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Abstract 

 

The paper evaluates nature-based solutions for a retrofitting proposal for the 

combined regeneration, climate adaptation, and green space management of the 

industrial area Gåsebäck in Helsingborg, Sweden. The objective of this study was to 

evaluate options for how Gåsebäck could be sustainably regenerated and developed, 

while providing additional security against future negative effects of climate change, 

through the implementation of nature-based solutions. The methods used were 

unstructured interviews, literature study, thematic data analysis, and scoping review. 

Some urban societal challenges the area is facing were identified as Urban regeneration, 

Climate adaptation, and Green space management. The suggested NBSs to address these 

challenges are phytoremediation, mycoremediation, street trees and bushes, green 

walls, green roofs, flower beds, permeable surfaces, roadside greenery, rain gardens, 

de-culvertation and pocket parks. Examples of how the identified nature-based 

solutions can be retrofitted to block Italien are installing green walls on the old fire 

station for noise and pollution abatement, biodiversity increase, climate regulation, 

and enhancement of green elements; green roofs on various buildings for e.g. water 

management, increased biodiversity and green elements; street trees and bushes along 

the streets Södergatan and Malmöleden/Gåsebäcksvägen for noise and pollution 

abatement, water management, biodiversity increase, and enhancement of green 

elements; site specific installation or pocket park with phyto- or mycoremediation; 

flower beds and roadside traffic to increase attractiveness; and rain gardens and 

permeable surfaces for water management.  

 

 

Keywords: Nature-based solutions, sustainable urban development, ecosystem 

services, Helsingborg, industrial area, urban societal challenges, urban regeneration, 

climate adaptation, water management, green space management, green 

infrastructure, blue infrastructure.
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1. Introduction 

There is a global trend of moving to cities from rural areas. More than half of the people 

in the world live in urban environments today (Worldwatch Institute, 2016) and it is 

expected that this number will have increased to three-quarters by the year 2050 

(Pearson, Newton & Roberts, 2014). This puts extreme pressure on the resilience of 

cities and of the planet. Urban environments already contribute to various 

environmental issues such as pollution, climate change, and resource depletion, and 

urban environments are subsequently affected by these issues (Bueren, 2012).  

Due to the changing climate there is a need for communities to adapt to the 

effects climate change brings (ibid.) This need is also a chance to continue the 

development sustainably to relieve some of the pressure communities put on the 

environment. Solutions to these challenges do not need to be made out of concrete, 

metal or plastic, as traditional approaches often are. An emerging concept integrating 

the ecological dimension of sustainable development with spatial planning is nature-

based solutions (NBSs) (Scott & Lennon, 2016). These are innovations utilizing 

ecosystem services (Naturvårdsverket, 2017) and the European Commission (EC) 

defines them as “living solutions inspired by, continuously supported by and using 

nature, which are designed to address various societal challenges in a resource-

efficient and adaptable manner and to provide simultaneously economic, social, and 

environmental benefits” (Maes & Jacobs, 2015, p. 121) (see also EC, 2015). NBSs as a 

concept incorporate other related concepts such as urban ecosystem services, green 

and blue infrastructure, and ecosystem-based adaptation (Kabisch, Stadler, Korn & 

Bonn, 2016). By applying an ecosystem perspective, the NBSs-approach is more 

holistic than traditional approaches (Scott & Lennon, 2016). This is because it includes 

“not only protection but also enhancing, restoring, creating and designing new 

ecological networks characterised by multifunctionality and connectivity” (Scott & 

Lennon, 2016, p. 268).  

Although the NBS may be targeting a specific environmental challenge or 

impact, this is not the sole purpose of the NBS (Cohen-Shacham, Walters, & Janzen, 

2016). Rather, NBSs that address various urban societal challenges (USCs), such as 

climate mitigation and adaptation, public health and wellbeing, and green space 

management, provide the direct benefits they are supposed to provide, while also 

providing co-benefits as they address another challenge, or more, simultaneously 

(Raymond et al., 2017). For example: if the USC we would like to address was climate 

adaptation, green walls, for example, could be the NBS used to address the challenge, 

due to vegetation’s ability to cool the surrounding environment and thus mitigate heat 

stress (c.f. Dhakal & Hanaki, 2002; Cameron, Taylor & Emmett, 2014). This would be 

the primary benefit. However, as green walls can also be used to address the USC green 

space management, due to green walls providing habitats for various animals and other 

living organisms and thus support biodiversity (cf. Enzi et al., 2017), this would be a 

co-benefit of the green wall. Green walls can also be used for the USC urban 

regeneration, as vegetation can improve the quality of the air by intercepting pollutants 
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(cf. Janhall, 2015; Klingberg et al., 2017). This would be another co-benefit. As such, 

utilizing NBSs in the urban design and planning phase provides an innovative 

ecosystems approach to improve human wellbeing, and increase a city’s climate 

resilience and economic growth (EC, 2015). 

In the city of Helsingborg, Sweden, there is an old industrial area called 

Gåsebäck, which Helsingborg municipality is planning to develop into a greener 

neighbourhood, accommodating meeting places, housing, offices, and various services 

(Helsingborg Stad, 2017). In Gåsebäck is a block called Italien for which the aim of this 

study is to create a development option.  

1.1. Purpose and Objective 

The purpose of this master thesis is to identify sustainable development possibilities 

of the Block Italien, located in the industrial area of Gåsebäck in Helsingborg, Sweden, 

and to evaluate options for possible development opportunities for Gåsebäck.  

The objective of this work is to evaluate and present options for how this area 

can be sustainably regenerated and developed, while providing additional security 

against future negative effects of climate change, through the implementation of 

nature-based solutions (NBSs). This is achieved by examining which NBSs address the 

area's challenges, and how the identified NBSs can be retrofitted to the Block Italien.  

1.2. Research Questions 

To identify and determine feasible NBSs for the sustainable development of Block 

Italien, the work in this thesis will be based on the following research questions: 

● What are some requests and needs of the community members operating in the 

area? 

● What are some urban societal challenges NBSs will address in the area? 

● What are some NBSs which address the identified urban societal challenge(s) 

and can be utilized to (1) regenerate the area, and (2) address the negative effects 

of climate change that will affect Helsingborg? 

● What are some social, economic and environmental co-benefits these NBSs can 

add to the space? 

2. Method 

The methodological approach for this study consisted of several steps. The first step 

was a needs assessment to determine the requests and needs of the community 

members operating in the area Gåsebäck. For this, unstructured interviews were 

conducted (cf. Bryman, 2011) and the pilot study of the current situation in Gåsebäck 

(Helsingborgs Stad, 2015) were scoped for content as the city of Helsingborg had 
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previously held an open house event to discuss the future of Gåsebäck (cf. 

Helsingborgs Stad, 2015).  

Unstructured interviews usually follow an interview guide with themes or 

general questions, unlike semi-structured interviews in which a question scheme is 

followed, with a specific a set of questions (albeit the order of the questions may vary) 

(Bryman, 2011). The unstructured interview is initiated with a primary question and 

then relevant follow-up questions are posed. The participants are encouraged to share 

their thoughts and opinions until the topic is exhausted. This method opens up for a 

more natural conversation. However, the interviewer needs to be careful as to not 

show partiality and colour the participants’ replies. This is considered to have been 

limited by showing awareness of the issue. 

For the interviews, two participants were asked to participate due to them being 

representative for the community members active in Gåsebäck and their interests. The 

purpose of the study and how the data would be used were explained to the 

participants. The interviews were guided by the question What do the people who are 

active in Gåsebäck want for Gåsebäck, in regard to climate adaptation and added environmental 

value? How do they see Gåsebäck developing? Notes were taken with a paper and pencil 

during the interviews and as soon as possible after the interviews, notes were made 

about first impressions. 

The second step was to map the USC. Official documents of expected climate 

changes in Scania, how Helsingborg is expecting to be impacted by climate change, 

and about Gåsebäck were analysed for content. The climate data derived from Report 

Nr 2011-52 Climate analysis for Scania County (freely translated) (Rapport Nr 2011-52 

Klimatanalys för Skåne Län) by Sweden's Meteorological and Hydrological Institute 

(SMHI) (cf. SMHI, 2012). As it is not possible to in detail predict which impacts the 

changing climate will have locally, reasonable assumptions were made based on the 

data. Data of the predominant climate change effects Helsingborg is expecting was 

collected from the city of Helsingborg’s climate adaptation report PM Klimatanpassning 

(cf. Helsingborg, 2012). The pilot study for Gåsebäck (Helsingborgs Stad, 2015) served 

as the main document providing information about the area and its future. Details and 

specific data was gathered from available supplementary documents: Anticimex, 2014; 

SWECO, 2016a; SWECO, 2016b; Tyréns, 2014; and, Tyréns, 2017. 

Following the data gathering, a qualitative thematic data analysis of the 

interviews and documents, with a deductive disposition, was conducted (cf. Bryman, 

2011). The applied method for analysis is in general iterative and recursive, meaning 

that data collection and analysis to some extent run parallel to each other (Bryman, 

2011). To identify possible USCs, the interviews and main documents were analysed 

and coded with respect to seven USCs from the EKLIPSE Expert Working Group 

Report (cf. Raymond et al., 2017) on Nature-based Solutions: 1) Climate adaptation; 2) 

Water management; 3) Green space management (including enhancing/conserving 

urban biodiversity); 4) Air quality; 5) Urban regeneration; 6) Public health and 

wellbeing; 7) Potential for new economic opportunities and green jobs. Raymond et al. 
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(2017) consider NBSs which aim to address any of the challenges to also support urban 

climate resilience.  

Analysis was conducted by identifying relevant pieces such as words, quotes, 

or phrases, and connecting them to relevant USCs mentioned above via coding, 

categorization, synthesizing and conceptualization. The USCs are furthermore 

affiliated with different components which NBSs address (EC, 2015). The components 

were also identified during coding. After coding it was decided if there was a 

hierarchy among the challenges, to be able to determine if any USC should be 

prioritized. The information gained from this analysis answered the research question 

What are the USC NBSs will address in the local area?  

With this information the research question which NBSs address the identified 

USCs and can be utilized to (1) regenerate the area, and (2) address the negative effects of 

climate change that will affect Helsingborg was investigated and answered with a scoping 

review (cf. Bryman, 2011; Peterson, Pearce, Ferguson & Langford, 2016) of peer-

reviewed and grey literature. The search included research project websites and 

relevant business portals. Scoping reviews mainly provide an overview of a broad 

topic and utilize a diverse range of relevant literature and studies (Peterson et al., 

2016). Also examined in the scoping review was research question what are some social, 

economic, and environmental co-benefits the NBS will add to the space? The EKLIPSE 

working group report by Raymond et al. (2017), and EC’s (2015) Towards an EU research 

and innovation policy agenda for nature-based solutions & re-naturing cities were used 

primarily in the identification of feasible NBSs. Literature was searched for using Mid 

Sweden University Library search tool PRIMO, Web of Science, Google Scholar, and 

Google. Search languages were delimited to Swedish and English. The literature 

search was initiated with the identified USC and a variety of keywords used 

individually or in combination, using symbols and operators to refine the search: 

nature-based solution; green infrastructure, blue infrastructure, soil pollution, bioremediation, 

climate change, urban, biodiversity, ecosystem services, air quality, regeneration, temperature, 

drought, heat wave, urban heat island, increased precipitation, flooding, extreme rainfall 

events, noise abatement, acoustic comfort, safety, attractiveness. Without intending to be 

exhaustive, the results of this search aimed to collate well-known and implemented 

NBS from which to select appropriate options for block Italien. 

2.1. Delimitations  

Apart from the interviews, the work in this study is based on interpretations of existing 

data such as investigations, measurements, and calculations. The USC (cf. EC, 2015; 

Raymond et al., 2017) focused on in this project are climate adaptation, water 

management, green space management (including enhancing/conserving urban 

biodiversity), air quality, urban regeneration, public health and wellbeing, and 

potential for new economic opportunities and green jobs. The study furthermore 

focuses on NBS for climate adaptation to enhance climate resilience in urban areas, not 

the applicability of NBS for disaster reduction.  
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The study does not calculate the costs of the proposed NBS, analyse financial 

possibilities or limitations, or investigate delimiting or supporting current political 

structures. Specifics of the NBSs such as plant species and their traits (e.g. leaf 

transpiration rate, leaf solar transmittance, leaf coverage, lead surface temperature; cf. 

Xing et al., 2017) and other design decisions are also not investigated or taken into 

consideration. These will however need to be taken into consideration further down 

the line in the design decision process (cf. EC, 2015). 

3. Background 

There are many different views and definitions of what sustainability is. This holds 

true also for related concepts such as sustainable urban environment and sustainable 

cities, which are explained in section 3.1. A Sustainable Urban Development. Section 3.2. 

Climate Change clarifies climate change and its effects in general and in Sweden, 

whereas section 3.3. Nature-based Solutions aims to define and explain NBS. This section 

also provides two examples of NBS in action. NBS are solutions to societal challenges, 

and Raymond et al. (2017) and EC (2015) identify the main USC which NBSs can 

address. For this study the challenges climate adaptation, water management, green 

space management, air quality, urban regeneration, public health and wellbeing, and 

potential for new economic opportunities and green jobs (cf. EC, 2015; Raymond et al., 

2017) have been selected. Section 3.4 Urban Societal Challenges explains in what way 

they are challenges.  

3.1. A Sustainable Urban Development 

According to Hedenfelt (2013) one facet of sustainable development is urban 

sustainability, which is a perspective in which the city is in the limelight (Hedenfelt, 

2013). Shen, Ochoa, Shah and Zhang (2011) define a sustainable urban environment as 

the desired state, and the sustainable urban development as the means to reach the 

desired state. Maclaren (1996) states that it depends on the city and the present 

conditions to define what a sustainable city is and how sustainable urban development 

is to be pursued and implemented, as both concepts are highly contextual. The 

common denominator, and the interpretation in this study, is that a sustainable city 

incorporates all three dimensions (economic, social and environmental) of 

sustainability in its development, and takes on a holistic perspective and integrated 

approach (cf. Boverket, 2004: Hedenfelt, 2013; Pearson, Newton & Roberts, 2014; van 

Bueren, van Bohemen, Itard & Visscher, 2012). A sustainable city is considered to be a 

system with subsystems and integrated parts working together, and in a system the 

individual parts can be analysed separately and assembled into a whole. One such 

component of the city is physical planning: an important tool when synthesizing and 

balancing different interests (Boverket, 2004). With population growth and the 

increase in urbanization it is important to recognize the unprecedented development 
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potential (EC, 2015). In order to not take more green structure and land in possession, 

physical planning focuses more on densifying instead of sprawling by making use of 

e.g. grey fields and abandoned industrial areas, and integrating NBSs with urban 

planning (Boverket, 2004; EC, 2015). Furthermore, the sustainable city aims more often 

to increase the services of ecosystems and focuses on promoting e.g. urban greenery 

with green walls and roof, open wetlands for storm water management and projects 

such as urban agriculture (which also elevate the social dimension) (Boverket, 2004: 

van Bueren et al., 2012).  

3.2. Climate Change 

Between 1880 and 2012 the global mean temperature increased by 0,85°C (IPCC, 2013). 

The result of this temperature rise is e.g. that the oceans and atmosphere have become 

warmer and the Arctic sea ice cover and global glacier volume have diminished. We 

see increased precipitation in some areas whilst drought has increased in others, and 

the global mean sea level has risen. The Earth’s climate system is warming due to 

increasing concentrations of greenhouse gases in the atmosphere and it is human 

activity that is the leading cause of the observed warming since 1950. It is predicted 

that during the 21st century, the effects of climate change will continue. The global 

emissions of greenhouse gases (GHGs) must soon have reached their climax to be able 

to limit, with a likelihood of 66 percent, the global mean temperature increase to below 

2°C (IPCC, 2013). The higher the global mean temperature becomes, the more 

vulnerable societies become. The GHGs must furthermore decrease by 40 to 70 percent 

by the year 2050, and by 2100 they need to be close to zero or negative. Greenhouse 

gases will have to be substantially reduced, and the reductions have to be sustained, 

to curb climate change. Still, effects of current climate change are unavoidable and will 

linger for centuries.  

3.2.1. Climate Change and its Effects in Sweden 

Sweden has become more rainy and warmer due to the changing climate, and the 

effects are expected to continue in this direction (SMHI, 2014). Sweden’s mean 

temperature differs from the global and has since the late 1800s increased about twice 

as much as the global mean temperature. In the future precipitation is expected to 

increase further, as well as the number of occasions with transient intense 

precipitation, which leads to an increased risk of pluvial floods (floods due to rain) in 

both urban environment and along rivers and other water bodies (SMHI, 2014). 

Transient, extreme precipitation, i.e. heavy rainfall that occurs within a day, and can 

last minutes to up to 24 hours, which normally occur every 10 or 100 years are expected 

to become more frequent (MSB, 2013).  

As the global mean temperature increases, the number of frequent hot 

temperature extremes are anticipated to increase, occur more often and last longer 

(Field et al., 2014; SMHI, 2014). The number of intense heat waves in Sweden has 
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increased with the observed global warming (SMHI, 2014). The dried soils can lead to 

heat waves reinforcing themselves and generate even more heat. At the end of the 

century, Sweden might experience extreme heat events every three to five years, 

events which to date are known to occur every 20 years. In the future, the southern 

regions of Sweden might see temperature extremes of 40° C every 20 years. The 

increasing temperature also means that evaporation increases. This can lead to water 

shortages and drought in southern Sweden, especially summer time. 

3.3. Nature-Based Solutions 

3.3.1. What NBSs are and do 

Ecosystems consistently deliver functions which are beneficial to us humans 

(Naturvårdsverket, 2017). Conceptually such functions are known as ecosystem 

services and they can be supporting (which are services such as biodiversity, which 

support and enable ecosystems to provide other services), provisioning (e.g. services 

which provide food, raw materials or energy), regulating (e.g. the regulation of air 

quality or water quantity during floods) or cultural (e.g. for recreation, tourism or 

social interactions) (ibid.). NBSs are the sustainable use and management of nature, its 

processes, components and ecosystem services, to address societal challenges (cf. EC, 

2015; Cohen-Shacham et al., 2016). NBSs are supported by, inspired by, or copied from 

nature. For example, to intercept storm water, green infrastructure such as rain 

gardens and green roofs; bioremediation can be utilized to remove pollutants, or, to 

limit urban heat stress the number of trees in the urban environment can be increased.  

NBSs as a concept first emerged during the late 2000s (Cohen-Shacham et al., 

2016). Being relatively new as a concept it is still being fine-tuned. The IUCN defines 

NBSs as “actions to protect, sustainably manage and restore natural or modified 

ecosystems that address societal challenges effectively and adaptively, simultaneously 

providing human well-being and biodiversity benefits” (Cohen-Shacham, et al., 2016, 

p. 5). Although the EC’s definition (see Maes & Jacobs, 2015 above) includes the 

application of solutions also supported and inspired by nature, instead of only using 

nature, Cohen-Shacham et al. (2016) note that the IUCN‘s and the EC’s definitions 

share the general goal of effectively using ecosystems and ecosystem services as 

approaches to address societal challenges. 

NBSs can be used to enhance sustainable urbanisation, restore degraded 

ecosystems, develop climate change mitigation and adaptation strategies, and for risk 

management improvement and resilience (EC, 2015). Still, there is no one-size-fits-all-

solution when it comes to NBS. Cohen-Shacham et al. (2016) highlight that NBSs 

encompasses a wide range of context-bound solutions and approaches. Issues such as 

climate change or biodiversity loss are global but affect different areas differently. The 

properties of the NBS and the context it is applied in affects which impacts the NBS 

will have, as well as the intensity of the impacts (Raymond et al., 2017). Consequently, 
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the NBSs to adapt to or mitigate the issues also vary and the solution need to be 

adapted to accommodate not only the societal challenge, but the specific conditions.  

3.3.2. Two Examples of Applied Nature-based Solutions 

To give an increased understanding of what NBSs are and how they work, two 

examples from Amsterdam and Los Angeles are provided below. 

3.3.2.1. De Ceuvel in Amsterdam 

On a former shipyard in an old industrial area called Buiksloterham in Amsterdam, 

The Netherlands, is a “cleantech playground” called De Ceuvel (Personal 

communication, November 7, 2017). To explore circular urban environments and 

create a rich educational environment, the people behind De Ceuvel teamed up with 

various technology partners, government agencies and research institutes. The site 

was turned into a circular office park and also hosts a sustainable café, an aquaponics 

greenhouse, and a rentable space, among other things. The soil, heavily polluted from 

the industrial activities, is being remedied with phytoremediation, and among the 

vegetation stand upcycled houseboats equipped with clean technologies such as 

compost toilets, heat exchangers (which capture and reuse over 60% of escaping warm 

air), helophyte filters to process waste water from the kitchen sinks, and photovoltaic 

panels. At Café de Ceuvel phosphate is recovered from separated urine using a 

struvite reactor. The phosphate is turned into crystals and can be used as fertilizer. 

Today De Ceuvel is a unique example of sustainable urban regeneration (ibid.). 

 

 
Figure 1. One of the houseboats and its helophyte filters which processes waste water from the kitchen 
sink. The surrounding vegetation is used for phytoremediation of the polluted soil. Photo: Patrick Hom 
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3.3.2.2. The South Los Angeles Wetland Park 

The South Los Angeles Wetland Park, opened in 2012, was once a bus yard (Diane 

Silva, personal communication, 10 March 2017; Vargas, 2011, Vargas, 2014). Today it 

is a 10-acre wetland park with upland plants, riparian and emerging marsh habitats, 

which increase biodiversity and contribute to wetland restoration. The park is a project 

designed to be resilient and address long-term climate change effects, such as drought 

or flooding, and for treating urban runoff. The park can treat up to 2.5 million litres of 

polluted urban runoff water per day. At the same time, it creates a communal green 

space in a densely populated disadvantaged community with few parks and little 

access to natural environments. Drawing connections to the urban USCs mentioned 

above, the South LA Wetland Park addresses the challenges climate change, human 

health and wellbeing, green space management, urban regeneration, and water 

management.  

 

 
Figure 2. Emergent marsh habitat at the South Los Angeles Wetland Park. The site was previously a 
brownfield. The wetland park addresses issues such as e.g. biodiversity loss and water management 
by introducing habitats and reducing the introduction of pollutants from urban runoff to the receiving 
waters and decreased water flow from storm water. Photo: Melissa Maxter. 

3.4. Urban Societal Challenges  

NBSs can be utilized to target various challenges societies are facing today (Raymond 

et al., 2017). NBSs which target addressing the challenges (individually or jointly) not 

only address the challenge(s) but at the same time they help to increase climate 

resilience in urban areas. In this section the USCs climate adaptation and resilience, 

water management, green space management, air quality, urban regeneration, public 

health and wellbeing, and potential for new economic opportunities and green jobs 

(cf. EC, 2015; Raymond et al., 2017) are presented. 



Maxter, M. (2018). Sustainable Urban Development – Development option using nature-based solutions 

10 

 

3.4.1. Climate Adaptation and Resilience 

The impacts of climate change affect our environment and society, which are adapted 

to and built for a certain kind of climate. Within the environmental sphere, various 

factors, such as physiology, species interactions, ecosystem services and population 

dynamics will all be affected by the expected changes in precipitation, temperature, 

extreme events and increased CO2 levels (Bellard, Bertelsmeier, Leadley, Thuiller & 

Courchamp, 2012). Within the societal sphere, climate adaptation entails adjustment 

by implementing measures to adapt society to the climate changes already evident 

today and expected effects of the future (Field, et al. 2014). “In human systems, 

adaptation seeks to moderate or avoid harm or exploit beneficial opportunities. In 

some natural systems, human intervention may facilitate adjustment to expected 

climate and its effects” (Field et al., 2014, p. 40). 

A society is vulnerable when it is sensitive, susceptible to or cannot cope with 

negative impacts of climate change (Field, et al. 2014). Such impacts include e.g. 

increased precipitation, biodiversity loss, and increasing temperatures (EC, 2015; 

Raymond et al., 2017). A decrease in biodiversity weakens ecosystem services on 

which humans depend, thus also weakening our resilience (Kabisch, Korn, Stadler & 

Bonn, 2017).  

Enzi, et al (2017) note that it is not only the amount of precipitation that changes 

with climate change, but also to changes in the patterns of rainfall:  

 

Rainwater falls more heavily and in more concentrated time periods, with 

months of drought between. So even though our urban environments receive a 

high level of heavy precipitation, it is drained away very effectively, requiring 

compensatory activity such as irrigation technology for urban vegetation 

during times of drought. (Enzi et al., 2017, p. 165) 

 

The European Environment Agency (EEA) (2017) states that cities’ vulnerability 

to climate change is dependent on various factors. These include densification, 

property development, economic values such as infrastructure and various services, 

and the proportion of elderly people, who are more sensitive to e.g. heat waves and 

associated urban heat islands (UHI). To increase resilience, societies need to adapt 

(Field, et al. 2014). 

Adaptation can be an elusive business: not knowing what the exact effects will 

be, when and where they will occur, and which technologies will be available, creates 

insecurities of how to adapt (Hall, Lund & Rummukainen, 2015). But as the EEA (2017) 

points out: Not adapting to the impacts will bring costs from e.g. damaged ecosystems, 

infrastructure and property, as well as ill health. To combine insecurity with necessity, 

flexible, adjustable solutions are required, and the solutions themselves need to be 

adaptable in order to meet new demands or make use of new knowledge (Hall et al., 
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2015). SMHI (2014) notes that some planning processes are increasingly integrating 

climate adaptation measures and highlights that adaptation done together with other 

development activities can generate greater benefits than when implemented in 

solitude.  

3.4.1.1. Heat Waves and Urban Heat Islands 

The expected extreme temperatures and heat waves (cf. Field et al., 2014; SMHI, 2012) 

can be intensified by contemporary urban form, increasing the risks and effects 

associated with elevated temperatures on human health (Raymond et al., 2017) as well 

as biodiversity (Kabisch et al., 2016). The urban heat island is when the temperature in 

cities is noticeably higher compared to the directly surrounding countryside 

(Mohajerani, Bakaric & Jeffrey-Bailey, 2017). The air temperature in an urban city can 

be increased by 5 to 15° C due to the urban heat island effect (Santamouris, 2013, as 

referenced in Mohajerani et al., 2017).  

Urban heat islands are caused and affected by a variety of factors which 

subsequently impact urban heat island mitigation strategies. The factors include 

reduced vegetation and evapotranspiration in cities, increased anthropogenic heat 

production, surface properties (albedo, emissivity, and heat capacity), infrastructure 

geometry, and regional atmospheric and geographic conditions (Laaidi et al., 2012; 

Mohajerani et al., 2017; Stone, Hess & Frumkin, 2010). Areas with a prerequisite for the 

formation of urban heat islands have shown higher mortality rates during heat waves 

(cf. Gabriel & Endlicher, 2011; Laaidi et al., 2012; Lowe, 2016). Absorbing heat during 

day time, urban areas release the heat at night, preventing humans from recovering 

from the exposure to extreme heat during the day (Laaidi et al., 2012). This further 

exacerbates temperatures the following day if the heat sustains.  

3.4.2. Water Management  

Floods pose direct danger to humans and animals, but they can also damage 

infrastructure, crops, and the environment (MSB, 2013; MSB 2012; Hall et al., 2015). 

Swedish Civil Contingencies Agency (MSB) (2012) found that the most common cause 

of environmental damage in the event of floods is dispersion of pollutants from 

contaminated areas. During flooding contaminants from wastewater can transport 

and spread, and impair the quality of drinking water-, surface- and groundwater 

bodies, due to, inter alia, operational disturbances of treatment plants leading to the 

discharge of untreated wastewater (MSB, 2012). 

The increase of events with heavy rain caused by climate change are pricey, 

with a variety of direct and indirect, tangible and intangible, costs (MSB, 2010). Direct 

damages are e.g. material damages from flooded basements, indirect are e.g. 

production losses due to a flooded factory. Tangible damages are possible to measure 

in monetary terms, whereas intangible damages are not. Three major floods occurred 

in the larger Copenhagen area during the summers of 2010 and 2011, with estimated 

costs of 8 billion Danish kroner (9.4 billion SEK, present value for 2012) (Ramböll, 2013; 
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Carlander, 2016). The direct costs after heavy rain in Malmö 2014 are estimated at least 

600 million Swedish kronor, with most of the costs being from damages to buildings 

(Malmö Stad, 2016). The indirect costs include psychological impacts, e.g. from loss of 

property with affective, ecological, or historical value.  

MSB (2013) states that it is difficult to within a reasonable timeframe predict 

short-term convective precipitation events and implement solutions at short notice. 

Long-term, proactive and preventive measures are necessary to reduce vulnerability 

to extreme precipitation. It is the drainage capacity, e.g. of a storm water system, as 

well as the duration of the rain that affects whether or not problems will arise. Spread 

out over 24 hours, 20 mm of rain can be harmless. If the same amount falls in ten 

minutes the system will overload and the local effects can be catastrophic. The amount 

of paved areas, and by reducing infiltration, increasing surface runoff, and lowering 

the groundwater are factors of how urbanization influencing hydrological effects. The 

construction of sewer systems is another factor that affects the impacts of floods.  

3.4.3. Green Space Management 

Green Space Management refers to the management of green and blue spaces (such as 

parks, community gardens, meadows, sports fields and wetlands, including the 

incorporation of green and blue elements) (EC, 2015; Raymond et al., 2017). Green 

space management is a societal challenge in the sense that urban expansion often 

comes at the cost of decreased amount of green spaces, access to, or the quality of them 

(Kabisch et al., 2017; Jansson, 2014). A range of ecological (Elmqvist et al., 2015), social 

(Zhou & Parves Rana, 2012) and economic (Claus & Rousseau, 2012; Nieuwenhuis, 

Knight, Postmes, Haslam, & Brewer, 2014) benefits deriving from the natural or semi-

natural characteristics of green and blue spaces decline when such spaces are lost or 

reduced. Such benefits include e.g. the provision of recreational opportunities, storm 

water runoff mitigation, regulation of the microclimate, and increase in productivity 

(Claus & Rousseau, 2012; Zhou & Parves Rana, 2012; Nieuwenhuis et al., 2014; 

Elmqvist et al., 2015; Mullaney, Lucke & Trueman, 2015). This also applies to 

biodiversity, as green and blue spaces provide habitats, shelter and food (Mullaney et 

al., 2015). Due to the amount of green space being in decline, degradation of 

ecosystems, climate change, habitat loss, and to predatory or competitive species, 

biodiversity is under threat (Grimm et al., 2008). Human access to nature is already 

restricted by urban living, which makes us more exposed to hazards of urban 

environments, e.g. noise and air pollution (WHO, 2017). 

 Green space management furthermore suffers from institutional challenges 

resulting in political disregard, and in awareness of the benefits of green spaces and 

green space quality declining (Feltynowski et al., 2018). The management issues also 

exacerbate the management of biodiversity (Aronson et al., 2017).  
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3.4.4. Air Quality 

Air quality is decreasing due to the amount of pollutants and particles, such as 

suspended particulate matter (PM), NOx, O3, CO, and SO2 (Wright & Boorse, 2011). 

These derive mainly from the combustion of coal, gasoline and waste, and have direct 

consequences to human health, causing e.g. cardiovascular disease, cancer, and 

reduced lung function, and can also be damaging to plants and toxic to animals. 

Since 1990 travel activities and increasing car traffic in large and megacities 

have significantly increased various air pollutants (Weber, Haase, & Franck, 2014). In 

efforts to mitigate health issues and stay within recommended values and thresholds 

transport regulations, higher car standards in cities, and limits such as car free zones 

have been implemented. 

3.4.5. Urban Regeneration 

Urban regeneration projects target sustainable growth in urban areas in order to 

reverse the process of physical, social and economic deterioration, and aim to make 

use of an area’s economic potential and functional opportunities by improving factors 

such as existing spatial structure, the environment, economy and social conditions 

(Spaans, 2004; Yu & Kwon, 2011; Amirtahmasebi, Orloff, Wahba & Altman, 2016). 

There is an opportunity for projects to regenerate sustainably, and to ensure that goals 

of sustainability are reached the environmental, social and economic dimensions need 

to be implemented from the inception of the regeneration project and continuously 

monitored (Hemphill, Berry & McGreal, 2004; Laprise, Lufkin & Rey, 2015). By 

including environmental, social and economic aspects urban regeneration projects 

provide an opportunity to regenerate areas sustainably and address several other USC 

simultaneously (EC, 2015; Raymond et al., 2017).  

Projects for urban regeneration can target various components of the challenge, 

e.g. increasing climate resilience, environmental improvement and remediation, social 

justice, intensifying the use of the area, and increasing its attractiveness (EC, 2015). 

Urban regeneration can contribute to creating sustainable communities in various 

ways: remediation of polluted sites and water, increased environmental standards, 

open spaces and affordable housing (Amirtahmasebi et al., 2016). New activities can 

e.g. provide incomes in the shape of taxes and revenue and create new business 

opportunities. By focusing on decreasing fragmentation of the landscape, new green 

spaces can contribute to increased ecological connectivity and strengthened ecological 

functions (Nor, Corstanje, Harris, Grafius, & Siriwardena, 2017). 

 When regenerating urban areas attention also needs to be paid to ecological 

restoration such as soil contamination, as urban areas have been found to have soils 

negatively impacted by extensive use of transport and industrial activities, due to soil 

accumulating pollutants (Galitskova & Murzayeva, 2016). At typical industrial sites, 

heavy metals and polycyclic aromatic hydrocarbons were found to have accumulated 

in plants and surface soils (Sun, Liao, Yan, Zhu & Ma, 2014). Furthermore, soil 

contaminants such as cadmium, lead and organochlorides (e.g. PCBs) have been 
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reported in urban community gardens (Armstrong, 2000). Contaminants can transport 

and spread from contaminated areas during flooding events, due to older sediments 

being stirred up by the erosive activities (Stachel et al., 2007).  

The Swedish environmental protection agency has developed target values (not 

legally binding) for contaminated land based on what the land is expected to be used 

for, by whom and to which extent (Naturvårdsverket, 2009). There are two types of 

land uses: sensitive land use (känslig markanvändning, KM, freely translated), and less 

sensitive land use (mindre känslig markanvändning, MKM, freely translated). The target 

values consider four protective objects; people who stay in the area, the area’s soil 

environment, surface water, and groundwater. Sensitive land use (SLU) is defined as 

suitable for e.g. schools, agricultural land and housing (ibid.). In this case the quality 

of the ground is not restrictive to its usage. A majority of ecosystems and water bodies 

in the ground are protected and children, adults and seniors can reside in the area 

permanently. Less sensitive land use (LSLU) is defined as suitable for e.g. roads, 

offices, and industries, with the quality of the ground restricting its usage (ibid.). 

Presumably the exposed groups are persons operating in the area during work hours 

or seniors and children visiting temporarily. Groundwater at a distance of 200m and 

surface waters are protected, and the quality of the ground is high enough to provide 

soil functions such as the establishment of vegetation and that animals can reside in 

the area temporarily. A third level of land use is hazardous waste (farligt avfall, freely 

translated), with recommended target values for masses that should be classified as 

hazardous waste (Avfall Sverige 2007, as referred to in SWECO, 2016b). 

An important source of noise exposure, and related negative effects on health, 

is urban traffic (WHO, 2013). Noise can affect stress hormone levels (Sørensen et al., 

2013), cardiovascular diseases (Eriksson, Nilsson, Stenkvist, Bellander & Pershagen, 

2012; Xie & Kang, 2009), learning capacity, concentration and memory (Van Kempen 

et al., 2012) and cause sleep deprivation and make people irritated (Kim et al., 2012; 

Tiesler et al., 2013). General annoyance is connected to the physical environmental 

qualities of courtyards as well as the exposure to noise (Gidlöf-Gunnarsson & 

Öhrström, 2010). Wildlife is also affected by urban noise: birds, for example, have their 

abilities to defend their territory and attract mates negatively affected by noise 

(Slabbekoorn & Ripmeester, 2008). It furthermore masks the arrival of predators and 

alarm calls, and other acoustic signals, and causes the birds stress. 

The public sector seldom implements urban regeneration projects by itself, due 

to the necessity of large financial resources (Amirtahmasebi et al., 2016). Still, the 

private sector’s participation is a crucial success factor in the regeneration of 

underutilized urban land. Sustainability of the efforts can only be ensured with the 

investment and support from community and businesses, even if necessary resources 

for urban regeneration could be provided by the government. 

3.4.6. Public Health and Wellbeing 

Cities’ environments play a significant role in shaping the health, wellbeing, and 

lifestyles of its residents (Barton & Grant, 2006; Sarkar & Webster, 2017). Urban 
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environments and increased mortality rates have been associated due to a range of 

factors, e.g. inactive lifestyles, increased exposure to thermal and noise pollution, and 

stressors in the air (Mueller, et al., 2017). Living in an area with high density traffic has 

been found to increase the risk of e.g. atrial fibrillation (Monrad et al., 2017) as well as 

infant mortality (Knittel, Miller & Sanders, 2016). 

Human health and well-being are positively affected in a variety of ways by 

green spaces and other elements of the natural environment (Naeem et al., 2015; Barton 

& Grant, 2006: Hartig, Mitchell, de Vries & Frumkin, 2014). Such elements include 

biodiversity, climate and ecosystems, as well as the ecosystem services they provide, 

for example noise reduction and heat regulation. Studies have identified numerous 

positive effects on health associated with green and blue elements: Grahn and 

Stigsdotter’s (2003) result, for example, indicate that visits to urban open green spaces 

results in fewer reports of stress-related illnesses. Hartig, Evans, Jamner, Davis & 

Gärling (2003) found that diastolic blood pressure decreased more rapidly in a room 

with a tree view. Other health benefits include strengthened immune system (Rook, 

2013), improved mental health (Hartig et al., 2014; Sarkar, Webster, & Gallacher, 2018), 

and reduced depression (Bratman, Daily, Levy, & Gross, 2015). 

Urban green spaces can have negative health effects as well, such as allergic 

reactions (Cariñanos, Casares-Porcel & Quesada-Rubio, 2014), introduce vector or host 

organisms of infectious pathogens, and create habitats for mosquitoes (Lõhmus & 

Balbus, 2015). By adequately designing and managing green and blue infrastructure, 

such potentially harmful effects can be addressed and the full potential of urban green 

spaces for health promotion can be achieved.  

3.4.7. Economic Opportunities and Green Jobs 

In the limelight of international climate change negotiations are topics such as green 

growth, renewable energy and creating jobs (Zsyman et al., 2012). While Eurostat 

(2018) estimates that in the EU in January 2018, almost 18 million women and men 

were unemployed, there is an opportunity to create both low-skill, entry-level, as well 

as high-skill, higher-paid green jobs by investing in NBSs and green infrastructure 

(Apollo Alliance, 2008; Saraev, 2012; Falxa‐Raymond, Svenden & Campbell, 2013). The 

economic opportunities and benefits of NBS are plentiful: green walls can provide 

energy savings in buildings (Coma et al., 2017), green areas in urban environments 

increase the value of real estate in the area, promote business locations, tourism and 

visits, and generate cost savings for government by utilizing environmental and health 

benefits (BOP Consulting, 2013). Soares et al (2011) found that the trees in their study 

provide services valued at $8.4 million annually, with $1.9 million spent on 

maintenance. Ecosystem services focusing on local pollution removal, regulating 

water flows, carbon sequestration and storage, climate regulation, and aesthetics, 

recreation and other amenities in urban areas have been shown to result in monetary 

benefits ranging between US$ 3212 and 17 772 per ha per year (Elmqvist, et al. 2015). 

Wan, Lei, and Chen (2016) found their phytoremediation project focusing on lead, 
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cadmium and arsenic proved to be highly efficient and with costs lower than those of 

other technologies for remediation  

By addressing the challenges outlined in the previous sections, NBSs have the 

ability to reduce costs acquired by governments (cf. Raymond et al., 2017). 

Furthermore, as they can address a variety of societal challenges simultaneously they 

are able to provide a number of indirect economic benefits to society as well (Raymond 

et al., 2017). 

3.5. Gåsebäck’s Background 

Gåsebäck lies just south of Helsingborg’s city centre, and about 1 kilometre west of 

Öresund. The area is central and although surrounded by traffic routes and railway 

tracks it has an attractive location in the city (Helsingborgs Stad, 2015). Having been 

an industrial area since the 1860s, the current zoning plans still specify the area to be 

used for industrial purposes. Gåsebäck is included in a long-term urban renewal 

project in Helsingborg, called H+, but a structural change from industrial area to mixed 

city began when service companies started to move in to the area during the 1980s. 

Today Gåsebäck hosts a variety of organisations, and property- and business owners. 

The special infrastructure, variety in businesses and multitude of activities operating 

in Gåsebäck create a rare mosaic-like character and add to and strengthen Gåsebäck’s 

sense of identity. This unique character seems especially appealing to younger 

entrepreneurs and people engaging in various creative activities, e.g. musicians, 

filmmakers, designers, and artists. Gåsebäck is the home to a music house and many 

other culture clubs, office spaces, a community centre and more (ibid).  

3.5.1. Block Italien 

In the north-western corner of Gåsebäck lies Block Italien, 5 hectares large. Here lie, 

among other things, open social services for adults, an old fire station, and next to it a 

large lawn previously used as a soccer field (Helsingborg, 2015). All of the property 

on this block is owned by the city of Helsingborg and within the block are tenants with 

various activities, including the city itself.  

Block Italien first came into use in the beginning of 1870 when a plot was leased, 

and a kerosene warehouse was established (Helsingborg, 2014). The activities in the 

block have varied since then. It once housed a rail guardhouse and the kerosene 

warehouse turned into a warehouse for petroleum, which turned into a factory for 

making fertilizers from faeces. The location was considered ideal for such inflammable 

activities, being in the outskirts of the city. Most of the older buildings in Block Italien 

were demolished during the 1960s and onward, and replaced with new ones (Engvall 

& Olofsson, 2015). The fire station, built 1940, is no longer in use and there are plans 

for the fire station to also be demolished. Below is a picture showing block Italien 

today, with the old fire station above to the left as well as various low-rise buildings 

and storage areas. 
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Figure 3. View of Block Italien from the south. The area mainly consists of low-rise buildings and storage 
areas, as well as an old fire station. Photo: Google Maps.  

 

4. Results 

4.1. What Are Some Requests and Needs of the Community Members 

Operating in the Area? 

The interview participants (2018) expressed great concern that Gåsebäck would be 

demolished and rebuilt instead of keeping the characteristic buildings and 

maintaining the area’s special identity. The wish is to see Gåsebäck keep its original 

buildings and transform into the cultural and musical centre point of Helsingborg. 

Desired are events such as music and street-art festivals, and services such as market 

halls, music cafés, handicraft shops, food courts, bars and cafés in the various 

buildings. Using the vacant venues for pop-up shops were mentioned as a great 

opportunity to stimulate local businesses and provide people a chance to test their 

business ideas, and the fire station was suggested to be used as a hostel and food hall 

(Interview participant Z, 2018). 

Restoring the brook of Gåsebäck, which runs underground today, was 

mentioned as a possibility for increasing blue features (Interview participant Z, 2018). 

Also mentioned was the desire to raise environmental awareness throughout the area. 
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Suggestions were making it a car free neighbourhood, focusing on social cohesion and 

co-creation rather than on consumption, and increasing green features by planting 

meadow flowers in the grass patches by a pedestrian underpass (see figures 8 and 9 in 

appendix A) and in general increase the amount of green features (Personal 

communications, 2018).  

The interview participants expressed some concern about soil pollutants in 

Gåsebäck as well as the need to increase the feeling of security (Personal 

communications, 2018). Making the area more appealing was expected to attract 

people, which would increase the sense of security in the area (Interview participant 

Z, 2018). 

4.2. What Are Some Urban Societal Challenges in the Local Area? 

The annual mean temperature is expected to reach over 11°C at the end of the century, 

on average, however with high variation in between years as in the next decades 

relatively cold years may occur (SMHI, 2012). At the end of the century annual average 

temperatures between 8° C - 14°C may occur (compared to reference period 1961-1991 

during which annual average temperature was 7°C) (ibid). The yearly mean 

precipitation is calculated to a 15% increase (Helsingborgs Stad, 2012). 

The number of periods of 5 or more consecutive days during which the daily 

mean temperature exceeds 20°C are defined as warm periods (SMHI, 2012). There are 

no 5-day periods in today’s climate when the daily average temperature exceeds 20°C. 

About 5,5-7 such periods per year are expected in Helsingborg at the end of the century 

(during 2069-2098) (ibid.), with extreme values of +35° C or higher (Helsingborgs Stad, 

2012). 

Similarly, extreme precipitation events are also expected to become more 

common. Annual precipitation is expected to increase from 805 mm (during 1991-2010) 

to 955 mm per year at the end of the century (SMHI, 2012). Each year's maximum 

rainfall is the base for the statistical analysis of extreme values as extreme short-term 

precipitation have naturally a strong variation. Extreme short-term precipitation 

events lasting 30 minutes with a recurrence of 10 years are calculated to increase by 

11% on average by year 2040 and by 30% by 2100. 

SWECO (2016a) found that large portions of Helsingborg are at risk for great 

damages caused by heavy rains. SWECO recommends that buildings in flood-

sensitive areas should be adapted to be able to withstand some flooding. This 

adaptation strategy is also recommended for the planned H+ area in which Gåsebäck 

is included. Water below Landborgen, a steep abrasion slope running through 

Helsingborg slightly intercepted from the coast of Öresund, should be directed to the 

sea as quickly and securely as possible in events of extreme precipitation. (ibid.) 

The city of Helsingborg states that it recognizes the increased health risks for 

vulnerable groups and within health care resulting from the increasing temperatures 

(Helsingborgs Stad, 2012). Another risk is that of contamination of drinking water, e.g. 

by sewerage systems overflowing, entailing possibly large consequences during 
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flooding. Furthermore, Gåsebäck is considered an item worth protecting as some 

environmentally hazardous activities and contaminated sites can be prone to flooding, 

risking human and environmental health.  

Also expressed is loss of biodiversity, heat stress on parks, and the need to 

preserve existing green spaces (ibid.). Adapting to climate change is stated as 

profitable in themselves, compared to the business-as-usual scenario, but also for the 

co-benefits of recreational opportunities, such as green areas and water elements, 

which arise from the adaptation measures.  

Helsingborg aims to regenerate Gåsebäck (Helsingborgs Stad, 2015). A property 

owner in the area had previously expressed the wish for increasing the area’s 

attractiveness and the ability to build housing, and there is an interest for developing 

real estate into offices and education facilities. Parallel to the regeneration target is the 

goal to succeedingly increase the amount of green spaces and connections in Gåsebäck 

to larger green landscapes (Helsingborgs Stad, 2015). This is to meet the needs of urban 

recreational sites (ibid.), as only 20% of the land area in and adjacent to urban 

Helsingborg is green areas (Helsingborgs Stad, 2012). Gåsebäck is mainly asphalted 

and most of the greenery is in the shape of brownfields, streets aligned with trees, and 

a green area which protects against the larger highway passing Gåsebäck and acts as 

a green corridor for some plants and animals. It is suggested that the brook of 

Gåsebäck be restored in correlation with a planned “blue-green trail”. 

The ground in Gåsebäck is contaminated from previous and current activities 

which can affect human health and the environment (Helsingborgs Stad, 2015). It is 

furthermore recognized that the ground needs remediation. 

SWECO (2016b) conducted a survey with soil and groundwater samples and 

the results showed a diverse contamination picture for the area. The levels of 

contaminants in the soil, with concentrations above the target values, were in a few 

cases considered related to historical activities. Oil pollution was detected by buried 

cisterns, and at the site which used to host warehouses for kerosene and petroleum, 

and which later turned into a fertilizer factory, cadmium and lead were found. By the 

soccer field next to the old fire station, PFOS was detected in the groundwater. The 

contaminants were estimated to mainly be related to filling compounds. Other 

contaminants, with levels above the target values for less sensitive land use found in 

the soil tests were barium, quicksilver and PCB, all to a varying degree. (A complete 

overview of contaminants in block Italien is found in SWECO 2016b). 

Other industrial activities in Gåsebäck with impacts on human health, the 

surroundings and the environment include noise, dispersion of particles, odour and 

contaminants (Helsingborgs Stad, 2015). The daily average noise levels from rail and 

road traffic around Gåsebäck were measured to range between 50-69 dB(A) 

(Helsingborgs Stad, 2016). Some activities in the area require a permit, others do not, 

despite having environmental impacts, e.g. car services and car washes. Therefore, in 

order to improve the environmental quality continuous supervision by the city’s 

environmental administration is considered important (Helsingborgs Stad, 2015).  
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The old fire station in Gåsebäck was measured for noise levels for a conversion 

to refugee accommodations (Tyréns, 2017). Tyréns investigated current and expected 

traffic noise levels and at the facade towards Södervägen Leq 60 dB(A) were obtained 

and at the gable towards Malmöleden Leq 64 dB(A) were obtained. The traffic noise 

regulation states that for a residence of up to 35 m2 noise from rail- and road traffic at 

the residential building facade should not exceed Leq 65 dBA (SFS 2015:216). As the 

living spaces were about 20 m2 the traffic noise levels met the current target values 

(Tyréns, 2017). It was furthermore concluded that all indoor values can be contained 

in the future through the selection of exterior walls, windows, and possibly fresh air 

valves with the required sound insulation. 

The fire station found has previously been found to contain deviations 

regarding microbial status, light deviation regarding chemical emissions, and odour 

from wood protection (Anticimex, 2014). Information of the current situation was 

unavailable. 

Gåsebäck’s clear demarcation by the surrounding traffic routes and railway 

tracks creates a need to increase the feeling of security and for creating meeting places 

(Helsingborgs Stad, 2015). The general perception of the area is that it is desolate and 

truncated, which also reduces the sense of accessibility. The perception of accessibility 

however, differs between car drivers and cyclists. Car drivers have more limited 

entries and exits than pedestrians and cyclists, who therefore do not perceive Gåsebäck 

as inaccessible in the way that car drivers do.  

4.3. Categorization of the Results 

The topics raised in the interviews included maintaining the area’s identity, keeping 

the buildings instead of replacing them, making the area “greener”, and introducing 

various cultural events and services. The topics related to all three dimensions of 

sustainability: social, in particular in creating social cohesion and meeting places; 

environmental, in enhancing and restoring green and blue features, raising 

environmental awareness and remedying the ground; and economic, in introducing 

new opportunities for local businesses. Based on the results from the interviews the 

dominating USC according to the respondents is Urban regeneration. One of the 

participants highlighted the request to make Gåsebäck “greener” in particular. 

Although environmental components are integral in urban regeneration with a 

sustainability perspective, the respondent’s request or need to make Gåsebäck greener 

was in isolation from the urban regeneration challenge and corresponds more to USC 

green space management. As such, Green space management runs parallel to Urban 

regeneration, albeit to a lower degree. 

 Mainly featuring climate indexes precipitation, water flow (especially with 

regard to water dynamics) extreme rain, temperature, and droughts, the analysis of 

the report by SMHI (2012) showed the main USCs to be Climate adaptation and resilience, 

and Water management. Helsingborg is expecting these various effects of climate 

change and is especially preparing for impacts from flooding and increased pressure 
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on the sewage systems (cf. Helsingborgs Stad, 2012) which correspond to USCs Climate 

adaptation and resilience, as well as Water management. Other prominent topics were the 

awaited challenges extreme temperatures, loss of biodiversity, heat waves, and 

droughts, also corresponding to climate adaptation/resilience. Although present in the 

documents, the challenges Green space management and Public health and wellbeing were 

not as prominent. They are however still adjacent to the primary challenges in the 

sense that public health and wellbeing is at risk due to e.g. heatwaves and dispersion 

of contaminants, loss of biodiversity, and the added values green and blue elements 

contribute to. 

 Helsingborg states its objectives for Gåsebäck to be regeneration into a mixed 

city area with education possibilities, office space, commerce, various services and 

accommodation, and to increase the amount of green spaces and ecologic connectivity 

(Helsingborgs Stad, 2015). However, as seen in the results, the contamination level 

requirements in Gåsebäck do not meet those for e.g. school and housing purposes and 

the sense of defragmentation creates a feeling of insecurity. Furthermore, the 

prerequisites for increased biodiversity, delaying storm water, air purification, and 

climate alleviation are considered poor due to the large amount of asphalted land in 

Gåsebäck. The overall and specific topics of the pilot study for Gåsebäck makes Urban 

Regeneration the main challenge, and as in the interviews, all three sustainability 

dimensions are visible throughout the subjects. Contiguous USCs are Green space 

management, Air quality, and Public health and wellbeing. The challenge lays in particular 

in some components of urban regeneration: soil remediation to prepare the area for 

sensitive land use, sustainable growth with local business development, 

environmental improvement by enhancing the green and blue features, air quality, 

accessibility and attractiveness for the sense of security, and improving existing spatial 

structure by abating noise levels for acoustic comfort.  

The thematic analysis of the results showed that USC Urban regeneration is the 

overarching aim of the project, with contiguous and integral challenges being Climate 

adaptation and resilience, Water management, and Green space management, as shown in 

figure 4. 
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Figure 4. Illustration of the results. The results showed that urban regeneration is the overarching urban 
societal challenge with climate adaptation, water management, and green space management as 
integral challenges. 

 

4.4. Nature-based Solutions Addressing the Identified Urban Societal 

Challenges 

The identified challenges that possible NBSs could address in block Italien are Urban 

regeneration, Climate adaptation and resilience, Water management, and Green space 

management. The NBSs that were largely identified and mainly based on Raymond et 

al (2017) and EC (2015), and which may address the identified USCs and regenerate 

the area are presented concisely in table 1 below. Table 2 shows the nature-based 

solutions and suggests the relevant components they can address. 

 
Table 1 Table of the urban societal challenges, their relevant components, and nature-based solutions 
to address the challenges 

Relevant components of Urban regeneration NBSs to address the components 

Soil remediation Bioremediation: phytoremediation, 

mycoremediation. 

Air quality Street trees, green walls. Protect and create 

urban green spaces to absorb gaseous pollutants 

and trap particulates. Plant trees alongside roads 
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to trap particles.  

Acoustic comfort Increase number of urban trees and bushes 

between roads and houses. Install green walls and 

pocket parks. 

 

Relevant components of Climate adaptation 

and resilience 

NBSs to address the components 

Increased precipitation Increase number of permeable surfaces, and 

encourage interception of rainfall using urban 

trees, pockets parks, green roofs, green walls 

Extreme rainfall events Sustainable urban drainage systems (SuDS) e.g. 

permeable surfaces, rain gardens (as well as 

other bioretention systems), and collection and 

interception of rainfall using vegetation such as 

trees and green roofs 

Increasing temperatures Increase shading and evapotranspiration: urban 

trees, pockets parks, green roofs, green walls 

Droughts/Heatwaves Increase shading and evapotranspiration using 

urban trees, green walls, green roofs. Allow 

water retention with rain gardens and ground 

infiltration to increase drought tolerance, de-

culvertation 

Biodiversity loss Increase amount of green and blue elements, e.g. 

urban trees, pockets parks, green roofs, green 

walls, rain gardens, and de-culvertation of the 

brook of Gåsebäck. Conserve, improve and 

maintain existing green areas. Create, enlarge, fit 

out, connect and improve green and blue 

infrastructure. 

 

Relevant components of Water management NBSs to address the components 

Increased precipitation SuDS (presented in 4.6.2 Climate adaptation) 

Extreme rainfall events SuDS (presented in 4.6.2 Climate adaptation) 

 

Relevant components of Green space 

management 

NBSs to address the components 

Increase attractiveness and improve human 

wellbeing with green areas 

Create parks, and pockets parks, and roadside 

greenery along streets or rail tracks 
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 Soil remediation Mycoremediation and phytoremediation  

Increase attractiveness and improve human 

wellbeing with blue areas 

De-culvertation of the brook of Gåsebäck. Install 

larger raingardens. Incorporate blue elements in 

the green space design 

Biodiversity loss Increase amount of green and blue areas, e.g. 

pockets parks, larger rain gardens, de-

culvertation of the brook of Gåsebäck. Conserve, 

improve, enlarge, maintain and connect existing 

green and blue areas 

Increase attractiveness to increase sense of 

security 

Pockets parks, green roofs, green walls, flower 

beds 
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Table 2 The table shows the nature-based solutions and suggests which of the relevant components they can address 

 Components the nature-based solution can address 

Nate-based 

solution 

Acoustic 

comfort 

Air 

quality 

Biodiversity 

loss 

Droughts/ 

Heatwave

s 

Extreme 

rainfall 

events 

Increase 

attractiveness 

Increasing 

precipitation 

Increasing 

temperatures 

Increase 

sense of 

security 

Soil 

remediation 

De-culvertation   X X X X X X X  

Flower beds   X   X X  X  

Green roofs   X X X X X X X  

Green walls X X X X  X  X X  

Mycoremediation   X   X   X X 

Permeable surfaces   X X X X X X X  

Phytoremediation   X   X   X X 

Pocket parks X X X X X X X X X  

Rain gardens   X X X X X X X X 

Roadside greenery   X   X   X  

Street trees and 

bushes 
X X X X X X X X X  
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4.4.1. Urban Regeneration 

The relevant components of Urban regeneration in this case are soil remediation to 

restore ecosystems and prepare the area for sensitive land use, air quality, and abating 

noise for acoustic comfort. 

4.4.1.1. Soil Remediation 

Most of the industrial techniques used today to remedy soil from contaminations do 

not respect soil biodiversity or organic content of the soil, and are therefore not 

considered environmentally friendly (EC, 2015). A fruitful and sustainable strategy to 

restore degraded land-based ecosystems, and to thus recover ecosystem services 

which they provide, are NBSs which make use of natural material and energy flows 

(Keesstra et al., 2018), avoiding transportation of the soil to storage places and energy 

intensive treatment plants (EC, 2015.). To remedy the contaminated soils of block 

Italien, phytoremediation and mycoremediation can be viable options (cf. EC, 2015; 

Raymond et al., 2017; Kabisch et al., 2017). 

To remove, stabilize, or degrade inorganic and organic contaminants, 

phytoremediation technologies, which use vegetation and associated microbial 

communities, can be implemented (Ansari, Gill, Gill, Lanza & Newman, 2015). 

Addressed contaminants include e.g. hydrocarbons, heavy metals, and PAHs. 

Remediation processes include phytoextraction, phytoimmobilization, 

phytostabilization, phytovolatilization, and rhizofiltration (Magdziak, Gąsecka, 

Goliński & Mleczek, 2015). Magdziak et al. (2015) state that because of the process of 

metal translocating to shoots, thus directing the bioconcentration above ground, 

phytoextraction is the most crucial technique for phytoremediation. The physical traits 

of the plants and environmental factors, such as water, contaminants, rhizospheric 

microorganisms, animals (such as earthworms) and soil type, highly affect the 

efficiency of phytoremediation. Therefore, the selection of plants used in 

phytoremediation is crucial, as well as determining environmental characteristics. 

Some fungi have the ability to biodegrade highly toxic and uncontrollable 

molecules (EC, 2015). Mycoremediation of soil uses this ability to restore and 

rehabilitate polluted soils, after which the fungal biomass is recycled. A wide range of 

organic pollutants are metabolized by fungi, mostly fungi belonging to the phyla 

Ascomycota and Basidiomycota, as well as mucoromycotina, which is a subphylum 

(Harms, Schlosser & Wick, 2011). Degraded or metabolized pollutants include 

benzene, PAHs, lead, copper, aliphatic hydrocarbons, petroleum hydrocarbons, 

aromatic hydrocarbons, zinc and xylene (all found in the soil analysis of block Italien, 

author’s note). As for phytoremediation, determining environmental characteristics 

and the physical traits of the fungi are extremely important when utilizing 

mycoremediation. 

For example, the soil of the former soccer field by the fire station is 

contaminated with PFOS. PFOS cause concern because they are non-volatile, water 
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soluble and persistent in the environment due to their physiochemical properties 

(Kucharzyk, Darlington, Benotti, Deeb & Hawley, 2017). It was concluded that 

bioremediation using fungal degradation had promising effects.  

4.4.1.2. Air Quality 

The proposed NBSs to address the component air quality are street trees, green walls, 

and protection and creation of urban green spaces to remove air pollutants (cf. EC, 

2015; Raymond et al., 2017). 

Vegetation has the ability to remove pollutants in numerous ways (Xing, et al., 

2017). For example, by depositing and by affecting dilution and physical transport of 

polluted air vegetation, leaves in particular, has been found to remove air pollutants 

and increase the quality of the air (Salmond et al., 2013; Janhall, 2015; Klingberg et al., 

2017). When gas molecules and airborne particles pass close to a surface they can be 

deposited by the surface, such as leaves; dispersion depends on dilution and 

transportation of air pollutants (Janhall, 2015). Both deposition and dispersion are 

affected by the density of the vegetation, as well as its height and location. For 

example, low vegetation, or vegetation close to the surface allows emissions to be 

diluted with clean air above the vegetation, and vegetation close to the source allows 

for greater deposition due to its proximity to emission sources. Furthermore, gaseous 

pollutants are absorbed through plants’ stomata, and certain organic compounds can 

be broken down in their tissue or in the soil (Xing et al., 2017). In general, there is a 

distance between traffic emissions and parks which allows for dilution of emissions 

before people get exposed, while the vegetation deposits the emissions (Yin et al., 2011; 

Cohen, Potchter, & Schnell, 2014). Ventilation through vertical mixing, i.e. the upward 

movement of air, can be increased by the surface roughness of vegetation (Oke, 1987, 

as referred to in Klingberg et al., 2017). Janhall (2015) states that it is important to dilute 

emissions with clean air, and high vegetation should be “solid enough to allow the air 

to pass close to the surface” (p. 135) yet “porous enough to let the air through” (ibid). 

A trade-off of trees is that they produce pollen (EC, 2015) and that they can 

produce biogenic volatile organic compounds (BVOC) (Curtis, Helmig, Baroch, Daly 

& Davis, 2014), meaning that the type of trees planted also need to be taken into 

consideration when implementing this NBS. The air temperature can however also be 

reduced by vegetation (Wang, Bakker, Groot, Wortche, & Leemans, 2015) which in 

turn reduces BVOC-emissions and impedes ozone and other secondary pollutants 

from arising (Calfapietra et al., 2013). 

4.4.1.3. Abatement of noise for acoustic comfort 

To abate noise and increase acoustic comfort the number of urban trees and bushes 

between roads and houses can be increased, and green walls can be installed (cf. EC, 

2015; Raymond et al., 2017; Kabisch et al., 2017). 

Due to their sound insulation attributes, urban vegetation is often used to 

reduce noise in cities (Xing et al., 2017). Green walls have been found to have a 
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weighted sound absorption coefficient of 0.40 dB, and 15 dB as weighted sound 

reduction index (Azkorra et al., 2015). The sound absorption effect of twigs, branches, 

and stems is between 0,5-2 kHZ (in the mid frequency range), while about 1 kHz (high 

frequency) for leaves (Martens, 1980, as referred in Klingberg et al., 2017).  

Xing et al. (2017) note that there are other factors than sound levels that create 

acoustic discomfort or annoyance. Such factors include distance, source, control, 

context, and temporariness.  

4.4.2. Climate Adaptation 

Relevant components of Climate adaptation and resilience are increased precipitation, 

extreme rainfall events causing flooding and increased pressure on sewerage systems, 

increased temperature, droughts/heat waves, and biodiversity loss (cf. EC, 2015; 

Raymond et al., 2017). Cities’ resilience to climate change can be strengthened by e.g. 

increased use of ecosystem services and green infrastructure, as well as improved 

urban planning and urban management (EEA, 2017). 

4.4.2.1. Increased precipitation and extreme rainfall events 

To address the increased amount of precipitation and extreme rainfall events caused 

by climate change, sustainable urban drainage systems (SuDSs) and de-culverting 

waterbodies offer favourable options (cf. EC, 2015; Raymond et al., 2017; Kabisch et 

al., 2017). SuDSs include e.g. permeable surfaces, rain gardens (as well as other 

bioretention systems), and collection and interception of rainfall using vegetation such 

as trees and green roofs. Examples of SuDSs are provided below. 

SuDSs aim to mimic nature and are gaining popularity as technologies to 

increase the level of drainage, and delay and reduce the amount of storm water that 

needs diversion to water management systems (Davis & Naumann, 2017). They are a 

sustainable and efficient complement to reduce the burden on grey (traditional) 

infrastructure for storm water management (Morrison, Shuster & Webb, 2008). 

Examples of SuDSs are trees which capture and intercept rainwater, green roofs which 

reduce surface runoff, permeable surfaces which collect and transfer runoff which then 

infiltrates the soil, and bioretention systems such as rain gardens (Woods Ballard et al., 

2015). 

It is through their abilities of transpiration, facilitating infiltration, canopy 

interception loss and in relation to other green infrastructure technologies trees 

effectively reduce runoff from storm water (Woods Ballard et al., 2015; Berland et al., 

2017). As SuDSs for managing water quantities trees as standalones can collect and 

slow down runoff in the pits they stand in (Woods Ballard et al., 2015). On their stems 

and leaves, for example, tree canopies intercept and store water, which later 

evaporates (Armson, Stringer & Ennos, 2013; Woods Ballard et al., 2015; Berland et al., 

2017). Trees, through interception, together with their pits, through infiltration, have 

been found to reduce surface runoff from asphalt by 62%. To reach optimum delivery 

of objectives, such as hydraulic or biodiversity, trees should be chosen based on the 
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intended site’s characteristics (Woods Ballard et al., 2015). Trees are not intended for 

managing large water quantities, e.g. from large sub-catchment channels, but for the 

local area’s surface water runoff. 

Traditional storm water systems can be helped from overflowing thanks to 

green roofs, as these entrap and reduce runoff slowly over longer time periods (Rowe, 

2011). The entrapped water evaporates, and the urban climate cycle is subsequently 

re-entered (Enzi et al., 2017). Green roofs can either be extensive or intensive (Woods 

Ballard et al., 2015). Extensive green roofs use plants that are drought tolerant, low 

maintenance (such as grasses, herbs, mosses and succulents), hardy and slow growing, 

and cover the whole roof area. Intensive green roofs consist of a more complex 

landscape design, are easy to access, require low to high maintenance, and use plants 

such as trees, shrubs, and grasses. In general, depending on characteristics such as 

green roof system, roof slope, substrate depth and composition, and plant species, the 

reduction in runoff by green roofs ranges between 50-100%. Fioretti, Palla, Lanza, and 

Principi (2010) found that the amount of storm water runoff can be significantly 

mitigated by green roofs. A semi-intensive green roof was found to be able to hold up 

to 137 l/m2 (Enzi et al., 2017). 

There is a wide range of permeable surfaces for storm water management using 

nature-based solutions (c.f. Imran, Akib, & Karim, 2013; Woods Ballard et al., 2015). 

Pervious pavements allow for infiltration of fluids such as rainwater and surface 

runoff while providing pavement for vehicular and/or pedestrian traffic (Woods 

Ballard et al., 2015). Before the fluid infiltrates into the ground, or is discharged under 

controlled manners, the fluid is stored temporarily underneath the surface of the 

pervious pavement, which can either be porous or permeable. Porous pavements 

allow fluids to infiltrate over their whole surface material, e.g. reinforced gravel or 

grass, or porous concrete or asphalt. Permeable pavements in themselves do not allow 

fluids to infiltrate through the material they consist of, but through the void spaces in 

between the modules. For their study, Liu, Chen and Peng (2014) selected four storm 

events: 1, 2, 5 and 10 year of recurrence intervals, with 24h rainfall of 45.6, 72.0, 115.2, 

and 158.3 mm, respectively. They found that runoff volumes decreased by 42-46,2% 

and peak flows decreased by 35,7%-37,9% by converting 50% of the impervious 

surfaces in their study into porous brick pavements. An integrated approach with 

several methods for runoff retention (expansion of green space, conversion to concave 

green space, construction of a runoff retention structure, and conversion to porous 

brick pavement) was the most efficient and could in total reduce runoff by 85%-100%. 

Yao, Chen, Wei and Sun (2015) found that the urban green space they studied retained 

97,9 million m3 excess surface runoff. Runoff retention would increase by more than 

30% if 11% more tree canopy was added to the site. The authors concluded that 

significant potential is offered by urban green space when it comes to mitigating 

surface runoff. In another experiment, Armson et al. (2013) found surface runoff from 

asphalt to be almost completely eliminated when utilizing only grass.  

Another option to target increased precipitation and flood risks are rain gardens 

or raised planters (cf. Woods Ballard et al., 2015). These are shallow basins with 
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vegetation which can retain and reduce storm water runoff. Raised planters are usually 

not used for infiltration purposes but to receive and filter runoff from adjacent roofs 

and collect it in an underdrain. Yang, Dick, Mccoy, Phelan and Grewal (2013) found 

rain gardens to be able to reduce runoff volume and peak flow for different 

precipitation events ranging from 0.3 to 180 mm, as well as effectively remove 

pollution under simulated urban runoff events. Rain gardens should be permeable, 

unless for issues such as groundwater protection (Woods Ballard et al., 2015). 

SuDSs reduce and slow down the amount of surface water runoff in an area 

which helps to minimize flooding downstream (Davis & Naumann, 2017). SuDSs come 

in many different forms, and the effectiveness and benefits of SuDSs depend on the 

site as well as the attributes of the installation or retrofit. Renaturing natural 

waterbodies, such as de-culverting the brook of Gåsebäck in this case, is also suggested 

as an NBS to reduce the risk of flooding, and increase water storage and infiltration 

(cf. Gibbons, 2016; Raymond et al., 2017). 

4.4.2.2. Increased temperature, droughts and heat waves 

To address and mitigate the predicted increased temperatures, droughts and heat 

waves stemming from climate change, increasing the amount of vegetated areas, 

preventing the loss of vegetation, increasing the amount of vegetation such as urban 

trees, pockets parks, green roofs, green walls, as well as de-culvertation and allowing 

water retention and ground infiltration through green spaces to increase drought 

tolerance, offer favourable solutions (cf. EC, 2015; Raymond et al., 2017; Kabisch et al., 

2017). The actions reduce local temperatures by increasing shading and 

evapotranspiration (or as Enzi et al., 2017, put it: the vegetation “sweats” and the 

added moisture to the air modifies humidity and temperature). Urban vegetation and 

trees can reduce heat related mortality and morbidity, as they provide climate 

regulation services (Chen et al., 2014). Apart from cooling its surroundings, vegetation 

cools itself as a leaf’s surface temperature does not exceed the temperature of the 

surrounding air (Enzi et al., 2017). Due to this very little sensible heat radiation is 

caused, compared to black and sheet metal roofs which on a hot summer day can reach 

over 80 °C. 

Parks and greenspaces are well known for their cooling effects (Lin & Lin, 2016; 

Bowler, Buyung-Ali, Knight & Pullin, 2010). The cooling effect varies with e.g. 

geography and climate. Bowler et al. (2010) found that parks are on average 0.94 °C 

cooler in the day than their surroundings. Lin and Lin (2016) measured parks to have 

an up to 2.72 °C cooling effect on urban heat islands, and also found that the cooling 

effect of parks depend on various attributes such as the size of the park, distribution, 

the number of parks, and park diversity. Grass surfaces were found to reduce 

maximum surface temperatures by up to 24°C but on local air or globe temperatures 

little effect was seen (Armson, Stringer & Ennos, 2012). 

Although parks are known to reduce temperatures and mitigate the UHI effect, 

for pocket parks, evapotranspiration and shading effects of greenery were found to 

not be as efficient at lowering air temperature as building’s shading effect seems to be 
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(Lau, Lin & Qin, 2012). However, Giridharan, Lau, Ganesan and Givoni (2008) found 

that daytime UHI effect could be reduced by 0.5 °C by increasing the tree cover by 15% 

in their studied area of pocket parks. 

Lee, Mayer and Chen (2016) found that trees mitigate human heat stress more 

effectively than just grasslands. The shade from trees have been found to reduce 

maximum surface temperatures by up to 19 °C and globe temperatures were reduced 

by 5-7 °C by tree shading (Armson et al., 2012).  

Dhakal and Hanaki (2002) found that by greening the areas around buildings, 

thus utilizing vegetation’s ability to e.g. modify albedo, specific heat capacity and 

evaporative efficiency, noon-time indoor air temperature was lowered by 0.47 °C. 

Also, by greening the surrounding area, direct solar radiation on walls was lowered 

from 600 W/m2 to less than 100 W/m2 (Papadakis, Tsamis, & Kyritsis, 2001). A building 

in Vienna was covered with a green wall of 850m2 and on a hot summer day the green 

wall was found to have the same cooling effect as 80 air conditioning units, each 

operating at 3000 Watts over an 8-hour time period (corresponding to 712 kWh) (Enzi 

et al., 2017). 

Cameron et al (2014) found that green walls can cool the adjacent air by 3°C and 

cool surfaces by 6,3°C - >7 °C. The difference was dependant on species, as different 

species have different cooling capacities as well as mechanisms for cooling. While 

some species promote evapotranspiration, others offer greater cooling effects via 

shading. This highlights the importance in species selection when aiming to maximize 

cooling by green walls. Pérez-Urrestarazu, Fernández-Cañero, Franco-Salas and Egea 

(2016) highlight that when selecting species for green walls factors such as 

microclimatic conditions, cultivation system, as well as sun exposure need to be 

considered. 

On the surrounding microclimate, green roofs have been found to have only a 

moderate effect (Alcazar, Olivieri, & Neila, 2016). Susca, Gaffin and Dell’osso (2011) 

found that between the most and the least vegetated areas they studied, green roofs 

can create an average of 2 °C temperature difference. Alcazar et al. (2016) found that 

when combined with vegetation at pedestrian level the contribution was greater. 

Covering the building envelope with vegetation (i.e. both green walls and roofs) could 

decrease the air temperature at roof level by up to 12,8°C on day-time average, and 

inside the urban canyon 9,1°C on day-time average (Alexandri & Jones, 2008). 

De-culverting is also stated to increase evapotranspiration and reduce the risks 

from UHI effects (Raymond et al., 2017; Gunawardena, Wells & Kershaw, 2017). It is 

the inherent properties and interactions with surrounding climatic conditions that 

determine water bodies’ or water courses’ abilities to alter surrounding temperatures 

(Gunawardena et al., 2017). Water bodies in general have a cooling effect on UHI effect 

but can have a warming effect at night. According to Gunawardena et al (2017) blue 

spaces together with green spaces however offer synergistic cooling effects, as well as 

other ecosystem services. Also, by taking advantage of dominant wind patterns 

multiple smaller green- and blue spaces have greater cooling effect than single large 

features.  
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4.4.2.3. Biodiversity loss 

Biodiversity entails the variety of living organisms, i.e. plants as well as animals, 

bacteria, etc (Xing et al., 2017). Creating urban habitats can help conserve a multitude 

of species and increase biodiversity (Benvenuti, 2014; Madre, Vergnes, Machon, & 

Clergeau, 2014; Enzi et al., 2017). NBSs to address biodiversity loss stemming from 

climate change include increasing amount of green and blue elements, e.g. urban trees, 

pockets parks, green roofs, green walls, SuDS, de-culvertation; conserving, improving, 

maintaining, enlarging, and connecting existing green and blue areas, as well as green 

and blue infrastructure (cf. EC, 2015; Raymond et al., 2017; Enzi et al., 2017).  

A variety of plant habitats (Madre et al., 2014; Enzi et al., 2017) as well as habitat 

functions for birds and insects are provided by e.g. green walls and roofs (Benvenuti, 

2014; Mann, 1994, as referred to in Enzi et al., 2017), meadow-like vegetation 

(Benvenuti, 2014; Bretzel et al., 2016), and trees and greenspaces (Whitford, Ennos, & 

Handley, 2001; Sandström, Angelstam & Mikusiński, 2006).  

As Xing et al. (2017) note: “Most of the unused space in towns and cities is on 

the exterior walls and roofs of buildings. One obvious way to instate green space in 

the urban environment therefore is to integrate vegetation with buildings” (p.3). 

Benvenuti (2014), for example, found green roofs with wildflowers to have both 

domestic and solitary bees, butterflies, bumblebees, and dipteras visiting, and that 

green roofs with wildflowers furthermore can act as green corridors. Green roofs and 

walls can also be used for specific biodiversity measures to e.g. replicate the ecological 

conditions found at the ground level (Enzi et al., 2017). 

Parks, pocket parks and other green spaces also promote biodiversity, 

particularly green spaces of larger sizes, high corridor connectivity, and large number 

of smaller patches (Forman, 1995, as referred to in Whitford et al., 2001; Strohbach, 

Lerman & Warren, 2013). The more evenly habitats are distributed, the higher is the 

biodiversity index (Whitford et al., 2001). Sandström et al (2006) found that to maintain 

high diversity in bird species in urban green spaces, it is important to have a sufficient 

amount of vegetation of different layers, large trees and other types of natural 

vegetation. Different types of animals require different types of landscapes (Brunbjerg 

et al., 2018). Hoverflies and bees were found by Brunbjerg et al. (2018) to increase in 

amount in smaller areas (100–250-m radius) with more vegetation cover. For birds, 

vegetation cover had very limited effect. Instead, birds in small areas (of 100m radius) 

seemed to respond the best to more tree cover, while birds in larger areas (1000m 

radius) responded the best to a higher variation in the height of tree canopies. 

Furthermore, there was more bat activity in areas of 500m radius which had more 

vegetation cover, but less activity in areas of the same scale with more tree cover. 

Meadow-like vegetation attracts birds, small vertebrates and insects by 

providing food and habitat (Bretzel et al., 2016). Wildflowers have an ability to tolerate 

nutrient poor soils, which makes them good candidates for planting in urban 

environments to increase urban biodiversity. SuDSs and blue elements also provide 

valuable resources which support biodiversity, such as water, food, and habitat, and 
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as seen with green spaces, connectivity with other habitats increases biodiversity even 

further (Woods Ballard et al., 2015).  

4.4.3. Water Management 

Relevant components of Water management are increased precipitation, extreme rainfall 

events causing flooding and increased pressure on sewerage systems. Improved water 

management system is an intrinsic part of climate adaptation for Sweden (cf. SMHI 

2012; Helsingborgs Stad, 2012; SMHI 2014) and NBSs for these components were 

presented in section 4.6.2 Climate adaptation.  

4.4.4. Green Space Management 

NBSs to address the challenges of green space management include the components 

restoration of ecosystems, increasing the attractiveness with green and blue spaces, 

e.g. parks, pockets parks, SuDSs, and de-culvertation as well as conserving, 

improving, maintaining, enlarging and connecting existing green and blue spaces (cf. 

EC, 2015; Raymond et al., 2017; Enzi et al., 2017). The ability of vegetation to e.g. restore 

ecosystems through phyto- and bioremediation, address biodiversity loss, improve air 

quality, and to manage increasing temperatures and precipitation was discussed in 

previous sections. Therefore, the focus of this section is on green spaces as NBSs to 

increase attractiveness and improve human wellbeing.  

For a compact city’s sustainability, green spaces are a key ingredient (Jansson, 

2014). Green and blue spaces provide ecosystem services which contribute to 

sustainability and strengthened resilience in urban areas (Jansson, 2014; Badiu et al., 

2016). They have also been found to inspire people to become stewards of biodiversity 

and ecosystem services (Andersson et al., 2014).  

The attractiveness of urban areas is known to increase thanks to green spaces as 

these increase and strengthen components related to quality of life, such as safety, 

social interaction, attractive work and living space, and participation (Jansson, 2014). 

Environments that look well‐cared for deter criminality, cultivate social capital 

(Nassauer & Raskin, 2014), and can decrease violence (Bogar & Beyer, 2016). Especially 

management of the environment has been shown to be important to deter crime (Wolfe 

& Mennis, 2012):  

 

Here, the lack of maintenance over the environment can be seen as a signal that 

there is little or no surveillance over an area, that there is little or no social 

authority exerting control over an area, and that consequently deviant 

behaviour may be tolerated. Conversely, well-maintained vegetation sends the 

opposite signal – that there is a clear indication of social control. (Wolfe & 

Mennis, 2012, p. 120) 
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In general, people are more satisfied with the neighbourhood if they have green 

spaces in the vicinity (within 300 m) (Björk et al., 2008). Being able to view green 

elements from the window of your work space may increase work satisfaction as well 

as life quality (Dravigne, Waliczek, Lineberger & Zajicek, 2008). Being able to visit a 

green space while at work can create a positive workplace attitude and decrease stress 

levels (Lottrup, Grahn & Stigsdotter, 2013). Nordh and Østby (2012) found that pocket 

parks with natural components such as water features, a lot of grass and flowers, with 

spots for social meeting opportunities, and which are shielded from disturbing 

surroundings, have the highest likelihood of being the most restorative. Other positive 

elements of pocket parks have been found to be the presence of sun and shade, as well 

as varied and fascinating terrain (Kragsig Peschardt & Karlsson Stigsdotter, 2014). It 

was also important that benches and other elements with more restorative effects were 

further away from disturbing surroundings. Roadside vegetation (wild but primarily 

cultivated vegetation) have also been found important green spaces and to have 

positive effects on residents (Weber, Kowarik, & Säumel, 2013). Enhancing such green 

spaces could promote ecosystem services using areas which are not in conflict with 

other interests, such as for infrastructure. 

Vicinity, size, variety, maintenance, attractiveness, and possibility to engage in 

the development are qualities of green spaces that are considered the most valuable 

(Jansson, 2014). Jansson (2014) highlights that it is important to support the correct 

valuation of green spaces in order to prevent their value from being overlooked, which 

can lead to overexploitation in planning processes. The potential and benefits of green 

spaces increase with correct planning, design and management. 

 

4.5. Retrofitting the Nature-based Solutions to Block Italien 

Based on the needs, the identified NBSs can be retrofitted to block Italien in a variety 

of ways. Examples of how the identified NBSs can be retrofitted to block Italien is 

illustrated in figure 6.  
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Figure 5. Examples of how the identified nature-based solutions can be retrofitted to block Italien. The 
large plus-signs indicate additional spots for green roofs.  

 

4.6. Social, Economic and Environmental Co-benefits from the 

suggested Nature-based Solutions 

Depending on the goal of a project in which NBSs are planned to be utilized, the above 

presented benefits can be seen as co-benefits instead of direct benefits. This is 

demonstrated in figure 7. Several social benefits deriving from NBSs such as green 

infrastructure and green spaces were discussed in 4.6.4 Green space managements. Other 

co-benefits to these include on individual level e.g. recovery from stress, increased 

brain power, opportunities for social interaction (Jansson, 2014), improved 

concentration and mental control (Berman, Jonides & Kaplan, 2008), as well as, on 

community level, income from increased tax revenue and property development, and 

savings from e.g. avoided health-costs (c.f. Saraev, 2012). 
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Figure 6. An illustrative example of some connections between the main goal, nature-based solutions, 
benefits and co-benefits. 

 

Economic co-benefits of green infrastructure (Jansson, 2014) (e.g. green roofs, walls, 

bioremediation sites, street vegetation) and green space include that green jobs related 

to construction and maintenance are created, and can increase work productivity 

(Saraev, 2012.; Enzi et al., 2017) and work satisfaction (Dravigne et al., 2008; Enzi et al., 

2017). There can furthermore be increases in private investments, new business start-

ups (Saraev, 2012), as well as strengthened city branding (Jansson, 2014). Rain gardens 

have been found to offer a promising option with a cost reduction of about 42% when 

compared to traditional drainage systems (Vineyard et al., 2015). Green surfaces (Xing 

et al., 2017) and infrastructure can furthermore reduce heating and cooling costs, 

which can also save energy and resources (Enzi et al., 2017). For example, Berardi 

(2016) found that building energy demand was reduced by 3% when retrofitting green 

roofs to a university campus building in Canada. Green spaces and trees close to 

buildings (Jansson, 2014), green roofs, and green walls were found by Pérez, Rincón, 

Vila, González and Cabeza (2011) to act like passive energy saving systems by 

reducing the amount of wind the building is exposed to. Solar panels are helped to 
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keep cool thanks to the evapotranspiration of vegetation and substrate, and thus 

increase productivity rate of solar panels by up to 20% (Mann, 2013, as referred to in 

Enzi et al., 2017). As green roofs protect their base, waterproofing is prolonged (Pfoser, 

2013, as referred to in Enzi et al., 2017). Attractive Return on Investment are offered by 

green infrastructure in general (Enzi et al., 2017).  

Kiss, Takács, Pogácsás & Gulyás (2015) calculated the economic value of carbon 

sequestration and found that that per tree the value ranges between 0.1–0.2 €/year on 

average. However, for species with highest sequestration rate the values exceed that. 

For the whole studied area, which contained about 100 different species and is about 

2km2 in size, the total value of sequestrated carbon was calculated to 720 €/year. 

Mekala, Jones & MacDonald (2015) estimated that by rehabilitating a part of the 

creek in their case study, health costs of about AU$75,049 per year could be avoided, 

and potential private benefits to add up to AU$3.9 million. By improving the aesthetic 

quality, land and property increase in value (Saraev, 2102; Jansson, 2014), which can 

encourage property development even further as well as increase tax revenue (Saraev, 

2012).  

Environmental co-benefits include that vegetation help mitigate climate change 

through the carbon sequestration and storage properties of vegetation and soil in 

various amounts (Alexandri & Jones, 2008; Fioretti et al., 2010; Kiss et al., 2015). For 

trees, for example, it was found that on average a Platanus hybrida can sequestrate 60 

kg/year, and a Sophora japonica 23,5 kg/year (Kiss et al., 2015). Baró et al., (2014) 

quantified urban forests’ regulating services and found that 19 036 tonnes of CO2eq 

and 305.6 tonnes of air pollutants were removed per year by the studied area. 

A primary pollutant source in urban environments is urban runoff (Kamali, 

Delkash, & Tajrishy, 2017). Apart from managing increased precipitation, green roofs 

(Rowe, 2011) and bioretention systems such as rain gardens can retain and remove 

stormwater runoff pollutants (Clar, Barfield, & O'Connor, 2004; Woods Ballard et al., 

2015; Davis & Naumann, 2017) which cause risks for both human and environmental 

health (Cohen-Shacham et al., 2016; Raymond et al., 2017). Furthermore, the 

environmental impact of rain gardens has been found to be 62%-98% lower than that 

of traditional piping systems (Vineyard et al., 2015) 

5.  Discussion 

Here the city of Helsingborg has been presented with various NBSs meeting some of 

the needs regarding regenerating the area, while simultaneously increasing the 

number of green elements and addressing climate change. This wide study mirrors 

some of the different interests the stakeholders have and provides multiple 

suggestions.  

Before the grounds can be used for activities where SLU standards are desirable, 

the various contaminants in the soil of block Italien will need to be remedied. Seeing 

as the city of Helsingborg wishes to continue the development of Gåsebäck from 
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industrial area to mixed area, it is recommended that remediation of the soil is a first 

action.  

NBSs are site specific and implementation needs to be based on knowledge 

from various disciplines: e.g. ecology, architecture, climate science, engineering, and 

urban planning (Xing et al., 2017). This is important to consider during decision-

making. For example, Eggermont et al. (2015) point out that installing e.g. a green wall 

or roof without consideration to the plants’ biogeographical distribution or key 

functions could result in high management costs, or low resilience and resistance to 

climate change. Furthermore, in regard to e.g. increased precipitation and extreme 

rainfall events, Woods Ballard et al. (2015) highlight that contaminated land sites need 

evaluation to determine if SuDSs and infiltration are suitable, to avoid mobilization of 

the pollutants. Next steps can therefore include more in-depth studies for the NBSs for 

the specific area as these are required to get sufficient data and a clearer picture. For 

example, no available data was found regarding flood risk for Block Italien, such as 

direction of surface runoff or expected quantities. Such data is essential to determine 

the need for type, size and amount of SuDSs. Due to the mobilization risk and lack of 

data the permeable surfaces and rain gardens are not accounted for in the illustration 

of how the NBSs can be retrofitted to block Italien. Which bioremediation technique is 

the most beneficial for the various contaminated sites in Gåsebäck will need to be 

assessed. Also, cost-benefit and life-cycle analysis could be carried out, to determine 

which solution (nature-based or traditional) is the most favourable. Furthermore, the 

target values from Naturvårdsverket (2016) regarding soil contaminants are general 

and mainly provide guidance. Therefore, the decontamination requirements would 

need to be decided with site-specific values which could differ from the general 

guidelines.  

Xing et al. (2017) note that the existing evidence of NBS benefits is fragmented 

and that generalizations are often made. Still, as noted above, NBSs are site specific, 

which can explain the use of generalizations. Regarding the environmental benefit 

carbon sequestration, for example, the impacts from a project on this scale may not be 

significant enough to achieve local targets of reducing greenhouse gas emissions. If 

implemented in larger scales and quantities a difference could however be noticeable. 

Continuous monitoring of the effects of the implemented NBSs is recommended for 

adequate documentation and to bridge knowledge-gaps. 

In the interviews, much emphasis was put on the fact that the buildings and 

characteristics of the area should be maintained. Presenting and discussing the 

suggested NBSs with the community members, thus supporting stakeholder 

engagement, participatory planning and governance, can be a way to promote the 

social dimension of sustainability in urban regeneration projects (cf. EC, 2015; 

Raymond et al., 2017). As Boussaa (2018) states, belonging, memory, and place identity 

are often placed in historic urban environments, and create not only individual, but 

community attachment. Places undergoing modernization can be perceived as 

growing too rapidly, or in the wrong way, and thus risking losing their identities 

(Ujang & Zakariya, 2015). The community members attached to the place thus might 
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fear the risk of losing their identities along with the place to which they are attached. 

The fear of identity loss might be why retrofitting instead of rebuilding is expressed to 

such a degree by the interviewees. To avoid social detachment and Gåsebäck lacking 

significance the area need to be allowed to evolve in a way that corresponds with its 

cultural space and identity (cf. Ujang & Zakariya, 2015).  

Although beneficial for e.g. social cohesion and working as a NBSs to 

incorporate the social dimension (cf. EC, 2015; Raymond et al., 2017), urban agriculture 

is deemed inappropriate due to the soil contaminants. Even though no pollutants were 

found at some examination points the contaminants can diffuse during flooding (cf. 

MSB, 2012). Once the status has changed and contaminants have been removed, urban 

agriculture may become appropriate. Further studies in this area will be necessary. 

NBSs are still under development and therefore knowledge gaps exist within 

both research and practice (cf. Raymond et al., 2017). This can be disadvantageous, as 

knowledge gaps can cause insecurities about how to put the solutions into practice. 

However, it can also create opportunities for cooperation. Teaming up with research 

projects for example could mean a win-win situation in which the research group gets 

an opportunity to answer their research questions, while the city has NBSs 

implemented into their urban environments.  

 A disadvantage of bioremediation is that it can take a long time before the 

ground is restored and remedied from pollutants, depending on the amount and type 

of the contamination, as well as the NBS. There are some other disadvantages, trade-

offs and potentially limiting success factors to consider. Trees, for example, can 

produce allergens and thus cause or exacerbate allergic reactions (cf. Raymond et al., 

2017). It should furthermore be noted that increases of land and property values can 

strengthen social exclusion and initiate gentrification issues, counteracting e.g. social 

cohesion and environmental justice (cf. Raymond et al., 2017) due to the economic 

benefits deriving from NBS, as discussed above. As mentioned by Raymond et al 

(2017) and Xing et al. (2017), there might be potential conflicts regarding utilizing the 

space for NBSs such as pocket parks or SuDSs, or for compacting urban environments. 

Green elements can however be increased by utilizing spaces otherwise empty, such 

as walls and roofs.  

A limiting factor could be biophobia: “the fear of living things and aversion, 

and alienation from nature” (Zhang, Goodale & Chen, 2014, p. 110). This can be 

developed from urban living and cause an unwillingness to conserve nature and 

biodiversity (Zhang et al., 2014). However, biophilia, the “love of live or living 

systems”(Simaika & Samways, 2010, p. 903) which is considered to be a trait learnt 

from connecting with nature, could help to increase the willingness to conserve nature 

and biodiversity (Zhang et al., 2014). Future research could also include those to 

support innovation diffusion, by e.g. identifying change agents, diffusion methods, 

and identification of position of the adoption curve (cf. Rogers, 2003). The perceived 

attributes of the NBSs (cf. ibid) could also be studied to support diffusion of NBSs. 

As noted by Kronenberg, Bergier and Maliszewska (2017), pressure and 

funding from the EU, already a large driver for NBSs, could promote and enhance the 
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utilization of NBSs. More research on this topic could be useful for increased 

innovation diffusion and implementation. Governments could also actively support 

innovation by e.g. supporting special building requirements, such as in 

Miljöbyggprogram Syd (Environment Building Program South, freely translated) (cf. 

Malmö Stad, Lunds Kommun and Lunds Universitet, n.d). The program, adopted by 

the cities of Malmö and Lund, aimed at stimulating sustainable construction. In the 

program specific requirements needed to be met in the building projects, such as 

energy use or green space factor. A legislative amendment which makes the imposing 

of specific requirements on some construction projects impossible caused the 

cancellation of the program. It could also be useful to research what would be 

necessary for construction projects to implement NBSs even without such special 

requirements. 

As previously noted, the public sector by itself rarely implements urban 

regeneration projects and the support and investment from community and businesses 

are necessary to reach that the goal of sustainability (cf. Amirtahmasebi et al., 2016). 

Therefore, the city of Helsingborg needs to ensure continuous community engagement 

and cooperation with businesses and investors to support Gåsebäck’s sustainable 

development. 

  

6. Conclusion 

The objective of this work was to present options for how the area Gåsebäck could be 

sustainably regenerated and developed, while providing additional security against 

future negative effects of climate change, through the implementation of NBSs. The 

USCs the area is facing were identified as Urban regeneration, Climate adaptation and 

resilience, and Green space management. The suggested NBSs to address these challenges 

are phytoremediation, mycoremediation, street trees and bushes, green walls, green 

roofs, flower beds, permeable surfaces, roadside greenery, rain gardens, de-

culvertation and pocket parks. Examples of how the identified NBSs can be retrofitted 

to block Italien are installing green walls on the old fire station for noise and pollution 

abatement, biodiversity increase, climate regulation, and enhancement of green 

elements; green roofs on various buildings for e.g. water management, increased 

biodiversity and green elements; street trees and bushes along the streets Södergatan 

and Malmöleden/Gåsebäcksvägen for noise and pollution abatement, water 

management, biodiversity increase, and enhancement of green elements; site specific 

installation or pocket park with phyto- or mycoremediation; flower beds and roadside 

traffic to increase attractiveness; and rain gardens and permeable surfaces for water 

management. 
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Appendix A 

Picture of the underpass in Gåsebäck and derelict surrounding ground. Photo: Melissa Maxter 

 

 

 
To enhance green features interview participants suggested to plant meadow flowers at the site 

surrounding the underpass. Photo: Melissa Maxter 

 


