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Abstract

With the increased severeness of urban pluvial flooding due to climate change, cities
have to increase their resilience against heavy cloudbursts. As a response to the up-
coming challenges an interim target for all Swedish municipalities is to investigate
and integrate sustainable stormwater management when planning new construction
as well as existing stock. The city of Gothenburg is no exception, and in the struc-
tural plan the municipality presents several potential cloudburst surfaces, with the
football field Mossens IP being one of them. The aim of this thesis was to investigate
the resilience of the football field against a 100-year rain, and whether it is possible to
mitigate the consequences at site through Nature-based solutions simultaneously as
the area benefits socially and environmentally through increased recreational value
and eco-system services. Further, the potential e [edt of flooding on the possibility
for sport associations to utilize the field was investigated.

The thesis was scenario-based and applied three di[erent scenarios. Scenario 1 was
used as a baseline scenario, thus representing the current flooding situation during
a 100-year rain at Mossen football field if no changes were made, whereas Scenario 2
involved Nature-based solutions e.g. rain gardens, green roofs, blue-green roofs and
permeable paving within the catchment area. Lastly, Scenario 3 involved storage-
focused solutions, e.g. retention ponds and detention basins within the catchment
area. Modelling was conducted in SCALGO Live and thereafter analyzed with the
decision making framework MCDA.

The study concluded that the nature-based solutions implemented in Scenario 2 are
not preferred in this case from a strictly quantitative stormwater management point
of view, as no notable reduction in flooding of the field was found. In this case
study, the most beneficial stormwater solutions proved to be the detention basins in
Scenario 3 with a total reduction of 23 cm. However, both scenarios performed well
regarding increasing recreational values and eco-system services. Rain gardens and
a multi-functional detention basin were found to be the most optimal ones.

Key words: Blue-Green solutions, Climate change, Cloudburst, MCDA,
Nature-Based Solutions, Stormwater management, Stormwater modelling, Urban
flooding
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1 Introduction

1 Introduction

Extreme rainfall is expected to become more frequent in the upcoming decades,
with the intensity of cloudbursts increasing by approximately 10 40 % at the end
of the century depending on climate scenarios (Olsson et al., 2017). Simultaneously
with the increase of cloudbursts and heavy rainfall, the growing urbanization results
in an increase of impermeable surfaces with reduced in Itration as a consequence
(O'Donnell & Thorne, 2020). Hence, there is an increase in runo and higher ood
peaks regardless of if the rainfall might be of short duration (Suriya & Mudgal,
2012). Flooding is experienced in several parts all over the world (O'Donnell &
Thorne, 2020) and the risk of ooding in Sweden due to heavy rain is expected to
increase in the upcoming years (MSB, 2022). Urban areas are therefore especially
vulnerable to cloudbursts which results in a need to increase the resilience against
ooding to face the upcoming challenges of climate change and urbanization.

In response to these challenges, an interim target for all Swedish municipalities to in-
tegrate sustainable stormwater management when planning new construction was set
for 2023 (CU 2021/22:13). Further, municipalities at risk of major impact or dam-
age on already existing buildings and infrastructure should survey, plan and start
to implement changes towards more sustainable stormwater management by 2025.
According to the Swedish Environmental Protection Agency, sustainable stormwater
management is a multifaceted issue with many aspects to consider (Naturvardsver-
ket, 2023). Examples of approaches that can be incorporated into a management
plan are minimising runo , diverting ow, and collecting runo in designated de-
tention areas. An option to implement these approaches, and in return increase
sustainability and resilience during ood events, is to incorporate Blue-green infras-
tructure (BGI) (Lawson et al., 2014). This type of infrastructure combines blue
options like ponds, waterways and basins with green options that utilizes plants and
land based solutions such as rain gardens, green roofs, plant beds or constructed
wetlands (Veerkamp et al., 2021). Additionally, focus is placed on ecosystem ser-
vices and multi-functionality, i.e. the green-blue spaces should be bene cial both
in ooded and non- ooded states (Jones et al., 2022). There has been several case
studies where this type of stormwater management has been applied and even im-
plemented in cloudburst plans of cities. For example in one of the leading cities
within stormwater management, Copenhagen, Nature-based solutions (NBS) have
been implemented in urban environments such as "Tasinge square".

The area of investigation in this case study is a football eld situated at Mossen,
located in central Gothenburg. According to the structural plan, the municipality

of Gothenburg is suggesting to use the eld as a cloudburst area as a part of the
stormwater management plan for 100-year rains (Go6teborgs stad, 2020). Such a
decision could result in a con ict of interest between the municipality and the sport
associations utilizing the football eld, as it would be out of commission during
periods of ooding. Furthermore, the duration of ooding could vary, resulting in
uncertainty concerning speci c utilization of the football eld for sport associations.
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1.1 Aim

The aim of this master's thesis is to analyze the resilience of the football eld
Mossens IP, situated in Johanneberg in Gothenburg, against 100-year rains based
on three scenarios. The purpose of this is to investigate where Blue-green stormwater
solutions are possible to implement to limit ooding at Mossens IP, simultaneously as
the area bene ts socially and environmentally through increased recreational value
and ecosystem services. The research questions presented in Section 1.2 below will
be answered to achieve the aim of the thesis.

1.2 Research questions

The thesis will answer the following three research questions:
" What are the perception of the football associations regarding the role of the
football eld as a potential cloudburst area?

To what extent would Mossen football eld currently be a ected by ooding
during 100-year rains?

Would the situation at Mossen football eld, with regard to ooding reduction
and social aspects, bene t from implementing Blue-green stormwater solutions
in the surrounding area?

1.3 Limitations

The following limitations have been made in the thesis:
" The solutions are primarily investigated and modelled in the software SCALGO
Live, therefore the results are mostly based on topography.

Sea-level rise is not considered.

The focus is reduction in stormwater quantity, thus water quality will not be
considered.

Only Nature-based solutions are investigated.
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2 Background

This chapter presents the background of the thesis including information regard-
ing climate change and precipitation, stormwater and Nature-based solutions, as
well as previous research, case studies and information about the structure plan of
Gothenburg.

2.1 Climate change and precipitation

The Intergovernmental Panel on Climate Change has presented several pathways for
the future of global warming until year 2100, ranging from a temperature increase
of 1.4 C in very low green house gas emission scenarios, up to 434in very high
green house gas emission scenarios (IPCC, 2023). At an increase of C,5local
ooding events due to precipitation are expected to become more common as the
frequency and intensity of heavy rain increases. In comparison to the years of 1850-
1900, the global mean temperature had already risen by 1.16 by 2022 (WMO,
2023). Furthermore, the global mean precipitation is projected to increase by 1-3 %
per degree rise of surface air temperature (W. Zhang et al., 2021).

The increased precipitation results in ooding problems all over the world. An ex-
ample of severe ooding occurred in Copenhagen in 2011, when approximately 135
mm of rain fell under less than 3 hours (Kilhof, 2014). The amount of rain was ex-
tremely rare, thus classi ed as a 1000-year rain, and left around 5-6 billion DKK of
damage in its wake. Additionally, there has been several severe ooding and cloud-
burst events in Sweden over recent years (SMHI, 2024). In 2014, parts of Malmd
received more than 100 mm of rain over a six hour period (Hernebring et al., 2015).
A way to characterise this type of heavy rain is to use terms such as 10- or 100-year
rain. A 10-year rain is presumed to have a return time period of 10 years, whereas a
100-year rain statistically will return once over a period of 100 years. Additionally,

a 10-year rain is twice as large as a 1-year rain, and a 100-year rain twice as large
as a 10-year rain (Svenskt Vatten, 2018).

Due to large impermeable surfaces, these type of oods are considered extremely
problematic in urban areas such as cities, and Gothenburg is no exception. To pre-
pare for heavy precipitation events, the municipality of Gothenburg have produced
a structural plan where the e ects of a dimensioning rain event along with sugges-
tions of possible mitigating measures are presented (Goteborgs stad, 2020). The
dimensioning event utilized is a 100-year rain with a climate factor of 1.2, where the
factor represents a 20 % increase in comparison to a current 100-year rain. What
constitutes a 100-year rain varies from place to place, however in the structural plan
a rain of approximately 102 mm was utilized and modelled as a Chicago Design
Storm-rain (CDS) over the course of 6 hours (Goteborgs stad, 2021). CDS-rain re-
ferring to the rain event being split up in to blocks of di erent intensity and duration
(MSB, 2017). Another common term, apart from 10- or 100-year rains, is cloudburst
which the Swedish Meteorological and Hydrological Institute (SMHI) de nes as an
event with more than 50 mm of precipitation in one hour or more than 1 mm per
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minute (SMHI, 2021). However, ooding can also occur without cloudbursts. This
can be exempli ed by parts of Gothenburg ooding in 2006 when persistent rain
fell during several weeks (SMHI, 2023). This event also lead to several landslides of
di erent magnitude due to high water levels in watercourses, resulting in damage
to roads and railways. Less severe and shorter rain events can also cause problems.
An example of this occurred in 2012 when 30 mm of rain fell during an hour and
Nordstan, one of Gothenburg's largest shopping malls, had to be evacuated since
parts of the inner ceiling caved in (SVT, 2012).

2.2 Stormwater solutions

To handle the upcoming challenges connected to global warming, with increased
precipitation and oods, the implementation of su cient stormwater solutions is
more relevant than ever. There are three categories within stormwater manage-
ment solutions; blue, green and grey. Blue solutions are as previously mentioned
water based, including for example retention ponds (Kopp & Preis, 2019), whereas
the green solutions are vegetation based, including for example green roofs and
rain gardens (Liberalesso et al., 2020). Lastly, the grey solutions refer to the un-
derground network such as gutters, pipes and tunnels. The solutions that today's
urban society strives for is a combination of blue and green, so called BGl, since the
implementation and maintenance of grey solutions tend to be costly, in addition to
less environmentally friendly to resolve urban pluvial ooding (Li et al., 2024)(EPA,
2013).

The implementation of BGI enables a multi-functional space where ecosystems can
thrive, simultaneously as stormwater is handled. Through implementing natural
elements such as green spaces and water bodies within an urban environment, it
elevates the recreational value of the area in addition to climate resilience, thus the
popularity (de Macedo et al., 2021). Another promising solution within stormwa-
ter management is the union of both grey solutions and BGI, often referred to as
hybrid infrastructure (Li et al., 2024). Nature-based solutions (NBS) have lately
gained increased popularity and awareness as an integrated approach regarding the
twin crisis of climate change and biodiversity loss (Seddon, Daniels, et al., 2020).
Moreover, this includes protection against climate change impacts, as well as de-
creasing further warming, supporting biodiversity and securing ecosystem services
(Seddon, Chausson, et al., 2020).

2.3 Nature-based solutions

The de nition of NBS, according to the European Commission, is:

"...living solutions inspired by, continuously supported by and using nature, which
are designed to address various societal challenges in a resource-e cient and
adaptable manner and to simultaneously provide economic, social, and

environmental bene ts" (Maes & Jacobs, 2017).

Another standpoint with regard to NBS exists within The Agenda of 2030 by the

4
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United Nations (UN) (Svenska FN-forbundet, 2024). The UN emphasizes the impor-
tance of functioning ecosystems as well as biodiversity in order to upkeep economic
activities and thriving local communities (Martin et al., 2020). With reference to
this, NBS performs better than most stormwater solutions since it can be strate-
gically implemented within the already established urban landscape and provide
multiple bene ts at once (Boverket, 2010). According to Boverket some of these
functions are; dealing with stormwater, heat management, social and recreational
bene ts, UV-protection from shading and support of biodiversity. Consequently,
NBS provides several environmental, economic and social co-bene ts due to their
ability to protect and enhance certain ecosystems through bu ering e ects of cli-
mate change (Newell et al., 2013). Furthermore, NBS holds a great variety as there
are several di erent stormwater solutions that are included within the NBS category
such as rain gardens, green roofs, permeable surfaces and retention ponds. A more
speci c example of the bene ts of NBS is tree planting since it manages stormwater
through evaporation, in ltration and retention (Newell et al., 2013). This while
simultaneously achieving expanded wild life habitat, urban heat island e ect reduc-
tion and groundwater recharge, in addition to increased recreational values.

2.3.1 Rain gardens

Rain gardens, also known as bio-retention systems, are considered to be the most
e cient stormwater management practice due to the range of utility regarding for
example evapotranspiration and in ltration possibilities (Osheen & Singh, 2019).
This type of NBS is popular within cities due to their multi-functionality and ability

to remove sediments, pathogens, nutrients, heavy metals and hydrocarbons from
stormwater, see example of di erent rain gardens in Figure 1 and Figure 2 below.
They often consist of a vegetated area that with the help of plants, trees and soil
collect stormwater through in Itration into the soil layers and the roots of the plants
and trees (Brears, 2018). Moreover, the soil often consists of a engineered soll
mixture layer and an optional sand or gravel drainage bed, which meets the reuse of
water requirement. The use of engineered soil mixture is e ective since it includes a
variety of layers to optimize the in ltration along with the growth of the plants (L.
Zhang et al., 2020). The amendments in the soil media lowers the sorption capacity,
delays saturation, limits the mobility of pollutants and bio-accumulates metals and
organic compounds (Sharma & Malaviya, 2021).
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