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Preface

This thesis is the result of my graduation project for the Construction Management and Engin-
eering (CME) masters at the Eindhoven University of Technology. The aim of the study was to
get insight into the preferences and willingness to pay of Dutch citizens in Green-Based Solutions
(GBS) for heat in urban areas. The study also focusses on the available information surrounding
GBS, especially the advantages of di�erent types of GBS. Additionally, the study looks closely at
the opportunities for each type of GBS to be implemented more frequently in urban areas in the
Netherlands. During this study, I worked closely together with employees of Arcadis NL, a built
asset design consultancy �rm focussing on sustainability.

Climate change is one of the most prominent topics in scienti�c research in recent years. One
of the results of climate change is the increased temperature, and especially, the signi�cant in-
crease in temperature in urban areas. The use of GBS such as trees and green roofs have proven to
reduce these e�ects. Therefore, the Dutch government is following in the footsteps of the European
Union by promoting a higher percentage of GBS in urban areas. However, the implementation rate
of GBS has been stagnating. Implementing GBS in (re)development projects provides additional
cost for �rms, and the current assumption is that these costs can not be transferred to the future
residents, as they are unwilling to pay extra for a house with implemented GBS. On this basis,
I saw an opportunity to dive into the subject of GBS, and see if a solution could be found for
this problem. By �nding the preferences of urban residents concerning GBS characteristics, the
best GBS might be found for urban areas. The results of this study could help in increasing the
implementation rate of GBS in the Netherlands. Which would be bene�cial for the health and
wellbeing of Dutch residents, and the environment.

The last �ve months have been an interesting new experience for me, not having done a thesis
in my bachelors. Not to mention the presence of Covid-19 during the complete duration of this
study, which made it signi�cantly harder to meet with supervisors. So, �rst of all, I would like to
thank dr. Ir. Peter van der Waerden, for thinking of new angles and possibilities and answering
each of my questions quickly and thoroughly. Also, I would like to thank dr. Gamze Dane, who
provided additional insight and suggestions on the preparation of the research approach. Next, I
would like to thank Pascal Feller and his team at Arcadis NL. Even though Covid-19 prevented
the collaboration from being on a daily basis in 's Hertogenbosch, you and everyone I have spoken
to at Arcadis were always happy to help, and I appreciate that. Lastly, I would like to thank
my family and friends for the support, and for being the �rst testers of the survey. Thanks to
all these people for helping me �nish this last part of my MSc degree. Looking forward to new
opportunities, taking this experience with me.

Ren�ee Verboven
Eindhoven, January 2021
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Summary

One of the most covered subjects in research for the last century has been climate change. The av-
erage temperatures have been rising each year all over the world. In urban areas, the temperature
rise gets enhanced by the number of stone buildings and pavement. The phenomenon of higher
temperatures in urban areas is often referred to as the Urban Heat Island (UHI) e�ect. The UHI
e�ect is well known in large cities around the globe and research shows cities in the Netherlands
also deal with the e�ects of the heat island. The development of urban areas can be linked to
the urbanization trend. An estimation is made by the United Nations that 66% of the world's
population will be living in urban areas by the year 2050. Therefore, urban areas are expected to
continue to grow in total area and built space to facilitate the increasing number of residents. As
the built space continues to grow, the temperatures are expected to keep increasing as well.

The UHI e�ect has caused the European Union and the Dutch government to encourage the
use of Green-Based Solutions (GBS) against heat. GBS can be de�ned as the use of natural and
semi-natural green spaces to solve climate and environmental objectives. In recent years, research
has been carried out to show the advantages of nature within urban areas for heat management
and urban liveability, but the implementation of GBS has been stagnating. One of the most im-
portant problems in the case of GBS is the additional cost to implement GBS. In urban design
and construction, the existing assumption is that urban residents are unwilling to maintain and,
or pay for GBS in their neighbourhood, street, or house. This assumption leads to the decisions
by non-governmental organisations not to implement GBS in urban design and construction pro-
jects. When the preferences of urban residents regarding GBS are known, the urban designs can
be more based on residential preferences, and through the support of residents, organisations will
have more con�dence in the implementation of GBS. Previous studies have provided insight into
the e�ectiveness of GBS types and characteristics, as well as preferences of urban residents re-
garding GBS for water nuisance. The objective of this study is to add to the available information
regarding the preferences and willingness to pay of urban residents for GBS. The research question
is formulated as follows:

What Green-Based Solutions attributes are preferred by urban residents in the Netherlands for
heat adaptation, and how much are urban residents willing to pay?

The information needed to answer the research question is obtained by executing a Stated Choice
experiment (SC). To conduct the SC experiment, the information needed for the experiment
regarding available GBS and the stakeholders is found through a literature review. The SC ex-
periment is carefully designed and distributed as an online survey. The data collection is done for
two weeks in December 2020, resulting in 149 complete responses. The statistical analysis of the
experiment was done through a Multinomial Logit Model analysis and the Latent Class model
analysis.

The results of the Stated Choice experiment show that the urban residents in the Netherlands
prefer GBS that have a high cooling characteristic and a large shaded area. Urban residents prefer
the municipality to be responsible for the GBS. The Willingness to Pay shows urban residents are
willing to pay more than e 130, - extra for GBS with a high cooling characteristic, as opposed to
e 90, - for a large canopy volume. Two classes can be discerned with similar choice behaviour:
GBS enthusiasts and GBS sceptics. The GBS enthusiasts hold considerably more people with
younger age. The GBS enthusiasts are willing to pay more implementation costs for GBS with a
high cooling characteristic compared to the GBS sceptics and are willing to give up 1.5 meters of
private space for the GBS.

R. (Ren�ee) Verboven - Construction Management & Engineering 2
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Samenvatting

Een van de meest behandelde onderwerpen in onderzoek van de afgelopen eeuw is klimaatverander-
ing. De gemiddelde temperaturen stijgen elk jaar over de hele wereld. In stedelijke gebieden wordt
de temperatuurstijging versterkt door het aantal stenen gebouwen en bestrating. Het fenomeen
van hogere temperaturen in stedelijke gebieden wordt vaak het stedelijk hitte eiland e�ect (Urban
Heat Island e�ect) genoemd. Het hitte eiland e�ect is bekend in grote steden over de hele wereld
en uit onderzoek blijkt dat het ook te meten is in de steden van Nederland. De ontwikkeling
van stedelijke gebieden kan worden gekoppeld aan de trend van urbanisatie. De Verenigde Naties
schatten dat 66% van de wereldbevolking in 2050 in stedelijke gebieden zal wonen. Stedelijke
gebieden zijn verwacht te blijven groeien in totale oppervlakte en bebouwd oppervlakte om het
toenemende aantal inwoners te faciliteren. Naarmate de bebouwde ruimte blijft groeien, wordt
verwacht dat de temperaturen ook blijven stijgen.

De Europese Unie en de Nederlandse overheid stimuleren het gebruik van groene oplossingen
(Green-Based Solutions) tegen hitte. Groene oplossingen worden gede�nieerd als het gebruik van
natuurlijke en halfnatuurlijke groene ruimtes om klimaat- en milieuproblemen op te lossen. De
afgelopen jaren is er onderzoek gedaan naar de voordelen van groene oplossingen in stedelijk ge-
bied voor warmtebeheer en stedelijke leefbaarheid, maar de implementatie van groene oplossingen
stagneert. Een van de belangrijkste problemen bij groene oplossingen zijn de extra implementatie
kosten. In het stedenbouwkundig ontwerp en de bouw is de bestaande aanname dat stadsbewon-
ers niet bereid zijn om mee te betalen aan de groene oplossingen in hun buurt. Deze aanname
leidt tot de beslissingen van organisaties om groene oplossingen niet te implementeren in pro-
jecten. Wanneer de voorkeuren van stadsbewoners naar groene oplossingen bekend zijn, kunnen
de stedenbouwkundige ontwerpen meer gebaseerd zijn op de voorkeuren van bewoners en krijgen
organisaties door de ondersteuning van bewoners meer vertrouwen in de implementatie van groene
oplossingen. Eerdere studies hebben inzicht gegeven in de e�ectiviteit van groene oplossingen en
de kenmerken, maar ook in voorkeuren van stadsbewoners ten aanzien van groene oplossingen voor
wateroverlast. Het doel van deze studie is om de beschikbare informatie over de voorkeuren en
betalingsbereidheid van stadsbewoners voor groene oplossingen aan te vullen. De onderzoeksvraag
is als volgt geformuleerd:

Welke kenmerken van groene oplossingen hebben de voorkeur van stadsbewoners in Nederland
voor warmteadaptatie, en hoeveel zijn stadsbewoners bereid te betalen?

Om deze onderzoeksvraag te beantwoorden, is een Stated Choice (SC) experiment uitgevoerd.
Om het SC-experiment uit te voeren, wordt de benodigde informatie voor het experiment met
betrekking tot beschikbare groene oplossingen en de belanghebbenden gevonden via een liter-
atuuronderzoek. Het SC-experiment is zorgvuldig ontworpen en verspreid als een online enquête.
Het experiment vond plaats gedurende twee weken in december 2020, resulterend in 149 volledige
reacties. De statistische analyse van het experiment werd uitgevoerd door middel van een Multi-
nomial Logit Model-analyse en de Latent Class-model-analyse.

De resultaten van het SC experiment laten zien dat de stadsbewoners in Nederland de voorkeur
geven aan GBS met een hoge koelkarakteristiek en een groot luifelvolume. De betalingsbereidheid
laat zien dat stadsbewoners bereid zijn om meer dane 130 extra te betalen voor groene oplossin-
gen met een hoge koelkarakteristiek, ene 90 voor een groot luifelvolume. Stadsbewoners hebben
ook de voorkeur gedeeld om de gemeente verantwoordelijk te houden voor de groene oplossing.
Twee klassen kunnen worden onderscheiden met vergelijkbaar keuzegedrag: groene oplossing-
enthousiastelingen en groene oplossing-sceptici. Aanzienlijk meer jonge mensen vallen onder
de groep enthousiastelingen De enthousiastelingen zijn bereid om meer implementatiekosten te
betalen voor groene oplossingen met een hoge koelkarakteristiek vergeleken met de sceptici en zijn
bereid 1,5 meter priv�eruimte op te geven voor de groene oplossingen.

R. (Ren�ee) Verboven - Construction Management & Engineering 3
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Abstract

The combination of climate change and urbanisation have increased urban temperatures. The
high percentage of impermeable surfaces in urban areas has shown to be a major factor for the
increased temperatures. Green-Based Solutions (GBS) have been proposed to build the resilience
of urban areas against heat. However, the implementation of GBS faces barriers, where the �nan-
cial barrier most important. This study provides new information regarding the preferences and
willingness to pay for GBS by urban residents of the Netherlands. A Stated Choice experiment is
conducted to �nd the preferences of urban residents in the Netherlands regarding GBS as a heat
adaptation method. The study presents respondents with several GBS characteristics for small
scale implementation. The results of the Multinomial Logit model analysis of 148 responses show
that GBS with high cooling characteristics and a large canopy volume are preferred. The willing-
ness to pay of urban residents depends on the characteristics of the GBS, and the characteristics
of the person. The results of the Latent Class model analysis show that residents of a younger age
are more interested in GBS as a heat adaptation method and have a higher willingness to pay.
Integrating the preferences and willingness to pay regarding GBS characteristics of urban residents
in future urban development plans, combined with available municipal subsidies can reduce the
�nancial barrier for the implementation of GBS.

Keywords: Green-Based Solutions, heat adaptation, urban resilience, willingness to pay

R. (Ren�ee) Verboven - Construction Management & Engineering 4
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1 Introduction

This chapter introduces the topic of the study by de�ning the research problem, formulating the
research questions, presenting the research model, explaining the scienti�c and societal relevance,
and �nally presenting the thesis outline.

1.1 Research Context

One of the most covered subjects in research for the last century has been climate change. The
term climate change often refers to the increase of issues with water, wind and heat. This study
will focus on the aspect of temperature within climate change and the e�ects it has on people's
quality of life. In 2019, the Netherlands broke the national heat record by passing the 40 degrees
Celsius in Gilze Rijen (KNMI, 2019). Even though the old record was from 1944, the average tem-
perature has been rising signi�cantly since that time (KNMI, 2016). This trend is also noticeable
in other countries. Since the 1970s, studies have shown a signi�cant increase in temperatures in
urban areas relative to non-urban areas all over the world (Sarabi et al., 2019). In urban areas,
the temperature rise gets enhanced by the number of stone buildings and pavement, also known
as built space. The phenomenon of higher temperatures in urban areas compared to rural areas
is referred to as the Urban Heat Island (UHI) e�ect (D•opp, 2011). The UHI e�ect is well known
in large cities around the globe and research shows cities in the Netherlands also deal with the
e�ects of urban heat island (D•opp, 2011).

Urban areas have a high percentage of built space, sometimes up to 70% of the surface is built
space, in cities and business parks even 90%. The stone buildings and pavement absorb heat during
hours of sun and release most of that heat once the sun has gone down, therefore preventing the
surrounding area from cooling down during the hours of sundown (D•opp, 2011). The development
of urban areas can be linked to the urbanization trend. Previous research shows that citizens of
the Netherlands and citizens around the world are moving towards cities because of employment
opportunities, educational institutions, or health care (Steeneveld et al., 2011). Between 1950
and 2005, the population in urban areas compared to the total population has increased from
29% to 49% in 2005 (Steeneveld et al., 2011) An estimation is made by the United Nations that
66% of the world's population will be living in urban areas by the year 2050 (United Nations,
2018). Therefore, urban areas are expected to continue to grow in total area and built space to
facilitate the increasing number of residents. As the built space continues to grow, it is expected
to have an enhancing e�ect on the di�erences in temperatures between urban and non-urban areas.

According to the World Health Organisation, the ideal temperature for people to live in is between
18 and 24 degrees Celsius. So, the human body needs to adapt to the heat from 25 degrees Celsius
up (World Health Organization, 2016). Adapting to this heat is especially di�cult for people
with already weakened health like the elderly, very young, and people with pre-existing health
problems. Extreme heat during the summer months can result in stress reactions, disturbed sleep-
ing patterns, illness, and even death. Solutions to heat problems in urban areas come in many
shapes and sizes, following the environmental goals set by the United Nations, researchers have
been looking at Green-Based Solutions (GBS) that can create more sustainable environments for
urban areas in the case of rising temperatures. The use of GBS like trees, green walls, or green
roofs replacing manmade materials like steel and concrete has shown to have an enhancing e�ect
on sustainability, general aesthetics, and residential wellbeing (Jamei et al., 2016).

Areas of grass, trees and other vegetation are known to have a cooling e�ect on the surrounding
area. These areas absorb heat just like buildings and pavement. However, greenery processes
the energy internally by evaporation of water, therefore reducing the e�ects of the sun instead of
enhancing it like built space (Jamei et al., 2016). In the case of vegetation close to walls, it also
provides an extra insulation layer between the heat and the walls (D•opp, 2011). Implementing
green spaces in urban areas can therefore be a vital part of the solution for increased heat (Nastran
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et al., 2019). Increasing green spaces also has additional bene�ts as storing carbon, reducing air
pollution, and providing additional recreational space (Jamei et al., 2016).

1.2 Problem De�nition

In the last 10 years, extensive research has been carried out to show the advantages of nature
within urban areas for heat management and urban liveability, but the implementation of GBS
has been stagnating (Sarabi et al., 2019). Further research has been suggested to deduce what
needs to change for GBS to be implemented at a higher rate in the future. Three main barri-
ers have been identi�ed for further implementation of GBS: inadequate �nancial resources, land
scarcity, and uncertainty in decision making (Sarabi et al., 2019). These barriers need to be (par-
tially) overcome to increase the implementation rate of GBS. Doing this requires support from the
stakeholders. For GBS in small scale urban neighbourhood situations, three important stakehold-
ers are the municipalities, non-governmental organisations working on urban development, and
urban residents (Sarabi et al., 2019). The current situation is that municipalities are limited in
the subsidies they can provide organisations and urban residents to support further implement-
ation of GBS. Within the organisations, the current assumption is that the additional costs for
implementing GBS will not be earned back by increased sales values. In turn, urban residents are
generally unaware of the advantages of GBS and are therefore hesitant to pay the additional costs
for GBS at their home (Williams et al., 2019).

As a �rst step to partially overcome the barriers of GBS, the suggestion is made to make the
future urban designs of neighbourhoods including GBS more residential preference-based (Willi-
ams et al., 2019). The assumption is made that urban residents will be more willing to pay for
GBS that have characteristics that they prefer. In combination with the subsidies provided by
municipalities, the burden of the additional costs for the organisations will be reduced, which may
help increase the implementation rate of GBS in the future.

Some previous studies have been conducted to evaluate the attitudes and preferences of urban
residents regarding GBS. However, these studies often address GBS for water nuisance in urban
areas. A study conducted by Derkzen et al. (2017) in Rotterdam assessed the preferences of Dutch
urban areas concerning a wide range of GBS for heat and water nuisance. Though that study
analysed many elements at once, the outcome provided a very general residential preference based
on a wide range of problems and solutions. The studies that are only concerned with increased
heat in urban areas often focus on the performance of the GBS. Therefore, the current study will
evaluate the preferences of urban residents in the Netherlands. The choice is made to only look
at GBS for heat. The area of interest for this study is GBS on a small scale such as streets and
individual homes. Implementing water-based solutions requires much more available land than
GBS, and as the available land for nature development in urban areas is scarce, GBS are better
suitable. Another choice that is made is to present GBS characteristics to the urban residents, as
opposed to GBS types. Doing this will test the preferences of urban residents for speci�c char-
acteristics of GBS, which will result in more concise preferences that can apply to multiple GBS
instead of just one type. Additionally, the willingness to pay of urban residents will be tested.
The results will show how many urban residents are willing to pay for GBS as a heat adaptation
method. Non-governmental organisations working on urban development can then base future
choices regarding GBS on the outcome of this study.

1.3 Research Question

Green-Based Solutions provide many environmental opportunities and solutions for urban areas.
As mentioned before, this study will only look into the solutions that GBS provide for heat in
urban areas. The objective of this study is to add knowledge to the available information regarding
the preferences of urban residents for GBS. The eventual goal is to raise the implementation rate
in urban areas to a higher level. Therefore, the research question is formulated as follows:

R. (Ren�ee) Verboven - Construction Management & Engineering 6



1 Introduction

What Green-Based Solutions attributes are preferred by urban residents in the Netherlands for
heat adaptation, and how much are urban residents willing to pay?

The answer to the research question is found by answering the following three sub-questions shown
in table 1.1. The second column of the table shows the method used to �nd answers to the sub-
questions.

Question Methodology
SQ 1. What types and characteristics of GBS are available to be imple-

mented in urban neighbourhoods for heat adaptation?
Literature study

SQ 2. Are the preferences of urban residents and the WTP for GBS
characteristics inuenced by the characteristics of the person or
house?

Stated Choice
Experiment

Table 1.1: List of sub-questions

1.4 Research Design

This study will be carried out in three phases. The literature review is the �rst phase and is
divided into two directions. The types and heat-reducing characteristics of Green-Based Solutions
are determined in the literature review. As well as the available information surrounding the
stakeholders of Green-Based Solutions. The information gained in these two sections will be used
in the next phase, Stated Choice Experiment. The Stated Choice Experiment phase consists of
three sections. The design of the experiment, the data collection, and the statistical analysis of
the experiment. The �nal phase of this study is where the conclusions and recommendations are
made. To clarify, �gure 1.1 below illustrates the research design once more.

Figure 1.1: Graphical presentation of the research design

1.5 Research Relevance

As mentioned before, the environmental goals set by the United Nations and the European Union
guide urban areas to implement more Green-Based Solutions. In the previous 10 years, many
studies have been conducted to evaluate GBS as environmental solutions. New studies on this
subject continue to appear, due to the promising possibilities and the stagnating implementation
rate. Most of the studies in the past are conducted to evaluate the performance of GBS. Some
studies can be found that evaluate the attitudes and preferences of stakeholders regarding GBS.
Not many studies can be found to evaluate the preferences of urban residents for GBS. The ones
that do evaluate the residents' preferences are mostly concerned with GBS for water nuisance. For
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this study, the choice is made to evaluate the preferences of urban residents of the Netherlands
regarding GBS for heat. Additionally, the characteristics of the GBS are presented separately, to
�nd out which characteristics residents prefer. By separating the characteristics from the GBS, the
outcome will apply to several di�erent types of GBS, instead of only the ones that are presented
to the resident. The outcome of this study will therefore show more speci�c preferences, which
can be translated to a wider range of GBS for heat. Additionally, the willingness to pay of urban
residents for GBS will be tested. The information obtained by this study can be used in future
urban (re)development plan based on residential preferences and willingness to pay regarding
GBS. The outcome will provide more insight into the preferences and willingness to pay of urban
residents regarding GBS and may help improve the implementation rate of GBS.

1.6 Thesis Outline

This thesis consists of six chapters. The �rst chapter involves the problem statement and research
objectives, resulting in the main research question underlying this study. Furthermore, the chapter
elaborates on the research design and relevance. The study then moves on to the second chapter,
which covers the literature study regarding heat in urban areas and the possible solutions. The
third chapter provides the stakeholder analysis and elaborates on the characteristics of the residents
that are important for the experiment. The fourth chapter introduces the research approach
for executing a Stated Choice experiment. Chapter �ve explains the output of the survey and
elaborates on the results of the Multinomial Logit model and the Latent Class model, which
estimate the choice behaviour of the respondents in the experiment. Finally, the conclusions and
recommendations of this study are elaborated in chapter six.
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This chapter aims to provide a foundation for this study by presenting a review of the available
literature related to the subject. The chapter covers recent developments and solutions regarding
heat in urban areas. Going into the details of the concept of Green-Based Solutions and the char-
acteristics of the vegetation types. Furthermore, the involvement of municipalities, organisations
and urban residents are described. Finally, the characteristics important for the current study are
determined based on the literature. These characteristics will be included in the Stated Choice
Experiment.

2.1 Increased Temperatures in Urban Areas

Global warming, climate change, and urban development have caused temperatures to rise signi-
�cantly in the last 30 years. In 2015, the recorded overall average temperature in the Netherlands
was 0.7� C higher than in the years 1961 -1990 (KNMI, 2016). In 2019, the national heat record in
the Netherlands was broken when the temperature passed forty� C in Gilze Rijen (KNMI, 2019).
Since the 1970s, studies have shown a signi�cant increase in temperatures in urban areas relative
to non-urban areas all over the world (Sarabi et al., 2019). Several case studies in the period
of 1990 to 2020 show a relation between the rising temperatures in urban areas and the amount
and layout of the built area (Jamei et al., 2016; Li et al., 2011; Nastran et al., 2019; Ranagalage
et al., 2020; Ward et al., 2016; Zoulia et al., 2009). Here, built space represents areas with a
high percentage of buildings and pavement. Additionally, populations are moving towards cities
because of employment opportunities, educational institutions, and/or health care. Between 1950
and 2005, the population in urban areas compared to the total population has increased from
29% to 49% (Steeneveld et al., 2011). An estimation is made by the United Nations that 66% of
the world's population will be residents of urban areas by the year 2050 (United Nations, 2018).
Therefore, urban areas are expected to continue to grow in total area and built space to facilitate
the increasing number of residents. As the built space continues to grow, it is expected to have
an enhancing e�ect on the di�erences in temperatures between urban and non-urban areas.

2.1.1 The Urban Heat Island E�ect

The phenomenon of higher temperatures in urban areas is referred to as the Urban Heat Island
(UHI) e�ect (Oke, 1982; Voogt & Oke, 2003). Simply put, it can be explained as the di�erences in
temperatures between urban and non-urban areas (Oke, 1982). These di�erences in temperatures
have been registered to be 5 to 15� C and are at their highest point in the evening and night
(Steeneveld et al., 2011). The study by Steeneveld et al. (2011) showed the UHI e�ect is also
present in the Netherlands. The case study in the city of Rotterdam, Netherlands measured a
maximum Urban Heat Island e�ect of 10C. Condensed areas such as cities show the most signi-
�cant temperature di�erence compared to non-urban areas. As mentioned before, the increased
heat in urban areas can be linked to the amount of built space as well as the area layout (D•opp,
2011). Built space represents areas of a high percentage of buildings and pavement. In cities and
business parks the built space reaches up to 90 per cent. Outside the city boundaries, urban areas
have up to 70 per cent built space. Outside of the urban area boundaries, in rural areas, the total
area of built space is much lower, close to 40 per cent. The noted increase in temperature due to
the built space is because of the properties of the materials used. Built space represents areas of
a high percentage of buildings and pavement. Building elements such as pavement and stone are
impermeable materials. Impermeable materials such as asphalt, concrete, or brick absorb solar
heat. Once the air temperature has dropped below the surface temperature, the surfaces release
the accumulated heat to the surrounding air (D•opp, 2011). Non-urban areas consist of less built
spaces and more vegetation, which allows the area to cool down in the evening. In urban areas,
the heat accumulated during the day lingers after sundown, making the di�erence in temperature
between urban and non-urban areas highest during the night. The geometric characteristics of
built areas can also have an enhancing e�ect on the temperature. The frequency and height of the
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buildings have the most impact (Voogt Oke, 2003). The local climate also plays an important
role; the amount of solar radiation and wind has a signi�cant e�ect on the UHI (Steeneveld et
al., 2011). The increased heat in urban areas has a negative inuence on the liveability of urban
areas. The human body is ill-adapted to high temperatures. Heat can have a signi�cant impact
on people's health, especially those with pre-existing health problems. The impact of heat on the
quality of life is further on discussed in more detail. It is important to keep in mind the UHI e�ect
and the consequences when urban areas are further developed. Designing heat persistent urban
areas becomes increasingly di�cult as the urbanisation trend continues, and more buildings are
added to keep up with the demand (Carter et al., 2015).

In recent years, several case studies have been conducted to determine the Urban Heat Island
(UHI) e�ect (Marando et al., 2019; Ranagalage et al., 2020; Skelhorn et al., 2014; Stewart & Oke,
2012; Voogt & Oke, 2003). The study by Ranagalage et al. (2020) in Sri Lanka showed that
the 5.5 � C increase in roughly 20 years has a positive correlation with the increase of impervious
surfaces. Back in 2002, a study in London, UK has shown the temperature in urban areas are
up to 7 � C higher than surrounding rural areas (Skelhorn et al., 2014). Whereas these studies
analysed relatively small areas, other studies have combined large areas. For instance, the study
by Ward (2016) analysed the inuence of heatwaves on the UHI of multiple European cities. The
results show that the UHI e�ect of cities within a colder climate is more a�ected by additional
heat during heatwaves. Amongst the studies into UHI, some have been conducted in the Neth-
erlands. The results of these studies show that cities also register the presence of the UHI e�ect
(Golroudbary et al., 2018; Steeneveld et al., 2011; Wolters & Brandsma, 2012). The study by
Golroudbary et al. (2018) used data from personal amateur weather stations (PWS) of �ve years
observations across the Netherlands to analyse di�erences in temperature and precipitation. The
study by (Wolters & Brandsma, 2012) also used amateur data from the Netherlands, for a year,
comparing the data from 20 weather stations. The results from both studies show the UHI e�ect
is present in all seasons in the Netherlands, although most prominent during the summer.

2.1.2 Surface Temperatures versus Air Temperatures

In the literature, two types of UHI's are mentioned: surface heat islands and atmospheric heat
islands. It is therefore important to introduce the distinction between surface temperatures and
air temperatures (Jamei et al., 2016). Surface temperatures can simply be de�ned as the measured
temperatures of the surface. Surface temperatures are highly dependent on the amount of absorbed
solar radiation. Air temperatures represent the air temperatures that are measured relatively close
to the surface and represent the temperatures the residents' experience. The air temperatures are
inuenced by the surface temperatures as well as other heat sources such as vehicles. The relation
between several types of heat can best be explained utilizing the Surface Energy Balance (SEB).
As the name indicates, the heat held within by urban area is always in balance, no heat will be
lost (Oke, 1982). This means that the total amount of heat in the system will remain the same.
Meaning, if one of the values increases, another value needs to decrease to keep the balance within
the system. The SEB describes the relationship between the net solar heat, the heat created by
human activity, sensible heat, latent heat, and the heat absorbed by impermeable surfaces. Oke
(1982) introduced the SEB with the following formula:

Q� + Q F = Q H + Q E + �Q s (2.1)

Where Q* is the net solar heat. QF is the heat created by human activity. QH is the sens-
ible heat, experienced by residents.QE is the latent heat, which is the internal energy required
by vegetation to undergo a phase transition. QS is the heat absorbed by impermeable surfaces.
The latter heat source needs to be minimized to reduce the heat island e�ects. By increasing
the amount of latent heat (QE ) through the placement of vegetation, according to the formula,
the heat absorbed by impermeable surface (QS ) will be reduced. Therefore, the placement of
green areas can potentially reduce the UHI e�ect (Kathrin Ward). For urban residents, the air
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temperature is most important, as it has a direct inuence on the resident's wellbeing. However,
the observation of temperature patterns in literature is mostly done for Land Surface Temper-
atures (LST). The presented reasoning is that the LST information is the only climate-relevant
and spatially comprehensive information for comparative analysis. Whereas the analysis of air
temperatures is highly dependent on testing circumstances such as weather conditions and the
altitude (Jamei & Ossen, 2012). Most of the studies concerning heat in urban areas have therefore
used the LST to determine the di�erence between temperatures in urban and non-urban areas
(Voogt & Oke, 2003). The LST is indirectly, but signi�cantly related to the air temperatures, as
the LST releases excessive heat or cold to the surrounding air. The relationship between surface
and air temperature is, however, not linear. The LST during the day versus during the night
typically varies more than air temperatures (US Environmental Protection Agency, 2008). Addi-
tionally, the variation of the two temperature types is di�erent for di�erent land-use types. Dense,
built spaces typically show higher air and surface temperatures than vegetated areas, which is
in agreement with previously mentioned sources. Areas of water, such as ponds and city rivers,
maintain a fairly constant temperature during the day and night. To show the variation, �gure
2 is shown below. The temperatures shown in �gure 2.1 are an indication. Actual temperature
values uctuate based on characteristics such as the season, sun intensity, or altitude. For the
remainder of this study, the distinction between surface and air temperature will be noted.

Figure 2.1: Urban Heat Island e�ect (US Environmental Protection Agency, 2008)

Also important to mention is the term thermal comfort. Recent studies have been conducted
to evaluate changes in thermal comfort in outdoor settings due to rising temperatures (Jamei et
al., 2016). Thermal comfort represents the heat that is experienced by people at a certain place
and time (Nicol & Humphreys, 2002). It is therefore subjective and only partially inuenced by
the air and surface temperatures. Elements that have a big inuence on thermal comfort are the
amount of solar radiation and therefore shaded area, the presence of water and vegetation, and
the presence of wind. These elements have a direct inuence on the surface and air temperatures
of the area; however, the perceived thermal comfort of residents is inuenced even more than the
temperature (Nicol & Humphreys, 2002). As this study deals with the preferences of people, it
will be important to consider thermal comfort besides temperature. To clarify the inuence of
solar heat, �gure 2.2 below shows the results of a test by (Middel et al., 2016) The test questioned
people for their sensation vote, at the same situation and temperature, either in the sun or in the
shade. The �gure shows that almost 75% of the respondents voted for hot or very hot in a sunny
situation. In contrast, only 40% voted for those two values in the shaded situation. Where the
most selected value in the sun was `very hot', in the shade people voted most for `warm'. The
perceived temperature is therefore much higher in sunny situations.
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Figure 2.2: Thermal sensation vote (Middel et al., 2016)

2.1.3 Heat Impacts on Quality of Life

The urban quality of life is the measure of an individual's or group's experience of living, working,
and recreating comfortably within an urban area (Serag El Din et al., 2013). The UHI e�ect
has consequences for the urban environment as well as the urban quality of life (Feyisa et al.,
2014; Marando et al., 2019; Ward et al., 2016). According to the World Health Organisation
(WHO), the ideal temperature for people to live in is between 18 and 24� C. The human body
needs to adapt to temperatures starting at 25� C (World Health Organisation, 2018). The study
by Tomlinson (2011) suggests the human body reaches a limit for heat adaptation. Once the
temperature surpasses that limit, the human body starts to experience heat stress. This limit
is di�erent for every person and depends, amongst other things on the living climate, health,
and age (Tomlinson et al., 2011). Those who are considered vulnerable to heat are suggested
to have a lower heat adaptation limit. Mentioned vulnerable groups are the elderly, the very
young, and people with pre-existing health problems such as cardio-vascular disease (Jamei et al.,
2016). Extreme heat during the summer months can therefore result in more people experiencing
stress reactions, disturbed sleeping patterns, illness, and even death. Through a case study in the
Netherlands, Huynen et al (2001) concluded that the mortality rate increases by 12.1% during
heatwaves. During the heatwave in 2003, 15,000 residents of France lost their lives due to the
extreme heat (Jamei et al., 2016). Due to the increasing number of days with temperatures
over 25� C, the temperatures inside resident's houses rise above 25� C as well. This means the
human body also needs to adapt to the heat indoors. Respondents of a study in the Netherlands
in 2013 indicate indoor temperatures above 25� C are indeed perceived as too warm (Helden,
2013). Increased indoor temperatures have a negative e�ect on people's sleeping patterns and
work productivity. Insu�cient quality of sleep can contribute to diseases such as heart failure or
lung disease. The human body reduces the pace of movements and alertness to reduce the chance
of internal overheating. This results in the work productivity to be signi�cantly lower at an indoor
temperature of 25� C or higher (Mairiaux & Malchaire, 1985).

2.2 Green-Based Solutions

As the temperatures continue to rise, and heatwaves become more frequent, the heat-related health
problems are expected to cause more problems in the future (Huynen et al., 2001). As mentioned
in section 1.1, temperatures in urban areas are signi�cantly higher than temperatures in non-urban
areas. Therefore, urban residents are more vulnerable to excessive heat and heatwaves (Lauwaet
et al., 2018). In recent years, many studies have been conducted to �nd means to reduce the heat
in urban areas. One of the most popular proposals is the concept of Green-Based Solutions GBS.
GBS are a part of the larger concept of Nature-Based Solutions (NBS). Both of these concepts are
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