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Abstract  

The world is increasingly urbanizing with approximately 54% of the world population living 

in cities (Langemeyer, 2015). This number is expected to rise to 66% by 2050 (UN, 2014), 

which means that urbanized areas will expand in size with an additional 2.5 billion new urban 

inhabitants (Langemeyer, 2015). Studies show that urban expansion has the effect of 

decreasing, fragmenting, and isolating natural patches by altering the size, shape, and 

interconnectivity of the natural landscape (Ricketts, 2001; Alberti, 2005). The consequent 

loss and degradation of urban and peri-urban green/blue space and elements could 

adversely affect ecosystem and its services as well as human health and well-being.  

Through literature review, the concepts of urban ecosystem services and green-blue 

infrastructures are introduced, as well as the main design principles for green-blue 

infrastructures. The thesis also briefly introduces urban policies and implementation through 

case study with a focus on Malmö city. Meanwhile, the thesis discusses how the planning 

instruments of Green Space Factor and Green Points are used in the Bo01 project and how 

they contributed to promote ecosystem services in built environment.  

Through literature review and case study, the aim of this thesis is to collect design solutions 

that can be used as inspiration and guidance to promote urban ecosystem services through 

green-blue infrastructures in built environments at different scales. 
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ACRONYMS, ABBREVIATIONS AND DEFINITIONS 
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ESS:   Ecosystem Services 

GI:   Green-blue Infrastructure 

GRaBS:   Green and Blue Space Adaptation for Urban Areas and Eco Towns 

GREEN SURGE: Green Infrastructure and Urban Biodiversity for Sustainable Urban 

Development and the Green Economy 

MA:    Millennium Ecosystem Assessment 

TEEB:   The Economics of Ecosystems and Biodiversity 

UES:   Urban Ecosystem Services 

UN:   United Nation 
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1.1. Background 

The accelerating urbanization creates great pressure on the Earth’s ecosystems, both at 

global and local scales. The research of the Millennium Ecosystem Assessment (MA, 2005) 

showed that over the past 50 years, humans have changed ecosystems more rapidly and 

extensively than ever before. Approximately 60% of the examined ecosystem services are 

being degraded or used unsustainably, including fresh water, capture fisheries, air and water 

purification, and the regulation of regional and local climate, etc. (MA, 2005).  

The term ecosystem services (ESS) highlights 

humanity’s dependence on nature. A degraded 

ecosystem will cease to supply the ecosystem 

services that we rely upon, and it can be 

extremely expensive, time-consuming, or 

sometimes even impossible to restore the 

ecosystems and/or find an alternative solution 

(TEEB, 2011). 

Vegetation and water spaces integrated in built 

environment can also contribute to positive 

aspects, such as air purification, storm water 

management, flood control, noise reduction, 

urban microclimate regulation, providing 

habitats and enhancing biodiversity as well as 

adding social values. These green and blue elements in urban areas contribute to public 

healthy and quality of life for urban citizens with a range of ecosystem services (WWF, 

2016).  

However, nature and green spaces in and near the city are under threatened with growing 

population and increased settlement (Boverket, 2007, Persson & Smith 2014, Träff, 2015). 

Approximately 54% of the world population live in cities and this figure is expected to rise to 

66% by 2050 (UN, 2014). If current trends continue, there will be twice the size of urbanized 

areas by 2030 and an additional 2.5 billion new urban inhabitants by 2050 (Langemeyer, 

2015). Today, many natural, semi-natural and agricultural lands are already converted to 

constructed lands, resulting in large loss of species and supply of food which are important 

for humans and nature (Persson & Smith 2014, Träff, 2015).  

An ecosystem is a dynamic complex of plant, 

animal, and microorganism communities 

and the non-living environment interacting 

as a functional unit (MA, 2005). Healthy 

ecosystems are the foundation for 

sustainable cities, influencing and affecting 

human well-being and most economic 

activity (TEEB, 2011).  

Ecosystem services (ES) are the benefits 

people obtain from ecosystems (MA, 2005). 

These include provisioning services such as 

food, water, timber, and fiber; regulating 

services that affect climate, floods, disease, 

wastes, and water quality; cultural services 

that provide recreational, aesthetic, and 

spiritual benefits; and supporting services 

such as soil formation, photosynthesis, and 

nutrient cycling.  
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Urban expansion has negative effects on urban ecosystems and their services through 

decreasing, fragmenting, and isolating natural patches by altering the size, shape, and 

interconnectivity of the natural landscape (Ricketts, 2001; Alberti, 2005). In order to achieve 

ecological sustainability, it is important to see the big picture and ensure the link between 

greenery and water, which reduces ecological barriers and increases the spread 

opportunities within urban ecosystems, thus allowing a higher resilience to ensure ecological 

values in the long term (Johansson, 2014).  

The concept of Green-blue Infrastructure (GI) has been introduced to emphasises the quality 

as well as quantity of urban and peri-urban green and blue spaces at all spatial scales 

(Tzoulas et al., 2007). A green-blue infrastructure is defined as a coherent, interconnected 

network of green/blue spaces which conserves ecosystem values and functions and 

provides associated benefits to human populations (Benedict & McMahon, 2001; Tzoulas 

et al., 2007; Gouglas & Ravetz, 2011), which also requires that urban nature consisting of 

contiguous structures for species to be able to spread from one area to another (Boverket, 

2007).  

The statement by the European Commission “Green Infrastructure (GI) — Enhancing 

Europe’s Natural Capital” (EC, 2013) and the Final Report of “Horizon 2020 Towards an EU 

Research and Innovation policy agenda for Nature-Based Solutions & Re-Naturing Cities” 

(EC, 2015), shows the important shift in the understanding of urban green and blue spaces 

in public policy discourse.  

In urban environments, GI can include not only landscape corridors, grass fields, and 

rainwater ponds, but also other representations of nature such as street trees, green facades 

or streetside basins with vegetation, which provide health-supporting ecosystem services 

without requiring the same level of consumption of finite urban land. Green-blue 

infrastructure as both urban infrastructure and as infrastructure to the biosphere is essential 

for the continuing provision of health sustaining (e.g. physical activity, mental restoration)) 

and promoting ecosystem services (e.g., water quality, climate regulation) (Coutts & Hahn, 

2015). 
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1.2. Objectives and Research Questions 

Sweden is a highly urbanized country, where more than 80% of the population lives in urban 

areas (Boverket, 2007). Yet, Sweden is one of the few countries in Europe which has good 

access to nature and green spaces in and near the cities. One possible reason is that 

population density is relatively lower than other European countries like German, France 

(see Figure 1). 

 
  

Number of population per square kilometer 

Data not available 

Figure 1 Population Density. Source from SCB, 2014a 
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Although cities in Sweden are rarely too dense to shut nature out, green spaces decrease 

with the growth of towns and cities (Boverket, 2007). The growth of residence always begins 

in the claim of close to nature, which in turn creates barriers when buildings and roads are 

built (Boverket, 2007). Thus, it is important to find solutions to preserve and promote green 

and blue spaces in urban areas, as well as to ensure and increase the accessibility and 

availability of nature in built environment.  

With a focus on green-blue infrastructures, the objectives of this thesis is to collect design 

solutions from practical cases in Sweden and other European countries which can bring 

inspirations and guidance in the integration of design solutions supporting urban ecosystem 

services (UES).  

The following research questions are raised:  

How can urban ecosystem services be integrated through green-blue infrastructure in the 

urban built environments?  

What can be learned from the Malmö case study and how does it work with inclusion of 

green-blue infrastructure principles in the built environment and in development projects? 

  

Figure 2 Trees in Prague. Photo by atelier GROENBLAUW, Amar Sjauw En Wa 
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1.3. Structure and Methods 

The study is divided into three parts: theoretical research, case study, design solutions (see 

fig. 3). 

Theoretical Research:  

The theoretical research includes the study of published material related to ecosystem 

services and green-blue infrastructure in the urban environment. The different elements 

which compose ecosystem services are presented but not analyzed and described in 

details. The literatures are searched in library catalogs and search engines mainly with 

keywords such as ecosystem services, biodiversity, green spaces and green (blue) 

infrastructure in connections with management and urban environment, in both Swedish and 

English. The literature review aims to get better understandings of 

 ecosystem services, their function and benefits in urban areas, and 

 green-blue infrastructure which supports urban ecosystem services. 

 

Case Study: 

This part focuses on the case of Bo01 project located in Malmö together with the green 

planning tools including Green Space Factor and Green Points System. The reason I chose 

this case is not only because this area has been established and broadcasted as a 

sustainable demo project in Sweden since the European Housing Expo in 2001, but also 

the green planning tools of green space factor and green points system have been applied 

throughout the whole developing process. To better understand the development 

Figure 3 Structure of the thesis 

THEORETICAL 
RESEARCH

• literature review

CASE STUDY

• Bo01 - Västra Hämnen

• Green Space Factor

• Green Points

DESIGN 
SOLUTIONS

• literature review

• case study

• reference projects

• personal experiences and 
knowledge 
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background of this case, a briefly 

introduction of Malmö context and the 

developing objectives and challenges of 

this city are presented.  

Due to the issue of time limitation, the 

data for case study are generated from 

secondary data sources mainly through 

literature review, which means that the 

reliability of these data are filtered based 

on my personal judgment. One of the 

main reference is “Case study and 

sustainability assessment of Bo01” by 

Gary Austin (2012), who discussed the 

Bo01 case with many personal first-

hand data. Gary’s paper comprised 

with many critical discussions of 

sustainability performance aspects in 

Bo01, such as landscape aspects, 

green space factor, green points, stormwater management, solid waste management, 

and energy use goal, etc. This reference provides me a holistic understanding of the 

outcome of Bo01 together with critical assessment about the pros and cons achieved in 

the whole project for last 10 years. I also chose some site images took by him. 

Another key reference is “GRaBS Expert Paper 6: The Green Space Factor and the 

Green Points System” by Annika Kruuse (2011). This report is an accomplishment of  

“The GRaBS (Green and Blue Space Adaptation for Urban Areas and Eco Towns) 

project”, which has been co-financed by “the European Union European Regional 

Development Fund (ERDF) and the INTERREG IVC Programme”. As the Bo01 site 

ecologist for six years, Annika has many first-hand data about this project, especially on 

the ecology aspects. In this report, she explained in detail of what the Green Space 

Factor and the Green Points System were and how these tools worked in the planning 

and evaluating process. Critical discussions about the results of involving these two 

green planning tools were also presented in detail with first hand data, tables and 

images. The reference provides me a better understanding of the content and function 

Figure 4 Bo01- Västra Hamnen. Photo from Malmö city 
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as well as advantages and disadvantages of the two green planning tools (Green Space 

Factor and Green Points System). 

Other references like “The Comprehensive Plan for Malmö” by City of Malmö (2014), 

“Västra Hamnen - The Bo01-area – A city for people and the environment” by City of 

Malmö (2006) and “Miljösatsningarna på Bo01 i Malmö: Faktablad” by City of Malmö 

(2006), also provide me secondary data of Malmö and Bo01 from the perspective of local 

government.  

To reduce the biases from excessive exaggeration of the achievement in these 

references about Bo01 case, information with publicity and advertising meaning are 

carefully excluded through critical thinking and discussion with my supervisor, 

Elisabetta. Thus, I hope to keep the objective and scientific inquiry of the research. 

Reflection of the case study will be discussed later at the end of this paper regarding to the 

application of the planning tool and the lessons from the case of Bo01. 

 

Design Solutions:  

The collections of examples are intended to provide inspiration and support for integration 

of ecosystem services at different scale through green and blue elements. They also provide 

an insight on how ecosystem services can be carried out by the choice of design elements 

which can be applied in the urban environment.  

The main method used to gather information about design solutions through literature 

review, case study, and online database together with my own experiences and knowledge 

as a master student and practitioner in urban planning and design. Some of the key 

references are “Biologisk mångfald i urbana miljöer - förutsättningar, fördelar och förvaltning” 

by Persson, A. S. & Smith, H.G. (2014), which provides discussion and strategy as well as 

information about maintenance aspect on how to promote biodiversity through vegetation, 

water and habitats elements with a specific focus in Sweden; “Gestalta för ökade 

ekosystemtjänster - en exempelsamling för lösningar på bostadsgårdar” by Kristin Träff 

(2015), which presented many valuable examples that are suitable for redesigning 

residential yards with focus on providing ecosystem services. I also get inspiration from 

online database such as “URBAN GREEN-BLUE GRIDS for sustainable and resilient cities” 

(http://www.urbangreenbluegrids.com/), where many nice images in part 3 are downloaded 
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from this website. Besides, there are a large collection of practical projects that focus on 

green and blue aspects in urban area on this website covering many European countries, 

North American and Asian countries, which inspire and guide me to find more interesting 

and relevant cases that are included in this research. 

1.4. Limitations  

The work is limited to examining how ecosystem services can be promoted through the 

design elements of green-blue infrastructure and in the urban environment. This theoretical 

research of ecosystem services is based on Millennium Ecosystem Assessment (MA), 

because MA is well-established and discussed for a long time since 2005 and has been 

revised and adapted to many countries. In this study, only the category relevant to urban 

ecosystem services proposed in MA will be discussed.  

Examples of design solutions serve as inspiration and guidance from literature review, 

reference projects, and my own experiences and knowledge as an urban planning student. 

Thus, they are not solutions which are ready to be built. Further information for realization 

is required for each of the design solution. However, they are great implements for 

discussions and justifications to create better environment, which promote urban ecosystem 

services. 

1.5. Target groups 

The work is aimed at urban planner, landscape architects, ecological engineer and 

professionals who work with the design of green-blue infrastructure as well as professions 

within management. 
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2. THEORETICAL RESEARCH 
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2.1. Ecosystem Services  

Ecosystem services are the positive effects of “the ecosystems’ direct and indirect 

contributions to human well-being” (EPA, 2012). The more visible ecosystem services, such 

as food and wood production (goods), depend on other services, such as soil formation, 

nutrient, water regulation and insects' pollination of crops and wild plants. The term 

highlights humanity’s dependence on nature, and the fact that the multitude of plant and 

animal species in the Earth’s forests, oceans, lakes, wetlands, and other ecosystems 

provide humanity with a wide selection of goods (SOU, 2013).  

The Millennium Ecosystem Assessment (MA) divides ecosystem services into four 

categories: Provisioning services; Regulating services; Supporting services; and Cultural 

services (MA, 2005; see Figure 5).  

Another commonly used classification of ecosystem services has been provided by The 

Economics of Ecosystem Services and Biodiversity, which divides ecosystem services into 

Provisioning services; Regulating services; Habitat or Supporting services; and Cultural 

services. (TEEB, 2011). More recently, the Common International Classification of 

Source: MA, 2005  

Figure 5 Categories of ecosystem services 
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Ecosystem Services (CICES, 2015) has been developed, which distinguishes provisioning, 

regulating / maintenance, and cultural services.  

In this thesis, I utilize the classification of MA, where supporting or habitat services are 

included as a separate category to highlight the importance of ecosystems to provide refuge 

to animals and plants and to maintain biodiversity and core ecological processes, including 

water and nutrient cycles (Langemeyer, 2015).  

Provisioning services are ecosystem services which describe the material or energy outputs 

from ecosystems, such as the availability of fruits and different types of crops that humans 

have relatively good knowledge of.  

Regulating services are the benefits that ecosystems provide by regulating the quality of air 

and soil or providing flood and disease control, etc., which usually involve more complex 

natural processes.  

Cultural services are 

about the non-material 

benefits people obtained 

from contact with 

ecosystems, such as 

aesthetic, spiritual and 

psychological benefits.  

Habitat or Supporting 

services are the 

prerequisites for the 

existence of other 

services, which provide 

living spaces for plants or animals and also maintain the conditions for life on Earth, such 

as nutrient cycling. (TEEB, 2011; MA, 2005) Their impacts on people are often indirect or 

occur over a very long time, whereas changes in the other three categories have relatively 

direct and short-term impacts on people (MA, 2005). 

Figure 6 Solar City, Linz. Source from Atelier Dreiseitl 

Human use of all ecosystem services is growing rapidly. Approximately 60% of the ecosystem 

services evaluated in this assessment are being degraded or used unsustainably, including half 

of provisioning services and nearly 70% of regulating and cultural services. (MA, 2005) 
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Biodiversity as part of ecosystems plays an important role in maintain and deliver goods and 

services. Great diversity in terms of landscapes with many different ecosystems and types 

of nature, different species, and genetic variation within species create robust ecosystems 

are also resilient, which means that they can adapt and develop in spite of various 

disturbances (SOU, 2013). 1 

However, ecosystems and their services are 

disturbed by climate changes and other 

human’s impacts (Boverket, 2010). Nature 

and green spaces in and near the city are 

under threatened with growing population and 

increased settlements (Boverket, 2007, 

Persson & Smith 2014, Träff, 2015). Urban 

expansion has the effect of decreasing, 

fragmenting, and isolating natural patches by 

altering the size, shape, and interconnectivity 

of the natural landscape (Ricketts, 2001; 

Alberti, 2005).  

Persson and Smith (2014) argues that the loss of biodiversity in urban development creates 

new environments, and the new urban environment becomes a kind of filter, which only 

allows certain species to survive in it. Some species may thrive better in the new 

environment while others cannot handle it at all. The biodiversity in cities tends to be more 

similar to each other than in natural areas outside the cities. Thus, there is a connection 

between biodiversity and the long-term ability of ecosystems which provides us with several 

important services.  

                                                 
1 own translated from Swedish more information on website https://www.miljomal.se/Miljomalen/16-Ett-rikt-
vaxt--och-djurliv/, accessed 18/11/2016. 

Figure 7 Species richness above the ground 
means species richness in the soil. Image 

based on Krusche et al., 1982 

Biological diversity must be preserved and used in a sustainable way for present and 

future generations. Species habitats and ecosystems and their functions and processes 

must be safeguarded. Species should be able to survive in the long-term viable 

populations with sufficient genetic variation. People should have access to a good 

natural environment with rich biodiversity, as the basis of health, quality of life and 

welfare.2 

--- Definition of the environmental quality objective by Sweden Parliamentary 
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2.2. Urban Ecosystem Services 

A city without ecosystem services is neither attractive nor viable. Healthy ecosystems are 

the foundation for sustainable cities, influencing and affecting human well-being and most 

economic activities (TEEB, 2011). Figure 8 presents the four main types of ecosystem 

services relevant to urban and peri-urban areas, showing that urban population depends on 

ecosystem services which are produced both locally and distantly.  

Several studies show that the ecosystem services provided by green and blue elements are 

particularly important in urban environments (Bolund & Hunhammar, 1999; TEEB, 2011; 

Persson & Smith, 2014). In most cases, the services are about the one which affects health 

concerns in the city (air quality, micro-climate regulation, noise reduction, physical and 

mental recreation), but also about municipal technical issues (stormwater management, 

temperature control in cities), urban agriculture (soil quality, pollination, natural pest control), 

and architectural and aesthetic components (Persson & Smith, 2014).  

  

Figure 8 Urban ecosystem services. Four main types of ecosystem services with urban and peri-urban 
responses. Source: MA, 2005; Douglas & Ravetz, 2013. 
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The following table summarizes the relevant ecosystem services in urban areas, divided in 

the four categories: Provisioning services; Regulating services; Supporting services; and, 

Cultural services (MA, 2005). The icons of these services are taken directly from “Manual 

for Cities Ecosystem Services in Urban Management” by TEEB (2011), but the icons of 

Water Regulation, Air quality regulation are created by myself. 

Table 1 Urban ecosystem services (modified from TEEB, 2011; Träff, 2015) 

Ecosystem service Icon Description 

Provisioning services: Ecosystem services which describe the material or energy outputs from 
ecosystems. 

Cultivable land 

 

Ecosystems provide the conditions for growing food such as 
cultivable land, urban horticulture and urban farming. 

Natural resources 

 

Timber and other wood, wild animals and wild plants, 
medical resources, forest biofuel which are directly derived 
from wild and cultivated plant species. 

Fresh water 

 

Inland bodies of water, groundwater, groundwater and 
surface water for household, industrial and agricultural. 
Vegetation and forests influence the quantity of water 
available locally. 

Regulating services: The services that ecosystems provide by regulating the quality of air and soil or 
providing flood and disease control, etc. 

Water regulation 

 

The influence of ecosystems on water flows, flood and 
aquifer recharge. 

Waste-water treatment 

 

Ecosystems such as wetlands filter effluents. Through the 
biological activity of microorganisms in the soil, most waste 
is broken down. Thereby pathogens (disease causing 
microbes) are eliminated, and the level of nutrients and 
pollution is reduced. 

Microclimate regulation 

 

Trees and green space lower the temperature in cities whilst 
forests influence rainfall and water availability both locally 
and regionally. 

(To be continued) 
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Carbon sequestration 
and storage 

 

The ability of ecosystems to absorb or store greenhouse 
gases from the atmosphere 

Air quality regulation 

 

The ability of ecosystems to change air quality by removing 
pollutants from the atmosphere. 

Pollination 

 

Insects and wind pollinate plants which is essential for the 
development of fruits, vegetables and seeds. Animal 
pollination is an ecosystem service mainly provided by 
insects but also by some birds and bats. 

Biological control 

 

Incidence of pests and diseases in crops and livestock that 
ecosystems can control. 

Erosion prevention and 
maintenance of soil 
fertility 

 

Soil erosion is a key factor in the process of land 
degradation, desertification and hydroelectric capacity. 
Vegetation cover provides a vital regulating service by 
preventing soil erosion. Soil fertility is essential for plant 
growth and agriculture and well-functioning ecosystems 
supply soil with nutrients required to support plant growth. 

Supporting services: These services underpin almost all other services. Ecosystems provide living spaces 
for plants or animals: they also maintain a diversity of plants and animals. 

Habitats for species 

 

An area with natural or semi-natural characteristics are 
important for the populations of species. It also have a 
protective effect on the ecological communities to recovery 
from disruptions. 

Maintenance of genetic 
diversity 

 

Genetic diversity (the variety of genes between, and within, 
species populations) distinguishes different breeds or races 
from each other, providing the basis for locally well-adapted 
cultivars and a gene pool for developing commercial crops 
and livestock. Some habitats have an exceptionally high 
number of species which makes them more genetically 
diverse than others and are known as “biodiversity hotspots:. 

Cultural services: These include the non-material benefits people obtain from contact with ecosystems. 
They include aesthetic, spiritual and psychological benefits. 

Recreation and mental 
& physical health 

 

The pleasure as well as mental and physical health that 
humankind gets from natural or artificial ecosystems.  

(To be continued) 
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Tourism 

 

Ecosystems as a function for  the traveling visitors. 

Cultural values 

 

The ability of ecosystems to contribute to the spiritual, 
religious, aesthetic or other values to humankind. 
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2.3. Green-Blue Infrastructure  

The concept of “Green Infrastructure” was first introduced in the USA which has been 

defined as an “interconnected network of protected land and water that supports native 

species, maintains natural ecological processes, sustains air and water resources and 

contributes to the health and quality of life for America’s communities and people” (Benedict 

& McMahon, 2006). By using the term “infrastructure”, greenspace planning is aligned and 

put on a par with other infrastructures, for example, transport, communication, water supply, 

and wastewater systems (Pauleit et al., 2013). In Europe,  Netherland and the Scandinavian 

countries have worked with the related concept of “urban green structure planning” since 

the 1980s (Tjallingii, 2005a).  

To emphasize the linkages between green structures and blue structures, this study 

chooses the term “Green-Blue Infrastructure”2, which can be described as an interconnected 

network of green (vegetation) & blue (water) elements and habitats, that are designed, used 

and maintained in a manner to preserve biodiversity and conserve ecosystem services 

(Benedict & McMahon, 2002; EPA, 2015). The concept captures the role that both water 

and vegetation in or near the built environment play in delivering ecosystem services at 

different spatial scales (building, street, neighbourhood, region) (Gómez-Baggethun and 

Barton, 2013). A broad spectrum of types of green and blue spaces such as nature reserves, 

                                                 
2 No further distinction will be made in the following chapter between these related concepts, and “green-blue infrastructure” will be used 
throughout despite the observation that term “green structure” was already used in Europe and “green infrastructure” in USA, prior to the 
emergence of “green-blue infrastructure”. 

Figure 9 London Wetland. Photo by Berkeley Homes 
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agricultural land, woodland, parks, greenways, gardens, allotments, cemeteries, vacant 

land, wetlands, and all kinds of water bodies are suggested as basic spatial elements of 

green-blue infrastructure (Hanse & Pauleit, 2014).  

Based on the definition and content of green-blue infrastructure, there are three main 

elements to be further studied: vegetation, surface water and habitat. These elements are 

important for the ecosystem services, human being and nature regeneration in urban built 

environment. 

 

Vegetation 

The role of vegetation and green spaces in all forms are essential for multiple ecosystem 

services. With carefully planned and designed, they can provide attractive places for 

residents and visitors as well as serve as an economic hub in the local areas (Boverket, 

2010).  

The benefits of vegetation in built environment are well documented (Boverket, 2010; 

Persson & Smith, 2014), as they:  

 take care of stormwater 

 take up atmospheric carbon dioxide 

Figure 10 Green squares at Marco Polo-Terrassen. Source: ELBE&FLUT, HafenCity Hamburg GmbH 
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 lower the temperature indoors and outdoors during the summer months 

 protect from harmful UV light by contributing to shady environments 

 contribute to social venues and outdoor areas for recreation and rest and create 

beautifies neighborhoods 

 support the preservation of biodiversity in the city and provide habitat for wildlife 

 clean the air and reduce noise as well as stormwater of pollutants 

 slow traffic along neighborhood streets 

 build organic matter in soil  

 increase permeability of soil through penetration of roots 

 add value to homes 

 provide educational value 

 promote a sense of place 

 

 

Surface water 

Urban water surfaces cover a wide range of landscape types such as rivers, canals, 

wetlands, swales, ponds, and rain gardens, etc. The hydrological cycle links all the various 

biotic and abiotic elements in all kinds of ecosystems on earth, including urban ecosystem, 

and this means that water resources are linked, via the water itself, to all the other 

components of the broader environment (such as soil, biodiversity, and air) (Bridgewater, 

2013). It also relates with permeable paving, stormwater management, surface water 

disposal, drainage system, which has direct impacts on urban ecosystem services and 

human well-being.   

Green structures and blue structures are linked (Boverket, 2007). Green areas are essential 

for water management issues like flood control and rainwater cleaning, while water 

contributes to the value of green areas for nature, recreation and residential uses (Tjallingii, 

2005b).  
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Persson & Smith (2014) and Delshammar (2010) argue that minimizing hard surfaces 

contributes to a positive effect on ecosystem services and biodiversity. Since the 1990s, the 

open stormwater management has become more frequent in urban planning (Persson et al. 

2009). Open stormwater management is to disposal, delay and storage of rainwater in open 

systems, e.g. rain gardens. Comparing with a closed drainage system, open stormwater 

system allows natural processes to proceed. Rain gardens are shallow basins of permeable 

soil usually planted with perennial native plants (Grant, 2012). This solution not only brings 

benefits for the natural environment but also creates an attractive feature for residents (Träff, 

2015). People are coming to understand that drainage can be beautiful, with attractive plants 

in low maintenance arrangements providing habitats for butterflies and other wild lives 

(Grant, 2012). It is also important to use permeable surfaces such as gravel surfaces and 

vegetation as much as possible, which allows water to be infiltrated and thus delay the runoff 

comparing to hard surfaces (Delshammar, 2010).  

Restoration of wetland to encourage particular features is also an essential part of urban 

surfacewater management. Eglington et al. (2008) show that shallow, small-scale flooded 

areas are of critical importance for breeding waders. Management tools such as foot drains, 

coupled with appropriate hydrological management, provide a means of retaining water 

throughout the breeding season. 

 

 

Figure 11 Open green ditches in Augustenborg, Malmö. Photo by André Vaxelaire. 
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Habitat 

Creating habitats for insects and birds is essential for 

biodiversity and ecosystem services as well as important 

to provide educational function for human being in urban 

environment (Persson & Smith, 2014). A proper habitat 

can provide settlements for a variety of animals to breed 

and overwinter, thus contributes to many ecosystem 

services year after year (Persson & Smith, 2014).  

It is possible to create habitats in many different ways. A 

common method to increase the amount of small birds 

in urban areas is putting up birdhouses or feeders. For 

many animals and plants, even a dead wood is a 

prerequisite for survivals (Träff, 2015).  

But the site of settlement plays a key factor to a 

successful breeding in some cases. Insect hotels, for 

instance, in a sunny and sheltered position are good 

habitats for insects, and preferably close to a plant with 

good pollination opportunities. A nest box on a wall or 

other exposed place can certainly offer a settlement, but 

the variation in temperature in the nest can be very large. 

Besides, the nest is easily to be seen by predators (birds, 

squirrels, cats), which can lead to a less successful 

breeding, and therefore a failed operation (Persson & 

Smith, 2014). A better option might be to create a natural 

nest in trees and bushes, or to build nests in buildings so 

that the isolation is better. 

 

  

Figure 12 Cities and towns houses a 
large mosaic of habitats for plants 
and animals. Besides the public 

parks are such gardens, allotment 
gardens, embankments and 

demolition sites important for wildlife. 
The biological quality in cities and 

towns affected by how much green 
there is, how cohesive the green 

surfaces are and what they contain. 
Photo from Malmö, 2003. 
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2.4. Main planning principles of green-blue infrastructure 

It is important to recognize that the existence of urban green spaces such as parks, gardens, 

urban forests and cemeteries is not directly related with a provision of ecosystem service, 

since the quality of the provided service depends on their design and characteristics of those 

areas and their maintenance (Bastian, Haase and Grunewald, 2012; Jansson, 2014).  

The concept of green-blue infrastructure emphasizes the quality as well as quantity of urban 

and peri-urban green spaces (Turner, 1996; Rudlin and Falk, 1999), their multifunctional 

role (Sandström, 2002), and the importance of interconnections between habitats (van der 

Ryn and Cowan, 1996), that all sites provide a wide range of ecosystem services.   

The significance of landscape qualities is exemplified by the particular importance of free-

growing and multi-layered vegetation characters for specific benefits such as stress relief 

(Grahn and Stigsdotter, 2010). Landscape qualities including properties such as size, 

placement and content of green spaces and potentials through e.g. maintenance level 

thereby affect the actual ecosystem services (Bastian, Haase and Grunewald, 2012) and 

thereby bring the benefits and values (Haines-Young and Potschin, 2008).  

  

Figure 13 Nature-friendly bioswales in Kronsberg, Hannover, Germany. Source: Atelier Dreiseitl 
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A set of shared principles emerge from the literature (e.g. Benedict & McMahon, 2006; 

Ahern, 2007; Li, 2008, Colding, 2013) which are summarized in Table 2. 

Table 2 Main principles of green-blue infrastructure planning ( Modified from Li 2008; Pauleit et al., 2013) 

Principles  Planning and management of urban green-blue infrastructure need to: 

Multi-functionality  Consider a broad suite of ecosystem services: abiotic, biotic, and cultural. 

 Consider combining different functions/uses whenever possible: multiple-
function of single greenspace, interconnected green structure, and 
integrated structures. 

 Prioritize among functions/uses and set up clear goals through 
comprehensive analysis and stakeholder involvement. 

 Conduct monitoring to learn which functions are operating as expected, in a 
learn-by-doing adaptive manner. 

 Improve awareness of the multifunction of green-blue infrastructure through 
communication and public participation/education. 

Connectivity  Consider physical and functional connections between green spaces at 
different scales and from different perspectives: e.g. recreation, biodiversity, 
urban climate, stormwater management, etc. 

 Base green-blue infrastructure planning on thorough analysis of the urban 
green space and water resource and their functions. 

Integration  Consider integrating and coordinating urban green-blue infrastructure with 
other urban (infra) structures in terms of physical and functional relations 
(e.g. built-up structure, infrastructure, water system). 

 Create beneficial relationships through communication and negotiation 
between different professions, administrations, and other actors. 

Communicative 
and social-
inclusive process 

 Attempt to meet the needs and interests of all stakeholders. 

 Involve stakeholders in decision-making through coordination, cooperation 
between different professions, sectors at different levels, between public 
sector and private sector, and public participation. 

Long-term 
strategy 

 Adopt the sustainable development concept, considering long-term benefits 
instead of short-term economic gains. 

 Consider multiple uses, interactive structures, and balance between 
different stakeholders’ interests, which will help achieve a long-term goal. 

 Allow adaptation through ongoing learning and discussion between different 
actors. 

In the design of habitat networks, Multi-functionality needs to take connectivity into account, 

because connectivity represents the spatial distribution and relations of green-blue 

infrastructure elements and consequently the distribution of benefits they provide (Hanse & 

Pauleit, 2014, Forman, 1995).  

In green-blue infrastructure planning, connectivity can be achieved by habitat corridors, 

areas of land which facilitate species movement between larger habitats (Forbes et al., 

1997), which involves protecting, creating, and restoring connections between parks, 

reserves, and other important ecological areas (Colding, 2013). Such habitat corridors may 

include hedgerows, road and railway verges, strings of open space sites, parkways, and 
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riparian trails which function as the route for species movement (Colding, 2013). In order to 

avoid potential negative effects of habitat connections, wildlife biologists are usually 

recommend that it is better to protect existing connections between habitats than to create 

new ones (Forbes et al., 1997). Thus, planning for connectivity needs to build on a more 

holistic view of the multiple green and blue structures of a city, its specific functional 

characters and qualities, and its spatial characteristics and requirements. 
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3. CASE STUDY 
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3.1. Malmö, Sweden 

Malmö is the third biggest city in Sweden and is in the region of Scania furthest south of the 

country where close to Denmark (see figures 14-15). 

Figure 14 Malmö situated in the Oresund region and in the European Union 

Sources:  

Up: City of Malmö;  

Down: The European Commission, Directorate General for Press and 
Communication. © European Communities, 2004. 
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At the end of 2015, the total population numbered 322,574 persons in Malmö, with an annual 

population growth of 4,467 persons during 2015. Almost one third of its residents have 

foreign origins and there are some 150 languages and 179 different nationalities 

represented. The biggest immigration groups are from former Yugoslavia, Iraq and Denmark 

(Malmö, 2015b).  

Malmö is surrounded by agricultural lands and the sea. The agricultural lands are mainly 

intensively used and only to a very limited extent accessible for recreation, and the urban 

areas consist of over 50 % green space, including parks and green in residential areas 

(Delshammar, 2015). 

 

Figure 15 City map of Malmö. Source: Malmö stad. 
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A brief introduction of Malmö history 

During the 19th century an industrial boom 

took place which transformed the old 

merchant and agrarian centre into a modern 

industrial city. In the middle of the 20th 

century, Malmö was one of Sweden’s 

industrial centres with a world famous 

shipbuilding yard (Kockums, see figure 16), 

low unemployment rate and strong social 

democratic welfare policies.  

However, increased international 

competition and a global economic 

restructuring in the post war period put many 

European cities under pressure (Andrén, 

2009). Traditionally important sectors in 

Malmö such as textile, shoes and leather 

industries started to decline in the 1950’s 

followed by closing-downs in the 1960-

1970’s. The city was thrown into a rapid deindustrialisation with rising unemployment and 

growing municipal budgetary deficits. Adding to the industrial crisis, a general population 

increase and a high level of immigration in the later 1980’s and in the 1990’s resulted in 

accelerating social problems and in socio-economic segregation.  

In the second half of the 1990’s, Malmö began to experience a phase of economic recovery. 

Political responses and coordinated efforts were taken on a local and a national level to stop 

the negative spiral (Andrén, 2009). Some strategic decisions and large scale infrastructure 

projects had an influence, for example the construction of the Oresund Bridge and the City 

tunnel, the establishment of the Malmö University, and a municipal tax equalization reformed 

at the national level (Andrén, 2009).  

Present and future of Malmö 

In the recent years, Malmö has greatly improved its situation and the economy has been 

strong – even though the effects of the ongoing global economic and immigration crisis are 

not yet clear but will surely affect the region (Andrén, 2009; Malmö, 2016). Actors from public 

Figure 16 Kockums, small crane. Source: Malmö, 
2015a 
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bodies as well as private business are making efforts to brand Malmö as a service- and 

knowledge based economy. Malmö is to be seen as a ‘Knowledge City’ or an ‘Event City’ 

pulsing with culture, creativity, communication, and people (Malmö, 2006a). Environmental 

concern is high on the agenda and the City has gained international attention for its efforts 

in urban sustainable development, such as the pilot project Bo01 located in Västra Hamnen 

together with the European homes fair held in summer 2001.  

  

Figure 17 The pilot project Bo01located in Västra Hamnen. Source: Malmö, 2015a. 
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3.2. Objectives and challenges in green-blue infrastructure planning 

The city has set the goal to be a 

strong trademark as “the 

sustainable city” in 2020, and will 

be a denser, greener and more 

diverse city with residences close 

to nature and rich biological 

diversity (Malmö, 2009). Green 

spaces are considered as 

integrated with other 

infrastructure and treated the 

same way as housing and 

transport in the Comprehensive 

Plan (Delshammar, 2015). But 

the conflicts between maintaining 

the limited green spaces and 

growing housing demands still 

remain as one main challenge for 

Malmö’s sustainable urban 

development (Malmö, 2003 & 

2014; Delshammar, 2015).   

In the Comprehensive Plan for 

Malmö (adopted by Malmö City 

Council in 2014), the principal 

development strategy is the 

dense urban city by inward 

expansion, which means containing the expansions within its outer ring road (see figure18). 

To achieve Malmö’s planning objectives, a number of priorities and strategies are raised 

(see Table 3, 4).  

The priorities with urban green space planning are to secure enough green space and 

increase quality of green space including funding for maintenance (Malmö, 2014; 

Delshammar, 2015). Examples are to densify greenery in the inner city by adding new parks 

or using spaces with previous other use, such as parking spaces, for nature or greenery; to 

Figure 18 The map shows the strategy that the city basically 
shall grow inwards with urban concentration at public 

transport nodes. Source: Malmö, 2014. 
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vastly increase the number of trees along 

Malmö’s streets and city squares; to 

create a multitude of large and small 

parks, nature areas and city squares with 

strategically placed, evenly distributed 

and connected by a network of green 

links, with the aim for every residence to 

have access to a larger park within 1 km 

(see figure 19). 

The comprehensive plan aims to create 

multifunctional green spaces which will 

enable multiple uses and to be attractive 

for multiple users and provides multiple 

benefits (Malmö, 2014; Delshammar, 2015). It also states that “ecosystem services shall be 

assessed, considered and strengthened in spatial planning and maintenance to secure 

important values and functions” (Malmö, 2014). For instance, water bodies in built 

environments should be handled in a sustainable and safe way, as they provide both 

ecological as well aesthetic and pedagogical values (Malmö, 2014). And the ecosystem 

services of the sea and coast should be protected while still taking advantage of Malmö's 

coastal location. Groundwater as a life necessity by providing drinking water must be also 

protected with regional cooperation.  

Table 3. Priorities to achieve the city’s 
objectives with the following aspects: 

1. A mixed-function dense, green and close city 

2. Saving resources through higher density 
urban development 

3. Building for proximity 

4. Mixed-function city and a vibrant city life 

5. A regional generator of green growth and 
employment 

6. Reinforcing the Öresund region’s ability to 
generate green growth 

7. Continued development of an attractive city 

8. Creating space for a diverse commercial 
sector 

9. The city as a cultural and democratic arena 

10. Increasing and improving social spaces 

11. Working for security and equality in the city 

12. Working for a healthy city 

13. Encouraging participation 

Table 4. Planning aspects of Strategies in 
Malmö’s Comprehensive Plan, 2014 

1. Regional cooperation with Copenhagen 
and Lund Region. 

2. Attractiveness as both a business 
location and tourism as well as place of 
residence 

3. An equal, safe and health promoting city 

4. A denser city with more mixed-function 

5. A greener city  

6. Traffic and transportation  

7. Sustainable waste management, energy 
and construction 

8. Nature and rural landscapes 

9. Climate adaptation 

10. Sea, coast and water 

Figure 19 By connecting the city's parks and recreational 
areas with green links they become more accessible and 

easier to use. Malmö, 2014. 
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3.3. Bo01- Västra Hamnen  

As a former harbour, shipyard and industrial area, Västra Hamnen was created as the 

supporting docklands by filling and hardening the surface and ocean edge. Figure 20 

identifies the extent of Västra Hamnen and its relationship to Bo01 and the city.  

The first mixed-use development in the docklands had the larger purpose of encouraging an 

international reconsideration of the city and its place in the 21st century. Bo01 became the 

setting showing to the world on the 

European Housing expo in 2001 as 

the “City of Tomorrow” (Malmö, 

2006a). The exhibition was 

intended to showcase sustainable 

planning and building technologies 

while providing socially supportive 

spaces and outstanding 

environmental values. The Bo01 

area covers 25 ha and provides ca 

4,000 dwellings for around 10,000 inhabitants together with approximately 10,000 jobs at 

the beginning of 2014 (Malmö, 2015a). In about 20 years of development, Västra Hamnen 

Figure 21 “The first climate-friendly district in Sweden”. 

Source: Malmö, 2006. 

Figure 20 The City of Malmö, showing the Västra hamnen boundary in red and the urban development 
district in green. The area of Bo01 is in blue. Source: Erino map, online accessed March 1, 2017. 
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will cover an area of 160 ha and entail a total of around 11,000 homes and 17,000 jobs, 

where over 20,000 people will be able to live here (Malmö, 2015a).  

In the planning process, many actors were involved including city officials, departments, 

planners and developers by a “Creative Dialogue” (Austin, 2012). Through a series of 

meetings and presentations, the participants developed the “Quality Program”, which 

established performance requirements for all houses. The programme sets guidelines for 

architectural qualities, choice of materials, energy consumption, green issues and technical 

infrastructure (Malmö, 2006a).  

Figure 22 Facts and illustration plan of Bo01 – Västra Hamnen. Source: Malmö, 2006a 
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Bo01 has even the services of an ecologist with special focus on green and blue issues in 

Bo01 area (Träff, 2015; Malmö, 2006b). The ecologist has given advices on how habitats 

should be designed and more detailed information on, for example, better places to put 

nesting boxes (Malmö, 2006b). The ecologist also conducts an annual bird and bat inventory 

to compare the biological diversity with natural areas and encourages biological diversity 

through presentations to residents and school groups (Austin, 2012). 

 

 

  

Figure 23 On-site ecologist introduces about green and blue issues in Bo01 
Area. Source: Malmö, 2006b. 
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3.4. Green Space Factor & Green Points System  

From the very beginning, greenery and water are seen as essential to enhance the level of 

biodiversity within the site and should be visible from all housing blocks (Beer, 2001). Two 

programs were developed for Bo01 to foster site sustainability. The first is the Green Space 

Factor (GSF) requirement and the second is the Green Points System (GPS). 

The green space factor is a 1994 

City of Berlin innovation which 

essentially defines the 

percentage of the development 

plots which must be permeable 

(Austin, 2012). The developers of 

plots at Bo01 were required to 

achieve a total GSF of 0.5 (50%) or greater. The factor of the plot which is impermeable 

receives 0, while the factor with permeable gardens and ponds receive a 1. Other measures, 

as shown in Table 5, were allowed to compensate where plots were intensively developed 

with buildings and other impervious surfaces (City of Malmö, 2002).  

Table 5 Green Space Factor (GSF). Based on Malmö stad, 2002; Stenning, 2008. 

Surface type Factor 

Vegetation: Plant roots have direct contact with deep soil, and water can percolate into the 
ground water. 

1 

Vegetation: Plant roots don’t have direct contact with soil more than 31.5” deep, for example, 
gardens over architectural structure. 

0.6 

Intensive or extensive green roofs 0.8 

Open water in ponds, etc. The area must have standing water for at least 6 months/year. 1 

Non-permeable areas, including roofs 0 

Stone paved areas, with open joints where water can infiltrate 0.2 

Semi-permeable areas: sand, gravel, etc. 0.4 

Green walls: climbing plants. The wall area which will be covered by vegetation within 5 years. 
Maximum calculated height: 30’ 

0.7 

Trees with a trunk diameter of more than 1.4” cm: calculated for the maximum area of 270 square 
feet. Two factors for each tree. 

0.4 

Shrubs taller than 9’: calculated for the maximum area of 54 square feet. Two factors for each 
shrub. 

0.2 

 

“Green space factor is a tool for ensuring that green 

qualities are achieved in connection with construction. 

Green space factor can be used where appropriate and can 

be developed to be more applicable in different contexts. 

The aim is to contribute to good living conditions for 

humans, animals and plants.”  

--- The Comprehensive Plan for Malmö.  

Source: Malmö, 2015a. 
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The Green Space Factor (GSF) is calculated as: 

 

Explanation: The instrument assigns factors31to different surface types, 
which are multiplied by the area of each within the courtyard and summed; 
the total is divided by the courtyard area to give the overall Green Space 
Factor, which must reach a specified target level. 

 

Here are two simplified examples of GSF (see Figure 24, 25) to demonstrate how it works 

according to Table 5 with factors for different surface types: 

 

Example 1: 

 

𝐺𝑆𝐹 =  
(500×0) + (300×0.6) + (200×0.4)

500 + 300 + 200
=  0.26 

 

 

 

Example 2: 

 

𝐺𝑆𝐹 =  
(300×0) + (300×1) + (200×0.4) + (200×1)

300 + 300 + 200 + 200

=  0.58 

 

                                                 
3 The complete list of the factors used today is given in Appendix 1. 

Figure 25 Example 2 of GSF 

Vegetation 
(Plant roots directly 

contact with deep 

soil) 

300 m2 

Semi-permable 

areas 

200 m2 

Open water 

200 m2 

Houses and other  

non-permeable 

areas 

300 m2 

Figure 24 Example 1 of GSF 

Vegetation 
(Plant roots NOT 

directly contact with 

deep soil) 

300 m2 

Semi-permable 

areas 

200 m2 

Houses and other  

non-permeable 

areas 

500 m2 
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 In order to achieve GSF 0.5, a certain amount of green cover is secured and the degree of 

non-permeable or paved surfaces is minimized from the above examples.  

 

However, it does not really fully encompass the quality of the green cover in the projects. 

For example, using this tool, a mown and manicured lawn is of equal value to a more natural 

meadow which supports greater biodiversity; an extensive green roof with a thin growing 

substrate for vegetation is of equal value to an intensive green roof with a thicker substrate 

which supports increased biodiversity and can help to intercept more rainwater, thereby 

reducing the amount of stormwater run-off (Kruuse, 2011). 

Thus, to overcome this issue and promote the performance of GSF, Green Points were 

added to the Green Space Factor to achieve certain additional qualities during the Creative 

Dialogue sessions and incorporated in the Quality Program (Kruuse, 2011; Austin, 2012). In 

order to achieve certain additional qualities in the plots of Bo01, developers agreed to 

incorporate at least ten of the 35 green point options within each development parcel. This 

not only ensures developer to incorperate site sustainability measures, but also allow them 

to do so in a creative and context sensitive way (Austin, 2012). Among the points, some aim 

to aid biodiversity such as the inclusion of bat boxes and wild flowers in the courtyards, 

whilst others are included to improve the architectural qualities of the yard or help with 

stormwater management (Kruuse, 2011). A full list of 35 Green Points, from which 

developers select 10, is shown in Table 6, in the following page. 

 

  

“This tool rewards the surface cover types which tend to be of a higher functionality than 

others by assigning them a higher factor, and it is possible to layer the different surface cover 

types to achieve a higher result. For example, an area of grass covered by trees results in a 

higher GSF than an area of grass but no tree covers... while Malmö was achieved its rating 

mainly with mown lawns and sedum roofs.” 

---The Green Space Factor and the Green Points System. 

 Source: Kruuse, 2011  
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Table 6 Thirty-Five Green Point Options (Stenning, 2008; City of Malmö, 2002) 

A bird box for every apartment A biotope for specified insects in the courtyard (water 
striders and other aquatic insects in a pond) 

Bat boxes in the courtyard No surfaces in the courtyard are impermeable (all 
surfaces are permeable to water) 

All non-paved surfaces within the courtyard 
have sufficient soil depth and quality for 
growing vegetables 

The courtyard includes a rustic garden with different 
sections 

All walls, where possible, are covered with 
climbing plants 

There is 11 square feet of pond area for every 54 
square feet of paved area in the courtyard 

The vegetation in the courtyard is selected to 
be nectar rich and provide a variety of food for 
butterflies 

No more than five trees or shrubs of the same species 

The biotopes within the courtyard are all 
designed to be moist 

The biotopes within the courtyard are all drought 
tolerant 

The biotopes within the courtyard are all 
designed to be semi-natural 

All stormwater flows for at least 30’ on the surface 
before entering catch basins or pipes 

The courtyard is green, but there are no 
mown lawns 

All rainwater from buildings and hard surfaces in the 
courtyard is collected and used for irrigation 

All plants have some household use There are frog habitats within the courtyard as well as 
space for frogs to hibernate 

In the courtyard, there is at least 54 square 
feet of conservatory or greenhouse for each 
apartment 

There is food for birds throughout the year within the 
courtyard 

There are at least two different old-crop 
varieties of fruits and berries for every 1080 
square feet of courtyard 

The facades of the buildings have swallow nesting 
shelves 

The whole courtyard is used for the cultivation 
of vegetables, fruit and berries 

The developers consult with ecological experts 

Greywater is treated in the courtyard and re-
used 

All biodegradable household and garden waste is 
composted 

Only recycled construction materials are used 
in the courtyard 

Each unit has at least 21.5 square feet of built-in 
growing plots or flower boxes on the balcony 

At least half the courtyard area consists of 
water 

The courtyard has a certain color (and texture) as the 
theme 

All the trees and shrubs in the courtyard bear 
fruit and berries 

The courtyard has trimmed and shaped plants as its 
theme 

A section of the courtyard is left for natural 
succession  

There are at least 50 flowering Swedish wild herbs 
within the courtyard 

All the buildings have green roofs  
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Conclusion 

The most important goals when implementing the green planning instruments are: to present 

an attractive, healthy environment for people; to promote biodiversity, natural biotopes and 

a varied flora and fauna; and to minimize stormwater run-off (Malmö, 2006a; Kruuse, 2011). 

The biodiversity efforts of the city and development team are paying dividends. For example, 

nine species of seabirds breed at 

Bo01. Salamanders, frogs, and 

three species of bat are residents in 

the courtyards and the saltwater 

canals are proving to be valuable 

habitats for species of fishes, 

shellfishes, and crustaceans (Fry, 

2009). There are various types of 

trees and shrubs which provide fruit 

and berries for birds and insetcts. 

On the trellises, many different 

kinds of vines contribute to a lush 

feel of the courtyards. The living condition for birds is supported through cherry trees, 

feeders, birdbaths and so on (Austin, 2012).   

Another important feature in the Bo01 area is the 

open stormwater run-off system, where the rain is 

delayed on green roofs, in ponds, in the courtyards 

and public spaces and then transported in open 

channels to the sea (Figure 27). The visible 

waterways combined with trees and lush 

undergrowth provide exciting and beautiful qualities 

to an otherwise rather sterile urban environment 

(Malmö, 2006a).  

Figure 26 A combination of the green space factor and the 
green points requirements generate courtyards with vegetation 

diversity, biodiversity benefits, and a focus on stormwater 
infiltration. Photo by Austin, 2012. 

Figure 27 An open stormwater run-off 
system. Photo by Jan Erik Andersson 
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The stormwater system components are 

exposed as unapologetic elements of the 

urban design (Figure 28).  The granite blocks 

serve as visual markers to improve safety 

near the runnels.  

Stormwater is directed to small, vegetated 

basins for infiltration and water quality 

improvement before discharge (Austin, 

2012). Some of these basins are within the 

residential courtyards (Figure 29) while 

others receive water at the edge of the 

saltwater canal (Figure 30). The networked 

and distributed nature of these elements 

create an unobtrusive and finely-scaled infrastructure. The fine materials and detailing make 

features of the stormwater system components whose function is evident even in the dry 

season (Austin, 2012).  

  

Figure 28 The granite blocks and corrugated edging 
prevent accidents by increasing visibility. Photo by 

Austin, 2012. 

Figure 29 This fresh water marsh within a mixed-use courtyard is a more 
robust and effective stormwater treatment facility creating an attractive bio-

swales. Photo by Austin, 2012. 
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The result is an interesting complexity of interlinked greenspaces at the core of the housing 

with open expanses of water, retention basins, biotope variation, transit opportunities for 

wild lives between courtyards and the public space, private patios, sunlit spaces for play, 

and meeting spaces for socialising (Beer, 2001).  

 

Many ecosystem services have benefited Bo01 programme. The icons in black shows the 

ecosystem services which exist in this area (detailed explaination is on page 15-17). 

Figure 30 The stormwater areas are small but numerous. They treat small inflows 
and release them to another conveyance segment or into the saltwater canal as 

illustrated here. Recirculating the stormwater allows for multiple treatment 
opportunities. Photo by Austin, 2012. 

 Benefited ecosystem services 
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4. DESIGN SOLUTIONS 
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4.1. Design Solutions 

Based on the case study and reference projects, 19 design solutions are identified which 

creates favourable conditions for promoting ecosystem services in public urban built 

environment.  

Collected solutions are presented in three groups which are vegetation, surface water and 

habitat as follows: 

Vegetation (V) 

V1 - Preserve existing trees and shrubs 

V2 - Planting perennials and evergreen species 

V3 – Grass fields and flower meadows 

V4 - Reduce paved surfaces with infiltration green space 

V5 - Car parks with porous paving materials 

V6 - Dense vegetation at street level 

V7 - Urban cultivation 

Surface Water (W) 

W1 - Above-ground drainage 

W2 - Streetside basins with vegetation 

W3 - Urban water channels 

W4 - Rainwater ponds 

W5 - Helophyte filters 

W6 - Water squares and playground 

W7 - Green riparian zones 

W8 - Urban wetlands 
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Habitat (H) 

H1 - Extensively managed green areas 

H2 - Dead trees 

H3 - Nests for insect, bat & bird 

H4 - Birdbath 

4.2. Description of design solutions  

Design solutions are explained in the following aspects, but not all these aspects are applied 

in each solution. 

Introduction 

General explanation or definition of such design solution. 

Function  

The intentions or effects to apply such solution, which could also include the advantages 

and disadvantages of this solution. 

Design aspects  

What to be considered when design such solution, such as site selection, materials, 

construction conditions, etc. 

Maintenance 

How such solution is to maintain or what consequences need to be awarded when such 

solution is applied. 

Combination with other solutions 

Possibility to apply such solution together with other solution to enhance its outcomes. 
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4.3. Benefited ecosystem services 

A list of icons is included for each solution which are explained on page 15-17. The 

ecosystem services which have good opportunities to be supported from such solution are 

shown in black; otherwise, in light gray. An example of how this might look like is showed 

as follows, where all services except Fresh water, Biological control, Maintenance of genetic 

diversity and Cultural values are promoted or enhanced in such solution. 

 

Attention 

Design solutions serve as inspiration and guidance in urban planning practice for green-blue 

infrastructure. Thus, they are not ready to be built for every individual situation.  

It is obvious that not all these solutions can be applied on the same site. The current 

condition or urban context will determine what is appropriate to use, which means that the 

application of such solutions is based on the site-specific conditions. As for selection of 

different vegetation, it is important to consider the climate zone, soil and location, and the 

open stormwater management needs to be suited on the existing topography, etc. And it is 

also essential to involve democracy and public participation into the practice process which 

may stimulate out a more applicable and feasible solution.  

To realize such solution, further information is required for adapting the practice to each site. 

However, they are a great instrument for discussion and justification to create better living 

condition to promote ecosystem services in urban built environment.  

 Benefited ecosystem services 
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V1 - Preserve existing trees and shrubs 

Function 

Trees offer many advantages to 

cities: under their canopies, they 

create space, offer coolness, 

produce oxygen and offer living 

space to many birds and insect 

species. Trees only have one 

disadvantage: they grow slowly. For 

this reason, it is important that 

existing trees are kept and 

protected as they are long-term 

economic efficiency. Another 

positive effect is that plants which 

shed their leaves keep the sun out 

in summer while nevertheless 

letting the winter sun in. Non-

deciduous plants on buildings can 

reduce transmission loss in winter 

by forming an additional insulating 

layer of air and limiting the amount 

of heat radiating off the building.  

 

Design aspects  

Without sufficient water and oxygen, trees and shrubs cannot survive. Therefore, right 

conditions of soil are essential for their growing and expansion. It is also important to keep 

the suitable spot for a tree so it can continually develop its canopy fully. It is better to plan 

well before building nearby a tree, in order not to prune much afterwards.  

 

 

Figure 31 Old tree with tree holes attract birds to find food and 
natural habitat. Photo by A.S. Persson 
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Maintenance 

It is important to prune a tree at a proper time to 

prolong its life. Generally, trees are pruned in July, 

August and September, but can also be pruned in 

early spring (Träff, 2015). It is necessary to check the 

preference of different tree species before pruning. 

Because a wrong pruning time can result in the loss 

of flowering, which in turn affect pollination.  

Trees can also be pollarded instead of being cut, for 

example, when a tree grows too big and takes up a 

large space. A pollarded tree can also be a good 

habitat for other plants and animals, because it 

increased the chance for cavities (Träff, 2015). 

However, a pollarded tree also has higher demands 

on light.  

Combination with other solutions 

V6 - Car parks with greenery  

V7 - Urban forest & natural hedges 

W2 - Streetside basins with planters 

H2 - Dead trees 

H3 - Nests for insect, bat & bird  

Figure 32 Bolivar square, Paris. Photo 
by Jonathan Perrin 

 Benefited ecosystem services  
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V2 - Planting perennials and evergreen species 

Function 

Evergreen species can contribute to 

the mixing of polluted and clean air 

all year round (Tonneijck, et al., 

2008). Plants which keep their 

leaves will retain the ability to 

contribute to air purification and the 

screening off areas even in winter. 

Even species which keep their 

leaves when they are no longer green in winter have an effect. Many shrubs and perennials 

are evergreen species which are probably most appreciated by residents in Sweden (Träff, 

2015). Planting flowering shrubs and perennials could even contribute to pollination. 

Design aspects  

To create a good condition for pollinators, it is important to make use of different species to 

provide flowers throughout the growing season. This is also important for aesthetics and 

recreation. Planting diverse perennials and evergreen species in terms of height and 

appearance, can even provide shelters for animals to hide.  

Since plants are living materials and changing over time, it is good to know ahead how they 

are going to look like in future, thus to keep enough space for them to grow. For good 

establishment and development, it is good to make use of native species which may have 

already adapted to the local climate and soil condition. 

Maintenance 

From the maintenance perspective, it is good to fill up the entire planting areas with different 

species of plants to minimize the occurrence of weeds. But this may be a disadvantage for 

biodiversity when several natural species thrive in these open spaces. A right choice of 

species could save a lot of energy to maintain while contributing to ecosystem services at 

the same time.  

Pruning shrubs should be adapted to the specific species. Shape editing should be avoided 

when flowers could be cut off. And perennials are usually pruned in spring. 

Figure 33 Evergreen plants. Photo by Amar Sjauw En Wa 
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Combination with other solutions 

V3 – Grass fields and flower meadows 

V4 - Dense vegetation at street level 

V5 - Reduce hard paved surfaces 

V6 - Car parks with greenery  

V8 - Green squares 

W2 - Streetside basins with planters 

W7 - Green riparian zones  

H1 - Extensively managed green areas 

H3 - Nests for insect, bat & bird 

  

Figure 34 Perennials in the Netherlands. 
Photo by Träff, 2015 

 Benefited ecosystem services  
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V3 – Grass fields and flower meadows 

Function 

Less intensively used 

parts of public green 

spaces can be 

transformed into colorful 

flower meadows with 

various herbs, grasses 

and flowers which would 

once again attract 

butterflies and birds, by 

no longer fertilizing them 

and managing them in 

an extensive manner. Extensive management also saves money and already is common 

practice in many communities. However, there may also be disadvantages of such 

extensively managed grass fields where small paths might be hided and make people hard 

to access. 

Design aspects  

It is now possible to buy well-prepared mixture 

of meadow seeds and meadow carpets. Or 

one can buy seeds collected from nature, 

which might be more expensive but could be 

long-term economic efficiency since they are 

more native species and more adapted to the 

local environment.  

An extensively managed grass field can be 

converted back to a dense grass lawn by 

mowing it more frequently if its function 

requires this, for instance, for an event or for 

temporary parking. By removing the grass 

after it has been mowed from some parts but not from others, the difference in fertilization 

will create differences among what grows and flowers there.  

Figure 35 Extensively managed grass fields and flower meadows. 
Photo by Jonathan Perrin 

Figure 36 Grass field and flower meadows in the 
Solar City in Linz, Austria. Photo by Träff, 2015  
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Maintenance 

For best results, it is important to consider site-specific conditions. A meadow requires 

special care, but not necessarily more than a conventional lawn (Persson & Smith, 2014). 

In spring, leaves and branches should be raked and removed (SSNC, 2013). It is usually in 

summer when the plants are flowering 

and producing seeds. So, the plants 

must be maintained to set seeds, 

which provides possibility for new 

plants to come out next spring. Then, 

the thick meadow hay must be 

removed to keep the land skinny to 

place room for rich species in future.  

After being properly trimmed, meadows can be used as hard surface around the trees, hills 

and slopes to protect them from possible mechanical damage as well as reducing 

maintenance.  

Combination with other solutions 

V1 - Preserve existing trees and shrubs  

V2 - Planting perennials and evergreen species 

V4 - Dense vegetation at street level 

V5 - Reduce hard paved surfaces 

V6 - Car parks with greenery 

W4 - Rainwater ponds 

H1 - Extensively managed green areas 

H3 - Nests for insect, bat & bird 

 

 Benefited ecosystem services  

 

 

 

Figure 37 Tramway with grass. Photo by Jonathan Perrin 
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V4 - Reduce paved surfaces with infiltration green space 

In urban areas, many surfaces are paved unnecessarily, often 

with the argument of lower maintenance costs. However, 

unused paved surfaces must also be maintained: they must be 

swept and pesticides to fight weeds are often used. Besides, 

indigenous perennials suited for the ground need less water. 

Ground coverings protect the soil from drying out and offer food 

for birds, butterflies, bees and insects for a better biodiversity, 

etc. 

Function 

Reducing pavements and improving the urban ground by letting 

the “green” in have many advantages, for instance, the 

rainwater is absorbed into the ground, supplementing the 

groundwater.  

Unplanted surfaces dry out quickly and have little cooling 

capacity. The capacity to absorb water also diminishes if the 

ground is dry. More water runs off from dried-out surfaces 

during heavy rainfall than from wet surfaces. Vegetation 

improves the surface’s infiltration capacity. Taller vegetation 

such as shrubberies increase the ground’s absorption capacity 

by a factor of three, since the larger presence of roots in the soil makes the ground more 

porous.  

Moreover, paved surfaces get warmer in the summer than green space; removing paving 

creates more room for plantings and the plants keep the area cooler on hot summer days. 

Removing paving offers even animals, plants and soil life more space.  

Design aspects  

Adding ditches or fields next to paved surfaces to temporarily store runoff is a simple way to 

allow water to infiltrate from clean hard surfaces such as roofs and cycle paths. Besides the 

volume of precipitation which needs buffering, the permeability of the ground is another 

factor which determines the dimensions. Soil samples need to be taken to assess that 

Figure 38 Reduce paved 
surfaces. Images by atelier 

GROENBLAUW 
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permeability. As an indication, an area equaling 10-20% of the impervious surface is 

required. In addition to infiltration ditches, infiltration meadows are also an option.  

Maintenance 

The ground condition is key to the 

successful transformation for the land 

use from a paved surface to a green 

space. Adding organic material can 

stimulate soil life. Materials which can 

be used include compost, grass 

clippings, woodchips, cocoa shells, 

humus-rich soil and fertilizer. More 

expensive conditioners include 

bentonite, biochar and lava rock. The 

ground quality must of course be 

considered when choosing 

conditioners. 

 

Combination with other solutions 

V2 - Planting perennials and evergreen species 

V3 – Grass fields and flower meadows 

V5 - Car parks with porous paving materials 

V6 - Dense vegetation at street level 

W1 - Above ground drainage 

W2 - Streetside basins with planters 

 

  

Figure 39 Infiltration meadows and infiltration strips with 
aboveground Storage. Images by atelier GROENBLAUW, 

Madeleine d’Ersu and Marlies van der Linden. 

 Benefited ecosystem services  
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V5 - Car parks with porous paving materials 

Function 

Studies have been conducted in the United States (EPA, 2008) into the effects of paving 

materials on surface and air temperatures in towns and cities. As paving materials cover 30-

40% of the urban surface, they play an important part in the heat in town and cities.  

In the summer months, tarmac and concrete can reach temperatures of between 45°C and 

even 70°C. The heat is trapped in the material and in fact passes on to the ground below; 

heavy summer rainfall can then pass on the heat to the rainwater running off the paved 

areas and into the surface water. Paving material with light colours generally has a 

favourable influence on keeping the surface temperature down.  

However, the material’s permeability for water and air is of greater importance. In practice, 

this means that semi-paving materials should be used wherever possible, as they let through 

water and air and trap less heat, but primarily because they remain cooler as a result of 

evaporation.  

Design aspects  

Any porous material is highly suitable for paving: for example, open cell concrete blocks, 

grass concrete pavers, woodchips, shells or gravel can be used as paving materials.  

Precipitation can infiltrate into the ground without any appreciable difficulty; the percentage 

of openings varies from around 15% to 40%. This type of paving material can be used for 

such purposes as footpaths, playgrounds, fire service roads and central reservations, for 

Figure 40 Open paving patterns in Delft, The Netherlands. Photo by atelier 
GROENBLAUW, Amar Sjauw En Wa 
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aeration around trees, as edging for paving materials and in verges. For roads and car parks 

which are used extensively, paving materials such as porous clinkers, open-joint clinkers, 

open paving patterns, gravel or shells can be used.  

However, there is indeed a shortcoming for porous paving materials. They cannot be used 

for intensively used roads due to the risk of large loads, nor for car parks owing to the risk 

of pollution. 

Combination with other solutions 

V4 - Reduce paved surfaces with infiltration 

green space 

V6 - Dense vegetation at street level 

H1 - Extensively managed green areas 

  

Figure 41 Parking area with porous paving materials, grass and trees in Delft, The Netherlands.          
Source: atelier GROENBLAUW, Amar Sjauw En Wa 

 Benefited ecosystem services  

 

 

 



57 

V6 - Dense vegetation at street level 

Function 

There are many benefits by dense vegetation at street level. Planting trees creates shade 

and evapotranspiration and therefore has a cooling effect. Street trees could also be used 

for birds to rest and nest. However, dense foliage over busy roads is not beneficial, since 

the emissions from the vehicles tend to become trapped under the foliage. The right type of 

tree and the right shape of tree top can help prevent pollutants from accumulating. The type 

of tree should be chosen to suit the local moisture system.  

Particulate matter which has been produced by 

traffic and which has become airborne can be slowed 

by vegetation at ground level, such as hedges along 

the roads. On a smaller scale, for example to protect 

a building or pedestrians from a busy road, 

hedgerows can slow the movement of airborne and 

settle precipitated particulate matter on their leaves 

which ensuring less disturbed and lower 

concentrated pollution behind these “green facade”. 

Besides, hedgerows could possible used as visual 

obstruction and noise barriers from a busy car road. 

The research regarding this measure has received 

mixed reviews from the various conducted studies.  

Figure 42 Tree-lined avenues. Photo by Jonathan Perrin 

Figure 43 Porosity allows contact with the 
foliage. Source: atelier GROENBLAUW 
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Design aspects  

The use of tree-lined avenues requires some extra attention. Since tree crowns merge 

above the road could inhibit the mixture of polluted air with the cleaner air above the city, it 

causes a negative effect on air quality at street level. Thus, an often-used rule of thumb is 

that tree crowns should not merge overhead when fully grown and that they should not have 

an overhang covering more than one-third of the street. Trees are generally placed 15 

meters apart and preferably not directly lining the road, so that they won’t cover the road as 

much.  

Hedges play an important function for many 

animals and the most favorable hedge is 

made up of different types of shrubs and /or 

trees. Of course, color, flowering and 

location also determine the choice of 

species. When planting hedges, species 

should be considered which fit physically in 

the location once they have finished 

growing; which saves much pruning. It is 

thus important to use as many native wild 

plants species as possible, because they are 

easy to adapt to the local climate and soil 

condition. It is also preferable not to prune the 

hedges too neatly and use more berry- and fruit-

bearing, nectar producing species, so to help 

insects and birds to survive in the city.  

Combination with other solutions 

V7 - Urban forest & Green squares 

W2 - Streetside basins with planters 

H1 - Extensively managed green areas 

  

Figure 44 Green noise barrier. Source: BAM wegen 

 Benefited ecosystem services  
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V7 - Urban cultivation  

Cultivation means any type of cultivation, from small scale to large landscaped cultivated 

areas, which can carry out in many ways and be more or less organized.  

Function 

Cultivation has a great educational and 

recreational value for communities. In addition to 

the production of food, social aspects also play an 

important role. Vegetable gardens, neighbourhood 

gardens and traditional gardens are examples, as 

well as children’s gardening plots, where they can 

garden with volunteers several hours per week 

after school with their harvest taking home as 

reward.  

The risk with cultivation is that it can be abandoned 

or overgrown, so it is better to have a caring group 

or someone responsible for the cultivation site to 

make sure the site could be well-functioning after 

a few seasons. Another effective way is to grow 

something which is relatively easy to plant and 

easy to remove. 

Design aspects  

More fruit trees and bushes could be planted in 

gardens and parks but also along streets. This is 

good for birds and other animals, but also useful 

and fun for people. People can then harvest 

individually or as a community and produce juice 

and jam. 

However, cultivation may sometimes be untidy due 

to unclear boundary or irregular placement with 

cultivation. So, it is essential to have a good 

organization of the cultivation site. The easiest way 

How large should a vegetable 
garden be? 

Measurements of production gardens per 
person 

Partial self-sufficiency: 

25 m2  

(Vegetables, fruit and herbs, including 
paths and composting) 

Extensive self-sufficiency: 

70 m2 

Complete self-sufficiency: 

170 m2 of which: 

 20 m2 for vegetables for 
immediate consumption 

 40 m2 for preserving and 
potatoes 

 100 m2 for fruits and nuts, and 

 10 m2 for paths and composting 

Figure 45 Children's gardening site in Delft, 
the Netherland. Photo by Hiltrud Pötz 
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is to use pallet frames, which can be removed if not in 

use. The community could also be well-organized and 

efficient with “recycle, reuse and reduce” of different 

materials and resources relating to cultivation. It is 

also good to evolve relevant experienced people or 

volunteers in the process of cultivation for a better 

result of the planning and planting. 

Maintenance 

From the maintenance perspective, it is important to 

consider how cultivation is placed to   make it easy 

been approached by lawn mower or trimmer. This 

applies mainly to the deployment of pallet frames. 

Pallet frames can advantageously be surrounded by 

gravel to avoid time-consuming maintenance around 

them.  

 

 

 

Combination with other solutions 

V2 - Planting perennials and evergreen species 

V4 - Reduce paved surfaces with infiltration 

green space 

W1 - Above ground drainage 

H3 - Nests for insect, bat & bird 

H4 – Birdbath 

 

  

Figure 47 Cultivation in growing holders in 
a community in Uppsala, Sweden. Source: 

Träff, 2015 

Figure 46 Kitchen garden in the city Delft, 
Netherlands. Source: Albert Dijkhuizen 

 Benefited ecosystem services  
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W1 – Above-ground drainage 

Function 

 A simple way of creating above-

ground drainage is to use so-called 

fluted gutters, which leads away 

roof water from drain pipes along 

the facades. They can be designed 

in many different ways to facilitate 

infiltration or to provide green 

space. Besides, it is possible to collect roof water through above-ground drainage and use 

water for irrigation of farm plantation or crops. 

Design aspects  

The street profile can be the same as a conventional solution with storm drains, but then 

without the drains. The maximum length of this open gutter is around 50 meters, which is 

determined by the depth of the gutter; gutters deeper than 5 cm cannot be cleaned with a 

road sweeper; and at a width of 30 cm, if the length is more than 50 meters, the depth 

required to drain the water is more than 5 cm. Such a gutter should have a slope of 0.5 

cm/m. In practice this means that the road surface 

should have the same slope. This form of above-ground 

drainage can also be applied in existing situations to 

uncouple gutters. The advantage of this form of 

disconnection is that there is almost no limit in use and 

that street profiles do not need to deviate. These 

guidelines apply in situations without natural slopes; if a 

slope is present or if it can be created, it can be used.  

Maintenance  

These above-ground drainage can be used along roadside and also be integrated into green 

verges. They look natural but they do need extra space and maintenance. Especially when 

they pass by manicured lawns, it leads to increased maintenance to trim the border along 

the ditches. 

 

Figure 48 A fluted gutter in Solar City, Linz, Austria © Atelier 
Dreiseitl 

Figure 49 Section scheme of a 
ditches. Source: atelier 

GROENBLAUW, Marlies van der 
Linden 
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Combination with other solutions 

V2 - Planting perennials and evergreen species 

V3 – Grass fields and flower meadows 

V4 - Reduce paved surfaces with infiltration green space 

W3 - Urban water channels 

W5 - Helophyte filters 

W6 - Water squares and playground 

W7 - Green riparian zones  

W8 - Urban wetlands 

H4 – Birdbath 

  

 Benefited ecosystem services  

 

 

 

Figure 50 A ditch in Augustenborg, Malmö. Source: André Vaxelaire 
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W2 - Streetside basins with vegetation 

Function 

A streetside basin is an 

bioretention area along the 

street, which acts as a buffer 

zone to collect and infiltrate 

stormwater from the street (or 

any adjacent impervious 

surface, like a parking lot). Curb 

cuts are openings created in the 

curb to allow stormwater to flow 

into streetside basins. To trap 

stormwater, the basin must be 

excavated to a depth below 

street level where rocks are used to prevent erosion along the sides of the basin.  

However, there are disadvantages that rock edges often stand out in landscape which may 

be considered a pedestrian tripping hazard in high-use areas. And basin slopes can erode 

if not properly lined with well-placed rock.   

Design aspects  

Minimum width of earthen area between the curb and sidewalk/path must be at least 1.8m 

wide in areas with on-street parking (1.5m without parking). And it is necessary to avoid 

streets with slopes 

greater than 5% 

and maintain 

setbacks from 

above- and below- 

ground utilities as 

required. 

 

 

Figure 51 Conceptual drawing of a streetside basin with 
vegetation. Source: MacAdam, 2012. 

Curb cuts 

Streetside basin 

Car road 

Pedestrian/bicycle 
passage 

Rocks 

Figure 52 A streetside basin before and after stormwater. Source: MacAdam, 2012. 



64 

Maintenance    

There are some requirements for maintenance of streetside basins as below: 

1. Regularly clear curb cuts of any debris that may prevent the free flow of stormwater into basins (1-2 
times per year). 

2. Check rip-rap aprons for signs of erosion and repair/reinforce as needed (annually). 

3. Observe basin during rain events to evaluate function and make necessary adjustments.  

4. Periodically remove accumulated trash. 

5. Add organic mulch to maintain maximum depth of 20cm (or designed depth) from street surface 
(annually). 

6. If rock mulch is used, remove plant debris from mulch surface (1-2 times per year). 

7. Remove accumulated sediment from bottom of basin to retain designed depth (every 1-2 years). In 
areas with high sediment loads consider using sediment traps. 

8. Check inlet apron, slopes, edges etc. for erosion and repair as needed (annually). 

9. Prune vegetation to preserve visibility and prevent obstruction of travel lanes and pedestrian pathways 
(annually). 

10. Use cut-up tree and shrub pruning as a renewable source of on-site mulch. 

Combination with other solutions 

V1 - Preserve existing trees and shrubs 

V2 - Planting perennials and evergreen species 

V4 - Reduce paved surfaces with infiltration green space 

V6 - Dense vegetation at street level 

W4 - Rainwater ponds   

 Benefited ecosystem services  
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W3 - Urban water channels 

Function 

Where there is 

enough space, an 

open water channel 

for rainwater 

drainage in cities can 

be a good option. An 

open water channel 

can also be part of 

the reconstruction of 

an old water channel. 

The various above-

ground drainage options described previously can drain into the open water channel. 

Although stormwater channels are relatively complex, they show that the area has profiled 

itself and contribute to the positive marketing. They can also contribute to a social and 

aesthetic contribution to the local community. However, the water channels could be a 

barriers for accessibility and there is a risk of accidents, such as drowning. A buffer zone, 

for example planting or hedgerow can therefore be build adjacent to the water channels. 

Design aspects  

Stormwater Channels is a relatively complicated surface water features, which usually do 

not contribute as much to the storm water management except in very topographically 

problematic environments. 

 

 

 

 

 

Figure 53 De Grift, Apeldoorn, The Netherlands. Source: atelier 
GROENBLAUW 

Figure 54 Section scheme. Source: atelier 
GROENBLAUW, Marlies van der Linden 
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Maintenance 

Channels tend to become a gathering place for garbage. Due to this, urban water channels 

may increase maintenance requirements. 

Combination with other solutions 

V2 - Planting perennials and evergreen species 

V6 - Dense vegetation at street level 

W1 – Above-ground drainage 

W4 - Rainwater ponds  

W5 - Helophyte filters 

W7 - Green riparian zones  

  

 Benefited ecosystem services  
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W4 - Rainwater ponds 

Function 

A rainwater pond is a large water 

body for storage of rainwater and  

with vegetation purifing the polluted 

water. In areas which experience 

moderately polluted rainwater, it 

might undergo an additional pre-

purification treatment in a sand filter 

in the bank zone. Water is purified 

in the pond with vegetation because 

the pollutant settle on the bottom 

and the plants break down and 

absorb the polltants.  

However, systems for buffering and 

purifying extremely polluted water 

should be sealed from the ground by means of a film, which prevets direct infiltration. These 

systems are often used to pre-purify rainwater running off from busy roads and car parks. 

Due to the pre-purification, the overflow from such ponds can be connected to surface water 

Figure 55 Rainwater pond without sealed ground in EVA-Lanxmeer, Culemborg, The Netherlands. 
Source: atelier GROENBLAUW, Madeleine d’Ersu 

Figure 56 Section schemes with a higher water level (during 
rainfall) and with a lower water level without sealed ground in 
pond bank. Source: atelier GROENBLAUW, Marlies van der 

Linden 
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or an infiltration system. But if there is no available surface water in the immediate vicinty or 

infiltration is impossible, the 

overflow should be connceted to the 

sewer system. 

The advantage of this solution is 

these rainwater ponds needs 

relatively little space. But for the 

rainwater pond with sealed ground, 

it is not possible for infiltration 

dirrectly to underground and both 

types need necessary 

maintenance. 

Design aspects  

Introducing a circulation system can guide the water specifically along the planted bank 

zones to increase the purification. An attractive artwork or playground element might be 

made part of such a circulation system. 

The pond usually occupies 10-20% of the connected surfacea area and should ideally be at 

least 1.5 meters deep. That 

depth limits the degree to 

which the water heats up in 

the summer and diminishes 

the risk of problems with the 

water quality. In the winter, 

water that deep will not freeze 

solid and the pond will 

continue to offer a zone for 

fish to live in.  

Maintenance 

A shallow pond with large surface area simplifies maintenance. With proper vegetation 

covering the slightly sloping bank zone, the risk of algal bloom is reduced. Another way to 

reduce the algal bloom is simply to make the water moving such as a fountain or a pump. 

Figure 58 Rainwater pond with sealed ground in Augustenborg, 
Malmö. Source: André Vaxelaire 

Figure 57 Section schemes with a higher water level (during 
rainfall) and with a lower water level with sealed ground in 

pond bank. Source: atelier GROENBLAUW, Marlies van der 
Linden 
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Combination with other solutions 

V3 – Grass fields and flower meadows 

W2 - Streetside basins with planters 

W3 - Urban water channels 

W5 - Helophyte filters 

W6 - Water squares and playground 

W7 - Green riparian zones  

W8 - Urban wetlands  

H4 – Birdbath 

 

  

 Benefited ecosystem services  
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W5 - Helophyte filters 

Function 

A helophyte filter is a sand filter which is 

generally planted with reeds. The actual 

treatment of the water is done by 

bacteria living in the roots. The reeds 

serve principally to aerate the roots and 

to capture nitrates and phosphorous.  

Helophyte filters spread the wastewater in 

a smooth layer several centimeters below 

the surface of the filter. The water is led 

into the filter below the surface to prevent 

unpleasant odors. The wastewater seeps 

through the layer of sand and the roots where it undergoes biological treatment. A drain is 

placed at the bottom of the sand filter to capture the treated wastewater.  

If the vertical filter has additional aeration, the amount of energy it consumes will increase 

but the filter’s yield will increase by approximately 200%. Since this system takes up less 

space, it presents additional possibilities in urban environments. This type of filter is also 

used to treat cleaning water containing antifreeze from airport runways (Aquarama, 2011). 

Design aspects  

Iron or copper particles 

are generally added to 

the sand layer to bind 

phosphates. Films, 

layers of clay or concrete 

ensure that the 

helophyte filter is 

hydrologically 

completely sealed from the ground (Aquarama, 2011). 

Figure 59 Section scheme of helophyte filters. 
Source: atelier GROENBLAUW 

Figure 60 Section scheme of aerated helophyte filters. 
Source: atelier GROENBLAUW 

Figure 61 Section scheme of horizontal helophyte filters.    
Source: atelier GROENBLAUW 
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Besides the system described above, filters also exist through which the wastewater passes 

horizontally. These filters do not require drainpipes or pumps and are therefore simpler in 

their construction. As such, this type of filter requires less maintenance than vertical filters. 

Its uses include treating polluted runoff from roads and car parks.  

 

Combination with other solutions 

W1 - Above-ground drainage 

W3 - Urban water channels 

W4 - Rainwater ponds 

W6 - Water squares and playground 

W7 - Green riparian zones  

W8 - Urban wetland  

Figure 62 Erasmusgracht Amsterdam: horizontal helophyte filter for purifying wastewater and rainwater. 
Source: atelier GROENBLAUW, Madeleine d’Ersu 

 Benefited ecosystem services  
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W6 - Water squares and playground 

Function 

Water squares can consist of 

vegetation-covered and/or paved 

surfaces.This area is designed as 

temporary rainwater buffers and to 

delay the stormwater, which is a 

lowest point of the surrounding 

area. 

Design aspects  

The aesthetic appearance and usability in dry periods need to be considered and planed, 

so these facilities can be used as a playground. A vegetation-covered surface can be varied 

from mown grass to more free-standing vegetation areas. After rainfall, the lowest parts of 

the water square fill up first, and the water in fact remains there longest. The parts which 

become submerged need to be easy to clean.  

Water squares offer several benefits compared with other buffering facilities: 

 Water squares make the dynamics of water visible in the town or city and by doing so can help enhance 
the aesthetic value. 

 Water squares can be combined with other public urban functions and as such create spaces with 
multiple purposes. 

 Properly designed water squares allow for substantial fluctuations in water levels and as such for large 
volumes of water to be buffered. 

 

Figure 63 Bioswale in the municipality Renkum, The 
Netherlands. Source: Eugène Heeremans 

Figure 64 Temporary rainwater buffers with/without water. Source: atelier GROENBLAUW 
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Maintenance 

Maintenance and management are important factors, since the water reaches the square 

from above the ground and as such is not purified. On hard surface, this means that 

pollutants such as mud, litter, leaves and branches remain on the square after the water has 

been pumped away. These pollutants need to be removed as soon as the square is dry, to 

ensure that the square becomes attractive and usable once more. As for the vegetation-

covered surface, no special maintenance is required except for timely mowing.  

 

Combination with other solutions 

W1 – above ground drainage 

W4 - Rainwater ponds  

W5 - Helophyte filters   

Figure 65 Water square with hard pavement with/without water. Source: atelier GROENBLAUW  

 Benefited ecosystem services  
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W7 - Green riparian zones  

Function 

Green riparian zones is a broad concept. By shaping shores in a nature-friendly or ecological 

manner, living areas are created for different plants and animals. This can be done in various 

ways, for the sake of different groups of animals or plant communities. When nature-friendly 

riparian zones are desired, it is important to establish first what can be expected and what 

is desired and what is not.  

As opposed to traditional, reinforced banks, nature-friendly riparian zones form a gradual 

transition from shore to water. On the dry shore, land and shore, vegetation can establish 

itself in the shallow water marsh, and there is place for various water plants in deeper water.  

Green riparian zones have a positive impact upon water quality. Reeds and rushes absorb 

nutrients and floating 

particles settle on them, 

and the clarity of the 

water improves. A 

nature-friendly riparian 

zone also is safer for 

children. Due to the less 

sudden transition from 

land to water, small 

children fall more easily 

to play and climb in the 

water.  

Figure 66 Green bank scheme Source: atelier GROENBLAUW 

Figure 67 Green banks at the Brasserhout. Source: atelier 
GROENBLAUW, Madeleine d’Ersu 
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Design aspects  

Nature-friendly shores with an ecologically sound structure form excellent living areas for 

many plants, birds, insects, amphibians, fish and mammals. It is desirable to partly plant the 

shore vegetation and to create as much variation as possible to prevent reeds/rushes, and 

to develop over the entire shore length, which would cause a monoculture.  

Below is a bulleted list of general guidelines for the establishment of nature-friendly riparian 

zones (Pötz & Bleuzé, 2009). 

1. The width of the riparian zone determines the ecological value of the zone. Up to a width of 6 meters, 
the number of plant and animal species increases strongly with the width. For widths, larger than 6 

meters, the increase is less significant. 

2. When there is limited space for a riparian zone, a single broad riparian zone and one very narrow 
(reinforced, if necessary) are preferable over two narrow zones. 

3. When a broad ecological zone is created on only one side, the north shore is preferable, as this shore 
receives the most sunlight. This enhances the development of larvae and the eggs of amphibians, 
among others. Many flowering plants also prefer sunny locations. 

4. Shores with a slight slope allow for a gradual transition from water to land; this creates additional 
opportunities for plants and animals.  

5. When both the presence of amphibians and fish is desired, a ‘nursery’ needs to be created for the 
amphibians, for instance in the form of a pond, because multiple fish species eat the eggs and/or larvae. 

6. In places where the shore is reinforced over a length of 100 meters or more, “exit” areas are needed for 

amphibians, small mammals and another fauna. 

7. When bridges and culverts are built, the ability for various species to pass these artefacts should be 
considered, to ensure that the exchange of fauna within and between neighborhoods is possible. 

8. By not using straight but curved lines in the development of a riparian zone, places with more and with 
less sun and wind are created. These variations enhance species diversity. Moreover, riparian zones 
with a curving shoreline have a more natural appearance. 

9. Different plant species place different requirements upon their environment. Some species prefer a 
sandy soil and others clay. Some species may occur in deep water, others only in shallow water. The 
same is true for variations in the water level: some species need a fluctuating water level, others tolerate 
it, and still others cannot live with it. 

10. The management of the plants can have a dominant effect upon the way they look. By mowing in 
summer, a different species composition develops than when mowing is done in winter. Mowing 
annually leads to a different vegetation structure than when, for instance, the shoreline is mowed only 
once every five years. 

11. Different animal species place different requirements upon the structure of the shoreline vegetation. 
Some species need grassy vegetation, others rough vegetation. There are also species which are tied 
to particular species. 
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Combination with other solutions 

V2 - Planting perennials and evergreen species 

W1 – above ground drainage 

W3 - Urban water channels 

W4 - Rainwater ponds  

W5 - Helophyte filters 

W8 – Urban wetlands  

 Benefited ecosystem services  

 

 

 

Figure 68 Brasserhout, Den Haag, The Netherlands. Source: atelier GROENBLAUW, Madeleine d’Ersu 



77 

W8 - Urban wetlands 

Wetlands are water-rich natural areas that occur chiefly along rivers and in deltas. It is of 

great importance to amphibians and dragonfly species as well as a breeding ground for 

many species of birds. Unfortunately, urban expansions and the correspondingly lower 

groundwater levels put pressure on wetlands and wet nature around the world.  

The major difference between natural and urban wetlands is that urban wetlands are less 

dynamic than natural wetlands. In natural wetlands, flow patterns change and zones fall dry. 

In urban wetlands, the process is controlled more by humans, since certain visual qualities 

and uses are sustained and less dynamism is accepted.  

Function 

Wetland are natural rainwater buffers due to their overflow areas for rivers. Natural urban 

wetlands can play an important role in coastal protection and as protection against river 

flooding. Sediment settles in natural deltas, offering a natural barrier to protect the 

hinterland. In areas where space is under less pressure, or in combination with recreational 

functions, wetlands present an alternative to conventional rainwater processing. 

Another benefit of wetlands is that biological pollutants are eliminated by plant life and settle 

in the sediment, which significantly improves the quality of surface water. Even urban 

wetlands are capable of purifying urban water efficiently and cheaply and helps in the 

elimination of phosphates, nitrates, solid substances and heavy metals.  

Figure 69 London wetland. Source: Berkeley Homes 
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In some cities, London for example, wetlands serve a function by developing greater 

biodiversity and natural and also pleasant recreation areas for city dwellers. But recreational 

uses might conflict with the targeted natural development.  

Design aspects  

The size needed for an urban wetland depends on the volumes of water which have to be 

buffered and the extent to which the water entering the buffer is polluted. If the urban wetland 

serves to purify rainwater run-off, the indicated design calls for a wetland surface which is 

approximately 5% of the surface from which the rainwater runs off.  

It is best if fluctuations in the water level are restricted to 30 cm at most. Greater differences 

in water levels lead to less diversity in flora and fauna. The maximum fluctuation also 

determines the buffering capacity. This means that wetlands can serve as both buffering 

and purification systems. Any excess water from heavy rainfall needs an overflow area to 

run off into surface water. 

Figure 70 Wetland principle © Melbourne Water 



79 

Maintenance 

Urban wetlands can be designed to function entirely without pumps or similar instruments. 

Urban wetlands always consist of inflow, sedimentation and marshland zones combined 

with a pond or other open water area. 

In the inflow and sedimentation 

zones, all large waste matter is 

eliminated before the water enters 

the marshland zone, to prevent the 

wetland from becoming polluted too 

quickly. The sedimentation zone 

requires regular cleaning, meaning 

that the sedimentation system 

needs to be accessible to a tank 

lorry. 

A stormwater filter, for example a gravel layer, can be used to eliminate larger and floating 

waste. That part also requires regular maintenance and so must be easy to access. 

 

Combination with other solutions 

W1 - Above-ground drainage 

W4 - Rainwater ponds 

W5 - Helophyte filters 

W7 – Green riparian zones 

 

 

 

 

  

Figure 71 London wetland center. Source: Ron Gilbey 

 Benefited ecosystem services  
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H1 - Extensively managed green areas 

Function 

In abandoned gardens, around 

dilapidated houses and in other 

unused areas, flora and fauna 

can develop uninhibited. This is 

not only important for the 

development of nature, but they 

often also are particularly 

attractive play and meeting 

areas for children and youths, as well as for nature-loving adults. These areas are an 

important instrument for the prevention of vandalism. They are the only places where young 

people can be free to enjoy themselves.  

Design aspects  

Wilderness of this quality is disappearing due to the compulsive need for order. People need 

to change the way they think; wilderness cannot be planned. We should conserve the few 

areas which still exist in cities and perhaps consciously forget certain quiet parts of parks so 

that they can offer space to species which need a quiet environment.  

Maintenance 

For this type of green areas, it does not need 

much maintenance. Any intervention from 

human being might disturb this natural order for 

the extensively growing and living species. 

Combination with other solutions 

V2 - Planting perennials and evergreen species 

V3 – Grass fields and flower meadows 

V5 - Car parks with porous paving materials 

V6 - Dense vegetation at street level  

Figure 72 Villa Augustus, Dordrecht, The Netherlands.      

Source: atelier GROENBLAUW, Amar Sjauw En Wa 

 Benefited ecosystem services  
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H2 - Dead trees 

Function 

Dead trees are good habitats for many 

plants and animals which can be achieved 

in several ways. It also has an educational 

value for the local residents. But a dead 

tree which is left standing may cuase a 

falling risk especially when it suffers from 

rot. And sometimes it may also raise a 

feeling of untidy in the living surronding 

area. So it is very importatn to provide 

information on why it is left behind and 

points out its significance in urban build 

environment. 

Design aspects  

A dead tree can be left standing as 

it is, to become a nesting place for 

insects. Part of the tree can be 

taken away, but as least one meter 

of the trunk shall be left to provide 

benefit for a rich biodiversity.  

A falling tree can also be lied down 

on any surface to create habitat for 

insects. It can even be placed in a 

neighborhood’s courtyard to serve 

as a shelter for animals and a 

sculpture for aesthetic need. 

Allowing the leaves and branches to remain could easily create a settlement for some small 

animals such as hedgehogs. Blowing together fallen leaves from living plants and shrubbery 

is also a good way to create shelter for plants during winter. 

 

Figure 73 Dead tree in Amsterdam. When trees must be 
cut down, they are left on the ground, creating habitats 
for wildlife - not to mention a nice place to sit and take a 

break.  Source: Brown, Mark 

Figure 74 The brush and twigs from cleanup in the fall and 
spring are laid out in long ranks, like a fence.  This not only 

eliminates waste but provides habitats for animals and insects, 
Amsterdam. Source: Brown, Mark 
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Maintenance 

It is less maintenance if the placement of dead trees, branches and leaves are well 

organized. Proper trimming to lower the risk of falling or the feeling of untidy is essential. 

However, it may be good to keep the tall grass around the lying trees to provide a good 

habitat for different insects. After a dead tree is felling and pruned, the left branches can be 

used to create a shelter for small animals. In general, a dead tree does not need much 

maintenance if it does not need to be shipped away. 

Combination with other solutions 

V1 - Preserve existing trees and shrubs  

 Benefited ecosystem services  
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H3 - Nests for insect, bat & bird 

Function 

Design solutions such as insect hotel, 

birdhouse cover various forms to 

provide shelter and habitat for insects, 

bat or bird, which has educational 

value to make residents aware of the 

importance of these living creature. 

Although these solutions provide 

opportunity for animals to live, there is 

no guarantee that they will do it. The 

location and surrounding condition is 

important for them to be inhabited.  

An insect hotel is a manmade structure created from natural materials intended to provide 

shelter for insects. They can come in a variety of shapes and sizes depending on the specific 

purpose or specific insect it is catered to. Most consist of several different sections which 

provide insects with nesting facilities – particularly during winter, offering shelter or refuge 

for many types of insects. Insects hotels are also popular amongst gardeners and fruit and 

vegetable growers due to encouraging insect 

pollination.  

Design aspects  

A sunny, dry location with good shelter and 

connection with convenient pollination 

opportunities is preferred by insects. Birdhouses 

placed in inconspicuous location such as in trees 

or under the roofs are also advantageous to 

attract birds for nesting. 

Different insects and birds need different types 

of settlements; therefore, it makes sense to 

design in different forms to meet the multiple 

needs of these species.  Figure 76 An insect hotel in a Botanical garden 

Figure 75 Ladybird hotel 
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Maintenance 

An insect hotel and birdhouse require regular maintenance. It is essential to keep a good 

condition of these nests so it could be preferable to clean or empty the nests once a year, 

and make sure the structure of these nests is stable and unbroken. 

Combination with other solutions 

V1 - Preserve existing trees and shrubs 

V2 - Planting perennials and evergreen species 

V3 – Grass fields and flower meadows 

V7 - Urban cultivation 

 

 

  
 Benefited ecosystem services  
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H4 – Birdbath 

Function 

A birdbath is an artificial puddle or small shallow pond, created with a water-filled basin, in 

which birds may drink, bathe, and cool themselves. A birdbath can be a garden ornament, 

small reflecting pool, outdoor sculpture, and part of creating a vital wildlife garden. It is not 

only good by birds but also could be used by insects to drink and cool off. 

A bird bath is an attraction for many different species of birds to visit gardens, especially 

during the summer and drought periods. Bird baths which provide a reliable source of water 

year-round add to the popularity and "micro-habitat" support. 

Design aspects  

It is important to make sure the maximum depth of birdbath is 8cm to avoid the risk of 

drowning for small birds (Bengtson & Lewander, 2003). The surface area of birdbath is not 

important but a smaller bath dries out faster than a larger one.  

Bird baths often are the central feature of an overall plan for a garden setting which includes 

natural nectar and food plants, shrubs, trees, and feeders. They can be placed on a small 

patio, deck, or terrace which is designed carefully to provide for the safety of the birds by 

eliminating access by predators. 

Figure 77 A bird in a birdbath 
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Maintenance 

bird bath requires regular 

maintenance. Maintenance may be 

as simple as a daily quick wash and 

refill, but it will depend on the bird 

bath materials. This is important 

because of the possible adverse 

health effects of birds drinking dirty 

water, or water which may have 

become fouled with excrement, 

mosquito larvae, algae, or fungi. 

Fresh water is important.  

To prevent mosquito larvae, change 

the bird bath water weekly to 

interrupt their 7-10 days’ cycle or 

use a water aerator to break up the 

still water surface mosquitos require 

to lay eggs. 

Combination with other solutions 

V7 - Urban cultivation 

W1 - Above-ground drainage 

W4 - Rainwater pond 

 

 

 

Figure 78 A potential birdbath in the Netherlands.  

Source: Träff, 2015 

 Benefited ecosystem services  
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5. DISCUSSION & CONCLUSION 
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5.1. DISCUSSION 

With the growth of urban population and urban expansion, urban nature and green spaces, 

which provide important ecosystem services to humans and contribute to the quality of life 

in urban area, are under threaten. A degraded ecosystem will stop to supply the ecosystem 

services that we rely upon, and it can be “extremely expensive, time-consuming, or 

sometimes even impossible to restore the ecosystems and/or find an alternative solution” 

(TEEB, 2011). Thus, ecosystems need to “be taken into consideration in city planning, 

management and implementation and benefits of different policy options to make better 

informed decisions” (TEEB, 2011).  Actors in cities also affect the national and international 

arena to strengthen the protection and promotion of biodiversity and ecosystem services 

through implementation of the green-blue infrastructure. 

With a focus on green-blue infrastructures, this work has collected design solutions from 

practical cases in Sweden and other European countries that can bring inspirations and 

guidance in the integration of design solutions that support urban ecosystem services.  

In this part, I will discuss the main findings from the thesis. The part is structured as follows. 

First, I will underline the importance of three key elements (vegetation, surface water, 

habitat) of green-blue infrastructure that support urban ecosystem services and the five main 

principles of GI which need to be considered in urban planning. Secondly, I will discuss 

about the lessons from the case study of Bo01 on promoting biodiversity and ecosystem 

services with inclusion of GI elements and principles in built environment. Finally, I will 

discuss the implications of the collected design solutions and their possibilities for 

implementation to support UES in urban areas. 

Underline 3 key elements and 5 main principles of GI to support UES 

Water, vegetation and habitats in or near the built environment play essential roles in 

delivering and preserving ecosystem services at different spatial scales (Cressey, 2015). 

Water is the most essential life-supporting element in the continued provision and control of 

the quantity and quality of ecosystem services. The hydrological cycle links all the various 

biotic and abiotic elements in all kinds of ecosystems on earth, including urban ecosystem, 

and this means that water resources are linked, via the water itself, to all the other 

components of the broader environment (such as soil, biodiversity, and air) (Bridgewater, 

2013). Minimize hard surfaces in urban areas and replace with a wide range of landscape 
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types, such as permeable paving, open stormwater system, wetland, rain garden and so on, 

has positive effects to hydrological cycle and delay of the sotrmwater.  

Water also contributes to the value of green areas for nature, recreation and residential 

uses, while green spaces are key factors for water management and regulation like flood 

control, rainwater cleaning and stormwater regulations. Besides, vegetation contributes to, 

among others, lower the temperature indoors and outdoors during the summer months, 

regulate microclimate and urban heat island issue, purify the air and reduce noise, and add 

aesthetic and educational value as well as to a sense of place, etc.  

Habitats provide everything that an individual plant or animal need to survive: food, water 

and shelter (TEEB, 2001). Creating habitats for insects and birds are important to support 

biodiversity, protect and promote various ecosystem services such as pollination, genetic 

diversity, thus in turn, strengthen the ability of ecosystems to recovery from disruptions in 

built environments. And it is also important to provide educational function for human being 

to better understand the value and benefits of ecosystem services (Persson & Smith, 2014). 

Figure 79 Open storwater pond in Bo01. Source: Malmö stad. 
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The concept of green-blue infrastructure (GI) embeds the connotation of multi-functionality 

and inner-connection of urban green and blue spaces. By using the term “infrastructure”, 

greenspace planning is aligned and put on a par with other infrastructures, for example, 

transport, communication, water supply, and wastewater systems (Pauleit et al., 2013). In 

this thesis, there are five main principles for green-blue infrastructure in the process of urban 

planning, which are:  

- multi-functionality as a strategy can strengthen the role of green spaces in the city, 

because having more than one function can give the green spaces additional value, and 

broader public constituencies of support, which in turn makes them more resistant to 

development pressures or changes in political leadership (Li, 2008; Colding, 2013; 

Pauleit et al., 2013). However, there are limits for small green spaces in densely built 

areas to provide for intensive recreational use and meanwhile be species rich habitats, 

especially for disturbance-sensitive species (Pauleit et al., 2013).  

- connectivity is an important factor for the design of the green-blue infrastructure to 

enhance species dispersal and support metapopulation dynamics between 

greenspaces in urban areas (Colding, 2013; Opdam et al., 2006; Pauleit et al., 2013). 

However, one must have a holistic view of the multiple green and blue structures of a 

city, about their specific functional characters and qualities as well as the spatial 

characteristics and requirements (Pauleit et al., 2013). It is worth to notify that simplistic 

ideas of green corridors are never adequate, because not every species will benefit from 

greenspace corridors (Simberloff & Cox, 1987). Un-channelized semi-natural or restored 

stream reaches are of relevance to form a natural system of green and blue corridors in 

many cities (Tjallingii 2000).  

- integration concerns the interaction and links between urban green and blue 

infrastructure and other urban infrastructures, which can lead to better expression of the 

multiple functions of each infrastructure and stimulates innovative solutions for green 

and blue infrastructure (Pauleit et al., 2013). Comparing with engineering solutions 

which are generally designed to address a single problem, green-blue infrastructure as 

an integration solution may cost efficiently address and contribute to different demands 

in parallel (Langemeyer, 2015). For example, levees are the civil engineering approach 

to protect cities from flooding events. But an increase in coastal wetlands may serve as 

good as a levees against storm surges and waves (Costanza et al., 2006), and it can, 
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in addition, provide an affluent filter, habitat for species and opportunities for recreational 

uses. 

- communicative and social-inclusive planning and management where a partnership 

approach should be adopted for green-blue infrastructure planning (Cambites & Owens, 

2006). Since various types of green and blue spaces (public, institutional, private) are 

included and interacts with other urban infrastructures (e.g. transport, communication, 

water supply, and wastewater systems, etc.) as well as different actors (e.g. residents, 

developers, decision-makers, planner and ecologist, etc.), different opinions should be 

involved and considered during the process, where “knowledge of communicative 

planning comes into play and assists the process of mutual learning and mutual 

understanding of the benefits and costs of land-use options” (Pauleit et al., 2013). In 

practice, decision-makers, planners, and the public together with ecologist need to 

communicate about the benefits and losses of different land-use scenarios in a concrete 

sense (de Groot, 2006; Steinitz et al., 2002).  

- and long-term strategy which is aimed towards achieving overall, long-term goals, and 

meanwhile, allowing “new inputs through on-going learning and discussion between 

different actors in an adaptive planning mode” (Kato & Ahern, 2008). Since the benefits 

from single-use landscape change usually “make narrow economic sense for private or 

corporate interest groups”, but “place the costs on a broader group of stakeholders and 

future generations” (Pauleit et al., 2013). 

Indeed, green-blue infrastructure recognizes “the need for adaptive planning and 

management of complex urban ecosystems” (Pauleit et al., 2013). The concept of green 

infrastructure can help to build bridges between different disciplines, which provides a 

common ground for ecologists, landscape designers to join forces with urban planner, 

engineers, social scientists, in order to collectively address the major challenges of 

contemporary urban development, such as wetland restoration, integration of wastelands 

into the urban fabric, or restructuring of waste and stormwater systems, etc.  
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Bo01 in Malmö and its green planning tools 

Bo01 was shown to the world on the European Housing expo in 2001 as the “City of 

Tomorrow” (Malmö, 2006a). The local government in Malmö has strong ambitions to 

develop this pilot project as a showcase in sustainable planning and building technologies 

while providing socially supportive spaces and outstanding environmental values (Austin, 

2012). In order to secure success, innovative planning methods that emphasized the 

collaboration of different actors (government, designers, and developers) were first 

introduced, for example, “Creative Dialogues” to produce a consensus of what could be 

accomplished under a time constraint, which also resulted in the Quality Program and Green 

Space Factors and Green Points list (Austin, 2012).  

The Quality Program is a simple document outlining “the minimum standards for 

architecture, landscape, energy, water, waste management as well as biodiversity” (Austin, 

2012). The use of Green Space Factors that requires the developers, for example, to find 

solutions to increase the amount of rain water infiltration into the ground locally. And the use 

of green points adds certain additional qualities to promote biodiversity and UES, such as 

the planting of local species, putting up of bird and bat boxes, creation of different habitats 

for animals and insects, etc.  

For sure, there were difficulties and missteps, 

especially between theory and reality. The 

theoretical calculations of energy consumption 

and the practical results differed in some 

cases widely. The energy efficiency goals set 

in the Quality Program were not met due to the 

method used to calculate the energy budget of 

the proposed buildings and most of the 

involved actors were not used to perform 

energy consumption calculations (Austin, 

2012).  

The outcomes about GI planning were 

evaluated a year after the housing expo, which 

was required to reach the GSF of at least 0.5 

(see Figure 80). In fact, the actual GSF in 10 

Figure 80 There were 17 completed 
developments in the year 2002, when the 
courtyards of the multi-family houses were 

evaluated. The evaluation showed that only 7 
developers had reached the requested Green 
Space Factor of 0.5. Three were much lower 
(0.24-0.36); and one was much higher (0.84). 

Source: Kruuse, 2011. 
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out of 17 completed developments, was lower than the planned one, for instance, climbing 

plants had died and not been replaced (Kruuse, 2011).  

The cost of the units was too high to serve moderate or low-income residents, and the 

desirability of living in Bo01 exacerbated this problem because the high demands caused 

unit prices to double between 2001 and 2007 (Austin, 2012).  

However, there are still many significant accomplishments in Bo01. The residents of Bo01 

were asked in a survey about “what they thought about the yards and parks and the 

stormwater system” (Kruuse, 2011). Both the green and blue aspects were highly ranked. 

The demonstration of a surface-only stormwater management system is an important 

achievement. For example, in a rather small courtyard of one completed development, the 

stormwater pond was particularly impressive with 40 different species of wild and regional 

wetland plants, which creates various ecosystem services and attractive landscape. The 

pond is also a site for children to explore biodiversity with vegetation that could benefit from 

moderate disturbance (Kruuse, 2011; Austin, 2012). The semipublic courtyards also offer 

great detail and privacy, create supportive microclimates, and implement biodiversity 

measures (Austin, 2012). 

Figure 81 A green courtyard in Bo01. Source: Malmö stad. 
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The influence of Bo01 is significant. The success of the development validated the planner’s 

contention that high quality architecture, green and blue infrastructure, and attention to the 

social environment as well as biodiversity and ecosystem services were important aspects 

for the achievement.  

Many local citizens walk, bike, sunbathe and swim along the sea shore in Bo01 area, and 

the park besides the coast line is always crowded on summer days and evenings (Kruuse, 

2011). Many professional planners, architects, landscape architects, and others interested 

in innovative housing and urban development also visited the project during the exposition 

and since (Austin, 2012). The high profile of the project caused the positive and negative 

aspects of the project to be publicly disseminated internationally. Within Sweden, and 

especially within Malmö, the successes of Bo01 and the subsequent revisions to correct 

problems have been comprised into other developments (Austin, 2012). For example, after 

being applied as a pilot in Bo01, the Green Space Factor has been gradually adjusted and 

improved, which is now part of an environmental building programme that is used in all new 

developments in two cities: Malmö and Lund (Kruuse, 2011). 

Design solutions to support UES in urban areas 

In this thesis, design solutions serve as inspiration and guidance in urban planning practice 

through green-blue infrastructure that support urban ecosystem services. Relevant services 

are showed with icons in each solution. Since not all solutions are suitable or feasible for 

every location, further information is required for adapting the practice to a specific site, for 

example, the streetside basin may not be practical for a busy road with lots cars and heavy 

traffic. It is also necessary to evaluate and analyse the specific context with which ecosystem 

service are benefit as well as people’s needs.  

The design solutions presented in this thesis justify an expansion of the elements related to 

green infrastructure strategies, which may enhance their use as alternative or complement 

to technological solutions in urban planning. This helps to avoid the risk of creating 

monotonous urban environments, because it requires great variety of species to promote 

biodiversity and pollinators. As for selection of different vegetation, it is important to consider 

the climate zone, soil and location, and the open stormwater management needs to be 

suited on the existing topography, etc. Relevant knowledge and training are also an 

important factor, because management is the key issue in maintaining the embodied 

environments. Caretaking can be simplified with proper training, but creating habitats require 
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special knowledge and care which may not be similar to the current property management. 

Having caretakers with special expertise in the management of different habitats seems to 

be a good investment for local economy in the future. 

To encourage ecosystem services tourism, all collected solutions could be used to help 

achieve such a goal, while it does not mean that every site of these application is important 

for tourism. The Bo01 project becomes so popular among both local citizens and tourists, 

not only because of the application of the green planning tools, but also because of the 

continuous marketing and branding 

towards sustainable community, as 

well as many other actions like 

neighbourhood traffic with less/no 

car, better walking/biking 

environment and a diversity of 

architecture design, that have been 

working together to achieve this 

result (Malmö, 2015; Träff, 2015).  

  

Figur 82 Open stormwater system in Bo01. Source: Malmö stad 
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5.2. Further research 

The findings from this thesis indicate future research in the fields of urban ecosystem service 

research and green-blue infrastructure implementation. 

The thesis states that the green-blue infrastructure as a type of urban “infrastructure” like 

other infrastructures, has strong entanglement and interdependencies with the urban fabric. 

I argued above that research on urban ecosystem services from such perspective might 

stimulate innovative solutions to move from a single-dimensional, engineering problem-

solution based thinking in urban planning and design towards a more holistic understanding 

of green and blue elements as multi-functional green-blue infrastructure capable of 

enhancing urban resilience and biodiversity. So, it is interesting to gain better understanding 

of the interplay between green-blue infrastructure, built infrastructure, and institutional 

arrangement in providing urban ecosystem services, or the combination of ‘nature-based 

solutions’ with technical-engineering solutions and governance. 

Besides, there are also important factors to enable or disable the planning of green-blue 

infrastructure. From my case studies and literature review, two key factors are worth further 

study and research in terms of economic calculations for short-term and long-term, and the 

responsibility for management. For instance, in the case of Bo01, every site was required to 

have certain green/blue spaces to reach the requirement of GSF of at least 0.5. To meet the 

lowest requirement, green roofs and green walls were favorable solutions applied in some 

of the sites. However, evaluation after one year of the accomplishment of these projects 

shown that climbing plants were died and not been changed. The undesirable results were 

caused by improperly maintenance. After the complement of these sites, who are going to 

be responsible for the daily or regular care? Should it be the responsibility of residents or 

developers? Should the local government or the local communities pay for the cost of 

management? All these questions need to be further discussed and all the answers make a 

difference on the implementation and outcome of the green-blue infrastructure planning. 

Another research challenge that could be addressed is the operational guidelines for the 

consideration of the diverse design solutions collected as inspirations to support and 

promote urban ecosystem services into practical decision-making. In this context, the further 

development, testing and implementation of those design solutions for a systematic 

integration of multiple values in real-world decision-making processes seems highly 

demanded. 
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5.3. Conclusion 

The thesis is the fruit of six months of research motivated by the objective to better 

understand the importance of ecosystem services to human beings and the integration 

between urban ecosystem services and green-blue infrastructure. Ecosystem services 

provided by green-blue Infrastructure can provide healthy, attractive environments as well 

as physical and psychological health benefits to the people residing within them. This can 

contribute to improved socio-economic benefits for those communities as well (Tzoulas et 

al., 2007).  In addition, I am interested in collecting different design solutions as inspiration 

and guidance for sustainable urban development. My hope of this thesis is to encourage the 

integration of knowledge among and between the various disciplines such as the urban 

planners, ecologists, and decision-makers to further improve urban ecosystem services, and 

promote the holistic thinking of green-blue infrastructure in urban planning.  

 

 

Figure 83 Source: Statens folkhälsoinstitut, 2009 
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APPENDIX 1 

Green Space Factor 

The complete list of the factors used today in Malmö, modified from Kruuse, 2011. 

Surface type Factor 

Vegetation on ground 1 

Vegetation on trellis or facade 0.7 

Green roofs 0.6 

Vegetation on beams, soil depth between 200 millimeters and 800 millimeters 0.7 

Vegetation on beams, soil depth more than 800 millimeters 0.9 

Water surfaces 1 

Collection and retention of stormwater 0.2 

Draining of sealed surfaces to surrounding vegetation 0.2 

Sealed areas 0 

Paved areas with joints 0.2 

Areas covered with gravel or sand 0.4 

Tree, stem girth 16-20 centimeters (20 square meters for each tree) 20 

Tree, stem girth 20-30 centimeters (15 square meters for each tree) 15 

Tree, stem girth more than 30 centimeters (10 square meters for each tree) 20 

Solitary bush higher than 3 meters (2 square meters for each bush) 2 
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APPENDIX 2 

Ecosystem Services Categories and Status 

Category of Ecosystem services Examples  Status  

Provisioning 
Services 

 

Food  Crops Substantial increased  

Livestock Substantial increased 

Capture Fisheries Declining due to overharvest 

Aquaculture Substantial increased 

Wild foods Declining due to overharvest 

Fiber  Timber Regionally variable, globally 
neutral 

Cotton, Hemp, Silk Regionally variable, globally 
neutral 

Fuel  Wood fuel Declining due to overharvest 

 Dung   

 Biological materials  

Genetic resources  Lost through extinction 

Bio-chemicals, natural 
medicines, and 
pharmaceuticals 

Alginates  Lost through extinction 

Ornamental resources Skins, shells, 
ornamental flowers 

 

Fresh water  Over-extracted for agriculture, 
industry, municipal use 

Regulating 
Services 

 

Air quality maintenance  Declining globally 

Climate regulation Global Energy increasing due to carbon 
increasing in atmosphere 

Regional Declining due to multiple 
impacts 

Water regulation  Regionally variable, largely 
correlated with land use change 

Erosion control  Declining due to increased 
vegetative cover disturbance 

Water purification and 
waste treatment 

 Declining due to altered 
hydrologic regimes 

Regulation of human 
diseases 

 Regionally variable, largely 
correlated with ecosystem 
change 

Biological control Pest  Declining due to pesticide use 

Pollination  Declining due to chemical 
pesticide use and ecosystem 
change 

Natural Hazard Storm protection, 
hurricanes 

Declining due to loss of natural 
buffers, especially coastal and 
riparian zones 

(Continues) 
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Cultural 
Services 

 

Cultural diversity   

Spiritual and religious 
values 

 Rapid decline in sacred places 
due to encroachment 

Knowledge systems Formal   

Traditional  

Educational values   

Inspiration inspiration for art, 
folklore, national 
symbols, architecture, 
and advertising 

 

Aesthetic values  Declining in quantity and quality 
of nonhuman-dominated 
landscapes 

Social relations e.g. Fishing societies  

Sense of place   

Cultural heritage values   

Recreation and ecotourism  Regionally variable, more 
people accessing more spaces 
but those spaces degraded 

Supporting 
services  

 

Soil formation These services are not 
directly used by 
human beings, but 
their impacts on 
people are either 
indirect or occur over a 
very long time, 
whereas changes in 
the other categories 
have relatively direct 
and short-term impacts 
on people. 

Decreasing due to erosion, 
salinization 

Photosynthesis   

Primary production  Increasing, especially in forests 
and cultivated systems 

Production of atmospheric 

oxygen 

 

Soil formation and 
retention 

 

Nutrient cycling Increasing due to increased N, 
P, K and other nutrients in the 
biosphere 

Water cycling  

Provisioning of habitat  

 

 

 

 

 

 

 

 

 

 

Source: MA, 2005 & Matlock & Morgan, 2011 
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