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ABSTRACT

Can ecosystem services and design strategies for community
engagement be used to mitigate human impact on aquatic
environments? In this thesis the main catchment area of the
river Gota alv in Sweden and specifically the sub-catchment
area between lake Vénern and the sea has been investigated
as a case study to understand how spatial development in key
locations can be used to reduce harmful impact on freshwater
bodies. Investigations have also been done on how spatial trans-
formation for improving the chemical and ecological status
of freshwater can also contribute to social welfare in urban
environments.

The investigations have been done on different scales. Mapping
on a regional scale defined key locations to intervene in the
sub-catchment area, but also what problems relates to spatial
transformation and what has to be solved within other fields.
One of these locations where then selected as an example
of how spatial transformation on a smaller scale can look like
to improve water status. The transformation is also a critical
reflection of how urban expansion have been relating to water
historically. To support the design of the key location different
principles for spatial water purification have been developed.

All stages of the project were supported by evidence-based
design with different methods such as literature reviews, inter-
views, GIS analysis and generative design. Theories around
social ecological urbanism and participatory design was used
to support the project. Ecosystem services have been used to
frame the project and understand the relation between ecolog-
ical and social aspects of spatial planning around water.

The most important outcome of the theses has been to distin-
guish how architects and planners can approach similar projects
that intends to support better water quality. Mainly in the design
phase it has also been important to clarify how spatial planning
for healthy status of freshwater bodies can be beneficial even
for people and where synergies occur.



TABLE OF
CONTENT

P.7 Background

P.8 Background and context
P. 10 Aim and scope
P11 Research question

P.13 Framework

P. 14 Delimitations

P. 15 Interviews

P. 16 Methods and tools

P. 18 Theoretical and methodological framework
P. 18 Social ecological urbanism

P. 18 Participatory design

P. 19 Ecosystem services

P. 20 Actor network theory

P. 20 Theoretical and methodological relations

P.23 Regional mapping

P.24 Water Status & Regional measures

P. 24 Chemical status

P.24 Ecological status and potential

P.24 Measures for better water quality

P. 26 Wetland for better water quality

P. 26 Structure liming

P. 26 Protection zone on agricultural land

P. 28 Riparian zones in agricultural environments
P. 28 Measures for reduced impact of forestry
P. 28 Riparian zones in urban environments

P. 30 Reduce impact of wastewater

P. 30 Stormwater management

P. 30 Groundwater protection in regard to traffic
P. 32 Habitat management

P. 32 Treatment of environmental toxins

P. 32 Water protection areas

P. 34 Measures and sites for spatial transformation
P.37 Site analysis
P. 38 Background to Marieholm & Partihallarna

P. 41 Historical relation to water
P. 41 Soil conditions and depth

P.41
P.42
P.42
P.42
P43
P43
P43

Needed size for treatment of pollutants
Distance to accessible water

Distance to parks next to water
Connectivity to and from the area
Walkability in and around the site
Chemical & Ecological status

Sources impacting status

P.45 Design principles

P. 46
P. 48
P. 48
P. 50
P. 50
P. 52
P. 52
P. 54
P. 54
P. 56
P. 56

Principles for spatial water purification
Urban wetlands

Urban wetlands in practice
Functioning riparian zones with shading

Functioning riparian zones in practice
Treatment of storm water from roads & the city

Treatment of storm water in practice
Habitat management

Habitat management in practice
Phytoremediation to treat pollutants

Phytoremediation in practice

P.59 Design

P. 60
P.61
P. 62
P. 64
P. 66
P. 68

P.71

P.72
P.72
P.72
P.73
P. 74
P. 74
P. 74
P. 76
P.77

Current state

Introduction to design

Stage 1 of design

Stage 2 of design

Stage 3 of design

Axonometric illustration of final stage

Analysis and Discussion

Analysis of impact on eco-system services
Cultural ecosystem services
Regulating ecosystem services
Conclusion

Further discussion
Need for comprehensive waterscape planning
Site specific participatory design

Question for further research

Closing words






BACKGROUND



BACKGROUND &

CONTEXT

Land and sea use change and direct exploitation such as the
expansion of farmlands, urban areas and infrastructure account
for over 50% of global impact on freshwater since 1970. This
has led to a loss of 84% of freshwater species. As usage of ferti-
lizers on fields increase run-off water also brings nutrients out
into freshwater and ultimately the sea producing more than 400
zones globally with reduced levels of oxygen leading to decrease
in biodiversity, called dead zones (IPBES, 2019).

Runoff water caused by precipitation is also a problem in most
urban environments. Cities generally consist of lots of hard
surfaces, such as concrete and asphalt, which are the main
causes for this phenomenon. When water is pouring down on
these surfaces it is not infiltrated in the ground. Instead, all the
toxins produced within the city such as plastic waste, toxins
from roads and pesticides are flushed into nearby aquatic envi-
ronments. Generally urban runoff is not treated in any way often
leading to acute toxicity to aquatic environments. In the long run
this does not only affect ecosystems but also the seafood that
we consume and recreational possibilities etc. (Lapointe et al,
2022).

The thesis focuses on the river Gota élv. Historically there have
been a lot of industries along the river causing toxification with
for example quicksilver and chromium. However, since the 70s
new laws have been implemented to reduce these substances
and industries are forced to clean their runoff water meaning
environmental qualities in this aspect has become much better.
Today the main problems instead are runoff water for urban
environments and widening of the sewage system during heavy
rains flushing micro-organisms and toxic particles into the river,
but also runoff water from agriculture causing high levels of
nitrogen and phosphorus (G6ta alvs vattenvardsférbund, 2015).

Gota élv, belongs to the largest main catchment area in Sweden
occupying 1/10 of the country but also parts of Norway. It
contains the third biggest lake in Europe, Vénern. The circula-
tion of water in Vénern takes 8-9 years and many toxins and
nutrients sink to the bottom or are consumed by plants in the
lake (Havsmiljdinstitutet, 2019). This is why the main focus for
this project is what happens between Vénern and the sea. The
main catchment area and sub-chatchment focus area can be
seen in figure 1.
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AIM AND
SCOPE

The overall aim of the thesis is to investigate how urban develop-
ment can improve the status of water bodies by understanding,
valuing, and implementing ecosystem services. The specific
context of Géta Alv will be investigated. This is done both on
a large regional scale, an urban scale and a smaller site-specific
scale based on theories around social ecological urbanism.

On a regional scale the main catchment area of Géta alv and
especially the part after Véanern is investigated to understand
in what ways spatial transformation can support better water
quality. The identified measures are then evaluated based on
how well they are linked to urban development. Measures
that can be supported by urban development are investigated
further to help identify a key location as an example of spatial
transformation for better water quality.

The key location and problems found in the regional scale is
developed on a more detailed scale to understand how spatial
development can contribute to mitigate identified environ-
mental problems. On this scale a gradual implementation of
ecosystem services is investigated to understand how participa-
tory design through placemaking can generate new habitats to
improve water status.

The solutions on the smaller scale in the key locations are finally
investigated in relation to how they connect to the nearby urban
environment. In this stage particular focus is put on how these
spaces can also contribute to a sustainable social transformation
within an urban environment.



RESEARCH

UESTION

Main research question

How can regulating and cultural ecosystem services guide rurban
development to improve the chemical and ecological status of
water bodies in a defined sub catchment area of Gota alv?

Sub research questions

What measures for better water quality can be applied in a
selected urban key location and what needs to be done in other
parts of the region?

How can regulating ecosystem services be combined with
cultural ecosystem services and in that way create accessible
and multifunctional recreational spaces close to water in cities?

How can an urban environment and former industrial area
transform into a natural environment with regulating and
cultural ecosystem services?

11



12



FRAMEWORK



14

DELIMITATIONS

The diagram on the following page shows subjects that have
come up throughout the process that could have a connection
to the project. The aim is to establish a hierarchy and give an
understanding of what is the most important aspects of the
project.

In general, the project is on a planning level at different scales
trying to understand the relation between improved water
status and spatial transformation by investigating ecosystem
services. The result is an overall design strategy that easily could
be adapted to other locations rather than a specific fully devel-
oped design proposal
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METHODS
& TOOLS

The project is based on a mix between research and design
where research is mostly used to define problems and framing
the project while the design is used to creatively combine
research, references and design strategies into a site-specific
project. The pragmatic worldview is emphasized using mixed
methods to reach there.

As described in the aim the project touches upon different
scales, each of them exploring specific things. This allows
different methods to be used in different phases of the project.
In general, all of the stages are in some degree influenced by
evidence based design and exploratory research which grounds
the design choices in different aspects of research or analysis.
Experts in the specific field have been interviewed as a comple-
ment to research.

On the regional scale g-gis analysis supported by the right liter-
ature help to find key locations to intervene. The analysis in
g-gis is mostly carried out through looking at existing data and
combining it to find overlaps. Information and geodata about
water status and possible measures for better water quality
is mostly gathered from WISS (Water Information System
Sweden).

For the development of the selected key location, Marieholm
and Partihallarna in Gothenburg, ecosystem service case studies
are used to understand how the outcome of research on the
regional scale can be translated into spatial transformation. Based
on this together with findings in the regional mapping design
principles for better water quality is developed. The design prin-
ciples are then used to develop a site specific proposal of how
urban transformation can contribute to better water quality

When returning to the urban and regional scale, space syntax
analysis in g-gis is used to understand how the development
of the key location increase accessibility to green areas and in
that way cultural ecosystem services. The regulating ecosystem
services are analysed based on how well the implementation of
the developed design strategies works.

To communicate and reflect on the outcome, different types
of illustrations will be important throughout the project with
emphasis at later stages.



INTERVIEWS

Martin Knape

February 11, 2025 (digital interview)

Strategic environmental planner at the City of Gothenburg.
involved in the work on blue-green corridors and currently
working on how Malnndalsén can be improved through better
riparian zones.

Per Torstensson

March 31, 2025 (phone interview)

Limnologist at the Biosphere Office and the naturum (visitor
center in nature) Vattenriket, Kristianstad.

William Hogland

April 1, 2025 (digital interview)

Professor in environmental- and ecotechnology conducting
research on water and material flows in urban environments,
phytoremediation, and landfilling- and leachate treatment.

Mats Karlsson

April 10, 2025 (in-person interview)

Associate Professor at Chalmers University of Technology,
Department of Geology and Geotechnics.

Maria Greger

April 24, 2025 (digital interview)

Associate Professor in Plant Physiology at Stockholm University.
Her research includes phytoremediation in soil and water, espe-
cially involving metals, metalloids, and the influence of silicon on
plant metal uptake.

17
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THEORETICAL &
METHODOLOGICAL
FRAMEWORK

Social ecological urbanism (SEU)

Social ecological urbanism proposes a shift in current world-
views and planning principles. Instead of thinking about human-
ity and nature as separate entities it emphasizes synergies be-
tween the built environment and nature. This should be done
by understand ecosystems as an important piece in urban plan-
ning processes. Not only by maintaining and keeping existing
ecosystems but also by altering them and adding new ones. In
that way the objective is that cities could play an important role
in managing habitats to support biodiversity but also as places
for people contributing to social wellbeing (Barthel et al,, 2013).

Social ecological urbanism also acknowledges that climate
change is a fact. By understanding the relation between urban
development and ecosystems the idea is that cities can become
more resilient to future effects of climate change (Barthel et al,
2013).

When engaging in social-ecological projects it is important to
work interdisciplinary. Architects need to develop ideas for ur-
ban development based on ecosystem services in close collab-
oration with experts in other fields (ex ecologists). To develop
means for interdisciplinary collaborations it is important to use
a shared written and/or visual language where scientific knowl-
edge within one field can be transferred to and communicated
within other fields. (Barthel et al,, 2013).

Social ecological urbanism in the project

The thesis is based on ecosystem services which is presented
more in depth later in the theory chapter. Since the aim is to
investigate urban environments more in depth this is the most
evident link to social ecological urbanism. The intention is that
the specific focus on ecosystem services in and around water
will showcase new ideas of what social ecological urbanism
could look like in practice and how it can be used for investi-
gating a very specific part of urban planning.

By using interviews as a method, the aim is to start developing
an interdisciplinary collaboration where the ideas from this
architectural project can be combined with knowledge from
experts in other fields. Since this project must be delimited it

will not be possible to engage fully in the kind of interdisciplinary
collaborations that are needed in a real social ecological project.
However, the idea is to showcase the potential if similar projects
would be taken further.

Participatory design

Participatory design and especially co-production intends to
bring people such as professionals and users closer by estab-
lishing new networks and design strategies. Allowing different
stakeholders to contribute to development based on their own
experience and objectives. (Lee et al., 2024)

To achieve this, it is important to understand existing flows
which in turn can reframe the project and affect the outcome.
(Brass et al, 2011). Seven steps that can help co-production
is to establish which actors could be part of the project, what
the reason for co-production is, what the different actors can
contribute with, in which phases of the project co-produc-
tion occurs, in what way co-production is implemented in the
project and how the context relate and enhance the co-produc-
tion. (Lee et al, 2024)

Participatory design in the project

Participatory processes will be left on a more theoretical and
strategic level in the thesis. This means real life participatory
elements such as workshops and dialogues will not be part of
current work. However, the outcome of the design will support
the use of co-production if the project would be taken further
by investigating possibilities for placemaking.

Placemaking

Placemaking is not by itself considered as an architectural theory
but springs from theories developed by Jane Jacobs and William
H. Whyte in the 60s. They advocated for a shift in urban plan-
ning where people and the function of a place should be prior-
itized over connectivity and transportation that at the time was
the dominating urban transformation. (Ungvarsky, 2025)



Placemaking can be divided into the four categories, standard,
strategic, creative, and tactical. The most relevant strategy in
this project is the strategic which not only intends to create
one or several specific spaces for people but also a long-term
strategy for one area where interventions in specific places have
positive effects for improving the area in general in the long run.
(Ungvarsky, 2025)

Placemaking will be used as a tool to guide the design part of
the project in a way that could support participatory processes
if the project was realized. It will showcase how small inter-
ventions in a specific site can increase the connection between
people and water, raising awareness about questions around
water management. In that way the intention is to establish
strong communities that can affect planning processes on a stra-
tegic level to improve the status of waterbodies.

Ecosystem services

Ecosystem services can be defined in different ways but are
often used to describe the function and importance of ecosys-
tems for people. The Swedish environmental protection agency
(Naturvardsverket) defines ecosystem service as follows.
(Naturvardsverket, 2024).

"Ecosystem services are all products and services that the ecosystem
gives humanity and that contributes to our welfare and quality of
life” (Naturvardsverket, 2024, para. 3, [own translation]).

Although definitions around ecosystem services have gained
much attention recent years it is not a new phenomenon.
Through history communities have tried to define the benefit
ecosystems can have on humanity. It has not been uncommon
that the environment has had religious meaning. During the past
decades many attempts of classifying ecosystems have been
carried out. Many of them centres around the physical compo-
nents of the ecosystem, the function of these components and
how they benefit people. (Danley & Widmark, 2016)

According to the most established classification of ecosystem
services, Millenium ecosystem assessment, ecosystem services
can be divided into four categories based on the function they
give humanity. supporting, provisioning, regulating and cultural
(Naturvardsverket, 2017).

Supporting ecosystem services

Supporting ecosystem services provide indirect benefits but
are fundamental for all other categories and are in one way
or another included in all the other (Naturvardsverket, 2024).
It can for example include provisioning of spaces for different
species and the regulating capacities that different ecosystems
have (Naturvardsverket, 2017).

Provisioning ecosystem services

Provisioning ecosystem services are the ones that provide
humanity with raw products for production (Naturvérdsverket,
2024). It can for example be the ability of healthy ecosystems to
produce food and bioenergy but also clean water for consump-
tion (Naturvardsverket, 2017).

Regulating ecosystem services

Regulating ecosystem services are the ones that help to control
our living environment and provide humanity with functioning
and healthy spaces (Naturvardsverket, 2024). The ability
of greenery to clean air and water but also to protect from
extreme weather such as storms and heatwaves are examples
of this category (Naturvérdsverket, 2017).

Cultural ecosystem services

Cultural ecosystem services are the once that create spaces
for recreation and experiences for people (Naturvardsverket,
2024). These spaces can lead to better possibilities for physical
activity and recuperation but are also supposed to educate and
create a local cultural identity (Naturvardsverket, 2017).

Spatial relations of ecosystem services

To understand the relation between where the ecosystem
service is produced and where the benefits of it is most promi-
nent the term ecosystem service flows is often used. Ecosystem
service flows are divided into six categories based on their
geographic relation. These are globally location-dependent,
locally location-depended, directed flows, on site, detached and
related to movement of the user.

e Globally location-dependent ecosystem services produce
benefits for people wherever they are produced as for ex-
ample carbon capture. (Naturvardsverket, 2017).

e Locally location-dependent ecosystem services need prox-
imity to where the benefit is expected to be noticeable
but not a specific site. Examples of this is pollination and
temperature control. (Naturvardsverket, 2017).

e Directed flow ecosystem services lead to benefits in a

certain direction, for example upstream or downstream.
(Naturvardsverket, 2017).

e On site ecosystem services provide benefits on site and
could for example be household food production or shad-
ing. (Naturvardsverket, 2017).

< Detached ecosystem services could be beneficial in a differ-
ent site by transportation and are therefore not dependent
on a specific site. This also includes food production but on
a more commercial scale. (Naturvardsverket, 2017).

e Ecosystem services related to movement of the user is
mostly connected to the flow of people to and from a site
where an ecosystem service is produced and mostly refer
to cultural ecosystem services (Naturvardsverket, 2017).
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Ecosystem services in the project

The two categories of ecosystem services that will be devel-
oped most in the project are the regulating and cultural since
the aim is to develop new methods of how urban planning can
create multifunctional green spaces that support water status
and biodiversity. However, when working with these, especially
the regulating services, long term effect could support the provi-
sioning and supporting services as well. Interventions in one site
is probably not enough but if many similar projects were imple-
mented in the regional context the long-term effect would be
better water quality and habitats for animals. That could both
secure access to fresh water (provisioning) but also a more resil-
ient and stable overall ecosystem in the future (supporting)

The main ecosystem service flows that will be explored in the
project are locally location-dependent, directed flows, related to
movement of the user and on site flows. However, the project
will probably be beneficial for the other flows as well. Directed
flow services mostly related to how the ecology in the water
of the specific selected site can have an impact further down-/
upstream in the catchment area. Locally location-dependent
services can both be used to investigate how the implemen-
tation can support biodiversity but also how they affect the
micro-climate and well-being of people in the local context.
By analysing accessibility to the specific site for the ecosystem
services flows related to the movement of people will be under-
stood. Lastly the spaces created in the design proposal will for
example generate recreational spaces and shading providing the
area with on site flow ecosystem services.

Actor network theory (ANT)

To get a theoretical understanding of how ecosystems relate to
interdisciplinary and participatory design processes and in that
way also to social ecological urbanism actor network theory
(ANT) can be helpful. ANT originates from the 80s and social
constructionist perspectives which put emphasis on that people
and social processes shape society. However, when social
processes started to be used interdisciplinary within many fields
process evolved to include not only human elements but also
non-human elements. This was the starting point of ANT which
argues that societal development is based on complex networks
of both human and non-human actors. (Michael, 2017))

Theoretical and methodlogical
relations in the project

ANT can be used in the project to combine all theory into a
theoretical framework. Ecosystem services exists naturally but
if this architectural project would be realized different human
actors have to cooperate and understand non-human actors
and natural processes. In this way a complex network of rela-
tions and power dynamics appear. The diagram on the following
page (figure 2) tries to visualize how all the theories could come
together to start establishing this network. Social ecological
urbanism mostly relates to the ecosystem services while partic-
ipatory design relates to the actors. The actors are also crucial
in making the project interdisciplinary. The diagram should not
be seen as a finalized product, rather as a document that could
be extended to constantly elaborate the relations between
ecosystem services and actors if the project would be realized.
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WATER STATUS
& REGIONAL

MEASURES

To get an understanding of the current situation of water bodies
in the region but also to find key locations to interview spatially
the defined sub-catchment area has been studied through maps
provided by WISS (Water Information System Sweden) (L&ns-
styrelsernas WebbGlIS, 2024).

Chemical status

In figure 3 chemical and ecological status (and potential) is
visible. The chemical status refers to specific threshold values
and substances that cannot be exceeded. The status for ground
water and surface water is defined in different ways. This thesis
only investigates surface water, where threshold values and
substances (around 45) are set on a European union level.

In Sweden WISS is responsible for the measuring and classifica-
tion. For watercourses that do not reach good status measures
need to be implemented. This is why figure 3 also shows when
good status should be achieved.

Quicksilver and Polybrominated diphenyl ethers (PBDEs) end
up in watercourses because of precipitation and are excepted
from the visualisation since they exceed levels in every water
course in Sweden. (L&nsstyrelserna, n.d.-a)

Ecological status and potential

The ecological status is a measurement of the status for
animals and plants in watercourses and is affected both by
physical changes but also substances such as environmental
toxins. Watercourses are classified high, good, or moderate

based on these measurements. Watercourses that have been
heavily modified is instead classified based on there potential.
The potential is divided in the same classes but the ecology in
a watercourse that is classified by potential does not need to
reach as high ecological qualities as the once categorized with
status. (Lansstyrelserna, n.d.-b). In the sub-catchment area of
Gota Alv it is only the river itself that is classified with ecological
potential as seen in figure 3.

Measures for better water quality

Based on these classifications WISS has then come up with
possible measures for each waterbody in the sub-catchment
area. These are indicating more in detail what must be done to
reach both a good chemical and ecological status (and potential)
in specific locations (Lansstyrelsernas WebbGlIS, 2024).

On the following spreads most of the measures proposed for
the area are briefly presented to get an understanding which
of them relates most to spatial transformation. Even though
the thesis focuses on urban areas measures for rural areas are
also presented to get a full understanding of what measures are
needed on a regional scale.
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