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ABSTRACT
Cities around the world encounter global challenges, of which climate change is one.
Urbanisation is resulting in inflexible land uses that are hard to reverse and cause fragmentation
of green areas, which therefore decline in quality and contribute to the cities’ vulnerability to
climate change. In recent years the concept of ecosystem services has gained recognition and is
used more often in urban planning. However, focus in these discussions has not always been on
urban green spaces. There is a lack of tools that in an operative way link green space allocation
to provision of ecosystem services in early discussions about urban development.
Tools exist that place the focus on the amount of green in urban planning. It is the establishment
of a dialogue on how to identify the need for green in an urban area, identifying how the
distribution of greenery can be operationalised on different city scales, and how it contributes to
mitigating specific problems that are missing. This thesis contributes to the knowledge on the
conceptual understanding of the potential and importance of urban green spaces to mitigate
water and noise challenges, and contributes to starting semi-large scale discussions on climate
change challenges and solutions in urban developments. By visualising the mitigation potentials,
with the goal to create better informed decision making and urban planning processes, it
contributes to the development of urban planning for sustainable development. Factors that
contribute to the identification on where, what and how greenery can be implemented to
mitigate the effects of urban sound and water challenges are identified and merged in a
discussion tool, Where-Else, that is tested for its applicability.
This thesis uses a mixed method approach based on grounded theory, and consists of two
phases. Phase one is data collection and analysis in order to develop two discussion tools,
applying a literature overview. Two questions are answered: how does greenery contribute to
mitigating effects of sound and water challenges, and secondly, what are the most important
factors to recognise? Both the effects of noise and water can be mitigated using greenery.
Identified and noticeable important mitigation factors by greenery are: size, location and design
for noise mitigation; and retention time, infiltration, evaporation and transpiration for water. In
the second phase “Where-Else” is tested for its applicability and practical value, using interviews
with urban ecosystem services experts, resulting in suggestions for improvements and the
acknowledgement that there is a practical value for the developed tool.

Keywords: climate change, resilience, dialogue, urbanisation, water, sound.
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SAMMANFATTNING
Städer runt om i världen stöter på globala utmaningar, varav klimatförändringen är en av dem
Urbanisering resulterar i oflexibla markanvändningar som är svåra att vända och orsakar
fragmentering av grönområden, vilket därför sänker kvaliteten och bidrar till städernas sårbarhet
mot klimatförändringar. Under de senaste åren har begreppet ekosystemtjänster fått
erkännande och används oftare i stadsplanering. Fokus i dessa diskussioner har dock inte alltid
varit på gröna stadsområden. Det saknas verktyg som på ett operativt sätt kopplar samman grön
arealfördelning till tillhandahållande av ekosystemtjänster i tidiga diskussioner om
stadsutveckling.
Det finns verktyg som lägger fokus på mängden gröna områden i stadsplaneringen. Det är
upprättandet av en dialog om hur man identifierar behovet av grön i en del av en stad och
identifierar hur distributionen av grönområden kan hanteras skötas på olika stadskalor och hur
det bidrar till att mildra specifika problem som saknas. Arbete bidrar till kunskapen om den
konceptuella förståelsen av de gröna stadsområdenas potential och betydelse för att mildra
vatten och bullerutmaningar, samt bidrar till att påbörja diskussioner om klimatförändringar och
lösningar inom stadsutveckling. Genom att visualisera mitigationspotentialen, med målet att
skapa bättre informerade beslutsfattande- och stadsplaneringsprocesser, bidrar det till att
utveckla stadsplanering för en hållbar utveckling. Faktorer som bidrar till identifieringen av var,
vad och hur grönområden kan genomföras för att mildra effekterna av urbana ljud- och
vattenutmaningar identifieras och slås samman i ett diskussionsverktyg, Where-Else, som testas
för dess tillämplighet.
Denna arbete använder en blandad metod som baseras på grundad teori och består av två faser.
Fas ett är datainsamling och analys för att utveckla två diskussionsverktyg, vilket genomförs med
en litteraturundersökning. Två frågor besvaras: Hur bidrar grönska till att mildra effekterna av
ljud och vattenutmaningar, och vilka är de viktigaste faktorerna att känna igen? Effekter från
både buller och vatten kan mildras med hjälp av grönska. Identifierade och märkbara viktiga
begränsningsfaktorer av grönska är: storlek, plats och design för bullerreducering. och
retentionstid, infiltrering, avdunstning och transpiration av vatten. I andra fasen testas "WhereElse" för användbarhet och praktiskt värde med intervjuer med experter från
stadsekosystemtjänster, vilket resulterar i förslag till förbättringar och bekräftelse på att det
finns ett praktiskt värde för det utvecklade verktyget.
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1

INTRODUCTION
1.1

Background

City challenges
Every city has its own characteristics of local climate and ecology based on their geographical
location, thus every city is unique and so are the challenges (Cohen, 2006; Grimm et al., 2008).
Cities face challenges that range from diverse backgrounds, such as social, political, economic
and environmental. A city is a dynamic and complex place, consisting of people from various
social and cultural backgrounds, and with various believes, habits, bio-physical conditions,
religions and perceptions of the world we live in (Low et al., 2005; Ward-Thompson, 2002).
Making it hard for policy makers to satisfy the needs of all (Low et al., 2005). Eraydın and TaşanKok (2013) argue that because policy makers in Europe often only have a few years to create and
implement new policies, most challenges in a city originate from fast changing policies and policy
makers, and their lack in long-term and sustainable vision. Loorbach and Rotmans (2006) argue
as well that current policies and management approaches regularly lead to solutions that
produce more problems in the long term, and therefore they advocate structural
transformations and transitions.
An increasing world population, due to among other factors: availability to clean water and
sanitation in general and in cities, as well as a great evolved medical knowledge, has contributed
to a longer life of the world's population in most places (Grimm et al., 2008; Rockström and
Klum, 2012). This is resulting in an overuse of resources to supply a need for more housing, food,
water and other provisions. Furthermore, a challenge specifically for cities is related to the
mitigation habits of humans. Europe’s urban network has changed tremendously after 1900, due
to industrialisation, increasing population and immigration of people to cities from rural
landscapes (Grimm et al., 2008; Ward-Thompson, 2002; Wegener and Kunzmann, 1996). Over
the past decades humans have continued to exploit the natural environment by expanding the
urban environment (Cohen, 2006; de Ridder et al., 2004). Currently, urban development and
urbanisation are still absorbing space, e.g. by urban sprawl and densification, and therefore,
landscape change is one of the bigger concerns for the European Union (EU), next to climate
change (de Ridder et al., 2004; Grimm et al., 2008). Box 1 gives some background on the effects
of urbanisation.
Box 1: Effect of urbanisation
Urbanisation and urban development lead to competition over land as well as fragmentation and
isolation of the leftover urban green spaces and natural green area. This may result in a declining
amount and quality of green space (Sandström et al., 2006; Stenhouse, 2004). “A challenge of urban
landscape planning is reconciling knowledge on how landscapes function (i.e. what is) with normative
assertions about desired future states and actions towards them (i.e. what ought to be) (Campbell,
2012).” – in Ives et al. (2017, p. 33). Urban green spaces provide ecosystem services (ES), which are
essential for human welfare and well-being (Bolund and Hunhammar, 1999; Niemelä et al., 2010).
Urban development and urbanisation result in the replacement and loss of the green surfaces and
thereby the ecological functionality, overall stability and resilience that they provide (Whitford, 2001),
thus increasing the vulnerability to climate change impacts.

Building cities for the future
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Chiesura (2004) argues that ecological preservation efforts are mainly concerned with
ecosystems that are either biodiverse, untouched or have individual vegetal or animal species
that are worth conserving. Not as much attention is paid to green spaces close to where people
live and work, and the benefits of those towards humans, even though there is increasing
evidence that nature contributes to the quality of life in different ways, e.g. health and
recreation (Grimm et al., 2008; James et al., 2009; Ward-Thompson, 2002). Therefore, planned
green spaces do not only fulfil a role as contributing to environmental sustainability but also to
social sustainable development (Chiesura, 2004). According to De Ridder et al. (2004) social
support for more green space in cities is increasing, evident by the recently launched umbrella of
solutions for the city that is gaining recognition and awareness: nature-based solutions, solutions
that are inspired and supported by nature (EC, 2017).
In addition to the nature-based solutions there is awareness concerning the amount of green in
a city. Green factor tools (GFT), such as the Green Plot Ratio (GRP) (Ong, 2003), Grönytefaktorn
(GYF) (Inkiläinen et al., 2016; Malmö stad, 2017), are designed to calculate the amount of green
compared to the total plot size, with the purpose to reduce the effect of development, through
maintaining an acceptable level of green and enhancing the quality of the vegetation in urban
settings. These GFTs are used within planning, renovation or redevelopment projects as a way to
visualise the potential to implement green structures compared to no additional green
implementations. It is a concrete way to quantify the amount of greenery, intended for city
planners, landscape architects and garden designers, it is most important for maintaining and
increasing the ecological and social benefits of greenery (Nuissl et al., 2009).
Problem of operationalisation
A dilemma that city planners often face is that of land competition in cities; the built
environment versus the natural environment (Ong, 2003). Landscape changes are one of the
bigger concerns for the EU (de Ridder et al., 2004; Grimm et al., 2008), this is a challenge that is
of a ‘sustainability’ nature; the ecological pillar is supressed by the economic incentive to grow,
thereby decreasing social factors that contribute to wellbeing. Plot allocations are made for long
timescales and nowadays buildings last at least 30 years before high maintenance occurs. Cities
within Europe are traditionally densely built (Nuissl et al., 2009) and there is a governmental
stimulation towards maintenance and refurbishment of the built environment, compared to new
(location) development (Zavadskas et al., 1998). These tendencies result in land functions that
are inflexible, thus alteration is hard and paired with pollution (e.g. from demolition) (Zavadskas
et al., 1998). As a side effect, this process enlarges the sensitivity of a city to climate change by
decreasing the resilience.
This can change by assigning plots for green spaces in the initial design of developments; to
place focus not only on maintaining nature protected areas but also on more trivial urban green
structures. However, since a city is complex (James et al., 2009; Loorbach and Rotmans, 2006;
Ward-Thompson, 2002), the plot allocation needs to include the planner’s and the inhabitants’
perspective, as well as the future’s need; the urban planning process is therefore highly complex
and dynamic. By now it is understood, in science as well as by policy makers, that green spaces
contribute to safer, healthier and more resilient living environments for those living in close
proximity, as is seen in research by among others (Gill et al., 2007a; Niemelä et al., 2010; WardThompson, 2002). There is an increase in social recognition that influences higher policy making
towards the importance of green spaces; yet, on local authority level this may not always be the
case (James et al., 2009).
[2]

To conclude, the knowledge is available, though, there is a lack of ways to operationalise this
knowledge in the existing structures of cities because it is an evolving field of science. The GFTs
help, however, it is often unclear what type of green is most beneficial for what type of
challenges in relation to what kind of urban context, resulting in mismatches (Folke et al., 2007).
Since the problem that is identified is a mismatch of policies and operationalisation of
implementing urban green space, the main focus of this thesis is on the identification of the
need of green structures as a nature based solution to undo the effects of two city challenges,
noise and water, that stem from landscape and climate changes.
Zupancic et al. (2015) investigated the potential of green spaces to mitigate the effects of two of
three frequently mentioned challenges in the literature; heat, Urban Heat Island (UHI) effect,
and air pollution, it is therefore not of interest to repeat these. One other frequently mentioned
city challenge in the literature is that of water issues resulting from climate change; flood and
droughts as well as change in rainfall patterns (Bolund and Hunhammar, 1999; Grimm et al.,
2008). Since cities must not only protect themselves against the water but as well provide clean
water for inhabitants, this challenge is chosen to be investigated. Furthermore, in relation to the
dynamics of a city, noise is often a conflict that arises from busy streets and events (GidlöfGunnarsson and Öhrström, 2007), with its social-ecological background noise is therefore chosen
as the second challenge; ‘to improve the sound environment’.
1.2

Problem Description and Research Formulation

The practical relevance of this thesis lies within the combining of specific green features to
address specific problems and the application of this knowledge, in an urban planning and
decision-making processes, in the form of a discussion-tool, called “Where-Else”. Diverse
research is done on the importance and multi-functionality of green space in the urban
environment (e.g. Chiesura, 2004; Grimm et al., 2008; Ward-Thompson, 2002; Whitford, 2001),
the interaction of green space towards a specific problem (e.g. Bolund and Hunhammar, 1999;
Grahn and Stigsdotter, 2003) and the adaptation possibilities provided by green space (e.g.
Atiqul Haq, 2011; Niemelä et al., 2010). As well as, tools are created to quantify the amount of
green (Inkiläinen et al., 2016; Malmö stad, 2017; Ong, 2003). However, little is done on
combining results to visualise mitigation potentials with the goal to create better informed
decision-making and planning processes (Zupancic et al., 2015), and on how the distribution of
greenery can be operationalised on different scales in a city.
This thesis contributes to the understanding of the mitigation potential of urban green space. By
collecting and combining data on the two mentioned city challenges, water and noise, and on
the different types of urban green solutions to be placed in the city, the data is used to visualise
how the distribution can be operationalised on different city scales. All to extend the field of
knowledge on the conceptual understanding of green spaces and its connection to semi-large
scale discussions about climate change challenges and solutions. Thereby contributing to
scientific knowledge from a planning and decision-making perspective, not only in new urban
development projects but also on renovation, redevelopment or refurbishment situations at
smaller scales. Where-Else is thought to benefit non-experts in respective work fields of urban
planning (e.g. municipality or landscape architects) as well as those who do not work with ES
fulltime.
The overall aim is to expand practical knowledge on the possibility and importance of space
allocation for greenery in urban developments for noise and water challenges. Tools and
[3]

literature-review reports that tell the user what to do exist, but it is the step before that is
missing; the creation of a dialogue on how to identify the need for green in an area: Where and
how do we tell there is a need?. This dialogue is created by developing a discussion tool which
addresses the possibilities to implement urban green spaces in urban development projects, at
different urban scales, and at an early stage of a project. This thesis fits in as an earlier step to
the GFTs, and overall urban development, by asking the question of “In case of urban
development, what, where and how can greenery be implemented?”, and will contribute to
existing knowledge for two ES. The outcome of this thesis is expected to contribute to the
discussions within urban planning decision-making. From this background the main research
question is:
 What factors are crucial to consider in a discussion on what, where and how to
implement green space to contribute to the mitigation of the effects of noise and water
challenges in urban landscapes?
1.2.1

Objectives

1. To identify the relations and interactions between urban green spaces and noise and
water challenges respectively.
2. To develop two discussion tools for the benefits of different types of urban green in
relation to either the noise or the water challenges.
3. To test and improve the discussion tools by consulting different urban planning experts.
1.3

Scope

The thesis is not analysing all green spaces that can be found in urban areas, a focus is made on
three and that limitation is explained by a small overview on green space typologies and
definitions. Moreover, water as a challenge is narrowed down, as became clear during the
literature overview, there is one major challenge due to urbanisation and that is increased
runoff, therefore the focus will be on reducing such flows. The full argumentation to narrow
down water as a challenge is explained in chapter 3.3 Water.
1.3.1

Green Space Typologies

The increasing awareness of green spaces has mostly focused on large ecosystems and parks
(Chiesura, 2004); even though there are more types of green in or near a city that can help
reverse the effects of common urban sustainability challenges. Virtudes (2016) states that types
of green spaces have their own role in the urban context of the modern day city, not only from
an ecological perspective, but as well from a social perspective. Green spaces can be landmark
components in the city structure; indicating that they are part of the composition of a city and
thus contribute to the organisation and identification in a city. Moreover, the provision and
placement of green spaces in a city influences the structure and the quality of life for citizens
(Virtudes, 2016). De Ridder et al. (2004) state there is a difference in greenery depending on the
scale. There is also a difference between publicly and privately owned green spaces (James et al.,
2009). In the next part green space elements and typologies are explained, presented and a
choice of green space typology for this thesis is made.
Inkiläinen et al. (2016) use 43 green elements (ecological components) and simplified these
consist of: trees, shrubs, perennials, cultivation plots, grassland, green roofs and green walls.
This means that any type of greenery can be designed using different natural elements, but at
[4]

different sizes and scales there are different possibilities; e.g. in a small backyard, the
implementation of a large tree could be risky, not only for the health of the tree, but as well for
the foundation of the house or road in the tree’s proximity (Inkiläinen et al., 2016).
Planned green spaces come in diverse shapes and sizes; cities may make their own definition or
use green space definitions based on studies. Gómez-Baggethun and Barton (2013) classify green
spaces by the ability to provide ES and divide urban nature in two main types, blue and green
spaces. “They include all ‘green and blue spaces’ in urban areas, including parks, cemeteries,
yards and gardens, urban allotments, urban forests, wetlands, rivers, lakes, and ponds.” –
(Gómez-Baggethun and Barton, 2013, p. 236). Zupancic et al. (2015) identified that many types
of green can help reverse the effects of urban sustainability challenges. They divided green
spaces in the following categories: green buildings, small urban parks, urban trees, mixed
neighbourhood green space, large urban parks and urban forests. Appendix I presents a list of
the diversity of types of green spaces and their definitions. The three chosen typologies are
presented in Table 1, the choice for these three typologies is the outcome of an analyses on the
definitions in Appendix I.
Table 1: Chosen green space typologies.

Typology
Park
Green corridors
Street trees
Green buildings

Public/
private
Public

Flexibility

Scale

Ecological Component

Small

Size
occupation
Large

City district

Public

Medium

Small

City neighbourhood

Private

Large

Small

City street or block
(per unit)

Trees, shrubs, perennials,
cultivation, grassland.
Trees, shrubs, perennials
(sometimes grass)
Green roofs, green walls (grasses,
plants and small shrubs)

After identifying green typologies and definitions from the analysed literature, it became clear
that some studies do not mention definitions (e.g. grassed areas) or have contradicting
definitions (e.g. urban forests). The information is analysed on three factors: 1. description of
definition, 2. possibility to be inside city borders and 3. possibility to be a mix of typologies.
Multiple factors per typology are possible, and the aim is to pick those with no factors. If there is
no definition, or the definition for the typology is contradicting, the factor “No description to
work with” is assigned: good examples are “Playing field” and “Urban Trees”. Since Chiesura
(2004) mentions that a focus is missing on urban types of green, the focus of this thesis will be
on those types of green, therefore the factor “Too large of a scale” is assigned to greenery, e.g.
“Woods and other natural areas”.
The literature also led to the acknowledgement that green spaces can be a mix of different types
of ecological components and can be influenced on different scales, (too diverse per unit). This
means that some categories (e.g. “gardens”) are (semi-) privately owned and can be influenced
by others than the municipality: the output of e.g. a garden or playing field is dependent on
different variables (what the owner or the neighbourhood wants) that can be subjectively
influenced (each owner might want something different in their garden) and is therefore too
diverse to generalise. Overall, it is acknowledged that green typologies may consist of a mix of
ecological components and therefore this is taken in consideration for the choice in this thesis,
the three analyses are mentioned in Appendix I in the outer right column.
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Three typologies are chosen; parks and green buildings (facades) as these two have no factors
assigned, and street green as this fits in right between the other two. To visualise the contrast
and diversity in the ecological components between the green spaces analysed, the typologies
are, based on the read literature, divided in: public or private (ability to visit), flexibility
(possibility to relocate), size occupation (what amount of space does it occupy), scale (within a
city, because not all green can be present at a certain scale e.g. park per X amount of residents)
and the natural elements (ecological components) possible to implement, see Table 1 and Figure
1.

Figure 1: Connection type of green and ecological components.
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2

METHODOLOGY

This thesis uses a mixed method approach of grounded theory (O’Leary, 2014), generating a
theory by collecting data through a literature overview and in qualitative interviews, and is of
qualitative nature. The research is divided in two phases: the development of Where-Else and
testing Where-Else to validate the applicability and practical value (Figure 2). This process
structure is chosen in order for the discussion tool to not only be grounded in theoretical
information but as well in empirical information, as a way to demonstrate the validity and
inclusiveness of the developed tool. In the following paragraphs a detailed explanation of the
methodology is given.
Phase 1
• Method: Literature overview

Development of Where-Else
Phase 2
• Method: Interviews

Generation of improvement options
Adaptation of Where-Else
Figure 2: Methodology followed.

2.1 Phase 1: Developing a literature based discussion tool; Where-Else
A full overview of steps taken during phase 1 is given in Figure 3. The research approach used in
the first phase is data collection and data analysis in a written report form using grounded
theory approach, the method used is a literature overview. This phase is the initial scoping,
serving to provide an overview of the scientific knowledge on sound and water. A literature
overview sits in between a literature review and general data collection: data in the form of
published bodies of knowledge, such as research studies, books, reviews of literature and/or
theoretical articles are collected and critically analysed through summary, classification and
comparison. The scope of the literature review is based on the main themes and definitions
presented in the introduction (see further in Appendix II for all terms and search tools used.
Starting point are terms such as: water, sound, mitigation, greenery. This method is used for
objective 1 and 2. The standards for the chosen literature are based on from the guideline of Bell
et al. (2007, p. 105)).
Literature is primarily collected through the use of the online library database from KTH, but as
well by the use of the Google scholar database. By using these online databases, knowledge
from other universities and publishing magazines becomes available, resulting in a wider range
of knowledge. Furthermore, to enhance validity a time limitation is applied of literature
preferably not older than 10 years, but ≤15 years is accepted. For Where-Else it is preferable to
have quantitative data, which allows for more objectivity in the design. However, qualitative
studies are not excluded, as it may give secondary, non-quantifiable insights of relevance. The
purpose of this step is to identify existing knowledge: to identify claims and conclusions,
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theories, similarities and differences; to show relations and gaps between studies; and to
provide follow-up context for Where-Else (Bell et al., 2007; Raju, 2013).

Figure 3: Process diagram of how findings from the literature overview are transferred into the discussion tool.

The first step in developing Where-Else is to transfer the literature insights into main factors that
play a role in mitigating the urban challenge of noise and water (Figure 3). In order to do so, the
research question (1.2) is divided in two sub-questions to make it more feasible and measurable,
first: ‘How can types of green space contribute to mitigate the effects of noise and water
challenges?’, and secondly: ‘What are the most important factors to recognise if greenery is used
for this purpose?’. The identified factors are then transferred to questions. The establishment of
questions is an interactive, back and forth process. The beginning is made with closed questions
or ‘have you thought of…’ questions based on statements in the literature, e.g. “parks contribute
to the creation of quiet areas in a city”, question derived: “Is there a park?”. Questions are
grouped and placed in an order that goes from the larger scale to the smaller scale.
The Where-Else discussion tools are different for Sound and Water respectively: the outcome of
the literature studies does not provide support to structure the questions in a similar matter.
The question “How does a park, street green or facade contribute to mitigate the effects of water
in urban landscapes?” could not be fully answered due to a lack of information for Water, it is
therefore chosen to not repeat the same structure as done for Sound.
2.2

Phase 2: Generating improvement options and adapting Where-Else

The research approach used in the second phase is data collection and analysis using the method
interviews to gather the information, again applying the grounded theory approach. This phase
is the validation of the literature overview and the developed Where-Else tools, serving to test
and improve Where-Else, as stated in research objective 3. The intention is to identify and
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discuss improvements using interviews, therefore the interview is a qualitative assessment of
the tool developed and the data serves as empirical material to analyse. The choice for
interviews, compared to other social science methods, is that it provides an interchange of
knowledge on a more personal level, e.g. compared to surveys and questionnaires. It gives a
more profound and detailed understanding of views and opinions of those questioned. It allows
the researcher to answer questions in case of any uncertainties and it gives the opportunity to
use visual means or exercises, which is done (techniques that contribute to promote the
conversation and thereby collect more valuable data than just questions and answers) (O’Leary,
2014).
Interview participants are chosen from an informal network including a large diversity of experts
within urban-ES implementation in Sweden. From initially contacting nine experts in the
network, three responded and are willing to participate. One participant works within an
architecture company as a sustainability specialist, one as a communication expert in the field of
sustainability science, with large experience with ecological science and the last interviewee
works as an ecosystem consultant. The interviews are recorded and transcribed: first in a semi“word-to-word” sketch, leaving out “uhm’s” and “ah’s” but including emphasis, intonation and
pauses, then to a more formal written text that is used for the analysis.
The interviews conducted are semi-structured, because of the possibility for the respondent to
elaborate on answers and to give the possibility to explain in more detail (Kvale, 1996; O’Leary,
2014). The questions of the interview are prepared beforehand, a total of 13 questions are
formulated and asked to all participants (see further in Appendix III). There is no previous study
conducted to base the questions on, the questions are formed by using the reason to conduct
interviews in the first place, to obtain knowledge relating the practice perspective. Three main
themes are identified, those being: applicability, profoundness and business value. In Appendix
III the questions are listed and divided over the themes in detail.
Answers of the interviewees are used to create common topics (grounded theory), important
insights and are taken in consideration in the next interviews to see if opinions correlate or differ
(O’Leary, 2014). The collected data is analysed using a combination of a deductive (general to
specific) and inductive (vice versa) approach on content analysis; counting the number of
instances a topic is mentioned. Per interviewee comments are identified as specifically
answering a question or general comments. These are then compared between the interviewees
to confirm statements and gain general conclusions (Kvale, 1996). The used information for the
results is therefore a synthesis of the records; a selection of the most important quotes that well
illustrates the respondent’s comments.
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3

RESULTS PART 1: DEVELOPMENT WHERE-ELSE

First ecosystem services (ES) as a concept is clarified, describing why green spaces are important
and creating additional background knowledge supporting the research questions. Then for both
sound (noise) and water a literature overview is presented. A summary on the general
background of both topics is given in this chapter; the most important points from sound and
water are described and a more in-depth elaboration can be found in Appendix IV and Appendix
V. For both topics, the literature related to the different types of green is then analysed with a
specific section regarding main literature outcomes and the relevance for developing WhereElse. For both topics the Where-Else decision tool is displayed in Appendix VII and Appendix VIII.
3.1

Ecosystem Services

Humans obtain benefits from functions, goods and services, that nature (ecosystems) provides
(de Groot et al., 2002; Millennium Ecosystem Assessment, 2005) and through direct and indirect
contributions to human well-being (TEEB, 2010); these functions are called ES. ES have an
important role in increasing an area’s resilience and capacity to adapt to change (GómezBaggethun and Barton, 2013). Human well-being, in cities as well as outside of that, demands ES,
e.g. food provision, breathable air, drinkable water. These demands are higher in urban settings
because space is limited and the amount of people per square kilometre is higher, therefore
some services are imported, e.g. food or water. Due to increasing urbanisation, demands on the
ecosystems to provide ES keep increasing (Inkiläinen et al., 2016). While there is scientific
knowledge on ES and growing knowledge on urban-ES (Haase et al., 2014), there is a lack of
integration into present and new policies and practices (Ahern et al., 2014; Kabisch, 2015;
Primmer and Furman, 2012).
Costanza et al. (1997) are the first to cluster studies and identify functions and services obtained
by the environment, they identify 17 functions; a more recent update of the list contains 23
functions and services (de Groot et al., 2002). Not all ES are directly transferable to urban
situations; research shows that a separation can be made between ES and urban-ES. Urban
meaning “where the built infrastructure covers a large proportion of the land surface, or those in
which people live at high densities (Pickett et al., 2001).” – (Gómez-Baggethun and Barton, 2013,
p. 236). Urban-ES are services “provided by urban ecosystems and their components” (GómezBaggethun and Barton, 2013, p. 236)., and includes green and blue spaces within an urban area.
However, in a broader sense, they may also include community forests or water areas that lie
close to the city boundaries and which residents use often (Gómez-Baggethun and Barton,
2013). As these are important in providing services that impact well-being, health and
recreation, and sometimes even a sense of security (Bolund and Hunhammar, 1999).
Transferability of the ES to an urban situation depends greatly on the climatic and socioeconomical characteristics (Inkiläinen et al., 2016). Gómez-Baggethun et al. (2013) identify ES
that can be provided within an urban area: food supply; water flow regulation and runoff
mitigation; urban temperature regulation; noise reduction; air pollution; moderation of
environmental extremes; waste treatment and climate regulation, these are in line with the
study of Bolund and Hunhammar (1999). In general, the loss of ES means an economic cost of
some sort (Gómez-Baggethun and Barton, 2013; TEEB, 2010), e.g. health problems because of
poor air quality or investments in water treatment facilities (Bolund and Hunhammar, 1999;
McPherson et al., 1997; Xiao et al., 1998). But surprisingly high social and economic value is
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gained already by a small fraction of urban-ES provided within a city (Gómez-Baggethun and
Barton, 2013).
3.2

Sound

The purpose of this section is to address the benefits of green spaces towards the challenge of
noise pollution that cities face and the possibility of green spaces to mitigate the effect of noise.
Answering the questions of: How does a park, street green or facade contribute to mitigate the
effects of noise in urban landscapes?; and What are the most important factors to consider if
greenery is used for the purpose of mitigating noise? The first section is the summary of the
background literature on sound, followed by the sections on the correlation between noise and
parks, noise and street green and noise and facades. The sound section ends with a concluding
paragraph on the most important factors to consider. Excerpts of Where-Else are displayed in
between the sections for visualise the development.
3.2.1

General Background

Research found that sounds are perceived subjectively; generally natural sounds are appreciated
over mechanical sounds (Anderson et al., 1983). The perception of sound is influenced by the
quality of the urban environment, where higher levels of green gave better results (Aubree in
Langdon, 1976; Viollon et al., 2002). Sound that is perceived negatively is referred to as noise,
and has health implications (Guastavino, 2006; Lagström, 2004; Moudon, 2009). Sound can be
divided in three ranges: above 65dB, between 45-65dB and below 45dB (EC, 1996; EEA, 2014).
Long exposure to 55dB or above relates to health implications (WHO et al., 1999), and sound
levels of 65dB result in implications for speech and communication (Langdon, 1976). Sound can
be reduced by a multitude of measurements; natural or technical. The Hosanna project studied a
few strategies on sound reduction by natural and artificial means, and found significant
reduction in dB levels (Nilsson et al., 2013).
Loud sounds (above 55dB) affect people’s hearing, sleep, blood circulation and
psychophysiological status (Lagström, 2004; Moudon, 2009), but can be balanced by quiet areas
(below 55dB, preferably below 45dB) in a neighbourhood (Guastavino, 2006; Viollon et al.,
2002), which if they are green areas contribute further to health problem elimination and
enhancement of natural quality of the neighbourhood than other noise barrier options
(Anderson et al., 1983; Carles et al., 1999; Aubree in Langdon, 1976). Moreover, the general
physics of greenery make it possible to classify the type of green (park, facade and street green),
the ecological component (tree, bush and grass/ground) and the frequency that is possible to be
mitigated (Figure 4).
Soundwaves can pass through objects or are reflected, absorbed or diffused by objects and
materials. These obstacles lengthen the reverberation time (Yang et al., 2013). A single leaf does
not do so much, but the total canopy has more effect (Martens and Michelsen, 1981) and soft
surfaces absorb sounds, which include green surfaces (Lagström, 2004; Wong et al., 2010).
According to the European Environmental Agency (EEA) (2017) the Environmental Noise
Directive requires all member states to make sound maps that visualise the general level of noise
disturbance in an area, this is a useful tool to establish the base-level of sound loudness in the to
be developed area.

[11]

Figure 4: Connection type of green, ecological component and Hz.
Visualisation of the possibilities of different ecological components to address frequency mitigation and in what type of
green they can be used, for more information see Appendix IV.

Traffic noise is identified as one of the main contributors to noise (EC, 1996; UK Noise
Association, 2009). The sound frequency of traffic is in the 1 kHz range (Klingberg et al., 2017).
Streets have speed-limits varying between 30 and 70 km/h, or more on freeways. At a speed
limit of 30 km/h the approximate loudness is 64dB (OECD/ECMT, 2006, fig. 2.8), which is already
higher than the threshold assigned by the WHO (55dB) and is close to the unacceptable limits
according to the EU (65dB). Cars and lorries become more silent as technology advances,
increasing perception of rolling noise, which is noticeable at higher speeds (OECD/ECMT, 2006).
For higher speed-limit streets, an option is to reduce the speed in order to reduce noise.
Propulsion noise is mainly noticeable at lower speeds as well as when accelerating, making it
possible to identify places in the city where the disturbance will occur, namely intersections and
lower speed streets – indicating inner city streets (OECD/ECMT, 2006; UK Noise Association,
2009). Figure 5 visualises the relations between noise level, speed, type of noise, cause and
solution, as described in literature.

Figure 5: Visualisation of traffic noise, their origin and solutions to prevent.

3.2.2

Noise and Parks

Carvalho and Dias (2012) measured the sound level in urban gardens and parks, and found that
the levels of sound differ between 47dB and 61dB inside and a maximum of 67dB outside the
periphery. The biggest difference between the inner and outer sound level is 19dB – which
indicates a loudness of approximately ¼ of the original outside noise (IAC Acoustics, 2017) – and
is designated to the size of the park and the location, where out of the city centre gave better
sound levels over downtown, as well as to the presence of walls as acoustic barriers and the
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distance to the nearest traffic road. The large gap, 19dB, between sound levels is backed by
other literature as seen in Carvalho and Dias (2014), where the fading of sound is designated to
sound source, distance from the source and vegetation in proximity to the sound source. Nilsson
and Berglund (2006) measured 49dB to 60dB in Swedish city parks.
Huddart (1990) researched the use of vegetation, green belts, to reduce traffic noise and found
that, compared to the same depth of grassland, 30 m of dense spruce reduced noise by 6dB.
However, the highest effect in noise reduction through vegetation is found between 0-10 m
depth with a reduction of 5dB over grass and 8dB over hard reflecting surface. The study
concluded that, for noise reduction objectives, a confined belt of vegetation is worth
considering. Moreover, ground that is covered with leaf litter had even higher noise reduction
results (Huddart, 1990). Papafotiou et al. (2004) measured the level of sound in gardens in
Athens, and found that there are high reductions in the first 20-40 m of the green space
circumference. Moreover, their measurements showed a 2-4dB reduction when areas had dense
vegetation of shrubs and trees compared to grass or lanes.
Ruspa (2001) presented their experimental investigation on the diffusion of sound waves within
a forest. It is concluded that an important role is played by the tree trunks; “….because of their
capacity to diffuse acoustic waves in all directions having different time delays with respect to
the direct sound waves so creating the conditions for the sensations of spaciousness and
envelopment, being the first associated to the early reflections (Dt < 10 ms) and the other to the
late reflections (Dt = 80 ms).” – (Ruspa, 2001, p. 21). Moreover, effective reduction of sound
levels within urban areas can be achieved by planting a combination of trees and shrubs at a
high density (Bucur, 2006; Maleki and Hosseini, 2011), non-regarding seasonal changes.
Research done in Hong Kong indicates that noise levels of a typical residential environment are
not significantly higher than that of the urban green space, therefore implying a limit role for
urban greenery (Lam et al., 2005). Moudon (2009) devotes noise reduction not only to physical
features, but as well to the fact that scattered urban green spaces inhibit high population
densities. Additionally, Margaritis and Kang (2016) describe that under similar traffic conditions
and combined with suitable road and building attributes, scattered urban green spaces provide
evidence for lower sound levels, compared to clustered ones.
Connection Parks for discussion
What the above presented literature indicates is that parks do contribute to the creation of quiet
areas in a city, which as established contributes not only to the reduction of noise annoyance but
also to health and recreational benefits (Lagström, 2004; Moudon, 2009). Important factors to
enhance noise reduction potential in and of parks are design, size and location, not specifically in
this order. Parks can have great differences between inner and outer loudness, up to 19dB,
though for inner city parks the changes may not be so extensive. However, the noise levels are
still in the grey spectrum (45-65dB). In order to keep the level inside a park in the lower grey
spectrum or in the white spectrum (55-45dB or lower) a few measures can be taken, although
not all literature supports this and it is unclear what the exact dB benefits will be. The complete
visualisation of this information in Where-Else is presented in Appendix VII, while a selection of
excerpts are presented in Figure 6.
In order to increase the potential of noise reduction, parks in a loud city environment should be
larger: relating this back to the research of Huddart (1990) and Papafotiou et al. (2004), which
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said noise reduction is evident in the first 0-30 m and 20-40 m, respectively, of green space
circumference, indicating that the distance to the centre of a park must be greater than 30 m.
Moreover, both studies concluded that a belt of vegetation is preferable over hard surfaces or
grass for noise reduction. Combining this to Carvalho and Dias (2012) who identify small walls as
significant contributors to noise reduction for the inner park sound levels, would suggest that
parks can benefit from sound barriers in the form of a wall to increase noise reduction potential,
especially in small parks where space is limited. In combination with visible green behind the
barrier, the urban quality would stay enhanced, but for smaller spaces that have no room for
large green belts, the wall can contribute on a smaller scale. Overall, the perimeter of downtown
parks must consist of some sort of barrier, either fully green or with a wall, in order to contribute
to a pleasant soundscape in the park.

Figure 6: Development discussion tool 'Noise and Parks'.
The first outline of Where-Else consists of a list of questions that one should consider asking, discussing or finding out during
a development relating to the availability of presence of a park. Using arrows an order is created, this later became the idea
for the yes/no structure.

A material for the walls that would gain the most appreciation is one that is effective in
absorbing sound waves but at the same time has a natural appearance. This is connected to the
general information, where is said that soft surfaces are better in absorbing noise than hard
surfaces and that natural elements are more highly valued than urban elements. Lastly, when it
comes to the maintenance of the park, it is better to leave leaf litter in the park, as it creates a
ground isolation layer, that enhances potential to absorb noise (Huddart, 1990), as well as
ecological functions.
3.2.3

Noise and Street Green

Street green is chosen as it fits in between parks and facades, in comparison to parks street
green elongates greenery by providing narrow greenery between streets and other urban
structures. Moreover, streets are a potential source of noise because of traffic that is present in
all scales in a city. Foliage is an important characteristic of greenery to reduce high frequencies,
low frequencies are generally better absorbed by the characteristics of the ground, where leaf
litter further increases absorption potential (Huddart, 1990). Additionally, Huddart (1990) states
that trees can be used as buffers: with a potential to reduce noise by 5-10dB when close to the
road. Ruspa (2001) adds to this knowledge that the trunks of trees have a large role in defusing
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sounds. Van Renterghem et al. (2012) described a third effect as absorption by leaf vibration and
the viscous-thermal boundary layer effect; indicating that even a single tree or shrub would have
effect on capturing sounds to some extent.
Yang et al. (2013) state that sound waves are most affected by scattering, which is influenced by
the ground condition, canopy size, shape and foliage condition, as well as the distance to the
sound and the angle of soundwaves. Sound can come from a fixed source or a moving source
and depending on that sound waves have different distances and angles to greenery, which also
influences reduction of sound. However, Kragh (1981), even though older than 15 years, found
no significant correlation between grass-covered ground or tree belts in diffusing sound, only
that at higher frequencies (>2 kHz) tree belts and bushed showed a significantly higher result,
which correlates with Ruspa (2001). Therefore, Kragh (1981) concludes that greenery does not
affect sound, but indicates that greenery between roads and dwellings could influence
environmental quality due to visual changes and non-acoustic factors.
A street may also contain hedges, bushes or shrubs. In contradiction with Kragh (1981), Van
Renterghem et al. (2014) found that dense shrubs do have an effect on noise, from light vehicles
at low speeds only, resulting in a reduction of 1.1-3.6dB; higher reductions are due to increased
ground effect. Even though the ground effect is only significant in the range of 250-1000 Hz, the
presence of a hedge is found to be improving the ground condition and therefore the mitigation
effect of the ground (Van Renterghem et al., 2014). Furthermore, they state that grass before
the hedge strengthens the ground effect. Additionally, Fang and Ling (2003) observed ≥6dB
mitigation from large sized shrubs and dense tree belts, a 3-6dB mitigation from medium sized
shrubs and tree belts, and a ≤3dB mitigation for shrubs and tree belts that are sparsely
distributed. Their findings identified width as the most important factor of sound mitigation; the
longer sound travels through vegetation, the higher the level of absorption and diffusion. Shrubs
are most effective for reducing low noise source-receiver heights and trees for higher sourcereceiver heights; concluding to plant both for the best performance (Fang and Ling, 2003).
Connection Street Green for discussion
The above presentation indicates that street green does contribute to the creation of a more
silent street. In addition it also contributes to visual improvement of the urban environment and
health benefits (Appendix IV). Similar to parks it is hard to pinpoint exact dB reduction benefits
by implementing street green. Important factors to enhance noise reduction by the use of street
green are the length and width of the green structures, the source of noise and the design of
street green. Streets with speeds between 30-50 km/h have an approximate noise level of 6467.5dB, these levels lay in the end of the grey spectrum (45-65dB) and the beginning of the black
spectrum (>65dB). In order to keep the levels within the (lower) grey spectrum a few measures
can be taken, although not all literature supports this. The complete visualisation of this
information in Where-Else is presented in Appendix VII, while a selection of excerpts are
presented in Figure 7.
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Figure 7: Development discussion tool 'Noise and Street Green’.
From the found information on Street Green it becomes clear that attention must be paid to the surrounding speed limits,
therefore, one must ask what the speed limits in nearby streets are. Five questions relating to adding green in the street are
identified.

Noise reduction potential can be increased when street green consist of mixed trees and bushes,
as to capture lower and higher source-receiver height noises (Fang and Ling, 2003); when the
chosen species have large foliage cover and dense leaf areas (Huddart, 1990); when the greenery
is planted along the trajectory of the whole street - enhancing the possibility to capture moving
sounds, such as traffic (Fang and Ling, 2003). This information is very similar to that of parks
(3.2.2), the difference is that street green often does not have the space for a full 10 m barrier
and the use of a small wall would cause obstacles for mobility. This indicates that the use of
bushes is preferred in streets over walls. When the speed limit increases more space must be
made available for greenery so that more noise is mitigated. When there is no space for both
trees and bushes, but individual spaces of 1-2 m2 can be assigned for greenery, the use of trees is
preferred as they capture higher source-receiving sounds but the trunk and tree-pit work on a
lower frequency, Van Renterghem et al. (2014).
3.2.4

Noise and Facades

The fact that urban structures are competing over space, forces developers to look for new
spaces to plant vegetation; roofs and walls (vertical greenery systems, VGS) are gaining more
recognition. Increasing the potential of the building to mitigate effects of urbanisation, walls and
roofs are abundant in a city but not yet greatly utilised for this purpose; more use of these
solutions would not only reduce noises, but also mitigate the UHI effect and transform the
landscape (Susca et al., 2011; Wong et al., 2010). Not only does a green facade contribute to a
visually greener street; the layers of the construction provide insulation against sound for the
inner building environment as well (Wong et al., 2010). Ruspa (2001) stated that, because of the
capacity of greenery to reflect sound, it is particularly effective within the city to reduce noise;
boundary diffusion and absorption of direct sound can be increased by the use of VGS and
vegetation on the ground, especially there where there is limited space (Speak et al., 2012).
Wong et al. (2010) tested the effects of green walls on sound reduction by testing 8 different
types and structures of green facades in Singapore. The outcome of the experiment is that for Bfrequency (125-1250 Hz) a reduction of 5dB to 10dB is achieved, and for high frequencies (4-10
kHz) a reduction of 8.8dB is achieved, the others are insignificant. This is important to know
because traffic noise is in the B frequency range. However, outcomes can be different depending
on larger or smaller amounts or different type of constructions than tested by Wong et al.
(2010).
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Sound level reduction, on average 2-4dB, is achieved through different green wall designs,
indicating that type of plant and design of wall is a crucial factor in absorption and scattering of
sound. Coverage density is an additional crucial factor; gaps in the greenery allow sound to pass
without absorption or scattering, and design should include dense canopy, leaf area density
(Wong et al., 2010). However, the experiment by Wong et al. (2010) is executed on
unconstrained walls, indicating large empty spaces behind the wall; when green facades are
constructed against residential buildings and tested, it could perhaps give a different results.
Wong et al. (2010) discuss the costs of the VGS, high installation and maintenance, which makes
them economically less attractive considering there are other, cheaper, facade options to reduce
noise, which is also addressed by Horoshenkov et al. (2013).
Connection Facades for discussion
Green facades do contribute to the creation of a more silent streetscape, and additionally
contribute to visual improvement of the urban environment and health benefits. Similar to
street green (section 3.2.3), the noise level in streets is approximately between 64 and 67.5dB,
which is the grey spectrum (45-65dB) and the beginning of the black spectrum (>65dB).
Important factors to enhance noise reduction by the use of facades are the type of greenery
used, density and design of the wall. Green facades are a measure that can be taken to reduce
noise levels to the (lower) grey spectrum. However, it is difficult to pinpoint what exact dB
reductions are gained by the implementation of facades. The complete visualisation of this
information in Where-Else is presented in Appendix VII, while a selection of excerpts are
presented in Figure 8.

Figure 8: Development discussion tool 'Noise and Facades’.
It became clear that, in case no green options are implementable in the design, the discusser should be notified that the
design is of poor quality. This is how the red labels are created. The red labels tell the discusser that the outcome of his/hers
route is a development with little green and other options must be explored. To counteract having only a negative outcome,
green labels are added when the route taken ends with the implementation of green.

Highest noise reduction is found in the frequencies ranging from 125-1250 Hz (Wong et al.,
2010), which is the traffic noise range (Klingberg et al., 2017; Van Renterghem and Botteldooren,
2002). Moreover, for all wall designs a reduction is seen, specifically between 2-4dB, indicating
that greenery does have an effect on the acoustic properties of a wall and the inner build
environment. All designs indicate that the type of plant and coverage is the most important, the
denser the wall of vegetation the better the absorption and diffusion of sound (Wong et al.,
2010). In case there is no space for street green, VGS could fill the gap if placed close to the
ground and/or at the same height as trees. However, because not all buildings are owned by the
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constructor or municipality, it is important to establish if the buildings aligned to the street can
be used for VGS.
But there is little information on what the amount of green does for the street itself, the outside
environment. Or what the effect is when the greenery is situated on the facade of a building:
Wong et al. (2010) explain that VGS may result in a focusing effect, where reflections and
scatterings remain near the surface of the greenery, resulting in more noise in front of the wall.
This could mean that placing greenery on building walls enhances the perception and the
annoyance of noise for those who live or work in the building, since windows are not covered
this is where the sound escapes.
3.2.5

Sound Concluding Recommendations

Parks contribute to the creation of ‘quiet areas’ and this feature can be enhanced. When
reducing noise by the use of urban parks and in urban parks, three things must be kept in mind:
size, location and design. Parks in the periphery of noisy areas should be larger in size (at least 30
m to the centre of the park) and preferably have the circumference of the park included with a
dense wall of vegetation on the sound source side or a small sound barrier in the form of a wall
in case there is not as much space, or a combination. Trees and shrubs of different species are
preferable, especially when the species have naturally dense canopy, and leaf litter must stay in
the park as an extra means to reduce noise. Moreover, parks must have easy accessibility, this
has to do with getting more visitors, therefore spreading throughout the city should be done
carefully. These factors are added to Figure 4 as seen in Figure 9, to complete the diagram for a
quick overview.

Figure 9: Connection type of green, ecological component, Hz and factors to consider.
Visualisation of the possibilities of different ecological components to address frequency mitigation, in what type of green
they can be used and what the found factors are that need to be considered.

Noise reduction by street green is similar to that of the parks: it can be optimised by designing it
for both fixed and moving sources of noise, by developing it along the full trajectory of the
street, as well as for high and low source-receiver height noises, by implementing a mix of trees
and bushes. Moreover, foliage, a high leaf area density, is important to capture the high
frequencies and trunks and branches are important for the low frequencies. The difference is the
implementation of walls, streets do not always have the 10 m barrier space and small walls
inhibit e.g. crossing the street or parking. When there is very little space in the street, the use of
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trees is preferred over bushes as they capture both high and low Hz and noise from high and low
sources, especially those coming from traffic.
There is a positive relationship between green coverage on walls and sound absorption. The
frequency range in which facades are useful is the same as traffic noise frequency range. Again,
the density of the used plantation is important to gain higher absorption ratios. When more
green is present in an area, there is a higher sound absorption and scattering, but it does not
work as effective as other acoustic reduction techniques. On the other hand, green walls could
have a high potential on weakening the perception of noise, which economically cheaper
solutions do not have. To summarise, when (new) development plans are designed, a specific
consideration must be made towards green spaces, as a combination of green with roads and
buildings improves the visual environment, but regarding noise they have unspecified positive
effects that depend highly on the individual situation.

3.3

Water

The purpose of this section is to address the benefits of green spaces towards the water
challenge, specifically surface runoff, that cities face and the possibility of green spaces to
mitigate the effects of water in urban landscapes. By answering the question “What are the most
important factors to consider if greenery is used for the purpose of mitigating water challenges?”
a checklist of questions is made. A different structure is chosen here, the literature lacked in
some aspects and therefore does not provide support for the flowchart setup. The first and
second sections are a summary of the literature overview on the hydrological cycle and the
effect of urbanisation. Followed by a section on interception in which the contribution of urban
ecological components is explained. Lastly, the link is made towards the types of green spaces
and their respective contribution before the concluding paragraph on the most important
factors to consider for Where-Else starts.

3.3.1 Hydrological Cycle
The hydrological cycle is important to understand and recognise in urban planning since it can
capture how water processes and functions are impacted by the urban context, and therefore
gives an understanding on how to anticipate for this challenge when (re)-developing urban
areas. The hydrological cycle consists of three loops: 1. an evaporation and transpiration loop,
where precipitation is almost directly evaporated or transpired. 2. A surface water runoff loop,
water runs off the surface until it reaches a larger body of water wherefrom it is evaporated. 3. A
groundwater loop, when water infiltrates in the ground. The upper layer of infiltration is taken
up by flora (transpiration) or is evaporated from the surface. Deeper infiltration moves down
and contributes to the formation of groundwater, and can eventually re-join surface water (Oki,
2006; Wright and Boorse, 2014). This indicates that from the hydrological cycle three
components are most important to reduce the runoff: transpiration, evaporation and infiltration.
An elaborate background is given in Appendix V.
On a smaller scale trees contribute to the hydrological cycle. The canopy of greenery intercepts
water, through leafs and branches, thereby enhancing the total intercepting surface area and
creating more possibilities for evaporation. As well as increasing retention time, the time water
takes to move down to the ground. Greenery also takes up water for transpiration through roots
and a part of the water infiltrates the soil (Asadian and Weiler, 2009; Aston, 1979; Villarreal et
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al., 2004; Xiao et al., 2000). This indicates that from the hydrological cycle four ecological
components are most important to reduce the runoff: leafs, branches, roots and soil. Figure 10
visualises the coherence between the most important hydrological and ecological components,
as well as the type of green that interacts with the ecological component.

Figure 10: Correlation and interaction type of green towards ecological and hydrological components.
Visualisation of the possibilities of different ecological components to address hydrological components and in what type of
green they can be used.

3.3.2

Impact of Urbanisation

Urbanisation leads to higher and faster runoff, smaller evaporation, transpiration and
infiltration, because of the increase in impervious surface. This leads to increased risk of
flooding, erosion, pollution and deterioration of habitats and surfaces, as well as higher costs for
water management (Asadian and Weiler, 2009; Day et al., 2008; McPherson et al., 1997; Roy et
al., 2014; Sanders, 1986; Whitford, 2001). Furthermore, urbanisation creates vast
interconnections of impervious surfaces, increasing the isolation of soft surfaces, leading to a
decrease in resilience towards the water storage capacity of those areas (Shuster et al., 2008).
Urbanisation also results in a concentration of rainfall, leading to a so called peak discharge: a
higher amount of stormwater is reaching the sewers in a certain timespan, decreasing and
pressuring the systems limits (Asadian and Weiler, 2009; Roy et al., 2014; Sanders, 1986). Most
important from an urbanisation perspective is to reduce the runoff and increase the possibility
for hydrological cycles to take part within the urban system (Bergier et al., 2014).

Increase:

Decrease:

•Hydrological cycle components:
•Evaporation;
•Transpiration;
•Infiltration.
•Retention capacity.

•Amount of hard surface in the
urban system;
•Amount of water leaving the
system boundaries
•Connection of hard surface;
•Concentration of rainfall.

Figure 11: Effects of urbanisation that, when increased or decreased, reduce the impacts of surface runoff and thus create
a more stable state.

A stable situation is reached when water can be retained nearby or on location, for as long as
possible, to release it in dryer periods and to release tension on the sewage system (Bergier et
al., 2014; Berland et al., 2017; Day et al., 2008). By undoing the effects of urbanisation, the
[20]

retaining capacity is increased; reducing isolation of greenery, concentration of water and the
amount of hard surface, see Figure 11 for a visualisation of the literature findings. Greenery (e.g.
bushes, trees, tree pits and canopy) help to extend the retention time and delay peak discharge
(Armson et al., 2013; Sanders, 1986; Xiao et al., 1998). This will be explained in more detail in the
next section.
3.3.3

Interception

In general, the interception depends on three factors: meteorology, canopy structure and tree
structure (Armson et al., 2013; Asadian and Weiler, 2009; Crockford and Richardson, 2000; Xiao
et al., 2000; Xiao and McPherson, 2002). Research by Guevara-Escobar et al. (2007) and Asadian
and Weiler (2009) mention a difference between interception of trees in a forest and a tree in an
urban setting. Explaining that the isolation of urban trees (there is a greater distance between
individual trees), the edge effect, open canopies and higher temperatures may result in a greater
per tree interception ratios. Moreover, tree health also of influences the interception rate
(Asadian and Weiler, 2009). The ecological components identified in 3.3.1 contribute to some of
the interception factors, the contribution is visualised in Figure 12.
1.
Meteorology: rainfall frequency, duration and intensity, temperature, wind and
humidity;
2.
Canopy structure: leaf area and surface, stem surface, gap fraction, leaf angle
distribution and period of foliation;
3.

Tree structure: species, dimension and density.

Figure 12: Contribution of ecological components to factors of interception.

3.3.3.1

Meteorology

When the canopy of a tree is already wet, it reduces the storage capacity of leafs and thereby
the effectiveness of rainfall interception. Therefore, when rainfall occurrences are short and/or
low, trees will intercept more compared to long heavy storms, because in between rainfall
occurrence there is time evaporation (Armson et al., 2013; Asadian and Weiler, 2009; David et
al., 2006). Although it is not as extensively researched as interception, wind is taken into
consideration in some studies, and shows that winds against the tree canopy can produce
shaking and vibration, causing rainfall to drip before the storage capacity of the leaf is reached,
increasing the possibility of throughfall (the flow of precipitation that directly passes through the
canopy) (Guevara-Escobar et al., 2007; Xiao et al., 2000).
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Xiao et al. (2000) also state that for determining interception, rainfall rate and duration are less
significant than rainfall frequency. Moreover, increasing wind speed and precipitation intensity
reduced throughfall but enlarged stemflow (the flow of precipitation over stems and branches)
(Xiao et al., 2000). Compared to forests, urban trees are influenced by the wind-tunnel effect but
are sheltered from this effect by the built environment at the same time (Guevara-Escobar et al.,
2007; Xiao et al., 2000). Lastly, higher temperatures result in more evaporation (Carlyle-Moses
and Gash, 2011), considering the urban heat island (UHI) effect, temperatures in the city can be
higher. Even though meteorological factors are highly subjectable to the geographical location of
the development area, both must be considered in order to enlarge the holistic perspective on
the surroundings and the adaptation potentials for the future.
Contribution Meteorology for the discussion
What the information on meteorology indicates is that water challenges can vary significantly
over time: seasonally, annually, but also acknowledging future climate situations. Using EU water
mapping (EC, 2016) and local climate indicators, the annual intensity and frequency of storms
and rainfall can be understood, the flow of water, low points in the landscape (geological), as
well as storms that occur once every 10 or 50 years, to name a few examples. To know the
meteorological and geological situation of the area of development will lead to knowledge on
and a consideration of topics from a more holistic perspective. This can be used to identify what
is planned for: the amount of green and soft surfaces needed in the development towards the
possible rainfall, and indirectly to look at what amount of runoff can be stopped. The mapping
allows for a risk assessment regarding rainfall and water flows that is a precondition for wellplanned urban greenery to handle water challenges. Figure 13 is an excerpt of the development
of the checklist.

Figure 13: Development Geological and Meteorological discussion.
From the found information on Meteorology it becomes clear that attention must be paid to the surrounding climate and
the geological setting of the development. Therefore, the questions are divided in two categories: Geological Area and
Meteorology. Geological Area visualises the steps to take to gain a more holistic perspective on the development area
through the use of EU-directives. Meteorology focusses on establishing a more detailed picture of the climatic situation, the
weather and its patterns.
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3.3.3.2

Canopy Structure

Xiao and McPherson (2011) found in their study that interception loss is much lower during the
months trees are out of leafs compared to the leaf-on months (as well as Asadian and Weiler,
2009; Guevara-Escobar et al., 2007; Xiao et al., 1998), indicating that deciduous trees are more
affected by seasonal changes, but others found no significant correlation (Armson et al., 2013;
Carlyle-Moses and Gash, 2011). Appendix VI shows an overview of different studies on tree
rainfall interception, found through the literature overview, divided over the climatic situation of
the study as per Köppen-system.
Furthermore, even when trees are the same species they are always unique; implying that there
is always a difference in size, leaf canopy architecture, branching, total leaf area, bark thickness
and roughness (Xiao et al., 2000; Xiao and McPherson, 2011). It is therefore quite subjective to
generalise the results of a few studies. However, between species, leaf and branch angles as well
as leaf smoothness (rough or waxy) can differ, indicating that some species do indeed contribute
more to interception loss than others, see Appendix VI (Xiao et al., 2000; Xiao and McPherson,
2011). More horizontal orientated branching increases interception possibilities of trees (Xiao
and McPherson, 2011).
Leaf surface storage capacity, the average depth of water stored on leaf and stem surfaces (Xiao
et al., 2000), must be considered as well, those trees with higher storage capacity prevent more
throughfall (Asadian and Weiler, 2009). Canopy has the capacity to store some rainfall, Xiao et al.
(2000) put an average value of 1-2 mm of storage for the tree crown area, David et. al. (2006),
estimates it to be 0.26 mm and Guevara-Escobar et al. (2007) calculated 1.53 mm, all estimates
are for single trees. When this capacity is surpassed, water will drip off leafs, but wind may
ensure dripping before maximum storage is reached (Xiao et al., 2000). Furthermore, species
with dense foliage would indicate higher interception, due to the establishment of more layers,
the upper part of the canopy shields the lower parts (Carlyle-Moses and Gash, 2011). Lastly, the
amount of gaps relates directly to throughfall, because a gaps facilitate a direct pathway to the
ground (Asadian and Weiler, 2009; Villarreal et al., 2004).
Contribution Canopy Structure for the discussion
What all this information on canopy structure indicates is that trees can vary significantly
between species shape and features and therefore their ability to store, retain water and reduce
runoff (Xiao et al., 2000; Xiao and McPherson, 2011). Overall planners need to make the
consideration as to in what time is there the most rainfall (meteorology) and what species of
tree would contribute best in that season. The choice towards trees that have canopy all year
creates a societal problem; coniferous can make the overall urban landscape darker, which is
characterised as unsafe. This is the reason why deciduous trees are often chosen in streets and
parks (Gerstenberg and Hofmann, 2016; Nelson et al., 2001). This would indicate that the
preferable option for water retention and storage has so far had no social recognition.
On the other hand, deciduous trees with more horizontal spread branches may also capture and
store higher amounts of water compared to more vertical growing trees (Xiao and McPherson,
2011), and thus have more time to stall water flows and create more time for evaporation to
occur. It is therefore worth considering looking in to species of greenery that are more
horizontal. Lastly, consideration must be paid to trees with high leaf surface and dense canopy
(Asadian and Weiler, 2009; Villarreal et al., 2004), as these factors relate to throughfall. This
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information is useful because it enables the discussion to go in a social direction: considering the
ones who will use the space and not only the perspective of what is best to reduce water runoff.
Figure 14 shows the discussion points regarding canopy structure.

Figure 14: Development Canopy Structure discussion.
The first outline of the checklist for Canopy Structure consists of a few questions that one should consider asking, discussing
or finding out during a development in relation to the presence of canopy.

3.3.3.3

Tree Structure

Leafs and Branches
For coniferous trees the interception is generally 20 to 40% of precipitation and deciduous trees
contribute with between 10 and 20% (Asadian and Weiler, 2009; Geiger, 2002; Xiao et al., 1998).
The results of Asadian and Weiler (2009) suggest that interception in urban environments is
twice as high as compared to forested environments; they relate this to the higher
temperatures, distance between trees and the space for the canopy to grow without
competition of other trees. Appendix VI shows an overview of different studies on tree rainfall
interception, although a higher contribution between urban or forest setting is not found,
possibly because urban is not as well researched as forest. Armson (2013) states that grass or
soil under trees would reduce runoff since these surface types have draining capacities, resulting
in the recommendation to use tree pits.

Figure 15: Development Tree Structure discussion, Leafs and Branches.
The first outline of the checklist for Leafs and Branches, consisting of two questions, one relating to higher interception in
urban areas, and one to reducing throughfall.

The reduction of throughfall through greenery provides positive functions in three ways, namely:
it delays water reaching the ground, thereby delaying the stormwater peak discharge on site
(Xiao and McPherson, 2002); it also extents the time for evaporation (Xiao et al., 2000). And
lastly, it protects the soil from erosion as it reduces the energy of the raindrop, thereby
minimising soil detachment and enhancing soil structure and infiltration capacity, leading to less
runoff (Geiger, 2002; Xiao and McPherson, 2002). It is therefore important to consider the leaf
density and branch architecture so that more interception layers are present. More recent
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research by indicates there is a correlation between the increase of the amount of canopy cover
and the interception; stating that a 25-30% canopy increase results in an interception increase of
up to 40%. In Figure 15 the discussion points regarding the leafs and branches are visualised.
Roots and Soil
Studies show that the soil under trees has higher water-holding capacity and is richer in organic
matter and nutrients. The root system of trees and bushes provide an extra storage capacity;
roots take up water thereby increasing the storage capacity and reducing the runoff ratio (Joffre
and Rambal, 1993). It can thus be stated that trees and soil function together to decrease runoff
(Villarreal et al., 2004). What should be considered here is the type of soil; root activity is
constrained by poor soil conditions which lead to a deterioration of the tree. Most common
cause of deterioration is an anaerobic state within the tree pit, as well as low fertility, lack of
water, contamination and pH value (Roberts et al., 2006).
Ellis et al. (2006) measured the capacity of soil to capture and infiltrate runoff for a 1 in 2 years, 1
in 10 years and 1 in 50 year storm, of pastures and non-grazed tree belts. They found that the
tree belt intercepted 100%, 32-68%, 0-28% respectively and the outcome is higher infiltration
(up until 46%) at non-grazed sites. Due to the fact that the site is already wet from the sequence
of the applied experiment, the results might be affected. Furthermore, Ellis et al. (2006)
attributed 4 factors to the higher infiltration: presence of tree litter; absence of compressed
upper soil; originally drier soil; and a higher amount of large pores opening up in the surface,
Figure 16 visualises the soil conditions to be avoided and factors that help improve the soil with
regards to water infiltration capacity.

Figure 16: Correlation cause of soil deterioration and factors improving soil.

A soil type that will remain its ability to aerate and drain, after tree planting, has the most
potential to be used in the tree pit. Today, a mix of soils is a very common option and new
technologies are developed to use semi-natural soil mixtures in the tree pits that are specifically
designed for the water storage and root infiltration capacity (Roberts et al., 2006). According to
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Bartens et al. (2008) soils with more structure increase the infiltration ability of tree pits, thereby
increasing the potential to capture rainwater runoff. However, it must be stated that the depths
and the physical properties of the soil are also variables to the amount and efficiency of
infiltration and surface runoff (Xiao et al., 2007), at least 1 m (deep) of good soil is needed
(Roberts et al., 2006).
Oostindie et al. (2017) examined the impacts of water repellence on grass and soil covered plots
in a sandy soil. Their measures went until a depth of 33 cm. Overall, the water content in the
bare soil is higher than that of the grass covered plot; the difference is explained by the different
amount of water uptake by roots of grass, evaporation and transpiration. The bare soil is found
to have a water storage twice as high in the first 19 cm during dry periods, compared to the
grass covered plot, this relates back to the lack of transpiration. This research shows that,
specifically for a depth until 33 cm, the presence of grass increases the water repellence. The
water content in the grass covered plot reduced frequently to below 10 vol.%, whereas the bare
soil stayed above 15 vol.% (Oostindie et al., 2017). In the study of Gill et al. (2007a) green roofs
are identified to reduce direct runoff by 17-20% and increase evaporation by 11-14%, a type of
greenery that also has a soil depth of 0-30 cm.
Contribution Tree Structure for the discussion
The information on leafs and branches correlates with the information on canopy structure: that
more layers and density increase the interception. The roots and soil information indicate that it
is of just as much importance to consider what is going on beneath the surface (Bartens et al.,
2008; Roberts et al., 2006; Xiao et al., 2007). Soil ensures tree health and longevity of the
greenery, but simultaneously provides extra water storage capacity. It is therefore important to
consider what kind of soil is used in the development of greenery and the surrounding urban
development, Figure 17 contains the discussion points regarding the roots and soil. Moreover,
relating this back to parks, it would seem that areas that are walked on often will have a lower
infiltration ratio.

Figure 17: Development Tree Structure discussion, Roots and Soils.
From the found information on Roots and Soil it becomes clear that attention must be paid to the soil. This relates to the
Geological Area, as it identified that the mapping should be done before this part of the checklist and therefore gives an
indication of the order in which one must follow the checklist.

3.3.4

Type of Greenery

By now, it is clear that greenery has a positive effect on the hydrological cycle, Figure 18
visualises the contribution of different types of green on the hydrological cycle through different
ecological components. Identified is that transpiration, evaporation and infiltration are the main
contributors to interception from the hydrological cycle; and leafs, branches, roots and soil are
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the ecological components increasing the retention time of rainfall, thus contributing to a more
equally spread intensity and reduced runoff. The ecological components can be divided towards
the type of green: park, street green and facade. The following paragraphs elaborate on the
benefits of parks, street green and facades to the challenge of runoff reduction.

Figure 18: Elaboration of figure 10: including indirect contributions.
Visualisation of the connections and relations between the type of green, ecological component and the hydrological
component with an addition of indirect contributions (dotted lines) from stemflow and throughfall as they represent
increasing retention time.

Infiltration in a land unit is decreased by 5% when the built area is increased by 10%. When the
aim is to keep infiltration rates as close to a natural state as possible, here forested area of
96,7% vegetation cover, a limit of 17% built surface is the maximum limit (Pauleit and Duhme,
2000). Keeping infiltration rates as close to the natural situation as possible might not be the
most important priority from an environmental planning perspective, considering the trend to
densify urban areas. What would be more relevant is to identify the potential for infiltration for
different land cover types, rather than comparing them to a rural land cover type. By knowing
the infiltration potential per land cover type, environmental planners can reduce the strains
posed on the sewage system.
Research from Munich, Germany, identified 10-14% infiltration for densely built-up blocks,
industrial, commercial and roads; 30-38% infiltration for parks and farms; and detached housing
is equal to natural woodland (25%) (Pauleit and Duhme, 2000). Thus, increasing the amount of
vegetation has small but potentially important effects on peak flows, Sanders (1986) states that
especially in the inner parts of the city peak flows can be reduced by 25%. A case study showed
that an absolute growth of impervious surface with 7-12% correlated with an overall increase
towards flood exposure. Although the relative importance varies between cities and stating that
urban drainage systems are an effective adaptation measure for runoff, they are somewhat
incapable to reduce flooding events (Skougaard Kaspersen et al., 2017). This information leads to
some general questions that are displayed in Figure 19.
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Figure 19: Development discussion, General.
From the found information on Type of Greenery it becomes clear that attention must be given to the density and surface
cover of the development. This relates a little to the Geological Area, as the mapping would give an idea of the natural soil
and potential to retain water, these general questions should therefore come close after Geological Area.

Parks
Since many people benefit from a park it is important to have good maintenance so that the soil
quality remains good over the years and the capacity to support ES remains. For the soil and
health of greenery in the park to remain it is important to have good paths and functional paths
so that people will not walk over the grass as much, to have grass so that there is little to no bare
soil and to combine that with trees and bushes to create extra layers for interception. Since
parks are often bigger there is more possibility to use coniferous tree species without being
experienced as unsafe. Moreover, Bergier et al. (2014) discusses the possibilities to use blue
spaces to retain water, parks could be used for this as well (e.g. pond or fountain), and water can
be steered towards these buffers by the use of elevation. Lastly, relating to 3.3.2 Impact of
Urbanisation parks should be connected, e.g. through green corridors and street green, as this
improves connectivity of soft surfaces and increases resilience towards the water storage
capacity of the area. Figure 20 shows the found discussion questions.

Figure 20: Development discussion, Parks.
The first outline of the checklist for Parks, consisting of three questions, relating to higher connectivity and retention
possibilities.
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Street Green
Armson et al. (2013) examined the runoff of three different types of surface: fully asphalt, fully
turf grass and asphalt with a tree in the centre of the plot. Measurements have significant
correlation between the surface types. Armson et al. (2013) related the lower runoff of asphalt
(53-62% compared to 80-90% from other studies) to evaporation from the surface directly and
the merge of water in puddles on the asphalt surface. Thus, even highly impervious surfaces
retain a proportion of water and it is impossible to get a 100% interception rate (Armson et al.,
2013). The canopy of the trees used in the experiment are rather small, therefore it is concluded
that a proportion of the runoff reduction is likely to correspond to infiltration into the tree pit,
nevertheless they reduce the runoff considerably.
Grass has low runoff because it allows water to infiltrate, therefore precipitation does not reach
the drains and runoff is much lower compared to the other surfaces. The amount of runoff can
increase over time because the plots are newly constructed, implying there is no occurrence of
tramping that reduces infiltration capacity, yet. In relation to the plot area, trees reduced runoff
more compared to grass (Armson et al., 2013). Nevertheless, this result already shows that
increasing the amount of grass or tree pits in an urban area will reduce the runoff tremendously.
However, it is still unclear how the interception and infiltration benefits derived from trees can
be magnified; the soil in the tree pit has to absorb a rather small amount of rainfall, as the plots
are 9 m2 (Armson et al., 2013).
Water is beneficial for the growth and health of street trees, especially in the growth period, but
as a result of confined rooting zones trees experience a scarcity of water. Bühler et al. (2006)
research the effect of different irrigation systems on the growth of street trees. The results show
that when irrigated, the tree stem increased significantly, as well as that the group receiving 640
L had a significantly longer growth period compared to the control group. However, irrigation is
an intensive measurement to ensure tree growth, Bühler et al. (2006) recommend increasing the
tree pit as a more cost-friendly alternative: stating that a tree pit increase of 2 m 2 (from 6.4 m2
to 8.4 m2) would allow for an infiltration of approximately 640 L, which is the highest test group
(Bühler et al., 2006). Lastly, Bühler et al. (2006) found most “extensive fine root growth”-activity
in the first 60 cm, indicating likewise to Oostindie (2017) that the upper layer is important for
water infiltration and repellence. All this information leads to the discussion points visualised in
Figure 21.

Figure 21: Development discussion, Street Green.
From the found information on Street Green it becomes clear that attention must be paid to the tree pit, the soil in it, as well
as the possibility of trampling.

Facade
Concerning facades and interception no specific literature is found. However, the study of Gill et
al. (2007a) on green roofs shows that greenery on buildings has an effect and the inclusion of
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green roofs and downspout disconnection into urban green infrastructure provides average site
volume reductions of up to 34% with peak volume reductions of up to 60% for storm events up
to the 1:10 year storm event return period according to Ellis (2013). Therefore, considering the
general effect of greenery in delaying the water flow, VGS are likely to contribute as well, but no
data is available, see Figure 22 for the discussion point.

Figure 22: Development discussion, Facade.
The first outline of the checklist for Facade, consisting of one question relating to the possibility to implementation
possibilities.

3.3.5

Concluding Comments Water

This literature study intended to address the benefits of green spaces to counteract runoff and
find the factors that matter most for the discussion: most information found is on individual tree
contributions, it is therefore hard to say what the contribution of a park or a facade is. However,
it is clear which factors contribute most to the mitigation effects of runoff. In general it is
important to understand how the hydrological cycle functions and how to anticipate for it, since
this identifies which processes need to be increased: transpiration, evaporation and infiltration,
and to which ecological components these processes relate to. Due to urbanisation and changing
meteorological factors due to climate change, more water is directed to sewers. Therefore it is
of importance to integrate hydrology in urban planning and to increase the retention time; this
can be done by the creation of layers: interception and retention.
Interception is influenced on three levels that impact the design of Where-Else. Meteorological
perception is needed to determine what is planned for: to gain knowledge and consideration on
risks, variations and patterns concerning (annual and future) precipitation. The most important
factors to know are frequency, duration, intensity and temperature. Canopy structure directly
benefits the creation of layers and by using meteorological factors the type of greenery/canopy
that is most useful for the situation can be identified. The factors to know for canopy are
horizontal spreading, foliage density and foliage gaps. Lastly, tree structure influences the
discussion. Leafs and branches are similar to the canopy structure outcome. Roots and soil build
a very important extra layer for runoff interception, they allow for infiltration. Factors that are of
importance for the soil are depth, compression, oxygen level, nutrients and absorbing potential.
Factors that are of importance to consider for the design of a park are the soil structure (mix of
soil and plantation of grass), availability and functionality of paths, the connection to other green
spaces and implementation of blue spaces. The factors relating to street green are tree pit size,
depth of soil, soil mix and prevention of trampling. It is needless to say that places with more
rainfall intensity, need more retention possibilities. However, the effect of greenery is only of
relative importance; if the amount of impervious surface is too high, the water will still be
steered in the direction of sewers, remaining the potential on overflowing. It is therefore of
importance to know the percentage of built surface, the type of built surface and the infiltration
potential of that type to reduce the strains on the sewers, and these will be questions that
should come in early in the discussion.
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3.4

Where-Else

The idea for the visualisation of the tool comes from the simplified “yes/no”-flowcharts that are
often used in lower academic teaching and scientific situations. Often these flowcharts are used
to encourage a discussion, decision-making process, problem identification or consideration of
alternatives. They have the ability to be humorous and/or can simplify a load of information to
something more graspable (Arlidge et al., 2017). In the case of Where-Else the idea is to lead the
user past questions to make them consider if the stated option is available, on different city
scales. The questions are displayed in the blue boxes. The red and green boxes are the
outcomes, either positive (green) or negative (red). In both cases the box will contain a
statement that either complements the design (green) or warns that there is not enough
consideration to implement green to mitigate noise (red). The questions stem from a variation of
knowledge sources and are made while being highly engaged in the respective topic, they can
therefore be very specific. To be able to know, in the future and/or for people who have not
read such bodies of information, on what knowledge the questions are based, in some cases
additional information is given. This is presented in the yellow boxes.

Figure 23: Simplified overview of Where-Else flowchart.
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4

RESULTS PART 2: VALIDATION WHERE-ELSE

This chapter is describing the improvements proposed for the Sound discussion tool, through the
interviews held with experts in diverse fields of planning, more information in Appendix III. A
summary of comments that are most valuable for the development of Where-Else, a list of
proposed topics for adjustment as well as a discussion on adjustment of the given commentary
is presented. For clarity in the next section, interviewees and statements of interviewees are
referred to as [R1], [R2], [R3] and full statements can be found back in Appendix IX and the
adjusted discussion tool is added in Appendix X.
4.1

Interview Outcomes

After the interviews are conducted, it is clear that multiple changes will improve the design and
communication of the chart. Some adjustments proposed are of a nature that they would
improve the communication; in this case meaning to make it more understandable and
traceable. Whereas other statements made by the interviewees related to the design; in this
case meaning reshaping the structure of Where-Else. And a third category is of adjustments
proposed that fit in neither of the first two categories. Table 2 lists the changes and
considerations identified as proposed by the respondents, after more elaboration on the
partition is made.
Table 2: Changes and considerations to matrix proposed from interviewees.

Communication

Double yes/no
Numbers at lines
Different type of lines
More than two lines from one
box
Simplicity
Colours

Design
Identification of start
Yellow note boxes
Matrix construction to
Western reading style
City scale

Topics to consider
Style of writing
Content
Noise source

Layout and presentation
Multitude

Green roofs and perennials
Type of urban areas (scale for
what it is designed for)
Taking ES
Field of scientific knowledge

Main first question
Title

4.1.1

Urban planning

Communication

At first glance, interviewees stated some sources of confusion; double yes and no’s [R1,2], some
lines that have a number [R1], there are different types of lines [R2] and multiple lines from one
box [R1]. Moreover, the fact that almost all boxes have the same colour does not display scales
(neither in type of urban setting nor type of green), [R1] therefore proposes to use colours to
highlight differences. Stated as good qualities by the interviewees are the ‘Yes/no’ [R1], that
there is no right or wrong [R2], and the simplicity of reading [R1,3]. Proposed additions are a title
to make it more transparent why some questions are asked [R2] and the use of a starting
question [R1]. Figure 24 visualises some places in Where-Else that are pointed out as confusing
during the interviews.
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Figure 24: Examples of confusing communication.

All the communication changes are of relatively minor scale and effort due to using a computer
tool for the chart, but the improvement gained is significant. Therefore, all the proposed
communication changes are adjusted on the grounds that some of these propositions are
mentioned by multiple interviewees; the change is not only necessary from a single perspective.
This increases the validity to the choice of making the changes. In total there are 8
communication propositions made during the interviews, these are listed in Table 3 along with
an explanation of the adjustment made in the final discussion chart.
Table 3: Adjustments made to proposed communication changes.

Communication

Adjustment

Double yes/no

To simplify the chart and reduce confusion all double yes and no’s
are removed.
To simplify the chart and reduce confusion no numbers are used at
the lines.
Different types of lines are added to improve communication; the
different lines are added in the legend.
To simplify the chart and reduce confusion, boxes have no more
than two continuous lines leaving per box, and one ‘to consider’
dotted line.
Layout and presentation that is easy on the eye.
Different colours are added to visualise the type of scale better,
not the type of green.
A title box is added to the chart; in this box a main first question is
asked. The question is ‘At what city level will the development take
place?’ thereby identifying where in Where-Else one must start.
A title box is added to the chart; “The aim of this flowchart is to
help you find where you can add greenery to avoid noise.”

Numbers at lines
Different type of lines
More than two lines from
one box
Simplicity
Colours
Main first question

Title
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4.1.2

Design

Interviewees [R1,2] stated that they did not have an idea where to start. One interviewee
immediately stated that the yellow notes are beneficial [R3]; another said that it is confusing to
have them in the middle of the chart [R2]. One interviewee implied that the start of the chart is
from the left top corner, using hand gestures on the paper, a start point that is similar to
Western-style reading [R2]. There are two overall issues addressed by the interviewees, firstly
the scale [R1], meaning at what level in the city is the activity taking place. “At which city level
am I developing? That immediately says what sort of measures one must go by. A park is never
an option at a neighbourhood level, since is it so small it is hard to fit it in.” – [R1].
As well as the multitude, meaning the consideration of combinations of different green options;
Where-Else looks like it is dynamic but “the chart is taking the user down one path whereas there
might be more options to implement in the design” – [R2]. It would be helpful and usable if the
tool, in the end, uses different scales and steers in the direction to always improve a situation
[R1,2]. The layout and presentation of the chart is commented as too engineered and may
therefore not be taken seriously [R3], another interviewee stated that simplicity of the
schematics is important [R2] but complexity, through knowledge and questions, should not be
forgotten [R1,2]. The choice for visualisation through a chart is said not to be the best way to
communicate this information; [R2] questioned the use of the chart compared to a line of
questions and [R3] stated that it might be useful to make it an internet tool. However, [R1,2]
stated that it is a fun way how it is displayed as a chart. Figure 25 shows some mentioned
examples of design faults.

Figure 25: Examples of confusing design.

There are 6 proposed design changes, not all of them are taken in consideration, Table 4 shows
the 5 comments that are adopted and what is changed. The identification of the start, the yellow
note boxes and reading from left to right are easily to adopt, for it only takes a bit of
restructuring of Where-Else. Moreover, these proposed improvements are mentioned, directly
or indirectly, by more than one interviewee. One design adjustment proposed is layout and
presentation but is not taken in consideration. Since it is not in the scope of this thesis, neither
to make ‘an attractive tool’ nor to make an internet tool, but rather to start a discussion on the
possibility to implement more green by using a tool, this comment is left aside. However, the
basis of the knowledge input in Where-Else is of thus quality that it would be possible to
implement it in some sort of digitalised application. If this is done it would mean that the
comment of one interviewee, that Where-Else would be taken more seriously, could be
accounted for, as well as the possibility to update the digitalised tool.
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City scale is only mentioned directly by one interviewee [R1], but others indirectly agreed. It is
important to know what can be done in a certain area as well as to consider what is happening
or established in the surroundings of that area, because it is all interconnected. The scale is
already present in the first Where-Else as well as in the literature overview, but is not well
transferred to the reader in the design. To communicate the city scales better, the improved
tool’s design has a clear dividing of scales. This change also relates back to the interviewees
stating that a title and an overall question are missing to introduce the tool better. Multitude is
an interesting comment [R2], since it is in the scope of this thesis to increase green on all levels,
even though only directly mentioned by [R2] and indirectly by [R1], an adjustment is made to
improve Where-Else.
Table 4: Adjustments made to proposed design changes.

Design

Adjustment

Identification of start

To simplify the chart and reduce confusion the chart is reshaped.
There is a grey box at the top including a title and question.
The boxes are better implemented in the design, placing them all
on the right side.
The design is reshaped so that it is read from left to right, starting
with the bigger city scale on the left, going to the right to the
smaller city scales.
The green spaces are divided to become three separate scales, as
identified in the introduction: district scale, neighbourhood scale
and street/block scale, with their own colour.
To better visualise the possibilities of the combination of
combining different scales an extra link is created by connecting a
scale to the next scale.

Yellow note boxes
Matrix construction to
Western reading style
City scale

Multitude

4.1.3

Other topics

There are 8 other topics addressed in the interviews that did not specifically fit communication
or design and are merged in one category, these being: style of writing, content, noise source,
urban planning, green roofs and perennials, type of urban area, taking ES and field of scientific
knowledge. All topics will be presented shortly before elaborated on. Firstly, one interviewee
with a communications background, shed light on the language and choice of words used,
quoting: “…then you suddenly ask about something that exists… The way we formulate the
sentences, it impacts the people…” – [R2], see Figure 26. All interviewees found that there is a
green classification missing; [R1,3] stated that green roofs are missing and perennials [R3].

Figure 26: Examples of other issues (language use).

[R2] missed the consideration of ES present and reduced by the development: “the chart is
about placing greenery, not about what is taken”. Another topic missing is said to be the need
[35]

for quietness in a park [R2], which relates to the statement of [R3] to use urban planning as a
way to reduce competition. By placing parks behind buildings, thus letting the buildings be the
sound barrier, a more quiet soundscape is created [R3]. [R3] also stated that, in dense urban
areas, streets contain green but not for the sole purpose of noise reduction. The order, building
before greenery, is more efficient density wise and therefore more applied as a planning process
order by [R3] in practice.
Furthermore, noise source is a topic addressed by multiple interviewees [R1,3] as a general
issue. It is mentioned that when having a discussion it is important to consider the surroundings
and identify the type of noises that might be present [R1]. Where-Else is said to not shed so
much light on aspects such as day and night time noise or surrounding traffic noise such as trains
and planes [R1]. [R3] mentions that the overall scale of the chart is too big [R3]. “The focus is
missing, the perspective, if you focus on the road, the noise coming from the road [then] you can
see it all from that perspective” – [R3]. A seventh issue is the field of scientific knowledge two
interviewees said that the scientific field used as a background for developing Where-Else is
rapidly evolving and the knowledge used might therefore already be outdated or will become
outdated soon [R2,3]. Another comment made is that it needs to be made clear where in the
field of scientific knowledge Where-Else fits to be relevant [R2]. [R3] mentions the importance to
explain the type and scale of urban area for which the tool is designed.
There are different opinions on the content of Where-Else. Two interviewees [R1,3] said the tool
provided support in asking the right question or navigation for people who might not be expert.
[R2] said it is unclear why somebody would use this kind of tool; the content of Where-Else is
unclear. [R1] said Where-Else is complementary to the process before designing, creating
consideration to questions such as where and how. But another interviewee related the tool
back to not addressing taking away greenery as well as stating it is a one size fits all and
therefore may not be so beneficial [R2]. Interviewees [R1,3] stated that it could, in a fun way,
help to educate others that are not an expert in the field, as well as provide help reminding them
without having to go through literature [R3]. Interviewees [R1,3] agreed that Where-Else
displayed transparency when it comes to why some questions are asked and mattered by the
use of the yellow notes. Moreover, [R1,2] stated that it seemed ‘whole’, all inclusive, and stated
that even if it is not, it does cover important aspects to start discussion and consideration of
greenery.
Discussion of proposed changes that are adjusted
The ‘other topics’ are often mentioned by only one interviewee and relate to overall usability
and transferability: which is one of the three main topics that needs to be addressed through the
questions in the interview, profoundness and business value being the other two. Because these
topics are reoccurring during the interviews and all the interviewees come from different
backgrounds and work in different fields, it can be argued that these general topics do
contribute to the overall matrix in sense that, they increase the implementation potential and
create awareness on more aspects of the topic of greenery and noise. By the implementation of
these general comments the user will not only discuss what matters from one perspective, but
from other disciplines as well. Because it is in the aim to create a transparent discussion tool,
some of these individual proposed changes are implemented, too. Out of the 8 mentioned
issues, 6 are changed and explained in Table 5.
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Writing style is mentioned as an possible source of confusion for the user, Where-Else must be
able to give support to those that are not experts in the field; thus it is of importance to use a
style of writing that is clear for all and is understandable in case not used very often. It is
therefore chosen to look over the language and adjust where necessary. Secondly, content is
mentioned during the interviews as ‘who will benefit from this’ or ‘where in the field of scientific
knowledge will this fit in’. During the interviews this is not elaborately discussed, as that is not
the goal of the interviews, but it is mentioned in the introduction chapter of this thesis. Since
this comment contributes to establishing a scope and boundaries it is used to check and update
the introduction chapter in order to specifically state where and how Where-Else will fit and
help, and for whom.
A similar comment is given on the type of urban area for which Where-Else is made, ‘for what
type of urban area is the tool designed’ [R3], which is mentioned in the interviews as any urban
area within the borders of the city that will be developed or redeveloped. The scope of the thesis
is to increase the awareness of urban-ES in any urban development, which can be suburban
developments or city core redevelopments. As literature pointed out a focus of green on the city
scale is lacking compared to natural parks and ecosystems (Chiesura, 2004). This comment is
used to check and update the scope of the study, to see if it is mentioned clearly in the report.
Fourth, the proposed noise source consideration is added as a “consideration note”, yellow
notes, that links back to the EU directive of noise mapping, which should be done as a initial step
to establish the base sound level.
In one interview it is specifically said that reversing the order and placing green as a barrier is
always less efficient than using hard surfaces [R3] and the consideration must therefore be made
to place green behind buildings. This information is in correlation to literature that says there are
more economically viable options to reduce noise (Horoshenkov et al., 2013; OECD/ECMT, 2006;
UK Noise Association, 2009) and that parks should have a barrier (Carvalho and Dias, 2012;
Huddart, 1990; Papafotiou et al., 2004). However, other literature (Giles-Corti et al., 2005) states
that the accessibility is the main factor that influences the usage of parks; indicating that when
large roads or other barriers separate the green from residential areas, they are less likely used.
Connecting this information, it could mean that placing green behind buildings creates an effect
of privatisation; as the buildings will ensure a good sound barrier, they could also prohibit good
visualisation of the park and therefore the usage. To let the user of Where-Else consider and
discuss whether or not it is a possibility to use buildings to create more silent soundscapes in the
park, this adjustment is added in the new tool.
Lastly, mentioned as a disadvantage by [R2] is that Where-Else does not discuss taking away ES:
“If we are talking about redevelopment, this does actually [not help], because I would say,
simplified that in very many cases we are probably fighting that greenery will be taken away.” –
[R2]. This is a comment that stands in disunion with [R3] who stated that the overall scale of the
tool is too big. If Where-Else is designed for a specific urban scale, such as inner city cores, the
consideration of taking ES might no longer be valid, e.g. since the ES are already taken, the
purpose of using Where-Else shifts to improving consideration of ES and to bring ES back in the
area. However, when the overall scale for which Where-Else is applicable is larger, it allows for
application in situations when ES are still present and in risk of being taken by the
redevelopment and/or new development. Since it is not only dense urban areas but also
redevelopments that require improved consideration of ES and face the need for greenery
implementation, it is decided to include this perspective and keep the scale in Where-Else larger.
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Table 5: Adjustments made to proposed other changes.

Topics to consider

Adjustment

Style of writing, language

Checked at the end, some sentences are adjusted to have a more
concise and simple style of writing.
This comment is used to check and update the introduction and
the scientific relevance in the introduction of the thesis.
A comment is added as a consideration in a yellow note, to create
awareness to surrounding sound sources.
A note added in the district scale that relates to the trade-off that
is sometimes necessary to make.
This comment is used to check and update the scope of the study
in the introduction of the thesis.
A note added in the district scale that relates to the identification
of taking ES.

Content
Noise source
Urban planning
Type of urban areas (scale
for what it is designed for)
Taking away ES

Discussion of proposed changes that are not adjusted
The last two topics, green roofs and perennials and field of scientific knowledge, are mentioned
by interviewees but not elaborated on during the interviews and are therefore not considered to
be adapted in Where-Else. Green roofs and perennials are mentioned as green classifications
that are missing in the tool [R1,3]. However, since the scope of the thesis is parks, street green
and facades, the choice is made to not adapt Where-Else to include green roofs and perennials.
Lastly, the field of scientific knowledge consists of various smaller statements that relate to
content and urban planning, and is therefore addressed through these changes. One concern
mentioned is the pace at which new scientific knowledge is generated, and the possibility of that
knowledge to undo the information presented here. However, the literature overview has a
maximum limitation of 15 years (unless older literature is still relevant in more recent studies)
and has shown that there is a stable background to make conclusions on, despite one responded
[R3] mentioning a contradicting publication.
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5

DISCUSSION & CONCLUSION

Through the creation and testing of Where-Else, this thesis aimed to contribute to the
knowledge about tools for recognizing the potential and importance of green space allocation in
urban planning processes. By identifying the factors that contribute to the identification on
where, what and how greenery can be implemented to mitigate the effects of urban sound and
water challenges, Where-Else is created and tested for its applicability. The framework used
during this study is a result of a very accurate literature study, but Where-Else is required to be
further developed within different circumstances (like time and place) and may then look
differently. Identified and noticeable important mitigation factors by greenery are: size, location
and design for noise mitigation; and retention time and capacity for infiltration, evaporation and
transpiration for water. The findings from the literature overview are used to develop two
discussion tools of which one is tested for its applicability, resulting in the suggestions for
improvements and overall acknowledgement that there is a practical value for this kind of tool.
Urbanisation
Some of the stated problems of operationalisation as explained in the introduction, are
confirmed in the interviews. To exemplify, the problem of land changes is identified by the EU as
a problem that accelerates climate change and should be minimized, thus, there is a focus on
densification (Nuissl et al., 2009; Zavadskas et al., 1998). During the interviews this is indirectly
mentioned; [R3] stated that plot allocations are made with the intention to give the buildings
multiple functions in order to be more space efficient; to use the buildings as the sound barrier.
Assigning multiple functions is good, as it indicates efficient use of land and more effective
soundscape creation. It correlates with Carvalho and Dias (2012) who identify that using a wall as
a barrier decreases sound levels in a park, and with Horoshenkov et al. (2013) who stated that
there are more economically viable options to reduce noise; buildings therefore may create a
better sound barrier and thus a more silent soundscape compared to greenery.
Additionally, the annoyance from sound is sometimes a product of seeing the source of the
sound (Anderson et al., 1983; Carles et al., 1999; Lagström, 2004; Langdon, 1976), using
buildings will ensure that the park is shielded from many visual effects (such as cars). Overall, the
perception is that with giving buildings multiple purposes, less space is used and a better
soundscape is created compared to what is possible if greenery is used for that purpose. What
must be mentioned is that even in the cases of using buildings as a barrier, VGS are still options
to enhance the visual environment inside and outside of the soundscape and contribute to
resilience at the same time. It is important to look not only at parks and streets, but to make
better use of all the surfaces in the city, horizontal as well as vertical, as densely build cities have
a lot of both. The effect of urbanisation needs to be used as an advantage and awareness of
these spaces as ‘usable’ for urban sustainability must be increased. Since cities around the world
are dealing with several global problems, of which climate change is one, the increasing
awareness of ES and the implementation of greenery is a possible strategy to become more
resilient (Gill et al., 2007b; Niemelä, 2014; Niemelä et al., 2010).
The strategy to build densely and maintain and refurbish the built environment results in
decreasing flexibility and limits the possibilities for future landscape modifications (Nuissl et al.,
2009). Thus, it becomes a complex affair to integrate nature-based solutions into the dense
urban structure, and for that reason it demands a high level of knowledge as well as a promotion
of working interdisciplinary; not only sharing knowledge, but also working together on projects.
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During the interviews and in literature it is found that knowledge regarding practical
implementation of urban green for ES is fragmented. Vertical greenery is not as well researched
as other types of green and nearly all interviewees stated that there is a general need for more
awareness surrounding ES/greenery; especially on larger scales [R1] and relating to what original
ES are taken through possible development [R2]. The presented framework used in this thesis
can be seen as a tool in itself with a set of working procedures that go beyond regular practice in
order to develop new insights and understandings of the possibilities of urban green spaces.
Problem of operationalisation
The problem of operationalisation is not solved with “Where-Else”, but the problem is narrowed
down to the question “what can be done?”. The discussion tool is made with the intention “have
you considered”, therefore, it responds to the need to identify and discuss options to reach an
common understanding of what one can do with the space considered for development. It also
supports the application of a broader analysis towards what is there, what is taken and what
must be brought back. In general, through the literature and by the interviews, tools like WhereElse are seen as an easy, “just-enough-information”-kind of approach to be used by local
authorities, or other sectors where the daily tasks do not require so detailed thinking on urban
greenery. Where-Else is a good contribution to initial analyses since it helps the users to gain a
broader perspective before consulting experts, as well as it steers the users in a direction to
think about implementing more green not just sparing what is there [R1]. But again, it needs to
be complemented with more types of urban green structures and more ES to support more
holistic analysis [R1,2,3].
Ecosystem Services
There are, in total, 23 ES (de Groot et al., 2002) that can be divided into regulation, support,
production and cultural functions. Both noise and water challenges are similar in that if they are
mitigated by greenery, this greenery also support other ES such as: air pollution mitigation and
local climate control, as the canopies’ biological processes directly influence the ES; and soil
retention, since the roots of greenery directly hold soil together (Bolund and Hunhammar, 1999;
Zupancic et al., 2015). What should be remembered is that in some cases implementing
greenery is still an end solution, it is not handling the initial problem, and therefore it is
necessary to work on both cause and effect in order to support urban sustainable development.
The chosen challenges, water and noise, are believed to contribute to other ES in the following
way:
-

The water tool can be categorised by the ES ‘water regulation’, described as the role of
land in regulating runoff discharge (Bolund and Hunhammar, 1999; de Groot et al.,
2002), since it is aimed directly at reducing runoff. However, decreasing the runoff may
also positively affect other ES such as disturbance protection (e.g. flood risk) and
filtering, retention and storage of fresh water usable for drinking. Indirectly, by the
creation of more green spaces, side-ES such as food production (e.g. through urban
farming), science and education, and social well-being, may be positively affected.

-

The sound tool would fit in the category ‘disturbance prevention’ based on Bolund and
Hunhammar (1999), described as the influence the structure of ecosystems has on
dampening environmental disturbances (de Groot et al., 2002). Again, noise reductions
have high correlation with other ES, mostly cultural functions, such as aesthetic, as it
creates more attractive landscapes, and science and education.
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There are differences between the ES as well; water has much higher connectivity with other ES
as seen by the small analyses compared to noise. Therefore, the statement, made in the
interviews, that making discussion tools per ES might be too much work to use in practice [R1] or
that using greenery only to counteract one ES is not efficient [R3], can be found grounded. One
of the outcomes of this study is that it is important for good decision-making to establish which
urban-ES are present, taken or must be brought back in order to secure sustainable urban
development. It is important to capture as much urban-ES as possible within the space provided.
The tools developed in this project may therefore be too limited and should be combined with
other urban-ES tools.
Usability
Where-Else has been developed primarily for expert stakeholders working with urban green and
ES in urban planning and in decision-making contexts, such as found within local authorities, e.g.
municipalities. This is a very relevant context for operationalisation tools as became clear during
the interviews, where these stakeholders are mentioned as well [R3]. But, it also became clear
that Where-Else could be beneficial for the non-expert or those who do not work with ES on a
daily basis [R3]. Since urban development involves a great diversity of actors, not only the
municipality, there is room for further development: adjusting the questions to become relevant
for the specific actors using it. To do that it is necessary to know who is involved, what are the
visions and interest of the group of actors and how are they involved in the project. Although not
specifically the scope of this thesis, it needs be mentioned that the dialogue must include diverse
stakeholders to gain the best results since a lot of knowledge regarding urban ES are hold by
local actors of different kinds (private, civic or public).
In all likelihood more studies towards this topic will be conducted in the upcoming years, and so
Where-Else needs to be renewed every now and then with the newly published literature to
maintain its usability. At present there is one contradicting publication [R3], which would
indicate that some of the literature overview becomes obsolete. Nonetheless, considering that
there is more supporting literature found rather than contradicting, Where-Else is based on the
supporting publications. Overall, what is most importantly gained from the interviews is the
consideration of the dynamics of a city and planning, the surroundings (e.g. sound sources).
Already with the interviews taken, more surrounding perspectives have become clear, such as
scale, source of the challenge and type of urban planning. Where-Else may not be complete, as
said because the knowledge is not completed evolving but as well because there are parts not
considered, but it does include a wide perception of factors that are of importance to think
about when discussing for a solution.
In total, Where-Else should include more ES, more types of green components and be adaptable
to different urban development actors, so that it becomes more holistic. It can then be used as a
tool in workshops to start the dialogue. If it is made digital, updating possibilities will be further
improved, which is identified as an important concern for Where-Else’s usefulness [R3]. The
thesis results are limited by the few respondents, as only the Sound tool is tested and there are
only three experts interviewed. However, the respondents represent various experiences and
expertise, and all had experiences with urban planning tools, indicating that the general
comments made are based on these broad experiences with other tools. In combination with
general questions relating to tools, such as ‘what is good about the tool’, the outcome of the
interviews can be used for the Water tool as well, but the profoundness or business value is not
tested for water. Therefore some of the conclusions from the interviews might not count for
water issues.
[41]

5.1

Future studies

In order to increase the profoundness, meaning the depth and possibility of situations to use the
tool in, it is wise to conduct interviews with a more diverse set of stakeholders: specifically in
relation to the topic of water and for the non-expert. Moreover, investigations regarding how
the tools can be combined with other planning tools will increase the validity and profoundness
as well. Additionally, Where-Else must also be tested in real life urban planning situations, as this
is beneficial to see if and how the designed tool is helpful in reality.
When the foundation of knowledge on urban greenery and ES is developed over time, this
should be integrated into the tools. What is missing now is information for water issues
regarding how land cover type influences water reduction and the effect of VGS. For sound more
studies specifically for streets with and without green are missing (that are comparable in size,
length, traffic density, traffic speed and type of housing). Overall, the combination of different
green spaces for multiple ES is not made with Where-Else. Increasing the number of ES and kind
of green components would make Where-Else more holistic and therefore more profound.
Lastly, no economic costs are taken into consideration. However, as everything in life, the costs
for providing these collective goods in the urban landscape must be covered. To have a better
facilitated dialogue by Where-Else, it might be beneficial to include some estimation of the costs
involved in the various solutions.

[42]
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APPENDIX I - INTRODUCTION
GREEN SPACE TYPOLOGY
Table I displays found green space typologies, definitions and possibility to generalise
information, to show the argumentation for the choice for parks, street green and facades.
Table I: Analyses Green Space Typologies.

Typology
Park

Definition given (optional)
Managed green areas with a
mixture of grass, larger trees,
and other plants.

Source
Toronto Public Health (2015), GómezBaggethun and Barton, (2013), Bolund &
Hunhammar (1999), Chiesura (2004),
Inkiläinen et al. (2016)

Small Urban Park
Large Urban Parks
Garden

Less than 1 hectare
More than 1 hectare
Private gardens

Zupancic et al. (2015)
Zupancic et al. (2015)
Toronto Public Health (2015), GómezBaggethun and Barton, (2013),
Inkiläinen et al. (2016)
Toronto Public Health (2015)

Playing fields
Children’s play areas
and school yards
Woods and other
natural areas
Urban forests
(definition 1)
Urban forests
(definition 2)
Grassed areas
Green corridors
Street trees
Cemeteries

Toronto Public Health (2015)
Toronto Public Health (2015), Chiesura
(2004)
Less managed areas with
higher tree density compared
to parks
Sum of all urban trees, shrubs,
lawns in an urban setting.

Urban allotments
Wetlands, ponds,
rivers, lakes
(blue spaces)
Green buildings

Urban trees

Mixed neighbourhood
green space

Bodies of water

Urban buildings that have an
exterior with green (roof or
wall).
Stands of trees found in urban
spaces other than parks or
forested areas (street trees,
trees in public community
areas, backyards, commercial
areas and private properties).
All green (grass, shrubs, trees)
on a neighbourhood level.

Possibility to generalise

Too diverse per unit

No description to work with /
Too diverse per unit
No description to work with /
Too diverse per unit
Too large of a scale /
No description to work with /
Too diverse per unit

Gómez-Baggethun and Barton, (2013),
Bolund & Hunhammar (1999), Inkiläinen
et al. (2016), Berland et al. (2017)
Zupancic et al. (2015)
Toronto Public Health (2015)
Toronto Public Health (2015)
Bolund & Hunhammar (1999)
Gómez-Baggethun and Barton, (2013),
Inkiläinen et al. (2016)
Gómez-Baggethun and Barton, (2013),
Inkiläinen et al. (2016)
Gómez-Baggethun and Barton, (2013),
Bolund & Hunhammar (1999), Inkiläinen
et al. (2016)
Zupancic et al. (2015)

No description to work with
No description to work with
No description to work with /
Too diverse per unit
No description to work with /
Too diverse per unit
Too large of a scale

Zupancic et al. (2015)

No description to work with /
Too diverse per unit

Zupancic et al. (2015)

No description to work with /
Too diverse per unit
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APPENDIX II - METHODOLOGY
METHODOLOGY, SEARCH TERMS
During the data collection the search terms are tracked, the following table gives an overview of
the terms, Table II, divided by topic. The keywords, used to find literature in the online
databases, are generated by repetition and variation of the main themes as described in the
research questions and aims, to attempt to make the search more sophisticated (Bell et al.,
2007, p. 108). Moreover, literature papers used in the literature overview should preferably be
peer-reviewed and stem from reputable international journals, literature papers that are not
published in reputable international journals should preferably have undergone a quality control
process and for all other types of literature some quality control questions can be done by the
reader themselves.
After the initial first search, papers are read over and statements that are of value are taken out
and copied in an overview list. The next step is to analyse which of these statements are backed
by secondary literature and which statements came from the authors themselves. All the
sources of secondary literature are listed and searched for. Some research could not be found
and is then either mentioned as (as seen by X in Y) or disregarded if other literature stated the
same. The thesis supervisor gave 15 initial articles that varied in topics, 3 related to sound and 4
to water, the rest has different topics. To these articles the same process is applied, up to the
point that original articles are found, the route became a dead end or at least 3 sources stated
the same. After the search for information, the literature is processed, which is done by
manually linking and grouping information.
Table II: Used search terms.

Search terms include among others:
Water
Noise
Hydrology
Physics
Hydrological cycle
Boundaries
Infiltration
Regulations
Evapotranspiration dB
Runoff
Noise pollution
Throughfall
Noise control
Loss
Acoustics
Interception
Sound absorption
Source
Outdoor
Propagation
Scattering

Green space
Trees
Park
Urban green(ery)
Vertical green(ery)
Nature
Green spaces
Green belt
Vegetation
Construction
Investment
Costs
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Benefits
Ecosystem service

APPENDIX III - METHODOLOGY
METHODOLOGY, INTERVIEW
In order to prepare the design of and plan for the interviews, the content and purpose of the
interviews are clarified. Interviews are applied to obtain knowledge relating to Where-Else from
a practical perspective; answering questions relating to applicability, profoundness and business
value. Applicability is relating to the usability and the easiness of using. Profoundness is relating
to the depth of the information and the all-inclusiveness. The theme business value is relating to
the willingness to use a tool in real life. This information cannot be found in literature since a
new tool is made, and is of importance to receive reflection of alternative conceptions as well as
to test the implication possibilities and faults as a way to increase the foundation as a discussion
tool. Chosen is semi-structured interviews with participants in the field of ecosystems.
Interviewing
Interviews are conducted and recorded, using a mobile phone and a laptop to show a small
presentation. The interviews took place at KTH or at the respective interviewee’s office. The time
set is 1,5h per participant. There is a total of 3 interviewees, mentioned as [R1], [R2], [R3].
Interviewees have the same starting position through a small presentation of findings on which
Where-Else is based, and have the possibility to ask questions. Questions asked by the
researcher during the interviews are the following:
Background – After the presentation of literature overview the interviewees are asked about
their personal experience with sound. Secondly, as an exercise Where-Else is handed to them
with the question to state their first thoughts.
1. What is your experience with green as a solution for noise pollution?
2. What is your first impression of the matrix?
After going over Where-Else, the so called “test-phase” starts, explained is that the interviewee
must have a development in mind in one of four scales and use Where-Else to see where he or
she ends. After testing for a maximum of 10 minutes, the rest of the questions relating to
profoundness, applicability and business value are asked.
Profoundness
3. What is your opinion on the way of classifying the green spaces, as done in this
context?
4. In what part of the matrix do you feel that steps/linkages are excluded?
5. Which steps do you feel are excluded that are normally asked in the planning
process?
6. What are aspects that you can appreciate and are of good quality?
7. In what areas does the matrix provide support?
8. Considering the information is fresh now, do you consider the tool to be usable (do
you know how to use it) in a year from now? Why (not)?
Applicability
9. When in the planning development process could the matrix be implemented?
10. What is the main benefit that you see about this matrix?
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11. What is the main disadvantage that you see about this matrix?
12. Do you think it is transparent?
Business value
13. Would you use it in real life?
Transcribing
Transcribing is done without using any additional software. Not all words are transcribed,
pauses, hiccups, ‘um’s’ etcetera are not written down. However, timing of words and certain
phrases might be important later and is therefore taken in consideration in the original
transcribing. First the recording is typed fully in text, this is then restructured so that it also
contains the questions asked and is a semi-flowing text. This is done because not all questions
are asked in the same order, but the order is important to simplify the analyses. After that a
second transcription is made, to shorten and condense the text, this synthesis is used to verify
with the participants if it displays their opinion correctly. One interviewee commented that a
mistake in interpretation is made, [R3] during question 1 the answer does not fully encompass
what the mentioned research stated, and this is adjusted afterwards using the comment given in
the email.
Ethics
Due to the nature of this master thesis methodology, using interviews, it is important that ethics
shall be discussed. Using interviews as a method means that personal interaction will take place.
However, the interviews are believed to be of minimal risk to the participant and the likelihood
of harm or discomfort expected through the research is likely not more than any everyday
encounter or interaction with colleagues. Interaction can be biased by previous experiences and
the notion of right and wrong, for both the researcher as well as the interviewee, but compared
to the other options interviews are still the best choice to gain the knowledge intended to test
and verify Where-Else. The setup of the interview questions are not of political or personal
nature and therefore it is believed that the participant is not negatively affected.
There are 2 anticipated ethical issues (Kvale, 1996): confidentiality issues and consequences are
seen are the main issues that need to be addressed to the ‘to be interviewed’. Confidentiality is
solved by a verification step: sending the used transcriptions to the interviewee to look over and
give comments. Consequences is solved by not naming the participant but keeping them
anonym. Moreover, since the researcher is using the network of the supervisor it is important to
remain professional, if I treat the participants badly or unethically, this will reflect on the
supervisor and it is therefore a trigger to be and remain professional.
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APPENDIX IV - SOUND
SOUND, A BACKGROUND
A precondition of sound is that it consists of a source of sound, a transmitter of sound and a
receiver of sound. Different frequencies of tones produce sound, frequencies are variations in
density and pressure that are causing vibrations in the air, for humans these vibrations come
together in the eardrum. When the vibrations reach the ear, a sound level is created by the level,
frequency and timing of the vibrations. Sound levels are measured in a decibel (dB), which is the
loudness of a sound; the frequency is expressed by hertz (Hz) and is the number of cycles that a
vibration makes per second. Humans can perceive sounds between 20-20.000 Hz, but most
sounds perceived lay between 500-8.000 Hz. Within industrial environments sounds frequencies
range in intensity and this is called fuzz; this is the state in which there are always some
surrounding sounds (Lagström, 2004). Decibels are measured as a logarithm, this means that for
every 10dB the sound increases the loudness doubles, or when decreasing, the loudness halves
(IAC Acoustics, 2017).
Sound levels vary from 0dB to over 140dB, and can be divided in three groups; white areas,
<45dB, grey areas, 45dB-65dB, and black areas, >65dB. Black areas are considered unacceptable
(EC, 1996; EEA, 2014) and 55dB is a threshold for serious risks to health (WHO et al., 1999).
Öhrström et al. (2006) identify 60dB of sound level from road traffic at the exposed side of
residential buildings as the maximum to protect people from annoyance and other effects, and a
quiet side of the residential building that has less than 45dB. Langdon (1976) has set the
threshold for dissatisfaction between 65dB and 70dB, as they identified it is better to close the
windows for the enjoyment of communication (speech, radio and television) between this
interval. Berglund and Nilsson (2006) propose an overall sound level of below 50dB in
soundscapes for a pleasant quality. The Swedish government has adopted the regulations of the
EU and identify 52dB as the limit to which no extra sound insulation measures have to be taken
in the building construction.
Sound is perceived subjectively; depending on the listener a sound can be perceived as desirable
(pleasant) or undesirable (unpleasant) (Lagström, 2004). Carles et al. (1999) argues that noises
are sounds that do not suit the context in which they are perceived and are therefore rated as
unpleasant, such as traffic noises in a natural landscape. Furthermore, Aubree (in Langdon, 1976,
p. 253) reasons that the unpleasantness of sounds is influenced by other factors than just sound;
particularly by the observed quality of the neighbourhood, meaning the visual appearance of the
neighbourhood; the state of buildings, streets and parks. Anderson et al. (1983) assessed the
influence of 18 sounds on the esthetical interpretation of outdoor settings and found that
natural sounds (e.g. sounds from water, wind in trees and birds) have the capability to stimulate
pleasant feelings, while mechanical sounds (e.g. traffic and machinery) are rated as undesirable.
There are plenty of options to reduce sound, they consist of technical and natural solutions, and
in general the technical solutions are economically more viable. Examples of technical solutions
for the outside environment: using dampening pavement materials, regulating traffic by
reducing speed, switching to more silent transportation options and noise barriers walls, for
buildings sound can be reduced by a higher level of insulation (OECD/ECMT, 2006; UK Noise
Association, 2009). Most of these options do not enhance the quality of the urban environment
in relation to elements of nature, as explained (Anderson et al., 1983; Carles et al., 1999;
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Langdon, 1976). A natural solution is creating quiet areas in the city, such as a park, this option
does enhance the quality of the urban environment.
Hosanna is an EU funded project that studied strategies on sound reduction by natural and
artificial means, and found significant reductions in dB levels for some green strategies (Nilsson
et al., 2013). Moreover, the European Environment Agency (EEA) has made a compilation of
noise exposure for European citizens. Following the Environmental Noise Directive (END) that is
adopted in 2002, the 32 member states of EEA had until December 2007 to deliver data for their
respective country. The directive is still active today, and more implemented on smaller scales.
These maps can help to identify the general level of noise disturbance in a possible to be
(re)developed area (EEA, 2017) and are worth to consider before planning. In the next few
paragraphs more elaboration on the general physics of green to mitigate sound, the effect of
green on the perception of noise, is given, as well as one of the main causes of urban noise, and
the implications noise has on health.
General physics of green as a sound barrier
To get a better understanding of what happens when a tree, or other type of green, is situated
between the source and the receiver of sound, some general physics will be explained. Sound
creates waves, these waves can pass through objects and materials or are reflected, absorbed or
diffused by objects and materials, see Figure I, (Lagström, 2004). Sound scattering in urban
environments is a complex structure; sounds can arrive at the receiver by a number of ways:
direct, ground or building reflected, scattered and scattered in combination with ground
reflection (Yang et al., 2013). When sounds are reflected or diffused through hard surfaces the
sound can remain at almost the same loudness, but when sounds encounter softer surfaces a
part of the sound is absorbed, this decreases the loudness of a sound. It is therefore of interest
to apply many soft surfaces in a city, one way to do this is by the application of green surfaces:
the layer of air between leafs and building surfaces creates extra depth (Lagström, 2004; Wong
et al., 2010). However, Horoshenkov et al. (2013) emphasizes the difficulty of derive a conclusion
from plants because of their complexity and randomness.

Figure I: Visualisation of sound propagation: reflection, absorption and diffusion (Lagström, 2004).
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Extensive research is done on the influence of trees and shrubs and their effect on noise
reduction: Van Renterghem et al. (2012) identify three mechanisms to which noise is spread and
mitigated by 15m deep tree belts. Firstly, sound is scattered by trunks, branches, twigs and
canopy (substantiated by Yang (2013), Kragh (1981), Huddart (1990), Van Renterghem et al.
(2014) and Klingberg et al. (2017)). Additionally, sound is faded by the ground (substantiated by
Yang (2013), Huddart (1990), Bashir et al. (2015) and Klingberg et al. (2017)). And lastly, sound is
absorbed by vegetation as a result of leaf vibration, along with viscous-thermal boundary layer
effects (thermal meaning heat/temperature and viscous meaning having resistance to flow, but
this effect is too complex to go into detail about (Van Renterghem et al., 2012). See Figure I for a
summary of sound propagation and greenery.
Greenery contributes to sound scattering since there are various possibilities for sound to pass
through the tree and its canopy, originating from the reflections of surrounding building and
facades. “...., causing sound energy to diverge away from a straight propagation path between
source and receiver.” - (Van Renterghem et al., 2014, p. 2). All this scattering contributes to a
longer reverberation time (RT, the time a direct sound takes to decay) (Yang et al., 2013).
Stating: “The result with the tree has considerably stronger sound energy in the late part of the
impulse response in comparison with the result without the tree. Correspondingly, this would
bring an increase in RT.” – (Yang et al., 2013, p. 4). The research concluded that for scattering of
sound a tree crown size is the most important factor, with or without foliage (Yang et al., 2013).
Other research shows that for lower frequencies the ground is a dominant reducer of sound
(Bashir et al., 2015; Huddart, 1990; Klingberg et al., 2017) and at higher frequencies the twigs
and branches of trees and shrubs are the main contributor to reducing sound (Huddart, 1990;
Klingberg et al., 2017; Kragh, 1981; Van Renterghem et al., 2014). Specifically: above 3-4 kHz the
reduction effect is dominant for crops (Bashir et al., 2015); above 2 kHz belts of trees and bushes
have higher reduction rates (Kragh, 1981); above 2 kHz foliage is important in reducing
frequencies, and between 250-500 Hz the ground reduces frequencies (Huddart, 1990); ground
effect is also identified between 250-1 kHz, and above 1 kHz twigs, branches and foliage are
responsible for a reduction by Van Renterghem et al. (2014); and lastly, Klingberg et al. (2017)
divides reduction of noise in 0.5-2 kHz for wooden parts, and leafs above 1 kHz.
These two effects can be considered separately and therefore create synergy: ground has a
positive effect for lower sound frequencies and trees and crops for higher frequencies – when
combined they can span a larger part of Hz heard by people (Bashir et al., 2015; Huddart, 1990;
Klingberg et al., 2017; Kragh, 1981; Van Renterghem et al., 2014). Martens and Michelsen (1981)
concluded their research with the statement that the sound reduction potential of an individual
leaf is low, but the sum of a full grown tree canopy gives a meaningful effect. Lastly, Aylor (1972)
states that, if vegetation is used to mitigate the effects of noise, the vegetation must be planted
very densely with high leaf area per unit of volume in order to maximize the sound reduction,
otherwise sound waves will pass through the barrier without diffusion.
To summarize, sound waves pass through objects and materials but can be reflected, absorbed
or diffused by them as well, before they arrive at the receiver. By having to encounter obstacles
the reverberation time is extended, which means the sound is decayed slower. Soft surfaces
increase absorption of sound waves, ground benefiting lower frequencies (<1kHz) and trees
benefiting higher (>1Hz) frequencies. Moreover, in order to be effective the green barrier must
be as dense as possible, and contain many leafs.
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The effect of green on the perception of noise
Anderson et al. (1983) researched the role of vegetation towards noise reduction, by comparing
two streets scenes, one with and one without street trees. Differences between sounds are
found to be statistically insignificant and non-substantial, but the visual evaluation of the scene
with trees scored remarkably higher compared to the no-trees scene. They concluded that,
depending on the surroundings of the listener, sounds can be perceived differently and
explained it as psychologically mediated abatement of noise (Anderson et al., 1983). This result
is in agreement to that of Aylor and Marks (1976), who state that individual trees or hedges have
insignificant effect on the physical transmission of sound and contribution to noise reduction,
although they screen the origin of the sound. As well as the results of Viollon et al. (2002), who
concluded that both relaxing and stressful sounds are influenced by the amount of urbanisation “For all sound environments which did not involve any human sound, visual influence was
significant and negative: the more urban the visual setting, the less pleasant and relaxing the
perceived sound environment.” – (Viollon et al., 2002, p. 510).
As Aubree (in Langdon, 1976, p. 253) states that the quality of the neighbourhood is of influence
to the perceiving of sound, Anderson et al. (1983) comes to the same conclusion. Stating that
“Vegetation seems to upgrade expectations of environmental quality to the extent that human
and mechanical sounds are evaluated as more detracting, even in settings that are heavily
influenced by human activity (such as landscaped gardens, residential streets and urban parks).”
– (Anderson et al., 1983, p. 562). Moreover, Gidlöf-Gunnarsson and Öhrström (2007) identified
that the response to traffic noise by residents is affected by the distance to and the amount of
perceived availability to nearby green areas, indicating that the effects of noise-exposure on
health and well-being are decreased by the availability of green spaces as a
restorative/recreational environment. The same conclusions are made by Langdon (1976), who
found that dissatisfaction with traffic noise is lowered through elements of nature in the
neighbourhood.
Overall, research suggests that the visual quality of an environment (the state of the buildings,
streets, presence of green spaces and trees) is more responsive to vegetation than that of
acoustic quality, noise perception (Anderson et al., 1983; Gidlöf-Gunnarsson and Öhrström,
2007; Langdon, 1976).
Traffic and sound
In an urban context, traffic is considered to be one of the main contributors to sounds and noise.
The UK Noise Association (2009) states that vehicles create rolling noise (sounds arising because
of the interaction of tyres on the road) and propulsion noise (sounds arising because of the
mechanics of automobiles, such as engine and exhaust systems). Moreover, the UK Noise
Association (2009) states that below 55km/h for cars and 70km/h for lorries propulsion noise
predominates, above these maximum it is rolling noise. Although technology is changing, with
silent engines as an example, this would indicate a higher dominance of rolling noise at lower
speeds (OECD/ECMT, 2006). Therefore, if the aim is to reduce noise, on roads with a speed limit
higher than 50km/h, attention must be paid to the possibility to decrease rolling noise (UK Noise
Association, 2009). Research by ECMT/OECD (2006, fig. 2.8) identifies traffic noise as a function
of speed, see the right column of Table III. Additionally, Van Renterghem and Botteldooren
(2002) state that traffic noise is typical of low frequency, supported by Klingberg et al. (2017)
who state that traffic noise is strongest around 1 kHz.
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In an urban setting streets have limits below 50km/h, therefore attention must be paid to
propulsion noise. Although there are many variables when it comes to traffic, such as engine
size, power and load of vehicles, speed is a variable that has shown to influence sound levels
significantly, as seen in Table III. Additionally, lower traffic volumes may reduce sound
disturbances as well, even though a significant reduction of vehicles is needed to gain effect, a
small amount indicates an improvement on the amount of perceived disturbances. Still, speed
remains a crucial factor, since traffic noise will not drop automatically with a lower amount of
vehicles. For a single vehicle a 1dB change is not noticeable, but in combination with a busy road
and a mix of traffic, it is the amount of perceived disturbances that becomes noticeable, a 3dB
change is more noticeable. Lastly, acceleration of vehicles is more noticeable compared to
breaking and at lower speeds. Meaning that a flow of vehicles is less disturbing than a street
with traffic lights, and specific points can be addressed in a city where noise will occur;
intersections (OECD/ECMT, 2006; UK Noise Association, 2009).
Table III: The effect of speed reduction on traffic noise for light and heavy vehicles (UK Noise Association, 2009, p. 9) +
approximate noise level in dB (ECMT/OECD, Figure 2.8).

REDUCTION
SPEED
KM/H

30
40 TO 30
50 TO 40
60 TO 50
70 TO 60

IN

NOISE REDUCTION FOR NOISE
LIGHT VEHICLES
IN DB

3.6
2.8
2.3
1.9

REDUCTION
HEAVY VEHICLES
IN DB

FOR

APPROXIMATE NOISE LEVEL IN DB
FROM STREET SPEED

64
65
67.5
69
71

2.7
2.1
1.7
1.4

To recap, traffic is one of the main contributors to sound in urban environments, due to evolving
technologies cars and lories get more silent, but this increases the perception of rolling noise. At
lower speeds propulsion noise is the main perceived sound, where acceleration is more
noticeable than breaking, which makes it possible to identify places in the city where the
disturbance will occur, namely intersections. At higher speeds rolling noise is noticed more,
which can be reduced by decreasing the speed limit. The approximate noise level from street
speed limits gives an indication of the maximum dB encountered, as seen in Table III,
“approximate noise level in dB”. By lowering the speed limit, a reduction of maximum noise level
is possible, but a reduction of perception can also occur by lowering the amount of vehicles. Hz
frequencies of traffic noise are in the 1 kHz range.
Health and sound
Lagström (2004) summarized some of the most common effects of noise on people as sleep
disturbances and damage to hearing, as well as it causes stress symptoms and affects blood
circulation. Moudon (2009) analyses through a literature review how noise affects health and
what can be done to prevent it. The study identifies numerous psychophysiological health issues
such as annoyance, reduced performance and aggressive behaviour as well as an increased risk
of heart problems. According to research by Guastavino (2006) health problems and other
effects of noise exposure can be reduced by allowing for opportunities to escape the heavily
trafficked and noisy surroundings through the creation of sound environments that are
perceived as more quiet and positive, which can be linked to research by (Aubree in Langdon,
1976, p. 253; Viollon et al., 2002, p. 510) on perceived quality of the neighbourhood.
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Another perspective is given by Öhrström et al. (2006) on the relationship of soundscapes
(meaning the level and source of sound within a particular situation, such as urban settings or
urban green settings) in urban residential areas and the benefits towards health and well-being.
The research found a correlation between residential buildings with a “quiet”-side (sound
<45dB) and the effects on noise annoyance compared to residential buildings that did not have
access to a covered, quieter side (Öhrström et al., 2006). Furthermore, Gidlöf-Gunnarsson and
Öhrström (2007) explain that it is of essence to maintain and expand accessible urban greenery
inside and nearby residential areas. By getting positive associations through sound
environments, residents are provided with the ability to get away from urban environmental
stress, and having the ability to visit urban greenery provides possibilities of physical activity,
relaxation and recreation, which is in line with research done by Grahn and Stigsdotter (2003)
and Chiesura (2004).
So, loud sounds affect people’s hearing, sleep, blood circulation and psychophysiological status,
but can be balanced by quiet areas in a neighbourhood, which if they are green areas contribute
to more health problem elimination in general as well. From a social and economic perspective,
decreasing noise pollution results in a decline of the population’s health affected, which
indicates increases in their efficiency because they are more well rested (Lagström, 2004).
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APPENDIX V - WATER
WATER, A BACKGROUND
First a general explanation of the basic physics of hydrology is given, as well as a detailed
description of the role of a tree in the hydrological cycle. Followed by the effect of urbanisation
on the hydrological cycle and prevention measures taken so far.
General physics of hydrology
Some terminology on hydrology is explained more thoroughly to strengthen and refresh the
knowledge. Hydrology is the science of water circulation, distribution and occurrence on Earth
and in the atmosphere of the Earth, it refers to the water balance of an area (Fletcher et al.,
2015). The Earth’s surface is for 75% covered with water; 97,5% of this is salt water from seas
and oceans, and not usable for human, or other species’, consumption. The other 2,5% is
freshwater for which biota, humans and ecosystems depend on (for actions such as: drinking,
transportation, agriculture, hydroelectricity, waste processing and habitat creation). From the
2,5% only 0.77% is found on the surface in lakes, rivers, wetlands, ground and atmosphere, the
rest is stored in glaciers and icecaps. Thus, there is a very limit amount of water that is usable for
consumption and it must be used with care. Nonetheless, freshwater is a renewable resource,
the hydrologic cycle resupplies the amount of freshwater (Oki, 2006; Wright and Boorse, 2014).
That process will now be further explained using Figure II.
Water can appear in three forms, solid (when the temperature is below 0℃), liquid (when the
temperature is between 0 and 100℃) and gaseous (this happens when molecules break away
entirely from other molecules, always above 100℃, but happens at lower temperatures as well).
The appearance of water has to do with energy between molecules that binds or breaks them,
and will not be further discussed. A separation is made between green and blue water: green
water stands for water vapour (gas state) and blue water is the liquid form. The human
population has a large and ever growing influence on the hydrological cycle, four main influences
are identified: 1. extracting more water than is sometimes available; 2. pollution of the
atmosphere by antropogretic causes; 3. changes to the climate and 4. changing the surface such
as deforestation (loss of vegetation), building impervious surfaces, redirecting bodies of water
(rivers, wetlands) and creating obstacles such as dams (Wright and Boorse, 2014).
Let’s start the hydrologic cycle, Figure II – loop 1, from the step that water leaves to the
atmosphere, there are two possibilities: evaporation and transpiration, the combination of
these two is called evapotranspiration. Evaporation means the change of water from a liquid
state to a gas/vapor state by an increase of water temperature. Transpiration indicates the
movement of water from the soil through greenery to leafs where it will exit, as a gas, through
the pores of the leaf. Warm air will rise because it is less dense compared to cool air, but at
higher altitudes in the atmosphere the temperatures are lower, which will cool the air down. The
amount of water in the air is called humidity and is often expressed as a percentage of total
possible water vapour capacity at a certain temperature in the air, relative humidity. The hotter
the air, the more vapour it can hold. When the humidity reaches 100%, filling the maximum
capacity of the temperature, saturation is reached. After this the excess water will transform
back to a liquid state through condensation. If this process happens in the air the result is fog
and clouds (Wright and Boorse, 2014).
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Figure II: Visualisation of the hydrological cycle, picture originates from (US Forest Service, n.d.); adjusted with loop
numbering.

This is how water will return to the Earth’s surface: condensation is the reverse process of
evaporation; water is transformed from a gaseous state to a liquid state because of lower
temperatures. When condensation increases, the droplets will become bigger and eventually
heavy enough to fall back to the surface of the Earth. Precipitation is the discharge of water
from clouds and appears in forms such as rain, snow, hail etc. Condensation is not only
influenced by temperature, but as well by the amount of aerosols in the atmosphere, they
attract water vapour and in doing so promote the formation of droplets. Aerosols (Ramanathan,
2001) can have natural origins (e.g. dust, salt, soil) and anthropogenic origins (e.g. sulphates,
carbon). Water is purified by both evaporation and condensation, because both processes entail
a separation of water molecules from other molecules, in both cases air or soil molecules are left
behind when transitioning to the alternate state (Wright and Boorse, 2014).
Precipitation can result in multiple outcomes when it reaches the Earth’s surface. What is often
the case is that water is returned directly by evaporation and transpiration, loop 1. On the other
hand, it can infiltrate in the ground, Figure II – loop 3 or it can run off the surface to bodies of
water, loop 2. The amount of water that is infiltrated compared to the runoff is called the
infiltration-runoff ratio. Runoff has no further cycles and is taken up by the evaporation process
again. But, water that is infiltrated in the soil has again two alternatives: an amount can be
stored in the soil, called capillary water, and this water will return to the atmosphere by
evaporation of the upper soil or transpiration of the flora; or it will infiltrate deeper. Water that
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infiltrates deeper soils can move down by gravity, gravitational water, until it comes across an
impervious layer (such as clay or rock) where the water will accumulate, the body of
accumulated water is called groundwater. This process is called percolation and happens with
blue water only and is of importance because the route the water travels purifies it and humans
contribute to the extraction of groundwater by using wells and pumps (Wright and Boorse,
2014).
In summary, the hydrological cycle consists of four physical processes, namely: evaporation,
condensation, precipitation and gravitational flow. These processes can be divided in three
loops, as displayed in Figure II. An evapotranspiration loop (green water, nr. 1); water is
evaporated from soil and flora to join the atmosphere and is returned by precipitation. A surface
water runoff loop (blue water, nr. 2); precipitated water is transported over land and it becomes
part of a larger body of surface water. And a groundwater loop (blue water, nr. 3A+B),
precipitated water infiltrates soil, gravitates down and moves through aquifers before exiting
through springs and wells, once again re-joining surface water.
Greenery and hydrology
When rain falls onto green surfaces, such as that of a tree or bush, it is intercepted by the
canopy, the leafs and the woody parts, for visualisation see Figure III. This means that trees and
bushes intercept rainfall independent of the season. A few things can happen now: water can
stay on the leaf or it can roll off the leaf. When it stays on the leaf it evaporates and returns back
into the atmosphere, where the cycle begins again (Carlyle-Moses and Gash, 2011). When it rolls
off, it can be captured by another leaf or branches of the tree, and thus slowly descend to the
ground where it will infiltrate the soil, or it falls directly to the ground. Murakami (2006) suggest
that the splash of a raindrop hitting canopy results in a scattering effect of the droplet,
decreasing it to various smaller droplets which now have a greater total surface area exposed to
air, this increases the evaporation rate. The process of evaporation cools the surrounding air as
well as the canopy, thereby serving as a heat sink (Carlyle-Moses and Gash, 2011).

Figure III: Visualisation hydrological cycle around a tree (Botanic Gardens of South Australia, n.d.).
[66]

Precipitation that falls on the canopy is intercepted, and can be calculated by using the
difference of rain fallen on the canopy (gross precipitation) and below the canopy (net
precipitation), and represents the amount of water held by the flora’s surface. A fraction of the
rain may fall directly to the ground, this part is called throughfall. Another fraction is intercepted
and stored on the surface of canopy, thereby delayed to fall to the ground directly. Eventually,
the stored water can drip to the ground or move down over the tree as stemflow, both flows
contribute to the throughfall ratio. Or, the rain is evaporated during these processes,
contributing to the interception loss, this whole process diminishes peak flow discharge (Asadian
and Weiler, 2009; Aston, 1979; Villarreal et al., 2004; Xiao et al., 2000). Overall, the hydrological
components that are most important to interception loss are transpiration, evaporation and
infiltration. The ecological components that are most important to decrease runoff are leafs,
branches, roots and soil.
The effect of urbanisation on the hydrological cycle
Urbanisation is disrupting the natural vegetation cover, soil characteristics and watershed
conditions by increasingly altering and disrupting the natural terrain from a vegetated state to an
impervious surface, thereby reducing the capacity of the soil to take up water (Asadian and
Weiler, 2009; Day et al., 2008; McPherson et al., 1997; Sanders, 1986; Whitford, 2001).
Impervious surfaces range from paved roads and streets to buildings, and lead to the
establishment of interconnected networks of impenetrable surfaces (Asadian and Weiler, 2009;
Day et al., 2008). Urban development and the impact of hard surfaces affects the climate
conditions in a city. It alters among others the hydrological processes: this leads to an
acceleration of water runoff, flooding, erosion and water pollution; deterioration of aquatic
habitats, surfaces and groundwater recharge; and higher costs for stormwater management
(Asadian and Weiler, 2009; Day et al., 2008; McPherson et al., 1997; Roy et al., 2014; Sanders,
1986).
See Figure IV for a simplified visualisation of the influence of urbanisation on hydrological cycle,
copied from (Whitford, 2001), where the thickness of the arrow generally represents the flow
density. McPherson et al. (2005) have tried to calculate the value of a tree that is planted by
comparing its presence to the costs for, among others, wastewater handling of the runoff, the
annual costs per tree (planting and maintaining) are said to between 13-65$ US. For every dollar
that is planned to be invested in traditional water management solutions, the tree pays off
between $1.37 and $3.09 US. Green infrastructure made a rise as a complement to grey
infrastructure for the processing of stormwater (Fletcher et al., 2015). Even though it is
acknowledged that a complete replacement of gray infrastructure by green is impossible, it does
reduce the strains (Shuster et al., 2008). By taking advantage of the natural properties of soil and
vegetation to detain water, green infrastructure manages precipitation volumes; trees are a
well-known choice, due to their small footprint, high vegetation density and root system
(Berland et al., 2017).
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Figure IV: Visualisation hydrological cycle in natural and urban landscapes, copied from (Whitford, 2001).

The interconnection of hard surfaces results in a decreased resilience for the city: it negatively
influences the number and magnitude of hydrological cycles (detainment, retainment and
infiltration) compared to natural vegetated landscapes (Roy et al., 2014), see Figure IV.
Impenetrable surfaces have little storage capacity meaning that maximum capacity is quickly
reached and the majority of rainfall is transferred as runoff (Pauleit and Duhme, 2000), and they
enlarge the speed of water moving over the surface (Asadian and Weiler, 2009; Sanders, 1986).
Water generally follows the path of the least interference, this means stormwater runoff flows
through the city landscape with no option than to follow building and street shapes; often as
much as 90% ends up in centralised sewage collection systems (Pauleit and Duhme, 2000; Roy et
al., 2014). Moreover, the interconnection of hard surfaces increases isolation of penetrable
surfaces, surfaces that still have a hydraulic importance, and leaves them undersized and unable
to give adequate capacity for the volume of runoff that stems from neighbouring impervious
areas (Shuster et al., 2008).
These effects result in a concentration of rainfall, a peak discharge: a higher volume of
stormwater is reaching the sewers in a certain timespan, putting pressure on the system’s
capacity (Asadian and Weiler, 2009; Roy et al., 2014; Sanders, 1986). Even at low amounts of
rainfall, the effect of urbanisation can cause greater volumes of water compared to penetrable
surfaces, because there are not many opportunities to interrupt the rain, such as when there is
tree canopy or soil. Traditionally, stormwater runoff is redirected by municipalities to sewers and
transported to centralised treatment facilities, however, sometimes runoff is transported to the
nearest flowing stream or river, but this happens mostly in very rural areas or older urban
developments (Shuster et al., 2008). Nowadays, it is common to see separate sewer systems in
suburban or recently renovated urban areas (Berland et al., 2017). In all cases, more water is
moved from the location of rainfall because of urbanisation and infrastructure.
Urban infrastructure and water
Stormwater runoff is often discharged into wastewater collection systems with the aim to treat
the water and use it for urban life processes such as tap, toilet, shower or gardening water, or
release it into surface waters. Historically, the sewers consisted of single pipes that transport
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household, commercial and industrial wastewater as well as stormwater (Berland et al., 2017).
However, the sewage system is not entirely made for (high) stormwater runoff capture; it is
therefore sensitive to overflowing which can lead to a system failure during the heavy rainfall
events (Pauleit and Duhme, 2000; Roy et al., 2014), as well as a general need for higher sewage,
drainage and treatment capacity, to adapt to the increased runoffs (Sanders, 1986). The mixture
of water in the sewers is prone to contain toxins of diverse sources and is not treated yet
(Berland et al., 2017).
When sewage systems fail, the flow of water is often re-located to other places, which could be
anything in the near proximity such as streams, ponds, rivers or parks and forests (Roy et al.,
2014). When that happens, the mixture of untreated sewage and stormwater is released into
nearby green spaces or into surface waters such as rivers and ponds. This causes environmental
damages (Berland et al., 2017). Moreover, the large amounts of water take with them the
pollution diffuse from the buildings, streets, cars and tree canopies; such as ozone, carbon
(monoxide and dioxide), sulphur dioxide and other particulate matter (dust, oils, nutrients, low
oxygen, high temperatures) (Clapp et al., 2014; Roy et al., 2014). Because there is a high
competition within a city over land allocation, frequently, the space for conventional stormwater
management systems as an “at the source”-solution is impossible (Day et al., 2008).
To counteract the rain runoff a common solution is to implement sewers with a higher capacity
or increase the amount of sewers and drainage channels (Sanders, 1986); more recently a
separate sewer system is designed and increasingly implemented (Berland et al., 2017). This
system transports storm and wastewater in separate pipes, decreasing the environmental
effects when overflowing. But these solutions are costly and increase the underground
infrastructure, which could prove negative for future developments (Sanders, 1986). Moreover,
stormwater is now sent to surface waters directly but remains untreated, often still containing
pollution diffuse form the built surroundings (Berland et al., 2017; Clapp et al., 2014; Roy et al.,
2014). Even though the intention of the system is well, and not as many hazardous materials are
released into green spaces or surface waters, the stormwater can still decrease the resilience of
the environment depending on the amount (Berland et al., 2017).
The goal is not to drain the city of water but to retain it nearby or on location for as long as
possible and release it during dryer periods (Bergier et al., 2014). This enhances the usefulness of
green spaces where, due to the availability of trees and bushes growing above grass, the runoff
coefficients measured can be as low as 26% of total rainfall (Sanders, 1986). There are other
options to prevent runoff. Tree canopy surface storage and interception of rainwater both
increase the retention time and in doing so, help delaying the peak discharge (Xiao et al., 1998).
Although interception and storage are variable depending on tree species, size and local climate,
generally they have all found to be contributing (Armson et al., 2013).
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APPENDIX VI - WATER
WATER TABEL INTERCEPTION RATES DIFFERENT STUDIES
Table IV is a summary of the different rainfall interception studies found through the literature
from the literature overview. Added to the information is the climatic situation, using the
Köppen-system.
Table IV: Interception rate of different trees.

Tree type
+ Reference

Location

Climatic
situation
(Köppensystem)

Season-long or
annual
interception (%
of rainfall)

Average net loss
(mm)

Setting
(Forest/Urban)

Old-growth Sequoia
sempervirens and
1
Pseudotsuga menziesii

Northern
California

Cs

22.4

293 (over whole
season)

Forest

Old-growth >450 yr. old P.
1
menziesii

South-Central
Washington

Bs

25

23,4

Forest

25 yr. old P. menziesii
South-Central
(assumed no stemflow and 5 Washington
1
% stemflow)

Bs

21.4

8.84 (37.29
Maximum/1,50
minimum)

Forest

25 yr. old, dense Picea abies Southern
1
Sweden

Df

45

N.A.

Forest

125 yr. old Pinus contorta,
Picea glauca x engelmanni,
1
and Abies lasiocarpa

Cs/Cf

31.1

N.A.

Forest

Cf

18.9 (yr 1), 19.1 19.72 (over both
(yr 2)
years)

Forest

Vancouver,
British
Columbia

Cs

49.1

20.4

Urban

Vancouver,
British
Columbia

Cs

60.9

32.3

Urban

Georgia, USA

Cf

22.3

33,8

Forest

Georgia, USA

Cf

17.6

41,2

Forest

Quercus robur, Betula
Berkshire, UK
pubescens, Corylus avellana,
and Illex aquifolium (leafed,
1
leafless periods)

Cf

29 (S), 20 (W),
25 (A)

120.8 (S), 71.5 (W), Forest
192.2 (A)

Coniferous

Southern
British
Columbia

Young planted
Eastern Japan
Chamaecyparis obtuse stand
1
(annual:year 1,year 2)
Douglar Fir

2

Western Red Cedar

Pine

3

Pine Plantation

3

2

Deciduous
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Q. rubra , Acer saccharum,
Fagus grandifolia, et al.
1
(growing-season)

Df

18.8

48.75

Forest

Carpinus orientalis croaticus, Slovenia
Q. pubescentis et al. (annual:
north facing, south facing
1
slope)

Cf

28.4, 25.4

374.1 (total
period), 308,9
(total period)

Forest

Fagus silvatica (monospecific Central
1
plot)
Germany

Df

27–40

N.A.

Forest

Cf

17.4

41,7

Forest
Forest

Hardwood

3

Southern
Ontario

Georgia, USA

Fagus grandifolia and L.
4
tulipifera

Northeastern Cf
Maryland, USA

21.5, 27.8

7.2, 9.3

gingko (Ginkgo biloba);
sweet gum (Liquidambar
styraciflua); lemon tree
5
(Citrus limon)

Oakland,
Cs
California, USA

25.5, 14.3, 27.0

185.7, 104.1, 196.7 Urban
(over whole period)

Q. serrara, et al. (growing,
1
dormant seasons)

Japan

Cf

17.6 (S), 14.3
(W), 16.8 (A)

524.6 (S), 124.2 (W) Forest
, 648.9 (A) (over
total period)

Pinus pseudostrobus, Q.
1
canbyi, and Q. laeta

Northeastern
Mexico

Bs

15.8

109.3 (over total
period)

Forest

Georgia, USA

Cf

18.6

127.4 (over total
period)

Forest

Carolina, USA

Cf

19.9–21.4

5.5, 5.1 (over
whole period)

Urban

Mixed

Q. alba, Pinus taed, et al.
Residential properties

6

3

1–

Carlyle-Moses, D.E., Gash, J.H.C., 2011. Chapter 20 - Rainfall Interception Loss by Forest
Canopies, in: Forest Hydrology and Biogeochemistry. Springer, Netherlands, pp. 407–423.
2 – Asadian, Y., Weiler, M., 2009. A new approach in measuring rainfall interception by urban
trees in coastal British Columbia. Water Quality Research Journal of Canada 44, 16–25.
3 – Bryant, M.L., Bhat, S., Jacobs, J.M., 2005. Measurements and modeling of throughfall variability
for five forest communities in the southeastern US. Journal of Hydrology 312, 95–108.
4 – Van Stan, J.T., Levia, D.F., Jenkins, R.B., 2015. Forest Canopy Interception Loss Across Temporal
Scales: Implications for Urban Greening Initiatives. The Professional Geographer 67, 41–51.
5 – Xiao, Q., McPherson, E.G., 2011. Rainfall interception of three trees in Oakland, California.
Urban Ecosystems 14, 755–769.
6 – Inkiläinen, E.N.M., McHale, M.R., Blank, G.B., James, A.L., Nikinmaa, E., 2013. The role of the
residential urban forest in regulating throughfall: A case study in Raleigh, North Carolina, USA.
Landscape and Urban Planning 119, 91–103.
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APPENDIX VII - TOOL SOUND
SOUND DISCUSSION TOOL PRE-INTERVIEWS
This appendix contains the pre-interview matrix divided over 3 separate pictures, for clear and
sharp visualisation and one small picture to visualise the overall matrix. The first picture (Figure
V) is that for the Noise and Parks section, followed by the Noise and Street Green section (Figure
VI), Noise and Facades section (Figure VII) and lastly, the complete picture (Figure VIII).
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Figure V: Pre-interview matrix Noise and Parks.
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Figure VI: Pre-interview matrix Noise and Street Green.
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Figure VII: Pre-interview matrix Noise and VGS.
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Figure VIII: Pre-interview matrix complete.
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APPENDIX VIII - TOOL WATER
WATER DISCUSSION TOOL: CHECKLIST
This appendix contains the checklist of Water, divided over 5 pictures, for clear and sharp
visualisation the total picture is divided in 4 smaller ones, and one picture to visualise the overall
matrix. The first picture is that for the Geological and Meteorological questions Figure IX
followed by the Type of Land-cover Figure X, Type of Greenery - Parks section Figure XI and the
Type of Greenery – Street Green & Facades section Figure XII and lastly, the complete picture
Figure XIII.

Figure IX: Checklist Water – discussion points Geological and Meteorology.
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Figure X: Checklist Water – discussion points Land-cover.
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Figure XI: Checklist Water – discussion points Parks.
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Figure XII: Checklist Water – discussion points Street Green & Facades.
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Figure XIII: Checklist Water - Total tool Water.
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APPENDIX IX - RESULTS
INTERVIEW RESULTS
All the questions that are asked, with the respective interviewees’ answer are displayed in the
following text. There are a total of 13 questions and the displayed here is a synthesis of the full
transcription. The markings mentioned are drawn upon a A3 paper, however, since some
interviewees did not put as much effort in the marking part of the interview, it is
1. Question 1 – What is your experience with green as a solution for noise pollution?
Interviewee 1 [R1]: People tend to be positive towards the idea of using green. There is more
talking about ecosystem services. Everybody knows about it, but on the other hand not so much
has been done with it yet. Where people tend to get stuck is “How do you do it, what would it
costs me and what does it benefit me?”. Little full scale municipal policies or projects towards
sustainability, it is always on a specific place. This is because it is often not in the budget of the
municipality or construction companies. But it is a work in progress, constant communication
between actors, constantly trying to influence [clients and co-workers] them, making them say
“we should do this”.
Interviewee 2 [R2]: -Interviewee 3 [R3]: All the information from the literature overview is not unknown, there are
no statements that contradicted information that the interviewee knew. However, one
statement (that sound is perceived subjectively and green helps to shelter the source of sound
and is therefore percept as less annoying) is found to be contradicting to an recent published
scientific research. This research stated, according to the interviewee, that sound is perceived as
disturbing when one find itself in an area where that sound would not be normal, e.g. in a design
that makes you expect quietness, noise can be more disturbing if you cannot see where it comes
from. Unfortunately, the name or author of this article is forgotten.
2. Question 2 – What is your first impression of the matrix? Please mark where it is
unclear, orange.
Interviewee 1: Could not find beginning immediately. Marks the double ‘yes / no’s’ and the lines
with a number. “Some have numbers; I wouldn’t immediately understand the difference”. “It is
unclear that I should go by both ways when there is more than one yes or no arrow leaving from
a question.” Marks the part with the speed limits and the notes.
General comment #1: Scale
There is a problem with scale, it always is a problem when it comes to ecosystem services,
because if you start off with the question: At which city level am I developing? That immediately
says what sort of measures one must go by. A park is never an option at a neighbourhood level,
since is it so small it is hard to fit it in. But it is also necessary to look around; “What do I have
around me? Is there a park around, can I focus on something else?” There is a fear that the
matrix leads to less implementation. Stating: “that you have somebody that says; “Oh they have
a park over there, we don’t have to do anything over here”.” And if the matrix starts with scale,
one can never say that there is no need, because at their specific level, they have a number of
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options to apply whether or not a large green space is nearby. Press and make sure that
something is done at every scale. Revise the beginning, never ask “Do we have to do
something?” rather as “what is it that can be done?”.
General comment #2: Noise source
“You need to put the noise reduction measure where the noise is coming from, near the source.”
Mentions noise mapping. There is noise during the day, noise during the night and/or because of
surrounding sounds such as hospitals, train, plane, freeway. Somehow, attention must be given
to these sometimes overlooked noises.
Interviewee 2: Could not find beginning immediately. “I guess I need to start here [points at left
corner of matrix - implying as reading, you start from the left].” Two ‘no’s’ are going from one
box. Rephrase the red boxes, the user is steered in two directions, one is an alternative direction
for green and one is a dead end telling there is nothing done. “I would rephrase this box and
make it a little side note that if you say no, it is a little warning “please note that this is, we are
getting out of the bounds here in terms of what is good”, but if you are going through with this,
this is the next step.” Asking about speed limit, but next lines all go to the same box. Same
question twice.
General comment #1: Use of language
“In an area where there is an existing park, some questions sound like it has to be within the
development project, but I assume if you are in the middle of an existing district, there is already
a park present that will be close enough so it is relevant for this project.” “What I am saying is
that, either you need to rephrase it so that it would be: “Would the park be…..” because it is not
yet, it doesn’t exist anymore. Because if you ask “Is the park…” then you suddenly ask about
something that exists, and it doesn’t, so this is just … [use of language].” “The way we formulate
the sentences, it impacts the people even though they can think “alright, it is still a park in a
thought of project” but it requires them to see/think an extra round.”
General comment #2: Content
“This contains several things, it contains questions that are…., it is almost as if the questions are
put there to be able to give the yellow information boxes, that say something about noise
reduction and how the design can be improved, as a part of the decision tool. And I am not sure if
that in the long run it is useful.” Although: “a lot of the yellow is nice, really interesting
information about how noise is impacted by green design.” But: “what is it that makes someone
take this and use it? What is the aim for them? And is the aim really to have a decision tool, then
it might be too much detailed information. Although it is interesting.”
General comment #3: Layout and presentation
“I find it interesting to get it, so I like to dwell on this, but I also like to think of what would
people…. Sometimes you need to start simple, because it is hard, I had a hard time finding the
beginning.” “Will it be useful with this flowchart, or will it be more useful when the questions are
in a line, because then they can be intertwined. Because things are interrelated.”
Interviewee 3: Yellow notes are good, to see why you ask the question.
[83]

General notes #1: Urban planning
Often parks are on the backside of the buildings, and buildings are used as the barrier. “Because
it is much more efficient for the soundscape of the park, and therefore for the recreation in the
park.” The streets then contain street green but not for the sole purpose of reducing noise.
Talking of experience in a project: “I wouldn’t want to flip the order over, because I do not want
to waste space to green as a barrier, especially not in dense urban areas where there is such a
lack of green areas.” “If I would do this, [make a tool] I would treat parks as I would treat houses;
how can I make the park more quiet?”
General notes #2: Summary of important values
Land value and land competition, usability, what is already in the neighbourhood, and trade-off
between green spaces. Trade-off meaning: if there is already a park, it might be OK to give up,
e.g., a green lane for new development, as it may make the area behind the building more silent,
thus maybe as well the park. Therefore, the value of the park may rise, as per illustration made
during interview.
3. Question 3 – What is your opinion on the way of classifying the green spaces, as
done in this context? (Do you feel the charts miss more types of green?)
Interviewee 1: Green roofs should be added. Parks are useful for all sorts of noise; the street
green is then very specific for car traffic, or perhaps railways. And perhaps, park and street
green, you could highlight them, so that you could see the difference, perhaps make them a
different colour.
Interviewee 2: The alternatives: park, tree, vertical greenery, those are fine. It is something
about the multitude. The matrix takes me down one path, whereas there could be a multitude of
paths and outcomes. “What I am saying is, if I put a tree, if I can make a belt, does it end then?
So if I come to the green, I am out of the matrix, so you see, I rather give them a palette and see
what pieces of the puzzle you can put in.” “What if I can put a row of trees and create a vertical
garden? Because we might be in a super dense area, where there is no park anywhere, so any
additional greenery would be [beneficial].”
Interviewee 3: Missing is green roofs and perennials. “We work quite a lot with these rain
gardens and perennials, and they contain a lot of soil, how does that mass of soil work (for water,
but as well for noise). And because there is this double, the outside is hard but the inside is soft,
so it can maybe also serve as a boundary.” “You mention parks, and I often talk about nature.
Parks have high maintenance (a minimum certain amount of), and nature does not have that
high maintenance (planners definition).”
4. Question 4 – In what part of the matrix do you feel that (general) steps/linkages are
excluded? Please mark in red where it happens.
Interviewee 1: The scales are excluded, the noise source is excluded and the main question is
excluded. I would say it is in here, but perhaps you could restructure [so that it is more visible].
Main question before you start the matrix, “Do you know, do you need it or do you want to?” I
would say, there is always a need for greenery [sometimes it is more clear than other times], so
it is more of a “How?” question or a “What can we do?”.
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Interviewee 2: Only one outcome, whereas there must be a consideration of combinations,
linkages. Scale towards the consideration of types of greenery. Enter a title to make it more
transparent and clear why some questions are asked. Again relating back to, who is going to use
this, and why would they use it? Something as “The aim of this flowchart is to help you find
where you can add greenery to avoid noise”.
Interviewee 3: The scale is too large, make it easier and scale it down, e.g. “this is done, for this
kind of city areas” if you take for example very dense urban areas, the areas where there is more
green can be excluded. And maybe it is complicated with parks - so maybe go on with, “what can
I do on the small scale?”. As well as, to treat park as a house, so “how can the inside of a park be
more quiet?”. The focus is missing, the perspective, if you focus on the road, the noise coming
from the road [then] you can see it all from that perspective, e.g. “how broad sidewalks are best,
what is the place for rain gardens, etc etc.”.
5. Question 5 – Which steps (before, during or after the chart) do you feel are excluded
that are normally asked in the planning process? Please mark in green where it
happens.
Interviewee 1: It comes back to scale, the whole planning process does not apply to everyone
[does not apply to the whole chain of actors involved]. It is completely related to who is going to
use this.
Interviewee 2: “If you are going to work on ecosystem services you have to start with identifying
which ecosystem services are present, and if you want to identify what ecosystem services are
present, you also have to look at the stakeholder, the actors, in the area so you know who is
using this and what ecosystem services does it provide.” “What I am saying is that it means that
they have to identify what is there and who is using it. So it is sort of what we said is missing
here, is that this is only putting things in, and one big risk, would be that people will start taking
things away that are of essential value.”
Interviewee 3: Nature is a word not mentioned here. The need for quietness in a park is also
excluded here.
6. Question 6 – What are aspects that you can appreciate and are of good quality?
Interviewee 1: The yes and no, make it rather less than more, which will make it more attractive
when somebody sees it for the first time. Also, to know that perhaps you did not cover
everything, but you covered the most important things and that is what matters.
Interviewee 2: “I like it when things are whole; in terms of both including this side information
and the matrix.” There are no trick questions; there is no right or wrong answer.
Interviewee 3: “Like I said, I think it is really good with the yellow notes, the additional notes. So
you actually understand why you ask the questions, I think that is needed to understand some of
the questions. I liked the chart in general; it is easy to understand where to read and how to
follow.”
“It is also a very nice way, to like, in very short terms understand and get an understanding of
what you can do with green areas. Because, I am thinking of when I tried to talk to municipality
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planners, of course I have read quite a lot about these things, but they have so many things that
they have to consider. So now, they can ask me, but when I am not working there, I think it would
be – this would be how much they can take in, so they have a good, quick overview.”
“And I think also, from my perspective, when I worked there it was really good for them that I
first explained it for them and then to give them a tool like this, so that they can talk and think
about it themselves. Because otherwise, when I explain once in that specific project that we
worked, there we could maybe have done things in a certain way that could have gone better,
but in the next project I could give them this and they might remember.”

7. Question 7 – In what areas does the matrix provide support?
Interviewee 1: In the area that the tool sort of makes people ask themselves the right questions.
It is the process before designing that is very interesting: where do we, how do we do, how do
we even begin to say that we need all these things? This matrix can be very complementary to
those sorts of questions. “Not only creating an easy decision-making tool, but educating people.”
Moreover, the whole yes or no way of doing creates support for somebody who is not an expert.
Interviewee 2: “What you provide here [with the matrix] is sort of navigate me to put green
areas, either to create a park [or other greenery]. If we are talking about redevelopment, this
does actually [not help], because I would say, simplified that in very many cases we are probably
fighting that greenery will be taken away. And then this [the matrix] is not relevant. Because here
we are talking about how to add something, but what people would be facing or discussing is
that greenery will be taken away. But I guess what is coming out is, that in the way this spans,
broadly from park to vertical garden, but at the same time the variation in reality is still bigger.
To find something that is useful, it depends more on the context, this is a one size fits all, and I
don’t get the difference, in my reality these can be different and more varied, and then this is one
size fits all [too general].”
Interviewee 3: Mainly in the detailed planning, as discussion facilitator. “Because everything
becomes a discussion because there are so many different things to consider. And so, I think it is
good like “ok, this is the best for this, and then you can discuss this this or this or what do we
want to do, do we have the money or the space?”.”
8. Question 8 – Considering the information is fresh now, do you consider the tool to
be usable (do you know how to use it) in a year from now? Why (not)?
Interviewee 1: Yes, if this becomes a decision-making schematics, it will always be helpful, no
matter what the researchers find, but make sure you put yourself in a position where you sort of
point to the rest. I can really see a tool being used if it does [has all] all of these things: [use
different] scale, and [helping to] always trying to improve a situation. And always making sure
you know why you are doing something, identifying “what kind of problem do I have here? I
have noise, but what is it?” and then leading up in the end to “ok, then we should do this”,
because then you are making a very active decision that you have based on the fact that you
know what you are doing and you know your neighbourhood, or district.
Interviewee 2: No, I don’t, because there are tools present already that help with planning. And
for this to be usable, it needs to be make clear where exactly it fits in with what exists. As well
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as, this is an exploding area, so it sort of will be outdated relatively fast, and then it comes back
to, where does it fit in, and how long does that stay relevant?
Interviewee 3: I think so, it is always hard when it comes to these ecosystem services because,
there is so much science coming up now. Because I know, when we have figured it out, and we
have this “oh, now we have a method to say and do something”, then we read something (like I
mentioned in the beginning about green barriers and noise) that contradicts it, and we are like
“Ok. That was wrong”, so it hard to say. It is a very fast evolving field of science. Even in 10 years
it will be changing, but maybe slower; and most of these things, they will not be completely
useless, because you will always build on previous knowledge. Maybe it needs to be updated,
especially considering the amount of new literature on the subject.
9. Question 9 – When in the planning development process could the matrix be
implemented? (e.g. orientation, initial, design, renovation, realization)
Interviewee 1: Make it come in early; it is part of the initial design, the early design stages. It
needs to be raised at the very beginning.
Interviewee 2: Come early, because if it comes too late the plan is already drawn up.
Interviewee 3: In all levels. Regional planning (e.g. the green fingers of Stockholm), master
planning (big nature areas, big parks, strategies for greenery, which of the strategies can it be
(e.g. all roads must have greenery), between master planning and detailed planning, the middle
scale (area for 10.000, this is a very important scale).
The middle scale is an important scale because in this scale you decide for example how broad
the streets are going to be, because they go through different plans. When you come to the
detailed planning, it is quite hard to do anything because it is already decided how broad the
streets are going to be. And sometimes you do not do that middle scale planning, and you only
have the detailed plan, of course then there is where you work on these issues. But when you
have the middle scale, then that is where most things are going to get set: how much space
there is for greenery. Of course, green walls and roofs, they can be in the detailed planning,
when/if you talk to the constructors.
10. Question 10 – What is the main benefit that you see about this matrix?
Interviewee 1: That it could help people, or whoever, I would say non experts taking decisions;
making it easy for them to make good decisions. That is a huge value. Trying to educate.
Interviewee 2: Once you get started, it is sort of fun to go through the lines and see where you
end up.
Interviewee 3: A help to remember, and also a way not to be needing to read exactly everything.
11. Question 11 – What is the main disadvantage that you see about this matrix?
Interviewee 1: Trying to square everything in tools, which are very [focussed]: it is this, and
nothing else. It does not leave much room for discussion or corporation. Important is that you
have a process around the tool, taking in every single actor that is affected. Therefore the user
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must identify who will either have to contribute, be affected by, or benefit from the [planned]
development.
Interviewee 2: It is focussing on adding green, in reality the problem is taking away green as
well. It only brings me to one solution, whereas in reality it is much more complex and dynamic
than that.
Interviewee 3: Maybe, many city planners, they prefer things that are more designed; maybe it
is a bit to engineered. So, I would work a little bit with the layout to make people want to use it.
And that is quite hard with a chart like this. The best would be if it was an internet tool, in which
you could click yes and no. [Often people] think that things are more real if you use it as an
internet tool.
12. Question 12 – How much transparency does the matrix display?
a. * - Relating to the yellow notes, do they make it complex or are they beneficial?
Interviewee 1: Both, but complexity is good, as long as you make it understandable. However,
they can be communicated in a different way, a way in which you cannot say “no”.
Interviewee 2: I think that would be, I mean I do not think it is a problem, but to make it more
transparent and easier to enter would be like [to enter a title] this is to, the aim of this flowchart
is to help you find where you can add greenery to avoid noise. Because then it feels
[transparent], then it is like: Oke, that is why she asks this or this. So it is clear there is no kind of
catch questions
Interviewee 3: See yellow note comment, where they are good for contribution of
acknowledgement of why the question is relevant.
13. Question 13 – Would you use it (or some form of this type of tool) in real life? Why
(not)?
Interviewee 1: Yes, I would. I would say sometimes it is, and sometimes people just want to
know what to do, so it is a bit of everything in here. It is a dialogue facilitator, because, if I have a
tool that I can take with me to an architect, and we can workshop around this, and then we can
identify what to do ourselves in the conversation, thanks to the tool, that is a dialogue tool.
Interviewee 2: No. See previous comments on scientific outdatedness and growing field.
Interviewee 3: I don’t use any tools, but I would prefer an internet tool over a paper tool,
because the paper will get lost somewhere. Since it is my specialism, I have all this information in
my head and many different problems and considerations at the same time, so maybe I do not
need this. But maybe a city planner at the municipality does, because they may not have enough
[specific] knowledge to do the multiple considerations [in this field], or for myself in the future
when I am not that up to date anymore.
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APPENDIX X - TOOL SOUND ADJUSTED
SOUND DISCUSSION TOOL FINAL
-

The heading;
The closer;
The total picture;
The three levels.

Figure XIV: Discussion tool heading

Figure XV: Discussion tool closer.

Figure XVI: Total discussion tool Sound.
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Figure XVII: Discussion tool city district scale.
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Figure XVIII: Discussion tool neighbourhood scale.
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Figure XIX: Discussion tool city block/street scale.
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