strive for a sustainable development and be in accordance
with national objectives (prop. 2009/10:170) , such as a good built environment, but the lack
of legal weight on the comprehensive plan means that if aspects are overlooked, there is no
enforcement of measures to ensure a long-term sustainability.
Furthermore, in 4th chapter 12§ p. 1 protective measures against impacts of climate change are
revealed but if the measures are not considered to be needed, there is no obligation for any
action (Table 3). Article eleven states that a wastewater facility is not allowed if it is in
conflict with a detailed development plan (Table 2). However, even if there are no direct rules
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for undertaking specific measures within the regulations of a detailed development plan, it
shall consider green spaces, natural values, climate aspects and the need for future changes
(Table 3). The latter opens up for implementation of sustainable strategies as the need for
future changes could be reduced with adaptive planning, in terms of multi-functionality and
social-ecological benefits with consideration for the long payback period (Tan 2017).
An aspect, which connects stormwater to the Environmental Code is through 10§ (Table 2)
and that the operation and maintenance shall be compatible with the rules of good husbandry
in chapter three of the Code. Land and water shall be used from their best purpose and
sensitive areas shall be protected against harmful activities. Stormwater is considered an
environmental hazardous activity and with the rules of a demand for adequate knowledge and
usage of best available technique, sustainable stormwater measures are supported (Table 4). It
is also regulated in the second chapter of the Environmental Code that the operator needs to
use best available technique to prevent or counteract inconvenience for human health and the
environment. In case of an extreme precipitation event and overflow of storm sewers which
entail an inconvenience and/ or for human health and the environment (Berland et al. 2017),
the property owner is then responsible if measures are not taken to reduce stormwater from
their own properties (Table 4).
As there is an increasing consensus that green and blue structures provide several benefits to
the society and are an effective stormwater strategy which prevent and counteract
inconvenience for human health and the environment, this supports resilient stormwater
management (National Board of Housing, Building and Planning 2010). Furthermore, article
seven in chapter two states that the regulations should be reasonable in implementation,
considering both costs and benefits of the measure or activity (Table 4). It is not sustainable to
build and expand the storm sewer systems to cope with future challenges, both considering
limited resources and that grey infrastructure is more expensive in the long-term perspective
in compared to natural solutions (Hall et al. 2015). Furthermore, through good use of land and
water i.e. green and blue structures and conservation of natural values, the pressure on
stormwater sewers can be eased (National Board of Housing, Building and Planning 2010).
The Planning and Building Act was revised after the introduction of the Law on General
Water Services, and entail the consideration of climate aspects in the planning, such as
planning with consideration to the risk of flooding, erosion etc. However, as the Law on
General Water Services is a lex specialis the application of the Law on General Water
Services is prioritized in case of conflict. All investigated regulatory frameworks entail the
concept of a sustainable development but in terms of sustainable stormwater management
there are little defined targets within the regulations, e.g. there is no legal obligation to hold a
policy regarding stormwater management. The Law on General Water Services has no
regulation in regards to impacts of climate change even though there is a strong
recommendation to adapt the built environment to impacts of climate future climate
conditions (Christensen 2013). Furthermore, the municipality cannot decide detailed elements
and not regulate the human behavior in everyday life (Christensen 2013). However, there are
support in 9, 15 §§ of chapter eight which states that the building committee can regulate new
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plantations on the property and that current vegetation shall be conserved if it is needed so
that significant inconvenience for the surroundings do not arise (Table 3).

5. Conclusions
The Law on General Water Services promotes a sustainable development and environmental
protection, but as this is not visible in any article of the implementation of resilient
stormwater strategies it could be overlooked in practice. The issues of urban stormwater need
to be more enlightened and supported in the municipal work. The use of administrative
instruments could be one important way in ensuring this, as the shift towards sustainable
urban environments entail several aspects, sustainable stormwater management could be
overlooked in planning if there is an inadequacy within and between the regulations.
Precipitation is a resource, and it need to be perceived as this. Without sustainable practices,
this resource waste is not in line with the rules of a good husbandry in the third chapter of the
Environmental Code nor the regulations of public and private interests in the second chapter
of the Planning and Building Act.
Supporting instruments are important to regulate the social, economic and ecological value of
green and blue structures. Poorly regulated sustainable stormwater practices could result in
inefficient use of resources and a risk of human health and the environment. Furthermore, the
issues of urban stormwater need to be more enlightened and supported in the planning
documents of the municipalities. There is a need for science and law to be balanced, and the
analyzed regulations do provide support for a sustainable stormwater management if there is
combination of up-to date research and objective teleological interpretation.
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